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(57) Abstract: The invention refers to a beam device
(1), in particular a particle beam device, for analyzing
an object (12), as well as a system comprising a par-
ticle beam device and an optical microscope for opti-
cally analyzing an object. It is an object of the inven-
tion to provide a beam device (1) comprising a means
to simplify the exchange and to reduce the time of the
exchange of objects to be examined. According to the
invention a beam device (1) is provided comprising at
least one beam generator (2) that generates a beam, at
least one objective lens (6) that focuses the beam on an
object (12) arranged in a holding element (25), wherein
the objective lens (6) comprises at least one connecting
element (26), the holding element (25) is connected to
the connecting element (26) so that the holding element
(25) is removable from the connecting element (26) for
modification of the object (12). Alternatively, the hold-
ing element is mounted to a beam column.
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Beam device and syStem comprising a particle beam device and an eptical

microscope

Description

The invention refers to a beam device, in particular a particle beam device,
for analyzing an object, as well as a system comprising a particle beam

device and an optical microscope for optically analyzing an object.

It is well known in the art to optically analyze an object (hereinafter also
referred to as a sample) by means of optical microscopy. However, the
resolution of optical microscopy is limited due to the wavelength of the light
used. The resolution achieved is in the range of a hundred to a few hundred

nanometers.

A particle beam device for analyzing an object such as a scanning electron
microscope {SEM) or a transmission electron microscope (TEM) has a better
resolution than a device of optical microscopy above mentioned. Therefore,
analysis by using a particle beam device is preferred if a high resolution in

the range of a few nanometers is required.

US 4,440,475 discloses an electron probe microanalyzer which is combined
with an optical microscope. Therefore, an object can be analyzed by means of
the electron probe microanalyzer as well as by means of the optical micro-

scope.
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One important role of today’s science is the examination of biological cells
and tissues as well as of diverse objects in today’s life sciences. This examin-
tion is often carried out by way of optical microscopy and by way of a TEM.
A light microscope, for example, is used to examine those objects which may
5 include cells, acellular material and layers of tissue. A TEM is often used for
obtaining subcellular information. However, both techniques have their
limitations. On the one hand, optical microscopy is limited as to resolution as
mentioned above. On the other hand, preparation of the objects for a TEM
examination is rather difficult since the objects have to be very thin. Prepara-
10 tion of these objects requires special skills and often takes a few days to

achieve.

Using a SEM is often easier since objects to be examined can be of any

thickness. However, objects must be placed in a vacuum environment to
15 allow unimpeded motion of the electron beam of the SEM. Therefore, the
| object to be examined should be dehydrated and dried. Accordingly, it is

somewhat difficult to examine biological objects or wet objects with a SEM.

A device for the examination of samples, in particular wet samples in a non-
20 vacuum environment using a SEM, is known in the prior art. The prior art
discloses an object chamber (holding element) comprising at least one
aperture sealed with a membrane. The membrane is adapted to withstand
pressure gradients resulting from the presence of a vacuum and is transparent
to electrons. The interior of the object chamber is isolated from the vacuum.
25 The object chamber facilitates the examination of wet objects including living
cells by placing the object chamber into the vacuum sample chamber of a
SEM. After the object chamber is placed in the vacuum sample chamber, a
vacuum is created in the latter. wO 02/45125 Al, WO 03/104848 A2, WO
03/104846 A2, WO 2004/075209 A1 and WO 2006/021961 are prior art with

30  respect to the object chamber described.
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However, the above mentioned known device has the disadvantage that the
exchange of objects takes a rather long time since various steps have to be
taken: First, the object must be placed into the object chamber which has to
be positioned in turn into the vacuum sample chamber of the SEM. Moreover,
the vacuum sample chamber has to be evacuated which nbrmally takes 3 to 5
minutes since the vacuum sample chamber normally comprises a volume bf

approximately 300mm x 300mm x 300mm.

Therefore, it is an object of the invention to provide a beam device compris-
ing a means to simplify the exchange and to reduce the time of the exchange

of an object to be examined.

This object is achieved by a device given by the features of claim 1 or 2. .

Moreover, the invention refers to a system with the features given by claim

33.

According to the invention, a beam device, in particular a particle beam
device comprises at least one beam column having an optical axis and at least
one beam generator that generates a beam (hereinafter also referred to as a
primary beam) and that is arranged in the beam column. Moreover, the beam
device comprises at least one objective lens that focuses the beam on an
object arranged in a holding‘ element (object chamber) and that is arrangéd in
the beam column. The beam column comprises a first extension (length)
perpendicular to the optical axis of the beam column. The holding element
comprises a second extension (length)y perpendicular to the optical axis. The
second extension is parallel to the first extension and is shorter than the first
extension. The holding element is arranged ata connecting element of the
beam column and is removable from the connecting element. Thus, an
exchange of the object or a change of the surrounding conditions of the

object, in particular the surrounding atmosphere, is possible.
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According to the invention, a beam device, in particular a particle beam
device, comprises at least one beam generator generating a beam (hereinafter
also referred to as a primary beam) and at least one objective lens fbcusing'
the beam on an object arranged in a holding element. The objective lens
comprises at least one connecting element. The holding element (object
chamber) is connected to the connecting element such that the holding

element is removable from the connecting element for modification of the

object (for example an exchange of the object or a change of the surrounding

conditions of the object, in particular the surrounding atmosphere).

Accordingly, the invention is based on the idea of arranging the connecting
element to the objective lens or to the beam column, wherein the connecting
element facilitates an easy exchange of the object or a modification of the
object by changing its surrounding conditions. The use of a vacuum sample
chamber into which the object or the holding element is positioned is not

necessary anymore. Instead, the holding element is directly attached to the

connecting element of the objective lens or the beam column. Since the

holding element is able to have small dimensions (for example 10mm x 10mm
x 10mm) it requires less time to obtain a reasonable vacuum for carrying out

the examination of the object.

The beam column of one preferred embodiment of the invention comprises a
first outer surface and a second outer surface. The first extension mentioned
above is the distance between the first outer surface and the second outer
surface. Moreover, the holding element comprises a third outer surface and a
fourth outer surface. The second extension is the distance between the third
outer surface and the fourth outer surface. The first outer surface and the
second outer surface can be two separate surfaces. Alternatively, the first
outer surface and the second outer surface can be connected to each other.

The same applies to the third outer surface and the fourth outer surface. In
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one embodiment of the invention, the first extension is from about 150mm to
about 450mm, preferably from about 200mm to about 400mm, and more
preferably from about 250mm to 350mm. Furthermore, the second extension
of one embodiment of the invention is from about 10mm to about 100mm,
preferably from about 15mm to about 80mm, and more preferably from about
20mm to about 50mm. Please note that the invention is not restricted to the
mentioned extensions. Thus, any extension suitable for the invention can be

used.

