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Fundamental relation between wave fields, rocking curves, and anomalous absorption
for the reflection high-energy electron diffraction of Si(111) crystals
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Based on a dynamical theory of electron diffraction, electron wave fields close to the crystal surface as well
as reflection high-energy electron diffraction rocking curves are calculated for ¢th&lSsurface a[1—12]
incidence. The following five cases are considered: single layer, one bilayer, two-bilayer, three-bilayer, and
semi-infinite thickness of §111) crystal with bulk truncated surface. The rocking curves of the total intensity
of all the reflected and transmitted electron beams show two minima corresponding to surface wave resonance
conditions except for the single-layer case. These characteristic minima of the total intensity suggest the
existence of anomalous absorption of incident beam in ttELSi crystal. It is established that at the positions
of these minima the calculated intensity of the wave field on Si atomic rows increases and furtheremore Auger
electron intensity of Si(VV) emitted from the surface is enhancé80163-182@08)00508-4

I. INTRODUCTION periodic pattern on a thin crystal film surface on a nanoscale
or carry out a selective excitation on different atomic rows.
In a reflection high-energy electron diffractiétRHEED) With regard to these, preliminary calculations have al-

study;* diffraction patterns or diffraction spot intensities ready been carried out of wave fields in(&il) layers to-
give information on surface atomic structure. For examplegether with rocking curves for the diffraction beafigiow-
an experimentally obtained glancing angle dependence &Ver, the calculations did not take into account the absorption
diffraction spot intensity, the rocking curve, is used for the€ffects of electrons in the crystal. This was because the

determination of a surface atomic structure by comparisoff€ated crystals were extremely thin, that is less than a few
with a calculated rocking cuni® The oscillation of a dif-  Pilayers, and accordingly only the fundamental relationship
fraction spot intensity during the growth of a thin film on a between the behavior of the wave field and the rocking curve

substrate crystal, the RHEED oscillation, is useful for grovvthwgr?af:tc?;i?mogiozhgnc?rl]ceuIg:ie?ngezlfjltseg:gs ti?lmtjr?g r%l\éﬁirlwm-
mode study of thin films at several growth conditidn&> P 9 P 9
An investigation of the electron wave field, which is con- curves. . ' .
) . L In this paper, the calculations of wave fields and rocking
structed in a crystal surface region by interference among |

e . .eurves are improved so that imaginary crystetattering
several plane waves of incident and diffracted electrons i, o niial is included and the absorption effect is discussed.

RHEED conditions is useful in several aspects as followsgrtheremore, the crystal potential is corrected to a more
(1) Peaks in a rocking curve regularly appear at Bragg reregistic value. The treated crystal is not only a few1$L)
flection angles provided that the one-beam condifidhis bilayer cases but also more realistic semi-infinit¢1$1)

SatiSfiEd, where the azimuth of the incident beam direction i%ases' Calculated rocking curves exc]uding and inc|uding ab-
slightly turned away from a certain crystallographic direction

in order to avoid simultaneous reflections. Generally, the TABLE I. Diffraction conditions.
profile of a rocking curve is complicated by the precise crys
tallographic direction of the incident beam. In this case, aReflection index Glancing angleleg®
wave field consideration is helpful in clarifying the origins of 1.00
peaks in a rocking curvé2) Secondary electrons, especially 333 2'69
-20 ot 24 : .
Auger electron®~?°and characteristic x ra§’s >*are excited — b
and emitted from the surface during RHEED experimentsSYR (due to 11 and 1 ros 3.05
These Auger electrons and/or x rays also give information 002 and 042 3.14
surface structures by relating their intensities to the wavé 11 and 131 3.57
fields formed in a crystal surface regiéhbecause these ex- Emergences of 11 and 11 beam§ 3.64
citations are enhanced when the wave field concentrates @13 and 153 3.85
atomic rows. For the purpose of the complementary methods4 3.99
of surface structure analysis, it is important to study the beg24 and 264 4.81
havior of wave fields at a crystal surface region upon changsss 521
ing the incident beam conditior(3) Wave fields are also 735 and 375 5.85

necessary in considering inelastic scattering problems depen-
dent on the channeling paths of incident electrons in &Estimated by usin/ =12 eV.
crystal?® (4) There is the possibility of a novel technique PInternal emergence threshaltT).
whereby an intense electron wave field could carve a certaifacuum emergence threshadT).
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FIG. 1. (Color) Wave fields for the single-layer case at various glancing angles.

