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(54) Aligning a featureless thin film in a TEM

(57) When preparing a Hole-Free Phase Plates (HFPP) a preferably featureless thin film should be placed with high
accuracy in the diffraction plane of the TEM, or a plane conjugate to it. The invention discloses two related embodiments
for accurately placing the thin film in said plane.
The first embodiment uses a Ronchigram of the thin film while the TEM is in imaging mode, and the magnification of the
Ronchigram should be tuned so that the magnification in the middle of the Ronchigram is infinite.
The second embodiment makes use of electrons scattered by the thin film while the TEM is in diffraction mode. When
the thin film does not coincide with the diffraction plane, electrons scattered by the thin film seem to originate from another
location than the cross-over of the zero beam. This is observed as a halo. The absence of the halo is proof that the thin
film coincides with the diffraction plane.
It is noted that the method is best performed without a sample in the sample holder.
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Description

Field of the invention

[0001] The invention relates to a method of aligning a
thin film in a Transmission Electron Microscope (TEM),
the TEM comprising:

• an electron source for producing a beam of elec-
trons,

• a condenser system for forming a parallel or almost
parallel beam of electrons on a sample plane,

• an objective lens for focusing the parallel or almost
parallel beam on the diffraction plane,

• a thin film positioned in or close to the diffraction
plane or a plane conjugated thereto,

• an imaging system for forming an enlarged image of
the sample plane or the diffraction plane onto an im-
age plane,

• a detector for recording images formed on the image
plane

Background of the invention

[0002] In a TEM a sample is imaged by passing a beam
of energetic electrons with a selectable energy of, for
example, between 40 keV and 400 keV, through the sam-
ple.
[0003] For so-called weak-phase samples, such as bi-
ological samples, most electrons pass through the sam-
ple while some electrons are elastically or inelastically
scattered, the elastically scattered electrons forming dif-
fracted beams. The image is formed by interference of
the elastically scattered and unscattered electrons (dif-
fracted and undiffracted beams).
[0004] A problem arises in that the Contrast Transfer
Function (CTF) for low spatial frequencies in the image
is zero or close to zero, resulting in low visibility of large
objects/structures.
[0005] This is caused by the fact that phase variations
induced by the specimen do not lead to intensity varia-
tions at the image plane for an in-focus aberration free
imaging system. It is noted that, as known to the skilled
person, for higher spatial frequencies, lens aberrations
can turn phase variations into intensity variations.
[0006] A solution to the lack of contrast is the use of a
phase plate, the phase plate introducing a phase differ-
ence between the diffracted beams and the undiffracted
beam. There are two main types of phase plates: the so-
called Zernike phase plate leaves the undiffracted beam
unchanged, and causes a phase shift of the diffracted
beams, while the so-called Boersch phase plate shifts
the undiffracted beam while leaving the diffracted beams
unchanged.
[0007] When the phase shift introduced by the phase
plate is approximately π/2 or -π/2 the sine-like behavior
of the CTF changes to a cosine-like behavior, and thus
a maximum contrast (positive or negative) occurs for low

