wO 20217213560 A1 |0 00000 KA 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 October 2021 (28.10.2021)

(10) International Publication Number

WO 2021/213560 A1l

WIPO I PCT

(51) International Patent Classification:
HO01J 37/147 (2006.01)

(21) International Application Number:
PCT/CZ2021/050044

(22) International Filing Date:
23 April 2021 (23.04.2021)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(25) Filing Language: English NZ. OM, PA, PE, PG, PH, PL. PT, QA. RO, RS, RU, RW,
(26) Publication Language: English SA, SC, 8D, SE, 8G, 8K, SL, ST, SV, §Y, TH, TJ, TM, TN,
o TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.
(30) Priority Data:
PV 2020-232 23 April 2020 (23.04.2020) CZ (84) Designated States (unless otherwise indicated, for every
. o » kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: TESCAN BRNO [CZ/CZ], Libusina tiida GM. KE. LR. LS. MW. MZ. NA. RW. SD. SL. ST. SZ. TZ
816/1, 62300 Bmo (CZ). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventor: DLUHOS, Jifi; Pragnice 921/1, 63700 Brno TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(CZ). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
i MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(74) Agent: PATENTENTER; Kolisté 1965/133, 60200 Brno TR) OAPI (BF BJ. CF. CG. CL. CM. GA. GN GQ GW
(€2). KM, ML, MR, NE, SN, TD, TG).
(54) Title: SAMPLE DISPLAY METHOD
1
\_\
T e
\ W -
/ -
"“‘“‘_—W\M\\_ﬂ- 2
T o8
_‘—~---~a\_"5
=<1 | 7
13
> | <18
= | s

Fig. 1

(57) Abstract: The object of the invention is a sample display method by means of a scanning electron microscope comprising at
most one active objective lens (7) located above a first scanning element (8) and a second scanning element (9). The subject matter of
the invention is based on deflecting the primary electron beam focused by an objective lens (7) so that it propagates from the second
scanning element (9) towards sample (10) approximately parallel to the SEM optical axis (13), wherein the sample (10) is also tilted
relative to the SEM optical axis (13) by an angle other than 90°, or it is a sample (10) with distinct topography.
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Sample display method

Field of the Invention

The invention is related to a sample display method by means of a scanning
electron microscope and particularly to a method of displaying a tilted sample and a
sample with distinct topography.

Backaround of the Invention

Scanning electron microscopes (SEM) usually comprise a source of primary
electrons, at least one condenser lens and an aperture diaphragm, wherein the
condenser lens regulates, in conjunction with the aperture diaphragm, current of a beam
of primary electrons of at least one objective lens, scanning and centering elements,
and a detector of signal electrons. As disclosed, e.g., in patent CZ306807, these
elements are usually arranged under one another in such way that the beam of primary
electrons first passes through the condenser lens, then through centering elements,
scanning elements, and the objective lens. In a different arrangement, the beam of
electrons, before it passes through scanning elements, and after it passes through
centering elements, can pass through another objective lens, as disclosed in the
presented patent. Objective lenses are usually electromagnetic. An electromagnetic
lens consists of a coil with a current, and a case from magnetic material, constituting a
part of the coil magnetic circuit. In the place where the coil case is interrupted a
magnetic field which forms the beam of electrons appears between the so-called pole
pieces. In one of the possible embodiments the electromagnetic lens can be the so-

called conventional one. The conventional lens comprises of two pole pieces with an
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axial gap, in which the lens magnetic field locally affects the flow of primary electrons

(electron beam) and does not substantially reach the sample area.

Electromagnetic lenses can be also replaced with electrostatic lenses which use
electrodes instead of coils, or it is possible to make combined lens with connection of

coils, a magnetic circuit and electrodes.

Such SEMs usually allow for various display systems based on the required
parameters for the final image, which include resolution and depth of field given by the
aperture angle size. The resolution is given by the spot size created by primary
electrons while impinging the sample, wherein the spot size is also affected by the
aperture angle size. One of possible display modes is a display mode with a large
aperture angle in which the depth of field is low and the resolution is high. In contrast,
another possible display mode is a display mode with a small aperture angle in which
the depth of field is high and the resolution is low. Another of the required parameters is
the size of field of view; this property is, among other things, affected by the location of
the center point of scanning (pivot), through which primary electron paths pass during
sample scanning, wherein this pivot is usually located at the level of objective lens,
located behind the scanning elements along SEM optical axis in the direction of primary
electron beam propagation, or between the said objective lens and scanning elements.
In the case of the display mode with a large aperture angle, in order to reach the highest
possible resolution, the pivot is located at the level of the objective lens, located behind
the scanning elements along the SEM optical axis in the direction of primary electron
beam propagation, but the field of view is therefore minimal. When a large field of view
is required, the pivot is located above the level of the objective lens, located behind the
scanning elements along the SEM optical axis in the direction of primary electron beam

propagation, and under scanning elements.

