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(54) ION GUIDE COMPRISING ELECTRODE WIRES AND ION BEAM DEPOSITION SYSTEM

(57) Disclosed herein is an ion guide (36) for guiding
an ion beam along an ion path, said ion guide (36) having
a longitudinal axis (44) corresponding to said ion path,
said ion guide (36) comprising a plurality of elongate elec-
trodes arranged around and extending along said longi-
tudinal axis (44), wherein an inner envelope (120) of the
plurality of electrodes defines an ion guide volume (128).
Said elongate electrodes are formed by electrode wires
(42), wherein adjacent electrode wires (42) are arranged
at an inter-wire distance (122). The ion guide (36) com-
prises holding structures for supporting and for straight-
ening the electrode wires (42) by applying a tension or
maintaining a tension applied to them. Any portion of said
holding structures which is separated from said ion guide
volume by less than the local inter-wire distance (122) is
made from a material having a resistivity of less than 1012

Ohm·cm, preferably of less than 109 Ohm·cm, or has a
sheet resistivity of less than 1014 Ohm, preferably of less
than 1010 Ohm on a surface facing said ion guide volume
(128).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an ion guide
for guiding an ion beam along a path. In particular, the
present invention relates to an ion guide for use in an ion
beam deposition system, as well as to an ion beam dep-
osition system comprising such ion guide and a method
for guiding ions employing such ion guide.

BACKGROUND OF THE INVENTION

[0002] Ion beams have many uses in various fields of
natural sciences and technology, including experimental
physics, medical devices, electronic components manu-
facturing or life science, in particular mass spectroscopy,
where electrically charged molecules (ions) are guided
to, from or within a mass spectrometer or a collision cell.
The general purpose of an ion guide is to confine an ion
beam along its predetermined path, typically using a plu-
rality of electrodes arranged around the ion path, which
in combination generate an electrical potential guiding
the ions. In the simplest case, the potential could be a
static DC potential, which would typically be realized as
an ion Einzel lens arrangement. This, however, demands
a fixed correlation of the ions’ radial and axial momentum
to keep them on track. Any breaking of this correlation
e.g. due to collisions with residual gas atoms makes the
ions swerve and lose track. These conditions are very
common at relatively high pressure in the first stages of
a multistage ion guide system, or in collision cells or drift
cells, but can also occur due to space charge effects in
later stages. To make an ion guide more resistant to such
perturbations, systems of electrodes can be employed
which are driven with radio frequency (RF) voltages hav-
ing frequencies of about 0.5 to 5 MHz and amplitudes of
some volts up to some 100 volts. When the amplitude
and the frequency of the RF potential are properly cho-
sen, ions will be effectively repelled from the RF elec-
trodes by means of an effective potential or "pseudo-
potential" which reflects the effect of the RF electric field
on the ion averaged over a plurality of AC cycles. A re-
pulsive force derivable from this pseudo-potential, the
so-called "field gradient force", is proportional to the gra-
dient of the square of the RF field strength, proportional
to the square of the charge of the ion - and hence inde-
pendent of its polarity - and inversely proportional to the
ion mass and to the square of the RF frequency.
[0003] In most RF operated ion guide systems, adja-
cent electrodes are driven with sinusoidal voltages of op-
posite phase, i.e. with a phase shift of 180° in between.
For example, in known multipole ion guides, four, six or
eight rod electrodes may be arranged on a circle around
and extending parallel to the ion path, thereby forming a
quadrupole, hexapole or octopole structure, respectively.
[0004] While there are many purposes for ion guides
in various fields of science and technology, and the

present invention is not restricted to use in a specific one
of them, the ion guide of the present invention is partic-
ularly suitable for use in ion beam deposition (IBD), mass
spectroscopy (MS), such as triple quad, Orbitrap or quad-
rupole time-of-flight (Q-TOF) mass spectroscopy, in ion
mobility spectroscopy (IMS) systems, and for use as an
injection module to a quadrupole mass spectrometer, col-
lision cell or ion trap. In IBD, ions are guided along an
ion path through a series of pumping chambers with de-
creasing pressure prior to being deposited by means of
so-called "soft landing" on a substrate or target. The pur-
pose of the pumping chambers is to remove unwanted,
neutral particles from the ion beam. Ion beam deposition
has important advantages over conventional deposition
techniques. For example, unlike sputtering, plasma
spraying, physical vapor deposition (PVD) and atomic
layer deposition (ALD), IBD is not restricted to the dep-
osition of thermally stable molecules. Chemical vapor
deposition (CVD) requires a chemical reaction between
sometimes poisonous educts on the substrate, which can
likewise be avoided using IBD. Finally, while spincoating
is restricted to (on an atomic scale) large thicknesses,
IBD allows for depositing layers of a defined atomic thick-
ness.
[0005] Moreover, since an ion beam can be deflected
using suitable electric fields, in IBD, it is possible to "write"
structures on a substrate, in a way similar to mask free
ion beam lithography. Accordingly, it is possible to posi-
tion highly sensitive, thermolabile molecules with low
masses, like amino acids up to molecules with high mass-
es, like peptides, proteins or even DNA molecules with
a layer thickness defined on an atomic scale in micro
arrays for manufacturing assays, sensors or highly spe-
cific catalysts.
[0006] All of these advantages of IBD currently come
at the price of a rather slow deposition speed, which is
due to the limited yield of the IBD system in view of the
comparatively low intensity of the ion beam in current
IBD systems.

SUMMARY OF THE INVENTION

[0007] The problem underlying the invention is to pro-
vide an ion guide which allows for increasing the yield of
an IBD system, as well as an improved IBD system.
[0008] This problem is solved by an ion guide accord-
ing to claim 1 as well as by an IBD system according to
claim 13 and a method according to claim 14. Favorable
embodiments are defined in the dependent claims.
[0009] The ion guide of the invention is suitable for
guiding an ion beam along an ion path. The ion guide
has a longitudinal axis corresponding to said ion path
and comprises a plurality of elongate electrodes ar-
ranged around and extending along said longitudinal ax-
is, wherein an inner envelope of the plurality of electrodes
defines an ion guide volume.
[0010] According to the invention, the elongate elec-
trodes are formed by electrode wires, wherein adjacent
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electrode wires are arranged at an inter-wire distance.
Moreover, the ion guide comprises holding structures for
supporting and for straightening the electrode wires by
applying a tension or maintaining a tension applied to
them, wherein any portion of said holding structures
which is separated from said ion guide volume by less
than the local inter-wire distance, preferably by less than
twice the local inter-wire distance, and most preferably
by less than three times the local inter-wire distance is
made from a material having a resistivity of less than 1012

