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PRACTICAL MEASURE FOR THE BRIGHTNESS OF ELECTRON SOURCES

J.E. Barth, M.S. Bronsgeest

Delft University of Technology
Lorentzweg 1, 2628 CJ, Delft, Netherlands
J.E.Barth@tudelft.nl

To characterize electron sources, usually the reduced differential brightness

S|
Bt =— lim 1im —oeee .
WY saomr6SASO (1)

is given, with current S, area SA solid angle SO, and extraction voltage V.

However, when electron sources are used for probe formation, the differential brightness is
not the relevant parameter:

In a scanning electron microscope the virtual source is imaged in the probe. The virtual source
has a bell-shaped intensity profile. The differential brightness, being the brightness at the top
of the source intensity profile, is therefore not applicable.

When sources are used for probe formation the only brightness with a real physical meaning,
is the reduced brightness, as Crewe has pointed out [1]:

B=Hr- 2

where / *is the angular current density, which is taken to be constant over a finite solid angle,
and dvis the diameter of the virtual source. However, Crewe does not give a definition of that
‘diameter’. In order to have a practical brightness a practical definition is needed. A measure
that assumes no particular shape of the source intensity profile is tlie diameter containing a
fraction FC of the current / 'fl coming from the virtual source as seen from the extractor.

To complete the definition a choice has to be made for the value of FC. For a number of
reasons we propose a fraction of 0.5. We consider this value most likely to be generally
acceptable to the charged particle optics community.

We have derived the relation of the practical brightness to the differential brightness for the
particular case of the Schottky source.

For Schottky sources the reduced differential brightness is (e.g. [2])
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PURIFICATION OF PLATINUM AND GOLD STRUCTURES AFTER ELECTRON-
BEAM-INDUCED DEPOSITION

A. Botman, J. J. L. Mulders, R. Weemaes and S. Mentink

(A.B., S.M.) Philips Research Laboratories, High Tech Campus 34, 5656 AE Eindhoven, The
Netherlands. Electronic Mail: aurelien.botman@ philips.com.

(R.W.) Philips Research Laboratories, High Tech Campus 11, 5656AE Eindhoven, The
Netherlands.

(J.M.) FEI Electron Optics, Achtseweg Noord 5, 5651GG Eindhoven, The Netherlands.

The technique of electron-beam-induced deposition (EBID) [1], when performed with organic
precursors, typically results in a relatively low metal content due to the partial decomposition
of the organic precursor, leaving carbon rich remnants in the deposition [2]. Solutions
investigated elsewhere have included annealing in-situ after [3] or during [4] deposition, or
deposition in reactive environments [5], These two approaches have apparently not yet been
combined.

We described a method applied to noble-metal structures deposited using EBID, which
consisted of a post-treatment step of heating in a reactive atmosphere of oxygen, whereby the
amount of carbon in the structure is strongly reduced [6]. As a result we have been able to
increase the purity of platinum deposits from 15 at% to nearly 70 at%, and gold similarly
from 8 at% to nearly 60 at%.

The resistivity of these structures has also been improved by up to 4 orders of magnitude, to
achieve (1.4 = 0.2) x 104//Ohm.cm in the case of platinum. Furthermore, STEM analysis of
the treated structures has shown formation of crystalline material (Figure 1).
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SIGNAL DETECTION WITH SEGMENTAL IONIZATION DETECTOR
P. Cernoch2, J. Jirdk12

‘institute of Scientific Instruments ASCR, Kralovopolska 147, 612 64 Brno, Czech Republic
m~Department of Electrotechnology FEEC BUT, Udolni 53, 602 00 Brno, Czech Republic
xcerno07@stud.feec.vutbr.cz

The gaseous ionization detector [1] is often utilized for signal detection at a higher pressure in
the specimen chamber of the environmental scanning electron microscope. We study the
properties of halved segmental ionization detector with an electrode system consisting of four
concentric electrodes divided into left and right halves, as seen in Fig. 1

