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Abstract

Reflection high-energy electron diffraction (RHEED) is a standard diffraction method in surface science, but contrary to low-
energy electron diffraction (LEED) the analysis of morphology and defect siructure is not as reliable due to inelastic scattering and
a more complicated scattering geometry. These difficulties are mastered by adequaie instrumentation and measuring procedures as
done with a novel high-resolution, energy-filtered RHEED instrument. The elastically scattered intensity close to the specular beam
is measured for many angles of incidence in both directions - parallel and perpendicular to the shadow edge. The series of profiles
obtained perpendicular to the shadow edge have been used to produce profiles with constant momentum transfer perpendicular to
the surface corresponding to LEED profiles with ultra-high resolution. By means of these profiles, the surface morphology is
characterized on the basis of kinematic approximation as done in LEED with much success. The validity of that procedure is
demonstrated for homoepitaxy on Si{111) by comparison of the results with LEED and STM data. © 1997 Elsevier Science B.V.

Keywords: Epitaxy; Low energy electron diffraction; Low index single crystal surfaces; Molecular beam epitaxy; Reflection high-
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1. Introduction Therefore, RHEED has become the standard tool
in molecular beam epitaxy (MBE) for in situ
characterization, especially during epitaxial
growth. In principle, RHEED and LEED yield

the same information about all periodicities in

Electron diffraction techniques (RHEED and
LEED) have been used to characterize the crystal-
line structure of surfaces, since electrons have been

the strong-scattering probes of choice for the study
of crystals at atomic distance scales with extremely
high surface sensitivity. The essential advantage of
RHEED in relation to other surface sensitive
techniques is that RHEED does not need much
space around the sample and the normal incidence
is free for any treatment, e.g deposition.
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space and time of the static and growing surface,
i.e. the lattice constants, the surface reconstruc-
tions, the position of the atoms within the unit cell
by the analysis of rocking curves and I/} curves,
respectively, the growth modes and the growth
velocity by intensity oscillations as well as the
defect structure of the surface. These parameters
represent exact mean values of the area illuminated
by the electron beam. A detailed quantitative study
of the surface morphology by RHEED, however,
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is more or less complicated since dynamic effects
and inelastic scattering play an important role.
Therefore, RHEED has not been used in the same
way as LEED to quantify surface morphology and

surface defects from spot profiles using the kine-

matic approximation [1-3],

The purpose of this paper is to compare RHEED
and LEED on the basis of experimental results
obtained by a high-resolution RHEED system [4].
First of all energy filtering removes all losses
AE>4¢eV, so that spot broadening by plasmon
losses is avoided. The refraction of electrons at the
vacuum-~crystal interface is treated quantitatively,
so that surface and bulk effects are separated.
Using the well-developed procedures of spot profile
analysis in LEED, RHEED profiles are evaluated
after converting them into the LEED geometry. A
comparison with LEED and STM results proves
the validity of the procedures. In this way the
grazing incidence of the electron beam in RHEED
is used for a quantitative analysis of surface mor-
phology with extremely high resolution.

The kinematic approximation is used with
different techniques (for a comparison see e.g.
Ref.[5]). It works without any restriction for
X-ray scattering [6,7]. A synchrotron radiation
source (preferentially with a wiggler or undulator)
compensates for low surface sensitivity. For fast
measurements and not so perfect samples, electron
diffraction has the advantage of high surface sensi-
tivity. Here however, the validity of the approxima-
tion has to be checked. For LEED, it has been
approved not for the integral intensity, rather for
profiles after normalization with the integral inten-
sity. The discussion will demonstrate that it works
in the same way for RHEED, when the profiles
are taken with K, =constant.

2. Experimental

The RHEED measurements were carried out
with a high-resolution system (SPA-RHEED)
described elsewhere [4]. The Si sample of size
7mm X 22 mm, precisely oriented into the (111)
direction (within 0.044°), was heated by direct
current up to about 1200°C to remove the oxide
and some of the outermost layers. This procedure

results in a perfect (7 x 7)-reconstructed surface
with large terraces. In order to produce different
morphologies, about 10 bilayers (BL) of Si were
deposited onto such a well-prepared surface by a
water-cooled e-beam evaporator. The growth rate
of 0.3 bilayers per minute (BL mlri”l) was deter-
mined by the RHEED intensity oscillations. The
temperature of the sample was measured by an
infrared pyrometer. The background pressure was

always well below 2 x 10~ 19 mbar.

