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New observations of electron-energy-loss spectra for diamond have been made by ex-
ploiting the direction dependence of the spectra. The loss peaks known from other work-
ers were present with high intensities. The 23-eV loss peak is attributed mainly to inter-
band transitions, in contrast to other earlier assignments as being mainly due to surface
plasmons. The dependence of the loss spectra on direction is interpreted as being due to
LEED (low-energy electron diffraction). We suggest that this effect, namely LEED-
modulated loss spectroscopy, may be used as a complementary tool for the study of crys-

talline levels.

I. INTRODUCTION

Several studies concerning energy levels in dia-
mond have been reported, both theoretical and ex-
perimental. Good agreement between theory and
experimental results has already been reported a
decade ago by Painter et al.! A major advance in
this direction has been made recently by Himpsel
et al? Using the photon-energy-dependent photo-
emission technique they determined experimentally
by direct measurements some of the energy eigen-
values of diamond at high symmetry points in the
Brillouin zone. Nevertheless, there are still much
data necessary in order to complete the energy-
bands picture.

Following the experimental work of Lurie and
Wilson,® the present report is on energy-loss spec-
troscopy on diamond, but with certain improve-
ments and refinements. The method used in this
work is direction-dependent energy-loss spectros-
copy. The dependence on direction enables one to
study loss peaks individually by changing their
relative intensities with direction.

We argue that we are observing conventional
energy-loss spectroscopy but modulated by LEED
(low-energy electron diffraction) in a way similar
to the Kikuchi effect* which has been observed in
LEED studies.” We suggest that LEED-modulated
loss spectroscopy is a new and simple complemen-
tary tool for the examination of crystalline levels.

EXPERIMENTAL

The measurements were carried out using a VG
Scientific system CLAM 100 with its Auger facili-
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ties. The electron gun used is their model LEG
61. The incident electron energies ranged from
400 to 900 eV in 100-eV steps. The beam was lo-
calized on the sample by using a TV imaging sys-
tem. Beam current was 20 pA. The pressure dur-
ing the measurement was about 3 10~'! mbar.

The analyzer is a 150° spherical sector design,
working in the constant analyzer energy mode.
The analyzer vessel is constructed in mu metal to
provide magnetic shielding. The secondary elec-
trons are collected into the analyzer aperture by a
lens. The acceptance angle of the analyzer is
determined by the lens aperture and its distance
from the sample. In these experiments the elec-
trons collected were those emitted into a cone with
apex of 10°, its head on the sample and its base in
the lens aperture. Modulation voltage used was 5
V for the Auger spectrum and 8.5 V for the
energy-loss spectra.

The sample studied was a type-Ila single-crystal
diamond prepared in a similar way to that de-
scribed by Lurie and Wilson.? First it was boiled in
oxidizing acids for several minutes, and then
washed in demineralized water. Afterwards, the
diamond was polished by moving it along a com-
mercial copper surface with 0.25-um diamond
powder paste in between. The diamond was moved
and pressed against the copper face using finger
pressure only, and this procedure was continued
for about 15 min. Just before mounting the dia-
mond in the UHV chamber, it was ultrasonically
cleaned in acetone and dried by acetone evapora-
tion.

After inserting the sample, the chamber was eva-
cuated for about 20 h including 10 h of bakeout of
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the chamber at 200°C. The diamond was not heat-
ed to high temperature in situ as this facility was
not then available. Since it was not heated, no
reconstruction effects were expected.> Auger spec-
tra were taken to verify that the sample surface as
prepared was in the diamond and not in the gra-
phite state,’ and to establish the presence of any
possible contamination. An x-ray diffraction pho-

_tograph was taken to establish the crystallographic
orientation of the surface. It was found to be near-
ly (110), namely (861).

Since the geometry of the electron gun and the
detector are fixed in the system, the changes in
direction were achieved by rotating the crystal us-
ing a sample manipulator. The directions of the
gun and the detector with respect to the crystallo-
graphic axes of the diamond were calculated from
the crystal position, from the x-ray diffraction pat-
tern and from their directions in space, using a
simple computer program written for this purpose.

The electron-energy-loss spectra were analyzed
by computer. In the analysis, the spectra were nu-
merically reconstructed assuming a Gaussian line-
shape for the peaks. The smallest number of lines
possible was taken to fit the reconstructed to the
experimental curves. The variable parameters were
the energies, the intensities, and the widths of the
lines.

