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CHARGED PARTICLE BEAM DEVICES AND MEMBRANE ASSEMBLIES USEFUL
THEREIN

REFERENCE TO RELATED APPLICATIONS

[0001] Reference is made to the Applicant’s US Patent Application No. 18/ 332,969,
filed June 12, 2023 and entitted CHARGED PARTICLE BEAM DEVICES AND
MEMBRANE ASSEMBLIES USEFUL THEREIN, the disclosure of which is hereby
incorporated by reference and priority of which is hereby claimed.

[0002] Reference is made to the Applicant’s following patents, which are related to the
subject matter of the present application, the disclosures of which are hereby incorporated by
reference:

U.S. Patent No. 8,334,510, entitled SCANNING ELECTRON MICROSCOPE,
AN INTERFACE AND A METHOD FOR OBSERVING AN OBJECT WITHIN A NON-
VACUUM ENVIRONMENT;

U.S. Patent No. 8,492,716, entitted VACUUMED DEVICE AND A
SCANNING ELECTRON MICROSCOPE;

U.S. Patent No. 9,287,089, entitled INTERFACE, A METHOD FOR
OBSERVING AN OBJECT WITHIN A NON-VACUUM ENVIRONMENT AND A
SCANNING ELECTRON MICROSCOPE; and

U.S. Patent No. 9,431,213, entitled SCANNING ELECTRON MICROSCOPE,
AN INTERFACE AND A METHOD FOR OBSERVING AN OBJECT WITHIN A NON-
VACUUM ENVIRONMENT.
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FIELD OF THE INVENTION

[0003] The present invention relates to charged particle beam devices, such as scanning

electron microscopes.

BACKGROUND OF THE INVENTION

[0004] Various types of charged particle beam devices for specimen observation, such

as scanning electron microscopes, are known.
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SUMMARY OF THE INVENTION

[0005] The present invention seeks to provide improved apparatus for the analysis of
samples in non-vacuum environments using charged particle beams. The apparatus is
particularly suitable for use as a scanning electron microscope (SEM) but is not limited to use
therewith. The apparatus is particularly suitable for analyzing samples in atmospheric
pressure environments but is not limited to use therewith.

[0006] There is thus provided in accordance with a preferred embodiment of the present
invention a charged particle beam device, comprising a charged particle beam source situated
in a first-pressure environment, a sample support operative to support a sample situated in a
second-pressure environment, the second-pressure environment having a higher pressure than
the first-pressure environment, and a membrane assembly separating the first-pressure
environment from the second-pressure environment, the membrane assembly comprising a
pressure-sealing membrane being substantially transparent to a charged particle beam from
the charged particle beam source, a supporting membrane layer being formed with a
cornerless aperture, the pressure-sealing membrane being bonded to the supporting
membrane layer, and a holding frame being formed with a second aperture larger than and
overlying the cornerless aperture.

[0007] In accordance with a preferred embodiment of the present invention the charged
particle beam device may further comprise an electron-detecting subassembly, the electron-
detecting subassembly comprising at least one metal line defining a shape, for detection of
electrons resulting from an interaction of the charged particle beam and the sample.

[0008] Preferably, the charged particle beam device further comprises an electron
detecting subassembly comprising at least two metal lines each defining a shape, the shapes
being mutually spaced and mutually nested, for detection of electrons resulting from an
interaction of the charged particle beam and the sample.

[0009] Preferably, the pressure-sealing membrane and the supporting membrane layer
are substantially transparent to X-rays.

[0010] In accordance with another preferred embodiment of the present invention, the
charged particle beam device may further comprise an electron-detecting subassembly, the
electron-detecting subassembly comprising at least two metal lines each defining a shape, the
shapes being mutually spaced and mutually nested, for detection of electrons resulting from
an interaction between the charged particle beam and the sample, at least one of the metal

lines partially overlying an area defined by the second aperture.
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[0011] Preferably, the second-pressure environment is at atmospheric pressure.

[0012] Preferably, the pressure-sealing membrane is disposed between and bonded to
the supporting membrane layer and the holding frame.

[0013] Alternatively, the supporting membrane layer is disposed between and bonded

to the pressure-sealing membrane and the holding frame.

[0014] Preferably, the supporting membrane layer is less than 10,000 nanometers thick.

[0015] Preferably, the cornerless aperture has a longest chord of at least 250,000
nanometers.

[0016] There is further provided in accordance with another preferred embodiment of

the present invention a membrane assembly comprising a pressure-sealing membrane suitable
for separating a first-pressure environment from a second-pressure environment, the second-
pressure environment having a different pressure to the first-pressure environment, the
pressure-sealing membrane having a thickness of less than 20 nanometers and being
substantially transparent to electrons, a supporting membrane layer being formed with a
cornerless aperture, the pressure-sealing membrane being bonded to the supporting
membrane layer; and a holding frame being formed with a second aperture larger than and
overlying the cornerless aperture.

[0017] In accordance with a preferred embodiment of the present invention, the
membrane assembly may further comprise an electron-detecting subassembly, the electron-
detecting subassembly comprising at least one metal line defining a shape, for detection of
electrons.

[0018] Preferably, the membrane assembly further comprises an electron-detecting
subassembly, the electron-detecting subassembly comprising at least two metal lines each
defining a shape, the shapes being mutually nested and mutually spaced, for detection of
electrons.

[0019] Preferably, the pressure-sealing membrane and the supporting membrane layer
are substantially transparent to X-rays.

[0020] In accordance with another preferred embodiment of the present invention, the
charged particle beam device may further comprise an electron-detecting subassembly, the
electron-detecting subassembly comprising at least two metal lines each defining a shape, the
shapes being mutually nested and mutually spaced, for detection of electrons, at least one of
the metal lines partially overlying an area defined by the second aperture.

[0021] Preferably, the pressure-sealing membrane is disposed between and bonded to

the supporting membrane layer and the holding frame.
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[0022] Alternatively, the supporting membrane layer is disposed between and bonded

to the pressure-sealing membrane and the holding frame.

[0023] Preferably, the supporting membrane layer is less than 10,000 nanometers thick.

[0024] Preferably, the cornerless aperture has a longest chord of at least 250,000
nanometers.

[0025] There is further provided in accordance with another preferred embodiment of

the present invention a charged particle beam device comprising a charged particle beam
source situated in a first-pressure environment. an aperture transparent to a charged particle
beam from the charged particle beam source, a sample support operative to support a sample,
the sample support and the sample situated in a second-pressure environment, the second-
pressure environment being at a higher pressure than the first-pressure environment and the
second-pressure environment being at atmospheric pressure, and an electron-detecting
subassembly situated in the second-pressure environment, the electron-detecting
subassembly comprising at least two metal lines each defining a shape, the shapes being
mutually spaced and mutually nested, for detection of electrons.

[0026] In accordance with a preferred embodiment of the present invention the charged
particle beam device may further comprise a membrane assembly separating the second-
pressure environment from the first-pressure environment, the membrane assembly
comprising a pressure-sealing membrane being substantially transparent to a charged particle
beam from the charged particle beam source, a supporting membrane layer being formed with
a cornerless aperture, the pressure-sealing membrane being bonded to the supporting
membrane layer, and a holding frame being formed with a second aperture larger than and
overlying the cornerless aperture.

[0027] Preferably, the metal lines are each electrically connected to a metal pad, a
distance between the sample and each of the metal pads being greater than a distance between
the sample and each of the metal lines.

[0028] Preferably, at least one of the metal lines partially overlies an area defined by

the second aperture.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The present invention will be understood and appreciated more fully from the
following detailed description, taken in conjunction with the drawings in which:

Fig. 1A is a simplified top planar-view illustration of a membrane assembly having a
first configuration of a holding frame, a pressure-sealing membrane and a supporting
membrane layer;

Fig. 1B is a simplified sectional illustration of the membrane assembly of Fig. 1A, taken
along line B-B in Fig. 1A;

Fig. 1C is a simplified pictorial illustration of the membrane assembly of Figs. 1A and
1B, from a perspective illustrated by arrow C in Fig. 1B;

Fig. 1D is a simplified pictorial illustration of the membrane assembly of Figs. 1A —
1C, from a perspective illustrated by arrow D in Fig. 1B;

Fig. 2A is a simplified top planar-view illustration of an additional embodiment of a
membrane assembly having an alternative configuration of a holding frame, a pressure-sealing
membrane and a supporting membrane layer;

Fig. 2B is a simplified sectional illustration of the membrane assembly of Fig. 2A, taken
along line B-B in Fig. 2A;

Fig. 2C is a simplified pictorial illustration of the membrane assembly of Figs. 2A and
2B, from a perspective illustrated by arrow C in Fig. 2B;

Fig. 2D is a simplified pictorial illustration of the membrane assembly of Figs. 2A —
2C, from a perspective illustrated by arrow D in Fig. 2B;

Fig. 3A is a simplified bottom planar-view illustration of a membrane assembly similar
to the membrane assembly of Figs. 1A — 1D, and also including an electron-detecting
subassembly;

Fig. 3B is a simplified sectional illustration of the membrane assembly of Fig. 3A, taken
along line B-B in Fig. 3A;

Fig. 3C is a simplified sectional illustration of the membrane assembly of Figs. 3A and
3B, taken along line C-C in Fig. 3A;

Fig. 3D is a simplified sectional illustration of the membrane assembly of Figs. 3A —
3C, taken along line D-D in Fig. 3A;

Fig. 3E is a simplified pictorial illustration of the membrane assembly of Figs. 3A —

3D, from a perspective illustrated by arrow E in Fig. 3B;
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Fig. 3F is a simplified pictorial illustration of the membrane assembly of Figs. 3A —
3E, from a perspective illustrated by arrow F in Fig. 3B;

Fig. 4A is a simplified bottom planar-view illustration of an additional embodiment of
a membrane assembly including an electron-detecting subassembly, having an alternative
configuration of a holding frame, a pressure-sealing membrane and a supporting membrane
layer;

Fig. 4B is a simplified sectional illustration of the membrane assembly of Fig. 4A, taken
along line B-B in Fig. 4A;

Fig. 4C is a simplified sectional illustration of the membrane assembly of Figs. 4A and
Figs. 4B, taken along line C-C in Fig. 4A;

Fig. 4D is a simplified sectional illustration of the membrane assembly of Figs. 4A —
4C, taken along line D-D in Fig. 4A;

Fig. 4E is a simplified pictorial illustration of the membrane assembly of Figs. 4A —
4D, from a perspective illustrated by arrow E in Fig. 4B;

Fig. 4F is a simplified pictorial illustration of the membrane assembly of Figs. 4A —
4E, from a perspective illustrated by arrow F in Fig. 4B;

Fig. 5A is a simplified bottom planar-view illustration of a membrane assembly similar
to the membrane assembly of Figs. 3A — 3F;

Fig. 5B is a simplified sectional illustration of the membrane assembly of Fig. SA, taken
along line B-B in Fig. 5A;

Fig. 5C is a simplified sectional illustration of the membrane assembly of Figs. 5A and
5B, taken along line C-C in Fig. 5A;

Fig. 5D is a simplified sectional illustration of the membrane assembly of Figs. SA —
5C, taken along line D-D in Fig. 5A;

Fig. 5E is a simplified pictorial illustration of the membrane assembly of Figs. 5A —
5D, from a perspective illustrated by arrow E in Fig. 5B;

Fig. 5F is a simplified pictorial illustration of the membrane assembly of Figs. SA —
SE, from a perspective illustrated by arrow F in Fig. 5B;

Fig. 6A is a simplified bottom planar-view illustration of another membrane assembly
similar to the membrane assembly of Figs. 3A — 3F;

Fig. 6B is a simplified sectional illustration of the membrane assembly of Fig. 6A, taken
along line B-B in Fig. 6A;

Fig. 6C is a simplified sectional illustration of the membrane assembly of Figs. 6A and

6B, taken along line C-C in Fig. 6A;
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Fig. 6D is a simplified sectional illustration of the membrane assembly of Figs. 6A —
6C, taken along line D-D in Fig. 6A;

Fig. 6E is a simplified pictorial illustration of the membrane assembly of Figs. 6A —
6D, from a perspective illustrated by arrow E in Fig. 6B;

Fig. 6F is a simplified pictorial illustration of the membrane assembly of Figs. 6A —
6E, from a perspective illustrated by arrow F in Fig. 6B;

Fig. 7A is a simplified bottom planar-view illustration of yet another membrane
assembly similar to the membrane assembly of Figs. 3A — 3F;

Fig. 7B is a simplified sectional illustration of the membrane assembly of Fig. 7A, taken
along line B-B in Fig. 7A;

Fig. 7C is a simplified sectional illustration of the membrane assembly of Figs. 7A and
7B, taken along line C-C in Fig. 7A;

Fig. 7D is a simplified sectional illustration of the membrane assembly of Figs. 7A —
7C, taken along line D-D in Fig. 7A;

Fig. 7E is a simplified pictorial illustration of the membrane assembly of Figs. 7A —
7D, from a perspective illustrated by arrow E in Fig. 7B;

Fig. 7F is a simplified pictorial illustration of the membrane assembly of Figs. 7A —
7E, from a perspective illustrated by arrow F in Fig. 7B;

Fig. 8 is a simplified illustration of a charged particle beam device employing the
membrane assembly of Figs. 1A — 1D;

Fig. 9 is a simplified illustration of a charged particle beam device employing the
membrane assembly of Figs. 2A — 2D;

Fig. 10 is a simplified illustration of a charged particle beam device employing the
membrane assembly of Figs. 3A — 3F;

Fig. 11 is a simplified illustration of a charged particle beam device employing the
membrane assembly of Figs. 4A — 4F;

Fig. 12 is a simplified illustration of a charged particle beam device employing the
membrane assembly of Figs. 5A — SF;

Fig. 13 is a simplified illustration of a charged particle beam device employing the
membrane assembly of Figs. 6A — 6F; and

Fig. 14 is a simplified illustration of a charged particle beam device employing the

membrane assembly of Figs. 7A — 7F.



10

15

20

25

30

WO 2024/257081 PCT/1L2024/050449

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0030] Use of charged particle beam devices, such as scanning Electron Microscopes
(SEMs) often requires placing a sample in a hard vacuum or soft vacuum environment. For
some samples, particularly biological samples, it is desirable to avoid placing the sample in a
vacuum. Thus, it is desirable to provide a membrane assembly that prevents atmospheric
communication between an inside of an SEM, which can be maintained under vacuum
conditions, and an external sample environment, which can be maintained at or near
atmospheric pressure. Current such membranes are problematic, as the membranes often
break easily or have a small field of view. Therefore, it is the object of the present invention
to provide an improved membrane assembly for use with SEMs. Namely, the improved
membrane assembly of the present invention is preferably characterized by increased
mechanical strength and an enlarged field of view when compared to membrane assemblies
of the prior art.

[0031] Reference is now made to Figs. 1A — 1D. Fig. 1A is a simplified top planar-
view illustration of a membrane assembly 100 constructed and operative in accordance with
a preferred embodiment of the present invention. Fig. 1B is a simplified sectional illustration
of membrane assembly 100, taken along line B-B in Fig. 1A. Fig. 1C is a simplified pictorial
illustration of membrane assembly 100, from a perspective illustrated by arrow C in Fig. 1B.
Fig. 1D is a simplified pictorial illustration of membrane assembly 100, from a perspective
illustrated by arrow D in Fig. 1B.

[0032] Membrane assembly 100 preferably includes a pressure-sealing membrane 110,
a supporting membrane layer 120 formed with a cornerless aperture 122 and a holding frame
130. As seen particularly well in Fig. 1B, membrane assembly 100 is preferably configured
such that pressure-sealing membrane 110 is supported between supporting membrane layer
120 and holding frame 130. Thus, cornerless aperture 122 in supporting membrane layer 120
is concealed from view in Fig. 1A and is therefore represented by a dashed line. Pressure-
sealing membrane 110 is preferably bonded to supporting membrane layer 120 and to holding
frame 130. While membrane assembly 100 is commonly manufactured in an inverse
orientation to the orientation shown in Fig. 1B, an operative orientation of membrane
assembly 100 is as shown in Fig. 1B. In accordance with the operative orientation thereof, a
“bottom” of membrane assembly 100 herein refers to a largest external surface 131 of
supporting membrane layer 120 and a “top” of membrane assembly 100 herein refers to a

horizontal top-surface 132 of holding frame 130.
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[0033] Holding frame 130 allows a user to more readily maneuver membrane assembly
100. Holding frame 130 preferably includes horizontal top-surface 132 and a plurality of
internal walls 134. Internal walls 134 preferably define a truncated pyramidal recess 136.
Together with holding frame 130, truncated pyramidal recess 136 defines an aperture 138 and
an aperture 139. In the embodiment of the present invention shown in Figs. 1A — 1D, apertures
138 and 139 are coaxial. In an alternative embodiment of the present invention, apertures 138
and 139 are not coaxial. In the embodiment of the present invention shown in Figs. 1A — 1D,
aperture 138 is larger than aperture 139. In an alternative embodiment of the present
invention, aperture 138 is not larger than aperture 139. In the embodiment of the present
invention shown in Figs. 1A — 1D, apertures 138 and 139 are generally square in shape. In an
alternative embodiment of the present invention, apertures 138 and 139 are formed in any
suitable shapes, such as, inter alia, circles, rounded squares or rectangles. Preferably,
apertures 138 and 139 are symmetrical shapes.

[0034] In the embodiment of the present invention shown in Figs. 1A — 1D, recess 136
is a truncated pyramidal recess. In an alternative embodiment of the present invention, recess
136 may be formed in any suitable shape, such as, inter alia, a prismatic, cylindrical or
truncated conical shape. In the embodiment of the present invention shown in Figs. 1A — 1D,
holding frame 130 is generally square in shape. In an alternative embodiment of the present
invention holding frame 130 may be formed in any suitable shape, such as, inter alia, a circle,
a rounded square or a rectangle. Preferably, holding frame 130 has a thickness between
50,000 nanometers and 1,000,000 nanometers.

[0035] Supporting
membrane layer 120 provides mechanical support for pressure-sealing membrane 110.
Supporting membrane layer 120 is preferably less than 25,000 nanometers thick. More
preferably, supporting membrane layer 120 is less than 10,000 nanometers thick. Most
preferably, supporting membrane layer 120 is less than 5,000 nanometers thick. Preferably,
supporting membrane layer 120 is substantially transparent to X-rays. The phrase
“substantially transparent to X-rays” is herein defined as being at least 10% transparent to X-
ray photons with energies of at least 1,300 electron volts. Supporting membrane layer 120
may be formed of any suitable material, such as, inter alia, silicon, glass or sapphire.

[0036] Supporting membrane layer 120 is formed with cornerless aperture 122 for
electrons to pass through. The term “cornerless” is herein defined as not having a point at
which two straight or curved edges meet. Preferably, cornerless aperture 122 in supporting

membrane layer 120 is formed in a circular shape. Alternatively, cornerless aperture 122 may
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be formed in any suitable cornerless shape, such as, inter alia, an ellipse, an oval or a rounded
square. Preferably, cornerless aperture 122 has a longest chord of at least 100,000 nanometers.
More preferably, cornerless aperture 122 has a longest chord of at least 200,000 nanometers.
Most preferably, cornerless aperture 122 has a longest chord of at least 250,000 nanometers.
The term “chord” is herein defined as a straight line connecting two points on any curve. The
lack of corners in cornerless aperture 122 improves a mechanical strength of membrane
assembly 100 and allows for a longer longest chord of cornerless aperture 122 and without
membrane assembly 100 fracturing, relative to a membrane assembly formed with a pressure-
sealing membrane having an aperture that is not cornerless.

[0037] Pressure-sealing membrane 110 is preferably less than 100 nanometers thick.
More preferably, pressure-sealing membrane 110 is less than 50 nanometers thick. Most
preferably, pressure-sealing membrane 110 is less than 20 nanometers thick. Preferably,
pressure-sealing membrane 110 is substantially transparent to electrons. The phrase
“substantially transparent to electrons” is herein defined as being at least 50% transparent to
an incident electron beam having an energy of at least 10,000 electron volts. Pressure-sealing
membrane 110 is supported between and bonded to supporting membrane layer 120 and
holding frame 130 such that pressure-sealing membrane 110 overlies and atmospherically
seals cornerless aperture 122 and aperture 139.

[0038] It is a particular feature of the present invention that if recess 136 is situated in
a first-pressure gaseous environment and cornerless aperture 122 is situated in a second-
pressure gaseous environment, there exists a pressure differential between the first-pressure
and second-pressure environments, across pressure-sealing membrane 110. Preferably, there
exists a pressure differential of approximately 100,000 pascals across pressure-sealing
membrane 110. More preferably, there exists a pressure differential of approximately 150,000
pascals across pressure-sealing membrane 110. Most preferably, there exists a pressure
differential of approximately 200,000 pascals across pressure-sealing membrane 110.
Preferably, pressure-sealing membrane 110 is substantially transparent to X-rays and
electrons. Pressure-sealing membrane 110 may be formed of any suitable material, such as,
inter alia, silicon, carbon or silicon nitride.

[0039] Aperture 139 is formed having a larger area than cornerless aperture 122.
Preferably, aperture 139 completely overlies cornerless aperture 122. In one embodiment of
the present invention, cornerless aperture 122 and aperture 139 share a common center, as
shown in Fig. 1A. In an alternative embodiment of the present invention, cornerless aperture

122 and aperture 139 do not share a common center.
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[0040] In the embodiment of the present invention shown in Figs. 1A — 1D, membrane
assembly 100 includes three layers. In an alternative embodiment of the present invention,
membrane assembly 100 may include additional layers including but not limited to: one or
more etch-stopping layers useful for a manufacturing process, one or more stress-
compensation layers, one or more dielectric layers, one or more adhesive layers for an
attachment of membrane assembly 100 to other structures and one or more buffer layers to
prevent pressure-sealing membrane 110 from becoming contaminated or mechanically
damaged through contact with other materials.

[0041] Membrane assembly 100 is preferably manufactured using conventional
silicon-on-insulator (SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable
semiconductor manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[0042] Reference is now made to Figs. 2A — 2D. Fig. 2A is a simplified top planar-
view illustration of a membrane assembly 200. Fig. 2B is a simplified sectional illustration of
membrane assembly 200, taken along line B-B in Fig. 2A. Fig. 2C is a simplified pictorial
illustration of membrane assembly 200, from a perspective illustrated by arrow C in Fig. 2B.
Fig. 2D is a simplified pictorial illustration of membrane assembly 200, from a perspective
illustrated by arrow D in Fig. 2B.