One preferred embodiment of the invention further comprises a vacuum
chamber in which the beam generator is arranged. The vacuum chamber,
which is evacuated by means of a pump system, is needed to increase the
mean free path of the beam so that the beam is extended from the beam
generator to the area of the object and is able to be focused on the object.
According to this preferred embodiment of the invention, the holding element
is part of the vacuum chamber, in contrast to the above-mentioned prior art
which discloses the holding element being arranged in a vacuum sample

chamber and not being part of the vacuum sample chamber.

In a further embodiment of the invention, the connecting element comprises a
flange being adapted to connect the holding element to the connecting
element. Preferably, at least one of the connecting element and the holding
element comprises at least one sealing element, for example an o-ring-sealing
or a metal sealing. This facilitates the incorporation of the holding element as

part of the vacuum chamber, as mentioned above, and hermetically sealing

“the holding element to the connecting element.

The connecting element of the beam device according to one preferred
embodiment of the invention comprises at least one quick release fastener for

connecting the holding element to the connecting element. The quick release
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fastener can be any suitable fastener to connect the holding element to the

connecting element, for example a threaded fastener.

Another embodiment of the invention comprises the connecting element being
formed integrally as part of the objective lens or the beam column, thereby

reducing the required construction space for the beam device.

The connecting element according to a preferred embodiment of the invention
comprises at least one valve. Since the connecting element is associated with
the objective lens or the beam column, the valve is also associated with the
objective lens or the beam column. The volume between the valve and the
holding element is preferably low. The valve supports the changing of the
holding element. If the valve is closed, the holding element is able to be
removed from the connecting element or is able to be connected to the
connecting element. After connecting the holding element to the connecting
element, the valve is opened so that the beam is able to be focused on the
object. The pumps of the beam device renew the vacuum in the vacuum
chamber of the beam device after the opening of the valve. Alternatively or
additionally, the connecting element comprises at least one outlet connected
to at least one pump. This pump is used to evacuate the volume between the
valve and the holding element after connecting the holding element to the

connecting element and before opening the valve.

The holding element of a preferred embodiment of the invention is formed

like a chamber having at least one aperture. The object to be examined is

arranged in the interior of the chamber. Preferably, the aperture is sealed with
at least one membrane being adapted to withstand pressure gradients resulting
from a vacuum. The merhbrane may be a foil or a film. The interior of the
holding element is isolated from the vacuum by the membrane. The mem-

brane is preferably removable from the holding element.
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Preferably, the membrane is transparent for particles, in particular electrons
and ions. Alternatively or additionally, the membrane is transparent for light
(for example visible light and/or laser light). Moreover, the membrane
preferably comprises a thickness within the range of 50A to 6000A, prefera-
s bly within the range of 100 to 5000A. A thickness within the ranges
mentioned facilitates on the one hand transparency for particles and on the
other hand the ability to withstand the pressure gradients resulting from the
vacuum and normal atmosphere (or any other atmosphere in the holding
element). The membrane is preferably formed of material selected from the
10 group consisting of polymide, polyamide, polyamide-imide, polyethylene,
polypyrrole, and conditional conducting polymers, Parlodion™, collodion,
Kapton ™, FormVar™, Vinylec™, ButVar™, Pioloform™, silicon dioxide,

silicon monoxide and carbon.

15  The aperture of the holding element of a preferred beam device has a diame-
ter within the range of 0,1mm to 4mm, preferably within the range of 0,3mm
to 3mm. This size of the diameter enables the above-mentioned membrane to
maintain the characteristics mentioned above with respect to the withstanding

of the pressure gradient, even as the membrane seals the aperture.

20
The holding element is preferably adapted to hold the interior of the holding
element at atmospheric pressure or substantially atmospheric pressure. This
Apressure is often needed when examining in-vivo processes of many biologi-
cal objects.

25

One preferred embodiment of the beam device according to the invention
comprises a special mounting of the object in the holding element. The object
is positioned in the holding element in proximity to the membrane. Moreover,
the object is preferably positioned in the holding element in contact with the
30 membrane. Both embodiments result in the mean free path in particular of a

particle beam being able to be focused on the object.
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One further embodiment comprises at least one means for influencing the
object while it is in the holding element and while it is examined in the beam
device. In particular, the embodiment comprises a means for filling the
holding element with a gas and/or a liquid. This facilitates examinations of
objects under certain cdnditions, for example with respect to pressure,

temperature and atmosphere.

A further preferred embodiment of the beam device according to the inven-
tion comprises an optical microscope for optical analysis of the object.
Therefore, this embodiment is, for example, a combination of a particle beam
device and an optical microscope. It is possible to examine the object either
by the beam generated by the beam genérator or ‘by the optical microscope.
Alternatively, the object can be simultaneously examined by the beam
generated by the beam generator and the optical microscope. The optical
microscope can be any suitable optical microscope (for example a light
microscope or a laser scanning microscope). The optical microscope prefera-
bly comprises at least one microsc‘opc objective and at least one microscope
condenser, at least one of them preferably adapted to be moved iﬂ one of the
following positions: an analyzing position and a resting position. This
facilitates, for example, moving the microscope objective over the object
(analyzing position) and moving it from this position back to a resting
position in which the beam generated by the beam device will be focused on
the object for examination of the object with the beam. Moreover, the
microscope objective is adapted to be moved such that any given area of

particular interest can be examined.

1f the microscope objective and/or the microscope condenser are mounted
within the vacuum chamber of the beam device, the microscope objective

and/or the microscope condenser preferably comprises at least one means for
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pressure compensation so that lenses arranged in the microscope objective

and/or microscope condenser are not damaged.

In a preferred embodiment of the beam device according to the invention with
respect to the connecting element arranged at the objective lens, at least one
of the microscope objective and the microscope condenser comprises a first
axis, whereas the beam device comprises a beam column having a second

axis. The angle between the first axis and the second axis is different from 0°.

In a further preferred embodiment of the beam device according to the
invention with respect to the connecting element arranged at the beam
column, at least one of the microscope objective and the microscope con-
denser comprises a first axis. The angje between the first axis and the optical

axis of the beam column is different from 0°.

The beam device is preferably an electron beam device, in particular a
scanning electron microscope. Alternatively, the beam device is an ion beam

device.