In all the above-mentioned display modes, during scanning of the beam of
primary electrons there is a central projection on the sample, which leads to the beam
impinging on the sample under a certain angle relative to a given point of scanning on
the sample. The display distortion is accentuated by perspective distortion, especially if
the samples are tilted relative to the normal to SEM optical axis or if the samples have a
distinct topography. The distortion is thus caused by the fact that more distant objects

seem smaller than closer objects. This distortion is undesirable when making a
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panoramic image. The panoramic image is created by combining more images from a
larger sample area. Therefore, this distortion is undesirable since it makes difficult to
accurately connect the panoramic image during its production with the use of movement
of a sample without a distinct topography, and completely prevents accurate connection
of the panoramic image of samples with distinct topography. During central scanning by
a beam of primary electrons across the sample, this beam does not impinge every point
of the sample under the same angle, rather, this angle changes, which causes obtaining
distorted information for techniques sensitive to beam impinging angle, e.g., electron

diffraction or electron channeling effect.

Documents describing increased effectiveness of detectors of signal electrons
are also known. An example includes a patent US6674075B2 which describes use of
an in-lens detector of secondary electrons which is located around the scanning
electron microscope optical axis and which further discloses deflection of a beam of
primary electrons in such way that the beam of primary electrons propagates towards
the sample along a parallel axis but remote from the scanning electron microscope
optical axis, thus causing the beam of secondary electrons to subsequently propagate
towards the detection area of the in-lens detector of secondary electrons and not to
impinge opening therein with the beam of primary electrons passing therethrough. A
drawback of this patent is that does not allow scanning of the beam of primary electrons
across the sample in a place where the sample is intersected by the scanning electron
microscope optical axis, and it is therefore not suitable for producing panoramic images,
since extensive sample movement would be necessary in order to scan also the place
on the sample, through which the scanning electron microscope optical axis originally
passed. However, extensive sample movement can lead to distortion of the final
panoramic image e.g., due to inaccuracies of the sample holder movement, or to more
complicated compiling thereof due to higher number of images. In addition, further
image distortion during image scanning according to this patent can be caused by
locations of scanning elements in such way that both deflection fields are in front of the
field generated by the objective lens, or one is in front of the field generated by the
objective lens and one is in the field generated by the objective lens, or one is in the
field generated by the objective lens and one is behind the field generated by the
objective lens. Each variant involves affecting of already deflected primary beam or
primary beam being deflected by a field generated by the objective lens, and thus to
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further distortion, which is undesirable for the purposes of, for example, making a

panoramic image.

Therefore, it would be desirable to provide a solution which would allow for
displaying a tilted sample or a sample with distinct topography without the final image
distortion and also without the need to use other physical elements affecting the
direction of passage of the beam of primary electrons or signal electrons, or without the

need for extensive sample movement.

Summary of the Invention

The above mentioned goal is achieved by a sample display method by means of
a scanning electron microscope comprising a scanning electron microscope column
connected to a working chamber, wherein the scanning electron microscope column
comprises a source of primary electrons arranged for emitting a beam of primary
electrons, at least one condenser lens, an aperture diaphragm, a first scanning element,
and a second scanning element, which is located in the direction of the primary electron
beam propagation behind the first scanning element, at most one active objective lens,
which is located between the first scanning element and the condenser lens, wherein
the working chamber comprises a sample holder and a sample placed on the sample
holder, wherein the beam of primary electrons, which are emitted by the source of
primary electrons, and which passed through the condenser lens, the aperture
diaphragm, and the objective lens, is deflected by the first scanning element and the
second scanning element, in case of scanning across the sample including the place on
the sample intersecting the scanning electron microscope optical axis, so that in one
point on the sample it intersects the scanning electron microscope optical axis, and the
subject matter of which is based on the fact that the beam of primary electrons is
simultaneously deflected by the first scanning element and the second scanning
element so that during scanning across the sample it impinges the sample parallel to
the scanning electron microscope optical axis. The sample display method by means of

a scanning electron microscope achieves the above-mentioned goal in such way that
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the deflection of the beam of primary electrons during scanning across the sample
occurs in such way that the beam of primary electrons impinges the sample
approximately parallel with the scanning electron microscope optical axis. Therefore,
the beam of primary electrons impinges every point in the sample under the same angle
and thus no distortion of the final image occurs.