[0043] Membrane assembly 200 preferably includes a pressure-sealing membrane 210,
a supporting membrane layer 220 formed with a cornerless aperture 222, an etch-stopping
layer 226 resultant from manufacture and a holding frame 230. As seen particularly well in
Fig. 2B, membrane assembly 200 is preferably configured such that supporting membrane
layer 220 is supported between and bonded to pressure-sealing membrane 210 and etch-
stopping layer 226 and etch-stopping layer 226 is bonded to holding frame 230. While
membrane assembly 200 is commonly manufactured in an inverse orientation to the
orientation shown in Fig. 2B, an operative orientation of membrane assembly 200 is as shown
in Fig. 2B. In accordance with the operative orientation thereof, a “bottom” of membrane
assembly 200 herein refers to a largest external surface 231 of pressure-sealing membrane
210 and a “top” of membrane assembly 200 herein refers to a horizontal top-surface 232 of
holding frame 230.

[0044] Holding frame 230 allows a user to more readily maneuver membrane assembly
200. Holding frame 230 preferably includes horizontal top-surface 232 and a plurality of
internal walls 234. Internal walls 234 preferably define a truncated pyramidal recess 236.
Together with holding frame 230, truncated pyramidal recess 236 defines an aperture 238 and

an aperture 239. In the embodiment of the present invention shown in Figs. 2A — 2D, apertures
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238 and 239 are coaxial. In an alternative embodiment of the present invention, apertures 238
and 239 are not coaxial. In the embodiment of the present invention shown in Figs. 2A — 2D,
aperture 238 is larger than aperture 239. In an alternative embodiment of the present
invention, aperture 238 is not larger than aperture 239. In the embodiment of the present
invention shown in Figs. 2A — 2D, apertures 238 and 239 are generally square in shape. In an
alternative embodiment of the present invention, apertures 238 and 239 may be formed in any
suitable shapes, such as, inter alia, circles, rounded squares or rectangles. Preferably,
apertures 238 and 239 are symmetrical shapes.

[0045] In the embodiment of the present invention shown in Figs. 2A — 2D, recess 236
is a truncated pyramidal recess. In an alternative embodiment of the present invention, recess
236 may be formed in any suitable shape, such as, inter alia, a prismatic, cylindrical or
truncated conical shape. In the embodiment of the present invention shown in Figs. 2A — 2D,
holding frame 230 is generally square in shape. In an alternative embodiment of the present
invention, holding frame 230 may be formed in any suitable shape, such as, inter alia, a circle,
a rounded square or a rectangle. Preferably, holding frame 230 has a thickness between
50,000 nanometers and 1,000,000 nanometers.

[0046] Supporting membrane layer 220 provides mechanical support for pressure-
sealing membrane 210. Supporting membrane layer 220 is preferably less than 25,000
nanometers thick. More preferably, supporting membrane layer 220 is less than 10,000
nanometers thick. Most preferably, supporting membrane layer 220 is less than 5,000
nanometers thick. Preferably, supporting membrane layer 220 and etch-stopping layer 226
are both substantially transparent to X-rays. Supporting membrane layer 220 may be formed
of any suitable material, such as, inter alia, silicon, glass or sapphire.

[0047] Supporting membrane layer 220 is formed with cornerless aperture 222 for
electrons to pass through. Preferably, cornerless aperture 222 in supporting membrane layer
220 is formed in a circular shape. Alternatively, cornerless aperture 222 may be formed in
any suitable cornerless shape, such as, inter alia, an ellipse, an oval or a rounded square.
Preferably, cornerless aperture 222 has a longest chord of at least 100,000 nanometers. More
preferably, cornerless aperture 222 has a longest chord of at least 200,000 nanometers. Most
preferably, cornerless aperture 222 has a longest chord of at least 250,000 nanometers. The
lack of corners in cornerless aperture 222 improves a mechanical strength of membrane
assembly 200 and allows for a longer longest chord of cornerless aperture 222 and without
membrane assembly 200 fracturing, relative to a membrane assembly formed with a pressure-

sealing membrane having an aperture that is not cornerless.
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[0048] Pressure-sealing membrane 210 is preferably less than 100 nanometers thick.
More preferably, pressure-sealing membrane 210 is less than 50 nanometers thick. Most
preferably, pressure-sealing membrane 210 is less than 20 nanometers thick. Pressure-sealing
membrane 210 is bonded to supporting membrane layer 220 such that pressure-sealing
membrane 210 overlies and atmospherically seals cornerless aperture 222.

[0049] It is a particular feature of the present invention that if recess 236 is situated in
a first-pressure gaseous environment and lower surface 231 of pressure-sealing membrane
210 is situated in a second-pressure gaseous environment, there exists a pressure differential
between the first-pressure and second-pressure environments, across pressure-scaling
membrane 210. Preferably, there exists a pressure differential of approximately 100,000
pascals across pressure-sealing membrane 210. More preferably, there exists a pressure
differential of approximately 150,000 pascals across pressure-sealing membrane 210. Most
preferably, there exists a pressure differential of approximately 200,000 pascals across
pressure-sealing membrane 210. Preferably, pressure-sealing membrane 210 is substantially
transparent to X-rays and electrons. Pressure-sealing membrane 210 may be formed of any
suitable material, such as, inter alia, silicon, carbon or silicon nitride.

[0050] Aperture 239 is formed having a larger area than cornerless aperture 222.
Preferably, aperture 239 completely overlies cornerless aperture 222. In one embodiment of
the present invention, cornerless aperture 222 and aperture 239 share a common center, as
shown in Fig. 2A. In an alternative embodiment of the present invention, cornerless aperture
222 and aperture 239 do not share a common center.

[0051] In the embodiment of the present invention shown in Figs. 2A — 2D, membrane
assembly 200 includes four layers. In an alternative embodiment of the present invention,
membrane assembly 200 may include additional layers including but not limited to: one or
more additional etch-stopping layers useful for a manufacturing process, one or more stress-
compensation layers, one or more dielectric layers, one or more adhesive layers for an
attachment of membrane assembly 200 to other structures and one or more buffer layers to
prevent pressure-scaling membrane 210 from becoming contaminated or mechanically
damaged through contact with other materials.

[0052] Membrane assembly 200 is preferably manufactured using conventional
silicon-on-insulator (SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable
semiconductor manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[0053] Reference is now made to Figs. 3A — 3F. Fig. 3A is a simplified bottom planar-

view illustration of a membrane assembly 300, which is similar to membrane assembly 100,
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but also includes an electron-detecting subassembly 302 for detecting electrons. Fig. 3B is a
simplified sectional illustration of membrane assembly 300, taken along line B-B in Fig. 3A.
Fig. 3C is a simplified sectional illustration of membrane assembly 300, taken along line C-
C in Fig. 3A. Fig. 3D is a simplified sectional illustration of membrane assembly 300, taken
along line D-D in Fig. 3A. Fig. 3E is a simplified pictorial illustration of membrane assembly
300, from a perspective illustrated by arrow E in Fig. 3B. Fig. 3F is a simplified pictorial
illustration of membrane assembly 300, from a perspective illustrated by arrow F in Fig. 3B.
In addition to electron-detecting subassembly 302, membrane assembly 300 includes a
pressure-sealing membrane 310, a supporting membrane layer 320 formed with a cornerless
aperture 322 and a holding frame 330.

[0054] As seen particularly well in Fig. 3B, membrane assembly 300 is preferably
configured such that pressure-sealing membrane 310 is supported between and bonded to
supporting membrane layer 320 and holding frame 330. While membrane assembly 300 is
commonly manufactured in an inverse orientation to the orientation shown in Figs. 3B — 3E,
an operative orientation of membrane assembly 300 is as shown in Figs. 3B — 3E. In
accordance with the operative orientation thereof, a “bottom” of membrane assembly 300
herein refers to a largest external surface 331 of electron-detecting subassembly 302 and a
“top” of membrane assembly 300 herein refers to a horizontal top-surface 332 of holding
frame 330.

[0055] Holding frame 330 allows a user to more readily maneuver membrane assembly
300. Holding frame 330 preferably includes horizontal top-surface 332 and a plurality of
internal walls 334. Internal walls 334 preferably define a truncated pyramidal recess 336.
Together with holding frame 330, truncated pyramidal recess 336 defines an aperture 338 and
an aperture 339. In the embodiment of the present invention shown in Figs. 3A — 3F, apertures
338 and 339 are coaxial. In an alternative embodiment of the present invention, apertures 338
and 339 are not coaxial. In the embodiment of the present invention shown in Figs. 3A — 3F,
aperture 338 is larger than aperture 339. In an alternative embodiment of the present
invention, aperture 338 is not larger than aperture 339. In the embodiment of the present
invention shown in Figs. 3A — 3F, apertures 338 and 339 are generally square in shape. In an
alternative embodiment of the present invention, apertures 338 and 339 may be formed in any
suitable shapes, such as, inter alia, circles, rounded squares or rectangles. Preferably,
apertures 338 and 339 are symmetrical shapes.

[0056] In the embodiment of the present invention shown in Figs. 3A — 3F, recess 336

is a truncated pyramidal recess. In an alternative embodiment of the present invention, recess
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336 may be formed in any suitable shape, such as, inter alia, a prismatic, cylindrical or
truncated conical shape. In the embodiment of the present invention shown in Figs. 3A — 3F,
holding frame 330 is generally square in shape. In an alternative embodiment of the present
invention, holding frame 330 may be formed in any suitable shape, such as, inter alia, a circle,
a rounded square or a rectangle. Preferably, holding frame 330 has a thickness between
50,000 nanometers and 1,000,000 nanometers.

[0057] Supporting membrane layer 320 provides mechanical support for pressure-
sealing membrane 310. Supporting membrane layer 320 is preferably less than 25,000
nanometers thick. More preferably, supporting membrane layer 320 is less than 10,000
nanometers thick. Most preferably, supporting membrane layer 320 is less than 5000
nanometers thick. Preferably, supporting membrane layer 320 is substantially transparent to
X-rays. Supporting membrane layer 320 may be formed of any suitable material, such as,
inter alia, silicon, glass or sapphire.

[0058] Supporting membrane layer 320 is formed with cornerless aperture 322 for
electrons to pass through. Preferably, cornerless aperture 322 in supporting membrane layer
320 is formed in a circular shape. Alternatively, cornerless aperture 322 may be formed in
any suitable cornerless shape, such as, inter alia, an ellipse, an oval or a rounded square.
Preferably, cornerless aperture 322 has a longest chord of at least 100,000 nanometers. More
preferably, cornerless aperture 322 has a longest chord of at least 200,000 nanometers. Most
preferably, cornerless aperture 322 has a longest chord of at least 250,000 nanometers. The
lack of corners in cornerless aperture 322 improves a mechanical strength of membrane
assembly 300 and allows for a longer longest chord of cornerless aperture 322 and without
membrane assembly 300 fracturing, relative to a membrane assembly formed with a pressure-
sealing membrane having an aperture that is not cornerless.

[0059] Pressure-sealing membrane 310 is preferably less than 100 nanometers thick.
More preferably, pressure-sealing membrane 310 is less than 50 nanometers thick. Most
preferably, pressure-sealing membrane 310 is less than 20 nanometers thick. Pressure-sealing
membrane 310 is supported between and bonded to supporting membrane layer 320 and
holding frame 330 such that pressure-sealing membrane 310 overlies and atmospherically
seals cornerless aperture 322 and aperture 339.

[0060] It is a particular feature of the present invention that if recess 336 is situated in
a first-pressure gaseous environment and electron-detecting subassembly 302 is situated in a
second-pressure gaseous environment, there exists a pressure differential between the first-

pressure and second-pressure environments, across pressure-sealing membrane 310.
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Preferably, there exists a pressure differential of approximately 100,000 pascals across
pressure-sealing membrane 310. More preferably, there exists a pressure differential of
approximately 150,000 pascals across pressure-sealing membrane 310. Most preferably, there
exists a pressure differential of approximately 200,000 pascals across pressure-sealing
membrane 310. Preferably, pressure-sealing membrane 310 is substantially transparent to X-
rays and electrons. Pressure-sealing membrane 310 may be formed of any suitable material,
such as, inter alia, silicon, carbon or silicon nitride.

[0061] Aperture 339 is formed having a larger area than cornerless aperture 322.
Preferably, aperture 339 completely overlies cornerless aperture 322. In one embodiment of
the present invention, cornerless aperture 322 and aperture 339 share a common center, as
shown in Figs. 3A — 3F. In an alternative embodiment of the present invention, cornerless
aperture 322 and aperture 339 do not share a common center.

[0062] Preferably, electron-detecting subassembly 302 is electrically insulated from
other portions of membrane assembly 300 by a dielectric layer 410, which is formed with a
cornerless aperture 412. Electron-detecting subassembly 302 includes an outer metal line 420,
an inner metal line 430, an outer metal line pad 440, a connecting metal line 442, an inner
metal line pad 450, a connecting metal line 452 and a separator 460, as described in more
detail hereinbelow.

[0063] Dielectric layer 410 is bonded to a largest-area exposed surface 470 of
supporting membrane layer 320. Preferably, dielectric layer 410 is also bonded to a smallest-
arca exposed surface 472 of pressure-sealing membrane 310, a smallest-area exposed surface
474 of supporting membrane layer 320 and a smallest-area exposed surface 476 of holding
frame 330, such that dielectric layer 410 overlies at least part of smallest-area external
exposed surface 476 of holding frame 330. In the embodiment of the present invention shown
in Figs. 3A — 3F, dielectric layer 410 overlies all of smallest-area external exposed surface
476 of holding frame 330. In an alternative embodiment of the present invention, dielectric
layer 410 may overlie any suitable portion of smallest-area external exposed surface 476 of
holding frame 330. In the embodiment of the present invention shown in Figs. 3A — 3F,
dielectric layer 410 does not overlie an internal surface 482 of cornerless aperture 322. In an
alternative embodiment of the present invention, dielectric layer 410 does overlie internal
surface 482 of cornerless aperture 322.

[0064] Preferably, cornerless aperture 412 of dielectric layer 410 has a similar shape
and similar longest chord to cornerless aperture 322. Preferably, cornerless aperture 412

directly overlies cornerless aperture 322. Preferably, dielectric layer 410 has any suitable
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thickness such that dielectric layer 410 is substantially transparent to X-rays while providing
suitable electrical insulation between electron-detecting subassembly 302 and other portions
of membrane assembly 300. More preferably, dielectric layer 410 has a thickness of less than
2,000 nanometers. Preferably, dielectric layer 410 is formed of silicon dioxide or silicon
nitride.

[0065] Preferably, outer metal line 420, inner metal line 430, outer metal line pad 440,
inner metal line pad 450, connecting metal line 442 and connecting metal line 452 are formed
of gold. Outer metal line 420 and inner metal line 430 are formed in nested closed shapes.
Preferably, the nested closed shapes are concentric and centered about a center of cornerless
aperture 322. Preferably, the nested closed shapes are rings. In the embodiment of the present
invention shown in Figs. 3A — 3F, metal lines 420 and 430 are concentric rings centered about
the center of cornerless aperture 322. In an alternative embodiment of the present invention,
metal lines 420 and 430 may define any suitable nested closed shapes, such as, inter alia,
squares, rounded squares or ovals, and need not be centered about the center of cornerless
aperture 322. Inner metal line 430 does not overlie holding frame aperture 339. Inner metal
line 430 and outer metal line 420 may have any suitable line widths and spacing, such as,
inter alia, the line widths and spacing shown in Figs. 3A — 3F. The term “line width” herein
refers to respective measurements characterizing each of inter metal line 430 and outer metal
line 420, the measurement being measured in a dimension generally parallel to a plane in
which a majority of dielectric layer 410 lies.

[0066] In the embodiment of the present invention shown in Figs. 3A — 3F, membrane
assembly 300 includes two metal lines forming nested closed shapes, namely outer metal line
420 and inner metal line 430. In an alternative embodiment of the present invention,
membrane assembly 300 includes any number of metal lines forming nested closed shapes.
In a further alternative embodiment of the present invention, membrane assembly 300
includes one metal line forming a nested closed shape.

[0067] Outer metal line 420 is electrically connected to outer metal line pad 440. In the
embodiment of the present invention shown in Figs. 3A — 3F, connecting metal line 442
electrically connects outer metal line 420 to outer metal line pad 440. In an alternative
embodiment of the present invention, connecting metal line 442 is obviated, and an alternative
electrical connector (not shown) electrically connects outer metal line 420 to outer metal line
pad 440.

[0068] Inner metal line 430 is electrically connected to inner metal line pad 450. In the

embodiment of the present invention shown in Figs. 3A — 3F, connecting metal line 452
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electrically connects inner metal line 430 to inner metal line pad 450. In an alternative
embodiment of the present invention, connecting metal line 452 is obviated, and an alternative
electrical connector (not shown) electrically connected inner metal line 430 to inner metal
line pad 450.

[0069] Preferably, outer metal line pad 440 and inner metal line pad 450 are in electrical
communication with a printed circuit board (not shown). In the embodiment of the present
invention shown in Figs. 3A — 3F, outer metal line pad 440 and inner metal line pad 450 are
both rectangular in shape. In an alternative embodiment of the present invention, each of outer
metal line pad 440 and inner metal line pad 450 may be formed in any suitable shapes, such
as, inter alia, rounded squares, rounded rectangles or trapeziums.

[0070] In the embodiment of the present invention shown in Figs. 3A — 3F, both of
outer metal line pad 440 and inner metal line pad 450 are closest to a single edge of membrane
assembly 300. In an alternative embodiment of the present invention, each of outer metal line
pad 440 and inner metal line pad 450 are closest to a different edge of membrane assembly
300 from one another. In yet an alternative embodiment of the present invention, each of outer
metal line pad 440 and inner metal line pad 450 are situated at positions on dielectric layer
410, different from those shown in Figs. 3A — 3F.

[0071] Preferably, outer metal line 420, inner metal line 430, connecting metal line 442
and connecting metal line 452 all have respective thicknesses of less than 2,000 nanometers.
More preferably, outer metal line 420, inner metal line 430, connecting metal line 442 and
connecting metal line 452 all have respective thicknesses of less than 500 nanometers. Most
preferably, outer metal line 420, inner metal line 430, connecting metal line 442 and
connecting metal line 452 all have respective thicknesses of less than 100 nanometers.
Preferably, outer metal line pad 440 and inner metal line pad 450 each have a thickness of
less than 1,000 nanometers and more than 200 nanometers. More preferably, outer metal line
pad 440 and inner metal line pad 450 each have a thickness of less than 1,000 nanometers
and more than 300 nanometers. Most preferably, outer metal line pad 440 and inner metal
line pad 450 each have a thickness of less than 500 nanometers and more than 300
nanometers. The term “thickness” herein refers to a dimension perpendicular to a plane in
which a majority of dielectric layer 410 lies.

[0072] In one embodiment of the present invention, outer metal line 420, inner metal
line 430, outer metal line pad 440, inner metal line pad 450, connecting metal line 442 and
connecting metal line 452 are bonded to dielectric layer 410 using thin film metal deposition.

In an alternative embodiment of the present invention, outer metal line 420, inner metal line
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430, outer metal line pad 440, inner metal line pad 450, connecting metal line 442 and
connecting metal line 452 are affixed to dielectric layer 410 using an alternative bonding
process.

[0073] During an operation of membrane assembly 300, either a positive or negative
potential may be applied to outer metal line 420 and inner metal line 430. If an overall positive
potential is applied to a metal line, then the metal line absorbs lower-energy electrons. If an
overall negative potential is applied to a metal line, then the metal line absorbs more positively
charged particles. In a preferred mode of operation of membrane assembly 300, a positive
potential is applied to both outer metal line 420 and inner metal line 430, thereby maximizing
an absorption of low-energy electrons primarily by inner metal line 430.

[0074] In a preferred use of membrane assembly 300, inner metal line 430 preferably
absorbs low-energy electrons for detection, and outer metal line 420 improves a signal to
noise ratio of electron-detecting subassembly 302. Preferably, those components of
membrane assembly 300 designated for detecting electrons are not in electrical contact with
those components of membrane assembly 300 designated for absorbing electromagnetic
noise. Thus, in the embodiment shown in Figs. 3A — 3F, none of inner metal line 430, inner
metal line pad 450 or connecting metal line 452 are in electrical contact with any of outer
metal line 420, outer metal line pad 440 or connecting metal line 442.

[0075] If any of inner metal line 430, inner metal line pad 450 or connecting metal line
452 overlies any of outer metal line 420, outer metal line pad 440 or connecting metal line
442, the overlying components are preferably separated with a separator formed of a suitable
electrically insulating material. For example, in Figs. 3A — 3F, and as seen particularly well
in Figs. 3D and 3F, where outer metal line 420 overlies connecting metal line 452, separator
460 is situated between outer metal line 420 and connecting metal line 452 and prevents
electrical contact between outer metal line 420 and connecting metal line 452.

[0076] Membrane assembly 300 may have additional layers including but not limited
to: one or more etch-stopping layers useful for a manufacturing process, one or more stress-
compensation layers, one or more additional layers of electrical insulation, one or more
adhesive layers for an attachment of membrane assembly 300 to other structures and one or
more buffer layers to prevent pressure-sealing membrane 310 from becoming contaminated
or mechanically damaged through contact with other materials.

[0077] Membrane assembly 300 is preferably manufactured using conventional
silicon-on-insulator (SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable

semiconductor manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.
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[0078] Reference is now made to Figs. 4A — 4F. Fig. 4A is a simplified bottom planar-
view illustration of a membrane assembly 500, which is an additional embodiment of a
membrane assembly including an electron-detecting subassembly 502 for detecting electrons,
having an alternative configuration of a holding frame, a pressure-sealing membrane and a
supporting membrane layer. Fig. 4B is a simplified sectional illustration of membrane
assembly 500, taken along line B-B in Fig. 4A. Fig. 4C is a simplified sectional illustration
of membrane assembly 500, taken along line C-C in Fig. 4A. Fig. 4D is a simplified sectional
illustration of membrane assembly 500, taken along line D-D in Fig. 4A. Fig. 4E is a
simplified pictorial illustration of membrane assembly 500, from a perspective illustrated by
arrow E in Fig. 4B. Fig. 4F is a simplified pictorial illustration of membrane assembly 500,
from a perspective illustrated by arrow F in Fig. 4B. In addition to electron-detecting
subassembly 502, membrane assembly 500 includes a pressure-sealing membrane 510, a
supporting membrane layer 520 formed with a cornerless aperture 522, an etch-stopping layer
526 resultant from manufacture and a holding frame 530.

[0079] As seen particularly well in Fig. 4B, membrane assembly 500 is preferably
configured such that supporting membrane layer 520 is supported between and bonded to
pressure-sealing membrane 510 and etch-stopping layer 526, and etch-stopping layer 526 is
bonded to holding frame 520. While membrane assembly 500 is commonly manufactured in
an inverse orientation to the orientation shown in Figs. 4B — 4E, an operative orientation of
membrane assembly 500 is as shown in Figs. 4B — 4E. In accordance with the operative
orientation thereof, a “bottom” of membrane assembly 500 herein refers to a largest external
surface 531 of electron-detecting subassembly 502 and a “top” of membrane assembly 500
herein refers to a horizontal top-surface 532 of holding frame 530.