A system according to the invention is given by the following features. The
system comprises a particle beam device having a beam generator that
generates a beam, an objective lens that focuses the beam on an object, and at
least one detector which is used for detecting, for example, electrons. These
electrons may be electrons scattered on the object (backscattered electrons) or
emitted by the object (secondary electrons). Alternatively or additionally, the
electrons may be suitable for a TEM examination. Moreover, the system
comprises an optical microscope for optical analysis of the object. Addition-
ally, the system comprises a holding element and at least one membrane
adapted to withstand pressure gradients resulting from a vacuum and to

isolate the object from the vacuum.
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This system has the same advantages as the embodiments mentioned before.

The membrane of one preferred embodiment of the system is transparent for
particles, in particular electrons or ions. Alternatively or additionally, the

membrane is transparent for light.

A further preferred embodiment of the system comprises at least two mem-
branes arranged at the holding element, namely a first membrane and a
second membrane. The first membrane is preferably arranged at a first
position on the holding element, whereas the second membrane is preferably.
arranged at a second position on the holding element. In a preferred embodi-
ment, the first membrane is transparent for particles, whereas the second
membrane is transparent for light. The embodiments now described are
preferably used for a system in which particles ai'e guided from a first
direction to the object and light for the optical analysis is guided from a
second direction to the object, the first and second direction not being
identical. This is advantageous when using the first direction as the direction
of incident light and the second direction as the direction of incident and

impinging particles (and vice versa).

The holding element of a preferred embodiment of the system is formed like a
chamber having at least one aperture. The object to be examineéd is arranged
in the interior of the chamber. Preferably, the aperture is sealed with the

membrane or at least one of the first membrane and the second membrane,

‘with the membrane and/or the first and second membranes being adapted to

withstand pressure gradients resulting from a vacuum. The membrane and/or
at least one of the first membrane and the second membrane may be a foil or
a film. Moreover, the membrane and/or at 1éast one of the first membrane and
the second membrane preferably comprises a thickness within the range of
50A to 6000A, preferably within the range of 100A to 5000A. A thickness

within the ranges mentioned facilitates on the one hand the transparency for
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particles and on the other hand the ability to withstand the pressure gradient
resulting from the vacuum and the normal atmosphere (or any other atmos-
phere in the holding element). The membrane and/or at least one of the first
membrane and the second membrane is preferably formed of material selected
from the group consisting of polymide, polyamide, polyamide-imide, poly-
ethylene, polypyrrole, and conditional conducting polymers, Parlodion™,
collodion, Kapton ™, FormVar™, Vinylec™, ButVar™, Pioloform™, silicon

dioxide, silicon monoxide and carbon.

The aperture of the holding element preferably has a diameter within the
range of 0,1mm to 4mm, preferably within the range of 0,3mm to 3mm. This
diameter if sealed with the above-mentioned membrane or at least one of the

first membrane and the second membrane facilitates the composition of the

. membrane to comprise the characteristics mentioned above with respect to the

withstanding of the pressure gradient.

The holding element is preferably adapted to hold the interior of the holding
element at atmospheric pressure or substantially atmospheric pressure. This
pressure is needed when examining in-vivo processes of many biological

objects, as also mentioned above.

One preferred embodiment of the system according to the invention com-
prises a special mounting of the object in the holding clement. The object is
positioned in the holding element in proximity to the membrane or at least
one of the first membrane and the second membrane. Moreover, the object is
preferably positioned in the holding element in contact with the membrane or
at least one of the first membrane and the second membrane. Both embodi-
ments facilitate the sufficiency of the mean free path in particular of a

particle beam to be focused on the object.



WO 2009/062929 PCT/EP2008/065299

10

15

20

25

30

12 -

One further embodiment of the system comprises at least one means for
influencing the object while in the holding element and while being examined
in the system. In particular, the embodiment preferably comprises a means for
filling the holding element with a gas and/or a liquid. This facilitates exami-
nations of objects under certain conditions, for example with respect to

pressure, temperature and atmosphere.

The optical microscope preferably comprises at least one microscope objec-
tive and at least one microscope condenser, at least one of them preferably
adapted to be moved, in particular into one of the following positions: an
analyiing position and a resting position. For example, the microscope
objective is able to be moved over the object (analyzing position) and to be
moved from this position back to a resting position in which the beam
generated by the beam device will be focused on the object for examination

of the object with the beam.

If the microscope objective and/or the microscope condenser are mounted
within a vacuum chamber of the beam device, the microscope objective
and/or the microscope condenser preferably comprise(s) a means for pressure
compensation such that lenses arranged in the microscope objective and/or

microscope condenser are not damaged.

In a'preferred embodiment of the sysiem according to the invention, at least
one of the microscope objective and the microscope condenser comprises a
first axis, whereas the particle beam device comprises a beam column having

a second axis. The angle between the first axis and the second axis is differ-

ent from 0°.

The beam device of the system is preferably an electron beam device, in
particular a scanning electron microscope. Alternatively, the beam device of

the system is an ion beam device.
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The invention will now be described based on preferred embodiments shown
in the accompanying figures.

5 Fig. 1 shows a schematic representation of a particle beam device in

the form of a scanning electron microscope;

Fig. 2 shows a further schematic representation of a particle beam

device in the form of a scanning electron microscope;

10
Fig. 3 shows another schematic representation of a particle beam
device in the form of a scanning electron microscope;
Fig. 4a-c show schematic partial views of a particle beam device in the
15 form of a scanning electron microscope;
Fig. 44-f show schematic partial views of a further particle beam device
in the form of a scanning electron microscope;
20 Fig. 5 shows a schematic partial view of a further particle beam device
in the form of a scanning electron microscope;
Fig. 6 shows a schematic partial view of a combination of a particle
beam device and an optical microscope;
25
Fig. 7 shows a schematic view of a holding element;
Fig. 8 shows a schematic view of an embodiment of a combination of

a particle beam device and an optical microscope;

30
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Fig. 9 shows a schematic view of a further embodiment of a combina-

tion of a particle beam device and an optical microscope;

Fig. 10 shows a schematic view of another embodiment of a combina-

tion of a particle beam device and an optical microscope; and

Fig. 11 shows a schematic partial view of a further particle beam device

in the form of a scanning electron microscope.

The invention will now be described with respect to a scanning electron
microscope (SEM). However, as mentioned above, the invention is not
restricted to a scanning electron microscope. In fact, the invention can be
provided for use with any particle Beém device such as a transmission

electron microscope (TEM) or an ion beam microscope.

Figure 1 shows a schematic representation of a particle beam device in the
form of a embodiment of a scanning electron microscope 1. The scanning
electron microscope 1 comprises a beam generator in the form of an electron
source 2 (cathode), an extraction electrode 3 as well as an anode 4 which at
the same time forms one end of a beam guidance tube 5 of the scanning
electron microscope 1. The electron source 2 is preferably a thermal field
emitter. Electrons that emerge from the electron source 2 are accelerated to
anode potential on account of a potential difference between the electron
source 2 and the anode 4. In the beam guidance tube 5, the energy of the
electrons is maintained and slowed down to a desired energy only shoi‘tly
before striking an object 12 to be examined (specimen), which is explained in

greater detail below.