Sample display method by means of a scanning electron microscope comprising
a scanning electron microscope column connected to a working chamber, wherein the
scanning electron microscope column comprises a source of primary electrons
arranged for emitting a beam of primary electrons, at least one condenser lens, an
aperture diaphragm, a first scanning element, and a second scanning element, which is
located in the direction of the primary electron beam propagation behind the first
scanning element, at most one active objective lens, which is located between the first
scanning element and the condenser lens, wherein the working chamber comprises a
sample holder and a sample placed on the sample holder, wherein the sample has a
height difference of at least 10 nm between the highest point of the sample and the
lowest point of the sample along the axis parallel with the scanning electron microscope
optical axis, wherein the beam of primary electrons which are emitted by the source of
primary electrons, and which passed through the condenser lens, the aperture
diaphragm, and the objective lens, is, in case of scanning across the sample including
the place on the sample intersecting the scanning electron microscope optical axis,
deflected by the first scanning element and the second scanning element so that in one
point on the sample it intersects the scanning electron microscope optical axis, and the
subject matter of which is based on the fact that the beam of primary electrons is
simultaneously deflected by the first scanning element and the second scanning
element so that during scanning across the sample it impinges the sample parallel to
the scanning electron microscope optical axis. The sample display method by means of
the scanning electron microscope achieves the above-mentioned goal of displaying the
sample with distinct topography in such way that the deflection of the beam of primary
electrons during scanning across the sample occurs in such way that the beam of
primary electrons impinges the sample with distinct topography approximately parallel
with the scanning electron microscope optical axis. Therefore, the beam of primary
electrons impinges every point in the sample under the same angle and thus there is no
distortion of the final image and no inaccuracies of scanning due to scanning of the
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sample with distinct topography under various impinging angles of the beam of primary

electrons onto individual points on the sample.

Sample display method by means of a scanning electron microscope comprising
a scanning electron microscope column connected to a working chamber, wherein the
scanning electron microscope column comprises a source of primary electrons
arranged for emitting a beam of primary electrons, at least one condenser lens, an
aperture diaphragm, a first scanning element, and a second scanning element, which is
located in the direction of the primary electron beam propagation behind the first
scanning element, at most one active objective lens, which is located between the first
scanning element and the condenser lens, wherein the working chamber comprises a
sample holder which is positioned relative to the scanning electron microscope column
optical axis in an angle other than 90°, and a sample placed on the sample holder,
wherein the beam of primary electrons which are emitted by the source of primary
electrons, and which passed through the condenser lens, the aperture diaphragm, the
objective lens, is, in the case of scanning across the sample including the place on the
sample intersecting the scanning electron microscope optical axis, deflected by the first
scanning element and the second scanning element so that in one point on the sample
it intersects the scanning electron microscope optical axis, and the subject matter of
which is based on the fact that the beam of primary electrons is simultaneously
deflected by the first scanning element and the second scanning element so that during
scanning across the sample it impinges the sample parallel to the scanning electron
microscope optical axis. The sample display method by means of the scanning electron
microscope achieves the above-mentioned goal of displaying the tilted sample in such
way that the deflection of the beam of primary electrons during scanning across the
sample occurs in such way that the beam of primary electrons impinges the tilted
sample approximately parallel with the scanning electron microscope optical axis.
Therefore, the beam of primary electrons impinges every point in the sample under the
same angle and thus there is no distortion of the final image and no scanning
inaccuracies due to perspective projection during scanning of the tilted sample, which
also allows for accurate connection of adjacent images during scanning of an area

larger than one single field of view by means of sample movement.
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Description of drawings

The subject matter of the invention is further described by way of examples of the
embodiments thereof, which are described by means of the accompanying drawings in

which:

Fig. 1 is a schematic view of arrangement of individual elements of SEM.

Fig. 2 is a schematic view of a course of primary electron beam
propagation through a SEM column and upon impinging a sample
tilted relative to the SEM optical axis under an angle other than 90°.

Fig. 3 is a schematic view of a course of primary electron beam
propagation through a SEM column and upon impinging a sample
with distinct topography.

Fig. 4 is a schematic view of a detail of a sample with distinct topography

and impinging beam of primary electrons.

Exemplary Embodiments of the Invention

The embodiments herein represent exemplary embodiments of the invention,

which, however, have no limiting effect in terms of the scope of protection.

