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mikroszkópia
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E. Ruska 361

Fig. 2: Sketch by the author (9 March 1931) of the cathode ray tube for testing one-stage and two-
stage electron-optical imaging by means of two magnetic electron lenses (electron microscope) [8].

magnitude shorter in length than light waves. Thus, there was no reason to
abandon the aim of electron microscopy surpassing the resolution of light
microscopy.

Sketch by Ernst Ruska
PICO at ER-C

1931 2011
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E. Ruska 361

Fig. 2: Sketch by the author (9 March 1931) of the cathode ray tube for testing one-stage and two-
stage electron-optical imaging by means of two magnetic electron lenses (electron microscope) [8].

magnitude shorter in length than light waves. Thus, there was no reason to
abandon the aim of electron microscopy surpassing the resolution of light
microscopy.

• 1931 - Ernst Ruska,  Max Knoll

• 1936 - Otto Scherzer

• 1946 - James Hillier,  E.G. Ramberg

• 1949 - Gábor Dénes

• 1998 - Harald Rose, Max Haider, K. Urban

• 2005 - elsőő aberráció korrigált mikroszkópok
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 by Tom Harvey, 1962

“The electron microscope is not quite good enough, 
with the greatest care and effort, it can only resolve 
about 10 angstroms. I would like to try and impress 
upon you while I am talking about all of these things 
on a small scale, the importance of improving the 
electron microscope by a hundred times. It is not 
impossible; it is not against the laws of diffraction of 
the electron.”

Richard P. Feynman
“There’s Plenty of Room at the Bottom”
XII. 29. 1959
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12 the transmission electron microscope

What happens in the specimen during  
the electron bombardment? 
Contrary to what might be expected, most specimens are not 
adversely affected by the electron bombardment as long as beam 
conditions are controlled judiciously. When electrons impinge on  
the specimen, they can cause any of the following: 

•  Some of the electrons are absorbed as a function of the thickness 
and composition of the specimen; these cause what is called  
amplitude (or mass thickness) contrast in the image. 

•  Other electrons are scattered over small angles, depending on 
the composition and structure of the specimen; these cause what  
is called phase contrast in the image. 

•   In crystalline specimens, the electrons are scattered in very distinct 
directions that are a function of the crystal structure; these cause  
what is called diffraction contrast in the image. 

•   Some of the impinging electrons are deflected through large angles 
or reflected (backscattered) by sample nuclei. 

•   The impinging electrons can knock electrons from sample atoms 
which escape as low energy secondary electrons. 

•  The impinging electrons may cause specimen atoms to emit 
X-rays whose energy and wavelength are related to the specimen’s 
elemental composition; these are called characteristic X-rays. 

•   The impinging electrons cause the specimen to emit photons 
(or light); this is called cathodoluminescence. 

•   Finally, transmitted beam electrons can be counted and sorted by an 
energy loss spectrometer according to the amount of energy they have 
lost in interactions with the specimen. The energy loss carries information 
about the elemental, chemical, and electronic states of the sample atoms.

In a standard TEM, mass thickness is the primary contrast mecha-
nism for non-crystalline (biological) specimens, while phase contrast 
and diffraction contrast are the most important factors in image 
formation for crystalline specimens (most non-biological materials). 

The electromagnetic lenses 
Fig. 5 shows a cross-section of an electromagnetic lens. When an 
electric current is passed through the coils (C), an electromagnetic 
field is created between the pole pieces (P), which forms a gap in 
the magnetic circuit. By varying the current through the coils, the 
strength of the field, and thereby the power of the lens, can be 
varied. This is the essential difference between the magnetic lens 
and the glass lens. Otherwise they behave similarly and have the 
same types of aberration (Fig. 6): spherical aberration (Cs – the power 
in the center of the lens differs from that at the edges), chromatic 
aberration (Cc – the power of the lens varies with the energy of the 
electrons in the beam), and astigmatism (a circle in the specimen 
becomes an ellipse in the image). 