RESULTS

In describing the following spectra, we use the
coding of Lurie and Wilson® to identify specific
structure details. The Auger spectrum for the
range 80—300 eV is given in Fig. 1. The features
of this spectrum fit those given by Lurie and Wil-
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FIG. 1. Auger spectrum of diamond. The coding of
peaks follows that of Lurie and Wilson Ref. 2. Beam
energy 3 kV, current 20 uA, modulation voltage 5 V.

son’ which confirms that the sample surface is in
the diamond phase.

Another Auger spectrum was taken for the ener-
gy range of 200— 1200 eV (not given here). No
detectable contamination was seen above the base-
line noise level, which represented a maximum of
3% of the carbon peak height. The electron-loss
spectra were taken for several sample orientations,
for different energies of the primary beam, and for
different modes of the electron beam.

Figure 2 shows the difference between the
energy-loss spectrum using a beam about 20 um in
diameter and that obtained by scanning with the
same beam a 10 times larger area of the diamond
surface. In both spectra one sees loss peaks with
different relative intensities to those given in Lurie
and Wilson.> An interesting observation is that the
relative intensities change with the incident beam
modes.

We define the azimuthal angle ¢ as a rotation of
the diamond about an axis normal to the diamond
surface, and the tilt angle 8 as a rotation of the di-
amond about an axis parallel to the surface. In
Fig. 3 the dependence on 6 is demonstrated for a
change in angle of 2°.

In Fig. 4 spectra for different azimuthal angles
are given. Analyzing the spectra of Figs. 3 and 4,
good fits were achieved between the reconstructed
and experimental curves, using the same six loss
peaks having different intensities in each case. The
line width was kept the same for all the loss peaks
but for the peak P, (due to double loss to bulk
plasmons), which was found to be broader.

The elastic peak was fitted by a linewidth nar-
rower than that of the loss peaks. The linewidths
were found to be 12 eV for five of the loss peaks,
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FIG. 2. Energy-loss spectra of diamond type-1Ia with
face (861). Beam energy 600 eV, current 20 pA, modu-
lation voltage 8.5 V. Solid line, scanned beam; dotted
line, unscanned beam. Amplifier sensitivity for solid

line compared to that for the dotted line is T36"



26 ANGULAR DEPENDENCE OF ELECTRON-ENERGY-LOSS . .. 3291

——ELASTIC

PiPy Py Py '|'i

T T L

0 20 40 60 80
ENERGY LOSS (eV)

FIG. 3. Energy-loss spectra of diamond type-Ila with
face (861) for different tilt angles 6. The relative
changes A6 in the tilt angle are given in the figure for
the different spectra. The relative sensitivity of the am-
plifier was 1 for the loss peaks in @, b, and c, % for the
elastic peaks in a, and % in b and c. Beam energy 600
eV, modulation voltage 8.5 V. Solid lines, experimental
spectra; dotted lines, reconstructed spectra.

17 eV for P, and 7 eV for the elastic peak. Tables
I and II give the peak intensities for the two sets
of spectra (Figs. 3 and 4) as well as their energies.
Since the absolute intensities must depend on the
experimental geometry, the relative intensities are
given. In doing so, the intensity of the well-known
loss peak due to bulk plasmons (Pg) was normal-
ized to 1. The reason is that among the high-
intensity peaks, this peak is the most unlikely to
depend on direction. This point will be considered
later in the discussion.
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FIG. 4. Energy-loss spectra of diamond type-Ila with
face (861) for different azimuthal angles ¢. The relative
changes A¢ in the azimuthal angle are given in the fig-
ure for the different spectra. The relative sensitivity of
the amplifier was 1 for the loss peaks in a, b, and c, -310—
for the elastic peaks in a, and % in b and ¢. Beam en-
ergy 600 eV, modulation voltage 8.5 V. Solid lines, ex-
perimental spectra; dotted lines, reconstructed spectra.

Following the variation of line intensities with
sample orientation one can clearly see how the
peaks progressively change. In Fig. 4, for example,
spectrum a (A¢=0°) has the highest elastic and P,
peaks among the three spectra. Going from
a(A¢p=0°") through b(Ad=1.75°) to c(Ad=2.25°)
the elastic peak and the 6.5-eV peak P; decrease,
the 12.5-eV peak P; first increases and then de-
creases, and the peaks P, with 16.5 eV and P;
with 23 eV increase monotonically throughout.