sorption effect are compared with each other and the differficient for numerical convergence due to absorption. The
ences are discussed. Especially, the relation between thaystal potentials(or scattering potentialsare calculated
amount of absorption of the incident electron beam in thefrom the tabulation of Doyle and Turrférand the mean
crystal and the Auger electron intensity emitted from theinner potentiaVyqg 0f the bulk Si is deduced as 13.9 V. This
crystal surface upon changing the glancing angle is investivalue is slightly different from our previously obtained one
gated. of 12.0+-0.5 V (Ref. 13 by the comparison between the
experimental rocking curve and the calculated one. The crys-
tal potential of Si used in the calculations is corrected so that
the mean inner potentidlyy is set at 12 V. This is slightly

Wave fields in a crystal are calculated by using the mul-different from the previous papéfwhich used uncorrected
tislice method28 of dynamical theory of electron diffraction. potential. Calculations have been carried out by the multi-
The term “wave field” means the spatial distribution of the slice metho&?® and every slice width is set at 0.1 A. In the
intensity of the electron wave function formed in a crystal strict sense, Fourier coefficients of the imaginary potential
(or out of a crystal by an incident high-energy electron that express absorption effects should be physically mean-
beam and the resulting diffracted electron beams. Three reéngful ones® especially in such a case as a structure deter-
ciprocal rod(00, 11, and 1) are taken into account in the Mination. In this work, however, the imaginary part is sim-
calculations. The acceleration voltage of the incident elecPly assumed to be 10% of the real part because of focusing
tron beam is set at 10 kV. The direction of the incident beamPn the fundamental behaviors of absorption effects.

is fixed at the[1—12] azimuth. Wave fields are calculated in a

plane perp_endicular to thel 12_] direction for.various inci- IIl. CALCULATED RESULTS AND DISCUSSIONS

dent glancing angles. There is no modulation of the wave

field along the[ 112] direction, because only beams in the ~ Table I shows the glancing angles corresponding to sev-

zeroth Laue zone are taken into account in the calculationseral diffraction conditions. The values are estimated by using
Four crystal cases of @ill) (Ref. 27 such as single @& mean inner potentidygoof 12 V. It should be notlcedLhat

layer, one bilayer, two-bilayer, and three-bilayer, are treatedhe Ewald sphere comes in contact with both 11 ant 1

together with the more realistic case of th€13il) crystal  rods até=3.05°. This condition is called the surface wave

with semi-infinite thickness. For the semi-infinite crystal resonance(SWR) condition3*? In practice, the glancing

case, 33 bilayers~100 A thicknessare actually taken into angles of the SWR conditions are related to the Bloch

account in the calculation and the number of bilayers is sufstates>> Recently the detailed resonance scattering has been

II. CALCULATIONS
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Single layer case pare the absolute intensities of wave fields at different glanc-
ing angles to each other for a particular crystal case. Purple
regions indicate higher intensities than red regions. It should
be noted that since the calculated wave fields are obtained by
the square of the absolute intensities of electron wave func-
tions, the phases of the electron wave functions are extin-
guished. The symbols +" indicate the positions of the
atomic rows of Si along thpl 12] direction (perpendicular
to the paper, which are arrayed laterally with the interval of
dy=1.92 A and vertically with the main interval of
dy;;=3.14 A and the subinterval af,,,=0.78 A.

Intensity

A. Single-layer case

X Calculated wave fields for the single layer are shown in

9 3 4 5 6 Fig. 1. At lower glancing angles such as2.5°, wave fields
(@) Glancing angle (deg.) show simple forms. Wave field intensity on atomic rotive

dicated by symbol “") is usually stronger than that on

I interatomic rows at such low angles. This feature is also
commonly seen in the other cases of the following subsec-
tions. Standing waves seen in the vacuum above the crystal
are due to the interference between the incident beam and the
specularly reflected beam. At abo@k2.5°, the wave field
begins to be modulated laterally . The wave field intensity

has a maximum a#=3.3° due to SWR of the 11 and11
side beams. The laterally modulated intense wave field is
formed by the intereference of these side beams running par-
allel to the surface. This glancing angle is 0.25° higher than
that in Table I. It is mainly due to the slightly shallower
potential depth in the single layer case compared with those
of the other cases. This is because there are no neighboring
: layers and no contributions to the single-layer potential from
0 I 2 3 4 5 b the others. At this SWR condition, the intensity of the wave
(b) Glancing angle (deg.) field has maxima not only at atomic rows but also at inter-
atomic rows, and the latter is stronger than the former. For