In a conventional TEM, spherical aberration, which is largely deter-
mined by the lens design and manufacture, is the primary limitation 
to improved image resolution. Chromatic aberration can be reduced 
by keeping the accelerating voltage as stable as possible and using 
very thin specimens. Astigmatism can be corrected by using variable 
electromagnetic compensation coils. 

The condenser lens system focuses the electron beam onto  
the specimen under investigation as much as necessary to suit the  
purpose. The objective lens produces an image of the specimen 
which is then magnified by the remaining imaging lenses and  
projected onto the viewing device. 

If the specimen is crystalline, a diffraction pattern will be formed at a 
point below the objective lens known as the back focal plane. By vary-
ing the strengths of the lenses immediately below the objective lens, 
it is possible to enlarge the diffraction pattern and project it onto the 
viewing device. The objective lens is followed by several projection 
lenses used to focus, magnify, and project the image or diffraction 
pattern onto the viewing device. To guarantee high stability and to 
achieve the highest possible lens strength/magnification, the lenses  
in a modern TEM are usually water-cooled. 

On the way from the source to the viewing device, the electron 
beam passes through a series of apertures with different diameters. 
These apertures stop those electrons that are not required for image 
formation (e.g., scattered electrons). Using a special holder carrying 
a number of different size apertures, the diameter of the apertures in 
the condenser lens, the objective lens, and the diffraction lens can be 
changed as required. 

Aberration-corrected TEM
The recent development of a dedicated commercial aberration-
corrected TEM  has enabled major advances in both TEM and STEM 
capability. Without correction, TEM resolution is limited primarily by 
spherical aberration, which causes information from a point in the 
object to be spread over an area in the image. This results not only in 
a general blurring of the image, but also in a phenomenon called 
delocalization, in which periodic structures appear to extend beyond 

C

C

C

C

P P

P P

electron beam

Fig. 5  Cross-section of an electromagnetic lens. 
C is an electrical coil and P is the soft iron pole piece.  
The electron trajectory is from top to bottom. Elektromágneses lencse keresztmetszete. C - 

tekercs, P - pólus saru

FEI
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(a) (b) (c) 
Gömbi hiba
feloldás határ

Szín hiba
információ határ

Lencsehibák

M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t 

8



9



M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t 

10



Hubble space telescope
before

after
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Third-order action of the hexapole corrector

Hexapole element  
used in the CEOS  
Cs corrector. 
The 12 poles allow  
rotation of the 
hexapole field

CC
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1998

2005

Aberration corrector using hexapoles and round lens 
transfer doublet 
H. Rose, M. Haider, K. Urban, ...
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High-Resolution TEM Imaging
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A TEM felbontás evolúciója

AlN

M. Lentzen
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Ferroelektromos domén PZT-ben
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Figure 4 Quantities of the structural and electric behaviour of the LDW as a
function of the distance expressed in units of c from the central plane of the
LDW shown in Fig. 3. a, c-axis lattice parameter. Blue squares and red squares
show the values measured from Pb to Pb atom positions and from Zr/Ti to Zr/Ti,
respectively. b, a-axis lattice parameter. Blue circles and red circles show the values
measured from Pb to Pb atom positions and from Zr/Ti to Zr/Ti, respectively.
Gaussian regression analysis indicates a measurement error of better than 5 pm
(see ref. 21 and Supplementary Information). c, Tetragonality c/a calculated from a
and b. d, The displacements of the Zr/Ti atoms (�Zr/Ti) and the O atoms (�O) across
the LDW. Positive values denote upward shifts and negative values downward shifts.
e, The spontaneous polarization PS calculated on the basis of the c-lattice
parameters and the atomic displacements shown in a and d. The positive values
represent upward polarization and the negative values downward polarization.

this structure is calculated using quantum-mechanical and optical
image simulations in which the imaging parameters are treated as
variables. An iterative procedure is carried out in which the model
and the imaging parameters are adjusted until a best fit between
calculated and experimental data is reached30. A detailed discussion
of this procedure including measurement errors is provided in
the Supplementary Information. In the following, we present
the data of the structure determined in this way. The accuracy
of such an ultrahigh-resolution quantitative image analysis has

been investigated by a careful gaussian regression analysis and is
found to be better than 5 pm for a 95% confidence level of the
values derived29.

