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The second development step of the SMART project, i.e. an energy-filtered but not yet corrected
photoelectron emission microscope, operates at the undulator U49/1-PGM beamline at BESSY II. It
already demonstrates the variety of methods of the final version: microscopy, spectroscopy and electron
diffraction. Some recent experimental results are reported for these three operation modes. In addition,
the theoretical improvement of lateral resolution and transmission of PEEMs in general by using an
energy filter is discussed for systems without and with aberration correction.

1. Introduction

The ongoing miniaturization in technological devices

and the progress in surface science demand novel

instrumental methods for surface characterization on

a length scale of only a few atomic distances. Up to

now, the state-of-the-art instruments for that pur-

pose are scanning electron microscopes (SEM), with

a resolution limit of several nanometers, atomic force

(AFM) and scanning tunneling microscopes (STM).

The latter can investigate the film morphology and

geometric structure of surfaces on an atomic scale.

However, the disadvantages, especially of scanning

probe microscopes, are (a) the relatively slow data

acquisition due to serial detection, (b) the restriction

to the topmost surface layer, and especially (c) the

fact that they do not allow a sufficient spectroscopic,
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i.e. electronic and chemical, analysis. Alternative

techniques are the direct imaging PEEM (photo-

electron emission microscope) or — slightly more

sophisticated — the LEEM (low-energy electron

microscope) combined with an imaging analyzer

and a tunable high-brilliance synchrotron radia-

tion source. Besides the fast imaging (a few tens

of milliseconds time scale due to parallel detection)

which allows the in situ and real time study of

processes like growth,1,2 surface reaction,3 annealing,

phase transitions, etc., these spectromicroscopes

enable a comprehensive spectroscopic analysis on

a length scale corresponding to their lateral

resolution.4 The lateral resolution limit has been

reduced in the last few decades, but is limited to

5 nm in LEEM5 and to about 10–20 nm in spec-

troscopic PEEM6,7 by the unavoidable spherical and

chromatic aberrations of rotationally symmetric

lenses.8 The SMART project9 will overcome

this limit by introducing an electrostatic mirror10

together with a highly symmetric magnetic beam

splitter11 in an optimized optical design. This

corrector compensates for the spherical and chro-

matic aberrations as recently demonstrated12 and

will improve the lateral resolution by a factor of

5–10. Simultaneously, it will increase the trans-

mission by a factor of 25–100. Further on, the

instrument is equipped with a special imaging

analyzer: the so-called OMEGA filter,13 which

enables energy-filtered imaging and spectroscopy.

When the instrument is completed it will achieve

a lateral resolution which is hopefully close to the

theoretical resolution limit of 0.5 nm at an energy

resolution of 100 meV. Hence the presently attain-

able resolution can be improved by a factor of 5–10.

As a result new possibilities in surface science and

investigations of nanoscaled technological devices

will be opened.

There are other groups in the world, who

will apply or even already use energy-filtered

PEEMs at third generation synchrotron beamlines,

e.g. the commercial Focus PEEM with a retard-

ing field analyzer as an imaging filter developed

in Schönhense’s group,14 the commercial ELMITEC

spectroscopic PEEM/LEEM (“SPELEEM”) with a

180◦ hemispherical analyzer developed in Bauer’s

group,6 which will be installed at ELETTRA (Italy)

and at the SLS (Swiss).15 The PEEM III16 instru-

ment being developed at the ALS (Berkeley, USA)

will be equipped with a corrector system similar

to that of the SMART, but is presently planned

without an energy filter. Delong Instruments (Brno,

Czech Republic) has started to operate an energy-

filtering and corrected LEEM/PEEM instrument17

which will be installed at ELETTRA.

The SMART instrument consists of three main

modules that can be tested separately: (1) the

measurement chamber with sample manipulator and

objective lens, (2) the beam splitter with the correct-

ing mirror and the electron gun, and (3) the transfer

optic system with the OMEGA filter and the pro-

jection optics. After the first successful tests of the

individual modules, the modules (1) and (3) were

mounted together, resulting in the current (summer

2001) version of the SMART instrument: a spec-

troscopic PEEM. In this paper we will report on

both the theoretical improvements regarding lateral

resolution and transmission with an energy-filtered

PEEM without and with a correction system, and

on the first experimental results.