Each electrode of the detector can be connected to one of the three following options: a
potential of 0 V to 500 V with signal detection, a potential of -500 V to 500 V without signal
detection or a ground. The electrode system connection at signal detection by the left smallest
electrode (Ai ) at a voltage of 350 V while the right smallest electrode (Ar) is at a voltage of -
200 V and all other electrodes are grounded is illustrated in Fig. 2. For this electrode system
connection, electron trajectories in the electrostatic field in a vacuum simulated via program
Simion 3D 7.0 is shown in Fig. 3a and the image of the semiconductor specimen is shown in
Fig. 4a. Likewise, the electron trajectories simulation and the specimen image at the electrode
system connection at signal detection by electrode Al at a voltage of 350 V while electrode
Ar is at a voltage of 350 V and all other electrodes are grounded are shown in Fig. 3b, 4b.

In the case of a negative voltage on the non-detection electrode, signal electrons emitted from
the specimen are repelled by the non-detection electrode (AR) and attracted by the detection
electrode (A1). This effect is observed as a brighter specimen image with symmetrical shadow
and diffusion contrasts in Fig 4a. In the case of symmetrical voltages on the detection and the
non-detection electrodes, signal electrons emitted from the specimen are divided
symmetrically to the both electrodes AL and Ar, therefore, the angle of the signal electrons
detection by the detection electrode (AL) manifest itself, as seen in 4b. The simulations
correspond to the obtained specimen images, as illustrated in Fig. 3a and 3b.

According to the electron trajectories simulations and the specimen images, it is seen that the
effect of change of contrast, shadow and diffusion, is possible to achieve not only by a change
of detection electrode position but also by a change of voltages on non-detection electrodes
influencing secondary electron trajectories.

This research is supported by project GACR No. 102/05/0886 and project MSM 0021630516.
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LOW VOLTAGE ELECTRON MICROSCOPE FOR BIOLOGICAL OBJECTS

A. Delong, P. Stépan

Delong instruments, a. s.
Bulharska 48
612 00 Brno, Czech Republic

Understanding the three- dimensional structure of proteins and other particles (viruses,
ribosomes, enzymes, DNA) is critical in determining how they perform their biological
functions. The usually used technique of X-ray diffraction requires perfect crystals with
approximately 101- molecules. Electron microscopy should be superior to X-ray diffraction
and 200-400kV transmission electron microscopes (TEM) are used for obtaining satisfactory
information. But today’s microscopes must overcome various obstacles connected with the
properties of biological objects. It is first of all very low contrast and sensibility to radiation
damage. The result of this fact is the necessity of elaboration of high quantity of very noisy
pictures (1-100k) to get satisfactory results.

It seems that the low voltage transmission electron microscope developed specifically for
application in biology will be more suitable for solving from above introduced task first of all
due to a much higher contrast. We shall compare the main parameters of two different TEMs-
200kV TEM dedicated for biological applications and a 5kV low voltage TEM.

Contrast

The usual objects are so thin that all impinging electrons in both microscopes are transmitted.
We will now compare how the standard object (IOnm thick specimen composed from material
with R= Ig/cm and a diameter greater than the resolution of the microscope) influences the
trajectories and the energy of transmitted electrons. The results of calculations are presented
on the figure 1.[1]. There are in principle three kinds of electrons in the transmitted beam
electrons which were transmitted without any interaction

electrons which were elastically scattered. Their trajectories were changed due to deflection in
electrical field of the atomic nucleus and its electron shell. Electrons falling upon the rim of a
physical aperture are excluded from the beam and appear to have been absorbed. This
electrons produce contrast

Some electrons are deflected by direct interaction with atomic electrons. A measurable
amount of energy is transferred, and the resulting deflection together with energy loss is
called inelastic scattering. If we compare the results of calculationsTn both microscopes we
see that the contrast and the radiation damage are more favourable in the LVTEM.