[0080] Holding frame 530 allows a user to more readily maneuver membrane assembly
500. Holding frame 530 preferably includes horizontal top-surface 532 and a plurality of
internal walls 534. Internal walls 534 preferably define a truncated pyramidal recess 536.
Together with holding frame 530, truncated pyramidal recess 536 defines an aperture 538 and
an aperture 539. In the embodiment of the present invention shown in Figs. 4A — 4F, apertures
538 and 539 are coaxial. In an alternative embodiment of the present invention, apertures 538
and 539 are not coaxial. In the embodiment of the present invention shown in Figs. 4A —4F,
aperture 538 is larger than aperture 539. In an alternative embodiment of the present
invention, aperture 538 is not larger than aperture 539. In the embodiment of the present
invention shown in Figs. 4A — 4F, apertures 538 and 539 are generally square in shape. In an

alternative embodiment of the present invention, apertures 538 and 539 may be formed in any
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suitable shapes, such as, inter alia, circles, rounded squares or rectangles. Preferably,
apertures 538 and 539 are symmetrical shapes.

[0081] In the embodiment of the present invention shown in Figs. 4A — 4F, recess 536
is a truncated pyramidal recess. In an alternative embodiment of the present invention, recess
536 may be formed in any suitable shape, such as, inter alia, a prismatic, cylindrical or
truncated conical shape. In the embodiment of the present invention shown in Figs. 4A — 4F,
holding frame 530 is generally square in shape. In an alternative embodiment of the present
invention, holding frame 530 may be formed in any suitable shape, such as, inter alia, a circle,
a rounded square or a rectangle. Preferably, holding frame 530 has a thickness between
50,000 nanometers and 1,000,000 nanometers.

[0082] Supporting membrane layer 520 provides mechanical support for pressure-
sealing membrane 510. Supporting membrane layer 520 is preferably less than 25,000
nanometers thick. More preferably, supporting membrane layer 520 is less than 10,000
nanometers thick. Most preferably, supporting membrane layer 520 is less than 5,000
nanometers thick. Preferably, supporting membrane layer 520 and etch-stopping layer 526
are substantially transparent to X-rays. Supporting membrane layer 520 may be formed of
any suitable material, such as, inter alia, silicon, glass or sapphire.

[0083] Supporting membrane layer 520 is formed with cornerless aperture 522 for
electrons to pass through. Preferably, cornerless aperture 522 in supporting membrane layer
520 is formed in a circular shape. Alternatively, cornerless aperture 522 may be formed in
any suitable cornerless shape, such as, inter alia, an ellipse, an oval or a rounded square.
Preferably, cornerless aperture 522 has a longest chord of at least 100,000 nanometers. More
preferably, cornerless aperture 522 has a longest chord of at least 200,000 nanometers. Most
preferably, cornerless aperture 522 has a longest chord of at least 250,000 nanometers. The
lack of corners in cornerless aperture 522 improves a mechanical strength of membrane
assembly 500 and allows for a longer longest chord of cornerless aperture 522 and without
membrane assembly 500 fracturing, relative to a membrane assembly formed with a pressure-
sealing membrane having an aperture that is not cornerless.

[0084] Pressure-sealing membrane 510 is preferably less than 100 nanometers thick.
More preferably, pressure-sealing membrane 510 is less than 50 nanometers thick. Most
preferably, pressure-sealing membrane 510 is less than 20 nanometers thick. Pressure-sealing
membrane 510 is bonded to supporting membrane layer 520 such that pressure-sealing

membrane 510 overlies and atmospherically seals cornerless aperture 522.
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[0085] It is a particular feature of the present invention that if recess 536 is situated in
a first-pressure gaseous environment and electron-detecting subassembly 502 is situated in a
second-pressure gaseous environment, there exists a pressure differential between the first-
pressure and second-pressure environments, across pressure-sealing membrane 510.
Preferably, there exists a pressure differential of approximately 100,000 pascals across
pressure-sealing membrane 510. More preferably, there exists a pressure differential of
approximately 150,000 pascals across pressure-sealing membrane 510. Most preferably, there
exists a pressure differential of approximately 200,000 pascals across pressure-sealing
membrane 510. Preferably, pressure-sealing membrane 510 is substantially transparent to X-
rays and electrons. Pressure-sealing membrane 510 may be formed of any suitable material,
such as, inter alia, silicon, carbon or silicon nitride.

[0086] Aperture 539 is formed having a larger area than cornerless aperture 522.
Preferably aperture 539 completely overlies cornerless aperture 522. In one embodiment of
the present invention, cornerless aperture 522 and aperture 539 share a common center, as
shown in in Figs. 4A — 4F. In an alternative embodiment of the present invention, cornerless
aperture 522 and aperture 539 do not share a common center.

[0087] Preferably, electron-detecting subassembly 502 is electrically insulated from
other portions of membrane assembly 500 by a dielectric layer 610, which is formed with a
cornerless aperture 612. Electron-detecting subassembly 502 includes an outer metal line 620,
an inner metal line 630, an outer metal line pad 640, a connecting metal line 642, an inner
metal line pad 650, a connecting metal line 652 and a separator 660, as described in more
detail hereinbelow.

[0088] Dielectric layer 610 is bonded to a largest-area exposed surface 670 of pressure-
sealing membrane 510. Preferably, dielectric layer 610 is also bonded to a smallest-area
exposed surface 672 of pressure-sealing membrane 510, a smallest-area exposed surface 674
of supporting membrane layer 520 and a smallest-area exposed surface 676 of holding frame
530, such that dielectric layer 610 overlies at least part of smallest-area external exposed
surface 676 of holding frame 530. In the embodiment of the present invention shown in Figs.
4A — 4F, dielectric layer 610 overlies all of smallest-area external exposed surface 676 of
holding frame 530. In an alternative embodiment of the present invention, dielectric layer 610
may overlie any suitable portion of smallest-area external exposed surface 676 of holding
frame 530.

[0089] Preferably, cornerless aperture 612 of dielectric layer 610 has a similar shape

and similar longest chord to cornerless aperture 522. Preferably, cornerless aperture 612
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directly overlies cornerless aperture 522. Preferably, dielectric layer 610 has any suitable
thickness such that dielectric layer 610 is substantially transparent to X-rays while providing
suitable electrical insulation between electron-detecting subassembly 502 and other portions
of membrane assembly 500. More preferably, dielectric layer 610 has a thickness of less than
2,000 nanometers. Preferably, dielectric layer 610 is formed of silicon dioxide or silicon
nitride.

[0090] Preferably, outer metal line 620, inner metal line 630, outer metal line pad 640,
inner metal line pad 650, connecting metal line 642 and connecting metal line 652 are formed
of gold. Outer metal line 620 and inner metal line 630 are formed in nested closed shapes.
Preferably, the nested closed shapes are concentric and centered about a center of cornerless
aperture 522. Preferably, the nested closed shapes are rings. In the embodiment of the present
invention shown in Figs. 4A — 4F, metal lines 620 and 630 are concentric rings centered about
the center of cornerless aperture 522. In an alternative embodiment of the present invention,
metal lines 620 and 630 may define any suitable nested closed shapes, such as, inter alia,
squares, rounded squares or ovals, and need not be centered about the center of cornerless
aperture 522. Inner metal line 630 does not overlie holding frame aperture 539. Inner metal
line 630 and outer metal line 620 may have any suitable line widths and spacing, such as,
inter alia, the line widths and spacing shown in Figs. 4A — 4F. The term “line width” herein
refers to respective measurements characterizing each of inter metal line 630 and outer metal
line 620, the measurement being measured in a dimension generally parallel to a plane in
which a majority of dielectric layer 610 lies.

[0091] In the embodiment of the present invention shown in Figs. 4A — 4F, membrane
assembly 500 includes two metal lines forming nested closed shapes, namely outer metal line
620 and inner metal line 630. In an alternative embodiment of the present invention,
membrane assembly 500 includes any number of metal lines forming nested closed shapes.
In a further alternative embodiment of the present invention, membrane assembly 500
includes one metal line forming a nested closed shape.

[0092] Outer metal line 620 is electrically connected to outer metal line pad 640. In the
embodiment of the present invention shown in Figs. 4A — 4F, connecting metal line 642
electrically connects outer metal line 620 to outer metal line pad 640. In an alternative
embodiment of the present invention, connecting metal line 642 is obviated, and an alternative
electrical connector (not shown) electrically connects outer metal line 620 to outer metal line

pad 640.
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[0093] Inner metal line 630 is electrically connected to inner metal line pad 650. In the
embodiment of the present invention shown in Figs. 4A — 4F, connecting metal line 652
electrically connects inner metal line 630 to inner metal line pad 650. In an alternative
embodiment of the present invention, connecting metal line 652 is obviated, and an alternative
electrical connector (not shown) electrically connected inner metal line 630 to inner metal
line pad 650.

[0094] Preferably, outer metal line pad 640 and inner metal line pad 650 are in electrical
communication with a printed circuit board (not shown). In the embodiment of the present
invention shown in Figs. 4A — 4F, outer metal line pad 640 and inner metal line pad 650 are
both generally rectangular in shape. In an alternative embodiment of the present invention,
outer metal line pad 640 and inner metal line pad 650 may individually be formed in any
suitable shapes, such as, inter alia, rounded squares, rounded rectangles or trapeziums.

[0095] In the embodiment of the present invention shown in Figs. 4A — 4F, both of
outer metal line pad 640 and inner metal line pad 650 are closest to a single edge of membrane
assembly 500. In an alternative embodiment of the present invention, each of outer metal line
pad 640 and inner metal line pad 650 are closest to a different edge of membrane assembly
500 from one another. In yet an alternative embodiment of the present invention, each of outer
metal line pad 640 and inner metal line pad 650 are situated at positions on dielectric layer
610, different from those shown in Figs. 4A — 4F.

[0096] Preferably, outer metal line 620, inner metal line 630, connecting metal line 642
and connecting metal line 652 all have respective thicknesses of less than 2,000 nanometers.
More preferably, outer metal line 620, inner metal line 630, connecting metal line 642 and
connecting metal line 652 all have respective thicknesses of less than 500 nanometers. Most
preferably, outer metal line 620, inner metal line 630, connecting metal line 642 and
connecting metal line 652 all have respective thicknesses of less than 100 nanometers.
Preferably, outer metal line pad 640 and inner metal line pad 650 each have thicknesses of
less than 1,000 nanometers and more than 200 nanometers. More preferably, outer metal line
pad 640 and inner metal line pad 650 each have thicknesses of less than 1,000 nanometers
and more than 300 nanometers. Most preferably, outer metal line pad 640 and inner metal
line pad 650 each have thicknesses of less than 500 nanometers and more than 300
nanometers. The term “thickness” herein refers to a dimension perpendicular to a plane in
which a majority of dielectric layer 610 lies.

[0097] In one embodiment of the present invention, outer metal line 620, inner metal

line 630, outer metal line pad 640, inner metal line pad 650, connecting metal line 642 and
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connecting metal line 652 are bonded to dielectric layer 610 using thin film metal deposition.
In an alternative embodiment of the present invention, outer metal line 620, inner metal line
630, outer metal line pad 640, inner metal line pad 650, connecting metal line 642 and
connecting metal line 652 are affixed to dielectric layer 610 using an alternative bonding
process.

[0098] During an operation of membrane assembly 500, either a positive or negative
potential may be individually applied to outer metal line 620 and inner metal line 630. If an
overall positive potential is applied to a metal line, then the metal line absorbs lower-energy
electrons. If an overall negative potential is applied to a metal line, then the metal line absorbs
more positively charged particles. In a preferred mode of operation of membrane assembly
500, a positive potential is applied to both outer metal line 620 and inner metal line 630,
thereby maximizing an absorption of low-energy electrons primarily by inner metal line 630.

[0099] In a preferred use of membrane assembly 500, inner metal line 630 preferably
absorbs low-energy electrons for detection, and outer metal line 620 improves a signal to
noise ratio of electron-detecting subassembly 502. Preferably, those components of
membrane assembly 500 designated for detecting electrons are not in electrical contact with
those components of membrane assembly 500designated for absorbing electromagnetic
noise. Thus, in the embodiment shown in Figs. 4A — 4F, none of inner metal line 630, inner
metal line pad 650 or connecting metal line 652 are in electrical contact with any of outer
metal line 620, outer metal line pad 640 or connecting metal line 642.

[00100] If any of inner metal line 630, inner metal line pad 650 or connecting metal line
652 overlies any of outer metal line 620, outer metal line pad 640 or connecting metal line
642, the overlying components are preferably separated with a separator formed of a suitable
electrically insulating material. For example, in Figs. 4A — 4F, and as seen particularly well
in Figs. 4D and 4F, where outer metal line 620 overlies connecting metal line 652, separator
660 is situated between outer metal line 620 and connecting metal line 652 and prevents
electrical contact between outer metal line 620 and connecting metal line 652.

[00101] Membrane assembly 500 may have additional layers including but not limited
to: one or more additional etch-stopping layers useful for a manufacturing process, one or
more stress-compensation layers, one or more additional layers of electrical insulation, one
or more adhesive layers for an attachment of membrane assembly 500 to other structures and
one or more buffer layers to prevent pressure-sealing membrane 510 from becoming

contaminated or mechanically damaged through contact with other materials.
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[00102] Membrane assembly 500 is preferably manufactured using conventional
silicon-on-insulator (SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable
semiconductor manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00103] Reference is now made to Figs. SA — SF. Fig. 5A is a simplified bottom planar-
view illustration of a membrane assembly 700, which is an alternative embodiment of a
membrane assembly similar to the membrane assembly of Figs. 3A — 3F.. Fig. 5B is a
simplified sectional illustration of membrane assembly 700, taken along line B-B in Fig. SA.
Fig. 5C is a simplified sectional illustration of membrane assembly 700, taken along line C-
Cin Fig. 5A. Fig. 5D is a simplified sectional illustration of membrane assembly 700, taken
along line D-D in Fig. 5A. Fig. SE is a simplified pictorial illustration of membrane assembly
700, from a perspective illustrated by arrow E in Fig. 5B. Fig. 5F is a simplified pictorial
illustration of membrane assembly 700, from a perspective illustrated by arrow F in Fig. 5B.
Membrane assembly 700 includes an electron-detecting subassembly 702, a pressure-sealing
membrane 710, a supporting membrane layer 720 formed with a cornerless aperture 722 and
a holding frame 730.

[00104] As seen particularly well in Fig. 5B, membrane assembly 700 is preferably
configured such that pressure-sealing membrane 710 is supported between and bonded to
supporting membrane layer 720 and holding frame 730. While membrane assembly 700 is
commonly manufactured in an inverse orientation to the orientation shown in Figs. 5B — SE,
an operative orientation of membrane assembly 700 is as shown in Figs. 5B — 5E. In
accordance with the operative orientation thereof, a “bottom” of membrane assembly 700
herein refers to a largest external surface 731 of electron-detecting subassembly 702 and a
“top” of membrane assembly 700 herein refers to a horizontal top-surface 732 of holding
frame 730.

[00105] Holding frame 730 allows a user to more readily maneuver membrane assembly
700. Holding frame 730 preferably includes horizontal top-surface 732 and a plurality of
internal walls 734. Internal walls 734 preferably define a truncated pyramidal recess 736.
Together with holding frame 730, truncated pyramidal recess 736 defines an aperture 738 and
an aperture 739. In the embodiment of the present invention shown in Figs. 5A — 5F, apertures
738 and 739 are coaxial. In an alternative embodiment of the present invention, apertures 738
and 739 are not coaxial. In the embodiment of the present invention shown in Figs. SA — 5F,
aperture 738 is larger than aperture 739. In an alternative embodiment of the present
invention, aperture 738 is not larger than aperture 739. In the embodiment of the present

invention shown in Figs. SA — 5F, apertures 738 and 739 are generally square in shape. In an

27



10

15

20

25

30

WO 2024/257081 PCT/1L2024/050449

alternative embodiment of the present invention, apertures 738 and 739 may be formed in any
suitable shapes, such as, inter alia, circles, rounded squares or rectangles. Preferably,
apertures 738 and 739 are symmetrical shapes.

[00106] In the embodiment of the present invention shown in Figs. 5A — 5F, recess 736
is a truncated pyramidal recess. In an alternative embodiment of the present invention, recess
736 may be formed in any suitable shape, such as, inter alia, a prismatic, cylindrical or
truncated conical shape. In the embodiment of the present invention shown in Figs. SA — 5F,
holding frame 730 is generally square in shape. In an alternative embodiment of the present
invention, holding frame 730 may be formed in any suitable shape, such as, inter alia, a circle,
a rounded square or a rectangle. Preferably, holding frame 730 has a thickness between
50,000 nanometers and 1,000,000 nanometers.

[00107] Supporting membrane layer 720 provides mechanical support for pressure-
sealing membrane 710. Supporting membrane layer 720 is preferably less than 25,000
nanometers thick. More preferably, supporting membrane layer 720 is less than 10,000
nanometers thick. Most preferably, supporting membrane layer 720 is less than 5,000
nanometers thick. Preferably, supporting membrane layer 720 is substantially transparent to
X-rays. Supporting membrane layer 720 may be formed of any suitable material, such as,
inter alia, silicon, glass or sapphire.

[00108] Supporting membrane layer 720 is formed with cornerless aperture 722 for
electrons to pass through. Preferably, cornerless aperture 722 in supporting membrane layer
720 is formed in a circular shape. Alternatively, cornerless aperture 722 may be formed in
any suitable cornerless shape, such as, inter alia, an ellipse, an oval or a rounded square.
Preferably, cornerless aperture 722 has a longest chord of at least 100,000 nanometers. More
preferably, cornerless aperture 722 has a longest chord of at least 200,000 nanometers. Most
preferably, cornerless aperture 722 has a longest chord of at least 250,000 nanometers. The
lack of corners in cornerless aperture 722 improves a mechanical strength of membrane
assembly 700 and allows for a longer longest chord of cornerless aperture 722 and without
membrane assembly 700 fracturing, relative to a membrane assembly formed with a pressure-
sealing membrane having an aperture that is not cornerless.

[00109] Pressure-sealing membrane 710 is preferably less than 100 nanometers thick.
More preferably, pressure-sealing membrane 710 is less than 50 nanometers thick. Most
preferably, pressure-sealing membrane 710 is less than 20 nanometers thick.

[00110] It is a particular feature of the present invention that if recess 736 is situated in

a first-pressure gasecous environment and electron-detecting subassembly 702 is situated in a
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second-pressure gaseous environment, there exists a pressure differential between the first-
pressure and second-pressure environments, across pressure-sealing membrane 710.
Preferably, there exists a pressure differential of approximately 100,000 pascals across
pressure-sealing membrane 710. More preferably, there exists a pressure differential of
approximately 150,000 pascals across pressure-sealing membrane 710. Most preferably, there
exists a pressure differential of approximately 200,000 pascals across pressure-sealing
membrane 710. Preferably, pressure-sealing membrane 710 is substantially transparent to X-
rays and electrons. Pressure-sealing membrane 710 may be formed of any suitable material,
such as, inter alia, silicon, carbon or silicon nitride.

[00111] Aperture 739 is formed having a larger area than cornerless aperture 722.
Preferably, aperture 739 completely overlies cornerless aperture 722. In one embodiment of
the present invention, cornerless aperture 722 and aperture 739 share a common center, as
shown in Figs. SA — 5F. In an alternative embodiment of the present invention, cornerless
aperture 722 and aperture 739 do not share a common center.

[00112] Preferably, electron-detecting subassembly 702 is electrically insulated from
other portions of membrane assembly 700 by a dielectric layer 810, which is formed with a
cornerless aperture 8§12. Electron-detecting subassembly 702 includes an outer metal line 820,
an inner metal line 830, an outer metal line pad 840, a connecting metal line 842, an inner
metal line pad 850, a connecting metal line 852 and a separator 860, as described in more
detail hereinbelow.

[00113] Dielectric layer 810 is bonded to a largest-area exposed surface 870 of
supporting membrane layer 720. Preferably, dielectric layer 810 is also bonded to a smallest-
arca exposed surface 872 of pressure-sealing membrane 710, a smallest-area exposed surface
874 of supporting membrane layer 720 and a smallest-area exposed surface 8§76 of holding
frame 730, such that dielectric layer 810 overlies at least part of smallest-area external
exposed surface 876 of holding frame 730. In the embodiment of the present invention shown
in Figs. SA — 5F, dielectric layer 810 overlies all of smallest-area external exposed surface
876 of holding frame 730. In an alternative embodiment of the present invention, dielectric
layer 810 may overlie any suitable portion of smallest-area external exposed surface 876 of
holding frame 730. In the embodiment of the present invention shown in Figs. SA — 5F,
dielectric layer 810 does not overlie an internal surface 882 of cornerless aperture 722. In an
alternative embodiment of the present invention, dielectric layer 810 does overlie internal

surface 882 of cornerless aperture 722.
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[00114] Preferably, cornerless aperture 812 of dielectric layer 710 has a similar shape
and similar longest chord to cornerless aperture 722. Preferably, cornerless aperture 8§12
directly overlies cornerless aperture 722. Preferably, dielectric layer 810 has any suitable
thickness such that dielectric layer 810 is substantially transparent to X-rays while providing
suitable electrical insulation between electron-detecting subassembly 702 and other portions
of membrane assembly 700. More preferably, dielectric layer 810 has a thickness of less than
2,000 nanometers. Preferably, dielectric layer 810 is formed of silicon dioxide or silicon
nitride.

[00115] Preferably, outer metal line 820, inner metal line 830, outer metal line pad 840,
inner metal line pad 850, connecting metal line 842 and connecting metal line 852 are formed
of gold. Outer metal line 820 and inner metal line 830 are formed in nested closed shapes.
Preferably, the nested closed shapes are concentric and centered about a center of cornerless
aperture 722. Preferably, the nested closed shapes are rings. In the embodiment of the present
invention shown in Figs. SA — S5F, metal lines 8§20 and 830 are concentric rings centered about
the center of cornerless aperture 722. In an alternative embodiment of the present invention,
metal lines 820 and 830 may define any nested closed shapes and need not be centered about
the center of cornerless aperture 722. Inner metal line 830 does not overlie holding frame
aperture 739. Inner metal line 830 and outer metal line 820 may have any suitable line widths
and spacing, such as, inter alia, the line widths and spacing shown in Figs. SA — SF. The term
“line width” herein refers to respective measurements characterizing each of inter metal line
830 and outer metal line 820, the measurement being measured in a dimension generally
parallel to a plane in which a majority of dielectric layer 810 lies.

[00116] In the embodiment of the present invention shown in Figs. SA — 5F, membrane
assembly 700 includes two metal lines forming nested closed shapes, namely outer metal line
820 and inner metal line 830. In an alternative embodiment of the present invention,
membrane assembly 700 includes any number of metal lines forming nested closed shapes.
In a further alternative embodiment of the present invention, membrane assembly 700
includes one metal line forming a nested closed shape.