2. Experimental Setup

A detailed description of the final instrumental

concept of the SMART is given in Ref. 18. There-

fore, we restrict ourselves to a brief overview of the

surrent experimental setup. The microscope is a

UHV instrument with a base pressure of 10−10 mbar

in the image column, OMEGA filter, and in the

measurement chamber. The design of the latter

and of the sample manipulator is similar to that

developed in Clausthal,19,20 which enables in situ

evaporation, heating up to 2300 K and cooling down

to 200 K, and gas treatment up to about 10−6 mbar

even during observation, when the high voltage of

15 kV is applied to the sample.

The sample can be illuminated at grazing inci-

dence of 20◦ either by the light of a Hg short arc

lamp or by synchrotron light. The photoemitted

electrons are accelerated into the magnetic objective

lens to the base energy of 15 keV. After they pass the

five-lens transfer optics with its acceptance-angle-

limiting aperture and its area-of-interest-selecting

field aperture, the electrons are energy-filtered by the

imaging analyzer (OMEGA filter). Finally the pro-

jection optics transfers the electrons to the detector.

Similar to the lens settings of the SPELEEM,6 this

SMART version allows three modes of operation:
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(1) microscopy (i.e. energy filtered imaging, includ-

ing work function contrast imaging), (2) spectro-

scopy and (3) imaging of the angular distribution of

emitted electrons. Sample preparation can presently

be performed in an attached mini-preparation-

chamber equipped with sputter unit, sample heating,

and sample transfer through an air lock.

The microscope is installed quasipermanently at

the U49/1-PGM undulator beamline21 at BESSY II

(Berlin, Germany). The photon energy ranges from

90 eV to 2000 eV with resolving power of E/∆E >

12, 000 at a photon energy of E = 400 eV. For an

energy resolution of 100 meV at E = 400 eV the

presently obtainable photon flux of 1×1012 ph/s can

be focussed into a spot on the sample of 50×20 µm2

size.

3. Resolution Limit

The SMART instrument employs a magnetic immer-

sion lens which has lower aberration than electro-

static triode or tetrode lenses. This objective lens,

together with the corrector and energy filter, deter-

mines the resolution limit of the microscope. In the

following we discuss the influence of the aberra-

tions for uncorrected systems and subsequently for

corrected systems, both equipped with a filter that

selects an energy window ∆E for an initial kinetic

energy E0 with which the detected electrons start at

the sample surface.

3.1. Uncorrected systems

In the case of an uncorrected system we simply define

the resolution limit d as

d =
√
d2
d + (ds/2)2 + d2

c , (1)

where ds and dc are the radii of the disks of con-

fusion due to spherical and chromatic aberrations of

the lens with

ds = Cs sin3 α , (2)

dc = Cc
∆E

E0
sinα . (3)

The diffraction at the aperture yields a spot the

radius of which

dd = 0.61λ/ sinα (4)

increases with decreasing acceptance angle α. (α is

the maximum emission angle contributing to the

image.) Here λ =
√

1.5/E0 the electron wave length

in nm, and E0 denotes the start energy in eV. The

aberration coefficients Cs and Cc depend on the geo-

metry of the lens, on the start energy E0, and on the

base energy E (in our case 15 keV). In the plane of

least confusion the radius of the spherical aberration

disk is less than half its radius in the Gaussian image

plane. As a result the contribution of ds is reduced

by a factor of 2, as given in Eq. (1).

The dependence of the resolution limit d on the

acceptance angle α is shown in Fig. 1 for three

different start energies E0 at an energy spread ∆E =

0.5 eV, which is typical for the energy spread in

LEEM instruments. The calculations are based on

Eqs. (1)–(4) and the aberration coefficients of a

magnetic lens suggested by D. Preikszas.22 However,

the general statements are valid for all immer-

sion lenses. The contributions of the chromatic and

spherical aberrations and of the diffraction limit are

indicated as dashed, dotted and thin solid lines.

While the decrease of the acceptance angle lowers

the influence of the aberrations, the diffraction

behaves just the opposite. As a consequence, there

exists an optimum resolution limit at an optimum

acceptance angle (thick line). Comparing the

behavior for different start energies E0, the resolu-

tion limit decreases with higher start energies: from

about 12 nm at E0 = 1 eV to 4 nm at E0 = 100 eV.

The reason is that the diffraction limit is lowered

Fig. 1. Resolution limit d of an uncorrected objective
lens as a function of the acceptance angle α for dif-
ferent start energies E0 and a fixed energy spread of
∆E = 0.5 eV (thick, topmost lines). The contributions
of the chromatic aberration, spherical aberration and
diffraction limit are indicated by the dashed, dotted and
thin solid lines.



