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Antiphasing mechanism of ordered Ggslng 5P layers grown on GaAs(001)
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GayslngsP layers grown by metal-organic chemical-vapor deposition@fi)-oriented GaAs substrates
have been studied using transmission electron microscopy. Additional extra diffraction spots found in several
projections around th®01] pole and a streaking parallel to tf@01] direction observed in thigl 10] projection
are interpreted as due to a laminar structure of the samples consisting of two variants of the CuPt structure with
orderings on the (11) and (111) planes distributed in alternatin@01)-oriented laminae. The results of our
valence-force-field calculations, including—in an approximate way—the surface reconstruction, suggest a
possible origin of the laminar growth. The band-gap reduction of the simplest laminar structures relative to the
average gap of the binaries has been calculated by means of the relativistic linear-muffin-tin-orbital method,
and found to be significantly lower than that of the CuPt phgS8163-182898)05607-0

I. INTRODUCTION ing of the dimergmechanism)lthat stabilizes the CPsur-
face over all other forms of surface order. The resulting

The semiconductor alloy GalngsP is used in optoelec- value of the excess enerdy99 meV/surface atomis low
tronic devices operating in the visible spectral range. It issnough(unlike that obtained by Boguslawgkd account for
almost lattice matched to GaAs, and can thus be easily inthe ordering of the surface at usual growth temperatures
corporated into GaAs-based systems. (~900 K).

Since the pioneering work of Gomyo, Suzuki, and lijima,  In order to explain the experimentally observed large-
the GaslnysP layers grown on GaA801) are known to scale CR ordering, itis further assum@that a locally com-
exhibit long-range order. The ordered structure correspond??'ete cation-terminated surface can form and achieve its op-
to a monolayer superlattice @aP,(InP); in one of the {imum arrangement before the subsequent coverage, and that
two orientations(variants (1—11) and (111). It will be de- the bulk dlffusu_)n following the subsequent coverage cannot

" : alter the established order. In other words, the pattern formed
noted here for traditional reasons as GuRir shorter CR).

. . at the surface freezes as soon as it is covered by P atoms.
The structure is not epitaxially statfleand the surface ef- The above assumption does not yet define the resulting

fects thus have to be considered in order to explain the Orgyrcture: the cation monolayers can be either correlated
dering. _ (bulklike CPg) or anticorrelated, or something betwelsee
Boguslawski used the valence-force-fielFF) method  Fig. 1). According to Ref. 3, the cation monolayers should
to investigate the influence of the surface relaxation. He Ca|grOW in the anticorrelated manner, whereas Ref. 6 suggests
culated the energies of different atomic arrangements at that they grow in the correlated pattern. We shall now briefly
cation-terminated surface and found the one correspondingiscuss the arguments which can be used to explain these
to the CR; ordering to be stable with respect to the phase-contradictory results qualitatively. For the sake of simplicity
separated systef®Ga plus In). This can be intuitively under- of our explanation, say, that a cation monolayer is of type
stood as due to a relatively large number of degrees of free=(D) if the atomic arrangement corresponds to the; @
dom of the CR surface that can relax to the optimum dering, and is in phas@ntiphasg with the arrangement of
configuration. However, the calculated value of the magnithe first cation monolayer of the alloy. The structure of Fig.
tude of the the excess enerdy rather small8 meV/surface 1(a) [Fig. 1(b)] can be described asCCCCCC
atom. Bernard, Froyen, and Zundestudied the surface by (CCDDCC). Let us consider the growth of a cation mono-
means of the first-principles pseudopotential method, anthyer on aC-P-C-P layer (P represents a monolayer of P
showed that it is the electronically driven surface reconstrucatoms. The argument of Ref. 3 is as follows. The Ga-P
tion consisting of dimerization followed by buckling and tilt- bonds are shorter than those between In and P atoms. The Ga
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a) b) c) antiphasing mechanism of Boguslawski is ruled out because
\ Y it is based on an approach that does not take the surface
\ & reconstruction into account. On the other hand, there might
< be some antiphasing mechanism connected with the growth
governed by mechanism Il. Our combined experimental and
/\\\ theoretical studies described in this paper suggest such a