Ohm·cm, preferably of less than 109 Ohm·cm, or has a
sheet resistivity of less than 1014 Ohm, preferably of less
than 1010 Ohm on a surface facing said ion guide volume,
preferably any surface facing said ion guide volume.
[0011] If the electrode wires are arranged on a circle
around the longitudinal axis, the "inner envelope" at a
given axial position would correspond to the largest circle
that can be inscribed in the circular arrangement of the
electrode wires. The radius of such a circle may be re-
ferred to as the "inscribed radius". Fig. 12 illustrates this
with reference to a more general case, where a sectional
view of an ion guide is shown with six electrode wires 42
arranged on an ellipse around the longitudinal axis. Note
that the term "wire" not only stands for a wire with a cir-
cular cross section, any type of cross section like square
or elliptic is possible. Adjacent electrode wires 42 are
separated by inter-wire distances 122. Herein, the inner
envelope is indicated by a dashed line 120, and the ion
guide volume 128 is confined by this dashed line 120. In
Fig. 12, 1st to 3rd multiples of the "local" inter-wire dis-
tance 122 are indicated, which may be used for meas-
uring a "charging distance", i.e. the distance away from
the ion guide volume 128. The term "charging distance"
indicates that this distance is critical for the likelihood that
isolators arranged at that distance are prone to being
charged by stray ions. In the present case, the inter-wire
distance 122 is uniform among the electrode wires 42,
such that the local inter-wire distance 122 is the same
as any single one of them. However, in case the distance
should not be uniform, then the "local inter-wire distance"
would relate to the individual inter-wire distances, which
are related to a given axial position. If the electrodes are
further parallel to the longitudinal axis, the ion guide vol-
ume 128 would correspond to the largest elliptical cylin-
der that fits into the arrangement of electrodes.
[0012] According to the invention, instead of using
electrode rods, the ion guide of the present invention uses
electrode wires, which are thinner than conventional
rods, and in fact so thin that they need to be straightened
by applying a tension to avoid bending. That is to say,
without the straightening by means of applying a me-
chanical tension, the electrode wires would tend to bend
due to the electrode wires’ inherent bend (which wires
typically acquire from being stored on a spool), temper-
ature increase due to RF currents through the electrode
wires, or ambient temperature changes, which may for
example occur during bake-out of a vacuum system in
which the ion guide may reside.

[0013] The inventors have discovered that with this de-
sign, the yield of an IBD system employing such an ion
guide can be significantly increased. The yield of the IBD
system is governed by the ion current that can be guided
through the ion guide or ion guide arrangement, which
is referred to as the "current capacity" of the ion guide
(arrangement) herein. The obvious way to increase the
current capacity would be to increase the diameter of the
ion guide as a whole. However, when the diameter of the
ion guide increases, the diameter of apertures in sepa-
ration walls separating adjacent pumping chambers like-
wise need to be made correspondingly larger. This
makes it more difficult to decrease the number of neutral
particles in the ion beam by means of pumping. The flow
of neutral particles in common with the ion beam is re-
ferred to as "gas load" in the following. In other words,
the inventors noticed that when increasing the diameter
of the apertures in the separation walls, eventually more
pumping stages will be necessary to reduce the gas load
to a desired degree. A larger number of pumping cham-
bers however increases the manufacturing and operating
costs and extends the ion path, leading to an inherent
increase of ion losses.
[0014] Accordingly, the inventors realized that it is not
possible to optimize the current capacity in a straightfor-
ward way by simply increasing the diameter of the ion
guide. The inventors have found that, at a given ion guide
diameter, the current capacity is increasing with increas-
ing number of elongate electrodes. In addition, the inven-
tors have found that optimum results can be achieved
with a moderate diameter of the ion guide, but compar-
atively large numbers of elongate electrodes. Then, when
also choosing optimum inter-wire distances, the inven-
tors found that in favorable ion guides, the elongate elec-
trodes should be made thinner than conventional rod
electrodes, and in fact be formed by electrode wires
which are so thin (and hence flexible) that they need ten-
sioning to be kept straight. For this purpose, the ion guide
of the present invention comprises the aforementioned
holding structures for supporting and for straightening
the electrode wires by applying a tension or maintaining
a tension applied to them.
[0015] Moreover, the holding structures of the ion
guide of the present invention are specifically designed
such that any portion of the holding structures which is
separated from the ion guide volume by less than the
local inter-wire distance, preferably by less than twice
the local inter-wire distance and most preferably by less
than three times the local inter-wire distance is made
from a material having a resistivity of less than 1012

Ohm·cm, preferably of less than 109 Ohm·cm. This way,
it can be avoided that the holding structures are charged
by stray ions from the ion beam, which would lead to a
distortion of the electric field for guiding the ion beam and
in consequence to a reduction of the current capacity. A
similar effect can be obtained if any portion of the holding
structures which is separated from the ion guide volume
by less than the local inter-wire distance, preferably by
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less than twice the local inter-wire distance and most
preferably by less than three times the local inter-wire
distance has a sheet resistivity of less than 1014 Ohm,
preferably of less than 1010 Ohm on a surface facing said
ion guide volume, preferably any surface facing said ion
guide volume.
[0016] In a preferred embodiment, the number of elec-
trode wires is 6 or more, preferably 8 or more, more pref-
erably 10 more, and most preferably 16 or more. With
higher numbers of electrode wires, the current capacity
of the ion guide for a given diameter of the ion guide
volume can be increased.
[0017] In preferred embodiments, a portion of said
holding structures which is in contact with one of said
electrode wires is made from an intermediate resistivity
material having an electrical resistivity of between 102

Ohm·cm and 1012 Ohm·cm, preferably of between 3·105

Ohm·cm and 109 Ohm·cm. Those parts of the holding
structures which are in physical contact with one of the
electrode wires will mostly not be separated from the ion
guide volume by more than the local inter-wire distance,
since it is the inner envelope of the electrode wires that
defines the ion guide volume. Accordingly, in the present
invention, those parts of the holding structures that are
actually in physical contact with the electrode wire must
have a sufficiently low resistivity when too close to the
inner envelope. When choosing an "intermediate resis-
tivity", having an electrical resistivity of between 102

Ohm·cm and 1012 Ohm·cm, preferably of between 3·105

Ohm·cm and 109 Ohm·cm, the resistivity is sufficiently
low to avoid inadvertent charging by stray ions, but is
sufficiently high such that only moderate currents flow
between electrode wires of opposite polarity which are
in contact with the same holding structures. However, an
appropriate draining of stray ions can also be achieved
if a sheet resistivity on a surface facing said ion guide
volume, preferably any surface facing the ion guide vol-
ume is between 104 Ohm and 1014 Ohm, preferably be-
tween 3·107 Ohm and 1010 Ohm. Such a surface resis-
tivity can be obtained using the aforementioned interme-
diate resistivity materials, but can also be obtained by
suitably coating a carrier with a coating of suitable con-
ductivity, wherein the carrier may then e.g. be an electri-
cal insulator.
[0018] In preferred embodiments, the intermediate re-
sistivity material is a plastic material or a ceramic material
including or mixed with conductive particles, in particular
metal particles or graphite particles. Herein, the term
"particle" shall have a broad meaning and not suggest
any specific geometry. In particular, the term "particle"
shall cover e.g. elongate particles having high aspect ra-
tios, such as nanowires or the like. In addition or alter-
natively, ferrite based materials can be employed. It is
important that the electrical resistivity of the intermediate
resistivity material does not significantly change with tem-
perature, or that the resistivity values fall within the above
mentioned boundaries throughout the range of temper-
atures that the respective component may acquire during