[00117] Outer metal line 820 is electrically connected to outer metal line pad 840. In the
embodiment of the present invention shown in Figs. SA — SF, connecting metal line 842
electrically connects outer metal line 820 to outer metal line pad 840. In an alternative
embodiment of the present invention, connecting metal line 842 is obviated, and an alternative
electrical connector (not shown) electrically connects outer metal line 820 to outer metal line

pad 840.
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[00118] Inner metal line 830 is electrically connected to inner metal line pad 850. In the
embodiment of the present invention shown in Figs. SA — 5F, connecting metal line 852
electrically connects inner metal line 830 to inner metal line pad 850. In an alternative
embodiment of the present invention, connecting metal line 852 is obviated, and an alternative
electrical connector (not shown), electrically connects inner metal line 830 to inner metal line
pad 850.

[00119] It is a particular feature of the embodiment of the present invention shown in
Figs. 5SA — 5F that outer metal line pad 840 and inner metal line pad 850 are located on a
beveled surface 854 of membrane assembly 700, in order to reduce a distance between
electron-detecting sub-assembly 702 and a source of electrons being detected. The distance
between electron-detecting subassembly 702 and the source of electrons being detected is
particularly reduced by at least 150,000 nanometers in the case that either inner metal line
pad 850 or outer metal line pad 840 are electrically connected to a printed circuit board using
wire bonding.

[00120] Preferably, outer metal line pad 840 and inner metal line pad 850 are in electrical
communication with a printed circuit board (not shown). In the embodiment of the present
invention shown in Figs. SA — 5F, outer metal line pad 840 and inner metal line pad 850 are
generally rectangular in shape. In an alternative embodiment of the present invention, outer
metal line pad 840 and inner metal line pad 850 may individually be formed in any suitable
shape.

[00121] In the embodiment of the invention shown in Figs. SA — SF, each of outer metal
line pad 840 and inner metal line pad 850 are situated at positions on beveled surface 854,
shown in Figs. SA — 5F. In an alternative embodiment of the present invention, each of outer
metal line pad 840 and inner metal line pad 850 are situated at positions on beveled surface
854, different from those shown in Figs. SA — 5F. In the embodiment of the invention shown
in Figs. 5A — 5F, membrane assembly 700 includes one beveled surface 854. In an alternative
embodiment of the present invention, membrane assembly 700 may include a plurality of
beveled surfaces. In the embodiment of the invention shown in Figs. 5A — 5F, each of outer
metal line pad 840 and inner metal line pad 850 are situated on the same beveled surface 854.
In an alternative embodiment of the present invention, outer metal line pad 840 and inner
metal line pad 850 are situated on different beveled surfaces.

[00122] Preferably, outer metal line 820, inner metal line 830, connecting metal line 842
and connecting metal line 852 all have respective thicknesses of less than 2,000 nanometers.

More preferably, outer metal line 820, inner metal line 830, connecting metal line 842 and
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connecting metal line 852 all have respective thicknesses of less than 500 nanometers. Most
preferably, outer metal line 820, inner metal line 830, connecting metal line 842 and
connecting metal line 852 all have respective thicknesses of less than 100 nanometers.
Preferably, outer metal line pad 840 and inner metal line pad 850 each have thicknesses of
less than 1,000 nanometers and more than 200 nanometers. More preferably, outer metal line
pad 840 and inner metal line pad 850 each have thicknesses of less than 1,000 nanometers
and more than 300 nanometers. Most preferably, outer metal line pad 840 and inner metal
line pad 850 each have thicknesses of less than 500 nanometers and more than 300
nanometers. The term “thickness” herein refers to a dimension perpendicular to a plane in
which a majority of dielectric layer 810 lies.

[00123] In one embodiment of the present invention, outer metal line 820, inner metal
line 830, outer metal line pad 840, inner metal line pad 850, connecting metal line 842 and
connecting metal line 852 are bonded to dielectric layer 810 using thin film metal deposition.
In an alternative embodiment of the present invention, outer metal line 820, inner metal line
830, outer metal line pad 840, inner metal line pad 850, connecting metal line 842 and
connecting metal line 852 are affixed to dielectric layer 810 using an alternative bonding
process.

[00124] During an operation of membrane assembly 700, either a positive or negative
potential may be individually applied to outer metal line 820 and inner metal line 830. If an
overall positive potential is applied to a metal line, then the metal line absorbs lower-energy
electrons. If an overall negative potential is applied to a metal line, then the metal line absorbs
more positively charged particles. In a preferred mode of operation of membrane assembly
700, a positive potential is applied to both outer metal line 820 and inner metal line 830,
thereby maximizing an absorption of low-energy electrons primarily by inner metal line 830.

[00125] In a preferred use of membrane assembly 700, inner metal line 830 preferably
absorbs low-energy electrons for detection, and outer metal line 820 improves a signal to
noise ratio of electron-detecting subassembly 702. Preferably, those components of
membrane assembly 700 designated for detecting electrons are not in electrical contact with
those components of membrane assembly 700 designated for absorbing electromagnetic
noise. Thus, in the embodiment shown in Figs. SA — 5F, none of inner metal line 830, inner
metal line pad 850 or connecting metal line 852 are in electrical contact with any of outer
metal line 820, outer metal line pad 840 or connecting metal line 842.

[00126] If any of inner metal line 830, inner metal line pad 850 or connecting metal line

852 overlies any of outer metal line 820, outer metal line pad 840 or connecting metal line
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842, the overlying components are preferably separated with a separator formed of a suitable
electrically insulating material. For example, in Figs. SA — 5F, and as seen particularly well
in Figs. 5D and 5F, where outer metal line 820 overlies connecting metal line 852, separator
860 is situated between outer metal line 820 and connecting metal line 852 and prevents
electrical contact between outer metal line 820 and connecting metal line 852.

[00127] Membrane assembly 700 may have additional layers including but not limited
to: one or more etch-stopping layers useful for a manufacturing process, one or more stress-
compensation layers, one or more additional layers of electrical insulation, one or more
adhesive layers for an attachment of membrane assembly 700 to other structures and one or
more buffer layers to prevent pressure-sealing membrane 710 from becoming contaminated
or mechanically damaged through contact with other materials.

[00128] Membrane assembly 700 is preferably manufactured using conventional
silicon-on-insulator (SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable
semiconductor manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00129] Reference is now made to Figs. 6A — 6F. Fig. 6A is a simplified bottom planar-
view illustration of a membrane assembly 900, which is an alternative embodiment a
membrane assembly similar to the membrane assembly of Figs. 3A — 3F. Fig. 6B is a
simplified sectional illustration of membrane assembly 900, taken along line B-B in Fig. 6A.
Fig. 6C is a simplified sectional illustration of membrane assembly 900, taken along line C-
C in Fig. 6A. Fig. 6D is a simplified sectional illustration of membrane assembly 900, taken
along line D-D in Fig. 6A. Fig. 6E is a simplified pictorial illustration of membrane assembly
900, from a perspective illustrated by arrow E in Fig. 6B. Fig. 6F is a simplified pictorial
illustration of membrane assembly 900, from a perspective illustrated by arrow F in Fig. 6B.
Membrane assembly 900 includes an electron-detecting subassembly 902, a pressure-sealing
membrane 910, a supporting membrane layer 920 formed with a cornerless aperture 922 and
a holding frame 930.

[00130] As seen particularly well in Fig. 6B, membrane assembly 900 is preferably
configured such that pressure-sealing membrane 910 is supported between and bonded to
supporting membrane layer 920 and holding frame 930. While membrane assembly 900 is
commonly manufactured in an inverse orientation to the orientation shown in Figs. 6B — 6E,
an operative orientation of membrane assembly 900 is as shown in Figs. 6B — 6E. In
accordance with the operative orientation thereof, a “bottom” of membrane assembly 900

herein refers to a largest external surface 931 of electron-detecting subassembly 902 and a
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“top” of membrane assembly 900 herein refers to a horizontal top-surface 932 of holding
frame 930.

[00131] Holding frame 930 allows a user to more readily maneuver membrane assembly
900. Holding frame 930 preferably includes horizontal top-surface 932 and a plurality of
internal walls 934. Internal walls 934 preferably define a truncated pyramidal recess 936.
Together with holding frame 930, truncated pyramidal recess 936 defines an aperture 938 and
an aperture 939. In the embodiment of the present invention shown in Figs. 6A — 6F, apertures
938 and 939 are coaxial. In an alternative embodiment of the present invention, apertures 938
and 939 are not coaxial. In the embodiment of the present invention shown in Figs. 6A — 6F,
aperture 938 is larger than aperture 939. In an alternative embodiment of the present
invention, aperture 938 is not larger than aperture 939. In the embodiment of the present
invention shown in Figs. 6A — 6F, apertures 938 and 939 are generally square in shape. In an
alternative embodiment of the present invention, apertures 938 and 939 may be formed in any
suitable shapes. Preferably, apertures 938 and 939 are symmetrical shapes.

[00132] In the embodiment of the present invention shown in Figs. 6A — 6F, recess 936
is a truncated pyramidal recess. In an alternative embodiment of the present invention, recess
936 may be formed in any suitable shape, such as, inter alia, a prismatic, cylindrical or
truncated conical shape. In the embodiment of the present invention shown in Figs. 6A — 6F,
holding frame 930 is generally square in shape. In an alternative embodiment of the present
invention, holding frame 930 may be formed in any suitable shape, such as, inter alia, a circle,
a rounded square or a rectangle. Preferably, holding frame 930 has a thickness between
50,000 nanometers and 1,000,000 nanometers.

[00133] Supporting membrane layer 920 provides mechanical support for pressure-
sealing membrane 910. Supporting membrane layer 920 is preferably less than 25,000
nanometers thick. More preferably, supporting membrane layer 920 is less than 10,000
nanometers thick. Most preferably, supporting membrane layer 920 is less than 5,000
nanometers thick. Preferably, supporting membrane layer 920 is substantially transparent to
X-rays. Supporting membrane layer 920 may be formed of any suitable material, such as,
inter alia, silicon, glass or sapphire.

[00134] Supporting membrane layer 920 is formed with cornerless aperture 922 for
electrons to pass through. Preferably, cornerless aperture 922 in supporting membrane layer
920 is formed in a circular shape. Alternatively, cornerless aperture 922 may be formed in
any suitable cornerless shape, such as, inter alia, an ellipse, an oval or a rounded square.

Preferably, cornerless aperture 922 has a longest chord of at least 100,000 nanometers. More
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preferably, cornerless aperture 922 has a longest chord of at least 200,000 nanometers. Most
preferably, cornerless aperture 922 has a longest chord of at least 250,000 nanometers. The
lack of corners in cornerless aperture 922 improves a mechanical strength of membrane
assembly 900 and allows for a longer longest chord of cornerless aperture 922 and without
membrane assembly 900 fracturing, relative to a membrane assembly formed with a pressure-
sealing membrane having an aperture that is not cornerless.

[00135] Pressure-sealing membrane 910 is preferably less than 100 nanometers thick.
More preferably, pressure-sealing membrane 910 is less than 50 nanometers thick. Most
preferably, pressure-sealing membrane 910 is less than 20 nanometers thick.

[00136] It is a particular feature of the present invention that if recess 936 is situated in
a first-pressure gaseous environment and electron-detecting subassembly 902 is situated in a
second-pressure gaseous environment, there exists a pressure differential between the first-
pressure and second-pressure environments, across pressure-sealing membrane 910.
Preferably, there exists a pressure differential of approximately 100,000 pascals across
pressure-sealing membrane 910. More preferably, there exists a pressure differential of
approximately 150,000 pascals across pressure-sealing membrane 910. Most preferably, there
exists a pressure differential of approximately 200,000 pascals across pressure-scaling
membrane 910. Preferably, pressure-sealing membrane 910 is substantially transparent to X-
rays and electrons. Pressure-sealing membrane 910 may be formed of any suitable material,
such as, inter alia, silicon, carbon or silicon nitride.

[00137] Aperture 939 is formed having a larger area than cornerless aperture 922.
Preferably, aperture 939 completely overlies cornerless aperture 922. In one embodiment of
the present invention, cornerless aperture 922 and aperture 939 share a common center, as
shown in Figs. 6A — 6F. In an alternative embodiment of the present invention, cornerless
aperture 922 and aperture 939 do not share a common center.

[00138] Preferably, electron-detecting subassembly 902 is electrically insulated from
other portions of membrane assembly 900 by a dielectric layer 1010, which is formed with a
cornerless aperture 1012. Electron-detecting subassembly 902 includes an outer metal line
1020, an inner metal line 1030, an outer metal line pad 1040, a connecting metal line 1042,
an inner metal line pad 1050, a connecting metal line 1052 and a separator 1060, as described
in more detail hereinbelow.

[00139] Dielectric layer 1010 is bonded to a largest-area exposed surface 1070 of
supporting membrane layer 920. Preferably, dielectric layer 1010 is also bonded to a smallest-

arca exposed surface 1072 of pressure-sealing membrane 910, a smallest-area exposed
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surface 1074 of supporting membrane layer 920 and a smallest-area exposed surface 1076 of
holding frame 930, such that dielectric layer 1010 overlies at least part of smallest-area
external exposed surface 1076 of holding frame 930. In the embodiment of the present
invention shown in Figs. 6A — 6F, dielectric layer 1010 overlies all of smallest-area external
exposed surface 1076 of holding frame 930. In an alternative embodiment of the present
invention, dielectric layer 1010 may overlie any suitable portion of smallest-area external
exposed surface 1076 of holding frame 930. In the embodiment of the present invention
shown in Figs. 6A — 6F, dielectric layer 1010 does not overlie an internal surface 1082 of
cornerless aperture 922. In an alternative embodiment of the present invention, dielectric
layer 1010 does overlie internal surface 1082 of cornerless aperture 922.

[00140] Preferably, cornerless aperture 1012 of dielectric layer 1010 has a similar shape
and similar longest chord to cornerless aperture 922. Preferably, cornerless aperture 1012
directly overlies cornerless aperture 922. Preferably, dielectric layer 1010 has any suitable
thickness such that dielectric layer 1010 is substantially transparent to X-rays while providing
suitable electrical insulation between electron-detecting subassembly 902 and other portions
of membrane assembly 900. More preferably, dielectric layer 1010 has a thickness of less
than 2,000 nanometers. Preferably, dielectric layer 1010 is formed of silicon dioxide or silicon
nitride.

[00141] Preferably, outer metal line 1020, inner metal line 1030, outer metal line pad
1040, inner metal line pad 1050, connecting metal line 1042 and connecting metal line 1052
are formed of gold. Outer metal line 1020 and inner metal line 1030 are formed in nested
closed shapes. Preferably, the nested closed shapes are concentric and centered about a center
of cornerless aperture 922. Preferably, the nested closed shapes are rings. In the embodiment
of the present invention shown in Figs. 6A — 6F, metal lines 1020 and 1030 are concentric
rings centered about the center of cornerless aperture 922. In an alternative embodiment of
the present invention, metal lines 1020 and 1030 may define any suitable nested closed
shapes, such as, inter alia, squares, rounded squares or ovals, and need not be centered about
the center of cornerless aperture 922.

[00142] Inner metal line 1030 overlies holding frame aperture 939. Inner metal line 1030
overlies no more than 25% of an area defined by aperture 939, such that inner metal line 1030
does not block a significant proportion of X-rays from passing through aperture 939. Inner
metal line 1030 and outer metal line 1020 may have any suitable line widths and spacing,
such as, inter alia, the line widths and spacing shown in Figs. 6A — 6F. The term “line width”

herein refers to respective measurements characterizing each of inter metal line 1030 and
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outer metal line 1020, the measurement being measured in a dimension generally parallel to
a plane in which a majority of dielectric layer 1010 lies.

[00143] In the embodiment of the present invention shown in Figs. 6A — 6F, membrane
assembly 900 includes two metal lines forming nested closed shapes, namely outer metal line
1020 and inner metal line 1030. In an alternative embodiment of the present invention,
membrane assembly 900 includes any number of metal lines forming nested closed shapes.
In a further alternative embodiment of the present invention, membrane assembly 900
includes one metal line forming a nested closed shape.

[00144] Outer metal line 1020 is electrically connected to outer metal line pad 1040. In
the embodiment of the present invention shown in Figs. 6A — 6F, connecting metal line 1042
electrically connects outer metal line 1020 to outer metal line pad 1040. In an alternative
embodiment of the present invention, connecting metal line 1042 is obviated, and an
alternative electrical connector (not shown) electrically connects outer metal line 1020 to
outer metal line pad 1040.

[00145] Inner metal line 1030 is electrically connected to inner metal line pad 1050. In
the embodiment of the present invention shown in Figs. 6A — 6F, connecting metal line 1052
electrically connects inner metal line 1030 to inner metal line pad 1050. In an alternative
embodiment of the present invention, connecting metal line 1052 is obviated, and an
alternative electrical connector (not shown) electrically connected inner metal line 1030 to
inner metal line pad 1050.

[00146] Preferably, outer metal line pad 1040 and inner metal line pad 1050 are in
electrical communication with a printed circuit board (not shown). In the embodiment of the
present invention shown in Figs. 6A — 6F, outer metal line pad 1040 and inner metal line pad
1050 are generally rectangular in shape. In an alternative embodiment of the present
invention, outer metal line pad 1040 and inner metal line pad 1050 may individually be
formed in any suitable shapes, such as, inter alia, rounded squares, rounded rectangles or
trapeziums.

[00147] In the embodiment of the present invention shown in Figs. 6A — 6F, both of
outer metal line pad 1040 and inner metal line pad 1050 are closest to a single edge of
membrane assembly 900. In an alternative embodiment of the present invention, each of outer
metal line pad 1040 and inner metal line pad 1050 are closest to a different edge of membrane
assembly 900 from one another. In yet an alternative embodiment of the present invention,
each of outer metal line pad 1040 and inner metal line pad 1050 are situated at positions on

dielectric layer 1010, different from those shown in Figs. 6A — 6F.
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[00148] Preferably, outer metal line 1020, inner metal line 1030, connecting metal line
1042 and connecting metal line 1052 all have respective thicknesses of less than 2,000
nanometers. More preferably, outer metal line 1020, inner metal line 1030, connecting metal
line 1042 and connecting metal line 1052 all have respective thicknesses of less than 500
nanometers. Most preferably, outer metal line 1020, inner metal line 1030, connecting metal
line 1042 and connecting metal line 1052 all have respective thicknesses of less than 100
nanometers. Preferably, outer metal line pad 1040 and inner metal line pad 1050 each have
thicknesses of less than 1,000 nanometers and more than 200 nanometers. More preferably,
outer metal line pad 1040 and inner metal line pad 1050 each have thicknesses of less than
1,000 nanometers and more than 300 nanometers. Most preferably, outer metal line pad 1040
and inner metal line pad 1050 each have thicknesses of less than 500 nanometers and more
than 300 nanometers. The term “thickness” herein refers to a dimension perpendicular to a
plane in which a majority of dielectric layer 1010 lies.

[00149] In one embodiment of the present invention, outer metal line 1020, inner metal
line 1030, outer metal line pad 1040, inner metal line pad 1050, connecting metal line 1042
and connecting metal line 1052 are bonded to dielectric layer 1010 using thin film metal
deposition. In an alternative embodiment of the present invention, outer metal line 1020, inner
metal line 1030, outer metal line pad 1040, inner metal line pad 1050, connecting metal line
1042 and connecting metal line 1052 are affixed to dielectric layer 1010 using an alternative
bonding process.

[00150] During an operation of membrane assembly 900, either a positive or negative
potential may be individually applied to outer metal line 1020 and inner metal line 1030. If
an overall positive potential is applied to a metal line, then the metal line absorbs lower-
energy electrons. If an overall negative potential is applied to a metal line, then the metal line
absorbs more positively charged particles. In a preferred mode of operation of membrane
assembly 900, a positive potential is applied to both outer metal line 1020 and inner metal
line 1030, thereby maximizing an absorption of low-energy electrons primarily by inner metal
line 1030.

[00151] In a preferred use of membrane assembly 900, inner metal line 1030 preferably
absorbs low-energy electrons for detection, and outer metal line 1020 improves a signal to
noise ratio of electron-detecting subassembly 902. Preferably, those components of
membrane assembly 900 designated for detecting electrons are not in electrical contact with
those components of membrane assembly 900 designated for absorbing electromagnetic

noise. Thus, in the embodiment shown in Figs. 6A — 6F, none of inner metal line 1030, inner
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metal line pad 1050 or connecting metal line 1052 are in electrical contact with any of outer
metal line 1020, outer metal line pad 1040 or connecting metal line 1042.

[00152] If any of inner metal line 1030, inner metal line pad 1050 or connecting metal
line 1052 overlies any of outer metal line 1020, outer metal line pad 1040 or connecting metal
line 1042, the overlying components are preferably separated with a separator formed of a
suitable electrically insulating material. For example, in Figs. 6A — 6F, and as seen
particularly well in Figs. 6D and 6F, where outer metal line 1020 overlies connecting metal
line 1052, separator 1060 is situated between outer metal line 1020 and connecting metal line
1052 and prevents electrical contact between outer metal line 1020 and connecting metal line
1052.

[00153] Membrane assembly 900 may have additional layers including but not limited
to: one or more etch-stopping layers useful for a manufacturing process, one or more stress-
compensation layers, one or more additional layers of electrical insulation, one or more
adhesive layers for an attachment of membrane assembly 900 to other structures and one or
more buffer layers to prevent pressure-sealing membrane 910 from becoming contaminated
or mechanically damaged through contact with other materials.

[00154] Membrane assembly 900 is preferably manufactured using conventional
silicon-on-insulator (SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable
semiconductor manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00155] Reference is now made to Figs. 7A — 7F. Fig. 7A is a simplified bottom planar-
view illustration of a membrane assembly 1100, which is an alternative embodiment of a
membrane assembly similar to the membrane assembly of Figs. 3A — 3F. Fig. 7B is a
simplified sectional illustration of membrane assembly 1100, taken along line B-B in Fig. 7A.
Fig. 7C is a simplified sectional illustration of membrane assembly 1100, taken along line C-
Cin Fig. 7A. Fig. 7D is a simplified sectional illustration of membrane assembly 1100, taken
along line D-D in Fig. 7A. Fig. 7E is a simplified pictorial illustration of membrane assembly
1100, from a perspective illustrated by arrow E in Fig. 7B. Fig. 7F is a simplified pictorial
illustration of membrane assembly 1100, from a perspective illustrated by arrow F in Fig. 7B.
Membrane assembly 1100 includes an electron-detecting subassembly 1102, a pressure-
sealing membrane 1110, a supporting membrane layer 1120 formed with a cornerless aperture
1122 and a holding frame 1130.