The primary energy of the electron beam
(4-10 keV, stabilized to less than 1eV) was mea-

sured with a precision resistive voltage divider

(precision better than 3 eV).

The absolute and relative angles have been deter-
mined in different ways. The position of the shadow
edge is a rough estimate. Also, the measurement of
the relative angles of the Laue circles provides only
a limited accuracy. As already shown by other
groups [8,9], the best way to determine the angle
of incidence is the measurement of the angle
between the primary and specular beam (accuracy
about 1 mrad). Any angle of incidence is repro-
duced and accurately varied with a laser beam

reflected from the sample (accuracy <0.1 mrad).

At the exact in-phase condition (Bragg angle),
the specular beam is indeed perfectly round and
not elongated [10]. Changmg the angle of inci-
dence by 2 mrad, the spot becomes clearly elon-
gated. This observation is used to verify the
absolute values of the angles of incidence, since
the round spot is due to a scattering - vector _equal
to a vector of the reciprocal lattice (here, e.g. (111)
or (222)).

All profiles shown in this paper are energy
filtered. By adjusting the retarding field in front of
the detector, all electrons with losses higher than
4.5 eV are suppressed.

3. Conversion of RHEED profiles into a reciprocal
lattice rod

The reciprocal lattice and the Ewald construc-
tion are very powerful tools to describe electron
diffraction phenomena. Fig. 1 shows the Ewald

construction for nearly normal incidence and low
primary energy (LEED) as well as for grazing
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screen

surface
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Fig. 1. The Ewald construction for an ideal surface in LEED and RHEED geometry. The indicated “screen” shows the plane onio

which the Ewald sphere is projected,

incidence and high primary energy (RHEED)
applied to an ideal two-dimensional surface. The
crossing points of the Ewald sphere with the rods
of the reciprocal lattice define the directions of the
diffracted beams detected by a screen (or a chan-
neltron). The specular beam — the {00) spot —
already contains most of the morphologic informa-
tion, such as terrace widths, but not, however, the
lateral lattice constant. Therefore, the quantitative
analysis is at first restricted here to evaluation of
data around the specular beam.

In LEED, the Ewald sphere cuts the {00) rod
almost orthogonally while in RHEED the Ewald
sphere cuts the (00) rod by a small angle. The
spot profiles in LEED are usually evaluated from
cross sections through the reciprocal lattice rod
with K, =constant. On the other hand, a single
profile in RHEED {within the plane of incidence)
includes mainly variations in X, while the varia-
tions of K are small. In LEED as well as in
RHEED there are drastic changes in the intensity
if K| is varied. Therefore, the RHEED profiles
should be converted to a cross section where K
is constant, both to avoid complications from
dynamic scattering and to compare them easily

with LEED profiles. The aim of this procedure is
the application of spot profile analysis on the basis
of kinematic approximation tc quantify the surface
morphology making use of the advantages of
RHEED.

When the RHEED profile is taken normal to
the plane of incidence, K, is already almost con-
stant. Therefore, the profile is directly comparable
with LEED data, especially since the transfer width
of the used RHEED instrument in this direction
equals that of high-resolution SPA-LEED systems
{about 200 nm) [4,11].

For profiles within the plane of incidence, the
transfer width is increased by a factor of 1/sinx
(x is the angle of incidence) due to the reduced
variation of K, in a scan [12}. To convert such
profiles into those with £, =constant, many pro-
files have been recorded for the same primary
energy and different angles of incidence with 500
to 2000 points each (cf. Fig. 2).

Since the primary energy and, therefore, the
wave vector K, the angle of incidence « and the
deflection angles y are known, the perpendicular
and parallel components of the scattering vector
- K, and K| - are given, as fractions of the vectors
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K,

(00

Fig. 2. The construction of a reciprocal lattice rod by RHEED
profiles within the plane of incidence. The gray colored region
on the left is not accessible since the angle of incidence « has
to be larger than zero. The region between the direct beam and
shadow edge is also not accessible (dark colored), since the
angle v has to be larger than zero.

of the 3D reciprocal lattice.