normal operation of the ion guide. Temperature changes
are expected to occur due to heating of the wire elec-
trodes caused by the RF currents, and since the ion guide
is typically employed in a vacuum, there is no cooling by
convection. For this reason, conventional semiconduct-
ing materials are not preferred as intermediate resistivity
materials, because the resistance would tend to drop too
much in the course of heating up during operation of the
ion guide.
[0019] Instead of using the intermediate resistivity ma-
terial, in some embodiments it is also possible to use
arbitrary material that is coated at least on a surface fac-
ing said ion guide volume, preferably any surface facing
said ion guide volume with a coating suitable for draining
stray ions to thereby avoid static charging of said sealing
elements by stray ions. Herein, said coating may be a
metal film having a thickness of 30 to 1000 nm, or a paste
containing glass and metal oxides, such as ruthenium
oxide, wherein said paste preferably has a thickness of
5 to 1000 mm. This "paste" is also referred to as "cermet"
in the art. A metal coating can be provided by evaporating
or sputtering metal on a carrier, such as a carrier made
from ceramic material.
[0020] In alternative embodiments, a portion of said
holding structures which is in contact with one of said
electrode wires is made from a conductive material, in
particular from metal, wherein said portion of the holding
structures is further attached to an insulating carrier, or
to a carrier made from the aforementioned intermediate
resistivity material. This way, inadvertent charging of said
portion of the holding structures close to the electrode
wires by stray ions can be reliably prevented, while a
short circuit between portions of the holding structures
in contact with electrode wires of different polarity can be
avoided since they are attached to said insulating or in-
termediate resistivity material carrier. This insulating (or
intermediate resistivity) carrier can be common to a plu-
rality of portions of the holding structures which are in
contact with electrode wires of different polarity.
[0021] In preferred embodiments, said holding struc-
tures comprise at least one electrode wire fixation struc-
ture in which the ends of the electrode wires are fixed,
wherein in said electrode wire fixation structure, the elec-
trode wires are bent by at least 90°, preferably by at least
120° and most preferably by at least 150°. This bending
of the electrode wires allows for a secure fixation even
in case of limited space. By bending the electrode wires
by more than 90°, such as by 120° or more, or 150° or
more, a pointed end structure of the ion guide can be
obtained, which will be explained and illustrated further
with reference to specific embodiments below. This point-
ed end structure is particularly suitable for guiding the
ions into an adjacent component, such as another ion
guide or a mass separator.
[0022] The electrode wires may be fixed to said elec-
trode wire fixation structure by one or more of hard or
soft soldering, spot welding, bonding, casting, clamping
and fixation by a fastener, in particular a screw. While
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soft soldering provides a particularly simple way of fixing
the electrode wires to the electrode wire fixation struc-
ture, this may be incompatible with very high vacuum
requirements, for example due to zinc that is typically
included in solder materials and has a comparatively high
vapor pressure. In this case, fixation by clamping or by
a fastener such as a screw would be preferred.
[0023] In preferred embodiments, said holding struc-
tures comprise a tensioning structure, suitable for estab-
lishing and/or maintaining a tension of the electrode
wires. Herein, the tensioning structure may comprise one
or more resilient elements, in particular one or more
springs suitable for establishing and/or maintaining a ten-
sion of the electrode wires. The resilient element may
absorb thermal expansion of the electrode wires, such
as to keep the wires tensioned in spite of such thermal
expansion. Examples for the resilient element may be a
helical spring, a snap ring, or an extra elastic element.
While in the preferred embodiments, the resilient element
is incorporated in the holding structures or tensioning
structure, it could also be incorporated into the electrode
wires themselves.
[0024] In various embodiments, said holding struc-
tures comprise at least one electrode wire fixation struc-
ture which is movable along the longitudinal axis to there-
by apply a tension to the electrode wires.
[0025] In preferred embodiments, said holding struc-
tures comprise at least one electrode wire guiding struc-
ture through which the electrode wires pass. In particular,
the electrode wires may be bent while passing through
the electrode wire guiding structure, thereby allowing for
ion guide structures which are overall bent or curved, or
which have varying diameters along their length.
[0026] In preferred embodiments, the electrode wires
are, at least in a section of the ion guide, conically diverg-
ing from the longitudinal axis, wherein the opening angle
of the conical structure is more than 0.1°, preferably more
than 0.2° and most preferably more than 0.5°, and 90°
or less, preferably 10° or less, more preferably 2° or less.
Herein, the "opening angle" of a cone or frustum is the
maximum angle between two generatrix lines. For exam-
ple, a wide end of the conical ion guide structure may
facilitate feeding an ion beam into said ion guide, and is
less sensitive to slight misalignments of the ion guide
with respect to an upstream component. At the same
time, keeping the opening angle of the conical structure
below 10°, and preferably below 2° allows for keeping a
repulsive force due to the converging electrode wires in
direction of travel within acceptable bounds. Even conical
structures with very small opening angles below 1° can
be useful, in particular for guiding the electrode wires by
means of an electrode wire guiding structure radially con-
stricting the electrode wires, to thereby obtain an hour-
glass shaped double cone structure with the electrode
wire guiding structure defining the narrowest portion. This
double cone or hourglass structure ensures a close con-
tact of the electrode wires with the electrode wire guiding
structure. It turns out that for this purpose, very small

opening angles lower than 1° of the conical structure may
be sufficient.
[0027] In preferred embodiments, the electrode wires
are made from copper, molybdenum, tungsten, nickel,
alloys or combinations thereof, or stainless steel. A par-
ticularly preferred electrode wire is made from copper
with a silver coating.
[0028] In preferred embodiments, the electrode wires
have a diameter of 1.0 mm or less, preferably of 0.6 mm
or less, more preferably of 0.2 mm or less. Such low
electrode wire diameters allow for comparatively large
numbers of electrode wires at comparatively small diam-
eters of the ion guide volume.
[0029] Preferably, the ratio of the diameter of the elec-
trode wire and the local inter-wire distance is between
0.5 and 10.0, preferably between 0.8 and 6.0, more pref-
erably between 1.0 and 4.0. These ratios of electrode
wire diameter and inter-wire distance have been found
to be beneficial for a high current capacity of the ion guide.
Higher numbers of said ratio, corresponding to lower lo-
cal inter-wire distances, simplify the construction of the
holding structure, as the charging distance is reduced.
Using electrode wires, particularly electrode wires with
diameters of less than 1.0 mm, or even less than 0.6 mm
or 0.2 mm, these ratios can be achieved in spite of com-
paratively large numbers of elongate electrodes in com-
bination with moderate ion guide diameters. In a pre-
ferred embodiment, the "inscribed radius" referred to
above and explained with reference to Fig. 12 may be 5
mm or below, preferably 2 mm or below, and most pref-
erably 1 mm or below, to thereby reduce the gas load.
[0030] In a preferred embodiment, at least some of the
electrode wires are made from a material with an elec-
trical DC resistance below 0.06 Ohm mm2 /m. A low re-
sistance of the electrode wire material is important, as it
allows for reducing the unwanted heating of the electrode
wires by the RF currents. This becomes particularly im-
portant for small electrode wire diameters. With exces-
sive heating of the electrode wires, it becomes more dif-
ficult to keep the electrode wires tensioned in view of the
thermal expansion thereof. However, while such com-
paratively low electrical DC resistances are generally
preferred, in alternative embodiments high electrode wire
resistances are employed, such that at least some of the
electrode wires are made from a material with an elec-
trical DC resistance above 0.9 Ohm mm2 /m. High resist-
ances allow for generating an electric field along the
length of the electrode wire when a DC current flows
through, which can be used for accelerating ions in lon-
gitudinal direction of the ion guide.
[0031] In particularly preferred embodiments, the ma-
terial of the electrode wires has a skin depth at 1 MHz
that is higher than 10 mm, more preferably higher than
20 mm and most preferably higher than 50 mm.
[0032] In preferred embodiments, said electrode wires
are connected to an RF driving source configured to drive
each adjacent two electrode wires with voltages of op-
posite polarity and freely adjustable radiofrequency. A
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freely adjustable driving frequency allows for choosing
the optimum frequency for each type of ions to be guided
in said ion guide. Preferably, said RF driving source is
configured to drive the electrode wires with an RF square
wave signal, or a superposition of RF square wave sig-
nals. A nonlimiting example of a "superposition of square
wave signals" is a so-called "digital signal" which corre-
sponds to a superposition of square waves with different
amplitude and different duty cycle, but at the same base
frequency.
[0033] Note that RF square wave driving signals or su-
perpositions thereof are uncommon for conventional ion
guides, where the electrodes are usually resonantly driv-
en, using an LC circuit established by adding an inductive
element and using the inherent capacitance of the elec-
trodes for adjusting the resonance frequency. The inven-
tors have noticed that the specific waveform (i.e. square
wave digital waveform versus sinusoidal) has little bear-
ing on the current capacity of the ion guide, but the square
wave driving signal can be generated more easily with
freely adjustable frequency than a sinusoidal driving sig-
nal. In fact, square wave signals can be generated by
using switching circuits only, without having to provide
for any resonant LC elements. Since the switching fre-
quencies, the duty cycle and the superposition of square
waves can be freely adjusted, the digital waveform or
any other superposition of square waves can likewise be
freely adjusted to thereby provide for optimum ion guiding
performance.
[0034] In preferred embodiments, the electrode wires
are connected to an RF driving source which supplies
RF voltages having frequencies freely adjustable be-
tween about 0.05 to 20 MHz. In preferred embodiments,
the RF driving source is connected with the electrode
wires by leads that are as short as possible, such as to
keep the capacity of the electrode wires low.
[0035] For applying a driving force on the ions in lon-
gitudinal direction of the ion guide, a DC electric field may
be established along the longitudinal axis of the ion guide.
In one embodiment, at least some of the electrode wires
are segmented, having conductive portions separated
by intermediate portions of lower conductivity, in partic-
ular insulating portions, and different DC voltages are
applied to different conductive portions, to thereby gen-
erate an electric field along the length of the electrode
wire, and hence along the longitudinal axis of the ion
guide as a whole. Such longitudinal DC field may in par-
ticular be used to overcome a repulsive force generated
by a conical structure of the ion guide.
[0036] In addition or alternatively, a DC potential gra-
dient is established along the length of the electrode wires
by means of a DC current through the respective elec-
trode wire. This variant is particularly suitable for ion
guides with very small inscribed radius and high length.
[0037] As was stated above, the ion guide of the in-
vention may find practical use in many applications, and
is not limited to any specific one of them. However, in
particularly preferred embodiments, the ion guide ac-