Resolution

The resolution of 200kV TEM is 0.27nm approximately. The resolution of LVTEM is 2nm.
The very low contrast of biological objects in 200kV TEM must be increased by using the
phase contrast. The necessary defocusing decreases the resolution to the value of 1 -
2nm.Nevertheless the correction of both mean aberrations (spherical and chromatic) can bring
new possibilities for LVTEM. We decided to correct the spherical aberration by means of
hexapol corrector and the chromatic aberration by means of inhomogeneous Wien filter. We
used the proposal published by prof. Rose 17 years ago.[2] This proposal was never
implemented, although its advantages are obvious. It is the rotational symmetry of both
correctors and minimum of multipoles. Another advantage is the possibility to use the Wien
filter alternatively as an electron energy loss spectrometer (EELS). The cross-section of the
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Figure 1. Quantitative distribution of electrons which transmitted the object with p=Ig/cm3
and thickness t=10nm. 1 - elastically scattered (a>aopl), 2 - not scattered and elastically
scattered (a<aopl), 3 - inelastically scattered.

Figure 2: Cross-section of the electron optical column of CsCccorrected LVTEM
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ELECTRON BEAM MICROMACHINING
L. Dupak*, M. Zobac¢

Institute of Scientific Instruments AS C'R, Kralovopolska 147, 61264 Brno, Czech Republic
* E-mail: Idupak@isibrno.cz

Electron beam micromachining is a well-known technology used in various industrial
applications [1], It is based on the evaporation of material by intense electron beam [2]. The
construction of the e-beam micromachining equipment may be similar to an e-beam welder,
but it needs a high performance electron optical system to achieve very high power density in
the focus of the beam (usually 100 times or higher). We have studied ability of a common e-
beam welder to machine the materials like quartz glass, ceramics, plastics and metal sheets.
The purpose of our experiments was to
create holes as small as possible [3],

In micromachining, a short-pulse beam
is used instead of a continuous beam. If
a continuous beam is used, a lot of heat is
supplied to the surrounding material. This
has undesirable effects like growth of the
diameter, deformation and material tension.

In our first experiment, we have followed the growth of the hole in the material exposed to
a series of the pulses (see Table 1). The highest growth of the hole dimensions was observed
after the first pulse. The effect of the following pulses was decreasing with each step.

The effect of focus point position was determined in the next experiment. The beam pulses
were counted until the beam passed through 0.9 mm thick quartz glass slide. The lowest
number of the pulses was needed when the beam was focused exactly on the surface. But as
seen in Fig. 2, the holes created by defocused beam had higher apical angle and lower
minimal diameter.

The position of the minimal diameter is not located on the surface, but a small distance
from it, sometimes more than 0.1 mm. This is probably caused by a burst of the evaporated
material. The surface tension of the melted material then forms the narrow neck.

We have been able to create openings of 5 to 17 (im minimum diameter (measured by light
microscope and scanning electron microscope - see Fig. 3). Howevei~reproducibility of such

Pulse count 1 2 5 10 20
Depth (mm) 278 3.42 4.06 419 47
Diameter (mm) 0.32 0.34 0.39 043 048
Depth/dia ratio 8.7:1 10:1 1011 9.7:1 9.8:1
Table 1. Dependence o fhole dimensions on pulse count
(beam current 1 mA).
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AN ENERGY ANALYSER FOR HARD X-RAY PHOTOELECTRON

SPECTROSCOPY
M. Escher M. Merkell J. R. Rubio-Zuazo23 G. R. Castro" 1

'Focus GmbH, 65510 Hinstetten, Germany

'SpLine, Spanish CRG beamline at ESRF, Grenoble, France
3ICMM-CSIC Cantoblanco, Madrid, Spain
*m.escher@focus-gmbh.com

Introduction

Recently the interest in hard X-ray photoelectron spectroscopy (HAXPES) grew with the
availability of high brilliant synchrotron beamlines [1].With the longer escape depth of the

high energetic electrons HAXPES has the capability of prob-
ing bulk properties, buried layers or interfaces down to some
tens of nanometers, which is not possible with the surface
sensitive standard XPS.