. . ‘
K, =—ky(sin y+sin ), (N
27 :

dy
K, = —- ky(cos y—cos a). (2)
2n

d, and dy correspond to the lattice plane dis-
tances perpendicular to the surface and parallel
to  “the surface in the scattering  plane
(do=dy; dy=d,1 or dy=d,;, depending on the
azimuth). The scattering vectors, defined here as
relative values, are given in units of “%BZ" - per
cent Brillouin zone. Two portions of the reciprocal
space cannot be detected since both the angle of
incidence « and of exiting y have to be larger than
zero (gray colored in Fig. 2).

By interpolation of more than 100 RHEED
profiles each containing 500 points obtained per-
pendicular to the shadow edge through the specu-
lar beam (i.e. the direction of high resolution) we
have constructed a reciprocal lattice rod of the
well prepared Si(111) surface heated to 1200°C
which is presented in Fig. 3. The measuring time
for obtaining a profile was about 30s. Attention
should be paid to the different scales of K, and
K. K covers +5%BZ while K, covers more than

-0.05 0 005

K

Fig. 3. A reciprocal lattice rod constructed by high-resolution,
energy-filtered RHEED profiles running perpendicular to the
shadow edge for the Si(111)-7 x 7 reconstructed surface at a
primary electron energy of 6124 V. The direction of incidence
was rotated by 4.4” out of the [011] azimuth, All electrons with
energy losses of more than 4.5V were suppressed. Note, X,
and K are differently scaled. Because K, /K, is almost 50, the
scans and the shadow edge are strongly distorted.

400%BZ. A part of the direct beam is clearly seen
at K, =0; K;=0.

The shadow edge is a typical feature of a
RHEED pattern. It is clearly visible due to the
high amount of plasmon scattered electrons, which
can be increased to more than 99.9% near to the
shadow edge [10]. The electrons, inelastically scat-
tered by surface and bulk plasmons are suppressed
by our energy filter. Therefore, the shadow edge
scans. In the high-resolution profiles, however, we
are able to detect some elastic intensity due to the
higher dynamic range. Thus, the shadow edges of
the different profiles are also present in the special
representation of the reciprocal lattice rods as
shown in Fig. 3 (cf. also scheme of Fig. 2).

The reciprocal lattice rod possesses nodes. These
nodes are equidistant and appear when the
electrons interfere constructively at the biatomic
steps of the surface, which corresponds to a
multiple integer of X, and, therefore, the in-phase
condition for scattering from neighboring terraces.
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At these in-phase conditions, the intensity is
expected to have a maximum, as shown e.g. in
Fig. 6. In Fig. 3, however, one finds only a relative
maximum at K, =2 and K, =3, and at K, =1,
there is not even an intensity maximum. The
occurrence of well-pronounced intensity maxima
strongly depends on the particular scattering con-
ditions. This experimental observation supports
the above statement that one should only consider
relative intensities in a profile with K| =constant
for a quantitative evaluation, since the rocking
curves may be dominated by dynamic effects. The
full-width-at-half-maximum (FWHM) of the pro-
files at the different in-phase conditions is given
by the resolution of the diffractometer if mosaic
broadening can be neglected. The inverse of the
half-width provides the system transfer width,
which is several micrometers wide, Samples show
usually smaller average terrace sizes, so the whole
range of terrace widths up to about 5 pm can be
investigated by SPA-RHEED. In Fig. 3, it is seen
that the FWHM of the nodes increases with
increasing K, due to the larger angles of incidence.

The lattice rod is symmetric with respect to K.
This seems to be surprising, since the intensity at
the right- and left-hand side are obtained at
different angles of incidence. The fact that the
intensity can change by orders of magnitude, even
for small variations of the angle of incidence, is
well known from rocking curves [13]. A second
thought, however, shows that the lattice rod has
to be symmetric for special conditions. When in
Eqgs. (1) and (2) the angle of incidence « and the
angle of detection y are exchanged, the normal
component of the scattering vector X is conserved
and the parallel component K, changes its sign.
For a surface with two-fold rotational or mirror
symmetry the scattering condition is, therefore,
identical, when only the sign of X is reversed. The
Si(111) surface has a three-fold symmetry and
mirror planes. When the plane of incidence is
normal to a mirror plane, this symmetry is given.
For the other symmetric azimuths, the two-fold
symmetry is nearly fulfilled due to the six-fold
symmetiry of the single (111) plane. Moreover, cur
experiments demonstrate that also for significant
changes from a symmetric azimuth (e.g. see Fig. 3:
4.4°), one obtains highly symmetric lattice rods.