cording to one of the preceding embodiments is part of
an arrangement, in which an ion beam is guided through
at least two, but in general a plurality of pumping cham-
bers of decreasing pressure, wherein adjacent pumping
chambers are divided by separation walls having an ap-
erture for the ion beam to pass through. An example of
such an arrangement is an ion beam deposition system.
[0038] Herein, the ion guide preferably extends
through at least one separation wall separating two ad-
jacent pumping chambers. Namely, an ion guide accord-
ing to one of the embodiments described above is par-
ticularly suitable for being accommodated in an aperture
in a separation wall separating two adjacent pumping
chambers, even if this aperture is of small size compared
to designs of the state-of-the-art, which is advantageous
for reducing the gas load. This way, the ion beam can be
passed smoothly and with no or only insignificant loss
from one pumping chamber into the other.
[0039] In particularly preferred embodiments, at least
a portion of the ion guide (or the electrode wires thereof)
is accommodated in a gas-tight tube, wherein each end
of said gas-tight tube communicates with a correspond-
ing one of the adjacent pumping chambers. This gas-
tight tube allows for reducing the gas conductivity as com-
pared to that of an ordinary aperture of same diameter,
which in turn allows for significantly reducing the gas load.
The inventors have found that if such gas-tight tube is
employed such as to communicate with two adjacent
pumping chambers, the overall pressure reduction in the
second, downstream chamber is higher than without the
gas-tight tube. Indeed, reductions of the gas load far
above a factor of 1000 have been realized with a standard
turbo pump in the vacuum chamber downstream, when
using the gas-tight tube.
[0040] In a particularly preferred embodiment, said
gas-tight tube forms part of the holding structures.
[0041] In a preferred embodiment, the diameter of the
aperture in the separation wall through which said ion
guide extends is 4.0 mm or less, preferably 3.0 mm or
less, more preferably 2.0 mm or less.
[0042] A further aspect of the present invention relates
to an ion beam deposition system, in which an ion beam
is guided through a plurality of pumping chambers of de-
creasing pressure, wherein adjacent pumping chambers
are separated by separation walls having an aperture for
the ion beam to pass through, wherein said ion beam
deposition system comprises an ion guide according to
one of the embodiments described above.
[0043] A further aspect of the invention relates to a
method of guiding an ion beam along an ion path using
an ion guide having a longitudinal axis corresponding to
said ion path, said ion guide comprising a plurality of elon-
gate electrodes arranged around and extending along
said longitudinal axis, wherein an inner envelope of the
plurality of electrodes defines an ion guide volume,
wherein said elongate electrodes are formed by elec-
trode wires and adjacent electrode wires are arranged
at an inter-wire distance, wherein said ion guide compris-
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es holding structures for supporting and for straightening
the electrode wires by applying a tension or maintaining
a tension applied to them, wherein any portion of said
holding structures which is separated from said ion guide
volume by less than the local inter-wire distance, prefer-
ably by less than twice the local inter-wire distance, and
most preferably by less than three times the local inter-
wire distance is made from a material having a resistivity
of less than 1012 Ohm·cm, preferably of less than 109

Ohm·cm or has a sheet resistivity of less than 1014 Ohm,
preferably of less than 1010 Ohm on a surface facing said
ion guide volume, preferably any surface facing said ion
guide volume.
[0044] In a preferred embodiment, the method further
comprises a step of driving each adjacent two electrode
wires with RF voltages of opposite polarity, in particular
with an RF square wave signal, wherein the method fur-
ther comprises a step of adjusting the RF frequency and
the voltage amplitude of the drive signal depending on
the type of ions to be guided by said ion guide.
[0045] In the method, the ion guide may be an ion guide
according to one of the embodiments recited above.

SHORT DESCRIPTION OF THE FIGURES

[0046]

Fig. 1 is a schematic view of an ion beam deposition
system employing two electrode wire based
ion guides (WIG) according to embodiments
of the present invention.

Fig. 2 is a perspective view of a portion of a WIG
according to a first embodiment.

Fig. 3 is a perspective view of a WIG according to a
second embodiment.

Fig. 3a is a perspective view of a slightly modified var-
iant of the WIG of Fig. 3.

Fig. 3b is a perspective view of an electrode guiding
structure acting as a special gas tight tube ap-
plicable to Fig. 3.

Fig. 4 is a perspective view of a WIG according to a
third embodiment.

Fig. 5 is a sectional view of the WIG of Fig. 4.
Fig. 6 is a perspective view of the WIG of Fig. 4.
Fig. 7 is a perspective view of a WIG according to a

fourth embodiment.
Fig. 8 is a further perspective view of the WIG of Fig.

7.
Fig. 9 is a side view of the WIG of Fig. 7.
Fig. 10 is an enlarged view of the tip portion of the

WIG of Fig. 7.
Fig. 11 is a circuit diagram showing a driving circuit

for driving the electrode wires of a WIG ac-
cording to various embodiments of the inven-
tion.