[00156] As seen particularly well in Fig. 7B, membrane assembly 1100 is preferably
configured such that pressure-sealing membrane 1110 is supported between and bonded to

supporting membrane layer 1120 and holding frame 1130. While membrane assembly 1100
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is commonly manufactured in an inverse orientation to the orientation shown in Figs. 7B —
7E, an operative orientation of membrane assembly 1100 is as shown in Figs. 7B — 7E. In
accordance with the operative orientation thereof, a “bottom” of membrane assembly 1100
herein refers to a largest external surface 1131 of electron-detecting subassembly 1102 and a
“top” of membrane assembly 1100 herein refers to a horizontal top-surface 1132 of holding
frame 1130.

[00157] Holding frame 1130 allows a user to more readily maneuver membrane
assembly 1100. Holding frame 1130 preferably includes horizontal top-surface 1132 and a
plurality of internal walls 1134. Internal walls 1134 preferably define a truncated pyramidal
recess 1136. Together with holding frame 1130, truncated pyramidal recess 1136 defines an
aperture 1138 and an aperture 1139. In the embodiment of the present invention shown in
Figs. 7A — 7TF, apertures 1138 and 1139 are coaxial. In an alternative embodiment of the
present invention, apertures 1138 and 1139 are not coaxial. In the embodiment of the present
invention shown in Figs. 7A — 7F, aperture 1138 is larger than aperture 1139. In an alternative
embodiment of the present invention, aperture 1138 is not larger than aperture 1139. In the
embodiment of the present invention shown in Figs. 7A — 7F, apertures 1138 and 1139 are
generally square in shape. In an alternative embodiment of the present invention, apertures
1138 and 1139 may be formed in any suitable shapes, such as, inter alia, circles, rounded
squares or rectangles. Preferably, apertures 1138 and 1139 are symmetrical shapes.

[00158] In the embodiment of the present invention shown in Figs. 7A — 7F, recess 1136
is a truncated pyramidal recess. In an alternative embodiment of the present invention, recess
1136 may be formed in any suitable shape, such as, inter alia, a prismatic, cylindrical or
truncated conical shape. In the embodiment of the present invention shown in Figs. 7A — 7F,
holding frame 1130 is generally square in shape. In an alternative embodiment of the present
invention, holding frame 1130 may be formed in any suitable shape, such as, inter alia, a
circle, a rounded square or a rectangle. Preferably, holding frame 1130 has a thickness of
between 50,000 nanometers and 1,000,000 nanometers.

[00159] Supporting membrane layer 1120 provides mechanical support for pressure-
sealing membrane 1110. Supporting membrane layer 1120 is preferably less than 25,000
nanometers thick. More preferably, supporting membrane layer 1120 is less than 10,000
nanometers thick. Most preferably, supporting membrane layer 1120 is less than 5,000
nanometers thick. Preferably, supporting membrane layer 1120 is substantially transparent to
X-rays. Supporting membrane layer 1120 may be formed of any suitable material, such as,

inter alia, silicon, glass or sapphire.
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[00160] Supporting membrane layer 1120 is formed with cornerless aperture 1122 for
electrons to pass through. Preferably, cornerless aperture 1122 in supporting membrane layer
1120 is formed in a circular shape. Alternatively, cornerless aperture 1122 may be formed in
any suitable cornerless shape, such as, inter alia, an ellipse, an oval or a rounded square.
Preferably, cornerless aperture 1122 has a longest chord of at least 100,000 nanometers. More
preferably, cornerless aperture 1122 has a longest chord of at least 200,000 nanometers. Most
preferably, cornerless aperture 1122 has a longest chord of at least 250,000 nanometers. The
lack of corners in cornerless aperture 1122 improves a mechanical strength of membrane
assembly 1100 and allows for a longer longest chord of cornerless aperture 1122 and without
membrane assembly 1100 fracturing, relative to a membrane assembly formed with a
pressure-sealing membrane having an aperture that is not cornerless.

[00161] Pressure-sealing membrane 1110 is preferably less than 100 nanometers thick.
More preferably, pressure-sealing membrane 1110 is less than 50 nanometers thick. Most
preferably, pressure-sealing membrane 1110 is less than 20 nanometers thick.

[00162] It is a particular feature of the present invention that if recess 1136 is situated in
a first-pressure gaseous environment and electron-detecting subassembly 1102 is situated in
a second-pressure gaseous environment, there exists a pressure differential between the first-
pressure and second-pressure environments, across pressure-sealing membrane 1110.
Preferably, there exists a pressure differential of approximately 100,000 pascals across
pressure-sealing membrane 1110. More preferably, there exists a pressure differential of
approximately 150,000 pascals across pressure-sealing membrane 1110. Most preferably,
there exists a pressure differential of approximately 200,000 pascals across pressure-sealing
membrane 1110. Preferably, pressure-sealing membrane 1110 is substantially transparent to
X-rays and electrons. Pressure-sealing membrane 1110 may be formed of any suitable
material, such as, inter alia, silicon, carbon or silicon nitride.

[00163] Aperture 1139 is formed having a larger area than cornerless aperture 1122.
Preferably, aperture 1139 completely overlies cornerless aperture 1122. In one embodiment
of the present invention, cornerless aperture 1122 and aperture 1139 share a common center,
as shown in Figs. 7A — 7F. In an alternative embodiment of the present invention, cornerless
aperture 1122 and aperture 1139 do not share a common center.

[00164] Preferably, electron-detecting subassembly 1102 is electrically insulated from
other portions of membrane assembly 1100 by a dielectric layer 1210, which is formed with
a cornerless aperture 1212. Electron-detecting subassembly 1102 includes an outer metal line

1220, a group of inner metal lines 1230, an outer metal line pad 1240, a connecting metal line
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1242, an inner metal line pad 1250, a connecting metal line 1252 and a connecting metal line
1256, as described in more detail hereinbelow.

[00165] Dielectric layer 1210 is bonded to a largest-area exposed surface 1270 of
supporting membrane layer 1120. Preferably, dielectric layer 1210 is also bonded to a
smallest-area exposed surface 1272 of pressure-sealing membrane 1110, a smallest-area
exposed surface 1274 of supporting membrane layer 1120 and a smallest-area exposed
surface 1276 of holding frame 1130, such that dielectric layer 1210 overlies at least part of
smallest-area external exposed surface 1276 of holding frame 1130. In the embodiment of the
present invention shown in Figs. 7A — 7F, dielectric layer 1210 overlies all of smallest-area
external exposed surface 1276 of holding frame 1130. In an alternative embodiment of the
present invention, dielectric layer 1210 may overlie any suitable portion of smallest-area
external exposed surface 1276 of holding frame 1130. In the embodiment of the present
invention shown in Figs. 7A — 7F, dielectric layer 1210 does not overlie an internal surface
1282 of cornerless aperture 1122. In an alternative embodiment of the present invention,
dielectric layer 1210 does overlie internal surface 1282 of cornerless aperture 1122.

[00166] Preferably, cornerless aperture 1212 of dielectric layer 1210 has a similar shape
and similar longest chord to cornerless aperture 1122. Preferably, cornerless aperture 1212
directly overlies cornerless aperture 1122. Preferably, dielectric layer 1210 has any suitable
thickness such that dielectric layer 1210 is substantially transparent to X-rays while providing
suitable electrical insulation between electron-detecting subassembly 1102 and other portions
of membrane assembly 1100. More preferably, dielectric layer 1210 has a thickness of less
than 2,000 nanometers. Preferably, dielectric layer 1210 is formed of silicon dioxide or silicon
nitride.

[00167] Preferably, outer metal line 1220, inner metal lines 1230, outer metal line pad
1240, inner metal line pad 1250, connecting metal line 1242, connecting metal line 1252 and
connecting metal line 1256 are formed of gold. Outer metal line 1220 and inner metal lines
1230 are formed in nested shapes. Preferably, the nested shapes are concentric and centered
about a center of cornerless aperture 1122. In the embodiment of the present invention shown
in Figs. 7A — 7F, outer metal line 1220 is an interrupted ring shape, in order to prevent
electrical contact with connecting metal line 1252, and inner metal lines 1230 are closed rings.
In an alternative embodiment of the present invention, metal lines 1220 and 1230 may define
any suitable nested shapes, such as, inter alia, interrupted ring shapes, horseshoe shapes or
incomplete squares. In the embodiment of the present invention shown in Figs. 7A — 7F, metal

lines 1220 and 1230 define concentric shapes centered about the center of cornerless aperture
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1122. In an alternative embodiment of the present invention, metal lines 1220 and 1230 need
not be concentric or centered about the center of cornerless aperture 1122.

[00168] Inner metal lines 1230 and connecting metal line 1256 partially overlie holding
frame aperture 1139. Inner metal lines 1230 and connecting metal line 1256 preferably overlie
no more than 25% of an area defined by aperture 1139, such that inner metal lines 1230 and
connecting metal line 1256 do not block a significant proportion of X-rays from passing
through aperture 1139. Inner metal lines 1230 and outer metal line 1220 may have any
suitable line widths and spacing, such as, inter alia, the line widths and spacing shown in Figs.
7A —7F. The term “line width” herein refers to respective measurements characterizing each
of inter metal lines 1230 and outer metal line 1220, the measurement being measured in a
dimension generally parallel to a plane in which a majority of dielectric layer 1210 lies.

[00169] In the embodiment of the present invention shown in Figs. 7A — 7F, inner metal
lines 1230 include three metal lines. In an alternative embodiment of the present invention,
inner metal lines 1230 may include any number of metal lines.

[00170] In the embodiment of the present invention shown in Figs. 7A — 7F, membrane
assembly 1100 includes four metal lines forming nested shapes, namely outer metal line 1220
and three inner metal lines 1230. In an alternative embodiment of the present invention,
membrane assembly 1100 may include any number of metal lines forming nested closed
shapes.

[00171] Outer metal line 1220 is electrically connected to outer metal line pad 1240. In
the embodiment of the present invention shown in Figs. 7A — 7F, connecting metal line 1242
electrically connects outer metal line 1220 to outer metal line pad 1240. In an alternative
embodiment of the present invention, connecting metal line 1242 is obviated, and an
alternative electrical connector (not shown) electrically connects outer metal line 1220 to
outer metal line pad 1240.

[00172] Inner metal lines 1230 are electrically connected to inner metal line pad 1250.
In the embodiment of the present invention shown in Figs. 7A — 7F, connecting metal line
1252 electrically connects inner metal lines 1230 to inner metal line pad 1250. In an
alternative embodiment of the present invention, connecting metal line 1252 is obviated, and
an alternative electrical connector (not shown) electrically connects inner metal lines 1230 to
inner metal line pad 1250.

[00173] Preferably, outer metal line pad 1240 and inner metal line pad 1250 are in
electrical communication with a printed circuit board (not shown). In the embodiment of the

present invention shown in Figs. 7A — 7F, outer metal line pad 1240 and inner metal line pad
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1250 are generally rectangular in shape. In an alternative embodiment of the present
invention, outer metal line pad 1240 and inner metal line pad 1250 may individually be
formed in any suitable shapes, such as, inter alia, rounded squares, rounded rectangles or
trapeziums.

[00174] In the embodiment of the present invention shown in Figs. 7A — 7F, both of
outer metal line pad 1240 and inner metal line pad 1250 are closest to a single edge of
membrane assembly 1100. In an alternative embodiment of the present invention, each of
outer metal line pad 1240 and inner metal line pad 1250 are closest to a different edge of
membrane assembly 1100 from one another. In yet an alternative embodiment of the present
invention, each of outer metal line pad 1240 and inner metal line pad 1250 are situated at
positions on dielectric layer 1210, different from those shown in Figs. 7A — 7F.

[00175] Preferably, outer metal line 1220, inner metal lines 1230, connecting metal line
1242, connecting metal line 1252 and connecting metal line 1256 all have respective
thicknesses of less than 2,000 nanometers. More preferably, outer metal line 1220, inner metal
lines 1230, connecting metal line 1242, connecting metal line 1252 and connecting metal line
1256 all have respective thicknesses of less than 500 nanometers. Most preferably, outer
metal line 1220, inner metal lines 1230, connecting metal line 1242, connecting metal line
1252 and connecting metal line 1256 all have respective thicknesses of less than 100
nanometers. Preferably, outer metal line pad 1240 and inner metal line pad 1250 each have
thicknesses of less than 1,000 nanometers and more than 200 nanometers. More preferably,
outer metal line pad 1240 and inner metal line pad 1250 each have thicknesses of less than
1,000 nanometers and more than 300 nanometers. Most preferably, outer metal line pad 1240
and inner metal line pad 1250 each have thicknesses of less than 500 nanometers and more
than 300 nanometers. The term “thickness” herein refers to a dimension perpendicular to a
plane in which a majority of dielectric layer 1210 lies.

[00176] In one embodiment of the present invention, outer metal line 1220, inner metal
lines 1230, outer metal line pad 1240, inner metal line pad 1250, connecting metal line 1242,
connecting metal line 1252 and connecting metal line 1256 are bonded to diclectric layer
1210 using thin film metal deposition. In an alternative embodiment of the present invention,
outer metal line 1220, inner metal lines 1230, outer metal line pad 1240, inner metal line pad
1250, connecting metal line 1242, connecting metal line 1252 and connecting metal line 1256
are affixed to dielectric layer 1210 using an alternative bonding process.

[00177] During an operation of membrane assembly 1100, either a positive or negative

potential may be individually applied to outer metal line 1220 and inner metal lines 1230. If
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an overall positive potential is applied to a metal line, then the metal line absorbs lower-
energy electrons. If an overall negative potential is applied to a metal line, then the metal line
absorbs more positively charged particles. In a preferred mode of operation of membrane
assembly 1100, a positive potential is applied to both outer metal line 1220 and inner metal
lines 1230, thereby maximizing an absorption of low-energy electrons primarily by inner
metal lines 1230. Connecting metal line 1256 electrically connects inner metal lines 1230 to
one another. As a result, when a positive potential is applied to inner metal lines 1230 in order
to absorb low-energy electrons, inner metal lines 1230 share the same electric potential.

[00178] In a preferred use of membrane assembly 1100, inner metal lines 1230
preferably absorb low-energy electrons for detection, and outer metal line 1220 improves a
signal to noise ratio of electron-detecting subassembly 1102. Preferably, those components
of membrane assembly 1100 designated for detecting electrons are not in electrical contact
with those components of membrane assembly 1100 designated for absorbing
electromagnetic noise. Thus, in the embodiment shown in Figs. 7A — 7F, none of inner metal
lines 1230, inner metal line pad 1250 or connecting metal line 1252 are in electrical contact
with any of outer metal line 1220, outer metal line pad 1240 or connecting metal line 1242.
Outer metal line 1220 forms an open shape. As such, connecting metal line 1252 and outer
metal line 1220 do not overlie each other since connecting metal line 1252 intersects a gap in
outer metal line 1220. However, those components of membrane assembly 1100 designated
for detecting electrons are in electrical contact with one another. For example, inner metal
lines 1230 are in electrical contact with one another via connecting metal line 1256. Similarly,
those components of membrane assembly 1100 designated for absorbing electromagnetic
noise are in electrical contact with one another. For example, outer metal line 1220 is in
electrical contact with connecting metal line 1242.

[00179] Membrane assembly 1100 may have additional layers including but not limited
to: one or more etch-stopping layers useful for a manufacturing process, one or more stress-
compensation layers, one or more additional layers of electrical insulation, one or more
adhesive layers for an attachment of membrane assembly 1100 to other structures and one or
more buffer layers to prevent pressure-sealing membrane 1110 from becoming contaminated
or mechanically damaged through contact with other materials.

[00180] Membrane assembly 1100 is preferably manufactured using conventional
silicon-on-insulator (SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable

semiconductor manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.
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[00181] It will be appreciated by persons skilled in the art that the embodiment of the
invention shown in Figs. 4A — 4F may be combined with any of the embodiments shown in
Figs. SA — 5F, Figs. 6A — 6F and Figs. 7A — 7F, to form further alternative embodiments of
the present invention which include a supporting membrane layer supported between and
bonded to a pressure-sealing membrane and a holding frame.

[00182] It will also be appreciated by persons skilled in the art that the embodiment of
the invention shown in Figs. SA — 5F may be combined with either of the embodiments shown
in Figs. 6A — 6F and Figs. 7A — 7F, to form further alternative embodiments of the present
invention which include bevelled surfaces.

[00183] It will also be appreciated by persons skilled in the art that the embodiment of
the invention shown in Figs. 6A — 6F may be combined with the embodiment shown in Figs.
7A —7F, to form a further alternative embodiment of the present invention in which an outer
metal line does not define a closed shape and in which an at least one inner metal line partially
overlies an aperture substantially transparent to X-rays.

[00184] Reference is now made to Fig. 8, which is a simplified illustration of a charged
particle beam device 2100 employing membrane assembly 100, which is described
hereinabove with reference to Figs. 1A — 1D. A charged particle source 2110 generates a
primary charged particle beam 2112. Charged particle beam 2112 travels through a lens barrel
2120, which is surrounded by a plurality of electromagnetic lenses 2124, and through an
internal particle detector 2130. Charged particle beam device 1100 preferably further includes
an Energy Dispersive X-Ray Analysis (EDX) detector 2135 for detecting X-ray photons.
Charged particle source 2110, lens barrel 2120, electromagnetic lenses 2124, internal particle
detector 2130 and EDX detector 2135 are all included in charged particle beam device 2100
and are all disposed within a charged particle beam device housing 2140.

[00185] Primary charged particle beam 2112 then passes through pressure-sealing
membrane 110 of membrane assembly 100 and interacts with a sample 2160 supported by a
sample support 2170. Preferably, there is a first-pressure environment 2180, characterized by
a first pressure, within charged particle beam device housing 2140, and a second-pressure
environment 2190, characterized by a second pressure, surrounding sample 2160 and sample
support 2170. Preferably, both first-pressure environment 2180 and second-pressure
environment 2190 are gaseous environments.

[00186] In the embodiment of the present invention shown in Fig. 8, charged particle
beam device housing 2140 contains first-pressure environment 2180 which is characterized

by a single pressure. In an alternative embodiment of the present invention, charged particle
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beam device 2100 contains an additional-pressure environment, such as an environment
within lens barrel 2120, which is maintained at a lower pressure than first-pressure
environment 2180.

[00187] Pressure-sealing membrane 110 is situated between and bonded to supporting
membrane layer 120 and holding frame 130. Typically, there exists a pressure differential
between first-pressure environment 2180 and second-pressure environment 2190, across
pressure-sealing membrane 110. First-pressure environment 2180 has a lower pressure than
second-pressure environment 2190. Preferably, a pressure differential of approximately
100,000 pascals exists between first-pressure environment 2180 and second-pressure
environment 2190, across pressure-sealing membrane 110. More preferably, a pressure
differential of approximately 150,000 pascals exists between first-pressure environment 2180
and second-pressure environment 2190, across pressure-scaling membrane 110. Most
preferably, a pressure differential of approximately 200,000 pascals exists between first-
pressure environment 2180 and second-pressure environment 2190, across pressure-sealing
membrane 110. Typically, the first pressure of first-pressure environment 2180 is maintained
by a use of at least one vacuum pump (not shown), and the second pressure of second-pressure
environment 2190, is substantially similar to an ambient pressure of an environment in which
charged particle beam device 2100 is located.

[00188] In one exemplary use case of charged particle beam device 2100, first-pressure
environment 2180 within charged particle beam device housing 2140 is under partial vacuum,
such as 107 pascals, and second-pressure environment 2190 surrounding sample 2160 and
sample support 2170 is substantially close to atmospheric pressure. Pressure-sealing
membrane 110 maintains the pressure difference between first-pressure environment 2180
and second-pressure environment 2190.

[00189] Charged particle beam device 2100 is shown in Fig. 8 as including internal
particle detector 2130 for detecting particles resulting from interactions between primary
charged particle beam 2112 and sample 2160. For simplicity, charged particle beam device
2100 is shown in Fig. 8 without additional focusing lenses and with only one internal particle
detector 2130 and one EDX detector 2135. However, charged particle beam device 2100 may
include any suitable number of components including, inter alia, additional lenses, external
particle detectors and internal particle detectors. Any external particle detectors, such as, inter
alia, electron detectors, are typically situated in second-pressure environment 2190. Any
internal particle detectors, such as, inter alia, electron detectors, are typically situated in first-

pressure environment 2180.
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[00190] It is a particular feature of the present invention that both supporting membrane
layer 120 and pressure-sealing membrane 110 are substantially transparent to X-rays.
Accordingly, X-rays resulting from interactions between primary charged particle beam 2112
and sample 2160, which are typically generated outside of charged particle beam device
housing 2140, are able to pass through membrane assembly 100 and be detected by one or
more detectors situated within charged particle beam device housing 2140, such as internal
particle detector 2130.

[00191] It is a particular feature of the present invention that pressure-sealing membrane
110 is formed of a suitable material substantially transparent to primary charged particle beam
2112. For example, if charged particle beam device 2100 is an SEM and primary charged
particle beam 2112 is an electron beam, then pressure-sealing membrane 2110 is preferably
formed of silicon nitride, silicon or carbon.

[00192] It is a particular feature of the present invention that pressure-sealing membrane
110 overlies and atmospherically seals cornerless aperture 122 in supporting membrane layer
120. Preferably, cornerless aperture 122 has a longest chord of at least 100,000 nanometers.
More preferably, cornerless aperture 122 has a longest chord of at least 200,000 nanometers.
Most preferably, cornerless aperture 122 has a longest chord of at least 250,000 nanometers.
The dimensions and relative dispositions of pressure-sealing membrane 110 and cornerless
aperture 122, result in a large field of view for particle detectors, such as internal particle
detector 2130, that are situated within charged particle beam device housing 2140.

[00193] Sample 2160 may be any solid object or non-solid object. In the exemplary use
case shown in Fig. 8, sample 2160 is a single object. However, sample 2160 may include a
plurality of objects. Preferably, a distance between sample 2160 and pressure-sealing
membrane 110 is minimized, thereby minimizing a scattering of primary charged particle
beam 2112. Preferably, the distance between sample 2160 and pressure-sealing membrane
110 is less than 200,000 nanometers. More preferably, the distance between sample 2160 and
pressure-sealing membrane 110 is less than 100,000 nanometers. Most preferably, the
distance between sample 2160 and pressure-sealing membrane 110 is less than 50,000
nanometers. Sample support 2170 may be formed in any suitable shape. Sample support 2170
is preferably operative to support sample 2160. Preferably, sample support 2170 is equipped
with a mechanism to adjust a linear and angular spatial position of sample 2160 in three
dimensions. An exemplary stage useful as sample support 2170 is part number MCL-uD2067,
commercially available from Mad City Labs Inc., of Madison, USA.
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[00194] Holding frame 130 is affixed to charged particle beam device housing 2140 such
that membrane assembly 100 atmospherically seals first-pressure environment 2180. In the
embodiment of the present invention shown in Fig. 8, holding frame 130 is affixed, preferably
using a suitable adhesive, to a plate 2192, which is detachably affixed to charged particle
beam device housing 2140, preferably using suitable fasteners (not shown). The respective
affixations of holding frame 130 to plate 2192 and of plate 2192 to charged particle beam
device housing 2140 are preferably each substantially air-tight. In an alternative embodiment
of the present invention, holding frame 130 is affixed to charged particle beam device 2100
using an alternative adhesive or method of affixation. It is appreciated that holding frame 130
may be detachably or non-detachably affixed to charged particle beam device housing 2140.
In the embodiment of the present invention shown in Fig. 8, holding frame 130 is situated
externally to charged particle beam device housing 2140. In another embodiment of the
present invention, holding frame 130 is situated partially or completely within charged
particle beam device housing 2140.