In Fig. 4a, blue squares denote measurements of the c-axis
lattice parameter carried out on PbO atomic positions. Red
squares denote measurements on Zr/Ti positions. The distances are
calibrated with reference to the lattice parameter (0.3905 nm) of the
SrTiO3 layers.

The minimum value of c occurs in the domain-wall centre with
an accompanying increase of the a-axis lattice parameter, as shown
in Fig. 4b. The increase of a can also be seen by viewing Fig. 3
at a glancing angle from bottom to top. With increasing distance
from the central area, c increases adopting a plateau value of about
0.413 nm in domain I. In domain II this value is 1.3% higher.
This results in a maximum tetragonality value of c/a = 1.059 in
domain I and 1.072 in domain II (Fig. 4c). We note that the value
for the Zr/Ti separation in the wall centre adopts a local maximum
(open square in Fig. 4a). This is a geometrical eVect because the two
inner Zr/Ti atom rows belonging to diVerent domains are shifted in
opposite directions. In addition, in the central area of four to five
unit cells in width, the c spacings between the Zr/Ti atom columns
are larger than those between the PbO columns. This is due to
the continuous increase of the Zi/Ti shift away from the centre. In
this area, the average value of c is about 0.397 nm and that of a

is about 0.395 nm, leading to a value of 1.005 for c/a. Figure 4d
shows the values of the vertical displacements �Zr/Ti and �O as a
function of the vertical separation from the domain-wall plane.
These displacements show essentially the same behaviour as c, that
is, they follow the tetragonality, with the exception of the central
area of four to five unit cells where the increase of the displacements
is not accompanied by an increase of the c value. Considering the
variation of c, we infer a width of the LDW of 3c (domain I) plus
7c (domain II), considerably wider than the respective value for
the TDW.

Figure 4e shows the spontaneous polarization versus distance
from the central plane of the domain wall. The values of PS are
calculated on the basis of the c-axis lattice parameters and the
atomic displacements shown in Fig. 4a,d and the eVective charge
values of the ions for PbTiO3 given in ref. 31. The maximum
value of the modulus of PS is about 75 µC cm�2 for domain I
and about 80 µC cm�2 for domain II. Inside the domain wall, the
polarization changes direction. Interestingly, in the central area
four to five unit cells wide, the polarization grows from zero to
about 40 µC cm�2, whereas the tetragonality (c/a =1.005) remains
essentially constant.

According to our results, the width of the TDW is found to be
of the order of one unit cell. This is in excellent agreement with
first-principles total-energy calculations32,33 and with a calculation
based on the scaling law for ferroic stripe domains34 for the TDW,
indicating an abrupt change of polarization direction across the
wall. With respect to the habit plane, the lowest energy was found
for {100} planes and a slightly higher energy for {110} planes. The
sharp atomic image of Fig. 2a clearly indicates a (110) habit plane.
The elongated contrast of the PbO atomic columns in Fig. 2b is
likewise compatible with {110}-type facets. However, {100} habit
planes cannot be ruled out. The facets in the mixed character
domain wall in Fig. 2a correspond to the previously unobserved
steps anticipated in early theories35,36 for the motion of 180� walls
in ferroelectric switching in BaTiO3.