An exemplary embodiment of the invention is a sample scanning method by
means of a scanning electron microscope 1 (SEM) shown in Fig. 1. The SEM comprises
a working chamber 3 and a SEM column 2 connected to the working chamber 3. The
working chamber 3 and the SEM column 2 are arranged for allowing generation of lower
pressure in the working chamber 3 and the SEM column 2 than atmospheric pressure,
by means of a pump system connected to the working chamber 3 and the SEM column
2.
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The working chamber 3 comprises a sample holder 11. The sample holder 11
comprises a contact part arranged for accommodating a sample 10. In the first
exemplary embodiment of the sample holder 11 the sample holder 11 can be tilted
around three mutually perpendicular axes. In the second exemplary embodiment of the
sample holder 11 the sample holder 11 can be tilted around a single axis. In one of the
exemplary embodiments of the working chamber 3 the sample holder 11 is located on a
manipulation stage 12. The manipulation stage 12 is arranged for movement along at
least two mutually perpendicular axes, which are also in one of the exemplary
embodiments of the manipulation stage 12 perpendicular to the SEM optical axis 13.
The working chamber further comprises a detector of signal particles, such as

secondary electrons, back-scattered electrons or characteristic X-ray radiation.

The SEM column 2 comprises a source 4 of primary electrons, at least one
condenser lens 5, an aperture diaphragm 6, at most one active objective lens 7 and a
first scanning element 8 and a second scanning element 9, wherein all these elements
are located inside the SEM column 1. The source 4 of primary electrons is arranged for
emitting a beam of primary electrons. The source 4 of primary electrons can be, for
example, a thermoemissive or an autoemissive source. The condenser lens_5 is located
behind the source 4 of primary electrons along the SEM optical axis 13 in the direction
of primary electron beam propagation. The condenser lens 5 is arranged for modifying
the beam of primary electrons, wherein in one of the exemplary embodiments, in
combination with the aperture diaphragm 6, it is arranged for modifying the size of the
flow of the beam of primary electrons. The first scanning element 8 and the second
scanning element 9 are arranged for applying force field on the beam of primary
electrons, which is, based on this action, deflected relative to the SEM optical axis 13.
The first scanning element 8 and the second scanning element 9 can be designed as
electromagnetic scanning coils or as electrostatic scanning electrodes. The aperture
diaphragm 6 is located behind the condenser lens 5 along the SEM optical axis 13 in
the direction of primary electron beam propagation. The objective lens 7 is located
behind the aperture diaphragm 6 along the SEM optical axis 13 in the direction of
primary electron beam propagation. The objective lens_7 is arranged for focusing the
beam of primary electrons so that the beam of primary electrons impinges the sample
10 with a required aperture angle. By active objective lens 7 is meant a state of the
objective lens 7, in which the objective lens 7 focuses the beam of primary electrons.
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The first scanning element 8 is located behind the objective lens_7 along the SEM
optical axis 13 in the direction of primary electron beam propagation. The second
scanning element 9 is located behind the first scanning element 8 along the SEM optical

axis 13 in the direction of primary electron beam propagation.

In the first exemplary embodiment of the sample holder 11 configuration and the
sample_10 shown in Fig. 2, the sample holder 11 with the sample_10 is tilted relative to
the SEM optical axis 13, so that the displayed sample 10 plane is tilted relative to the
SEM optical axis 13 by an angle other than 90° and at the same time other than 0° and
the sample 10 is any sample 10 arranged for be placed on the sample holder 11 and in

the working chamber 3.

In the second exemplary embodiment of the sample holder 11 configuration and
the sample_10 shown in Fig. 3, the sample holder 11 with the sample_10 is tilted relative
to the SEM optical axis 13 under any angle, wherein the displayed sample 10 is a
sample 10 with distinct topography. The sample 10 with distinct topography means any
sample 10, which has in any axis of the sample 10 parallel to the SEM optical axis 13,
the height difference of at least 10 nm between the highest and the lowest point of the

sample, as seen in more detail in Fig. 4.

In the exemplary embodiment shown in Figs. 2 and 3, at first the beam of primary
electrons is emitted by the source 4 of primary electrons. The beam of primary electrons
then passes through the condenser lens 5 and the aperture diaphragm 6. Then the
beam of primary electrons passes through the objective lens 7, which focuses the beam
of primary electrons, so that it impinges the sample 10 under aperture angle in the
range of 0° to 30°. Such focused beam of primary electrons passes through the first
scanning element 8 and the second scanning element 9, when the first scanning
element 8 deflects the beam of primary electrons from the SEM optical axis 13 and the
second scanning element 9 deflects the deflected beam of primary electrons so that it
further propagates towards the sample 10 parallel to the SEM optical axis 13. When
talking about parallel primary electron beam propagation, it is meant that the center of
the beam of primary electrons propagates in a parallel way. Such deflection of the beam
moves pivot to much bigger distance than the distance between the second scanning

element 9 and the sample 10.