[00195] The present invention is useful with any of multiple types of charged particle
beam devices 2100, including, inter alia, a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope, a composite device
including a combination of some or all of a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope and analysis devices
utilizing them. An exemplary device useful as charged particle beam device 2100, in which
charged particle source 2110 and sample 2160 are situated in different-pressure
environments, is an AE 1500, commercially available from Hitatchi, Ltd, of Chiyoda, Japan.
Membrane assembly 100 is preferably manufactured using conventional silicon-on-insulator
(SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable semiconductor
manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00196] Reference is now made to Fig. 9, which is a simplified illustration of a charged
particle beam device 2200 employing membrane assembly 200, which is described
hereinabove with reference to Figs. 2A — 2D. A charged particle source 2210 generates a
primary charged particle beam 2212. Charged particle beam 2212 travels through a lens barrel
2220, which is surrounded by a plurality of electromagnetic lenses 2224, and through an
internal particle detector 2230. Charged particle beam device 2200 preferably further includes
an Energy Dispersive X-Ray Analysis (EDX) detector 2235 for detecting X-ray photons.

Charged particle source 2210, lens barrel 2220, electromagnetic lenses 2224, internal particle
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detector 2230 and EDX detector 2235 are all included in charged particle beam device 2200
and are all disposed within a charged particle beam device housing 2240.

[00197] Primary charged particle beam 2212 then passes through pressure-sealing
membrane 210 of membrane assembly 200 and interacts with a sample 2260 supported by a
sample support 2270. Preferably, there is a first-pressure environment 2280, characterized by
a first pressure, within charged particle beam device housing 2240, and a second-pressure
environment 2290, characterized by a second pressure, surrounding sample 2260 and sample
support 2270. Preferably, both first-pressure environment 2280 and second-pressure
environment 2290 are gaseous environments.

[00198] In the embodiment of the present invention shown in Fig. 9, charged particle
beam device housing 2240 contains first-pressure environment 2280 which is characterized
by a single pressure. In an alternative embodiment of the present invention, charged particle
beam device 2200 contains an additional-pressure environment, such as an environment
within lens barrel 2220, which is maintained at a lower pressure than first-pressure
environment 2280.

[00199] Supporting membrane layer 220 is situated between and bonded to pressure-
sealing membrane 210 and etch-stopping layer 226. Typically, there exists a pressure
differential between first-pressure environment 2280 and second-pressure environment 2290,
across pressure-sealing membrane 210. First-pressure environment 2280 has a lower pressure
than second-pressure environment 2290. Preferably, a pressure differential of approximately
100,000 pascals exists between first-pressure environment 2280 and second-pressure
environment 2290, across pressure-sealing membrane 210. More preferably, a pressure
differential of approximately 150,000 pascals exists between first-pressure environment 2280
and second-pressure environment 2290, across pressure-secaling membrane 210. Most
preferably, a pressure differential of approximately 200,000 pascals exists between first-
pressure environment 2280 and second-pressure environment 2290, across pressure-sealing
membrane 210. Typically, the first pressure of first-pressure environment 2280 is maintained
by ause of at least one vacuum pump (not shown), and the second pressure of second-pressure
environment 2290 is substantially similar to an ambient pressure of an environment in which
charged particle beam device 2200 is located.

[00200] In one exemplary use case of charged particle beam device 2200, first-pressure
environment 2280 within charged particle beam device housing 2240 is under partial vacuum,
such as 107 pascals, and second-pressure environment 2290 surrounding sample 2260 and

sample support 2270 is substantially close to atmospheric pressure. Pressure-sealing
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membrane 210 maintains the pressure difference between first-pressure environment 2280
and second-pressure environment 2290.

[00201] Charged particle beam device 2200 is shown in Fig. 9 as including internal
particle detector 2230 for detecting particles resulting from interactions between primary
charged particle beam 2212 and sample 2260. For simplicity, charged particle beam device
2200 is shown in Fig. 9 without additional focusing lenses and with only one internal particle
detector 2230 and one EDX detector 2235. However, charged particle beam device 2200 may
include any suitable number of components, including, inter alia, additional lenses, external
particle detectors and internal particle detectors. Any external particle detectors, such as, inter
alia, electron detectors, are typically situated in second-pressure environment 2290. Any
internal particle detectors, such as, inter alia, electron detectors and X-ray detectors are
typically situated in first-pressure environment 2280.

[00202] It is a particular feature of the present invention that both supporting membrane
layer 220 and pressure-secaling membrane 210 are substantially transparent to X-rays.
Accordingly, X-rays resulting from interactions between primary charged particle beam 2212
and sample 2260, which are typically generated outside of charged particle beam device
housing 2240, are able to pass through membrane assembly 200 and be detected by one or
more detectors situated within charged particle beam device housing 2240, such as internal
particle detector 2230.

[00203] It is a particular feature of the present invention that pressure-sealing membrane
210 is substantially transparent to primary charged particle beam 2212. For example, if
charged particle beam device 2200 is a scanning electron microscope (SEM) and primary
charged particle beam 2212 is an electron beam, then pressure-sealing membrane 210 is
preferably formed of silicon nitride, silicon or carbon.

[00204] It is a particular feature of the present invention that pressure-sealing membrane
210 overlies and atmospherically seals cornerless aperture 222 in supporting membrane layer
220. Preferably, cornerless aperture 222 has a longest chord of at least 100,000 nanometers.
More preferably, cornerless aperture 222 has a longest chord of at least 200,000 nanometers.
Most preferably, cornerless aperture 222 has a longest chord of at least 250,000 nanometers.
The dimensions and relative dispositions of pressure-sealing membrane 210 and cornerless
aperture 222 result in a large field of view for particle detectors, such as internal particle
detector 2230, that are situated within charged particle beam device housing 2240.

[00205] Sample 2260 may be any solid object or non-solid object. In the exemplary use

case shown in Fig. 9, sample 2260 is a single object. However, sample 2260 may include a
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plurality of objects. Preferably, a distance between sample 2260 and pressure-sealing
membrane 210 is minimized, thereby minimizing a scattering of primary charged particle
beam 2212. Preferably, the distance between sample 2260 and pressure-sealing membrane
210 is less than 200,000 nanometers. More preferably, the distance between sample 2260 and
pressure-sealing membrane 210 is less than 100,000 nanometers. Most preferably, the
distance between sample 2260 and pressure-sealing membrane 210 is less than 50,000
nanometers.

[00206] Sample support 2270 may be formed in any suitable shape. Sample support
2270 is preferably operative to support sample 2260. Preferably, sample support 2270 is
equipped with a mechanism to adjust a linear and angular spatial position of sample 2260 in
three dimensions. An exemplary stage useful as sample support 2270 is part number MCL-
uD2067, commercially available from Mad City Labs Inc., of Madison, USA.

[00207] Holding frame 230 is affixed to charged particle beam device housing 2240 such
that membrane assembly 200 atmospherically seals first-pressure environment 2280. In the
embodiment of the present invention shown in Fig. 9, holding frame 230 is affixed, preferably
using a suitable adhesive, to a plate 2292, which is detachably affixed to charged particle
beam device housing 2240, preferably using suitable fasteners (not shown). The respective
affixations of holding frame 230 to plate 2292 and of plate 2292 to charged particle beam
device housing 2240 are preferably each substantially air-tight. In an alternative embodiment
of the present invention, holding frame 230 is affixed to charged particle beam device 2200
using an alternative adhesive or method of affixation. It is appreciated that holding frame 230
may be detachably or non-detachably affixed to charged particle beam device housing 2240.
In the embodiment of the present invention shown in Fig. 9, holding frame 230 is situated
externally to charged particle beam device housing 2240. In another embodiment of the
present invention, holding frame 230 is situated partially or completely within charged
particle beam device housing 2240.

[00208] The present invention is useful with any of multiple types of charged particle
beam devices 2200, including, inter alia, a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope, a composite device
including a combination of some or all of a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope and analysis devices
utilizing them.

[00209] An exemplary device useful as charged particle beam device 2200, in which

charged particle source 2210 and sample 2260 are situated in different-pressure
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environments, is an AE 1500, commercially available from Hitatchi, Ltd, of Chiyoda, Japan.
Membrane assembly 200 is preferably manufactured using conventional silicon-on-insulator
(SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable semiconductor
manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00210] Reference is now made to Fig. 10, which is a simplified illustration of a charged
particle beam device 2300 employing membrane assembly 300, which is described
hereinabove with reference to Figs. 3A — 3F. A charged particle source 2310 generates a
primary charged particle beam 2312. Charged particle beam 2312 travels through a lens barrel
2320, which is surrounded by a plurality of electromagnetic lenses 2324, and through an
internal particle detector 2330. Charged particle beam device 2300 preferably further includes
an Energy Dispersive X-Ray Analysis (EDX) detector 2335 for detecting X-ray photons.
Charged particle source 2310, lens barrel 2320, electromagnetic lenses 2324, internal particle
detector 2330 and EDX detector 2335 are all included in charged particle beam device 2300
and are all disposed within a charged particle beam device housing 2340.

[00211] Primary charged particle beam 2312 then passes through pressure-sealing
membrane 310 of membrane assembly 300 and interacts with a sample 2360 supported by a
sample support 2370. Preferably, there is a first-pressure environment 2380, characterized by
a first pressure, within charged particle beam device housing 2340, and a second-pressure
environment 2390, characterized by a second pressure, surrounding sample 2360 and sample
support 2370. Preferably, both first-pressure environment 2380 and second-pressure
environment 2390 are gaseous environments.

[00212] In the embodiment of the present invention shown in Fig. 10, charged particle
beam device housing 2340 contains first-pressure environment 2380 which is characterized
by a single pressure. In an alternative embodiment of the present invention, charged particle
beam device 2300 contains an additional-pressure environment, such as an environment
within lens barrel 2320, which is maintained at a lower pressure than first-pressure
environment 2380.

[00213] Typically, interactions between primary charged particle beam 2312 and sample
2360 produce a plurality of particles, which travel along a plurality of particle paths. An
exemplary subset of such particle paths is represented in Fig. 10 by a secondary particle path
2410, a secondary particle path 2430, a back-scattered particle path 2440 and an X-ray photon
path 2450. Electromagnetic noise is also typically present in second-pressure environment
2390. An example of such electromagnetic noise is represented in Fig. 10 by electromagnetic

noise path 2460.
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[00214] Pressure-sealing membrane 310 is situated between and bonded to supporting
membrane layer 320 and holding frame 330. Typically, there exists a pressure differential
between first-pressure environment 2380 and second-pressure environment 2390, across
pressure-sealing membrane 310. First-pressure environment 2380 has a lower pressure than
second-pressure environment 2390. Preferably, a pressure differential of approximately
100,000 pascals exists between first-pressure environment 2380 and second-pressure
environment 2390, across pressure-sealing membrane 310. More preferably, a pressure
differential of approximately 150,000 pascals exists between first-pressure environment 2380
and second-pressure environment 2390, across pressure-scaling membrane 310. Most
preferably, a pressure differential of approximately 200,000 pascals exists between first-
pressure environment 2380 and second-pressure environment 2390, exists pressure-sealing
membrane 310. Typically, the first pressure of first-pressure environment 2380 is maintained
by a use of at least one vacuum pump (not shown), and the second pressure of second-pressure
environment 2390 is substantially similar to an ambient pressure of an environment in which
charged particle beam device 2300 is located.

[00215] One exemplary use case of charged particle beam device 2300, first-pressure
environment 2380 within charged particle beam device housing 2340 is under partial vacuum,
such as 107 pascals, and second-pressure environment 2390 surrounding sample 2360 and
sample support 2370 is substantially close to atmospheric pressure. Pressure-sealing
membrane 310 maintains the pressure difference between first-pressure environment 2380
and second-pressure environment 2390.

[00216] Charged particle beam device 2300 is shown in Fig. 10 as including internal
particle detector 2330 for detecting particles resulting from interactions between primary
charged particle beam 2312 and sample 2360. Charged particle beam device 2300 is also
shown in Fig. 10 as including EDX detector 2335, for detecting X-ray photons. For simplicity,
charged particle beam device 2300 is shown in Fig. 10 without additional focusing lenses and
with only one internal particle detector 2330 and one EDX detector 2335. However, charged
particle beam device 2300 may include any suitable number of components, including, inter
alia, additional lenses, external particle detectors and internal particle detectors. Any external
particle detectors, such as, inter alia, electron detectors, are typically situated in second-
pressure environment 2390. Any internal particle detectors, such as, inter alia, electron
detectors and X-ray detectors are typically situated in first-pressure environment 2380.

[00217] It is a particular feature of the present invention that all of supporting membrane

layer 320, pressure-secaling membrane 310 and dielectric layer 410 are substantially
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transparent to X-rays. Accordingly, X-rays resulting from interactions between primary
charged particle beam 2312 and sample 2360, which are typically generated outside of
charged particle beam device housing 2340, are able to pass through membrane assembly 300
and be detected by one or more detectors situated within charged particle beam device
housing 2340, such as internal particle detector 2330.

[00218] It is a particular feature of the present invention that pressure-sealing membrane
310 is substantially transparent to primary charged particle beam 2312. For example, if
charged particle beam device 2300 is an SEM and primary charged particle beam 2312 is an
electron beam, then pressure-sealing membrane 310 is preferably formed of silicon nitride,
silicon or carbon.

[00219] It is a particular feature of the present invention that pressure-sealing membrane
310 overlies and atmospherically seals cornerless aperture 322 in supporting membrane layer
320. Preferably, cornerless aperture 322 has a longest chord of at least 100,000 nanometers.
More preferably, cornerless aperture 322 has a longest chord of at least 200,000 nanometers.
Most preferably, cornerless aperture 322 has a longest chord of at least 250,000 nanometers.
The dimensions and relative dispositions of pressure-sealing membrane 310 and cornerless
aperture 322 result in a large field of view for particle detectors, such as internal particle
detector 2330, that are situated within charged particle beam device housing 2340.

[00220] Sample 2360 may be any solid object or non-solid object. In the exemplary use
case shown in Fig. 10, sample 2360 is a single object. However, sample 2360 may include a
plurality of objects. Preferably, a distance between sample 2360 and pressure-sealing
membrane 310 is minimized, thereby minimizing a scattering of primary charged particle
beam 2312. Preferably, the distance between sample 2360 and pressure-sealing membrane
310 is less than 200,000 nanometers. More preferably, the distance between sample 2360 and
pressure-sealing membrane 310 is less than 100,000 nanometers. Most preferably, the
distance between sample 2360 and pressure-sealing membrane 310 is less than 50,000
nanometers.

[00221] Sample support 2370 may be formed in any suitable shape. Sample support
2370 is preferably operative to support sample 2360. Preferably, sample support 2370 is
equipped with a mechanism to adjust a linear and angular spatial position of sample 2360 in
three dimensions. An exemplary stage useful as sample support 2370 is part number MCL-
uD2067, commercially available from Mad City Labs Inc., of Madison, USA.

[00222] Holding frame 330 is affixed to charged particle beam device housing 2340 such

that membrane assembly 300 atmospherically seals first-pressure environment 2380. In the
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embodiment of the present invention shown in Fig. 10, holding frame 330 is affixed,
preferably using a suitable adhesive, to a plate 2392, which is detachably affixed to charged
particle beam device housing 2340, preferably using suitable fasteners (not shown). The
respective affixations of holding frame 330 to plate 2392 and of plate 2392 to charged particle
beam device housing 2340 are preferably each substantially air-tight. In an alternative
embodiment of the present invention, holding frame 330 is affixed to charged particle beam
device 2300 using an alternative adhesive or method of affixation. It is appreciated that
holding frame 330 may be detachably or non-detachably affixed to charged particle beam
device housing 2340. In the embodiment of the present invention shown in Fig. 10, holding
frame 330 is situated externally to charged particle beam device housing 2340. In another
embodiment of the present invention, holding frame 330 is situated partially or completely
within charged particle beam device housing 2340.

[00223] Secondary particle path 2410 is an example of a particle path in which
secondary particles are not absorbed by membrane assembly 300. Rather, the secondary
particles of secondary particle path 2410 traverse second-pressure environment 2390 both
without interacting with membrane assembly 300 and without entering charged particle beam
device housing 2340. Secondary particle path 2430 is an example of a particle path in which
secondary particles are absorbed by inner metal line 430. Back-scattered particle path 2440
is an example of a particle path in which back-scattered particles pass through pressure-
sealing membrane 310 and are detected by internal particle detector 2330. X-ray photon path
2450 is an example of a path in which X-ray photons pass through dielectric layer 410,
pressure-sealing membrane 310 and supporting membrane layer 320 and are detected by EDX
detector 2335. Electromagnetic noise path 2460 is an example of an electromagnetic noise
path in which electromagnetic noise from second-pressure environment 2390 is absorbed by
outer metal line 420, outer metal line 420 functioning in a noise-reducing capacity.

[00224] During an operation of charged particle beam device 2300, either a positive or
negative potential may be individually applied to outer metal line 420 and inner metal line
430. If an overall positive potential is applied to a metal line, then the metal line absorbs
lower-energy electrons. In a preferred mode of operation of charged particle beam device
2300, a positive potential of approximately 150 volts is applied to both outer metal line 420
and inner metal line 430, thereby maximizing an absorption of low-energy electrons primarily
by inner metal line 430.

[00225] In a preferred mode of operation of charged particle beam device 2300, an

interaction between charged particle beam 2312 and sample 2360 causes local negative
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charging of sample 2360. Local negative charging of sample 2360 increases an electric
potential difference between sample 2360 and outer metal line 420, and also increases an
electric potential difference between sample 2360 and inner metal line 430. Accordingly,
local negative charging of sample 2360 increases a strength of electric fields between sample
2360 and outer metal line 420, and between sample 2360 and inner metal line 430,
respectively. These increased electric fields increase movement of negatively charged low-
energy electrons from sample 2360 to inner metal line 420. Therefore, these increased electric
field strengths increase absorption of low-energy electrons primarily by inner metal line 430.

[00226] The present invention is useful with any of multiple types of charged particle
beam devices 2300, including, inter alia, a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope, a composite device
including a combination of some or all of a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope and analysis devices
utilizing them.

[00227] An exemplary device useful as charged particle beam device 2300, in which
charged particle source 2310 and sample 2360 are situated in different-pressure
environments, is an AE 1500, commercially available from Hitatchi, Ltd, of Chiyoda, Japan.
Membrane assembly 300 is preferably manufactured using conventional silicon-on-insulator
(SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable semiconductor
manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00228] Reference is now made to Fig. 11, which is a simplified illustration of a charged
particle beam device 2500 employing membrane assembly 500, which is described
hereinabove with reference to Figs. 4A — 4F. A charged particle source 2510 generates a
primary charged particle beam 2512. Charged particle beam 2512 travels through a lens barrel
2520, which is surrounded by a plurality of electromagnetic lenses 2524, and through an
internal particle detector 2530. Charged particle beam device 2500 preferably further includes
an Energy Dispersive X-Ray Analysis (EDX) detector 2535 for detecting X-ray photons.
Charged particle source 2510, lens barrel 2520, electromagnetic lenses 2524, internal particle
detector 2530 and EDX detector 2535 are all included in charged particle beam device 2500
and are all disposed within a charged particle beam device housing 2540. Primary charged
particle beam 2512 then passes through pressure-sealing membrane 510 of membrane
assembly 500 and interacts with a sample 2560 supported by a sample support 2570.

[00229] Preferably, there is a first-pressure environment 2580, characterized by a first

pressure, within charged particle beam device housing 2540, and a second-pressure
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environment 2590, characterized by a second pressure, surrounding sample 2560 and sample
support 2570. Preferably, both first-pressure environment 2580 and second-pressure
environment 2590 are gaseous environments.

[00230] In the embodiment of the present invention shown in Fig. 11, charged particle
beam device housing 2540 contains first-pressure environment 2580 which is characterized
by a single pressure. In an alternative embodiment of the present invention, charged particle
beam device 2500 contains an additional-pressure environment, such as an environment
within lens barrel 2520, which is maintained at a lower pressure than first-pressure
environment 2580.

[00231] Typically, interactions between primary charged particle beam 2512 and sample
2560 produce a plurality of secondary particles, which travel along a plurality of particle
paths. An exemplary subset of such secondary particle paths is represented in Fig. 11 by a
secondary particle path 2610, a secondary particle path 2630, a back-scattered particle path
2640 and an X-ray photon path 2650. Electromagnetic noise is also typically present in
second-pressure environment 2590. An example of such electromagnetic noise is represented
in Fig. 11 by electromagnetic noise path 2660.

[00232] Supporting membrane layer 520 is situated between and bonded to pressure-
sealing membrane 510 and etch-stopping layer 526. Typically, there exists a pressure
differential between first-pressure environment 2580 and second-pressure environment 2590.
First-pressure environment 2580 has a lower pressure than second-pressure environment
2590. Preferably, a pressure differential of approximately 100,000 pascals exists between
first-pressure environment 2580 and second-pressure environment 2590, across pressure-
sealing membrane 510. More preferably, a pressure differential of approximately 150,000
pascals exists between first-pressure environment 2580 and second-pressure environment
2590, across pressure-sealing membrane 510. Most preferably, a pressure differential of
approximately 200,000 pascals exists between first-pressure environment 2580 and second-
pressure environment 2590, across pressure-sealing membrane 510. Typically, the first
pressure of first-pressure environment 2580 is maintained by a use of at least one vacuum
pump (not shown), and the second pressure of second-pressure environment 2590 is
substantially similar to an ambient pressure of an environment in which charged particle beam
device 2500 is located.

[00233] In one exemplary use case of charged particle beam device 2500, first-pressure
environment 2580 within charged particle beam device housing 2540 is under partial vacuum,

such as 107 pascals, and second-pressure environment 2590 surrounding sample 2560 and
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sample support 2570 is substantially close to atmospheric pressure. Pressure-sealing
membrane 510 maintains the pressure difference between first-pressure environment 2580
and second-pressure environment 2590.