Analyser

We developed an energy analyser, FIV-CSA (High Voltage
Cylinder Sector Analyser), for electron energies up to 15keV.
It is the first commercially available analyser for that energy
range. The analyser is based on a cylinder sector with 90° de-
flection [2], 300 mm slit-to-slit distance and an entrance lens
with 50 mm sample distance. The result is a very compact
design of the analyser that is easily integrated into a multi pur-
pose experiment with different techniques. A low noise / low
drift electronics is capable of continuous energy scans from 0
to 15keV with non-linear lens curves. The first analyser has
been recently installed at the Spanish CRG beamline at the
ESRF (Grenoble) at an end station where simultaneous surface

Fig.l: Photograph of the High
Voltage Cylinder Sector
Analyser HV-CSA

X-ray diffraction is possible [3]. Fig. 1shows a photograph ofthe analyser.

Entrance Lens

The entrance lens retards the high energetic electrons with a kinetic energy Ekjnup to 15keV

to the analyser’s pass energy Epess (typically
20..100eV) which results in retardation ratios
R = Eh,/ Bpos* WP to 1000. To accept a large
phase space at the analyser’s entrance slit
E,MssA Analyser = EtIA a mpA n ,Ple- the design
goal was to have a large lateral magnification
M =jA: msnple which is also well adapted
to a focussed synchrotron beam of typically
50)im diameter.

The entrance lens consists of a unipotential
lens near the sample followed by a three ele-

Mognificotion

ment retardation stage. Its properties were gig 2. Range of useable magnifications and
calculated with direct ray-tracing using retard rations of the entrance lens.
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THE DOPANT CONTRAST - A CHALLENGE TO ELECTRON MICROSCOPY
L. Frank

Institute of Scientific Instruments ASCR, Kralovopolskéd 147, 61264 Brno, Czech Republic
ludek@isibmo.cz

The continuous reduction to feature dimensions in semiconductor structures enhances the
need for high resolution imaging of doped patterns in plan views of substrates or on their
cross-sections. In this way a tool is sought for checking the critical dimensions (CD) of the
structures and, moreover, for two-dimensional profiling the spatial distribution of active
dopants. Various surface-oriented electron microscopic methods have been used with varying
success. The contrast levels are often achieved sufficient for CD measurements but detailed
interpretation of images keeps being unclear and hence, irrespectively of some promising
experiments [1,2], any reliable quantification of contrasts, enabling one to determine the local
density of a dopant, remains for the future. This review aims at brief summarizing of
achievements in this field.

Numerous of the attempts performed so far have relied upon imaging in the secondary
electrons (SE). Great majority of studies reported the p-type Si brighter than the n-type and in
discussions usually three possible emission-controlling factors were mentioned. These include
the SE generation rate, influence of electrical fields below or even above the surface, and the
passage through the surface potential barrier. All these factors are interconnected through
differences in the energy band structures, determined by the types and densities of dopants.
Older works ascribed the decisive role to the ionization potential, i.e. the surface barrier
height, combined with above-surface “patch” fields balancing the local differences in the
inner potential [3-8].

Figure 1: SE image contrast between the p-
_|  type (1019 cm'3) patterns and n-type (1015
cm'3 Si substrate, plotted versus the
K electron energy, as- measured (two times)
H  for working distances of 16 and 8 mm;

reproduced from Ref. 15.
400 700 1000 1500 2500 4000 7000 10000
Landing energy [eV]