Previous experimental studies on the 180� domains were
focused on the TDW as it is generally assumed that the formation
of the LDW is hampered by the fact that any tilt of the wall
habit plane away from that of the ideal TDW induces local
charge due to the head-to-head or tail-to-tail configuration of
the polarization across the wall. In the extreme case of the LDW,

60 nature materials VOL 7 JANUARY 2008 www.nature.com/naturematerials
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O oszlop  YBa2Cu3O7-δ  szupravezetőőben

  =>  accuracy up to 4 pm 
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L. Houben et al., Ultramicroscopy 106 (2006) 200
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H oszlop leképezés YH2-banLETTERS NATUREMATERIALS DOI: 10.1038/NMAT2957
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Figure 1 | Schematic ray diagrams of HCI–TEM/ABF–STEM and PCTF of
HCI. a, HCI–TEM with the cone angle ranging from minimum ✓c

min to
maximum ✓c

max is equivalent to ABF–STEM with the detector angle ranging
from minimum ✓d

min to maximum ✓d
max (✓d

max is set to a convergent
semiangle ↵). b, HCI–PCTF calculated on the basis of equations (1) and (2),
with ⌦= 2.5 pm and C5 = 1.5 mm. Each of the dotted curves represents
PCTF with the fixed ✓c (equation (2)), and its corresponding first-cross
point where the curve first becomes zero (second-cross means vice versa)
is plotted for each, as shown at the upper right. Note that the first-cross
points occur in the low-frequency region less than 10 nm�1 with ✓c values
larger than 20 mrad, around which the ✓c

max may well be optimized. The
solid red curve shows the HCI–PCTF integrated over ✓c

min ⇠ ✓c
max

(equation (1)). PCTF with axial illumination is shown by the solid blue
curve, calculated with the representative aberration-corrected TEM
parameters6 (Cs = �40 µm, defocus = 9 nm, Cc = 1.4 mm), and the
corresponding damping envelope30 derived with the energy spread of the
beam 1E= 0.3 eV is shown by the dashed blue line. This PCTF is shown by
inverted values for comparison with the present HCI–PCTF.

scatteredwave k is affected by the lens aberrations, and therefore the
corresponding PCTF, L(q), is written as17–19

L(q)=
Z

✓c

Z

�

sin(�(k)��(K))d�d✓c (1)

where� represents an azimuth around the optical axis, ✓c represents
a cone angle ranging from ✓c

max to ✓c
min (Fig. 1a) and the scattering

vector q is defined as k � K. The third-order Cs becomes zero

after the aberration correction, and now the fifth-order spherical
aberration C5 dominates the phase transfer of the lens. Therefore,
with fixed ✓c, PCTF is given as17,18

L(u,✓c)=
I

sin


⇡

3
C5⌦

5{(
p
(u+✓c cos�)2 + (✓c sin�)2)6 �✓c

6}
�
d�
(2)

whereu represents themagnitude ofq, and ⌦ is thewavelength of the
accelerated electron. We have tuned the HCI conditions according
to equations (1) and (2), and obtained the well-optimized PCTF
with 11mrad ✓c  22mrad, as shown in Fig. 1b. Information
transfer now remarkably extends up to 22.5 nm�1, which is far
beyond from that of the typical axial illumination (⇠8 nm�1) and
corresponds to the real-space correlation length of 44.4 pm. It is
noted that the entire shape of the HCI–PCTF curve, like a gently
sloped hill (Fig. 1b),maywork effectively for increasing the visibility
of the weak-scattering light atoms, given the condition that the
phases of the wave are almost equivalently transferred over wide
high-frequency ranges. This is similar to the previous description
of the ‘triangular shape’17 of HCI–PCTF, which was pointed out to
suppress the possible artefacts and noise effectively.