WO 2021/213560 PCT/CZ2021/050044
10

List of reference signs

1 - Scanning electron microscope (SEM)
2 - SEM column

3 - Working chamber

4 - Source of primary electrons

5 - Condenser lens

6 - Aperture diaphragm

7 - Obijective lens

8 -  First scanning element

9 - Second scanning element
10 - Sample

11 - Sample holder
12 - Manipulation stage

13 - SEM optical axis
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PATENT CLAIMS

A sample display method by means of a scanning electron microscope (1)
comprising a scanning electron microscope column (2), connected to a working
chamber (3), wherein the scanning electron microscope column (2) comprises a
source (4) of primary electrons arranged for emitting a beam of primary
electrons, at least one condenser lens (5), an aperture diaphragm (6), a first
scanning element (8), and a second scanning element (9), which is located in the
direction of the primary electron beam propagation behind the first scanning
element (8), at most one active objective lens (7), which is located between the
first scanning element (8) and the condenser lens (5), wherein the working
chamber (3) comprises a sample holder (11) and a sample (10) placed on the
sample holder (11), wherein the beam of primary electrons, which are emitted by
the source (4) of primary electrons, and which passed through the condenser
lens (5), the aperture diaphragm (6), and the objective lens (7), is, in the case of
scanning across the sample, including the place on the sample intersecting the
scanning electron microscope optical axis (13), deflected by the first scanning
element (8) and the second scanning element (9) so that in one point on the
sample it intersects the scanning electron microscope (1) optical axis (13), and
characterized in that, the primary electron beam is simultaneously deflected by
the first scanning element (8) and the second scanning element (9), so that
during scanning across the sample (10), it impinges the sample (10) parallel to
the scanning electron microscope optical axis (13).

A sample display method by means of a scanning electron microscope (1)
comprising a scanning electron microscope column (2) connected to a working
chamber (3), wherein the scanning electron microscope column (2) comprises a
source (4) of primary electrons arranged for emitting a beam of primary
electrons, at least one condenser lens (5), an aperture diaphragm (6), a first
scanning element (8), and a second scanning element (9), which is located in the
direction of the primary electron beam propagation behind the first scanning
element (8), at most one active objective lens (7), which is located between the

first scanning element (8) and the condenser lens (5), wherein the working
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chamber (3) comprises a sample holder (11) and a sample (10) placed on the
sample holder (11), wherein the sample (10) has a height difference of at least
10 nm between the highest point of the sample (10) and the lowest point of the
sample (10) along the axis parallel with the scanning electron microscope optical
axis (13), wherein the beam of primary electrons which are emitted by the source
(4) of primary electrons, and which passed through the condenser lens (5), the
aperture diaphragm (6), and the objective lens (7), is, in the case of scanning
across the sample, including the place on the sample intersecting the scanning
electron microscope optical axis (13), deflected by the first scanning element (8)
and the second scanning element (9) so that in one point on the sample it
intersects the scanning electron microscope (1) optical axis (13), and
characterized in that the primary electron beam is simultaneously deflected by
the first scanning element (8) and the second scanning element (9), so that
during scanning across the sample (10) it impinges the sample (10) parallel to
the scanning electron microscope optical axis (13).

. A sample display method by means of a scanning electron microscope (1)

comprising a scanning electron microscope column (2) connected to a working
chamber (3), wherein the scanning electron microscope column (2) comprises a
source (4) of primary electrons arranged for emitting a beam of primary
electrons, at least one condenser lens (5), an aperture diaphragm (6), a first
scanning element (8), and a second scanning element (9), which is located in the
direction of the primary electron beam propagation behind the first scanning
element (8), at most one active objective lens (7), which is located between the
first scanning element (8) and the condenser lens (5), wherein the working
chamber (3) comprises a sample holder (11), which is placed relative to the
scanning electron microscope column optical axis (13) tilted by an angle other
than 90°, and a sample (10) placed on the sample holder (11), wherein the beam
of primary electrons which are emitted by the source (4) of primary electrons, and
which passed through the condenser lens (5), the aperture diaphragm (6), and
the objective lens (7), is, in the case of scanning across the sample including the
place on the sample intersecting the scanning electron microscope optical axis
(13), deflected by the first scanning element (8) and the second scanning

element (9) so that in one point on the sampile it intersects the scanning electron
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microscope (1) optical axis (13), and characterized in that the primary electron
beam is simultaneously deflected by the first scanning element (8) and the
second scanning element (9) so that during scanning across the sample (10) it

impinges the sample (10) parallel to the scanning electron microscope optical
axis (13).
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