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A unique specimen holder for LEED (low energy electron diffraction) and AES (Auger electron spectroscopy)
study at high temperatures has been developed with considerable success. It enables us to observe the LEED pattern of
a clean W(100) surface with enough contrast using a commercial-type LEED system at 1400 K. AES spectrum for the
W(100) surface at 1400 K has been successfully measured without any effects caused by the heating of the specimen.
The present result leads us to the confirmation that the developed specimen holder is well worthy to be applied to the
systematic study of the Sc-O/W(100) system at high temperatures.

Introduction

A Sc-O/W(100) Schottky emitter has
been recently attracting much attention
because of its potentiality as another
promising emitter as a Zr-O/W(100) which has
been widely used in practice. Nishiyama et al.
[1] have first reported superior properties of
electron emission of the Sc-O/W(100)
Schottky emitter as follows:

(i) An  operating temperature of the
Sc-O/W(100) emitter is lower than that of
the Zr-O/W(100), leading to an energy
width of emitted electrons of only ~0.25
eV.

(ii) The angular current density is as high
and stable as those of the Zr-O/W(100)
Schottky emitter.

For accommodating a practical use of the

Sc-O/W(100) Schottky emitter, surface

properties of the Sc-O/W(100) emitter are to

be elucidated.

Although the role of Sc;Os in a scandate
cathodes [2] and Sc;03 dispersed oxide
cathodes [3] for a cathode ray tube has been
studied to some extent, the study on the
Sc-O/W(100) Schottky emitter is, to our
knowledge, very limited. Kultashev and
Makarov [4] have investigated the Sc-O/W
system and found the preferential decrease in

the work function for the W(100) surface by
heating at ~1100K. They have speculated that
penetration of oxygen atoms to beneath the
topmost scandium atoms causes marked
decrease of the work function. Zagwijn et al.
[5] have studied effects of the scandium and
oxygen in the scandate dispenser cathodes and
found the scandium-oxygen overlayer
decreases the work function of the W(100)
surface even at the room temperature.

With respect to the Sc-O/W(100)
Schottky emitter, Kawano et al. [6,7] have first
systematically studied the Sc-O/W(100)
surface using the methods based on the surface
characterization as performed by Danielson
and Swanson [8] and by Shimizu and
coworkers [9-11] for the Zr-O/W(100) system.
Their results strongly suggested that Sc-O
complexes are formed on the W(100) surface
by the oxygen atoms locating benecath the
topmost scandium atom, resulting in the
marked reduction of the work function. For
more comprehensive understanding of the
mechanism of the reduction of the work
function in the Sc-O/W(100) system,
information on the atomic arrangement at the
Sc-O/W(100) surface at the operating
temperature is to be obtained.
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From practical point of view, a LEED
(low energy electron diffraction) and RHEED
(reflection high energy electron diffraction)
techniques have been widely used for the
structural analysis of the surface. An energy of
incident electrons in the RHEED technique is
much higher than that in the LEED: and a
distance between the specimen and the
observation screen is much longer in the
RHEED system than that in the LEED. These
characteristics enable the RHEED technique to
be employed for the observation of the
diffraction pattern at the high temperatures in
some studies [11-13]. However, the LEED
technique has a advantages compared to the
RHEED as follows; the LEED pattern
provides the information on the two
dimensional reciprocal lattice at once and three
dimensional information is to be obtained by
only changing the incident energy. In this
regard, the study of the surface atomic
arrangement using the LEED technique should
be more informative than that by the RHEED.

In the present study, therefore, we aim at
a development of a unique specimen holder to
perform both a LEED observation using a
conventional LEED system and an AES
(Auger electron spectroscopy) measurement at
the operating temperature of the Sc-O/W(100)
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Fig. 1 The schematic illustration of the experimental
apparafus, scauning Auger microscope (SAM-545,
Physical Electronics Industries). The apparatus
equipped with the ion gun for the sputtering, the
commercial-type LEED  system and the
laboratory-made Sc-evaporator. The developed
specimen holder can be rotated for the LEED, AES,
ion sputtering and Sc-evaporation. The base pressure
of the apparatus is ~2.0x107'° Torr.
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Schottky emitter of ~1400 K.

Specimen holder

Figure 1 shows the schematic illustration
of the experimental apparatus, scanning Auger
microscope (SAM-545, Physical Electronics
Industries): The: apparatus.-equipped. with--an - -
ion gun for sputter cleaning, the
commercial-type LEED system (ELD-1000RV,
EIKO) and a laboratory-made Goto-type
[6,14,15] Sc-evaporator. The developed
specimen holder can be rotated for the LEED,
AES, sputter cleaning and Sc-evaporation. The
base pressure of the apparatus is ~2.0x107°
Torr. The primary energy of the electrons for
the AES measurement was 5 keV. The LEED
observation was performed using 40 eV
electrons. The 1 keV Ar' ions were used for
the sputter cleaning.