Fig. 12 is a schematic illustration of the inner envelope
of electrodes defining an ion guide volume.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0047] For the purposes of promoting an understand-
ing of the principles of the invention, reference will now
be made to preferred embodiments illustrated in the
drawings, and specific language will be used to describe
the same. It will nevertheless be understood that no lim-
itation of the scope of the invention is thereby intended,
such alterations and further modifications in the illustrat-
ed apparatus and such further applications of the princi-
ples of the invention as illustrated therein being contem-
plated as would normally occur now or in the future to
one skilled in the art to which the invention relates.
[0048] Figure 1 shows a schematic illustration of an
ion beam deposition (IBD) system 10. The IBD system
10 comprises first to fourth pumping chambers 12 to 18
separated by separation walls 20. Each of the pumping
chambers 12 to 18 is connected with a corresponding
vacuum pump 22. While all of the vacuum pumps are
designated with the same reference sign 22, they may
be of different types. On the left end of the IBD system
10, an electrospray ionization (ESI) device 24 is provided,
in which molecules are ionized such as to generate the
molecular ions to be used for eventual deposition on a
substrate 26 located in the fourth chamber 18 at the very
right of the figure. The ESI method has first been de-
scribed in Malcolm Dole, L.L.Mack, R.L. Hines, R.CMob-
ley, D.Furgeson, M.BAlice, Molecular Beams of Mac-
roions, JChemPhys 49 p. 2240 (1968). A noble prize had
been awarded to John B. Feen for this method, see John
B. Fenn, Electrospray Wings for Molecular Elephants
(Nobel Lecture), AngewChemIntEd 42 p.3871 (2003). In
the ESI device 24, charged droplets of an electrolyte are
drawn by a very high voltage from a needle 28 which is
operated at atmospheric pressure. Each droplet in-
cludes, in addition to the charged molecules to be de-
posited, a large amount of unwanted solvent/carrier gas
that needs to be removed by means of the pumps 22
connected to the succession of pumping chambers 12
to 18. The ions and the solvent/carrier gas are guided
into the first pumping chamber 12 by means of a heated
capillary 30.
[0049] The first pumping chamber 12 exhibits a pres-
sure of between 0.1 and 10 mbar. For forming an ion
beam, a combined ion funnel and tunnel device 32 is
employed, which extends from the first pumping chamber
12 through an aperture in the separation wall 20 into the
second pumping chamber 14. The combined ion funnel
and tunnel device 32 is referred to as a TWIN guide 32
herein and are described in more detail in the co-pending
patent application "Partly sealed ion guide and ion beam
deposition system"
[0050] A first electrode wire based ion guide 36 accord-
ing to an embodiment of the present invention is sche-
matically shown, which extends from the second pump-
ing chamber 14 through an opening in the separation
wall 20 into the third pumping chamber 16. Wire based
ion guides are referred to as a "wire ion guide" (WIG)

11 12 



EP 3 550 588 A1

8

5

10

15

20

25

30

35

40

45

50

55

herein for short. Herein, a portion of the WIG forms an
aperture 34 through which neutral gas molecules can
inadvertently pass from one chamber to the other, and
that hence has an impact on the gas load, as explained
above.
[0051] In the third pumping chamber 16, a quadrupole
mass separator 38 is provided, which comprises four rod
electrodes 40. Finally, a further WIG 36 is provided, which
extends from the third pumping chamber 16 into the
fourth pumping chamber 18 through an opening in the
separation wall 20, and likewise defines an aperture 34.
Note that the first and second WIGs 36 are only sche-
matically shown in Fig. 1, where the wire electrodes and
corresponding holding structures can be discerned, while
the more detailed structure will be described in the fol-
lowing with reference to Fig. 2 to 10.
[0052] Fig. 2 shows a portion of an ion guide 36 ac-
cording to a first embodiment, comprising a total of 16
electrode wires 42 which are extending parallel with each
other and are arranged on a circle around a longitudinal
axis 44. The inner envelope of the electrode wires 42
forms an ion guide volume in a manner illustrated in Fig.
12. The purpose of the ion guide 36 is to guide ions along
the longitudinal axis 44 upon passing through the ion
guide. Further schematically shown in Fig. 2 is an elec-
trode wire fixation structure 46, which is a specific em-
bodiment of the electrode wire holding structures referred
to above. The electrode wire fixation structure 46 is made
from an intermediate resistivity material having an elec-
trical resistivity of 2·106 Ohm·cm, and is made from fer-
rite. This resistivity is low enough to avoid inadvertent
charging due to scattered ions, but is at the same time
sufficiently high to keep leakage current between adja-
cent electrode wires, which are driven with opposite
phase, and hence opposite polarity, sufficiently low. With-
in the electrode wire fixation structure 46, an aperture 34
is formed. Herein the same reference sign 34 is used as
for the aperture 34 in the separation walls 20 of Fig. 1,
because in various embodiments, the fixation structure
could be part of, or attached to the separation wall 20, in
which case its size would govern the gas conductance,
and thereby the gas load. In other words, in order to de-
crease the gas load, it is advantageous if the aperture
34 is as small as possible. Since the intermediate con-
ductivity material can be brought in direct contact with
the electrode wires 42, the aperture 34 can be made ex-
tremely small, while at the same time avoiding excessive
leakage currents between neighboring electrode wires
42 and the risk of inadvertent charging by stray ions.
[0053] As is further seen in Fig. 2, the electrode wires
42 are bent by 90° in the electrode wire fixation structure
46. The bent ends of the electrode wires 42 can then be
fixed to the electrode wire fixation structure 46 by solder-
ing, spot welding, bonding, casting, clamping, and/or fix-
ation by means of a fastener, such as a screw (not shown
in Fig. 2).
[0054] A second embodiment of a WIG 36 is schemat-
ically shown in Fig. 3. The WIG 36 of Fig. 3 comprises a