Using the ABF condition with 11mrad ✓d  22mrad set up
in accordance with the optimized HCI condition (11mrad ✓c 
22mrad), we successfully imaged the hydrogen-atom columns
in a crystalline compound. To provide a solid demonstration of
hydrogen imaging, we chose the YH2 compound that is known
as one of the most (thermodynamically) stable hydrides; see the
van’t Hoff plot for the hydride dissociation (Supplementary Fig.
S1). In the plot, it is found that YH2 is the most stable among the
several representative hydrides and never dissociates even under
extremely low-pressure/high-temperature conditions (note that,
within the microscope, the specimen is exposed to a very low
pressure of the order of ⇠10�5 Pa, which promotes hydrogen
desorption for weakly bonded hydrides). In fact, it was indeed
confirmed that the YH2 compound is remarkably stable even under
the electron beam radiation with the present STEM conditions
(probe diameter is approximately 0.08 nm with a current ⇠10 pA).
No significant changes were observed in the image appearances,
electron diffraction or electron energy loss spectroscopy, at least
until a prolonged radiation of 30min (Supplementary Figs S2 and
S3). Details of the sample stability during the practical STEM
beam radiations and the damage behaviours by the intense beam
radiations were systematically investigated, including an estimation
of critical electron doses to cause a structural damage/change; all of
these results are described in Supplementary Information. On the
basis of these careful evaluations of the YH2 robustness against the
beam radiation, we concluded that knock-on damage events to eject
hydrogen atoms hardly take place in the early period of the present
STEM observation, during which the hydrogen atoms hence firmly
stay in the compound.

The YH2 compound has a fluorite-type structure, for which the
individual yttrium- and hydrogen-atom columns distinguishably
appear along the [010] projection (Fig. 2a). Faint but distinct
dark-dot contrast can be recognized at the hydrogen-atom column
positions in the ABF image (Fig. 2b), the validity of which is
well demonstrated by the averaged intensity profiles across the
yttrium and hydrogen sites, as shown in Fig. 3a. We note that
no significant intensity is observed at the relevant positions in
the bright-field image (Fig. 2c) or the ADF image (Fig. 2d). It
is therefore concluded that, only when the sufficiently extended
PCTF is realized by HCI/ABF conditions, the hydrogen atoms
can be successfully detected by phase-contrast imaging that reveals
atoms as dark dots within a WPO approximation. According to
the log-ratio method28 using electron energy loss spectroscopy,
specimen thickness in the observed region (Fig. 2b) was estimated
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Figure 2 |ABF, bright-field and ADF–STEM images of the crystalline compound YH2. a, Crystal structure of YH2 viewed from the [010] crystallographic
direction. b–d, ABF (b), bright-field (c) and ADF (d) images obtained with the detector ranges (✓d

min �✓d
max) 11–22 mrad, 0–22 mrad and 70–150 mrad,

respectively. ABF (b) and ADF (d) images were simultaneously recorded with the detector configurations in Fig. 1a. Simulated images are inset in images
b–d,and the YH2 unit-cell projection is overlaid in b.

to be approximately 8± 2 nm, which is thin enough to apply a
WPO approximation.

Image simulations based on the fast-Fourier-transform mul-
tislice algorithm29 are carried out with the estimated thickness
of 8 nm, reproducing fairly well all the observed features, ABF,
bright-field and ADF STEM images, as inset in each of the images
of Fig. 2b–d. It is also confirmed by the simulation of ABF imaging
that no significant intensity occurs at the hydrogen sites when the
hydrogen atoms are removed from the structure (that is, the hypo-
thetic fluorite YH2 structure where all the hydrogen sites are vacant;
see Supplementary Fig. S6). This strongly supports the validity
that the observed intensity is indeed originated from the hydrogen
atoms themselves, not by the imaging artefacts of phase contrast.
A good match between the experiment and simulation is further
confirmed by the corresponding intensity profiles shown in Fig. 3a,
where the yttrium–hydrogen ABF-intensity profiles calculated with
the relevant thicknesses (⇠8 nm) fit semiquantitatively with the
experimental profile. We here note that, in the experimental ABF
image, the intensity at the hydrogen sites was found to almost vanish
in the thick region (estimated as about ⇠20 nm) of the present
cleavage wedge-shape specimen. This is confirmed by computing
the thickness dependence of the ABF intensity (thickness map29)
shown in Fig. 3b, in which the relative intensity between the yttrium
and hydrogen alters with increasing thickness owing to dynamical
diffraction effects. The hydrogen contrast becomes significantly
weak around the thickness of 20 nm whose intensity profile is also
shown in Fig. 3a, and with this condition the hydrogen intensity
would be almost hidden in the background and hardly detected
in the experiment. It is nevertheless noteworthy that both the
yttrium and hydrogen sites never reveal contrast reversal (that
is, the atom positions look like either dark or bright dots) but
show simple intensity oscillations over a wide thickness range
(Fig. 3b). This behaviour was related to a remarkable benefit of ABF
imaging that provides robust/reliable visibility of the light atoms8,
because the conventional bright-field phase-contrast imaging suf-
fers from its frequent contrast reversal depending on the thickness
and other parameters.