Ta o
Case =

W(100)

Ta case

W(100)

(b)

Fig. 2 The photograph (a) and the schematic diagram
(b) of the developed specimen holder.
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The photograph and schematic diagram
of the developed specimen holder are depicted
in Figs. 2(a) and (b), respectively. The
specimen of the W(100) disk (¢9 mmx1 mm)
is directly welded on the Mo block in order to
obtain good thermal contact between the
W(100) specimen and Mo block. The W
filament for heating is located inside the Mo
block. The specimen is heated by the electron
bombardment. The Mo block works as a heat
bath and enables the temperature of the
specimen to be stable. Setting the W filament
inside the Mo block prevents the electrons
emitted from the W filament, of which the
energy is more than a few hundreds eV during
the heating, from going into the LEED screen
or the CMA (cylindrical mirror analyzer) for
the AES measurement. The temperature of the
specimen is monitored by the electric power
used for heating as described bellow. The Mo
block is covered by a Ta case in order to
reduce the light emitted from the holder at the
high temperatures irradiating the LEED screen
during the LEED observation. The Ta case has
an aperture of ¢7 mm in front of the specimen
for the LEED and AES.

Figure 3(a) show the temperature of the
specimen surface as a function of the electric
power used for heating by the electron
bombardment. The electric power for heating
is defined as the product of the emission
current from the W filament, [, and the
voltage applied between the W filament and
Mo block, Viea (see Fig. 3(b)). In the present
study Vheat Was set at -350 V. The temperature
was measured by an optical pyrometer (IR-AP,
CHINO). The circler, rectangular and
triangular marks correspond to each set of the
measurement. The solid and open marks
represent the temperature measured while the
electric power is increased and decreased,
respectively. From Fig. 3(a), it is confirmed
that the reproducibility of the temperature is
within +15 K and the specimen can be heated
up to ~1900 K. Note that the temperature
required for flashing of the W surface is ~1800
K.

Figure 4 plots the result of the
measurement of the stability of the temperature
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with the passage of time for 60 min. The
temperature was set at 1400 K corresponding
to the operating temperature of the
Sc-O/W(100) Schottky emitter. The electric
power for heating was 44.6 W. It is found that
the stability at the operating temperature is +1
K /hour, leading us to the confirmation that the
stability of the Sc-O/W(100) surface in the
long term is to be measured.
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Fig. 3 The temperature of the specimen surface as a
function of the electric power used for heating by the
electron bombardment (a) and the schematic
illustration of heating by the electron bombardment
(b). The electric power for heating is defined as the
product of the emission current from the W filament,
I, and the voltage applied between the W filament
and Mo block, View. In (a), the circler, rectangular
and triangular marks correspond to each set of the
measurement. The solid and open marks represent
the temperature measured while the electric power is
increased and decreased, respectively.
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Fig. 4 The stability of the temperature with the
passage of time for 60 min. The temperature was set
at 1400 K corresponding to the operating
temperature of the Sc-O/W(100) Schottky emitter.
The electric power for heating was 44.6 W. The
stability at the operating temperature is +1 K /hour.

LEED observation and AES
measurement of clean W(100) surface

at high temperatures

In order to confirm whether or not the
new specimen holder is applicable to the study
of the Sc-O/W(100) system, the LEED
observation and AES measurement were
performed for the clean W(100) surface at high
temperatures. The as-received specimen of the
mechanically polished W(100) disk (Rare
Metallic, Japan) was first electrochemically
etched using NaOH solution (2.4 mol/f) to
remove the heavy carbon-contaminants on the
surface, which is considered to be introduced
by diamond powders during the mechanical
polishing. Then, the W(100) specimen was
attached to the specimen holder and introduced
to the apparatus. The cleaning of the W(100)
surface was performed by repetition of the
sputter cleaning and flashing at ~1900 K until
no AES peaks of the contaminants were visible
except for oxygen. In the case that the
carbon-contaminants were not removed by the
sputtering-annealing procedure, the specimen
was heated at ~1900 K in oxygen atmosphere
of ~1x10° Torr during the sputter cleaning.
The heating of the specimen at 1400 and 1900
K deteriorated the pressure of the apparatus to
~1x10"° and ~5x10? Torr, respectively. The
LEED pattern was recorded by the digital still
camera (DSC-D700, Sony). For the
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improvement of the contrast of the recorded
LEED patterns, the red component of the
recorded images due to the black body
radiation from the specimen surface is cut by
filtering using the digital image processing. All
images are processed in the same manner.
Figure 5 shows a series of the LEED
patterns observed at the high temperatures for
the clean W(100) surface. Figs. 5(a) to (d)
depict the LEED patterns obtained at the room
temperature, 1200, 1300 and 1400 K,
respectively. The LEED pattern at the room
temperature in Fig. 5(a) shows a sharp (1x1)
pattern from the clean W(100) surface. The
(1x1) pattern is clearly visible even at 1400 K
in Fig. 5(d). Although the contrast is getting
lower from (a) to (d) because of the
background due to the light from the specimen
surface, the contrast of the LEED pattern in
Fig. 5(d) is still enough to observe the pattern
clearly at 1400 K. These results of the LEED
observation at high temperatures lead us to the
confirmation that the new specimen holder is
well worthy to be applied to the study of the
Sc-O/W(100) surface at its operating