N

A\

— [I10] layer-antiphasing mechanism, and in Sec. IV we discuss the
o . . consequences of this mechanism for the fundamental band
FIG. 1. Schematic diagrams showif® correlated(b) anticor- gap. A short summary is given in Sec. V. Preliminary results
related ¢ irregular stacking of cation monolayers within a layer of ¢ iho TEM studies were published in Ref. 10.

mechanism.
Results of our TEM studies and their implications for the
¢}
ordered GgslngsP. The thin and thick lines represent planes con-
taining the Ga and In atoms, respectively, ands the lattice pa-

a structure of Ggslng sP layers are discussed in Sec. Il. In Sec.
rameter. Il. EXPERIMENTAL RESULTS AND STRUCTURE

— [001]

A I, we present the results of our VFF calculations, yielding a

(In) atoms are therefore “looking for” positions where the P 1he investigated samples were {3, 5P epitaxial layers
atoms are closer tarther from) each other. These positions Prepared in a AIX 200 low-pressure metal-organic chemical-
are above those of Gidn) in the firstC monolayer(see Fig.  V&Por deposition equipment @@01)-oriented semiinsulating

2 of Ref. 3. That is why theCCD step should appear in- GaAs substrat_es._ The growth temperature was 640 °C, the
stead of theCCC pattern corresponding to the three- total pressure |nS|nghe rea_ctor was 20 mbgr, and the flow
dimensional(3D) CPg ordering (antiphasing mechanigm Velocity was 2.1 ms™. Specimens for TEM in thé¢001)

The argument of Ref. 6 is in some sense the reverse. THPIane view as well as the110 orientation(cross section
geometry of the reconstructed cation surfésee Figs. 3, 6, Were prepareq by standard t_echnlques consisting of chemical
and 14 of Ref. Bis such that the G&ln) dimers are very pohshmg and ion beam etchm_g. TEM observat_|ons were per-
close to(far from) the previous P monolayer. The G) formed in aJEQL 1200 EX microscope operating at .120. kV.
dimers are thus “looking for” positions where the P atoms  EX{ra diffraction spots were found in several projections
are farther from(closer to each other. Consequently, the &round the[001] pole including the[001] projection itself.
CCC pattern appears corresponding to the 3D;@Rdering The most interesting ones are shown in Fig. 2. The extra
(phasing mechanism spots visible in the projection®01], [103], and[ 114] cor-

The authors of Ref. 6 also considered the case where th@spond to the followingk vectors: &,%,0); (3,3,%) and
cations do not have time enough to form theQider atthe  ;; 7. d 1141 tively. In Fig. @) i
surface, and it was shown that the £Rrrangement can (2,7,2); an (2’2’_.“)’ respectively. n Fg. an ex
nevertheless arise in the second subsurface cation monola)/%rinpIe of the[llO] diffraction pattern is _Sh‘lwn- IE c_a? be
(SSCM below the reconstructed P surface. The P dimer$€en that, instead of sharp spots at POSItioRs (= 3, 7)
compress the lattice, so that the rows of cations situated p@nd (F2.%3,%3), extremely extended streaking occurs
low them have less space than the other rése Fig. 14 of along the[OQl] direction. The dlffra}cuon pattern is sym-
Ref. 6. If subsurface diffusion occurs at a sufficient rate, theMetrical, which means that both variants of the ordereg CP
former rows will be occupied by Ga atoms, and the latterstructure[(111) and (111)] are developed within the same
rows by In atoms, and the GParrangement will appear diffracting area.