The beam guidance tube 5 is directed through a bore hole which is arranged

in a pole piece 7 of an objective lens 6 (magnetic lens) acting as a lens
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system, Coils 8 are arranged in the pole piece 7. Connected downstream from
the beam guidance tube 5 is an electrostatic retarder. This is made up of a
single electrode 11 and a tubular electrode 10 which is formed on the end of
the beam guidance tube 5 opposite the object 12. The tubular electrode 10
together with the beam guidance tube 5 is thus at anode potential while the
single electrode 11 as well as the object 12 are at a potential that is lower in
relation to the anode potential. This facilitates the electrons of a primary
electron beam (beam generated by the electron source 2) to be slowed down
to a desired, low energy necessary for examining the object 12. Furthermore,
scanning means 9 are provided throu_gh which the primary electron beam may

be deflected and scanned over the object 12.

When the primary electron beam impinges the 6bjcct 12, electrons are
scattered on the object (backscattered electrons) or are emitted from the
object (secondary electrons). The backscattered electrons and the secondary
electrons are used for imaging and form the so called secondary electron
beam. To detect secondary electrons or backscattered electrons that develop

on account of the interaction of the primary electron beam with the object 12,

_a detector system having a detector 13 and a detector 14 is arranged in the

beam guidance tube 5. Detector 13 is positioned object-side along optical axis
42 in the beam guidance tube 5, while detector 14 is positioned source-side
along optical axis 42. Furthermore, the two detectors 13, 14 are staggered
with respect to one another toward the optical axis 42 of the scanning
electron microscope 1 and each exhibits a substantially ring-shaped detection

surface.

The detector 13 detects those electrons that emerge from the object 12 under
a relatively large solid angle. These are mainly secondary electrons. On the
other hand, only a very small portion of backscattered electrons which exhibit
a relatively high kinetic energy in comparison to the secondary electrons

when emerging from the object 12, are detected by the detector 13 since the
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backscattered electrons that pass the direction of acceleration are focused by
the lens relatively close to the optical axis 42 and are consequently able to

pass through a hole in detector 13.

s After passing through the detector 13, the secondary electron beam conse-
quently includes secondary electrons as well as backscattered electrons, the
majority of the secondary electrons emitted from the object 12 no longer

existing in the secondary electron beam.

10 Detector 14 comprises an opposing field grid 15. The sécondary and back-
scattered electrons that develop due to the interaction with the object 12 are
again directed in'the beam guidance tube 5 of the scanning electron micro-
scope 1. A voltage applied to the opposing field grid 15 is chosen so that
secondary electrons may be deflected by the opposing field grid 15 so that

15  they do not strike the detector 14. In this case, only backscattered electrons
penetrate the opposing field grid 15 and strike the detector 14. The corre-
sponding signals generated by the detector 14 are then used for imaging. The
opposing field grid 15 exhibits a voltage of minus 100 volts, for example.
The backscattered electrons may pass through the opposing field grid 15

20  because of their energies. The secondary electrons that normally exhibit an
energy < 50 eV are not able to reach the detector 14 because of the voltages

applied.

The objective lens 6 comprises a connecting element 26 in the form of a

25 flange integrally formed to the objective lens 6. Alternatively, the connecting
element 26 might be a separate member being connected only to the objective
lens 6. The connecting element 26 and the beam guidance tube 5 form a
vacuum chamber which is evacuated in order to create a vacuum. This
provides the necessary mean free path for the electrons of the primary

30 electron beam such that the primary electron beam is able to impinge the

object 12.
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A holding element 25 in the form of a capsule is connected to the connecting
element 26 by means of a quick release fastener 28. The quick release
fastener 28 can be any suitable fastener to connect the holding element 25 to
the connecting element 26, for example a threaded fastener. A sealing 27 (for
example an o-ring sealing or a metal sealing) is provided in the connecting
area between the holding element 25 and the connecting element 26. This
provides a sufficient sealing such that the beam guidance tube 5, the connect-
ing element 26 and the holding element 25 form the above mentioned vacuum
chamber. Therefore, the holding element 25 is paft of the vacuum chamber of

the scanning electron microscope 1.

Due to the quick release fastener 28, the holding element 25 is connected to
the connecting element 26 such that the holding element 25 is removable
from said connecting element 26 for modification or exchange of the object

12, as explained in detail below.

The object 12 is supported by a supporting element 29 being part of the
holding element 25. The supporting element 29 is preferably adjustable and
movable such that the position of the object 12 can be changed, in particular

along the optical axis 42.

Furthermore, the connecting element 25 comprises a. valve 31 separating the
connecting element 26 and the holding element 25. Since the connecting
element 26 is associated with the objective lens 6, the valve 31 is also
associated with the objective lens 6. The volume between the valve 31 and
the holding element 25 is preferably low. If the valve 31 is closed, the
holding element 25 is able to be removed from the connecting element 26 by
opening the quick release fastener 28. The holding element 25 is also able to
be connected with the connecting element 26 by closing the quick release

fastener 28. After connecting the holding element 25 to the connecting
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element 26, the valve 31 is opened so that the primary electron beam is able
to be focused on the object 12. A pump system (not shown) of the scanning
electron microscope 1 renews the vacuum in the vacuum chamber after the

opening of the valve 31.

Figure 2 shows another embodiment of a scanning electron microscope 1,
being almost identical to the scanning electron microscope 1 of Figure 1. This
embodiment further comprises a membrane 30 being mounted at the holding
element 25 and sealing an aperture 32 of the holding element. The membrane

10 30 is mounted to the holding element by means of a quick release fastener 24.
The aperture 32 preferably has a diameter within the range of 0,1mm to 4mm
and more preferably within the range of 0,3mm to 3mm. The membrane 30
comprises a thickness within the range of 50A to 6000A, preferably within
the range of 100A to 5000A. The membrane 30 seals the interior of the

15 holding element 25, in which the object 12 is positioned and is adapted to
withstand pressure gradients resulting from the vacuum in the vacuum
chamber of the scanning electron microscope 1. A thickness within the ranges
mentioned above facilitates on the one hand the transparency for electrons
and on the other hand the ability to withstand the pressure gradients resulting

20  from the vacuum and normal atmosphere (or any other atmosphere in the
holding element 25). The membrane 30 is preferably formed of material
selected from the group consisting of polymide, pblyamide, polyamide-imide,
polyethylene, polypyrrole, and conditional conducting polymers, Parlodion™,
collodion, Kapton ™, FormVar™, Vinylec™, ButVar™, Pioloform™, silicon

25  dioxide, silicon monoxide and carbon.