spatial frequencies. For a more thorough description of
phase plates and other contrast enhancing devices see
Nagayama K et al., ’Phase Contrast Enhancement with
Phase Plates in Biological Electron Microscopy’, Micro-
scopy Today, July 2010, Vol. 18, No. 4 (July 2010), pages
10-13, further referred to as Nagayama [-1-].
[0008] A problem of both Boersch phase plates and
Zernike phase plates is that they require microscopic
holes (typically less than 1 mm) for passing the undiffract-
ed beam unhindered and a centering accuracy which is
even an order of magnitude better than the hole size.
This resulted in the development of self-centering phase
plates, the so-called hole-free phase plates (HFPP).
[0009] A hole-free thin-film phase plate, further re-
ferred to as a HFPP, is first described by Johnson HM,
’Chapter 4: In-focus phase contrast electron microscopy’,
in ’Principles and Techniques of Electron Microscopy,
Vol. 3: Biological applications’, Ed. M.A. Hayat, ISBN-
0-442-25674-4, pages 174-176, further referred to as
Johnson [-2-].
[0010] The phase plate described in Johnson [-2-] is
formed by a contamination spot on a continuous carbon
film. This spot is formed using the electron beam in high
current mode. The contamination spot modifies the thick-
ness of the film, resulting in a thicker part. This film can
then, at lower current, be used as a HFPP, where the
undiffracted electrons, passing through the thick spot,
experience a larger (negative) phase shift than the dif-
fracted electrons passing through the non-contaminated
(or less-contaminated) film. The effect of such a HFPP
thus resembles the effect of Zernike phase plate, but with
the difference that this phase plate gives a negative
phase contrast.
[0011] Another HFPP is known from Malac M et al.,
’Convenient contrast enhancement by a hole-free phase
plate’, Ultramicroscpy 118 (2012), p. 77-89, further re-
ferred to as Malac [-3-], describing a thin film of carbon
or gold exposed to an electron beam, resulting in positive
charging (due to secondary electron emission).
[0012] Yet another type of HFPP is known from Euro-
pean patent application No. EP14165529A1 to Buijsse
et al., further referred to as Buijsse. This application de-
scribes a so-called Volta phase plate where the electronic
structure of the thin film is changed by irradiation with a
focused beam of electrons, resulting in the local build-up
of a vacuum potential.
[0013] Such a HFPP is preferably formed from a fea-
tureless thin film, so that -when using the HFPP- the HF-
PP does not introduce artifacts. A problem arises in that,
when forming such a self-centering HFPP, the thin film
should be located with high precision in the diffraction
plane or a plane conjugated thereto: the position of the
thin film should coincide with the diffraction plane or a
plane conjugated thereto (the so-called on-plane condi-
tion) and should not be spatially removed therefrom (a
so-called off-plane condition).
[0014] Malac [-3-] is not specific how a featureless thin
film is aligned with respect to the diffraction plane. Malac
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[-3-] suffices by mentioning the need to have a cross-
over of size smaller than 1 um at the plane of the HFPP
(page 80, right column, last paragraph). Also Buijsse is
silent about this aspect.
[0015] There is a need for a method to accurately align
a thin film with respect to the diffraction plane of the mi-
croscope. In particular, there is a need to determine and
set the on-plane condition using a thin film formed from
an amorphous thin film without contamination or markers.
Most particular there is a need to determine on-plane
condition of a featureless thin film before forming a HFPP
of the thin film.
[0016] It is an object of the invention to address these
issues. More specifically, it is an object of the invention
to provide an automated method of conditioning a thin
film to form a HFPP.

Summary of the invention

[0017] These and other objects are achieved by the
method as set forth in the opening paragraph, the thin
film being a featureless thin film, and the method further
comprising:

• focusing the condenser system with a first excitation
associated with a first position of the diffraction
plane,

• illuminating the thin film with the focused beam of
electrons,

• repeatedly

o recording an image,
o from said recorded image derive whether the
illumination is an on-plane illumination or an off-
plane illumination, the on-plane illumination oc-
curring when the thin film is located in the dif-
fraction plane or a plane conjugated thereto and
the off-plane illumination occurring when the thin
film is located in a plane that does not coincide
with the diffraction plane or a plane conjugated
thereto,
o changing the excitation of the condenser sys-
tem to change the position of the diffraction
plane or changing the position of the thin film
along the optical axis,

• until the illumination is an on-plane illumination.

[0018] Essential to the method according to the inven-
tion is that the method does not rely on thin film features
(and the search for these features), which is attractive
from an automation point of view; any position of the
phase plate can be used. By visualizing the effect of the
thin film on the beam it can be observed whether the thin
film is illuminated in an on-plane condition or an off-plane
condition. The observation whether this is the case can
be achieved in two embodiments.
[0019] It is noted that the objective lens has a small

effect on the position of the diffraction plane as well. As
far as this effect is relevant, this effect is thought to be a
part of the condenser system.
[0020] It is further noted that other methods are known
for thin film phase plates showing features, such as
Zernike phase plates showing a central holes or phase
plates showing markers. See for example Marko M et al.,
’Retrofit implementation of Zernike phase plate imaging
for cryo-TEM’, Journal of Structural Biology, Vol. 174,
(2011), p.400-412, more specifically paragraph 2.4: TEM
alignment. Here the central hole of a phase plate is im-
aged at low magnification and the illumination is then
changed until the hole fills the field of view (magnification
towards infinity).