226 Th. Schmidt et al.

for higher energies. However, the spherical aberra-

tion which is negligibly small compared to the chro-

matic aberration at low energy, becomes dominant

at higher energies.23 The optimum acceptance angle

decreases from 85 mrad to 25 mrad between E0 =

1 eV and E0 = 100 eV. Accordingly, the instrumental

transmission T (α) = 2 sin2 α
2 ≈ α2/2 is reduced by

a factor of 10 (assuming isotropic emission). This

example shows that the resolution can be improved

by a factor of 3, but simultaneously the transmission

and hence the image intensity is reduced by a factor

of 10.

PEEMs without energy filter use electrons at low

start energies between 0 eV and a few eV. The energy

spread ∆E is typically in the range of 0.5–1 eV for

excitation with a Hg short arc lamp and 2–5 eV with

synchrotron light. The spread depends on the pho-

ton energy, the excitation condition (e.g. resonant

X-ray absorption) and, in the case of a Hg lamp,

on the work function. Figure 2 shows the improve-

ment in this working mode (i.e. for E0 = 1 eV) by

an energy filter with different energy windows ∆E.

Due to the low start energy the chromatic aberra-

tion is dominant for ∆E = 2 eV and 0.5 eV. Only

for the very small energy window ∆E = 0.1 eV

does the spherical aberration become important. For

∆E = 2 eV the optimum resolution limit is about

d = 24 nm at α = 44 mrad. Keeping this resolution,

the acceptance angle α can be increased to 240 mrad

(∆E = 0.5 eV) and 540 mrad (∆E = 0.1 eV).

Although the energy-selecting analyzer slit must be

narrowed for the latter cases, the image intensity

is increased by a factor of 7.5 (∆E = 0.5 eV) and

7.3 (∆E = 0.1 eV) because the transmission is

improved by a factor of 30 (∆E = 0.5 eV) and

147 (∆E = 0.1 eV), respectively, due to the larger

acceptance angle. Alternatively, the analyzer reduces

the resolution limit from d = 24 nm (∆E = 2 eV) to

12.4 nm (∆E = 0.5 eV) and 5.6 nm (∆E = 0.1 eV),

whereas the increase in transmission nearly compen-

sates for the loss of image intensity caused by the

narrower energy slit.

As a result, the energy filter increases trans-

mission and resolution at low energies, where the

chromatic aberration dominates. The gain in image

intensity is due to the relation dc ∝ ∆E × α for

the chromatic aberration [Eq. (3)]. A decrease of ∆E

by a factor of g allows an increase of α by the same

factor. Therefore, the transmission is increased by g2.

Fig. 2. Influence of the energy spread ∆E on the resolu-
tion limit dependence d(α) at a start energy E0 = 1 eV.
Thick dotted, dashed and dash–dotted lines correspond
to ∆E = 0.1 eV, 0.5 eV and 2 eV. The thin solid lines
are the contributions from the diffraction limit and the
spherical aberrations.

Taking into account that reducing the energy slit by

a factor of g lowers the image intensity by g, the net

gain of intensity is g.

3.2. Corrected systems

A tetrode mirror as suggested by D. Preikszas

and H. Rose10 compensates simultaneously for the

spherical and the chromatic aberration. The accom-

panying special beam splitter is corrected in second

order and does not introduce dispersion up to

second degree. The OMEGA filter is also corrected

to second order. As a consequence, the remaining

aberrations of the whole system are of higher rank:

d(5)
s = Css sin5 α , (5)

d(3)
c = Ccc

(
∆E

E

)2

sinα , (6)

d(4)
sc = Csc

∆E

E
sin3 α . (7)

Here the superscript indicates the rank of the

aberration.

The theoretical resolution limit of the SMART

with and without corrector is depicted in Fig. 3. A

start energy E0 = 10 eV, an energy spread ∆E =

2 eV, and an acceleration field of 5 kV/mm in front
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Fig. 3. Resolution limit d as a function of the ac-
ceptance angle α for the corrected and uncorrected
SMART in the cases E0 = 10 eV and ∆E = 2 eV. The
dominating aberration components are added; dashed
lines for the uncorrected and thin solid lines for the
corrected case.

of the sample are assumed. The dominating aberra-

tion contributions are given for the uncorrected and

the corrected case. The corrector reduces the reso-

lution limit of the uncorrected system from 14 nm

to 1.6 nm. In parallel, the transmission increases by

a factor of 67. Alternatively, if the corrected sys-

tem operates with a resolution limit of 14 nm, the

gain in transmission increases to 500 compared with

that of the uncorrected system. Both the increase in

resolution and in transmission will be the outstand-

ing features of the aberration-corrected version of the

SMART microscope.