(mechanism ) The mechanism is, in somewhat simpler In order to explain the observed diffraction patterns, and
form, also presented in Ref. 7. However, as far as we knowespecially the nonzero intensities at the positions
the correlation between the cation monolayers in the case &f- z.* 3.,0), that are clearly visible in Fig.(8 (see also
ordering governed by mechanism Il has not yet been studie@€f. 11, we theoretically analyzed the diffraction patterns of
from the point of view employed above, i.e., the surfacea large variety of model structures consisting of alternating
energetics. layers of (111) and (111) variants stacked in thE001] di-

The results of recent TEM studfel indicate that the rection. The thicknesses of the layers belonging to the same
samples prepared at temperatures frer60 to ~750 °C  variant may be the same or may vary around a certain mean
are almost perfect GP (the diffraction patterns do not ex- value. In this way, we can obtain regulgeriodig or irregu-
hibit extra diffraction spots, corresponding to the 3D {CP lar stackings of the layers. Obviously, there are further—
ordering whereas those prepared at temperatures frem more complicated—possibilities to obtain periodic or irregu-
520 to~ 660 °C contain antiphase boundari@gdB9), i.e., lar stackings where the thicknesses of the layers of one
such steps as in Figs(d) and Xc) (the diffraction patterns variant are not necessarily the same. The samples rather con-
exhibit streaking parallel t§001], that can be explained as sist of such stackings as deduced from the diffraction pat-
being due to the stepOther interesting phenomena occur atterns. We restricted ourselves to the simpler structures, for
even lower growth temperaturésee Ref. 12 and references which some interesting results and rules can be obtained.
therein. There must be some antiphasing mechanism re- Model structures of sizesa2<2aXx200a (a being the
sponsible for the observed loss of correlation at lower temiattice parametg¢r were generated in the way described
peratures. In case of growth governed by mechanism I, thabove. The intensity of the diffracted electrons was calcu-
phasing mechanism of Ref. 6 should dominate, whereas thlated within the framework of the kinematical theory of dif-
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) i @1 FIG. 3. Schematic diagrams showing the atomic arrangement of
* ¢ * ¢ ° some of the investigated structurés) (1-1), (b) (2-1), (¢) (3-1),
- and(d) (2-2). (e) Irregular structure. The abbreviations describe the
* ° * *221 ° unit cell repeated periodically in tH®01] direction. The cell con-
20 o . e tains a layer of the (11) variant and a layer of thél11) variant;
¢ ¢ 3 43% the first and the second numbers in the parentheses stand for the
number of P monolayers per the former and latter layers. The empty
¢ * ° ; ¢ and full circles represent the Ga and In atoms, respectively. The P
)

atoms are not shown.

N RN

° * * ® * * ° (111) variant; the first and second numbers in the parenthe-
* 4 * Til f ses stands for the number of P monolayers per the former
f s * *%.% * and latter layers. In Figs.(B), 3(c), and 3d), the structures

. * *030 b f ° (cCcDbDD).. or (2-1),., (CCCCDDDD), or

° ‘e (3-1).., and CCCD)., or (2-2),, are shown. Finally, in Fig.

° * )f - *“T* - 3(e) an example of an irregular stacking of the layers is

| S SN S shown. Note, that the atomic arrangements can be interpreted

alternatively as structures containing APB’s of high density.
FIG. 2. TEM diffraction patterns of a GalnosP sample ob- For example, the arrangement of FigbBcan be derived

tained in the following projectionga) [001], (b) [103], (c) [114],  from the (1L1) variant of the CR structure generating an
and(d) [110]. Some rational indices of additional diffraction spots APB after every third layer.

are given in the schematic drawings in the right part of the figure. A the investigated structures give rise to additional dif-
Large circles—fundamental diffractions; small circles—additional  5ction  maxima along the line connecting the points
diffractions due to the ordering. In Fig(d), the spots correspond- 5, 7.