temperature of 1400 K.

Figure 6 shows the AES spectra of the
W(100) surface measured in order to confirm
whether or not the acquisition of the AES

Fig. 5 A series of the LEED patterns observed for
the clean W(100) surface using the new specimen
holder at various temperatures. The temperatures are
(a) the room temperature, (b) 1200, (c) 1300 and (d)
1400 K, respectively.
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spectrum can be performed at high
temperatures. Figure 6(a) depicts the AES
spectrum measured at the room temperature
for the W(100) surface before cleaning of the
surface. The AES peaks due to the
contaminants of carbon, nitrogen and oxygen
are seen. After the measurement of the AES
spectrum in Fig. 6(a), the specimen was heated
to 1400 K. The AES spectrum of the W(100)
surface measured at this stage is plotted in Fig.
6(b). Comparing the AES spectra in Figs. 6(a)
and (b), the AES peaks of the contaminants
disappear except for a small peak of oxygen.
From Fig. 6(b), it is found that the voltage of
-350 V applied to the W filament and the
electrons emitted from the W filament do not
affect the AES spectrum at all, leading to the
confirmation that the surface composition and
bonding state at 1400 K can be qualitatively
studied by AES.
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Fig. 6 The AES spectra of the W(100) surface. (a)
the spectrum measured at the room temperature
before the cleaning of the specimen surface. (b) the
spectrum measured at 1400 K by heating the
specimen after the measurement of the spectrum in
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Conclusions
In the present study, the specimen holder
for the LEED observation and AES
measurement at the high temperature of ~1400
K has been developed with considerable
success. The present results are summarized as
follows:
(1) The LEED pattern from the W(100)
surface is clearly observed even at 1400 K

with  enough confrast wusing the
commercial-type = LEED system by
combining with - the digital image
. processing.
(2) The AES spectrum is successfully
measured at 1400 K without any effects of
heating the specimen.

Consequently, it is confirmed that the
developed specimen holder is well worthy to
be applied to the LEED-AES study of the
Sc-O/W(100) surface at high temperatures.
Further study of the Sc-O/W(100) surface at
high temperature is under the investigation.
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Reviewer’s comments
Reviewer: Hideki Yoshikawa (NIMS)

Questions:

Q1) The thermal contact between a Mo block
and W(100) specimen should be an
important point in order to obtain high
specimen temperature. If you contrived it,
tell how to get good thermal contact,
please.

A1) In order to obtain the good thermal contact
between the Mo block and W(100)
specimen, the W(100) specimen was
directly welded on the Mo block. In the
experiment, it was confirmed that the
temperatures of the surface of the W(100)
specimen and Mo block are the same
within the accuracy of the optical
pyrometer. In addition to the thermal
contact, this configuration enables the
specimen temperature to be controlled by
the electric power for heating with high
reproducibility as mentioned in the text at
Fig. 3(a). According to the referee’s
comments, we added the sentences
describing this point in the text (3 th line
in the left column of page 3).

Q2) You mentioned that the contrast is getting
lower at higher temperature because of the
background due to the light from the
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specimen surface. Can it be concluded that
broad pattern at higher temperature is not
including the real LEED contrast like a
diffuse scattering pattern?

A2) It is impossible to conclude that there is

no contribution of the real LEED contrast
like the thermal diffuse scattering to the
LEED pattern observed at 1400 X in Fig.
5(d). Although the LEED pattern in Fig.
5(d) would include the effects of both the
real LEED contrast and the light emitted
from the specimen, the contribution of the
light is significant in our experiment.
However, it could provide us useful
information on this point to perform
subtraction between two images in which
one is taken with the incident electron on
and the other off.

Reviewer: Toshio Urano (Kobe University)
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