The faster the electrons start from the sample

surface, the smaller are the resolution limit d and

the transmission T , as shown in detail in Fig. 4. The

reduction of the energy spread ∆E by the analyzer

improves both the resolution and the transmission,

especially at low start energies. For the uncorrected

system this gain in transmission nearly compensates

for the loss in image intensity caused by the reduced

energy slit width (see Subsec. 3.1). The corrector

drastically improves resolution and transmission. A

simultaneous gain between 3 and 7 in resolution and

between 10 and 50 in transmission (compare open

and full symbols in Fig. 4) is achieved. Only at

low start energies (below E0 = 5 eV) and wide

energy spreads (∆E > 3 eV) does the corrector

Fig. 4. Resolution limit and transmission with (full
symbols) and without (open symbols) aberration correc-
tion as a function of the start energy E0 at different
energy spreads ∆E = 0.1 eV (squares), 1 eV (circles)
and 5 eV (triangles) for optimized aperture sizes. Data
from Ref. 22.

not appreciably improve resolution and trans-

mission. This situation is given for secondary photo-

electron emission microscopy using synchrotron

light (XPEEM) without energy filtering. In such

XPEEMs the corrector will not be able to signifi-

cantly improve the performance of the instrument,

but is only useful in combination with an energy

filter which reduces the energy spread ∆E.

4. Experimental Results

A spectroscopic PEEM (a PEEM equipped with an

imaging analyzer for energy filtering) enables three

modes of operation:6

(i) Microscopy;

(ii) Spectroscopy;

(iii) Angular distribution measurements.
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Microscopy is performed with (a) a fixed acceptance

angle obtained by an aperture, (b) usually in normal

emission, (c) at a chosen kinetic electron energy E0

(start energy), and (d) at fixed energy window ∆E

set by the energy slit. Spectroscopy can be done in

two modes: (A) The dispersion plane of the analyzer

is directly imaged at fixed angular acceptance (using

the angle-limiting aperture) and with a chosen

“surface area of interest” by using the field-limiting

aperture; (B) the (so-called) indirect spectroscopy

is based on the accumulation of microscopic

images taken with different (i.e. scanned) electron or

photon energies. The subsequent numerical analysis

of the digital data selects distinct surface areas of

interest — leading to the so-called “stack analysis.”

The same procedure can be done for stacks of

images of the angular distributions. The imaging of

the angular distribution in the spectroscopic PEEM

corresponds — from the optical point of view —

to the LEED mode in a LEEM instrument. In this

mode the angular distribution of the emitted elec-

trons is directly imaged onto the detector at a chosen

start energy E0 with a selected energy window ∆E

(analyzer slit) and with a chosen “surface area of

interest” by using the field aperture.

Examples for these modes measured with the

current version of the SMART will be given in the

following sections.

4.1. Microscopy

As a test system we used three-dimensional graphite

islands on a Ag(111) single crystal which were

obtained by photolytic decomposition of NTCDA

crystallites. Figure 5 shows on the left an image

Fig. 5. Energy-filtered microscopy. Image of graphite
islands on Ag(111) taken with secondary electrons at
E0 = 0.9 eV (left) and with the Ag 3d3/2 photoemitted
electrons at E0 = 71.2 eV (right). The arrows mark the
same surface spot.

of this surface at a moderate magnification of 2200

with secondary electrons at E0 = 0.9 eV. The image

on the right hand side was taken with the Ag 3d

photoemitted electrons at E0 = 71.2 eV. The energy

window of the filter was set to ∆E = 0.5 eV; the

photon energy was hν = 450 eV with an energy

resolution of ∆Eph = 0.1 eV.

The secondary electron image reveals a strong

contrast due to the different yield of secondary

emitted electrons from the Ag substrate and the

graphite islands. Of course, an unambiguous assign-

ment of light and dark areas to substrate and

graphite in such a single image is only possible if the

relative yield of the secondary processes is known for

graphite and Ag at that specific energy or by tuning

the photon energy to the resonant emission of carbon

(NEXAFS). In our case we tuned the electron energy

to the photoemission peak of Ag 3d3/2 (Fig. 5, right).