= - 111 111 iodi im-
ing to the perfectly ordered varianigl111) and(111)] are marked. (3,2,2), (2,22). For periodic structures, except for the sim

plest one, the number of these points is larger than 1 and
generally, maxima with differerk,-coordinate differ also in
fraction for k,=—3, k,=3, and k, varying continuously intensity. In the case of an irregular stacking of the layers,
from —3 to 3. The size 208 in the [001] direction was the intensity is continuously distributed between the points
sufficiently large to give sharp diffraction maxima in the casewith k,= + 1/2. Thek, coordinates corresponding to the ad-
of periodic structures, and it was suitable for describing aritional diffraction maxima of various periodic structures
irregular stacking of layers as well. with the layer thicknesses ranging from 1 tq(i units of
Examples of the investigated structures are shown in Figa/2) are given in Table I.
3. The structure of Fig. (@) represents the simplest case of  Note that there are several structures having their diffrac-
the periodic stacking of the alternating layers of the two varitjon maxima exactly at the positions visible in the projections
ants, the layers of both variants having the same thickness Jsed to obtain the patterns of FiggbRand 2c): (2-1)..,
(in units of a/2). This atomic arrangement can be described4-2) . and (3-1).., (4-4).,, (6-2).., respectively. It is also
as (CCDD).. or (1-1).,. The subscripte means a periodic clear that there is no possibility to unambiguously identify
repetition of the pattern described in the parentheses in th@ese structures by means of the TEM diffraction analysis.
[001] direction. The former notation was introduced above, It can also be seen that' for some structures, the diffrac-
and the latter has the following meaning: the pattemit  tion maxima at the points witk,= = 1/2 completely disap-
cell) contains a layer of the (I1) variant and a layer of the pear. This is the case of the structures consisting of layers
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TABLE |. The k, coordinates of additional diffraction maxima 1e
of various periodic structures with the layer thicknesses ranging -
from 1 to 6(in units ofa/2). The abbreviations of the first and third o [ *
columns describe the unit cell repeated periodically in [th@l] —_ -
— ~
direction. The cell contains a layer of thel!) variant and a layer = i
of the (111) variant; the first and second numbers in the parentheses - 10-1 .
stand for the number of P monolayers per the former and latter = E
layers. The maxima are situated along the line connecting the points 2 i
(3.3.3) and (,3,3), their third coordinates are given in the sec- 2 i
ond and fourth columns. The number of the maxima is larger than1 2 i
for all the investigated structures, except for the simplest one. o 10-2 |
B -
Unit cell k, Unit cell k, = - .
— | L]
(1-1) 0 o i .
2 ~35 52 ~ 15" 14,1402 ;
(2-2) ~3,0; (5-3 -3-%3.3 10" = 1 13 15
3D —4.3 (5-4) ~ 15, ~ 16:18:19:2
(3-2 —15,16,3 (5-5) -%,-5.05.2 Thickness x [a/2]
(33 ~3.03 (6-D — 2, 1414 T
110 oy FIG. 4. Relative intensityy/l 1, at k,=0 as a function of the
4-1) — 317 16:16 (6-2) -2.-7,03,3 - : - - :
42 1111 6-3) 1 s 17 thicknessx corresponding to the symmetrical unit cell described as
20 T (x-x) repeated periodically in thED01] direction. The values are
(4-3 - E:l— 1_41,1171:1171 (6-4) _15’_ @l_ é_‘)?é_og related to the intensity at the positid«g:% calculated for a per-
(4-4) _E’IZvlm (6-5) _Ev_zl_zf_lﬁ’zl_zllﬁvz_z fectly ordered (11) variant. Only structures yielding a nonzero
(5-9 -3.03 (6-6) -2,-3530353 intensity are included.