We also carried out the series of imaging and analysis for the
[110] zone illumination of the YH2 crystal, and the results are
summarized in Supplementary Information (Supplementary Figs
S7 and S8) in the same manner as those represented in Figs 2
and 3. In the [110] projection the hydrogen-column positions
look closer to the neighbouring yttrium column, and therefore
the hydrogen contrast becomes not so distinct as imaging along
[100]. Nevertheless, significant ABF intensity is certainly observed
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Figure 3 | Experimental and simulated ABF intensity. a, Line profiles along
A–B indicated in Fig. 2b, showing the intensity (represented inversely) of
yttrium and hydrogen sites alternately. The experimental profile is obtained
as a sum of about 20 profiles, each of which was measured at different
places in the ABF image (Fig. 2b) and by integrating over the framed area
as shown in Fig. 2b. Error bars indicate the standard error of the mean. The
corresponding simulated profiles are shown for the specimen thicknesses
of 8, 10 and 20 nm. b, Thickness map of ABF intensity calculated up to
thickness 30 nm. Traces of yttrium and hydrogen atom sites are indicated
at the bottom by their chemical symbols, Y and H, respectively.

at the hydrogen sites, as confirmed by both the experiment
and simulations. This also demonstrates the success of hydrogen
imaging by ABF–STEM.

We finally point out that there could be better parameter settings
available with finite values of Cs and defocus, which possibly extend
the PCTF into a higher-frequency region than that shown in Fig. 1b.
Further details of the generalized ABF conditions in terms of
HCI–PCTF variations will soon be described elsewhere. We also
mention that, by further tuning the Cc corrector30, a conventional
phase-contrast TEM of axial illumination may successfully image
hydrogen atoms with extended PCTF, showing hydrogen contrast
similar to the present observation (Fig. 2b).

Note added in proof. Recently, the imaging of hydrogen-atom
columns has been independently demonstrated for the VH2
compound by STEM observation by Findlay and colleagues31. The
paper was published during the review process of the present
paper. The observation by Findlay et al. was made with not
strict annular bright-field conditions but spanning the range
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Crystal structure of YH2, ABF image, BF and ADF STEM images. 
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Atomi felbontású EDX

FEI - ChemiSTEM technológia SrTiO3 filtered raw

FEI - ChemiSTEM
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Al2O3 és Co:ZnO 
határátmenet

A. Kovacs to be published

23



Grafén 
A. Geim, K. Novoselov
Nobel díj 2010

“miracle material”

• Elektron mobilitás ~ 2x105 cm2V-1s-1 

• Young állandó 1 TPa (merevség) and szilárdság 130 GPa
• Magas hőővezetés  ~ 3000 W mK-1 
• Magas optikai abszorpció
• Fenntartható magas áramsűűrűűség
• Ellenálló

Knock-on damage of C ~ 86 kV 
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Sugárérzékeny szén szerkezetek

1 n1nm

80kV80kV300kV300kV

Kaiser U. A., Chuvilin

 

A., Meyer J., Biskupek

 

J. (2009) In: W. Grogger, F. Hofer, P. Poelt

 

(Eds.) 
Materials Science Microscopy Conference MC2009, 3: 1-6

Here we are!