Intensity

FIG. 2. Rocking curves for the single-layer case, whejeand . o . —
(b) show the calculated results without and with absorption effect3-3°= 6=3.6°, the side beams due to the 11 antl tbds are

respectively.R(00) andT(00) indicate the intensities of the re- €Xcited in the crystal but they can not emerge into the
flected and transmitted beams due to 00 rod, respectiRéll) [or ~ Vacuum because of the potential barrier. Consequently, wave
R(11)] and T(11) [or T(11)] indicate the intensities of the re- fields in the crystal are modulated by these side beams. For

flected and transmitted side beams due to the(drl11) rod, 0?’3'60.’ t.he side beams emerge into t.he vacuum mostly as
respectively. The shaded area denotes the amount of absorptio“?nsm'ss'on be.ams_ rather than reflection bea,ms because of
which is the difference between the incident beam inter(sityty) the h|gh. transmissivity due to the extremely th_ln layer case.
and the total intensity of the diffracted beams. Rocking curves of the reflected and transmitted beams of
the 00, 11, and 1 rods are shown in Fig. 2. Solid and
rigorously investigated by Dudarev and Whef4i®The en-  dotted lines indicate the rocking curves of the reflected and
ergy levels and the number of Bloch states depend on thgansmitted beams, respectively. Figuré)2shows calcu-
shape of the crystal potential such as the depth and the widttated results without the absorption effect, similar to Ref. 27,
Therefore it is possible that the glancing angles of the SWRind Fig. Zb) with the absorption effectR(00) andR(11)
conditions are slightly different from the simply predicted denote the reflected beams of the 00 and 11 rods, respec-
angles in Table I by using only the mean inner potential. Attively, andT(00) andT(11) the transmitted beams of the 00
the SWR condition, excited side beams due to the 11 ahd 1 and 11 rods, respectively. Sin&1 1) [or T(11)] has the
rods run almost parallel to the surface and can emerge intame intensity aR(11) [or T(11)] at the symmetric condi-
the vacuum forg>3.64°. , _ tion of such[ 112] incidence, the rocking curve &¥(11)
Calculated wave fields as shown in the following subsec- — . . . . .
orT(11)] is omitted from the figures. Small open circles in

tions all take into account absorption effects. The wave field he fi indicate the total intensity of the reflected b
are mapped by color scale and all maps are normalized b € figures indicate the total intensily of the refiected beams

their maximum value for every crystal case. The method of R(00), R(11), andR(11)] and the transmitted beams
normalization is different from Ref. 27, where each map wag T(00), T(11), andT(1 1)]. The difference between the to-
normalized by each maximum value. Therefore we can comtal intensity and the incident beam intensity which is taken as



57 FUNDAMENTAL RELATION BETWEEN WAVE FIELDS, ... 4739

9.01 (a) 2.0° b) 2.5° c) 2.6°
N .
D =]
i . . .

3.2°
(h) 3.6° (i) 3.7° (j) 4.0° (K) 4.5°

.

FIG. 3. (Color) Wave fields for the one-bilayer case.

unity, corresponds to the amount of absorption of incident The single sharp peak d®(00) at #=3.3° in Fig. 2a)
beam in the cryst_al. The amount of absorption is shown byjecreases in intensity as shown in Figb)2due to absorp-
the shaded area in Fig(i3. tion. The reason is considered as follows. #&3.3°, the

The rocking curve of each beam shows a very simpl&yaye field concentrates intensely on both atomic and inter-
profile especially in this single-layer case. Only a single peak i~ rows as shown in Fig(d). The electrons construct-

(or single dip appears in th&(00) [or T(00)] rocking curve ing the intense wave field run parallel to the surface and then

at 6=3.3°. In Fig. Za), the total intensity shows a constant .. ot the intensity of specular reflection beR(00)

value of unity for changing glancing angle. That is, the total ; : 4
intensity of the diffracted electron beams always equals thé' ccording to the reciprocity theorem. In the case of Fig),2

intensity of the incident electron beam, because there is nslectrons passing through atomlq rows espem_ally s‘uffer
absorption of incident beam in the crystal. On the other hand>'°n9 absorption and weaken. This makes the intensity of
it is found in Fig. Zb) that the total intensity shows an the R(00) weak.

anomalous behavior at the SWR conditiongef3.3°, which The 11 and 1 side beams begin to appear at the emer-
just corresponds to a pedér a dip position in the rocking gence angle of 3.64°, but their intensities are very weak.
curve of the specular beaR(00) [or direct beamT(00)]. When the number of atomic layers is increased, the wave
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1 bilayer case more, the wave field intensely concentrates on the inter-
atomic rows(the z position is located slightly over the upper
layer of the bilayer. This angle of 3.5° corresponds to just

before the emergence angle 3.64° of the 11 ard side
beams into the vacuum, which is called as the “vacuum
emergence threshol@/T)” of the side beams. A#=3.6°,

the pattern of the wave field seems to be nearly symmetrical
about the middle plane in the bilayer.