First embodiment

[0021] In this embodiment the sample plane is imaged
(even though there is no sample inserted) and a Ronchi-
gram is formed from the thin film, visualizing the contrast
modulations due to interaction of the focused beam with
the thin film. The invention is based on the insight that
even a featureless thin film shows some contrast when
imaged. This is shown in, for example, Ramírez AG et
al., ’Crystallization of amorphous carbon thin films in the
presence of magnetic media’, Journal of Applied Physics,
Vol 85, No 3 (February 1st, 1999) p. 1508-1513, more
specifically figure 1, further referred to as Ramírez[-5-]
[0022] The on-plane condition (on-plane illumination)
is realized when the central part of the Ronchigram,
where aberrations from the focusing lens can be neglect-
ed, corresponds with infinite magnification.
Asymmetries in magnification indicate astigmatism in the
condenser system, which can be corrected for.
It is noted that Ronchigrams are well known to the person
skilled in the art, see e.g. Rodenburg J,’The Ronchigram’,
http://www.rodenburg.org/stem/t200.html. What is called
the "ring of infinite radial magnification" by Rodenburg
should thus be brought in the center of the image by
focusing or displacement of the thin film.
It is further noted that the contrast formed in the Ronchi-
gram need not be introduced by thickness variations of
the thin film, but may equally well be introduced by volt-
age variations, for example leading to deflection fields
within or just outside the featureless thin film.

Second embodiment

[0023] In this embodiment the diffraction plane is im-
aged and the projection system of the microscope is
tuned such that a weak halo that surrounds the zero-
beam, after having passed the thin-film, is observed. As
there is no sample, the zero beam comprises all electrons
that are normally irradiating a sample. The halo is caused
by electrons scattered by the thin film. If the thin film is
illuminated on-plane, both the focus of the zero beam
formed at the diffraction plane and the origin of the elec-
trons scattered by the thin film coincide. Both are thus
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imaged at the same position on the image plane. The
moment of halo disappearance in combination with the
formation of a focused spot can thus be used to set the
on-plane condition with high precision.
[0024] Asymmetries in the halo point at astigmatism,
both beam astigmatism and astigmatism of the projector
system, which can be corrected for. More specifically the
halo can be sharpened by using stigmators between the
electron source and the plane where the thin film resides,
while stigmators between the thin film and the image
plane change the shape of the halo.
[0025] It is noted that this effect of halo formation is
known when imaging the sample, see FEI TECNAI G2
F30 TWIN TEM Training Manual, Electron Microscopy
Core Facility, University of Missouri, June 2013, ht-
tp://www.emc.missouri.edu/pdf/F30%20Lab%20Manua
l%20v1.pdf , more specifically page 6: "Condense beam
on the area of interest. If the area of interest is not at the
eucentric height, there will be a halo around the bright
spot on phosphorus screen.", but previously not for im-
aging of the diffraction plane.