tensioning structure 48, which comprises two electrode
wire fixation structures 46 connected by extendable rods
50, which can be extended by operating corresponding
control elements 52. In the example shown, the control
elements 52 are hexagonal screw drive elements which
upon turning allow for adjusting the length of each rod
50, to thereby move the electrode wire fixation structures
46 away from each other and apply an appropriate ten-
sion to the electrode wires 42. In between the electrode
wire fixation structures 46, an electrode wire guiding
structure 54 is provided, which again comprises an ap-
erture 34. In various embodiments, the wire guiding struc-
ture 54 could be part of, or attached to the separation
wall 20 between adjacent pumping chambers. In the em-
bodiment shown, the electrode wire guiding structure 54
is made from an intermediate resistivity material, thereby
allowing it to be in direct contact with the electrode wires
42, facilitating the guiding of the electrode wires 42 and
keeping the aperture 34 to a minimum size.
[0055] Fig. 3a shows a closely related variant of the
WIG of Fig. 3, comprising springs 53 arranged between
the hexagonal screw drive elements 52 and one of the
fixation structures 46, which force the two fixation struc-
tures 46 apart from each other to thereby maintain a ten-
sion among the electrode wires 42. The springs 53 are
an example of the resilient members or elements men-
tioned in the summary of the invention, and they permit
to maintain mechanical tension of the electrode wires 42
in spite of a certain degree of expansion thereof. In this
embodiment the separation wall 20 and the electrode
wire guiding structure 54 are distinct elements as men-
tioned before. Furthermore the annular holding elements
56 and 58 are inserted into the fixation structures 46.
Thus the fixation structures 46 and the separation wall
20 itself can be made of simple metal, whereas the elec-
trode wire guiding structure 54, and annular holding el-
ements 56 and 58 have intermediate resistivity. In the
present embodiment the electrode wire guiding structure
54 additionally acts as a gas-tight tube to be described
later. A partially sectional view of the wire guiding struc-
ture 54 is shown in Fig. 3b.
[0056] A third embodiment of a WIG 36 is shown in
Fig. 4 to 6. Fig. 4 and 6 show two perspective views and
Fig. 5 shows a sectional view of the third embodiment.
The WIG 36 of the third embodiment comprises 16 elec-
trode wires 42 arranged parallel to and on a circle around
a longitudinal axis 44 (see Fig. 5). In Fig. 4 to 6, the di-
ameter of the electrode wires 42 is shown not to scale,
for sake of clarity of the figures. In the actual embodiment,
the thickness of the electrode wires 42 would be larger
than shown, and in fact such that the thickness and the
inter-wire distance are about the same or the thickness
is higher. The WIG 36 of the third embodiment comprises
a first annular holding element 56 and a second annular
holding element 58 at its respective ends. Each of the
first and second annular holding elements 56, 58 and the
electrode wire guiding structure 54 is in direct contact
with the electrode wires 42, and is made from an inter-
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mediate resistivity material of the type described above.
Of the plurality of electrode wires 42, only exemplary ones
are designated with reference signs for clarity purposes
in the figures. The first annular holding element 56 is
attached to a metal plate 60, which is in turn connected
to a separation wall part 20 separating two pumping
chambers by means of extendable rods 50 in a similar
way as was shown in Fig. 3. By operating screw drive
elements 52, the distance between the metal plate 60
and the separation wall 20 can be changed, and the ten-
sion of the electrode wires 42 can be adjusted. In an
alternative embodiment (not shown), a spring-loaded
variant of the type shown in Fig. 3a may be employed.
The metal plate 60, the separation wall 20, and the ex-
tendable rods 50 hence form an embodiment of a ten-
sioning structure.
[0057] As is seen in Fig. 5 and Fig. 6, the electrode
wires 42 are guided through a ringlike aperture plate 58
attached to a larger opening within the separation wall
20, which is very close to the electrode wires 42, and
which is consequently made from an intermediate resis-
tivity material. The aperture plate 58 and the electrode
wire guiding structure 54 hence define the aperture 34
of the separation wall 20, and in fact keeps it at a mini-
mum, to thereby reduce the gas load. Since the opening
in the separation wall 20 itself is larger, and its edge hence
is sufficiently far away from the electrode wires 42, the
separation wall 20 can be made from metal, as is the
case in the embodiment shown. It is to be understood
that the separation wall indicated at reference sign 20 in
Fig. 4 to 6 could be a part of the separation wall separating
adjacent pumping chambers only. However, in a modified
variant, the aperture 34 and the electrode wire guiding
structure 54 could be narrower than shown, such that it
radially constricts the electrode wires 42 and leads to a
double cone, hourglass like shape (not shown).
[0058] On the right of the separation wall 20, a gas-
tight tube 62 is shown, which extends between the sep-
aration wall 20 and the second annular holding element
58. The tube 62 is sufficiently far away from the inner
volume of the WIG 36, such that it is not prone to being
hit and possibly charged by stray ions, and it is not in
direct physical contact with the electrode wires 42 either.
For this reason, there are no particular requirements for
the resistivity of the material of the gas tight tube 62. In
the embodiment shown, it is made from metal, because
it can be manufactured easily and with high precision.
The gas-tight tube 62 reduces the gas conductivity
through the aperture 34 and the aperture plate 58, hence
helps to reduce the gas load. In figures 3 and 3a, repre-
senting the second embodiment, the task of the gas-tight
tube 62 is taken over by the electrode guiding structure
54. Fig. 3b shows a sectional view of the electrode guid-
ing structure 54 acting as a special gas-tight tube 62. The
notches inside the electrode guiding structure 54 are in-
terrupting the smooth flow of the neutral gas, leading to
turbulences which reduce the gas flow between two ad-
jacent pumping chambers and in consequence reduce

the gas load.
[0059] Finally, first and second annular fixation ele-
ments 64 and 66 are provided for fixing the respective
ends of the electrode wires 42.
[0060] The second annular holding element 58 can be
regarded as part of a fixation structure that also involves
the second annular fixation element 66. The annular
holding element 58 has a conical end around which the
electrode wires 42 are bent prior to fixation by the annular
fixation element 66, to thereby provide a slim, pointed
end of the ion guide 36. This pointed end is advantageous
for feeding ions exiting at the right end of the WIG 36 of
the third embodiment as shown in Fig. 4 to 6 into a down-
stream component, such as a further WIG 36, or a mass
separator such as the quadrupole mass separator 38
shown in Fig. 1. Accordingly, the third embodiment WIG
36 could be ideally used to guide ions through the sep-
aration wall 20 between the second and third pumping
chambers 14, 16 shown in Fig. 1 and into the quadrupole
mass separator 38.
[0061] As is apparent from both, the summary of the
invention and the description of Fig. 2 to 6, the term "hold-
ing structures" generally denotes structures that are used
for supporting and for straightening the electrode wires
42 by applying a tension or maintaining a tension applied
to them. Such "holding structures" may comprise various
substructures, such as fixation structures, which specif-
ically serve to fix the electrode wires 42 to a part of the
holding structures (e.g. the fixation structure 46 shown
in Fig. 2 or 3), tensioning structures, which serve to apply
a tension to the electrode wires 42 (such as the tensioning
structure 48 shown in Fig. 3 to Fig. 6), or electrode wire
guiding structures, which serve to guide the electrode
wires and reduce the gas load, such as the electrode
wire guiding structure 54 of Fig. 3 to 6. Since the fixation
structures, tensioning structures or electrode wire guid-
ing structures are essentially functional subunits of the
holding structures, there may be overlaps between the
subunits, or in other words, some components may be
part of several of them. For example, the fixation struc-
tures 46 of Fig. 3 are part of the tensioning structure 48
and so on.
[0062] Finally, with reference to Figs. 7 to 10, a WIG
36 according to a fourth embodiment is shown. The fourth
embodiment differs from the first to third embodiments
in that no intermediate resistivity material is employed.
Instead, those parts of the holding structures which are
in direct contact with the electrode wires 42 are made
from metal, and are further attached to a carrier with in-
termediate resistivity or a common insulating carrier 68.
[0063] More particularly, the WIG 36 according to the
fourth embodiment comprises two annular insulating car-
riers 68 which are separated by three extendable rods
50, the length of which can again be adjusted by opera-
tion of hexagonal screw drive elements 52 for adjusting
the tension of the electrode wires 42. Although not shown,
the extendable rods 50 could also be biased in an ex-
tended configuration by means of a spring similar to the
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spring 53 shown in Fig. 3a. The electrode wires 42 extend
through comparatively large openings 70 (cf. Fig. 7) with-
in the annular insulating carriers 68, the edge of which
being sufficiently far away from the inner volume of the
WIG 36 such that there is no risk that the insulating car-
riers 68 are hit and thereby charged by stray ions.
[0064] For each of the electrode wires 42, a metal el-
ement for fixing the respective end of the electrode wire
42 is provided, which is in direct contact with the respec-
tive electrode wire 42, and which is fixed to a correspond-
ing insulating carrier 68. The individual metal elements
are not in contact with each other, such as to avoid a
short circuit between electrode wires 42 of different po-
larity.
[0065] More particularly, on the left end of the of the
WIG 36 as shown in Fig. 8 and 9, which is preferably the
upstream end, eight first metal elements 72 are provided
which have a flat surface 74 to which a respective end
of the corresponding electrode wire 42 is attached. The
first metal elements 72 are fixed to the same annular
insulating carrier 68 by means of screws 76. Accordingly,
the insulating carrier 68, the first metal elements 72 and
the screws 76 in combination form a fixation structure.
[0066] At the right end of the WIG 36 as shown in Fig.
8 and 9, which is the downstream end, eight second metal
elements 78 are attached to the corresponding annular
insulating carrier 68 by means of screws 76. The second
metal elements 78 have the shape of a right-angled pyr-
amid with a triangular base, which triangular base is at-
tached to the insulating annular carrier 68 by means of
a screw 76 (see Fig. 8). The electrode wires 42 are guided
along the vertical edge of the pyramid and bent around
its apex as can be seen best in Fig. 10. While not shown
in the figures, a notch or the like is provided in the apex
region to facilitate the guiding of the electrode wire 42.
The electrode wires 42 are then attached to an outward
pointing face of the second metal element 78 by means
of a further screw 76. Using the pyramid shaped second
metal elements 78, again a pointed end of the WIG 36
can be obtained, which facilitates the injection of ions
exiting or the receiving of ions at the right end in Fig. 8
and 9, which is preferably the downstream end, into a
downstream structure, such as a mass separator of the
type shown under reference sign 38 in Fig. 1. For clarity,
in Fig. 7, only a single first metal element 72 and a single
second metal element 78 with a corresponding electrode
wire 42 are shown. Again, the annular insulating carrier
68, the second metal elements 78 and the screws 76 in
combination form a fixation structure.
[0067] In operation, high-frequency AC voltages are
applied to the electrode wires 42 with frequencies on the
order of 0.05-20 MHz and amplitudes of some 0.1-100
V. For clarity of illustration, the corresponding high-fre-
quency driving source is omitted in Fig. 1 to 10. An ex-
ample of a suitable driving source is shown in Fig. 11.
The driving source comprises a DC voltage source 104,
four switches 100 and a control unit 106 for controlling
the switching states of the switches 100. Between the