Further step was to admit that the surface conditions act not only via surface states but
also the treatment and hence cleanliness play their roles. In particular, the carbon
contamination together with silicon may form a planar junction of properties similar to a
metal-semiconductor junction; then the balancing electric fields remain below the surface but
still they provide explanation for at least a part of observations [9-11]. This conception was
verified by covering a p/n structure with metals of different work functions, which led to
mutually opposite contrasts [11,12]. As regards the surface barrier, its filtering action,
similarly as that of the patch fields, concerns only the velocity component normal to the
surface. This brings not only unequal flows surmounting the barrier but also the angular
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below about 3 eV, which was even capable of changing its sign in dependence of detection
conditions (Fig. 3). The effect was found of a dynamic character, i.e. requiring the electron
dose above a certain threshold and exhibiting a time constant in the order of seconds.
Explanation is based on a conception of the p-type doped area to be negatively charged to
about 1V with respect to the surrounding substrate, which is enough to make the incident
electrons totally reflected in a narrow "signal beam”. This pencil can either escape the
detection through the central detector bore or impact against the active detecting surface (Fig.
3). The proper phenomenon is then described as dynamic filling the conduction band to an
extent sufficient for recombination of the majority holes, which leaves the ionized acceptors
unbalanced [17]. This immobile negative space charge is then responsible for the mirroring.
Possible quantifiability of this contrast type needs further examination.

Figure 3: P-type patterns (1019 cm'3) on an n-type (1015 cm-3) Si substrate in the CL mode at
15 eV, specimen tilt 0° (a), 0.45° (b), and 0.72° (c); scale bar 20 (.im, reproduced from Ref.
17.

Another alternative of how to avoid problems with the SE images is to excite the low
energy electron signal with photons instead of electrons. Preliminary PEEM study of doped Si
wafers [21] brought several surprising results. Although the energy unfiltered photoemission,
excited with the Hg lamp radiation, gives again the p-type areas brighter, if only fastest
photoelectrons arc acquired, the image contrast inverts in both p/n and n/p patterned structures
(Fig. 4). Further, the mutual shift between photoemission spectra from p- and n-type sites
reaches only 0.12 to 0.14 eV (Fig. 5) and always the photo-threshold is larger for the p-type.
Crucial is obviously the difference in amplitudes of the spectra. These findings clearly
indicate not the ionization energy or surface barrier or near surface electric fields being
responsible for the phenomena observed, but simply absorption of'hot electrons on their
trajectory toward surface. The main scattering mechanism is likely the e-h pair generation.

Figure 4: Photoemission micrographs of the p/n and n/p structures (both 10 cm'71015cm'3)
taken in the total photoemission (a,c) and filtered with the threshold -0.36 V (see Fig. 5) (b,d).
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POLY [METHYL (PHENYL) SILYLENE] LED DIODES - AS SEEN BY
CATHODOLUMINESCENCE STUDY

P. Horék, P. Schauer

Institute of Scientific Instruments AS CR, Brno, Czech Republic, horak@isibmo.cz

Organic light emitting diodes (LEDs) have attracted much interest because of their potential
for an efficient emission in visible region and for application to large area flat displays. LEDs
utilizing conducting polymers have many advantages in terms of simple fabrication process of
a thin film such as spin-coating or casting methods [1].

Polysilylenes (PSi) are linear silicon (Si) based organic materials whose basic building
block is a chain built up of Si substituted by alkyl or aryl groups [2], PSi are quasi one
dimensional materials with delocalized a-conjugated electrons along the polymer backbone
chain. Their optical and electrical properties are primary ascribable to the effect of quantum
confinement on these a-conjugated electrons. PSi exhibit a sharp photoluminescence (PL)
with a high quantum efficiency in solid state. The use of PSi in LEDs is attractive since this
can emit light in the range from the ultraviolet to the visible regions [3], But problems of life
of PSi LEDs are discussed only in very few papers.

Organic LEDs generally show a degradation of their characteristics with time, such as
increase of the threshold voltage and decrease of the fluorescence yield [4], However, such an
evolution depends on the polymer bulk modification and changcs of the injection mechanism
at the polymer-electrode interface. Cathodoluminescence (CL) is an interesting tool to study
the polymer behaviour since it eliminates the injection problems.