Remarks

[0026] Both embodiments are best executed without a
sample or sample area that may scatter the beam. The
skilled artisan will recognize that parts of a sample with
holes in it, such as holey carbon or Quantifoil® show ar-
eas where the beam pass unhindered.
[0027] It is noted that the intensity variation in the Ron-
chigram (embodiment 1) are weak and difficult to observe
by eye on a fluorescent screen. It is desirable to use a
sensitive imaging camera capable of high contrast. The
halo method (embodiment 2) has a higher contrast and
can be observed easier, for example using a fluorescent
screen.
[0028] To avoid formation of contamination the thin
films in both embodiments may be heated to a temper-
ature of, for example, 200 °C. It is noted that the formation
of self-assembling structures described by Johnson [-2-]
and Malac [-3-] relies on contamination, and therefore
Johnson [-2-] and Malac [-3-] do not heat the thin film
when assembling/forming the HFPP, as such heating
prevents contamination.
[0029] The before mentioned embodiments can be
used prior to conditioning a thin film to form a self-as-
sembled HFPP, such as described in European Patent
Application No. EP14187878.
[0030] Preferably the thin film is an amorphous, fea-
tureless thin film. The thin film being illuminated by elec-
trons demands that the thin layer is a conductive layer.
It may be a film of, for example, carbon, gold, platinum.
However, also thin nano-crystalline films comprising car-
bon, silicon, nitride, boron, etc. may be used, as well as
thin crystalline films. Note that small crystals are not con-
sidered as ’features’ as long as the crystals are small
compared to the focused electron beam and the thick-
ness of the film. It is noted that typically the thickness of

the thin film used for forming a HFPP is in the order of
tens of nanometers or even less than ten nanometers.

Brief description of the drawings

[0031] The invention will now be elucidated in more
detail on the basis of exemplary embodiments and the
accompanying schematic drawings, in which:

Figure 1 schematically shows a TEM equipped with
a phase plate,
Figure 2a, 2b and 2c schematically show flowcharts
of the method,
Figure 3a and 3b show two Ronchigrams,
Figure 4a, 4b and 4c show three micrographs show-
ing a halo.

Detailed description of the drawings

[0032] Figure 1 schematically shows a TEM 100
equipped with a HFPP.
[0033] Figure 1 shows a particle source 104 producing
a beam of particles, such as electrons, along optical axis
102. The particles have a selectable energy of typically
between 80 - 300 keV, although higher energies, e.g.
400 keV - 1 MeV, or lower energies, e.g. 50 keV, may be
used. The beam of particles is manipulated by condenser
system 106 to form a parallel beam impinging on a sam-
ple 108, the sample positioned with a sample holder 110.
The sample holder can position the sample with respect
to the optical axis and may shift the sample in the plane
perpendicular to the optical axis and tilt the sample with
respect to said axis. Objective lens 112 forms a magnified
image of the sample. The objective lens is followed by a
magnifying system 116, e.g. a doublet of lenses, forming
an enlarged image of the back-focal plane 114 of the
objective lens. A HFPP 118 is placed in the enlarged
image of the back-focal plane of the objective lens, this
conjugated plane positioned between the magnifying
system and a projection system 122. The HFPP is posi-
tioned with a manipulator 120, allowing the HFPP to be
centered round the optical axis. The projection system
forms a magnified image of the sample on a detector
124, thereby revealing sample details of e.g. 0.1 nm. The
detector may take the form of a fluorescent screen, or
e.g. a CCD or CMOS camera. In the case of e.g. a fluo-
rescent screen the screen can be viewed via the glass
window 126.
To align the optical components on the axis the TEM
comprises a large number of deflectors, schematically
shown as 128-1..128-7, although other deflectors on oth-
er places may be included.
[0034] A controller/data processor 130 is connected
to, among others, the detector to record images. The
controller may process data for displaying, but may also
process the data to represent/determine the RAPS. The
detector is in turn connected to a monitor (132), and can
display on said monitor for example images as acquired
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from the detector, showing an enlarged image of the sam-
ple or an enlarged image of the diffraction plane, or it
may image the RAPS.
[0035] It is noted that the HFPP may also be positioned
in the back-focal plane itself, in which case the magnifying
system 116 is superfluous.
[0036] The HFPP is normally formed as a thin film sur-
rounded by a holder structure, for example a platinum
aperture as commonly used in electron microscopy.
Forming the phase plate with such an aperture has as
an advantage that a standard aperture holder can be
used to hold and position the HFPP. It is noted that heated
aperture holders are known, the heating used to avoid
contamination of the HFPP.
[0037] By now exposing the thin film to a large dose of
energetic electrons, for example 200 keV electrons, a
change in the electronic structure of the film surface or
bulk material will occur, resulting in a difference in work
function between irradiated area and non-irradiated area.
As a result, an electrostatic potential will establish on the
irradiated area, usually referred to as a Volta potential.
[0038] Figure 2a, 2b and 2c schematically show flow-
charts of the method.
[0039] Figure 2a schematically shows a flowchart en-
compassing both embodiment 1 and embodiment 2.
In step 200 any sample that may scatter the beam is
removed from the sample plane. The skilled artisan will
recognize that for samples with holes in it, such as holey
carbon or Quantifoil® it is sufficient when an area is se-
lected where the beam can pass unhindered.
In step 202 the condenser system is excited with a first
excitation such that the diffraction plane is at an associ-
ated first position.
In step 204 the imaging conditions are set: depending on
the embodiment the TEM is set in imaging mode (in which
an enlarged image of the sample plane is formed on the
image plane) or the TEM is set in diffraction mode (where
an enlarged image of the diffraction plane is formed on
the image plane). Also camera settings, beam current
settings, etc. are selected in this step.
In step 206 the thin film is illuminated by the focused
beam of electrons.
In step 208 an image is recorded. This image can be
recorded on a fluorescent screen, optically coupled (via
lenses or via fibers) to a camera system, or the image
can be recorded on a direct electron detector (for exam-
ple a CCD or a CMOS camera).
In step 210 it is determined whether the illumination is
an on-plane illumination or an off-plane illumination.
In step 212 the illumination is an on-plane illumination
(within preset limits) and the method ends successfully.
The method can then be followed by conditioning of the
thin film so as to form a HFPP, for example as described
in European Patent Application No. EP14187878.
In step 214, where the illumination is an off-plane illumi-
nation, the excitation of the condenser system is
changed. The method then loops back to step 208 for a
re-iteration.