[00234] Charged particle beam device 2500 is shown in Fig. 11 as including internal
particle detector 2530 for detecting particles resulting from interactions between primary
charged particle beam 2512 and sample 2560. Charged particle beam device 2500 is also
shown in Fig. 11 as including EDX detector 2535, for detecting X-ray photons. For simplicity,
charged particle beam device 2500 is shown in Fig. 11 without additional focusing lenses and
with only one internal particle detector 2530 and one EDX detector 2535. However, charged
particle beam device 2500 may include any suitable number of components, including, inter
alia, additional lenses, external particle detectors and internal particle detectors. Any external
particle detectors, such as, inter alia, electron detectors, are typically situated in second-
pressure environment 2590. Any internal particle detectors, such as, inter alia, electron
detectors and X-ray detectors are typically situated in first-pressure environment 2580.

[00235] It is a particular feature of the present invention that all of supporting membrane
layer 520, pressure-sealing membrane 510, etch-stopping layer 526 and dielectric layer 610
are substantially transparent to X-rays. Accordingly, X-rays resulting from interactions
between primary charged particle beam 2512 and sample 2560, which are typically generated
outside of charged particle beam device housing 2540, are able to pass through membrane
assembly 500 and be detected by one or more detectors situated within charged particle beam
device housing 2540, such as internal particle detector 2530.

[00236] It is a particular feature of the present invention that pressure-sealing membrane
510 is substantially transparent to primary charged particle beam 2512. For example, if
charged particle beam device 2500 is an SEM and primary charged particle beam 2512 is an
electron beam, then pressure-sealing membrane 510 is preferably formed of silicon nitride,
silicon or carbon.

[00237] It is a particular feature of the present invention that pressure-sealing membrane
510 overlies and atmospherically seals cornerless aperture 522 in supporting membrane layer
520. Preferably, cornerless aperture 522 has a longest chord of at least 100,000 nanometers.
More preferably, cornerless aperture 522 has a longest chord of at least 200,000 nanometers.
Most preferably, cornerless aperture 522 has a longest chord of at least 250,000 nanometers.
The dimensions and relative dispositions of pressure-sealing membrane 510 and cornerless
aperture 522 result in a large field of view for particle detectors, such as internal particle

detector 2530, that are situated within charged particle beam device housing 2540.
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[00238] Sample 2560 may be any solid object or non-solid object. In the exemplary use
case shown in Fig. 11, sample 2560 is a single object. However, sample 2560 may include a
plurality of objects. Preferably, a distance between sample 2560 and pressure-sealing
membrane 510 is minimized, thereby minimizing a scattering of primary charged particle
beam 2512. Preferably, the distance between sample 2560 and pressure-sealing membrane
510 is less than 200,000 nanometers. More preferably, the distance between sample 2560 and
pressure-sealing membrane 510 is less than 100,000 nanometers. Most preferably, the
distance between sample 2560 and pressure-sealing membrane 510 is less than 50,000
nanometers.

[00239] Sample support 2570 may be formed in any suitable shape. Sample support
2570 is preferably operative to support sample 2560. Preferably, sample support 2570 is
equipped with a mechanism to adjust a linear and angular spatial position of sample 2560 in
three dimensions. An exemplary stage useful as sample support 2570 is part number MCL-
uD2067, commercially available from Mad City Labs Inc., of Madison, USA.

[00240] Holding frame 530 is affixed to charged particle beam device housing 2540 such
that membrane assembly 500 atmospherically seals first-pressure environment 2580. In the
embodiment of the present invention shown in Fig. 11, holding frame 530 is affixed,
preferably using a suitable adhesive, to a plate 2592, which is detachably affixed to charged
particle beam device housing 2540, preferably using suitable fasteners (not shown). The
respective affixations of holding frame 530 to plate 2592 and of plate 2592 to charged particle
beam device housing 2540 are preferably each substantially air-tight. In an alternative
embodiment of the present invention, holding frame 530 is affixed to charged particle beam
device 2500 using an alternative adhesive or method of affixation. It is appreciated that
holding frame 530 may be detachably or non-detachably affixed to charged particle beam
device housing 2540. In the embodiment of the present invention shown in Fig. 11, holding
frame 530 is situated externally to charged particle beam device housing 2540. In another
embodiment of the present invention, holding frame 530 is situated partially or completely
within charged particle beam device housing 2540.

[00241] Secondary particle path 2610 is an example of a particle path in which
secondary particles are not absorbed by membrane assembly 500. Rather, the secondary
particles of secondary particle path 2610 traverse second-pressure environment 2590 both
without interacting with membrane assembly 500 and without entering charged particle beam
device housing 3540. Secondary particle path 2630 is an example of a particle path in which

secondary particles are absorbed by inner metal line 630. Back-scattered particle path 2640
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is an example of a particle path in which back-scattered particles pass through pressure-
sealing membrane 510 and are detected by internal particle detector 2530. X-ray photon path
2650 is an example of a path in X-ray photons pass through dielectric layer 610, pressure-
sealing membrane 510, etch-stopping layer 526 and supporting membrane layer 520 and are
detected by EDX detector 2535. Electromagnetic noise path 2660 is an example of an
electromagnetic noise path in which electromagnetic noise from second-pressure
environment 2590 is absorbed by outer metal line 620, outer metal line 620 functioning in a
noise-reducing capacity.

[00242] During an operation of charged particle beam device 2500, either a positive or
negative potential may be individually applied to outer metal line 620 and inner metal line
630. If an overall positive potential is applied to a metal line, then the metal line absorbs
lower-energy electrons. In a preferred mode of operation of charged particle beam device
2500, a positive potential of approximately 150 volts is applied to both outer metal line 620
and inner metal line 630, thereby maximizing an absorption of low-energy electrons primarily
by inner metal line 630.

[00243] In a preferred mode of operation of charged particle beam device 2500, an
interaction between charged particle beam 2512 and sample 2560 causes local negative
charging of sample 2560. Local negative charging of sample 2560 increases an electric
potential difference between sample 2560 and outer metal line 620, and also increases an
electric potential difference between sample 2560 and inner metal line 630. Accordingly,
local negative charging of sample 2560 increases a strength of electric fields between sample
2560 and outer metal line 620, and between sample 2560 and inner metal line 630,
respectively. These increased electric fields increase movement of negatively charged low-
energy electrons from sample 2560 to outer metal line 620 and inner metal line 620.
Therefore, these increased electric field strengths increase absorption of low-energy electrons
primarily by inner metal line 630.

[00244] The present invention is useful with any of multiple types of charged particle
beam devices 2500, including, inter alia, a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope, a composite device
including a combination of some or all of a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope and analysis devices
utilizing them.

[00245] An exemplary device useful as charged particle beam device 2500, in which

charged particle source 2510 and sample 2560 are situated in different-pressure
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environments, is an AE 1500, commercially available from Hitatchi, Ltd, of Chiyoda, Japan.
Membrane assembly 500 is preferably manufactured using conventional silicon-on-insulator
(SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable semiconductor
manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00246] Reference is now made to Fig. 12, which is a simplified illustration of a charged
particle beam device 2700 employing membrane assembly 700, which is described
hereinabove with reference to Figs. 5SA — 5F. A charged particle source 2710 generates a
primary charged particle beam 2712. Charged particle beam 2712 travels through a lens barrel
2720, which is surrounded by a plurality of electromagnetic lenses 2724, and through an
internal particle detector 2730. Charged particle beam device 2700 preferably further includes
an Energy Dispersive X-Ray Analysis (EDX) detector 2735 for detecting X-ray photons.
Charged particle source 2710, lens barrel 2720, electromagnetic lenses 2724, internal particle
detector 2730 and EDX detector 2735 are all included in charged particle beam device 2700
and are all disposed within a charged particle beam device housing 2740. Primary charged
particle beam 2712 then passes through pressure-sealing membrane 710 of membrane
assembly 700 and interacts with a sample 2760 supported by a sample support 2770.

[00247] Preferably, there is a first-pressure environment 2780, characterized by a first
pressure, within charged particle beam device housing 2740, and a second-pressure
environment 2790, characterized by a second pressure, surrounding sample 2760 and sample
support 2770. Preferably, both first-pressure environment 2780 and second-pressure
environment 2790 are gaseous environments.

[00248] In the embodiment of the present invention shown in Fig. 12, charged particle
beam device housing 2740 contains first-pressure environment 2780 which is characterized
by a single pressure. In an alternative embodiment of the present invention, charged particle
beam device 2700 contains an additional-pressure environment, such as an environment
within lens barrel 2720, which is maintained at a lower pressure than first-pressure
environment 2780.

[00249] Typically, interactions between primary charged particle beam 2712 and sample
2760 produce a plurality of secondary particles, which travel along a plurality of particle
paths. An exemplary subset of such particle paths is represented in Fig. 12 by a secondary
particle path 2810, a secondary particle path 2830, a back-scattered particle path 2840 and an
X-ray photon path 2850. Electromagnetic noise is also typically present in second-pressure
environment 2790. An example of such electromagnetic noise is represented in Fig. 12 by

electromagnetic noise path 2860.
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[00250] Pressure-sealing membrane 710 is situated between and bonded to supporting
membrane layer 720 and holding frame 730. Typically, there exists a pressure differential
between first-pressure environment 2780 and second-pressure environment 2790, across
pressure-sealing membrane 710. First-pressure environment 2780 has a lower pressure than
second-pressure environment 2790. Preferably, a pressure differential of approximately
100,000 pascals exists between first-pressure environment 2780 and second-pressure
environment 2790, across pressure-sealing membrane 710. More preferably, a pressure
differential of approximately 150,000 pascals exists between first-pressure environment 2780
and second-pressure environment 2790, across pressure-scaling membrane 710. Most
preferably, a pressure differential of approximately 200,000 pascals exists between first-
pressure environment 2780 and second-pressure environment 2790, across pressure-sealing
membrane 710. Typically, the first pressure of first-pressure environment 2780 is maintained
by a use of at least one vacuum pump (not shown), and the second pressure of second-pressure
environment 2790 is substantially similar to an ambient pressure of an environment in which
charged particle beam device 2700 is located.

[00251] In one exemplary use case of charged particle beam device 2700, first-pressure
environment 2780 within charged particle beam device housing 2740 is under partial vacuum,
such as 107 pascals, and second-pressure environment 2790 surrounding sample 2760 and
sample support 2770 is substantially close to atmospheric pressure. Pressure-sealing
membrane 710 maintains the pressure difference between first-pressure environment 2780
and second-pressure environment 2790.

[00252] Charged particle beam device 2700 is shown in Fig. 12 as including internal
particle detector 2730 for detecting particles resulting from interactions between primary
charged particle beam 2712 and sample 2760. Charged particle beam device 2700 is also
shown in Fig. 12 as including EDX detector 2735, for detecting X-ray photons. For simplicity,
charged particle beam device 2700 is shown in Fig. 12 without additional focusing lenses and
with only one internal particle detector 2730 and one EDX detector 2735. However, charged
particle beam device 2700 may include any suitable number of components, including, inter
alia, additional lenses, external particle detectors and internal particle detectors. Any external
particle detectors, such as, inter alia, electron detectors, are typically situated in second-
pressure environment 2790. Any internal particle detectors, such as, inter alia, electron
detectors and X-ray detectors are typically situated in first-pressure environment 2780.

[00253] It is a particular feature of the present invention that all of supporting membrane

layer 720, pressure-sealing membrane 710 and dielectric layer 810 are substantially
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transparent to X-rays. Accordingly, X-rays resulting from interactions between primary
charged particle beam 2712 and sample 2760, which are typically generated outside of
charged particle beam device housing 2740, are able to pass through membrane assembly 700
and be detected by one or more detectors situated within charged particle beam device
housing 2740, such as internal particle detector 2730.

[00254] It is a particular feature of the present invention that pressure-sealing membrane
710 is substantially transparent to primary charged particle beam 2712. For example, if
charged particle beam device 2700 is an SEM and primary charged particle beam 2712 is an
electron beam, then pressure-sealing membrane 710 is preferably formed of silicon nitride,
silicon or carbon.

[00255] It is a particular feature of the present invention that pressure-sealing membrane
710 overlies and atmospherically seals cornerless aperture 722 in supporting membrane layer
720. Preferably, cornerless aperture 722 has a longest chord of at least 100,000 nanometers.
More preferably, cornerless aperture 722 has a longest chord of at least 200,000 nanometers.
Most preferably, cornerless aperture 722 has a longest chord of at least 250,000 nanometers.
The dimensions and relative dispositions of pressure-sealing membrane 710 and cornerless
aperture 722 result in a large field of view for particle detectors, such as internal particle
detector 2730, that are situated within charged particle beam device housing 2740.

[00256] Sample 2760 may be any solid object or non-solid object. In the exemplary use
case shown in Fig. 12, sample 2760 is a single object. However, sample 2760 may include a
plurality of objects. Preferably, a distance between sample 2760 and pressure-sealing
membrane 710 is minimized, thereby minimizing a scattering of primary charged particle
beam 2712. Preferably, the distance between sample 2760 and pressure-sealing membrane
710 is less than 200,000 nanometers. More preferably, the distance between sample 2760 and
pressure-sealing membrane 710 is less than 100,000 nanometers. Most preferably, the
distance between sample 2760 and pressure-sealing membrane 710 is less than 50,000
nanometers. Even if one or both of outer metal line pad 840 or inner metal line pad 850 are
wire bonded to a printed circuit board (not shown), such wire bonds typically do not increase
the working distance between sample 2760 and pressure-sealing membrane 710, and a
working distance of less than 50,000 nanometers to less than 200,000 nanometers can be
attained. The working distance is not increased by the wire bonds attached to one or both of
outer metal line pad 840 and inner metal line pad 850, because metal line pads 840 and 850
are situated on beveled surface 854, thus preferably ensuring that the wire bonds do not extend

closer to sample 2760 than does largest external surface 731 of electron-detecting
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subassembly 702. Sample support 2770 may be formed in any suitable shape. Sample support
2770 is preferably operative to support sample 2760. Preferably, sample support 2770 is
equipped with a mechanism to adjust a linear and angular spatial position of sample 2760 in
three dimensions. An exemplary stage useful as sample support 2770 is part number MCL-
uD2067, commercially available from Mad City Labs Inc., of Madison, USA.

[00257] Holding frame 730 is affixed to charged particle beam device housing 2740 such
that membrane assembly 700 atmospherically seals first-pressure environment 2780. In the
embodiment of the present invention shown in Fig. 12, holding frame 730 is affixed,
preferably using a suitable adhesive, to a plate 2792, which is detachably affixed to charged
particle beam device housing 2740, preferably using suitable fasteners (not shown). The
respective affixations of holding frame 730 to plate 2792 and of plate 2792 to charged particle
beam device housing 2740 are preferably each substantially air-tight. In an alternative
embodiment of the present invention, holding frame 730 is affixed to charged particle beam
device 2700 using an alternative adhesive or method of affixation. It is appreciated that
holding frame 730 may be detachably or non-detachably affixed to charged particle beam
device housing 2740. In the embodiment of the present invention shown in Fig. 12, holding
frame 730 is situated externally to charged particle beam device housing 2740. In another
embodiment of the present invention, holding frame 730 is situated partially or completely
within charged particle beam device housing 2740.

[00258] Secondary particle path 2810 is an example of a particle path in which
secondary particles are not absorbed by membrane assembly 700. Rather, the secondary
particles of secondary particle path 2810 traverse second-pressure environment 2790 both
without interacting with membrane assembly 700 and without entering charged particle beam
device housing 2740. Secondary particle path 2830 is an example of a particle path in which
secondary particles are absorbed by inner metal line 830. Back-scattered particle path 2840
is an example of a particle path in which back-scattered particles pass through pressure-
sealing membrane 710 and are detected by internal particle detector 2730. X-ray photon path
2850 is an example of a particle path in which X-ray photons pass through dielectric layer
810, pressure-sealing membrane 710 and supporting membrane layer 720 and are detected by
EDX detector 2735. Electromagnetic noise path 2860 is an example of an electromagnetic
noise path in which electromagnetic noise from second-pressure environment 2790 is
absorbed by outer metal line 820, outer metal line 820 functioning in a noise-reducing

capacity.
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[00259] During an operation of charged particle beam device 2700, either a positive or
negative potential may be individually applied to outer metal line 820 and inner metal line
830. If an overall positive potential is applied to a metal line, then the metal line absorbs
lower-energy electrons. In a preferred mode of operation of charged particle beam device
2700, a positive potential of approximately 150 volts is applied to both outer metal line 820
and inner metal line 830, thereby maximizing an absorption of low-energy electrons primarily
by inner metal line 830.

[00260] In a preferred mode of operation of charged particle beam device 2700, an
interaction between charged particle beam 2712 and sample 2760 causes local negative
charging of sample 2760. Local negative charging of sample 2760 increases an electric
potential difference between sample 2760 and outer metal line 820, and also increases an
electric potential difference between sample 2760 and inner metal line 830. Accordingly,
local negative charging of sample 2760 increases a strength of electric fields between sample
2760 and outer metal line 820, and between sample 2760 and inner metal line 8§30,
respectively. These increased electric fields increase movement of negatively charged low-
energy electrons from sample 2760 to outer metal line 820 and inner metal line 820.
Therefore, these increased electric field strengths increase absorption of low-energy electrons
primarily by inner metal line 830.

[00261] The present invention is useful with any of multiple types of charged particle
beam devices 2700, including, inter alia, a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope, a composite device
including a combination of some or all of a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope and analysis devices
utilizing them.

[00262] An exemplary device useful as charged particle beam device 2700, in which
charged particle source 2710 and sample 2760 are situated in different-pressure
environments, is an AE 1500, commercially available from Hitatchi, Ltd, of Chiyoda, Japan.
Membrane assembly 700 is preferably manufactured using conventional silicon-on-insulator
(SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable semiconductor
manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00263] Reference is now made to Fig. 13, which is a simplified illustration of a charged
particle beam device 2900 employing membrane assembly 900, which is described
hereinabove with reference to Figs. 6A — 6F. A charged particle source 2910 generates a

primary charged particle beam 2912. Charged particle beam 2912 travels through a lens barrel
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2920, which is surrounded by a plurality of electromagnetic lenses 2924, and through an
internal particle detector 2930. Charged particle beam device 2900 preferably further includes
an Energy Dispersive X-Ray Analysis (EDX) detector 2935 for detecting X-ray photons.
Charged particle source 2910, lens barrel 2920, electromagnetic lenses 2924, internal particle
detector 2930 and EDX detector 2935 are all included in charged particle beam device 2900
and are all disposed within a charged particle beam device housing 2940. Primary charged
particle beam 2912 then passes through pressure-sealing membrane 910 of membrane
assembly 900 and interacts with a sample 2960 supported by a sample support 2970.

[00264] Preferably, there is a first-pressure environment 2980, characterized by a first
pressure, within charged particle beam device housing 2940, and a second-pressure
environment 2990, characterized by a second pressure, surrounding sample 2960 and sample
support 2970. Preferably, both first-pressure environment 2980 and second-pressure
environment 2990 are gaseous environments.

[00265] In the embodiment of the present invention shown in Fig. 13, charged particle
beam device housing 2940 contains first-pressure environment 2980 which is characterized
by a single pressure. In an alternative embodiment of the present invention, charged particle
beam device 2900 contains an additional-pressure environment, such as an environment
within lens barrel 2920, which is maintained at a lower pressure than first-pressure
environment 2980.

[00266] Typically, interactions between primary charged particle beam 2912 and sample
2960 produce a plurality of secondary particles, which travel along a plurality of particle
paths. An exemplary subset of such particle paths is represented in Fig. 13 by a secondary
particle path 3010, a secondary particle path 3030, a back-scattered particle path 3040 and an
X-ray photon path 3050. Electromagnetic noise is also typically present in second-pressure
environment 2990. An example of such electromagnetic noise is represented in Fig. 13 by
electromagnetic noise path 3060.

[00267] Pressure-sealing membrane 910 is situated between and bonded to supporting
membrane layer 920 and holding frame 930. Typically, there exists a pressure differential
between first-pressure environment 2980 and second-pressure environment 2990 across
pressure-sealing membrane 910. First-pressure environment 2980 has a lower pressure than
second-pressure environment 2990. Preferably, a pressure differential of approximately
100,000 pascals exists between first-pressure environment 2980 and second-pressure
environment 2990 across pressure-sealing membrane 910. More preferably, a pressure

differential of approximately 150,000 pascals exists between first-pressure environment 2980
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and second-pressure environment 2990 across pressure-sealing membrane 910. Most
preferably, a pressure differential of approximately 200,000 pascals exists between first-
pressure environment 2980 and second-pressure environment 2990 across pressure-sealing
membrane 910. Typically, the first pressure of first-pressure environment 2980 is maintained
by a use of at least one vacuum pump (not shown), and the second pressure of second-pressure
environment 2990 is substantially similar to an ambient pressure of an environment in which
charged particle beam device 2900 is located.

[00268] In one exemplary use case of charged particle beam device 2900, first-pressure
environment 2980 within charged particle beam device housing 2940 is under partial vacuum,
such as 107 pascals, and second-pressure environment 2990 surrounding sample 2960 and
sample support 2970 is substantially close to atmospheric pressure. Pressure-sealing
membrane 910 maintains the pressure difference between first-pressure environment 2980
and second-pressure environment 2990.

[00269] Charged particle beam device 2900 is shown in Fig. 13 as including internal
particle detector 2930 for detecting particles resulting from interactions between primary
charged particle beam 2912 and sample 2960. Charged particle beam device 2900 is also
shown in Fig. 13 as including EDX detector 2935, for detecting X-ray photons. For simplicity,
charged particle beam device 2900 is shown in Fig. 13 without additional focusing lenses and
with only one internal particle detector 2930 and one EDX detector 2935. However, charged
particle beam device 2900 may include any suitable number of components, including, inter
alia, additional lenses, external particle detectors and internal particle detectors. Any external
particle detectors, such as, inter alia, electron detectors, are typically situated in second-
pressure environment 2990. Any internal particle detectors, such as, inter alia, electron
detectors and X-ray detectors are typically situated in first-pressure environment 2980.

[00270] It is a particular feature of the present invention that all of supporting membrane
layer 920, pressure-sealing membrane 910 and dielectric layer 1010 are substantially
transparent to X-rays. Accordingly, X-rays resulting from interactions between primary
charged particle beam 2912 and sample 2960, which are typically generated outside of
charged particle beam device housing 2940, are able to pass through membrane assembly 900
and be detected by one or more detectors situated within charged particle beam device
housing 2940, such as internal particle detector 2930.

[00271] It is a particular feature of the present invention that pressure-sealing membrane
910 is substantially transparent to primary charged particle beam 2912. For example, if

charged particle beam device 1900 is an SEM and primary charged particle beam 2912 is an
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electron beam, then pressure-sealing membrane 910 is preferably formed of silicon nitride,
silicon or carbon.