. ) ] ] nism 11, i.e, we assume that the GRatomic arrangement
with the thicknesses being odd numbers. More precisely, ifrises below the reconstructed P surface in the SSCM. Fur-
the (111) variant is represented by layers with thicknesses 1ther, we assume that the atomic arrangement of the cation
3,5, ..., thentensity at the point¥,2,3) (corresponding to mo_nolay_ers sﬂuated_ farther from the surface is frozen. The

. f the(111) variand vanishes, b the | antiphasing mechanism has to be related to the energy pref-
a maximum o ’ arianj vanishes, ecayse ? Y~ erences in the SSCM. In order to quantify our considerations,
ers of the(lll) variant are out of phase. The discussions Ofwe define the excess energyE4 Corresponding to the

other possibilities are at hand. This finding is in agreementscm of a given Ggdln, P layera terminated by a recon-
with the results of Ref. 8, where the microstructure of thestrycted P surface as follows -

ordered structures was widely discussed.

Other interesting problem represents the intensitk,at
=0. Our analysis clearly shows that the ‘“symmetrical”
structures(1-1) .., (2-2),, (3-3) s, (5-5, . contribute
to the diffraction maximum akt,= 0, whereas the remaining
symmetrical structure$4-4).,, (8-8).., ... do not. In the
case of the former structures, the intensity decreases rapidyhe lower the value oAE,, the more stable the atomic
(although not monotonicallywith increasing layer thickness. arrangement in the SSCM. We calculat&é&, for various
This is shown in Fig. 4 for layer thicknesses up to 15. Aconfigurations of the upper two cation monolayers at a fixed
similar behavior was also observed by us in the case of agonfiguration of the other cation monolayers using a modi-
irregular stacking of layers. Structures consisting of layerdied VFF method. In bulk calculations the VFF total energy
with a mean value of the thickness exceeding 10 give pracconsists of bond-stretching energies associated with all tetra-
tically zero intensity ak,=0. hedral bonds, and bond-bending energies associated with all

The results of our simulations along with the experimentalpairs of bonds having an atom in common. In this case,
observations suggest that the investigated samples consist f@wever, the VFF treatment of the “buried” bonds has to be
alternating layers of the two variants. A considerable intenconnected with the surface energetics. Bernard, Froyen, and
sity at k,=0 indicates that the layers contain only few Zungef did this via matching the pseudopotential-
atomic monolayers. determined geometry of the upper two monolayers with the
buried bonds treated by the VFF method, the strain energy of
the upper monolayers being neglected. Our approach is less
sophisticated but extremely simple: we sum up the contribu-
tions of all the IlI-V bonds including those connecting the

The results presented above provide us with strong evisurface atoms, and we add the contribution of “bonding”
dence of the existence of an antiphasing mechanism. In ordenergies associated with the P dimers. The latter energies are
to find such a mechanism, we proceed in the following waycalculated in the same way as the bond-stretching energies of
We focus our attention on the growth governed by mechabulklike bonds. As the equilibrium bond length we adopt the

AE [a]=E[a]
—3{E[a, SSCM occupied by Ga atorhs
+E[a, SSCM occupied by In ators

lll. VFF CALCULATIONS AND AN ANTIPHASING
MECHANISM
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TABLE Il. Excess energieaE, (in meV/surface atojncorre-  results. It can be concluded that either the interpretation of
sponding to the second subsurface cation monolayer calculated fohe TEM patterns presented in Ref. 8 is wrofvge expect
Gay slng sP anion-terminated layers grown on G4861). The ab-  thijs is not the cage or that our VFF calculations can give
breviations of the first and third columns describe the arrangemeninly a partial account of the observed correlations. It is pos-
of the cation monolayers; the two possible £&rangements are  giple that the number of monolayers per step is influenced by
denoted a andD, andA (B) stands for a monolayer consisting the height of surface steps, as suggested in Ref. 15.
of Ga (In) atoms. The last column contains the difference of the The antiphasing mechar;ism proposed by us is very simi-

energies given in the second and fourth columns. lar to that of Boguslawskl. The qualitative explanation of
the latter mentioned in Sec. | can be applied to the growth of