It is assumed that the method always ends successfully.
When the microscope is badly aligned, the thin film is
badly damaged of the beam shows extreme aberrations,
it is possible that no successful ending is reached. Such
a condition can be detected by a large number of itera-
tions or, for example, an oscillatory behavior of the exci-
tation. In such cases the process can be aborted.
[0040] Figure 2b schematically shows a flowchart for
the Ronchigram embodiment.
[0041] Figure 2b can be thought to be derived from
figure 2a, but is explicit in that the TEM is used in imaging
mode (step 204), and in that a Ronchigram is recorded
in step 208. The decision on the illumination being an on-
plane illumination is now based on the magnification of
the Ronchigram
It is noted that the Ronchigram will show information only
when the thin film is very close to the diffraction plane.
When now the magnification at the center of the Ronchi-
gram is sufficiently large (for example: no structure within
the Field-of-View), the thin film and the diffraction plane
(or a plane conjugated thereto) coincide with high preci-
sion.
[0042] It is noted that instead of changing the excitation
of the projection system (including the effect of the ob-
jective lens) also a mechanical movement of the thin film
along the axis can be performed. Another possibility is
to change the excitation of a lens placed between diffrac-
tion plane and image plane, thereby changing the posi-
tion of the conjugated planes without changing the posi-
tion of the diffraction plane.
[0043] Figure 2c schematically shows a flowchart for
the halo embodiment.
[0044] Figure 2c can be thought to be derived from
figure 2a, but is explicit in that the TEM is used in diffrac-
tion mode (step 204), and in that a halo is recorded in
step 208. The decision on the illumination being an on-
plane illumination is now based on the size of the halo:
[0045] when the halo is sufficiently small (below a pre-
set value), the thin film and the diffraction plane (or a
plane conjugated thereto) coincide with high precision.
[0046] Figure 3a and 3b show two Ronchigrams
[0047] In a Ronchigram a focus is formed close to a
plane of interest, and a projection image of said plane is
formed. The closer the focus is to the plane of interest
(here the thin film) the larger the magnification.
[0048] Figure 3a shows a Ronchigram of an amor-
phous carbon film in an off-plane condition (off-plane il-
lumination). Small intensity variations are visible.
[0049] Figure 3b shows a Ronchigram of an amor-
phous carbon film in an on-plane condition (on-plane il-
lumination). As the magnification is much larger than in
figure 3a no structure is observed anymore over the field
of view. Ideally the focus is now in the thin film.
[0050] Figure 4a, 4b and 4c show three micrographs
showing a halo.
[0051] Figure 4a shows (an image of) a focused central
beam 404 that is intercepted by intercept needle 402. A
halo 400 is shown surrounding the central beam.
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[0052] The halo is formed by electrons scattered by
the thin film. The scattered electrons are focused at an-
other plane than the cross-over of the central beam, and
thus a halo (a cross-section of the beam envelope of the
scattered electrons) is visible in an off-plane condition.
When the thin film coincides with the diffraction plane,
and thus the focus of the central beam (also known as
zero beam) is on the thin film, no halo is visible as origin
of the scattered electrons and the origin of the cross-over
are identical.
[0053] Figure 4b can be thought to be derived from
figure 4a, but inventors introduced some astigmatism and
coma to the beam. This clearly warps the image. As
known to the person skilled in the art a TEM is equipped
with stigmators to correct such aberrations.
[0054] Figure 4c can be thought to be derived from
figure 4a, but shows the image at a higher magnification.
The intercept needle 406 is the extremity of the intercept
needle 402 shown in figure 4a. The halo is much smaller,
indicating that the thin film and the diffraction plane are
(sufficiently) close together.
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Claims