Poly[methyl(phenyl)silylene] (PMPSi) is a typical representative of PSi. The
absorption spectrum of PMPSi consists of three bands (Fig. 1) [5], The electronic transition at
338 nm arises from delocalised ct-ct transition. The PL spectrum of PMPSi consists of two
emission bands - a sharp UV band at about 358 nm and a broad band in the visible part of the
spectrum (Fig. 1). The sharp UV a -a band is of exciton nature. The exciton is localized in
the Si backbone. PMPSi was selected for our CL study. The PSi specimen preparation and CL
method of the study were described previously [6].

Vg a*-a

150 200 250 300 350 400 450 S5« 550 600
Wavelength X (nm)

Fig. 1 Optical absorption (solid lines) and photoluminescence (PL) spectra (dash line) of PMPSi thin film [5].
The excitation wavelength for PL was set to 280 nm. Chemical structure of PMPSi is inset.
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THE HIGH-PASS ENERGY FILTERED PEEM IMAGING OF DOPANTS IN
SILICON

d b b b b
M. Hovorkaa , L. Franka, D. Valdaitsev , S. A. Nepijko , H. J. EImers , G. Schonhense

’Institute of Scientific Instruments, AS CR, Brno, Czech Republic
binstitute of Physics, Johannes Gutenberg University, Mainz, Germany
*e-mail address: hovorka@isibmo.cz

In the previous PEEM study [1, 2], focused on the origin of contrast between differently
doped areas in silicon imaged by slow electrons, strong contrast was observed between p-type
and n-type areas with the p-type brighter. The crucial mechanism was identified in electron
absorption phenomena that are relatively weaker with emission from the p-type Si. The
energy-filtered images of p- and n-type areas revealed differences in the energy distributions
of photoemission. For the filter adjusted so that only the fastest electrons can pass to the
detector, the contrast inverts and the n-type became brighter than p-type. The shift between p-
and n-type photoemission spectra indicated larger photoemission threshold for the p-type.

Continuation of the study has produced results presented here. The photoemission
spectra and micrographs for two sets of samples, n-type areas on a p-type substrate as
specimens A and p-type areas on a n-type substrate as specimens B - both with different
dopant concentrations varying from 1016to 1019 cm'3, are shown (Fig. 1- 3). Si (100) wafers
were prepared by standard procedures [1] and left in-situ uncleaned, i.e. with surfaces covered
by a few nm layer of the native oxide. The samples were irradiated by UV light from the Hg
lamp with a line at 4.9 eV and additional radiation between 3.2 and 4.4 eV.

The contrast inversion and corresponding shift between the p- and n-type spectra is
present for all concentrations of dopants. While in the total-current photoemission image the
contrast between p- and n-type area disappears when decreasing the dopant concentration, the
inverted contrast behind appropriate threshold at the energy filter keeps to be distinctive. In
the former image the surface relief is evident but in the fast-electron image the topographic
contrast is suppressed which could indicate the electron signal acquired from larger depths
(Fig. 2, 3).

The energy spectra exhibit some structure, possibly connected with multiple sources of
photoelectrons (regular energy bands, bands of surface states). The difference in
photoemission thresholds between p- and n-type increases up *fo 0.2 eV at highest
concentrations (Fig. 1). For the specimen B the PEEM spectra also showed the photoemission
yield increasing with the increasing p-doping level [3-5], Furthermore, some changes have
been detected in emissivity of surfaces exposed to prolonged UV light illumination
(particularly with the specimen A).
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Fig. 22 PEEM images of the specimens B (p-type doped patterns on the 1015 cm'3 n-type
substrate) with various dopant concentrations (top to bottom: 1016to 1019cm'3). Left column:
full photoelectron emission, filter bias of +1.64 V. Right column: filter bias of -0.44 V.
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