TABLE 1. Relative intensities (+10%) of peaks appearing in Fig. 3.

Peak Elastic Pl P3 P4 P5 P6 P'y
Energy
loss (eV) 0 6.5+1.0 12.5+0.5 16.5+0.8 22.7+0.8 34.0+0.5 63+2
a 75 0.71 0.93 0.43 1.36 1 .05
b 21 0 0.90 0.41 1.1 1 .05
c 22 0 0 0.64 1.9 1 .05
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TABLE II. Relative intensities (+10%) of peaks appearing in Fig. 4.

Peak Elastic Pl P3 P4_ Ps Ps P7
Energy
loss (eV) 0 6.5+1.0 12.5+0.5 16.5+0.8 22.740.8 34.04+0.5 63+2
a 83 0.17 0.46 0.09 0.88 1 0.05
20 0 0.72 0.63 0.94 1 0.05
c 20 0 0.33 1 1.5 1 0.05

The changes between the different graphs in
Figs. 3 and 4 occur for changes in directions of
only about 2°. We can deduce from this, that the
angular linewidth is about 2°. This is not incon-
sistent with the 10° cone detector acceptance, since
the observations are made with reference to the ro-
tation of the crystal specimen and are directly
sensitive therefore to the criteria for the Bragg
conditions which are defined within 2°. The
dependence upon the energy is shown in Fig. 5
with beam energies 600, 700, and 800 eV. For 600
eV the 23-eV loss peak Pjs is higher than the 34-eV
peak Pg, while the inverse is found for 700- and
800-eV incident electron energy.

One should note also the 115-eV loss peak ap-
pearing in Fig. 5 for 700-eV incident energy (spec-
trum b). Both the intensity and the energy of this
peak are sample-direction dependent. The energy
changes over a range of about 20 eV, i.e., its ener-
gy is in the range 120+20 eV, depending on the
direction. In the discussion this phenomenon will
be considered in order to substantiate our general
conclusions.

It should be emphasized that the observed ef-
fects are not artifacts coming from changing dis-
tances between crystal and detector or gun, or
caused by magnetic field affecting the electrons.
The spectra were not sensitive to translational
movements while they are very sensitive to sample
directional changes. As mentioned earlier, the
analyzer is magnetically shielded by its mu metal
vessel, so that no magnetic field interference is
found.

DISCUSSION

Before discussing the results one has to realize
that the observed peaks are not Auger peaks with
energies in the range of 580+ 10 eV. Were they
Auger peaks, they would have to be attributed to
chemical elements like Ba and Mn which were un-
likely to be found on the diamond surface. Nor is
it possible to interpret the peaks as due to an oxy-

gen Auger peak with its energy shifted by ~70 eV
due to surface charging. Such high shifts were not
observed while taking the above spectra. Although
for 700-eV beam energy [Fig. 5(b)] a broad line
having 585-eV energy (loss peak of 115 eV) ap-
pears, yet no such line occurs for 800-eV beam en-
ergy [Fig. 5(a)]. Finally, Auger peaks are not as
sensitive to direction changes as was found to be
the case for the observed peaks. It is therefore
concluded that these peaks are loss peaks.

Another important point is the beam mode
dependence of the spectra, demonstrated in Fig. 2.
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FIG. 5. Energy-loss spectra of diamond type-Ila with
face (861) for different beam energies and the same
direction conditions. The different energies are given in
the figure for each graph. The relative sensitivity of the
amplifier was 1 for the loss peaks and —113 for the elastic

peaks in a, b, and c.
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This dependence might be attributed to extreme
electron-beam damage from a stationary beam as
compared to a scanning beam. Such an effect has
been reported by Pepper,® who observed differences
in fine structure of ionization loss spectra as well
as of Auger spectra for diamond, taken with the
diamond stationary under the electron beam and
with the diamond moving at 7 um/sec.

One should bear in mind, therefore, the possibili-
ty of electron-beam damage although we have no
firm evidence in support thereof. In discussing the
results, two aspects will be considered. The first
aspect attributes the peaks to different processes
occuring in the crystal, following earlier work. In
the second part we deal with the direction-depen-
dence.