The object 12 is positidned in the holding element 25 by adjusting the

supporting element 29 such that the object 12 is positi.oned in proximity to.

the membrane 30. This facilitates the sufficiency of the mean free path of the
30 electrons of the primary electron beam such that the primary electron beam

can be focused on the object 12 and impinge the object 12.
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Figure 3 shows another embodiment of a scanning electron microscope 1
being almost identical to the scanning electron microscope 1 of Figure 2. In
this embodiment, the object 12 is positioned in contact with the membrane 30
by adjusting the supporting element 29. This also facilitates the sufficieny of
the mean free path of the electrons of the primary electron beam such that the

primary electron beam impinges the object 12.

Figures 4a to 4c show schematic partial views of an embodiment of the
scanning electron microscope 1, being identical to the embbdiments men-
tioned above. Figures 4a to 4c illustrate the connection between the connect-
ing element 26 and the holding element 25. According to this embodiment,
the connecting element 26 comprises a valve 31 moved by a magnetic device
16 into a closed position (Figures 4a and 4b) and into an open position o
(Figure 4c). The connecting element 26 comprises an outlet 33 cohnected to
the pump system (nbt shown) of the scanning electron microscope 1. Figure
4a shows the holding element 25 and the connecting element 26 separated
from each other. The valve 31 is in the closed position. The holding element
25 can be connected to the connecting element 26 by threaded elements
provided to the holding element 25 and the connecting element 26. Figure 4b
shows the holding element 25 connected to the connecting _elenient 26 by
means of the threaded elements. A sealing in the form of a metal sealing is
provided in the connecting area between the holding element 25 and the
connecting element 26, as already mentioned above. After connecting the
holding element 25 and the connecting element 26 the pump system evacuates
the volume 34 between the valve 31 and the holding element 25. This volume
34 is rather low in comparison to a vacuum sample chamber of the prior art
and, therefore, the evacuation takes less time than evacuating a vacuum
sample chamber of the prior art. After the volume 34 ié evacuated, the valve

31 is moved by the magnetic device 16 into the open position of Figure 4¢
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such that the primary electron beam of the scanning electron microscope 1 is

able to impinge the object 12 positioned in the holding element 25.

Figures 4d to 4f show another embodiment of a scanning electron micro-
scope. The scanning electron microscope comprises a beam column 53
(electron column) comprising a beam generator 2 for generating an electron
beam. Furthermore, the beam column 53 comprises an objective lens 6 and a
connecting element 51 in the form of a flange into which a holding element
25 can be mounted. The connecting element 51 is integrally formed in the
beam column 53. Alternatively, the connecting element 51 can be a separate
element to the beam column 53. The beam column 53 can be any beam
column. A preferred embodiment is described in US 6,365,898 B1 which is

incorporated hereinto by reference.

The holding element 25 of the embodiment according to Figures 4d to 4f can
be any holding element as already described herein. In one embodiment the
holding element 25 comprises a membrane sealing an aperture of the holding
element 25. Alternatively, the holding element 25 does not comprise any
membrane. The beam column 53 comprises a diameter L1 which is measured
from the outer surface of the beam column 53, perpendicular to the optical
axis 42. The diameter L1 is from about 150mm to about 450mm, preferably
from about 200mm to about 400mm, and more preferably from about 250 to
about 350mm. The holding element 25 comprises also a diameter, namely

diameter L2 which is measured from the outer surface. The diameter L.2 is

- from about 10mm (sometimes even smaller) to about 100mm, preferably from

about 15mm to about 80mm, and more preferably from about 20mm to about
50mm. Therefore, the holding element 25 is smaller than the beam column
53. Since the holding element 25 is directly attached to the connecting
element 51 of the beam column 53, it requires less time to obtain a reasonable

vacuum for carrying out the examination of the object 12.
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The connecting element 51 comprises a valve 31 moved by a magnetic device
16 into a closed position (Figures 4d and 4e) and into an open position
(Figure 4f). The connecting element 51 comprises an outlet 33 connected to
the pump system (not shown) of the scanning electron microscope 1. Figure
4d shows the holding element 25 and the connecting element 51 separated
from each other. The valve 31 is in the closed position. The holding element
25 can be connected to the connecting element 51 by threaded elements
provided to the holding element 25 and the connecting element 51. Figure 4¢
shows the holding element 25 connected to the connecting element 51 by
means of the threaded elements. A sealing in the form of a metal sealing is
provided in the connecting area between the holding element 25 and the
connecting element 51, as already mentioned above. After connecting the
holding element 25 and the connecting element 51 the pump system evacuates
the volume 34 between the valve 31 and the holding element 25. This volume
34 is rather low in comparison to a vacuum sample chamber of the prior art
and, therefore, the evacuation takes less time than evacuating a vacuum
sample chamber of the prior art. After the volume 34 is evacuated, the valve
31 is moved by the magnetic device 16 into the open position of Figure 4f
such that the primary electron beam of the scanning electron microscope 1 is
able to impinge the object 12 positioned in the holding element 25. Electrons
scattered from the object 12 or emitted by the object 12 can be detected by a
detector 52. This detector 52 can also be arranged somewhere else in the '

beam column 53.

Figure 5 shows a schematic partial view of another embodiment of the
scanning electron microscope 1, being identical to the embodiments of
Figures 1 to 3 and being also similar to the embodiment of Figures 4a to 4c.
Figure 5 illustrates a further embodiment of the connection between the
connecting element 26 and the holding element 25, having a means for
modification of the object 12 positioned in the holding element 25. The

connecting element 26 of this embodiment also comprises a valve 31 moved
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by a magnetic device 16 into a closed position (Figure 5) and into an open
position (not shown). The connecting element 26 also comprises an outlet 33
connected to the pump system (not shown) of the scanning electron micro-
scope 1. The outlet 33 is opened and closed by a valve 41 controlled by a

magnetic device.

The holding element 25 and the connecting element 26 are connected to each
other. The sealing 27 provides a proper hermetically sealed connection
between the holding element 25 and the connecting element 26. The holding
element 25 is connected to the connecting element 26 by a quick release
fastener 36 mounted at the connecting element 26 and is also able to position
the object held inside the holding element 25. For example, the quick release
fastener 36 positions the object in the proximity of or on the membrane 30,
sealing the interior of the holding element 25 to the vacuum. Moreover, the
holding element 25 comprises a bottom part 17 having openings éo that a
liquid or a gas inight enter the interior of the holding element 25, thereby
changing the surrounding conditions of the object. This is advantageous with
respect to examinations of in-vivo processes of many biological objects under

specific conditions.