Figure 4 shows the rocking curves for the one-bilayer
case. In Fig. &), the rocking curve ofR(00) shows two
intense peaks a1=3.0° andf#=3.5°, which just correspond
to the formation of the highly localized wave fields descrived
above. On the contrary, the rocking curve Tf00) shows
two sharp dips at the same glancing angles. The rocking
curve of the total intensity is constant because there is no
absorption. In Fig. ), the rocking curve of the total inten-

2 i 3 4 9 6 sity shows two dips due to the absorption effect and the
(a) Glancing angle (deg.) profile is similar to that of thd@ (00) rocking curve. The two
sharp peaks of thR(00) rocking curve in Fig. @) decrease
in intensity as shown in Fig.(8). The two peaks seem to be
a separation of the single peak&#t3.3° in the single-layer
case. It may be considered as a Bloch state in the crystal
potential of the single-layer case being separated into two
Bloch stateqgtwo energy levelsby adding one more single
layer potential at the close distance af,,=0.78 A . The
deeper and shallower Bloch states nearly correspond to the
internal and vacuum emergence thresholds of the side beams,
: i respectively. The two Bloch states are the fundamental fea-
- : i - ture of the S{111) crystal as shown in the following cases.
L T(D i The rocking curve of the 11 side beam becomes slightly
i R(00) ) i stronger than that for the single-layer case, but is still mo-
: N PR s T notonous.

Intensity

Intensity

0 | 2 3 4 5 6 C. Two-bilayer case

(b) Glancing angle (deg. Figure 5 shows the wave fields for the two-bilayer case,

where an interbilayer distanab;; (3.14 A) exists. Around
FIG. 4. Rocking curves for the one-bilayer case. #=2.6°, a standing wave appears with three nodes in the
region between the first and the second bilayers, which is

fields are modulated compared to those in the single-layefonsidered to be caused by the 333 reflectiondAB.0° as

case and the rocking curves contain more complicated peak&hoWn in Fig. &), the wave field intensely concentrates on
the first bilayer as in Fig. @) of the one-bilayer case and a

similar pattern of the wave field also weakly appears on the
B. One-bilayer case second bilayer. A¥=3.5° of Fig. Fe), the wave field con-
Figure 3 shows the wave fields for the One-b"ayer Case(_:entrates on all the atomic rows in both the first and the
The behavior of the wave fields is generally similar to thosesecond bilayers and more intensely on the interatomic rows,
in the single-layer case, however, the following point is dif- with locations slightly over the first and the third layers. The
ferent. Upon Changing the g|ancing ang|e, h|gh|y localizedgwave field at the firstor the secon):ibilayer is similar to Flg
wave fields appear twice, arourfid=3.0° and around 3.5°, 3(9) of the One-bilayel’ case. At the middle planes in the first
and both are considered to be due to the SWR of the 11 arl@" the seconpbilayer, the wave field intensity is especially
11 rods. At §=3.0°, the wave field concentrates on the V€'Y vv_eak. _For these glancing an_gles qf 3:B.5°, the
atomic rows in the lower layer of the bilayer, but not so onWvave fields in the crystal are sensmvely influenced by the
the atomic layer in the upper layer. Furthermore, the wavd®U' evanescent beanfsvo reflection beams and two trans-
field intensity concentrates on the interatomic roftee z ~ Mission ones due to 11 andllrods. For ¢>3.6°, the 11
position is located around the middle of the bilgyefhe and 11 side beams can emerge into vacuum.
pattern of the wave field is similar to that in Figid] of the Figure 6 shows the rocking curves for the two-bilayer
single-layer case. The SWR condition at 3.0° is very close t@ase. In Fig. @), the characteristic feature of tHe(00)
the value of 3.05° in Table I, which is called the “internal rocking curve is the narrow split of the peakést 3.5° in the
emergence thresholdll)” of the side beams. Ab=3.5°, on  one bilayer case into peaks at 3.4° and 3.6°. The narrow split
the other hand, the wave field concentrates on the atomiis considered to be caused by a narrow split of a Bloch state,
rows in both upper and lower layers of the bilayer. Further-which arises from a weak interaction between the two bilay-
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FIG. 5. (Color) Wave fields for the two-bilayer case.