1. A method of aligning a thin film in a Transmission
Electron Microscope (100), the Transmission Elec-
tron Microscope comprising:

• an electron source (104) for producing a beam
of electrons,
• a condenser system (106) for forming a parallel
or almost parallel beam of electrons on a sample
plane,
• an objective lens (112) for focusing the parallel
or almost parallel beam on the diffraction plane,
• a thin film positioned in or close to the diffraction
plane or a plane conjugated thereto, the thin film
being a thin film,
• an imaging system (116 + 118) for forming an
enlarged image of the sample plane or the dif-
fraction plane onto an image plane,
• a detector (124) for recording images formed
on the image plane,

characterized in that

• the thin film is a featureless thin film, and

the method comprises the steps of

• a step (202) of focusing the condenser system
with a first excitation associated with a first po-
sition of the diffraction plane,
• a step (206) illuminating the thin film with the
focused beam of electrons,
• repeatedly

o a step (208) recording an image,
o a step (210) in which from said recorded
image it is derive whether the illumination
is an on-plane illumination or an off-plane
illumination, the on-plane illumination oc-
curring when the thin film is located in the
diffraction plane or a plane conjugated
thereto and the off-plane illumination occur-
ring when the thin film is located in a plane
that does not coincide with the diffraction
plane or a plane conjugated thereto,
o a step (214) of changing the excitation of
at least one lens to change the position of
the diffraction plane or a plane conjugate
thereto or changing the position of the thin
film along the optical axis,

• until the illumination is an on-plane illumination.

2. The method of claim 1 in the image is an image of
the sample plane and recording an image comprises
recording a Ronchigram of the thin film and on-plane
illumination is derived from the occurrence of infinite
magnification in the center of the Ronchigram.

3. The method of claim 2 in which asymmetries of the
magnification are used to detect beam astigmatism.

4. The method of claim 1 in which the image is an image
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of the diffraction plane, in said image a halo sur-
rounding the non-diffracted beam is observed, the
halo caused by electrons scattered by the thin film,
the presence of the halo indicating off-plane illumi-
nation and the absence of the halo indicating on-
plane illumination.

5. The method of claim 4 in which asymmetries of the
halo are used to detect astigmatism.

6. The method of claim 3 or claim 5 in which, when
astigmatism is detected, said astigmatism is correct-
ed before recording an image with a changed exci-
tation of the condenser system or a changed position
of the thin film.

7. The method of any of the preceding claims in which
the thin film is heated to avoid contamination.

8. The method of any of the preceding claims in which
the method further comprises, before illuminating the
thin film, removing from the sample plane any sam-
ple or sample area that may scatter the beam.