This experimental result is comparable with LEED
results where dynamic effects are negligible within
the range of broadening due to disorder at the
surface. Inelastically scattered electrons only lead
to a broadening of the rod, whereby multiple
scattering does not affect this symmetry of the rod.

The nodes of the lattice rod are equidistant due
to constructive interference at the biatomic surface
steps. If the interference is due to the diffraction
from deeper layers, the electrons are first refracted
at the crystal-vacuum interface giving rise to a
considerable change of the nodes position, as
shown in detail in Appendix A. Since the position
of the nodes reflects the surface interference, the
lattice rods may be used to analyze the surface
morpholegy. The intensity, however, is determined
by multiple scattering including deeper layers. This
effect is especially clear for a high symmetry azi-
muth (considerable variation of intensity in Fig. 4)
where the surface resonances are essentially
increased. Therefore, one should avoid these scat-
tering conditions for quantitative profile analysis.

4. Profile analysis from reciprocal lattice rods

The validity of the proposed procedures is veri-
fied for the homoepitaxial growth on Si(111). On

-0.05 0 0.05
Ky

Fig. 4. A reciprocal lattice rod of Si{111)-7 x 7 with the incident
beam in the symmetric azimuth at a primary electron energy
of 6121 eV.
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the one hand, many experimental studies have
been carried out, and high-resolution LEED [14]
and STM data [15,16] are available for quantita-
tive comparison. On the other hand, large terraces
can be produced to prove the ultra-high resolution
of RHEED. The analysis has been started from a
well annealed Si(111) surface. Onto that surface
about 10 BL silicon was deposited at a fixed depo-
sition rate (0.3 BLmin™!) at different substrate
temperatures (480, 530 and 580°C) to realize
different surface morphologies. In agreement with
the LEED and STM experiments, the samples
prepared at 1200 and 580°C are only (7 x 7) recon-
structed while at the lower substrate temperatures
one obtains a mixture of (5x5) and (7 x 7) recon-
struction as seen in Fig. 5.

For all of these samples, reciprocal lattice rods
have been generated. These rods always show for
a cross section with constant K, a highly sym-
metric shape. This symmetry is demonstrated
for a typical set of profiles in Fig. 6 for the
sample grown at 580°C. These profiles with
K =constant correspond astonishingly to those
of high-resolution LEED profiles [14], so that the
evaluation is done in the same way. The correspon-
dence is the same for K, within the plane of
incidence or normal to it. So the advantage of
higher transfer width for scattering within the
plane of incidence may be used here.

The profiles for the out-of-phase condition
(K, =1.5) are shown in Fig. 7. From these out-of-
phase profiles, the average terrace widths are
derived [17,18] using the same procedure as in
Ref. [14]. The data shown as Arrhenius plot are
compared with LEED [14] and STM [15,16]
results for a deposition rate of 0.3 BL min~! in
Fig. 8. The LEED and STM data are scaled to
this deposition rate assuming a critical island size
of i*=2 and /*=6, respectively, as given by the
different authors, since the critical island size is
expected to depend on deposition rate. Although
the coverage is much lower for the STM investiga-
tion (0.15BL), the agreement with the RHEED
data is excellent. Also the LEED data agrees well
with the RHEED results. The deviation at lower
substrate temperatures is not clear, but we believe
that the low ratio between monomer diffusion
constant and deposition rate (~10%), a phenome-

530°C

480 °C

Fig. 5. RHEED pattern of 10BL Si on Si(111) grown at
different substrate temperatures (480, 530 and 580°C) and a
fixed deposition rate (0.3 BL min~") resulting in different sur-
face morphologies ([001] azimuth; primary  energy:
61301 10 eV; angle of incidence: 2.20 +0.05%).
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Fig. 6. A scries of spot profiles with constant K, within the
plane of incidence for the sample grown at 580°C. The profiles
are highly symmetric and show the ulira-high resolution and
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profile are the values of the normal component of the relative
scattering vector K.
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Fig. 7. Profiles as in Fig. 6 at the out-of-phase condition
(X, =1.5) for differently prepared surfaces. The arrows indicate
the FWHM of the shoulder in the profiles and the related mean
terrace sizes.
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Fig. 8. Arrhenius-piot for the average terrace width and island
distance, respectively, for homoepitaxy on Si(111) to compare
RHEED, LEED and STM results. The result at 1200°C is
shown to demonstrate the extremely high resolution of RHEED
and the suitable preparation of the substrate.

non which leads to post-deposition effects [19], is
responsible for the deviation. This may be also the
reasen that the authors found a smaller size for
the critical nucleus. The rate dependent change of
the size of the critical nucleus was already found
by REM studies for Si/Si(111) [20]. This study
delivers slightly higher values for the average ter-
race width with rather large error bars.