Structure AE, Structure AE, A

the SSCM.
CCDA =77 CCCA —-70 -7
CCDB - 67 CCCB —-59 -8 IV. CONSEQUENCES OF THE ANTIPHASING
CCDC -70 CCcCcC -61 -9 MECHANISM FOR THE FUNDAMENTAL BAND GAP
CCDD —-71 CCCD —-62 -9 . . L
The CPR; ordering was predicted to cause a significant
average 7 average _63 _8 narrowing (0.46 eV) of the fundamental band gajpand-
gap reduction (BGR)] relative to the average over
ccepe —~70 cccee —62 -8 binaries'®'® The measured values of the BGR are smaller
ccbDDC -70 ccbcee —62 -8 (~0.2-0.3 eV depending on the growth conditions, under

which the sample has been prepar€d?2 This discrepancy
is usually interpretedt??as due to the fact that the degree of

e long-range order; (Ref. 23 of the samples is much

distance between P atoms forming a dimer obtained in Ref. Pj than 1(i.e., the orderi ¢ i | i |
(see also Ref. 13The value of the force constant used in our ower than .., the ordering of any cation piane IS only a
partial ong. The band gap of the structures grown at lower

calculations is 50 N/m. This is our ansatz, that can be justi-em ratur Id also be stronaly infl 4 by th
fied by two facts. First, the difference between the energie% peratures could aiso be strongly influenced by Ine pres-

of the C andD arrangements in the SSCM at fixed position 1 2 (1% A2, (MR (0 e B0 eown in
of the P dimerg180 meV/atonm is rather close to the value P

reported in Ref. 6210 meV/atom Second, the resulting Fig. 3 epitaxially matched to GaAs. The geometries were

: obtained with the help of the VFF method, that is known to
energy differences depend only weakly on the value of the ield accurate estimates of the atomic positiéhblote that

force constant. The values of the force constants of the III—\/y

L o
bonds as well as the lattice parameters were taken from Refwhiscealggtlgitﬁg deguI'\t;gug(\j{ghﬁmgsggiﬁgsa:f?f c/ ;;Zagf th
14. As unit cells we used thexX2l surface slabs, the geom- y vVeg ' ' €

etry of the upper 7 monolayefMIL ) of GaAs and §10) ML CPg structure[(111) varian_ﬂ, the shift parall_el to the sub-
of the alloy was relaxed. strate surface of_ each cation monolayer with respect to the
The results of our calculations are shown in Table II. Theprevious in thg 110] direction is found to be smaller by
structures of the first column have an APB between the sed3% than that of the ideal zinc-blende geometry. We used the
ond and third subsurface cation monolayers, whereas thodecal-density approximation of the density-functional theory
of the third column have not. The large negative values preand the relativistic linear-muffin-tin-orbital meth@dwithin
sented in the second and fourth columns confirm the stabilityhe atomic-sphere approximation. We included the empty
with respect to phase separation of the (C8der in the  sphere¥’ located at the interstitial tetrahedral sites in order to
SSCM. The difference between the excess energies listed @#ptain the close-packed structure, and the so-called com-
the second and fourth columns is negative-8 meV, irre-  bined correction terA? was included. The calculated con-
spective of the atomic arrangement in the upper catiorfluction bands were shifted toward higher energies by the
monolayer. This means that the SSCM will “prefer” the difference between the experimen€al07 eV(Ref. 27) and
arrangement that corresponds to a step with respect to tieglculated values of the average gap of the binaries, which is
previous two cation monolayer@ntiphasing mechanism the simplest way to correct for the “gap problem” of the
However, the magnitude of the energy difference is rathefocal-density approximation. The calculated values of the
low, so we can only argue that the steps are more likely tdundamental band gap are shown in Table III.
occur than not to occur; the layers should contain steps of 2 The value of the BGR of the GPstructure(0.39 eV is
ML, but also those of 3 ML and more. This is in good agree-somewhat lower than that of Refs. 16 and 0746 eV},
ment with our experimental findings. which is probably due to the differences between the com-
The last two lines demonstrate that the preference for thputational methods. The values of the BGR corresponding to
steps does not depend on the arrangement of the more deegie other structures are much lower than the former value
buried monolayers. This contradicts the empirical “coinci- [with the exception of th€2-2) structurg. This can be inter-
dence structure” rule introduced in Ref. 8. According to this preted with the help of the zone folding concept. In the case
rule, only such structures can occur for which the number obf the CPy structure, it is the repulsion between the folded
cation monolayers in any given step is an odd nunjblee  zinc-blendel” andL conduction-band states of the “average
structure of Fig. &) obeys the rule, whereas the structurescrystal,” that is responsible for the large value of the
of Figs. 3a), 3(b), and 3c) do noi. If this were so, the BGR!®!In the case of the superlattices containing APB’s,
arrangement of the deeply buried monolayers would have tother zinc-blende states are folded into fheoint. The in-
influence what is going on in the SSCM, at variance with ourteraction between the lowest conduction-bdndstate and
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TABLE lIl. Calculated values of the fundamental band g&p ( structures consist of very narrow alternating layers of the two
—I), Ey, of the GaInP superlattices grown on Ga@¥1). The  variants. In other words, the “phase” of the cation monolay-
abbreviations of the first column have the same meaning as in Tablers changes rather frequently.