9. The method of any of the preceding claims in which
the thin film is an amorphous or nano-crystalline, fea-
tureless thin film.

10. The method of any of the preceding claims in which
the thin film is a thin film comprising carbon, gold,
platinum, and/or palladium.

11. The method of any of the preceding claims in which
the method further comprises conditioning the thin
film to form a phase plate.

12. The method of any of the preceding claims in which
the changing of excitation of at least one lens com-
prises the changing of the excitation of the condens-
er system.

13. The method of any of the preceding claims in which
the thin film is positioned in or close to a plane con-
jugated to the diffraction plane and the changing of
excitation of at least one lens comprises the chang-
ing of excitation of a lens between the diffraction
plane and the thin film.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method of aligning a thin film in a Transmission
Electron Microscope (100), the Transmission Elec-
tron Microscope comprising:

• an electron source (104) for producing a beam
of electrons,

• a condenser system (106) for forming a parallel
or almost parallel beam of electrons on a sample
plane,
• an objective lens (112) for focusing the parallel
or almost parallel beam on the diffraction plane,
• a thin film positioned in or close to the diffraction
plane or a plane conjugated thereto, the thin film
being a featureless thin film,
• an imaging system (116 + 118) for forming an
enlarged image of the sample plane or the dif-
fraction plane onto an image plane,
• a detector (124) for recording images formed
on the image plane,

characterized in that
the method comprises the steps of

• a step (202) of focusing the condenser system
with a first excitation associated with a first po-
sition of the diffraction plane,
• a step (206) illuminating the thin film with the
focused beam of electrons,
• repeatedly

+ a step (208) recording an image,
+ a step (210) in which from said recorded
image it is derive whether the illumination
is an on-plane illumination or an off-plane
illumination, the on-plane illumination oc-
curring when the thin film is located in the
diffraction plane or a plane conjugated
thereto and the off-plane illumination occur-
ring when the thin film is located in a plane
that does not coincide with the diffraction
plane or a plane conjugated thereto,
+ a step (214) of changing the excitation of
at least one lens to change the position of
the diffraction plane or a plane conjugate
thereto or changing the position of the thin
film along the optical axis,

• until the illumination is an on-plane illumination.

2. The method of claim 1 in the image is an image of
the sample plane and recording an image comprises
recording a Ronchigram of the thin film and on-plane
illumination is derived from the occurrence of infinite
magnification in the center of the Ronchigram.

3. The method of claim 2 in which asymmetries of the
magnification are used to detect beam astigmatism.

4. The method of claim 1 in which the image is an image
of the diffraction plane, in said image a halo sur-
rounding the non-diffracted beam is observed, the
halo caused by electrons scattered by the thin film,
the presence of the halo indicating off-plane illumi-
nation and the absence of the halo indicating on-
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plane illumination.

5. The method of claim 4 in which asymmetries of the
halo are used to detect astigmatism.

6. The method of claim 3 or claim 5 in which, when
astigmatism is detected, said astigmatism is correct-
ed before recording an image with a changed exci-
tation of the condenser system or a changed position
of the thin film.

7. The method of any of the preceding claims in which
the thin film is heated to avoid contamination.

8. The method of any of the preceding claims in which
the method further comprises, before illuminating the
thin film, removing from the sample plane any sam-
ple or sample area that may scatter the beam.

9. The method of any of the preceding claims in which
the featureless thin film is an amorphous or nano-
crystalline, featureless thin film.

10. The method of any of the preceding claims in which
the thin film is a thin film comprising carbon, gold,
platinum, and/or palladium.

11. The method of any of the preceding claims in which
the method further comprises conditioning the thin
film to form a phase plate.

12. The method of any of the preceding claims in which
the changing of excitation of at least one lens com-
prises the changing of the excitation of the condens-
er system.

13. The method of any of the preceding claims in which
the thin film is positioned in or close to a plane con-
jugated to the diffraction plane and the changing of
excitation of at least one lens comprises the chang-
ing of excitation of a lens between the diffraction
plane and the thin film.
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