The means of modification of the object comprise a modification chamber 40
mounted at the connecting element 26. The modification chamber 40 has an
inlet 38 and an outlet 39. The liquid or gas mentioned above might be
introduced through the inlet 38 into the modification chamber 40, then be
inserted into the holding element 25 through the bottom part 17 of the
holding element 25 and be guided out of the modification chamber 40 through
the outlet 39. The modification chamber 40 further comprises a heating-
cooling-element 37 also influencing the surrounding conditions of the object

positioned in the holding element 25.
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The surrounding conditions of the object in the modification chamber 40 and,
therefore, also in the holding element 25 are monitored by at least one sensor
35. Figure 5 shows one sensor 35 being positioned in the modification
chamber 40 and monitoring in particular the temperature, gas concentration

and pressure in the area of the object.

The connecting element 26 as shown in Figure 5 can alternatively be a beam

column 53, as described above.

As mentioned above, all embodiments are based on the idea of arranging the
connecting element 26 to the objective lens 6 (or arranging the connecting
element 51 to the beam column 53), wherein the connecting element 26 and
connecting element 51 facilitate an easy exchange of the object 12. The use.
of a vacuum sample chamber being evacuated and into which the object or the
holding element 25 is positioned is no longer necessary. Instead, the holding
element 25 is directly attached to the connecting element 26 of the objective
lens 6 or the connecting element 51 of the beam column 53. Since the holding
element 25 is able to have small dimensions, the time required to obtain a
reasonable vacuum is low which makes an exchange of the object comparably

convenient.

Figure 6 shows an embodiment of a device comprising the scanning electron
microscope 1 described above with respect to Figures 1 to 3 and an additional
optical microscope for optically analyzing an object 12. Figure 6 is only a
partial view of the device showing the area of the objective lens 6 of the
scanning electron microscope 1 having also all other features mentioned

above (but not shown in Figure 6).

The optical microscope comprises a microscope objective 43 associated with
a monitoring device 44 such as a camera or an ocular. The microscope

objective 43 comprises an optical axis 46 being inclined with respect to the
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optical axis 42 of the electron column of the scanning electron microscope 1.
The angle between the optical axis 46 and the optical axis 42 is substantially
45° in this embodiment. The optical microscope further comprises a micro-
scope condenser 45 being arranged opposite to the microscope objective 43
and having an optical axis 47 being inclined with respect to the optical axis
42 by an angle of substantially 45°. The microscope condenser 435 is associ-
ated with a light source 18. The function of the optical microscope is well

known in the art and, therefore, will not be described in further detail.

The objective lens 6 also comprises the connecting element 26 which is
formed as a circular plate in this embodiment. The connecting élement 26
comprises the quick release fastener 28 which connects the holding element
25 to the connecting element 26. Furthermore, the hermetical sealing 27 is
provided between the holding element 25 and the connecting element 26. The

holding element 25 is assembled identically to the embodiment of Figure 2.

The connecting element 26 comprises two openings. Opening 19 is arranged
at the optical axis 42 and is an aperture for the primary electron beam as well
as the secondary electron beam as mentioned above. Opening 20 is an
aperture for the light reflected by the object 12 and directed into the micro-
scope objective 43. The membrane 30 of this embodiment is transparent for

electrons as well as for light.

The embodiment according to Figure 6 comprises the advantages mentioned
for the other described embodiments. Moreover, it is possible to examine the
object 12 either by the primary electron beam or by the optical microscope.
Alternatively, the object 12 can be simultaneously examined by the primary

electron beam and the optical microscope.

Figure 7 shows a holding element of an embodiment almost identical to the

embodiment of Figure 6. However, the holding element 25 comprises two
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membranes, namely a first membrane 30a and a second membrane 30b. Both
membranes 30a and 30b seal corresponding apertures of the holding element
25 and are adapted to withstand pressure gradients with respect to the vacuum
needed in the vacuum chamber of the scanning electron microscope 1. The
first and second membranes 30a and 30b isolate the object 12 positioned in

the holding element 25 from the vacuum.

Figure 8 shows another embodiment of the combination of the scanning
electron microscope 1 and the optical microscope. This embodiment is similar
to the embodiment of Figure 5. Identical components are marked with the
identical reference signs. In addition to the features shown in F igure 5, the
scanning electron microscope 1 comprises a microscope objective 43, a light
source 18, a microscope condenser 45 and a monitoring device 44. The
monitoring device 44 is arranged at the connecting element 26 and is associ-
ated with an opening 50. Moreover, the optical microscope comprises a
mirror 49 which is associated with the opening 50 and the monitoring device
44. The light source 18 of the optical microscope is arranged outside of the
modification chamber 40 and is associated with an opening 48 in the modifi-
cation chémber 40 so that light can be directed from the light source 18 to the

holding element 25.

The holding element 25 of this embodiment comprises two membranes,
namely a first membrane 30a, which is transparent for electrons and light
transmitted through the object to the microscope objective 43, and a second

membrane 30b, which is transparent for the light of the light source 18.

The mirror 49, the microscope objective 43 and the microscope condenser 45
are adapted to be moved either in an analyzing position shown in Figure 8 or
a resting position. In the analyzing position, the object can be analyzed by
means of the optical microscope. In the resting position, the object can be

analyzed by means of the primary electron beam of the scanning electron
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microscope 1. For moving the optical microscope into the resting position,
the mirror 49, the microscope objective 43 and the microscope condenser 45
are tilted such that the primary electron beam is able to be focused on the

object for examination.

The microscope objective 43 further comprises a means 21 for pressure
compensation such that lenses arranged in the microscope objective 43 are

not damaged.

The connecting element 26 as shown in Figure 8 can alternatively be a beam

column 53, as described above.

Figure 9 shows an almost identical embodiment according to Figure 8.
Identical components are marked with identical reference signs. In this
embodiment, the microscope objective 43 is associated with a monitoring
device 44 in the form of a camera. The connecting element 26 as shown in

Figure 9 can alternatively be a beam column 53, as described above.

Figure 10 shows an embodiment very similar to the embodiments of Figures 8
and 9. Identical components are marked with identical reference signs.
However, this embodiment comi)rises an optical microscope completely
arranged in the area of the connecting element 26. The optical microscope
comprises a light source 18 associated with a microscope condenser 45
mounted into a wall of the connecting element 26. A mirror 23 directs light
through the microscope objective 43 to the object positioned in the holding
element 25. The light reflected by the object is guided through the micro-
scope objective 43 via a mirror 22 to the monitoring device 44, The first
membrane 30a of the holding element 25 is transparent for electrons and for
light. The microscope objective 43 and the mirrors 22,23 can be tilted so that
the primary electron beam can impinge the object in the holding element 25.