Loss processes

The energies of all peaks given in Tables I and
II agree within the limits of accuracy with the
values found by other workers.! =378 Peak P, at
6.5 eV is assigned to the I'ys—T'5 transition. This
assignment is based on the findings of Roberts and
Walker’ and Himpsel et al.,”> who used different
methods to determine electronic transitions and
electronic levels in the energy bands of diamond.
Roberts and Walker’ carried out measurements of
diamond optical reflectance and from the features
of these spectra made deductions about the elec-
tronic transitions and electronic levels. They found
a peak at 7.3 eV which they attributed to the tran-
sition T'ys—T';s. Himpsel et al.? utilized the
photon-energy-dependent photoemission techniques
to determine electronic energy levels of diamond.
They determined the critical point I'{5 to be 6.0 eV
above I'js. According to Lurie and Wilson® the
peak P; is found to have energies between 5 and
7.3 eV depending on the experimental conditions.
Therefore, the energy of 6.5 eV found in the
present work matches the earlier findings and P,
can indeed be attributed to the transition I'y5—Tys.

The P, peak at 12.5 eV is assigned to several
electronic transitions between crystalline levels
such as £,—33, Ly —L;3, X;—X;,and L3 —L,
(see Refs. 1 and 3). P, at 16.5 eV can be attribut-
ed to the X; — X, transition,” but according to the
findings of Himpsel et al.? it would be due to the
I'y5—T'5 transition giving a 15.3+0.5-eV photo-
electron peak in their work. We may note that ex-
perimental accuracy does not permit one to distin-
guish which of these two possibilities is correct.

In the present work, the peaks P; and P, are

relatively intense compared to those achieved by
Lurie and Wilson® but our result is in good agree-
ment with the findings of Roberts and Walker,’
Himpsel et al? (for peak P4), and the theoretical
estimation of Painter et al.! (for P;). The peak Ps
would be attributed according to Roberts and
Walker’ to the transition between the crystalline
levels T')s and T'; or to an extrinsic transition due
to contamination. Lurie and Wilson® assign Ps to
the I')s— T transition and to loss to surface
plasmons.

According to Maguire® the 23-eV peak P can-
not be assigned to the I'ys— T transition since it is
forbidden from symmetry considerations. He attri-
butes it to surface plasmons. Strong support in
favor of P5 being due to interband transition and
not to surface plasmons is given by Himpsel et al.?
They found a direct electron transition from I'js to
a band at T" which is 24.0+1.5 eV higher than I')s.
They argue that this I" state consists possibly of
two unresolved I points of unknown symmetry.
This experimental finding suggests that there is an
existing interband transition with transition energy
at about 23 eV. It is most probably this transition
or these transitions which add Ps to the loss peaks.

With regard to intensities, the peak Ps is much
more intense here than in the data of other work-
ers who have made energy-loss-spectroscopy mea-
surements. Indeed, for certain crystallographic
directions it is higher than expected from a
surface-plasmon peak relative to a bulk-plasmon
peak.

Himpsel et al.? do not identify the upper level T’
to which the transition I'5s— T takes place, giving
a 24-eV photoemission peak. As pointed out be-
fore, Maguire® excludes the possibility of I' being
I’y since I'ys— T is a forbidden dipole transition.
Although T'j5—T is a forbidden dipole transition,
it is an allowed quadrupole transition. Since for
600 eV the electron’s wavelength is 0.49 A the
quadrupole interaction between the incoming elec-
tron and the atomic electrons is significant. Also,
there are allowed dipole transitions between levels
close to I'ss and I'; having O0< | k | <<27/a (k is
the wave vector, a is the lattice constant) which in-
volve a large number of electronic states. Accord-
ing to the energy band structure calculated by
Painter et al.! the lines extending from I'ys have a
shallow maximum, and those extending from T';
have a shallow minimum. If follows that the den-
sity of states along the lines close to I'y5 and I'y-is
high. The allowed dipole transitions between these
A, A, and 2 lines are the following: As—A;,
As—Ap A=Ay, 313, 3,3, and 233,
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(see Ref. 8 and Tables 2.10 and 2.18 of Ref. 9).

Hence there are several allowed dipole transi-
tions with high probability and with energy close
to the energy difference between '35 and T';. One
should also take into account the umklap process
which has high probability for the beam energies
used here. The umklap process would enhance the
transition probability between the above-mentioned
levels.