switches 100 and the control unit 106, potential separat-
ing elements 102 are provided. The RF output voltage is
supplied at terminals 108 and 110. The control unit 106
controls the switches 100 to alternate between two
switching states, a first switching state, in which the upper
left and the lower right switch 100 are closed and the
remaining switches 100 are open, and a second, oppo-
site state, where the lower left and the upper right switch
100 are closed, and the remaining switches 100 are open.
In the first switching state, the RF terminal 108 has pos-
itive voltage and the RF terminal 110 has negative volt-
age, while in the second switching state, the voltages are
reversed. Accordingly, by alternating between the first
and second switching states, under the control of the
control unit 106, a square wave RF output voltage at the
terminals 108, 110 is provided. Moreover, under the con-
trol of the control unit 106, the output RF frequency can
be freely adjusted.
[0068] While in first to fourth embodiment shown with
reference to Figs. 2 to 10 the electrode wires 42 are ar-
ranged parallel to each other and to the longitudinal axis
44 of the WIG 36, in various embodiments, the electrode
wires 42 could diverge from the longitudinal axis 44 in a
conical manner, as is shown in Fig. 1, although in an
exaggerated manner for illustration purposes. In pre-
ferred embodiments, the opening angle of the conical
structure should be limited to 90° or less, preferably to
10° or less, and most preferably to 2° or less. The WIG
36 could also have a conical and a cylindrical portion, or
two conical portions with different orientations such as
to yield an hourglass shape, as is the case for the WIG
36 extending through the third and fourth pumping cham-
bers 16 and 18 in Fig. 1. For obtaining such structures,
it is advantageous to employ guiding structures 54
through which the electrode wires 42 pass, wherein the
electrode wires 42 are bent while passing through the
guiding structure. In particular, it is advantageous to fab-
ricate such guiding structures, which are in direct contact
with the electrode wires 42 and close to the inner volume
of the WIG 36, from an intermediate resistivity material.
[0069] While it is the primary purpose of the ion guide
36 to confine the ions within a region close to the longi-
tudinal axis 44, in some embodiments it is also desired
to apply an electric field in longitudinal direction, in order
to accelerate the ions, or to overcome a repulsive poten-
tial caused by electrode wires 42 which are conically con-
verging in downstream direction. In some embodiments,
the electrode wires 42 are therefore segmented, having
conductive portions separated by intermediate portions
of lower conductivity, in particular insulating portions.
Then, in addition to the RF voltages, different DC voltages
can be applied to different conductive portions to thereby
generate an electric field along the length of the electrode
wire 42, and correspondingly along the length of the WIG
36 as a whole. Instead of using segmented electrode
wires, it is likewise possible that at least some of the
electrode wires 42 have an electrical resistance of 0.9
Ohm mm2 /m or more. Then, a DC potential gradient may
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be established along the length of the electrode wire 42
by applying a DC current through the respective elec-
trode wire 42.
[0070] The WIG 36 according to the embodiments
shown above finds particularly favorable use in ion beam
deposition (IBD) systems 10 of the type shown in Fig. 1,
because they allow for establishing an unprecedented
favorable compromise between high current capacity
and low gas yield. Indeed, using WIG devices 36 accord-
ing to embodiments of the present invention, it becomes
possible to provide an IBD system 10 which allows to
reduce the pressure by at least 11, and even up to 13
orders of magnitude (i.e. from atmospheric pressure to
10-11 bar, or even 10-13 bar) with only four pumping cham-
bers 12, 14, 16 und 18. Depending on the demanded
final pressure, even fewer pumping chambers could be
used.
[0071] Although a preferred exemplary embodiment is
shown and specified in detail in the drawings and the
preceding specification, these should be viewed as pure-
ly exemplary and not as limiting the invention. It is noted
in this regard that only the preferred exemplary embod-
iment is shown and specified, and all variations and mod-
ifications should be protected that presently or in the fu-
ture lie within the scope of protection of the invention as
defined in the claims.

10 IBD system
12 first pumping chamber
14 second pumping chamber
16 third pumping chamber
18 fourth pumping chamber
20 separation wall
22 vacuum pump
24 electrospray ionization (ESI) device
26 substrate
28 needle
30 heated capillary
32 combined tunnel and funnel
34 aperture
36 wire based ion guide (WIG)
38 quadrupole mass separator
40 rod electrode
42 electrode wire
44 longitudinal axis
46 electrode wire fixation structure
48 tensioning structure
50 extendable rod
52 hexagonal screw drive element
53 spring
54 electrode wire guiding structure
56 first annular holding element
58 second annular holding element
60 metal plate
62 gas tight tube
64 first annular fixation element
66 second annular fixation element
68 isolating carrier

70 opening in an isolating carrier 68
72 first metal element
74 flat surface of first metal element 72
76 screw
78 second metal element
100 switch
102 potential separating element
104 DC voltage source
106 control unit
108 RF terminal
110 RF terminal

Claims

1. An ion guide (36) for guiding an ion beam along an
ion path, said ion guide (36) having a longitudinal
axis (44) corresponding to said ion path, said ion
guide (36) comprising a plurality of elongate elec-
trodes arranged around and extending along said
longitudinal axis (44),
wherein an inner envelope (120) of the plurality of
electrodes defines an ion guide volume (128),
characterized in that said elongate electrodes are
formed by electrode wires (42),
wherein adjacent electrode wires (42) are arranged
at an inter-wire distance (122),
wherein said ion guide (36) comprises holding struc-
tures for supporting and for straightening the elec-
trode wires (42) by applying a tension or maintaining
a tension applied to them,
wherein any portion of said holding structures which
is separated from said ion guide volume by less than
the local inter-wire distance (122), preferably by less
than twice the local inter-wire distance (122), and
most preferably by less than three times the local
inter-wire distance (122) is made from a material
having a resistivity of less than 1012 Ohm·cm, pref-
erably of less than 109 Ohm·cm, or has a sheet re-
sistivity of less than 1014 Ohm, preferably of less
than 1010 Ohm on a surface facing said ion guide
volume (128).

2. The ion guide (36) of claim 1, wherein the number
of electrode wires (42) is 6 or more, preferably 8 or
more, more preferably 10 or more, and most prefer-
ably 16 or more.