[00272] It is a particular feature of the present invention that pressure-sealing membrane
910 overlies and atmospherically seals cornerless aperture 922 in supporting membrane layer
920. Preferably, cornerless aperture 922 has a longest chord of at least 100,000 nanometers.
More preferably, cornerless aperture 922 has a longest chord of at least 200,000 nanometers.
Most preferably, cornerless aperture 922 has a longest chord of at least 250,000 nanometers.
The dimensions and relative dispositions of pressure-sealing membrane 910 and cornerless
aperture 922 result in a large field of view for particle detectors, such as internal particle
detector 2930, that are situated within charged particle beam device housing 2940.

[00273] Sample 2960 may be any solid object or non-solid object. In the exemplary use
case shown in Fig. 13, sample 2960 is a single object. However, sample 2960 may include a
plurality of objects. Preferably, a distance between sample 2960 and pressure-sealing
membrane 910 is minimized, thereby minimizing a scattering of primary charged particle
beam 2912. Preferably, the distance between sample 2960 and pressure-sealing membrane
910 is less than 200,000 nanometers. More preferably, the distance between sample 2960 and
pressure-sealing membrane 910 is less than 100,000 nanometers. Most preferably, the
distance between sample 2960 and pressure-sealing membrane 910 is less than 50,000
nanometers.

[00274] Sample support 2970 may be formed in any suitable shape. Sample support
2970 is preferably operative to support sample 2960. Preferably, sample support 2970 is
equipped with a mechanism to adjust a linear and angular spatial position of sample 2960 in
three dimensions. An exemplary stage useful as sample support 2970 is part number MCL-
uD2067, commercially available from Mad City Labs Inc., of Madison, USA.

[00275] Holding frame 930 is affixed to charged particle beam device housing 2940 such
that membrane assembly 900 atmospherically seals first-pressure environment 2980. In the
embodiment of the present invention shown in Fig. 13, holding frame 930 is affixed,
preferably using a suitable adhesive, to a plate 2992, which is detachably affixed to charged
particle beam device housing 2940, preferably using suitable fasteners (not shown). The
respective affixations of holding frame 930 to plate 2992 and of plate 2992 to charged particle
beam device housing 2940 are preferably each substantially air-tight. In an alternative
embodiment of the present invention, holding frame 930 is affixed to charged particle beam
device 2900 using an alternative adhesive or method of affixation. It is appreciated that

holding frame 930 may be detachably or non-detachably affixed to charged particle beam
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device housing 2940. In the embodiment of the present invention shown in Fig. 13, holding
frame 930 is situated externally to charged particle beam device housing 2940. In another
embodiment of the present invention, holding frame 930 is situated partially or completely
within charged particle beam device housing 2940.

[00276] Secondary particle path 3010 is an example of a particle path in which
secondary particles are not absorbed by membrane assembly 900. Rather, the secondary
particles of secondary particle path 3010 traverse second-pressure environment 2990 both
without interacting with membrane assembly 900 and without entering charged particle beam
device housing 2940. Secondary particle path 3030 is an example of a particle path in which
secondary particles are absorbed by inner metal line 1030. Back-scattered particle path 3040
is an example of a particle path in which back-scattered particles pass through pressure-
sealing membrane 910 and are detected by internal particle detector 2930. X-ray photon path
3050 is an example of a particle path in which X-ray photons pass through dielectric layer
1010, pressure-sealing membrane 910 and supporting membrane layer 920 and are detected
by EDX detector 2935. Inner metal line 1030 overlies no more than 25% of an area defined
by aperture 939, such that a significant proportion of X-rays are not blocked by inner metal
line 1030. Electromagnetic noise path 3060 is an example of an electromagnetic noise path
in which electromagnetic noise from second-pressure environment 2990 is absorbed by outer
metal line 1020, outer metal line 1020 functioning in a noise-reducing capacity.

[00277] During an operation of charged particle beam device 2900, either a positive or
negative potential may be individually applied to outer metal line 1020 and inner metal line
1030. If an overall positive potential is applied to a metal line, then the metal line absorbs
lower-energy electrons. In a preferred mode of operation of charged particle beam device
2900, a positive potential of approximately 150 volts is applied to both outer metal line 1020
and inner metal line 1030, thereby maximizing an absorption of low-energy electrons
primarily by inner metal line 1030.

[00278] In a preferred mode of operation of charged particle beam device 2900, an
interaction between charged particle beam 2912 and sample 2960 causes local negative
charging of sample 2960. Local negative charging of sample 2960 increases an electric
potential difference between sample 2960 and outer metal line 1020, and also increases an
electric potential difference between sample 2960 and inner metal line 1030. Accordingly,
local negative charging of sample 2960 increases a strength of electric fields between sample
2960 and outer metal line 1020, and between sample 2960 and inner metal line 1030,

respectively. These increased electric fields increase movement of negatively charged low-
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energy electrons from sample 2960 to outer metal line 1020 and inner metal line 1020.
Therefore, these increased electric field strengths increase absorption of low-energy electrons
primarily by inner metal line 1030.

[00279] The present invention is useful with any of multiple types of charged particle
beam devices 2900, including, inter alia, a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope, a composite device
including a combination of some or all of a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope and analysis devices
utilizing them.

[00280] An exemplary device useful as charged particle beam device 2900, in which
charged particle source 2910 and sample 2960 are situated in different-pressure
environments, is an AE 1500, commercially available from Hitatchi, Ltd, of Chiyoda, Japan.
Membrane assembly 900 is preferably manufactured using conventional silicon-on-insulator
(SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable semiconductor
manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00281] Reference is now made to Fig. 14, which is a simplified illustration of a charged
particle beam device 3100 employing membrane assembly 1100, which is described
hereinabove with reference to Figs. 7A — 7F. A charged particle source 3110 generates a
primary charged particle beam 3112. Charged particle beam 3112 travels through a lens barrel
3120, which is surrounded by a plurality of electromagnetic lenses 3124, and through an
internal particle detector 3130. Charged particle beam device 3100 preferably further includes
an Energy Dispersive X-Ray Analysis (EDX) detector 3135 for detecting X-ray photons.
Charged particle source 3110, lens barrel 3120, electromagnetic lenses 3124, internal particle
detector 3130 and EDX detector 3135 are all included in charged particle beam device 3100
and are all disposed within a charged particle beam device housing 3140.

[00282] Primary charged particle beam 3112 then passes through pressure-sealing
membrane 1110 of membrane assembly 1100 and interacts with a sample 3160 supported by
a sample support 3170. Preferably, there is a first-pressure environment 3180, characterized
by a first pressure, within charged particle beam device housing 3140, and a second-pressure
environment 3190, characterized by a second pressure, surrounding sample 3160 and sample
support 3170. Preferably, both first-pressure environment 3180 and second-pressure
environment 3190 are gaseous environments.

[00283] In the embodiment of the present invention shown in Fig. 14, charged particle

beam device housing 3140 contains first-pressure environment 3180 which is characterized
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by a single pressure. In an alternative embodiment of the present invention, charged particle
beam device 3100 contains an additional-pressure environment, such as an environment
within lens barrel 3120, which is maintained at a lower pressure than first-pressure
environment 3180.

[00284] Typically, interactions between primary charged particle beam 3112 and sample
3160 produce a plurality of secondary particles, which travel along a plurality of particle
paths. An exemplary subset of such particle paths is represented in Fig. 14 by a secondary
particle path 3210, a secondary particle path 3230, a back-scattered particle path 3240 and an
X-ray photon path 3250. Electromagnetic noise is also typically present in second-pressure
environment 3190. An example of such electromagnetic noise is represented in Fig. 14 by
electromagnetic noise path 3260.

[00285] Pressure-sealing membrane 1110 is situated between and bonded to supporting
membrane layer 1120 and holding frame 1130. Typically, there exists a pressure differential
between first-pressure environment 3180 and second-pressure environment 3190, across
pressure-sealing membrane 1110. First-pressure environment 3180 has a lower pressure than
second-pressure environment 3190. Preferably, a pressure differential of approximately
100,000 pascals exists between first-pressure environment 3180 and second-pressure
environment 3190, across pressure-sealing membrane 1110. More preferably, a pressure
differential of approximately 150,000 pascals exists between first-pressure environment 3180
and second-pressure environment 3190, across pressure-sealing membrane 1110. Most
preferably, a pressure differential of approximately 200,000 pascals exists between first-
pressure environment 3180 and second-pressure environment 3190, across pressure-sealing
membrane 1110. Typically, the first pressure of first-pressure environment 3180 is
maintained by a use of at least one vacuum pump (not shown), and the second pressure of
second-pressure environment 3190, is substantially similar to an ambient pressure of an
environment in which charged particle beam device 3100 is located.

[00286] In one exemplary use case of charged particle beam device 3100, first-pressure
environment 3180 within charged particle beam device housing 3140 is under partial vacuum,
such as 107 pascals, and second-pressure environment 3190 surrounding sample 3160 and
sample support 3170 is substantially close to atmospheric pressure. Pressure-sealing
membrane 1110 maintains the pressure difference between first-pressure environment 3180
and second-pressure environment 3190.

[00287] Charged particle beam device 3100 is shown in Fig. 14 as including internal

particle detector 3130 for detecting particles resulting from interactions between primary
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charged particle beam 3112 and sample 3160. Charged particle beam device 3100 is also
shown in Fig. 14 as including EDX detector 3135, for detecting X-ray photons. For simplicity,
charged particle beam device 3100 is shown in Fig. 14 without additional focusing lenses and
with only one internal particle detector 3130 and one EDX detector 3135. However, charged
particle beam device 3100 may include any suitable number of components, including, inter
alia, additional lenses, external particle detectors and internal particle detectors. Any external
particle detectors, such as, inter alia, electron detectors, are typically situated in second-
pressure environment 3190. Any internal particle detectors, such as, inter alia, electron
detectors and X-ray detectors are typically situated in first-pressure environment 3180.

[00288] It is a particular feature of the present invention that all of supporting membrane
layer 1120, pressure-sealing membrane 1110 and dielectric layer 1210 are substantially
transparent to X-rays. Accordingly, X-rays resulting from interactions between primary
charged particle beam 3112 and sample 3160, which are typically generated outside of
charged particle beam device housing 3140, are able to pass through membrane assembly
1100 and be detected by one or more detectors situated within charged particle beam device
housing 3140, such as internal particle detector 3130.

[00289] It is a particular feature of the present invention that pressure-sealing membrane
1110 is substantially transparent to primary charged particle beam 3112. For example, if
charged particle beam device 3100 is an SEM and primary charged particle beam 3112 is an
electron beam, then pressure-sealing membrane 1110 is preferably formed of silicon nitride,
silicon or carbon.

[00290] It is a particular feature of the present invention that pressure-sealing membrane
1110 overlies and atmospherically seals cornerless aperture 1122 in supporting membrane
layer 1120. Preferably, cornerless aperture 1122 has a longest chord of at least 100,000
nanometers. More preferably, cornerless aperture 1122 has a longest chord of at least 200,000
nanometers. Most preferably, cornerless aperture 1122 has a longest chord of at least 250,000
nanometers. The dimensions and relative dispositions of pressure-sealing membrane 1110
and cornerless aperture 1122 result in a large field of view for particle detectors, such as
internal particle detector 3130, that are situated within charged particle beam device housing
3140.

[00291] Sample 3160 may be any solid object or non-solid object. In the exemplary use
case shown in Fig. 14, sample 3160 is a single object. However, sample 3160 may include a
plurality of objects. Preferably, a distance between sample 3160 and pressure-sealing

membrane 1110 is minimized, thereby minimizing a scattering of primary charged particle
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beam 3112. Preferably, the distance between sample 3160 and pressure-sealing membrane
1110 is less than 200,000 nanometers. More preferably, the distance between sample 3160
and pressure-sealing membrane 1110 is less than 100,000 nanometers. Most preferably, the
distance between sample 3160 and pressure-sealing membrane 1110 is less than 50,000
nanometers.

[00292] Sample support 3170 may be formed in any suitable shape. Sample support
3170 is preferably operative to support sample 3160. Preferably, sample support 3170 is
equipped with a mechanism to adjust a linear and angular spatial position of sample 3160 in
three dimensions. An exemplary stage useful as sample support 3170 is part number MCL-
uD2067, commercially available from Mad City Labs Inc., of Madison, USA.

[00293] Holding frame 1130 is affixed to charged particle beam device housing 3140
such that membrane assembly 1100 atmospherically seals first-pressure environment 3180.
In the embodiment of the present invention shown in Fig. 14, holding frame 1130 is affixed,
preferably using a suitable adhesive, to a plate 3192, which is detachably affixed to charged
particle beam device housing 3140, preferably using suitable fasteners (not shown). The
respective affixations of holding frame 1130 to plate 3192 and of plate 3192 to charged
particle beam device housing 3140 are preferably each substantially air-tight. In an alternative
embodiment of the present invention, holding frame 1130 is affixed to charged particle beam
device 3100 using an alternative adhesive or method of affixation. It is appreciated that
holding frame 1130 may be detachably or non-detachably affixed to charged particle beam
device housing 3140. In the embodiment of the present invention shown in Fig. 14, holding
frame 1130 is situated externally to charged particle beam device housing 3140. In another
embodiment of the present invention, holding frame 1130 is situated partially or completely
within charged particle beam device housing 3140.

[00294] Secondary particle path 3210 is an example of a particle path in which
secondary particles are not absorbed by membrane assembly 1100. Rather, the secondary
particles of secondary particle path 3210 traverse second-pressure environment 3190 both
without interacting with membrane assembly 1100 and without entering charged particle
beam device housing 3140. Secondary particle path 3230 is an example of a particle path in
which secondary particles are absorbed by inner metal lines 1230. Back-scattered particle
path 3240 is an example of a particle path in which back-scattered particles pass through
pressure-sealing membrane 1110 and are detected by internal particle detector 3130. X-ray
photon path 3250 is an example of a particle path in which X-ray photons pass through

dielectric layer 1210, pressure-sealing membrane 1110 and supporting membrane layer 1120
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and are detected by EDX detector 3135. Inner metal lines 1230 overlie no more than 25% of
an area defined by aperture 1139, such that a significant proportion of X-rays are not blocked
by inner metal lines 1230. Electromagnetic noise path 3260 is an example of an
electromagnetic noise path in which electromagnetic noise from second-pressure
environment 3190 is absorbed by outer metal line 1220, outer metal line 1220 functioning in
a noise-reducing capacity.

[00295] During an operation of charged particle beam device 3100, either a positive or
negative potential may be individually applied to outer metal line 1220 and inner metal lines
1230. If an overall positive potential is applied to a metal line, then the metal line absorbs
lower-energy electrons. In a preferred mode of operation of charged particle beam device
3100, a positive potential of approximately 150 volts is applied to both outer metal line 1220
and inner metal lines 1230, thereby maximizing an absorption of low-energy electrons
primarily by inner metal lines 1230.

[00296] In a preferred mode of operation of charged particle beam device 3100, an
interaction between charged particle beam 3112 and sample 3160 causes local negative
charging of sample 3160. Local negative charging of sample 3160 increases an electric
potential difference between sample 3160 and outer metal line 1220, and also increases an
electric potential difference between sample 3160 and inner metal lines 1230. Accordingly,
local negative charging of sample 3160 increases a strength of electric fields between sample
3160 and outer metal line 1220, and between sample 3160 and inner metal lines 1230,
respectively. These increased electric fields increase movement of negatively charged low-
energy electrons from sample 3160 to outer metal line 1220 and inner metal lines 1230.
Therefore, these increased electric field strengths increase absorption of low-energy electrons
primarily by inner metal lines 1230.

[00297] The present invention is useful with any of multiple types of charged particle
beam devices 3100, including, inter alia, a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope, a composite device
including a combination of some or all of a scanning electron microscope, a scanning
transmission electron microscope, a scanning positron microscope and analysis devices
utilizing them.

[00298] An exemplary device useful as charged particle beam device 3100, in which
charged particle source 3110 and sample 3160 are situated in different-pressure
environments, is an AE 1500, commercially available from Hitatchi, Ltd, of Chiyoda, Japan.

Membrane assembly 1100 is preferably manufactured using conventional silicon-on-insulator
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(SOI) and silicon-nitride-on-insulator (SNOI) technology by a suitable semiconductor
manufacturer, such as, for example, Norcada Inc., of Edmonton, Canada.

[00299] It will be appreciated by persons skilled in the art that the embodiment of the
invention shown in Fig. 11 may be combined with any of the embodiments shown in Fig. 12,
Fig. 13 and Fig. 14, to form further alternative embodiments of the present invention which
include a charged particle beam device employing a membrane assembly in which a
supporting membrane layer is supported between and bonded to a pressure-sealing membrane
and a holding frame.

[00300] It will also be appreciated by persons skilled in the art that the embodiment of
the invention shown in Fig. 12 may be combined with either of the embodiments shown in
Fig. 13 and Fig. 14, to form further alternative embodiments of the present invention which
include a charged particle beam device employing a membrane assembly which includes a
beveled surface.

[00301] It will also be appreciated by persons skilled in the art that the embodiment of
the invention shown in Fig. 13 may be combined with the embodiment shown in Fig. 14, to
form a further alternative embodiment of the present invention which includes a charged
particle beam device employing a membrane assembly in which an outer metal line does not
define a closed shape and in which an at least one inner metal line partially overlies an
aperture substantially transparent to X-rays.

[00302] It will also be appreciated by persons skilled in the art that the present invention
is not limited to what has been particularly shown and described hereinabove. The scope of
the present invention includes both combinations and sub-combinations of various features

described hereinabove as well as modifications thereof, all of which are not in the prior art.
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CLAIMS

1. A charged particle beam device, comprising:

a charged particle beam source situated in a first-pressure environment;

a sample support operative to support a sample, said sample support and said sample
situated in a second-pressure environment, said second-pressure environment having a higher
pressure than said first-pressure environment; and

a membrane assembly separating said first-pressure environment from said second-
pressure environment, said membrane assembly comprising:

a pressure-sealing membrane being substantially transparent to a charged
particle beam from said charged particle beam source;

a supporting membrane layer being formed with a cornerless aperture, said
pressure-sealing membrane being bonded to said supporting membrane layer; and

a holding frame being formed with a second aperture larger than and overlying

said cornerless aperture.

2. A charged particle beam device according to claim 1, wherein said membrane
assembly further comprises an electron detecting subassembly, said electron-detecting
subassembly comprising:

at least one metal line defining a shape, for detection of electrons resulting from

an interaction of said charged particle beam and sample.

3. A charged particle beam device according to claim 1 or claim 2, wherein said
electron-detecting subassembly comprises:

at least two metal lines each defining a shape, said shapes being mutually spaced

and mutually nested, for detection of electrons resulting from an interaction of said

charged particle beam and said sample.
4. A charged particle beam device according to claim 1 wherein:

said pressure-sealing membrane and said supporting membrane layer are substantially

transparent to X-rays.
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5. A charged particle beam device according to claim 4, wherein said membrane
assembly further comprises an electron-detecting subassembly, said electron-detecting
subassembly comprising:

at least two metal lines each defining a shape, said shapes being mutually spaced
and mutually nested, for detection of electrons resulting from an interaction of said
charged particle beam and said sample, at least one of said metal lines partially

overlying an area defined by said second aperture.

6. A charged particle beam device according to any of claims 1 — 5 wherein said second-

pressure environment is at substantially atmospheric pressure.

7. A charged particle beam device according to any of claims 1 — 6 wherein said
pressure-sealing membrane is disposed between and bonded to said supporting membrane layer

and said holding frame.

8. A charged particle beam device according to any of claims 1 — 6 wherein said
supporting membrane layer is disposed between and bonded to said pressure-sealing membrane

and said holding frame.

9. A charged particle beam device according to any of claims 1 — 8 wherein said

supporting membrane layer is less than 10,000 nanometers thick.

10. A charged particle beam device according to any of claims 1 — 9 wherein said

cornerless aperture has a longest chord of at least 250,000 nanometers.

11. A membrane assembly comprising:

a pressure-sealing membrane suitable for separating a first-pressure environment from
a second-pressure environment, said second-pressure environment having a different pressure
to said first-pressure environment, said pressure-sealing membrane having a thickness of less
than 20 nanometers and being substantially transparent to electrons;

a supporting membrane layer being formed with a cornerless aperture, said pressure-
sealing membrane being bonded to said supporting membrane layer; and

a holding frame being formed with a second aperture larger than and overlying said

cornerless aperture.
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12. A membrane assembly according to claim 11 further comprising an electron-
detecting subassembly, said electron-detecting subassembly comprising:

at least one shaped metal line, for detection of electrons.

13. A membrane assembly according to claim 11 or claim 12, wherein said electron-
detecting subassembly comprises:
at least two metal lines each defining a shape, said shapes being mutually nested and

mutually spaced, for detection of electrons.

14. A membrane assembly according to claim 11 wherein:
said pressure-sealing membrane and said supporting membrane layer are substantially

transparent to X-rays.

15. A membrane assembly according to claim 14, further comprising an electron-
detecting subassembly, said electron-detecting subassembly comprising:

at least two metal lines each defining a shape, said shapes being mutually nested and
mutually spaced, for detection of electrons, at least one of said metal lines partially overlying

an area defined by said second aperture.

16. A membrane assembly according to any of claims 11 — 15 wherein said pressure-
sealing membrane is disposed between and bonded to said supporting membrane layer and said

holding frame.
17. A membrane assembly according to any of claims 11 — 15 wherein said supporting
membrane layer is disposed between and bonded to said pressure-sealing membrane and said

holding frame.

18. A membrane assembly according to any of claims 11 — 17 wherein said supporting

membrane layer is less than 10,000 nanometers thick.

19. A membrane assembly according to any of claims 11 — 18 wherein said cornerless

aperture has a longest chord of at least 250,000 nanometers.
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20. A charged particle beam device, comprising:

a charged particle beam source situated in a first-pressure environment;

a region transparent to a charged particle beam from said charged particle beam source;

a sample support operative to support a sample, said sample support and said sample
situated in a second-pressure environment, said second-pressure environment being at a higher
pressure than said first-pressure environment and said second-pressure environment being at
atmospheric pressure; and

an electron-detecting subassembly situated in said second-pressure environment, said
electron-detecting subassembly comprising at least two metal lines each defining a shape, said

shapes being mutually spaced and mutually nested, for detection of electrons.

21. A charged particle beam device according to claim 20, further comprising:
a membrane assembly separating said second-pressure environment from said first-
pressure environment, said membrane assembly comprising:

a pressure-sealing membrane being substantially transparent to a charged
particle beam from said charged particle beam source;

a supporting membrane layer being formed with a cornerless aperture, said
pressure-sealing membrane being bonded to said supporting membrane layer; and

a holding frame being formed with a second aperture larger than and overlying

said cornerless aperture.

22, A charged particle beam device according to claim 20 or claim 21 wherein said
metal lines are each electrically connected to a metal pad, a distance between said sample and
each of said metal pads being greater than a distance between said sample and each of said

metal lines.

23. A charged particle beam device according to claim 21 and wherein at least one of

said metal lines partially overlies an area defined by said second aperture.
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