For in-phase condition (integer values for X,)
the kinematic approximation predicts for a stepped
surface (with no other defects) a sharp profile as
given by the instrument without any shoulder.
Figs. 9 and 10 show, that the central spike {as
given by the instrument) dominates the profile, a
shoulder with a peak intensity of about 1%, how-
ever, is visible, Often, this shoulder has a ring-like
shape. The half-width of the shoulder is indepen-
dent of phase {Fig. 9) and about twice that of the
profile for the out-of-phase condition (Figs. 7 and
10). It is therefore well described within the kine-
matic approximation by a morphological defect
with a scattering factor different from that of the
periodic superstructure and related to the super-
structure domains. This shoulder is also present in
LEED profiles at the in-phase condition [21] and
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Fig. 9. Profiles as in Fig. 6 for a sample grown at 530°C at the
different in-phase conditions. The value of K is given in the
upper-left of each profile.
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Fig. 10. Profiles as in Fig. 6 at the in-phase condition (X, =2)
for the differently prepared samples.

seems to be inherent of DAS-structures. It vanishes
after the surface is covered by antimony resulting
in a well ordered \/gx\/—) reconstruction [21].
Therefore, we conclude that the domain bound-

aries of the DAS structures have more disorder

than the \/3 structures, so that a substantial frac-
tion of the surface shows a different form factor
producing the shoulder also for in-phase condition.
For decreasing growth temperatures, the domains
become smaller and the fraction of surface atoms
in the boundaries becomes higher. Therefore, the
central peak does not completely vanish even for
the out-of-phase condition at substrate temper-
atures below ~500°C for both RHEED (cf. Fig. 7)
and LEED [14]. These effects become clearer in

Intensity [cps]
I
I

RHEED than in LEED due to the much higher
resolution.

The perfect agreement between RHEED and
the other experimental studies for Si/Si(111)

shows the validity of the kinematic evaluation

of the energy-filtered RHEED profiles with
K, =constant. Now, the extended resolution of
RHEED can be used in the region beyond SPA-
LEED resolution.

5. Comparison of RHEED and LEED

The development of a h1gh resolutlon energy-
filtered RHEED instrument which is capable of
suppressing plasmon losses permits a morphologi-

cal analysis of the RHEED data with a precision
heretofore unobtainable. The linearity, the
dynamic range and the resolution are far superior
to those of conventional systems. The simple
change of the detected angular range over 3 orders

of magnitude or even more by means of the
electrostatic double-octupole allows us to construct
reciprocal lattice rods and to obtain profiles of
ultra-high resolution which are analyzable in the
same way as LEED profiles.

Both RHEED and LEED multiple scattermg
requires a dynamic scattering theory for calcula-
tion of the intensities. Those theories are available
for both techniques as long as the surface is strictly
periodic. For surfaces with steps and other defects
no dynamic theories are developed except for an
averaged surface after projection alono the direc-
tion of the incident beam [22,23]. For analysis of
the lateral structure in LEED the kinematic
approximation has been shown to be valid in many

cases. The present RHEED investigation demon-

strates, that this approximatijon can be used in the
same way for scans perpendicular to the shadow
edge after converting them to scans with

K, =constant, as shown for Si homoepitaxy in the
preceding section. Here, the resolution is extended
to the micrometer region. Hence, LEED and
RHEED are comparable techniques with respect
to morphological analysis of surfaces, whereby

RHEED has essential advantages among others

due to the 1ncreased resolution and the open
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geometry in front of the sample for other
treatments.