Under this condition the image intensity can be

analyzed qualitatively: the bright areas are due to

the Ag substrate, the dark areas to the graphite

islands. Though the surface is shifted in the observed

field of view, identical surface spots can be identified,

as indicated by the arrows. Unfortunately, the

quality of the Ag 3d-photoemitted electron image is

poor due to a misalignment of the objective lens and

low intensity which could not be optimized because

of a lack of the time.

Extensive experiments to improve and demon-

strate the lateral resolution of the present setup have

not yet been performed since presently the here used

objective lens is being reconstructed. However, in

previous laboratory experiments a lateral resolution

of 50 nm was achieved, which — under the available

conditions at that time — was considered to be a

good starting point.

4.2. Spectroscopy

For a comprehensive analysis of chemical states

and compounds, the spectroscopic mode is the best

choice. Figure 6 shows the Ag 3d doublet and the

C 1s peak, both taken with 450 eV photon energy

using a photon energy resolution of ∆Eph = 0.1 eV.

The top row shows the dispersion plane imaged on

the detector with horizontal energy axis. The speci-

men potentials for the Ag and the C peaks were set

to 70.5 V and 158 V, respectively, in order to position

the energy ranges to be studied on the detector. The
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Fig. 6. Spectroscopy mode: imaging of the dispersion
plane of the analyzer. Left — Ag 3d doublet; right —
C 1s; top row — raw data on the detector screen; bottom
row — the integrated intensity. The photon energy was
hν = 450 eV.

detected energy range at this specific measurement

amounts to 17 eV, but can be increased to a

maximum of 30 eV, mainly by changing the settings

of the projector optics. The spectra shown in

the lower part of Fig. 6 are generated simply by

numerical integration of the raw data. In order to

enhance the dynamical range of the detector system

by up to two orders of magnitude, the energy focus

is stretched perpendicular to the energy axis by a

specific quadrupole in the OMEGA filter. This proce-

dure results in quite smooth spectra which are taken

with a simple eight-bit camera.

For these spectra an object area with a diameter

of 3 µm was selected by the field aperture. The

magnification of the transfer optics of the SMART

in principle allows sizes of selected areas down to

less than 10 nm. The measured full width at half

maximum of the Ag 3d peaks is 0.65 eV. A decon-

volution gives an overall spectral resolution of less

than 0.5 eV, which for first test measurements is a

reasonably good value for this kind of microscope.

4.3. Angular distribution measurements

The third mode of operation to be demonstrated

in the SMART instrument concerns the imaging of

the angular distribution of the emitted electrons. A

special setting of the electron optics exchanges the

image of the object plane with that of the back

focal plane in which the angular distribution is

available. As a consequence, the intermediate image

of the surface is formed in the plane of the aperture

which previously limited the acceptance angle. Now

this aperture acts as a field aperture enabling the

selection of an area of interest down to 250 nm in

diameter.

Figure 7 shows the angular distribution of the

secondary electrons for different kinetic energies in

the range between 11 eV and 21 eV taken with an

Fig. 7. Imaging of the angular distribution of the
secondary electrons at a photon energy hν = 450 eV.
The kinetic energy of the electrons is varied from 11 eV
to 21 eV.
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energy window ∆E = 0.5 eV set by the OMEGA

filter. The size of the object area selected by the

aperture is 1 µm in diameter in all cases. Due to the

strong acceleration of the electrons from the initial

energy to the base energy of 15 keV, the instrument is

able to utilize the full angular half sphere (2π). Thus

the center of each image in Fig. 7 corresponds to

normal emission and the outer edge to the±90◦ emis-

sion. In other words, the electrons at the edge start

parallel to the surface. As expected for this kind of

microscope, the diameter of the disklike image of the

angular distribution grows with the square root of

the initial kinetic energy. This is well known from

the LEED pattern in LEEM instruments, where the

disk represents the Ewald sphere. Using the known

LEED spot position, a calibration of the momentum

k‖ parallel to the surface is easily possible. The

momentum calibration is the same for all kinetic

energies. As a consequence the LEED spot positions

remain at the same place on the detector while the

kinetic energy is changed.