In conclusion for P5s: The direct experimental
evidence of a transition I'js— " with 24-eV transi-
tion energy found by Himpsel et al.? and the high
intensity achieved in the present work for Ps, both
prove that Ps is due mainly to interband transi-
tions and not to surface plasmons. The theoretical
considerations suggest that the transitions are
I'ys—T'; and “neighboring” levels in the kK space,
along the lines A, A, and 2. P¢ and P, are as-
signed to loss to one and two bulk plasmons,
respectively.>?

Direction dependence

Let us now consider the directional dependence
of the loss spectra: The dependence of the peaks’
intensities on direction and energy implies that dif-
fraction effects are involved. It is known from
electron microscopy that inelastically scattered
electrons can diffract after an additional elastic
scattering before leaving the crystal. This is of
course the Kikuchi effect,* which has been ob-
served also in LEED studied, e.g., Ref. 5. The
range of incident energies used here is from 100 to
1000 eV; therefore only the surface is probed by
the beam and only diffraction due to the surface
symmetry can be involved. It is thus the LEED
considerations that should be used there, and the
theory relevant is that which has been described by
Pendry.!® Finding LEED effects here should not
be a surprise since diamond is known to be special
in that it is easy to get a good LEED surface
(which is not the case with metals). It is of course
essential to confirm that the directions of the gun
and detector relative to the crystal symmetry axes
fulfill the Bragg conditons for diffraction.

The crystal orientation is derived from the dia-
mond x-ray diffraction pattern. As mentioned ear-
lier in the experimental section, the diamond face
was close to (110), namely (861). The plane (861)
is inclined at a shallow angle to the (110) face. It
cuts the (110) planes in lines which are in the [112]
direction. In this way the diamond surface can be
looked at as composed of steps having the (110)

face. Those steps are “infinitely” long in the [112]
direction; they are about 4 lattice constants wide,
and they are 27172 lattice constants high. Treating
the diamond surface as (110) for the LEED calcu-
lation will lead to an error in the LEED signal in-
tensity, arising from the edges of those steps.
Nevertheless, since the steps are wide enough there
will be a net of constructive diffraction whenever
Bragg conditions are fulfilled for the (110) face.
The system of axes chosen for the LEED calcula-
tions is composed of x axis in the [001] direction, y
axis in the [110], and z axis in the [110] direction.

In this system the (110) face unit cell is given by
the vectors

d=(ay,a,,a,)=a(1,0,0),
b=(by,b,,b,)=a(0,27172,0),

where @ =3.57 A is the diamond lattice constant.
The reciprocal lattice of the (110) face will then be
built from the vectors

Under the experimental conditions used, the accu-
racy of the absolute values of the measured and
calculated angles is determined to within about +2°
only. On the other hand, the changes in the angles
are determined to within +0.1° for 8 and +0.05°
for ¢. The calculated angles between the different
elements involved are given in Table III.

With these directions, one can calculate the
Bragg conditions for the electron beam with 600-
eV energy. These calculations show that when tak-
ing the loss spectra, Bragg conditions for construc-
tive diffraction are fulfilled within the experimen-
tal accuracy. In particular one finds that the ap-
propriate scattering vector is

E=(3B—5A)+3%.

This means that the detector is for these conditions

TABLE III. Angles between different elements in de-
grees.

Gun  Detector  [110] [110]  [001]

Gun 0 36 41 56 69
Detector 36 0 22 88 69
[110] 41 22 0 90 90
[170] 56 88 90 0 90
[001] 69 69 90 9 0
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in a diffraction maximum direction of the elasti-
cally scattered beam or just off-maximum. In this
situation it is quite reasonable to conclude that by
rotating the sample slightly, one will get off the
maxima of the elastic peaks in the diffraction pat-
tern, and get maxima of inelastic peaks with slight-
ly different energy, in accordance with the usual
Bragg conditions.