I. The values in brackets represent the band-gap narrowing. The VFF method has been used to study the energy pref-
erences in the SSCM below the reconstructed P surface. It is

Unit cell Eq (eV) this monolayer, where the ordering probably afisese to
3D CP, 1.68(0.39 the subsurface diffusion. The optimum atomic arrangement
(1-1) 1.89(0.18 has _been fo_und to correspond to an APB with respect to
(2-1) 1.87(0.20 previous cation monolaye_rs: an antlcorrela_ted pattern is preft
(3-1) 1.89(0.18 ered. The suggested antiphasing mechanism could apply ei-
' ' ther at lower growth temperatures—this is the case of our

(2-2 1.73(0.39

samples—or at group-V-rich conditioigsee Ref. 19; the re-
sults presented therein can be viewed as an indirect evidence

higher folded states is then much weaker than in the forme?f our hypothesis _In both cases the_grou_p—lll adatoms do
caselthat can be easily seen with the help of form(@z of not have enough time to achieve their optimum arrangement

Ref. 16, and the BGR is thus smaller. at the surface.
§ s thu The calculated values of the fundamental band gap of the

simplest laminar structures are higher than that of the guPt

structure. The presence of the APB'’s thus represents one of
Additional extra diffraction spots have been found in sev-the reasongtogether with the departure of the degree of the

eral projections around thg01] pole, including thef001]  long-range order from unitywhy the observed band-gap re-

projection itself. Positions of the spots have been compareg@luction is much lower than the predicted.

with those of reciprocal vectors corresponding to simple pe-

riodic structures consisting of the two variants of the GuPt

structurg/(111) and(111)] alternating in th¢001] direction. D.M. was supported by Grant No. VS96102 of the Min-
In the [110] projection, a streaking parallel to tfi601] di-  istry of Education of Czech Republic. E.D. was supported by
rection was observed, which was compared with diffractionthe Scientific Grant Agency of Ministry of Education of Slo-
patterns of periodic and irregular stackings of the two GuPt vak Republic and Slovak Academy of Sciences, Contract
variants obtained by theoretical simulations. The experimenNo. 1/4319/97. The band-structure calculations were carried
tal results, especially the nonzero intensity at positions out at the Supercomputer-centrum in Brno. We are grateful
(+=3¥3,0), provide reliable evidence that the investigatedto Vaclav Holy for a critical reading of the manuscript.
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