The origin of the pronounced threefold pattern

of the secondary emission is a combination of

the electron energy dispersion E(k) (i.e. the band

structure) and of diffraction processes of the emitted

electrons (i.e. photoelectron diffraction). A quantita-

tive analysis is, of course, complicated — and hence

has not been tried for the present preliminary data —

because band structure calculations and calculations

of the final state wave function and its coupling to

the emitted wave have to be performed. However,

only for a qualitative characterization of the crystal

symmetry is this method very helpful: the threefold

symmetry of the Ag(111) crystal is clearly visible.

The photoelectron diffraction pattern of the

Ag 3d doublet shown in Fig. 8 allows, in principle,

a quantitative analysis of the local atomic geometry

of the Ag emitter. Thus images were taken at three

different photon energies; at each photon energy

the kinetic energies were tuned to the Ag 3d3/2

and the Ag 3d5/2 peaks (left and right column,

respectively). The energy window was set to ∆E =

0.5 eV. The outstanding performance of this mode is

demonstrated by an acquisition time of only 60 s,

sufficient even for a selected area of interest of

only 1 µm in diameter. This behavior results from

the parallel detection method, which requires con-

siderably less time than the usual mechanical

scanning method. The angular detection range in

Fig. 8. Photoelectron diffraction: imaging of the an-
gular distribution of the Ag 3d3/2 (left column) and
Ag 3d5/2 emitted electrons at different photon ener-
gies hν = 430 eV (a), (b), hν = 450 eV (c), (d) and
hν = 470 eV (e), (f), corresponding to kinetic energies of
50.8/56.8 eV, 70.8/76.8 eV and 90.8/96.8 eV (a)–(f).

this mode is, in principle, again ±90◦. The border

in Fig. 8, however, is limited by the aperture placed

in the diffraction plane.

5. Conclusions

This paper first considers the most important

parameters of imaging, corrected or uncorrected

spectromicroscopes, namely lateral resolution and

transmission. Secondly, the present status of the

SMART project is briefly reviewed, and first results

are presented using the second development stage of

the SMART instrument, an already energy-filtered

but yet uncorrected PEEM version. Theoretical

calculations show that at low start energies below

10 eV energy filters significantly reduce chromatic

aberration and therefore improve resolution and

transmission. Most existing PEEM instruments have

not yet reached their theoretical resolution limit of

about 10 nm. Besides some instrumental problems

like mechanical vibrations or instabilities of the

power supplies, the lack of image intensity is the
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largest obstacle to improving the resolution. Either

the aperture is chosen too large in order to enable

high transmission or, at optimal aperture size, a low

image intensity forces such long acquisition times

that (a) the (re)alignment of the optics setting can

hardly be done in an acceptable time, and (b) the

system is very sensitive to instabilities. These effects

demonstrate the fundamental necessity to increase

the transmission by both energy filtering and aberra-

tion correction.

For our example of graphite islands on Ag(111)

we could show that a PEEM with imaging analyzer

enables imaging with electrons not only at secondary

emission, but also at higher energies. This allows

one to utilize any of the three operation modes:

microscopy (including imaging with electrons of a

selected photoemission peak), photoelectron spec-

troscopy, and angular distribution measurements

(including photoelectron diffraction). These different

methods allow a comprehensive characterization of

surfaces.

The performance of the second development

step of the SMART spectromicroscope could be

shown, and some remarkable features could be

demonstrated. The microspectroscopy mode with its

parallel detection of a spectral range up to 30 eV wide

can be done on selected areas down to a few tens

of nanometers in size with an energy resolution of

better than 0.5 eV (demonstrated was already 1 µm).

This mode enables a very fast chemical characteriza-

tion of the surface, which can be investigated in

detail in the microscopy mode at some charac-

teristic energies. The micro-photoelectron diffraction

(µ-PED) mode allows the probing of objects even

on a submicrometer scale. As a consequence, PED

is possible not only on homogeneous large single

crystals but also on single microcrystals in polycrys-

talline samples, individual islands, single superstruc-

ture domains, reaction fronts, etc.

The next goal is the combination of the corrector

with the present energy-filtering PEEM. As a first

result, which can easily be achieved, the transmission

will be drastically increased by a factor of 30–50, if

one accepts the same lateral resolution as in the un-

corrected system. In a second step, after optimizing

the alignment and the mechanical and electrical

stability of the instrument, the resolution will be

improved. The final aim will be a lateral resolution

of at least 2 nm in the LEEM and 5 nm in the PEEM

mode.
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