A new Instrumental development — a combina-
tion of two double-octupoles, one between gun
and sample and one between sample and detector
— enables a direct scan with K, =constant without
the need to convert many scans. Then RHEED
profiles are as easily obtained as LEED profiles.
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Appendix A

6.1. Refraction of electrons at the vacuum—crystal
interface

The atoms are periodically arranged and the
average of the resuliing electrostatic potential dis-
tribution, over the volume of the crystal, is positive
and a few volts in magnitude. This mean potential
is called the inner potential. The inner potential of
the sample @ affects the refraction of the incident
and the diffracted electron beams, i.e. the beams
change their direction of propagation and their
magnitude at the vacuum-—crystal interface and
vice versa. For electron diffraction, it is convenient
to consider the wave vectors k, and g in the
vacuum and the crystal, respectively

1 . o ,
ko= Z V 2mekE, (A.1)

1
g= ; V2me(E + D), (A.2)

where 7 is Planck’s constant, m the electron mass,
e the electron charge and E the primary electron
energy. Based on the Maxwell equations, it is
evident that the tangential component of the wave
vectors have to be conserved at the interface.

k=g, (A3)

Fig. 11 shows the relation between the incident
and the refracted beam. One can introduce the
refractive index »

coso Kk Jk E+@
ne itk a4 _ [E+P (A4)
cos B q/g  ky E

The refractive index depends on the primary energy
of the electrons and on the inner potential of the
sample. In RHEED., the refractive index deviates
from one by about 1072, Although this value is
very small, it gives rise to a notable effect as we
will show with the example of silicon. The inner
potential of silicon is reported as 12 V [24].

The influence of the inner potential on the radius
of the Ewald sphere is summarized for different
LEED and RHEED energies in Table . Contrary
to LEED, the radius of the Ewald sphere for
electrons penetrating the crystal has not to be
corrected for the higher RHEED energies.

Two™ different scattering conditions may be
described as Bragg reflection and Bragg scattering,
respectively. For a stepped surface, all terraces
scatter in-phase when the perpendicular compo-
nent of the scattering vector in vacuum coincides
with 2n/d, whereby 4 is the step height. Such an

vacuum

R
le

crystal : Q.

Fig. I1. The refraction of electrons at the vacuum-solid
interface.

Table 1
Influence of refraction on the radius of the Ewald sphere using
an inner potential of 12 V (silicon)

E{eV) ko (ATY g(A™h tg— koo
10 1.620 2.403 0.48

100 5.123 5422 0.058
1000 16.202 16.299 0.006
10000 51.035 51.265 0.0006
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Table 2

Influence of refraction on Bragg angles using an inner potentlal of 12V (smcon) 7

Surface Science 389 (1997) 338-348 T 347

m E=10eV E=100eV E=1000eV E=10000eV

% O % dg %p Og ug g
(111) 38,204 - 11.278 - 3.546 S 51
(222) - 35.062 23.026 10467 7.105 3293 2,042 1.041
(333) - - 35.925 28265 10.693 8.612 3.364 2.714
(444) - - 51.472 44542 14.323 12.815 4,487 4022
(555) - = 77.927 66.130 18.013 16.809 5.612 5.247

in-phase condition is observed as a sharp spot in

SPA-LEED [25] and SPA-RHEED [10]. The angle
of incidence for the surface Bragg condition is
given by
. T
sin o =7 —-.
0
For Bragg reflections at the planes inside the
crystal the wave vector ¢ has to be used, so that
the angle of incidence f; is derived from
T B}
sin fig =nm—, (A.6)
dq
where m is the diffraction order (integer), and 4 is
the vertical distance from plane to plane.
Experimentally, this bulk Bragg reflection is
observed by the crossing of Kikuchi lines in
RHEED geometry. In order to obtain the angle
Bs inside the crystal, outside the angle 55 must be
adjusted which is derived from refraction at the
surface using k, =g, (tangential components) and
=k2 +2med)/h (normal components), so that

COS dg =7 COS {arcsm(m — (A.7)

h ])}
d \V2meE n
In Table2 the Bragg angles «; and oy for
different electron energies and different diffraction
orders are compared. This comparison reveals the
drastic influence of the refraction to the Bragg
angles. The (111) reflections inside the crystal
cannot be generated for any primary energy and
if such a trajectory is formed (e.g. by inelastic
scattering or at a certain amount of steps) the
electrons cannot leave the crystal. For RHEED
energies and grazing incidence, the refraction effect
has to be considered for data analysis.

(AS)

That means,
electrons at the vacuum-—crystal interface to deter-
mine the surface sensitivity of RHEED with
respect to terrace step structure, since bulk and
surface phenomena can be separated. The distances
between the nodes of a reciprocal lattice rod are
equidistant for surface scattering and become less
dense for lower orders in the case of bulk scatter-
ing. For silicon, the extremely high surface sensitiv-
ity of RHEED with respect to surface morphology
is demonstrated in this communication,

one can_use the 1efrdctlon of
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