ers withd,;;;=3.14 A apart from each other. A new broad the atomic rows increase as a whole. The intensity of the
peak appears arour=2.6°. The broad peak is considered R(11) [or R(11)] reflection beam increases compared with
to be the 333 Bragg reflection because of the wave fieldhat for the one bilayer case.

consideration described above. The two sharp peaks of Fig.
6(a) at 6=3.0° and 3.6° become weak and comparable to the
broad 333 peak as shown in Figlbi It is considered that
the two peaks are strongly influenced by the absorption ef- Figure 7 shows the wave fields for three-bilayer case. The
fect. At the same time, the total intensity also decreases dtindamental behavior of the wave field is similar to that for
#=3.0° and 3.5°, which means that the absorption increasetbe two-bilayer case. Ab=3.0° as shown in Fig. (B), the

at these glancing angles; that is, the wave field intensities owave field is very highly concentrated on the first bilayer.

D. Three-bilayer case
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2 bilayers case E. Semi-infinite crystal case

The wave fields and the rocking curves were also calcu-
lated for the semi-infinite crystal case of 811 as shown in
Fig. 9 and Fig. 10, respectively. In Fig. 9, the wave fields are
shown around the top three bilayers. The crystal surface is
treated as a bulk truncatedxll structure. The absorption
effect is taken into account in these calculations. It is seen by
comparing the wave fields in Figs. 7 and 9 and also compar-
ing the rocking curves in Figs.(B) and 10 that the behavior
of the wave fields and the rocking curves for this case is
rather similar to that for the three-bilayer case. The main
peaks ofR(00) at #=2.6°, 3.0°, and 3.7° in Fig. 10 agree
well with those of the three-bilayer case in FigbB There-
fore it is considered that a three-bilayer thickness is the ef-

: fective depth region of RHEED with a 10-kV incident beam.
0 1 9 3 4 ) 6 In the higher glancing angle regiaf=5°, however, the
calculated peak intensities for the three-bilayer case are
slightly weaker than those for the semi-infinite case, for ex-
ample, as seen in the peak intensity at 4.8°. The reason is
that a small part of the incident beam passes through the
three-bilayer crystal in such a higher angle region and cannot
contribute to the reflection intensities.

The calculated rocking curves of 00 and 11 beams in Fig.
10 are in relatively good agreement with experimental
ones?® which were taken from the &i11)7x 7 surface, ex-
cept for the glancing angle region smaller than about 2°. At
such a low glancing angle region, rocking curves become
very sensitive to the surface structure and big differences are
recognized, because the calculated rocking curves are based
on the bulk truncated 1 surface. However, ai=2°, the
calculated and experimental rocking curves agree relatively
well.

Intensity

Intensity

(b) Glancing angle (deg.)
IV. COMPARISON BETWEEN ANOMALOUS
ABSORPTION AND AUGER INTENSITY

FIG. 6. Rocking curves for the two-bilayer case. . . .
Figure 11 shows two curves. One is an absorption curve