3. The ion guide (36) of claim 1 or 2, wherein a portion
of said holding structures which is in contact with one
of said electrode wires (42) is made from an inter-
mediate resistivity material having an electrical re-
sistivity of between 102 Ohm·cm and 1012 Ohm·cm,
preferably of between 3.105 Ohm·cm and 109

Ohm·cm, or has a sheet resistivity of between 104

Ohm and 1014 Ohm, preferably of between 3·107

Ohm and 1010 Ohm on a surface facing said ion
guide volume (128).
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4. The ion guide (36) of claim 3, wherein the interme-
diate resistivity material is a plastic material or a ce-
ramic material including or mixed with conductive
particles, in particular metal or graphite particles, or
a ferrite based material, or wherein said sheet resis-
tivity is obtained by coating a surface of said holding
structures which is in contact with one of said elec-
trode wires (42) with a coating, in particular a metal
film having a thickness of 30 to 1000 nm, or a paste
containing glass and metal oxides, wherein said
paste preferably has a thickness of 5 to 1000 mm.

5. The ion guide (36) of one of the preceding claims,
wherein a portion of said holding structures which is
in contact with one of said electrode wires (42) is
made from a conductive material, in particular from
metal, wherein said portion of the holding structures
is further attached to an insulating carrier, or to a
carrier made from said intermediate resistivity ma-
terial.

6. The ion guide (36) of one of the preceding claims,
wherein said holding structures comprise at least
one electrode wire fixation (46) structure in which
the ends of the electrode wires (42) are fixed, where-
in in said electrode wire fixation structure (46), the
electrode wires (42) are bent by at least 90°, prefer-
ably by at least 120° and most preferably by at least
150°,
wherein the electrode wires (42) are preferably fixed
to said electrode wire fixation (46) structure by one
or more of hard or soft soldering, spot welding, bond-
ing, casting, clamping and fixation by a fastener, in
particular a screw (76).

7. The ion guide (36) of one of the preceding claims,
wherein said holding structures comprise a tension-
ing structure (48), suitable for establishing and/or
maintaining a tension of the electrode wires (42),
wherein said tensioning structure (48) preferably
comprises one or more resilient elements, in partic-
ular one or more springs (53) suitable for establishing
and/or maintaining a tension of the electrode wires
(42), and/or
wherein said holding structures comprise at least
one electrode wire fixation structure (46) which is
movable along the longitudinal axis (44) to thereby
apply a tension to the electrode wires (42).

8. The ion guide (36) of one of the preceding claims,
wherein said holding structures comprise at least
one electrode wire guiding structure (54) through
which the electrode wires (42) pass, and wherein the
electrode wires (42) are preferably bent while pass-
ing through the electrode wire guiding structure (54),
and/or
wherein the electrode wires (42) are, at least in a
section of the ion guide (36), conically diverging from

the longitudinal axis (44), wherein the opening angle
of the conical structure is more than 0.1°, preferably
more than 0.2° and most preferably more than 0.5°,
and 90° or less, preferably 10° or less, more prefer-
ably 20 or less.

9. The ion guide (36) of one of the preceding claims,
wherein the electrode wires (42) are made from cop-
per, molybdenum, tungsten, nickel, alloys thereof,
or stainless steel, and/or
wherein the electrode wires (42) have a diameter of
1.0 mm or less, preferably of 0.6 mm or less, more
preferably of 0.2 mm or less, and/or
wherein the ratio of the diameter of the electrode
wire (42) and the local inter-wire distance (122) is
between 0.5 and 10.0, preferably between 0.8 and
6.0, more preferably between 1.0 and 4.0, and/or
wherein at least some of the electrode wires (42) are
made from a material with an electrical DC resist-
ance below 0.06 Ohm mm2 /m, or wherein at least
some of the electrode wires (42) are made from a
material with an electrical DC resistance above 0.9
Ohm mm2 /m, and/or
wherein the material of the electrode wires (42) has
a skin depth at 1 MHz that is higher than 10 mm,
more preferably higher than 20 mm and most pref-
erably higher than 50 mm.

10. The ion guide (36) of one of the preceding claims,
wherein said electrode wires (42) are connected to
an RF driving source configured to drive adjacent
two electrode wires (42) with voltages of opposite
polarity and freely adjustable radiofrequency,
wherein said RF driving source is preferably config-
ured to drive the electrode wires with an RF square
wave signal, or a superposition of RF square wave
signals, and/or
wherein at least some of the electrode wires (42) are
segmented, having conductive portions separated
by intermediate portions of lower conductivity, in par-
ticular insulating portions, and wherein different DC
voltages are applied to different conductive portions,
to thereby generate an electric field along the length
of the electrode wire (42), and/or
wherein a DC potential gradient is established along
the length of the electrode wires (42) by means of a
DC current through the respective electrode wire
(42).

11. The ion guide (36) of one of the preceding claims,
wherein the ion guide (36) extends through at least
one separation wall (20) separating two adjacent
pumping chambers (12, 14, 16, 18), and/or
wherein at least a portion of the ion guide (36) is
accommodated in a gas-tight tube (62), wherein
each end of said gas-tight tube (62) communicates
with a corresponding one of the adjacent pumping
chambers (12, 14, 16, 18),
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wherein said gas-tight tube (62) preferably forms part
of the holding structures, and/or
wherein the diameter of an aperture in the separation
wall through which said ion guide (36) extends is
preferably 4.0 mm or less, more preferably 3.0 mm
or less, and most preferably 2.0 mm or less.

12. The ion guide (36) of one of the preceding claims,
wherein said ion guide (36) is part of an ion beam
deposition system (10), in which an ion beam is guid-
ed through a plurality of pumping chambers (12, 14,
16, 18) of decreasing pressure, wherein adjacent
pumping chambers (12, 14, 16, 18) are separated
by separation walls (20) having an aperture (34) for
the ion beam to pass through.

13. An ion beam deposition system (10) comprising at
least one ion guide (36) of one of the preceding
claims.

14. A method of guiding an ion beam along an ion path
using an ion guide (36) having a longitudinal axis
(44) corresponding to said ion path, said ion guide
(36) comprising a plurality of elongate electrodes ar-
ranged around and extending along said longitudinal
axis (44),
wherein an inner envelope (120) of the plurality of
electrodes defines an ion guide volume (128),
wherein said elongate electrodes are formed by elec-
trode wires (42), wherein adjacent electrode wires
(42) are arranged at an inter-wire distance (122),
wherein said ion guide (36) comprises holding struc-
tures for supporting and for straightening the elec-
trode wires (42) by applying a tension or maintaining
a tension applied to them,
wherein any portion of said holding structures which
is separated from said ion guide volume by less than
the local inter-wire distance (122), preferably by less
than twice the local inter-wire distance (122), and
most preferably by less than three times the local
inter-wire distance (122) is made from a material
having a resistivity of less than 1012 Ohm·cm, pref-
erably of less than 109 Ohm·cm, or has a sheet re-
sistivity of less than 1014 Ohm, preferably of less
than 1010 Ohm on a surface facing said ion guide
volume (128).

15. The method of claim 14, further comprising a step
of driving each adjacent two electrode wires (42) with
RF voltages of opposite polarity, in particular with an
RF square wave signal, or a superposition of RF
square wave signals, wherein the method further
comprises a step of adjusting the RF frequency and
the voltage amplitude of the drive signal depending
on the type of ions to be guided by said ion guide (36),
wherein said ion guide (36) is preferably an ion guide
of one of claims 1 to 12.
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