The holding element 25 comprises a second membrane, namely the second



WO 2009/062929 PCT/EP2008/065299

_27-

membrane 30c so that a liquid or a gas might enter the interior of the holding

element 25, thereby changing the surrounding conditions of the object.

The connecting element 26 as shown in Figure 10 can alternatively be a beam

5  column 53, as described above.

Figure 11 shows an embodiment very similar to the embodiment of Figure 5.
Identical components are marked with identical reference signs. However,
this embodiment shows a so-called “inverse microscope”. The scanning

10 electron microscope is arranged on the ground and the holding element 25
and all further elements as shown are mounted on top of the connecting
element 26. This embodiment is preferred for examinations of fluids and/or
objects in a condition in which gravitation should not be altered. Moreover,
this embodiment is preferred fof examination of objects on which a nutrient

15  solution is arranged.

The connecting element 26 as shown in Figure 11 can alternatively be a beam

column 53, as described above.

20 k k k ok ok
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Reference signs
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scanning electron microscope
beam generator
extraction electrode
anode

beam guidance tube
objective lens

pole piece

coil

scanning .means
tubular elecotrode
electrode

object

detector

a further detector
opposing field grid

~magnetic device

bottom part

light source

opening

a further opening
means for pressure compensation
mirror

a further mirror
quick release fastener
holding element
connecting element
sealing

quick release fastener

supporting element
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30c
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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membrane

first membrane

second membrane

a further second membrane
valve

aperture

outlet

volume

sensor

quick release fastener
heating-cooling-element
inlet

outlet

modification chamber.
valve

optical axis

microscope objective
monitoring device/camera
microscope condenser

a further optical axis

a further optical axis
opening

mirror

a further opening
connecting element

a further detector

beam column

a further opening

* ok %k % Xk
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1. Beam device (1), in particular a particle beam device, comprising

5 - at least one beam column (53) having an optical axis (42),
- at least one beam generator (2) that generates a beam and that is
arranged in said beam column (53),
- at least one objective lens (6) that focuses said beam on an ob-
ject (12) arranged in a holding element (25) and that is arranged

10 in said beam column (53),
wherein

- said beam column (53) comprises a first extension (L1) perpen-
15 dicular to said optical axis (42),
- said holding element (25) comprises a second extension (L2)
perpendicular to said optical axis (42), said second extension
(L2) being parallel to said first extension (L1) and shorter than
said first extension (1.2), and wherein ‘
20 - said holding element (25) is arranged at a connecting element
(51) of said beam column (53) and is removable from said con-

necting element (51).

2. Beam device (1), in particular a particle beam device, comprising

25
- at least one beam generator (2) that generates a beam,
- at least one objective lens (6) that focuses said beam on an ob-
ject (12) arranged in a holding element (25),
30 wherein said objective lens (6) comprises at least one connecting element

(26), said holding element (25) is connected to said connecting element
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(26) so that said holding element (25) is removable from said connecting

element (26) for modification of said object (12).

3. Beam device (1) according to claim 1, wherein

said beam column (53) comprises a first outer surface and a
second outer surface, said first extension (L1) being the dis-
tance between said first outer surface and said second outer sur-
face, and

said holding element (25) comprises a third outer surface and a
fourth outer surface, said second extension (L2) being the dis-
tance between said third outer surface and said fourth outer sur-

face.

4. Beam device (1) according to claim 1 or 3, wherein

said first extension (L1) is from about 150mm to about 450mm,
preferably from about 200mm to 400mm, and more preferably
from about 250mm to 350mm, and

said second extension (L2) is from about 10mm to about
100mm, preferably from about 15mm to about 80mm, and more

preferably from about 20mm to about 50mm.

5. Beam device (1) according to one of the preceding claims, wherein said

beam device (1) further comprises a vacuum chamber (5, 25, 26) in which

said beam generator (2) is arranged, and wherein said holding element

(25) is part of said vacuum chamber.

6. Beam device (1) according to one of the preceding claims, wherein said

connecting element (26, 51) comprises a flange for connecting said hold-

ing element (25) to said connecting element (26, 51).
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Beam device (1) according to one of the preceding claims, wherein at
least one of said connecting element (26, 51) and said holding element

(25) comprises at least one sealing element (27).

Beam device (1) according to one of the preceding claims, wherein said
connecting element (26, 51) comprises at least one quick release fastener

(28) for connecting said holding element (25) to said connecting element

(26).

Beam device (1) according to one of the preceding claims with respeét to
claim 1, wherein said connecting element (51) is formed integrally to said

beam column (53).

Beam device (1) according to one of the preceding claims with respect to
claim 2, wherein said connecting element (26) is formed integrally to said

objective lens (6).

Beam device (1) according to one of the preceding claims, wherein said

connecting element (26, 51) comprises at least one valve (31).

Beam device (1) according to one of the preceding claims, wherein said
connecting element (26, 51) comprises at least one outlet (33) connected

to at least one pump.

Beam device (1) according to one of the preceding claims, wherein said
holding element (25) is formed like a chamber comprising at least one

aperture (32).

Beam device (1) according to claim 13, wherein said aperture (32) is

sealed with at least one membrane (30, 30a, 30b, 30c) being adapted to
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withstand pressure gradients resulting from the presence of a vacuum and
wherein an interior of said holding element (25) is isolated from said vac-

uum by said membrane (30, 30a, 30b, 30c).

Beam device (1) according to claim 14, wherein said membrane (30, 30a,

30b, 30c) is removable from said holding element (25).

Beam device (1) according to claim 14 or 15, wherein said membrane (30,

30a, 30b, 30c) is transparent for particles, in particular electrons and ions.

Beam device (1) according to one of the claims 14 to 16, wherein said

membrane (30, 30a, 30b, 30c) is transparent for light.

Beam device (1) according to one of the claims 13 to 17, wherein said
aperture (32) has a diameter within the range of 0,1mm to 4mm, prefera-

bly within the range of 0,3mm to 3mm.

Beam device (1) according to one of the claims 14 to 18, wherein said
membrane (30, 30a, 30b, 30c) comprises a thickness within the range of

50A to 60004, preferably within the range of 100A to 5000A.

Beam device (1) according to one of the claims 14 to 19, wherein said
membrane (30, 30a, 30b, 30c) is formed of material selected from the
group consisting of polymide, polyamide, polyamide-imide, polyethylene,
polypyrrole, and conditional conducting polymers, Parlodion™, collo-
dion, Kapton ™, FormVar™, Vinylec™, ButVar™, Pioloform™, silicon

dioxide, silicon monoxide and carbon.