We have mentioned earlier that the angular line
widths of the loss peaks are about 2°, which is the
order of magnitude found in LEED for the line
width.!!"12 All of these considerations support the
relevance of LEED to the directional effects, as
observed. The next test that can be posed is
whether the peaks’ intensities follow the Bragg
condition precisely with a change in direction.
Considering all the peaks but P¢ and P; one sees in
Fig. 4, for example, the change in their intensity
with ¢. For the given experimental conditions a
change of 1° in direction will change the cosine by
2—4 9% depending on the angle. The change of the
electron wavelength from the elastic peak to the in-
elastic peaks is 1—2 %. The changes in Bragg
conditions occuring in Fig. 4 due to the direction
changes are therefore largely compensated by
changes in the wavelength of the different loss
peaks. Regarding the correlation between the
peaks’ maximum and the direction, it has already
been argued in connection with Fig. 4 that the
peaks’ intensities change in the correct sequence as
expected. It was mentioned already that the peak
Pg is most unlikely to show a diffraction effect.
The same applies to P;. The question thus arises
as to why on the other hand the other peaks do
diffract. There will be a higher probability for the
diffraction effect of the inelastically scattered elec-
trons if the inelastic scatterers are distributed with
the crystal periodicity than if they are randomly
distributed. The reason is that the coherency of
the primary beam can be conserved in the former
case better than in the latter. The peaks P;, P,
P,, and Ps come from inelastic scattering by elec-
trons with wave functions having the crystalline
order, and perhaps by surface plasmons which are
created always in the surface and have one direc-
tion (perpendicular to the surface). The loss peaks
P¢ and P; due to bulk plasmons are mainly com-
posed of incoherent electrons, since the bulk
plasmons may occur at any spatial point. Part of
these electrons may, of course, also be coherent.
This can explain why the diffraction is observed
mainly in the P, P, P4, Ps, and elastic peaks and
only very slightly in P¢ and P,.

A possible explanation for the peak appearing at

115 eV for 700-eV beam energy (Fig. 5) is as fol-
lows: The primary electrons with 700-eV energy
may lose energy in several steps in different ways;
they may excite several times different electrons to
different levels in different order. The spectrum
resulting from this process will be composed of
resolved lines distinguished from the background,
because of a few preferred transitions, e.g., those
giving the 12.5-eV loss peak. Some of those lines
might have an energy of 580420 eV. In other
words, there will be loss peaks of 120420 eV. The
electrons which suffered an energy loss of 120 eV
are already deep enough in the crystal and can be
detected only by enhancement caused, for example,
by diffraction. Figure 5 was taken in the direc-
tional conditions so as to give a diffraction max-
imum to P, and Ps. This means that coherent
electrons having energy of about 580 eV [(600—23)
eV and (600—17) eV] will diffract constructively.
Therefore, electrons originating in the 700-eV beam
and left with 580+20-eV energy can now diffract
and enhance the peak 585 eV (loss peak 115 eV for
700-eV beam). It is also understood now how the
energy of this peak changes with the direction.
The peak is thus composed of several peaks close
in energy. As the direction changes, the Bragg
conditions change and each time a different peak
will satisfy Bragg conditions for its own max-
imum. It does not occur for a beam energy of 800
eV because the electrons must then go too deep
into the crystal to lose energy from 800 down to
580 eV.

SUMMARY

Energy-loss spectra determined in this work
show the known 12.5- and 23-eV peaks with high
intensities. Peaks with energies 6.5 and 16.5 eV
are also found with high intensities. All four
peaks show diffraction behavior. The energies of
the lines as derived from the experimental spectra
agree well with other measurements. The high in-
tensity of the 23-eV peak achieved here and the
finding of interband transitions with energy
24.0+1.5 eV in photoemission studies we argue
prove that the 23-eV loss peak is due mainly to in-
terband transitions and not to surface plasmons.
The high intensity of the 12.5-eV peak measured
here is in good agreement with optical work and
with the theory. The energies and intensities of
the 6.5- and 16.5-eV peaks agree with conclusions
from optical studies as well as from photoemission
studies of diamond.
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The different lines could be observed at high in-
tensity due to their directional dependence, attri-
buted here to the diffraction effect. This effect is
suggested as a new complementary tool for the
study of crystalline levels, i.e., using loss spectros-

" copy modulated by LEED one can separate the in-
dividual loss peaks, and detect peaks which other-
wise would be lost in higher peaks or in the back-
ground.

To exploit this effect it is recommended that a
primary beam energy in the range of several hun-
dred eV be used in order to avoid the range of
Bloch waves coming out of the crystal.!® These
Bloch waves have energy of the order of 100 eV,
and may interfere with the backscattered electrons
and complicate the loss spectra if a primary beam
energy of 100-eV order of magnitude is used.

We recommend strongly that the scanning beam
mode be used to achieve high intensity of the dif-
fraction effect since in the stationary beam condi-
tion we find much weaker peaks. The reason for

this difference is not yet understood but it might
be attributed to damage or reconstruction of the
surface under stationary beam conditions when
some critical beam current is exceeded.
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