(open circlegfor the incident electron in the crystal, which is
obtained by the difference between uniigcident beam in-
) ] . o tensity) and the total intensity in Fig.(B) of the three-bilayer
The concentration on the first bilayer is similar to those forcgse. The other dotted curve shows the Auger intensity of
one-bilayer and the two-bilayer cases. The next high concersj(LVV) upon changing the glancing angle, BRAESam
tration of the wave field appears aroufie-3.5°—3.6° and rocking Auger electron signal intensjtgurve, which was
the features of the wave field are also similar to those for th@zken from a Si111)7x 7 surface for the same incident con-
one-bilayer and the two-bilayer cases. The wave field congitions as the calculated one. It can be seen that the positions
centrates not only on each atomic row in each bilayer bupf the two peaks around=3.0° and 3.6° in the absorption
also intensely on each interatomic row. _ curve are in good agreement with those of the two peaks in
Figure 8 shows the rocking curves for the three-bilayefhe BRAES curve. Accordingly the localization of wave field
case. For th&(00) rocking curve in Fig. &), a very intense o atomic rows corresponds to the enhancement of the exci-
peak appears at the same angle of 3.0° as for the two-bilaystion of SiLVV) Auger electrons.
case, however, it is accompanied by a small peak=a.9". As shown in Fig. %), the wave field intensely concen-
The sharp peak a#=3.5° in the one-bilayer case seems t0trates on the atomic rows of the lower layer of the first bi-
be split into two peaks a#=3.3° and 3.7°, which is a wider layer at6=3.0°. Aroundf=3.5°—-3.6°, the wave field con-
separation than the two-bilayer case. The strong peak=at centrates on both atomic rows of the upper and lower layers
3.0° be'com'es very small when absorption is included agf the first bilayer as shown in Figs(® and de). These
shown in Fig. 8). The fundamental features of the total |ocalized wave field intensities on atomic rows decrease with
intensity curve are similar to the one-bilayer case; that is, iincreasing deptf®3” The enhancement of Auger electron in-
shows two dips around=3.0° and 3.6°. TheR(11) [or  tensity is considered to be due to such wave field localization
R(11)] rocking curve has only a small amount of structure.on atomic rows. At the same time the wave field localization
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FIG. 7. (Color) Wave fields for the three-bilayer case.
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3 bilayers case of the wave fields and the rocking curves are single layer,
one bilayer, two-bilayer, three-bilayer, and semi-infinite
cases of Sil11) with bulk truncated surface. In particular,
absorption effects have been investigated by using total in-
tensity curves of diffraction beams. The features of these
calculated results for the several crystal cases are summa-
rized as follows.

In the single-layer case, only one absorption peak appears
at #=3.3°. This reflects a Bloch state in the crystal potential
for side beams and is due to a slightly shallow and narrow
potential compared with those of the other cases with several
bilayers.

In the one-bilayer case, two absorption peaks appear at
#=3.0° and 3.5°. The wave field #=3.0° is very similar
Y to that of the single-layer case é+3.3°. The wave field on
. . g the atomic rows of the lower layer of the bilayer is intense
0 | 2 3 4 5 ; and conversely that on the atomic rows of the upper layer is

very weak. The wave field on the interatomic rogike z
position is located around the middle of the bilgyer in-
tense. On the other hand, @+3.5°, the wave field concen-
trates on the atomic rows of both the lower and the upper
layers. Furthermore, the wave field is very intense slightly
above the interatomic rows of the upper layer. It is consid-
ered that electrons passing through the interatomic rows near
or above the surface construct such intense wave fields and
contribute to the enhancement of the specular beam intensity
according to the reciprocity theorem. On the other hand,
electrons passing through atomic rows suffer strong aborp-
tion. The behavior for absorption effects and the wave field
of the one-bilayer case is basically common to the other bi-
layers and semi-infinite cases.

The region from the top surface to the bottom of three
bilayers is considered to be an effective depth in RHEED
with 10-kV incident beam. Because the rocking curves and

0 I 2 3 4 5 6 wave fields for the three-bilayer case are similar to those for
(b) Glancing angle (deg.) the semi-infinite case, calculated rocking curves of 00 and 11
beams for the semi-infinite @i11) crystal agree relatively
well with the experimental resufs taken from the
FIG. 8. Rocking curves for the three-bilayer case. Si(11)7x 7 surface in the higher angle region &£2°.

A calculated absorption curve of an incident electron
on atomic rows increases the absorption of incident electrobeam and a experimental BRAES curve ofLSi(V) taken
beam. Considering the relatively good reproduction of thefrom a S{111)7X 7 surface were compared. It was found that
experimental rocking curves by the calculations for thethe intensity anomalies of the &i{/V) Auger electrons cor-
three-bilayer or the semi-infinite crystal cases, calculatedespond to the calculated absorption peaks. The study of the
wave fields are also considered to represent rather realistielation between the intensity anomalies of Auger electrons
one in the region oh=2°. and wave fields is now in progress for other surface struc-
tures. For a $111)y/3x \3-Al surface, reasonable result
was obtained and will be described elsewh#re.

Intensity

Intensity

V. SUMMARY

Wave fields and rocking curves have been calculated ACKNOWLEDGMENTS
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FIG. 9. (Color) Wave fields for the semi-infinite crystal case.
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FIG. 10. Rocking curves for the semi-infinite crystal case.
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FIG. 11. Comparison between the absorption curve indicated by
open circles and the BRAES curve of BY{V) indicated by dots.
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