Beam device (1) according to one of the preceding claims, wherein said
holding element (25) is adapted to hold the interior of said holding ele-

ment (25) at substantially atmospheric pressure.
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Beam device (1) according to one of the claims 14 to 21, wherein said
object (12) is positioned in said holding element (25) in proximity to said

membrane (30, 30a, 30b, 30c).

Beam device (1) according to one of the claims 14 to 22, wherein said
object (12) is positioned in said holding element (25) in contact with said

membrane (30, 30a, 30b, 30c).

Beam device (1) according to one of the preceding claims, wherein said
beam device (1) further comprises a means (40) for influencing said ob-
ject (12), in particular a means for filling said holding element (25) with

at least one of the following: a gas.and a liquid.

Beam device (1) according to one of preceding claims, further comprising
an optical microscope (43, 44, 45) for optical analysis of said object (12),
wherein said optical microscope comprising at least one microscope ob-

jective (43) and at least one microscope condenser (45).

Beam device (1) according to claim 25, wherein at least one of said
microscope objective (43) and said microscope condenser (45) is adapted

to be moveable.

Beam device (1) according to claim 26, wherein at least one of said
microscope objective (43) and said microscope condenser (45) is adapted
to be moved in one of the following positions: an analyzing position and a

resting position.

Beam device (1) according to one of the claims 25 to 27, wherein at least
one of said microscope objective (43) and said microscope condenser (45)

comprises a means (21) for pressure compensation.
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29. Beam device (1) according to one of the claims 25 to 28 with respect to

claim 1, wherein

5 - at least one of said microscope objective (43) and said micro-
scope condenser (45) comprises a first axis (46, 47), and
wherein

- an angle between said first axis (46, 47) and said optical axis
(42) is different from 0°.
© 10
30. Beam device (1) according to one of the claims 25 to 28 with respect to

claim 2, wherein

at least one of said microscope objective (43) and said micro-
15 scope condenser (45) comprises a first axis (46, 47),
- said beam device (1) comprises a beam column (53) having a
second axis (42), and wherein ‘
- an angle between said first axis (46, 47) and said second axis
(42) is different from 0°.
20
31. Beam device (1) according to one of the preceding claims, wherein said
beam device (1) is an electron beam device, in particular a scanning elec-

tron microscope.

25  32. Beam device (1) according to one of the claims 1 to 30, wherein said

‘beam device is an ion beam device.

33. System comprising
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- aparticle beam device (1) having a beam generator (2) that gen-
erates a beam, an objective lens (6) that focuses the beam on an

object (12), and at least one detector (13, 14),

- an optical microscope (43, 44, 45) for optical analysis of said

object (12), and

- a holding elemeﬂt (25) comprising said object (12) and having
at least one membrane (30, 30a, 30b, 30¢) adapted to withstand
pressure gradients resulting from the presence of a vacuum and

to isolate said object (12) from said vacuum.

34. System according to claim 33, wherein said membrane (30, 30a, 30b, 30c)

is transparent for particles, in particular electrons and ions.

35. System according to claim 33 or 34, wherein said membrane (30, 30a,

30b, 30c) is transparent for light.
36. System according to one of the claims 33 to 35, wherein

- said holding element (25) comprises at least two membranes
(30, 30a, 30b, 30c), namely a first membrane (30a) and a second
membrane (30b, 30c¢),

- said first membrane (30a) is arranged at a first position on said
holding element (25), and wherein

- said second membrane (30b, 30c¢) is arranged at a second posi-

tion on said holding element (25).

37. System according to claim 36, wherein said first membrane (30a) is
transparent for particles, and wherein said second membrane (30b) is

transparent for light.
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System according to one of the claims 33 to 37, wherein said holding
element (25) comprises an aperture (32) being sealed by said membrane
(30, 30a, 30b, 30c) or at least one of said first membrane (30a) and said

second membrane (30b, 30c).

System according to claim 38, wherein said aperture (32) comprises a
diameter within the range of 0,1mm to 4mm, preferably within the range

of 0,3mm to 3mm.

System according to one of the claims 33 and 39, wherein said membrane
(30, 30a, 30b, 30c) or at least one of said first membrane (30a) and said
second membrane (30b, 30c) comprises a thickness within the range of

50A to 6000A, preferably within the range of 100A to 5000A.

System according to one of the claims 33 to 40, wherein said membrane
(30, 30a, 30b, 30c¢) or at least one of said first membrane (30a) or said
second membrane (30b, 30c) is formed of material selected from the
group consisting of polymide, polyamide, polyamide-imide, polyethylene,
polypyrrole, and conditional conducting polymers, Parlodion ™, collo-
dion, Kapton ™, FormVar™, Vinylec™, ButVar™, Pioloform™, silicon

dioxide, silicon monoxide and carbon.

System according to one of the claims 33 to 41, wherein said holding
element (25) is adapted to hold the interior of said holding element (25) at

substantially atmospheric pressure.

System according to one of the claims 33 to 42, wherein said object (12)
is positioned in said holding element (25) in proximity to said membrane
(30, 30a, 30b, 30c) or at least one of said first membrane (30a) and said

second membrane (30b, 30c).
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48.
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System according to one of the claims 33 to 43, wherein said object (12)
is positioned in said holding element (25) in contact with said membrane
(30, 30a, 30b, 30c) or at least one of said first membrane (30a) and said

second membrane (30b, 30c¢).

System according to one of the claims 33 to 44, wherein said system
further comprises a means (40) for influencing said object (12), in par-
ticular a means for filling said holding element (25) with at least one of

the following: a gas and a liquid.

System according to one of the claims 33 to 45, wherein said optical
microscope comprises at least one microscope objective (42) and at least
one microscope condenser (45), said microscope objective (43) and said

microscope condenser (45) being adapted to be moveable.

System according to claim 46, wherein at least one of said microscope
objective (43) and said microscope condenser (45) is adapted to be moved
in one of the following positions: an analyzing position and a resting po-

sition.

System according to one of the claims 46 and 47, wherein at least one of
said microscope objective (43) and said microscope condenser (45) com-

prises a means (21) for pressure compensation.
System according to one of the claims 46 to 48, wherein

- at least one of said microscope objective (43) and said micro-
scope condenser (45) has a first axis (46, 47),
- said beam device (1) comprises a beam column (53) having a

second axis (42), and wherein



WO 2009/062929 PCT/EP2008/065299

-39.

- an angle between said first axis (46, 47) and said second axis

(42) is different from 0°.

50. System according to one of the claims 33 to 49, wherein said particle

5 beam device (1) is an electron beam device, in particular a scanning elec-

tron microscope.

51. System according to one of the claims 33 to 50, wherein said particle
beam device (1) is an ion beam device.
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