SWNT

U Kaiser, Proc. MC 2009 

@ 300 kV @ 80 kV

Többfalú szén nanocsőő
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Grafén

J. Jinschek

@ 80 kV
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Atom leképezés és analitika

Suenaga, Nature 2010

graphene

e-beam STEM + EELS

IOP physicsworld.com
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Electron holográfia
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Co nanokristályok mágneses tere

A Wei, R Dunin-Borkowski, T Kasama
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Magnetoszómák

magnetic properties such as the coercivity or magnetic moment of a bacterial cell or an
individual crystal. The magnetic moment of an individual magnetosome or an entire
chain of crystals can be measured from the magnetic contribution to the phase shift
(Dunin-Borkowski et al., 2001; Kasama et al., 2006; Simpson et al., 2005; Beleggia
et al., 2010). By applying this approach to various types of magnetotactic bact-
eria, including both magnetite-bearing and greigite-bearing cells, it was found that
the magnetic moment per unit length is similar for all chains (Pósfai et al., 2007).
This remarkable uniformity of the magnetic moment ensures that all types of magneto-
tactic bacteria can navigate efficiently in the weak magnetic field of the Earth. Cells that
contain highly ordered chains of magnetic crystals with strictly regulated shapes and
orientations (such as those shown in Figs 19b and 16) contain fewer magnetosomes
than cells that have more disordered arrangements of magnetosomes (such as those
shown in Figs 8 and 10), in which a larger number of magnetosomes compensates for
the loss of magnetic moment that arises from the less controlled particle shapes and
orientations.

Recently, another technique, energy-loss magnetic chiral dichroism (EMCD) has
emerged for measuring the magnetic properties of nanoscale particles using TEM
(Schattschneider et al., 2006). As the name implies, the technique is based on EELS,
and involves the collection of two EEL spectra, e.g. at the Fe L2,3 ionization edge. As
the phase of the transmitted electron beam is angle-dependent, experimental conditions
can be set up in such a way that the two electron beams that are used for collecting the

Fig. 20. (a) Bright-field TEM image, (b) tomographic reconstruction generated from a tilt series of STEM
HAADF images, and (c) magnetic phase contours recorded using off-axis electron holography, from a

chain of elongated, bullet-shaped magnetite crystals from an uncultured freshwater magnetotactic bacterial
cell, described by Isambert et al. (2007) (sample courtesy of Aude Isambert and Nicolas Menguy,

University of Paris).

M. Pósfai et al.410
1 µm

M. Pósfai et al.408

M Pósfai, R Dunin-Borkowski
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Összefoglalásul

• nagy felbontású szerkezeti, összetételi, elektromos, mágneses és kémiai 
információkat képes biztosítani; 

• elengedhetetlen része biológiai, kémiai, fizikai, nanotechnológiai, geológia 
kutatásoknak;

• sajnos drága megvenni és fenntartani;

• speciális tudású kutatókat igényel;

Egy modern TEM berendezés
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ESTEEM-2    	 http://esteem2.eu

European network of transmission electron microscopy for 
materials science
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Strontium titanate – left viewed in an uncorrected elec-
tron microscope, right in an aberration-corrected
microscope. Only the image on the right shows the
atomic structure. The possibility of directly imaging

Spherical aberration: the problem of edge deflection

In optical microscopes, a diverging lens ensures that
the edge deflection of the converging lens is corrected. 

A complex system of electromagnetic lenses, the so-
called hexapole corrector, compensates edge deflection
in an electron microscope.

oxygen for the first time with electron microscopes
opens up new opportunities for studying oxides – an
important class of materials for information technology.

The refractive power of lenses
is stronger at the edge than
close to the optical axis.

“PICO” “HOLO”Titan - “S” Titan - “T”

4000EX Tecnai F20 CM20 F

(Titan - “A”)

Helios Nanomill
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