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The growth of the layered chalcogenide GaSe on cleaved GéBssurfaces was investigated with
photoemission and low-energy electron diffractitEED). GaSe films grow with theic axis
perpendicular to the GaAk10) surface. LEED patterns after initial film growth are a superposition
of rectangular GaAs:Se spots and two hexagonal domains rotatedbyvith respect to the GaAs
(001 axis. At higher film thickness a hexagonal LEED pattern with GA%) || GaAs(001) is
obtained. ©2000 American Institute of Physid$§0003-695000)00709-9

Molecular beam epitaxyMBE) is a powerful tool for containing heterosystems agree that an interface layer of
semiconductor device fabrication. If the crystal lattices of theGa,Se, is formed!®~18
substrate and overlayer match, semiconductors can be grown The crystal structure g8-G&Se; is a zinc-blende super-
on each other with a high degree of perfection. The limita-structure with structural vacancies and 4% lattice mismatch
tion for material combinations is a mismatch exceeding 1%with the zinc-blende compound GaA%.Tu and Kahr®
Beyond this limit the stress or strain in the overlayer maystated that postgrowth annealing of a 30 A ZnSe film on a
lead to defect formation. This explains the great interest ifectangular GaA4.10 surface results in a loss of Zn and a
buffer layers which can improve the quality of the grown hexagonal surface structure. They suggested that the hexago-
films. The layered chalcogenides are promising materials tdal (001) surface of a GgBe; crystal overlayer in a wurtzite
be used for this purpose? Layered chalcogenides have a modification was formed. This rarely mentioned phase is de-
distinct two-dimensional structure in common. They consisScribed by Wyckoff® as a high-temperature modification of
of predominantly covalent bonded slabs held together by valP&Ss: _ _
der Waals-type forces. One slab of GaSe, for example, con- [N this letter we report on the growth ¢002)-oriented
sists of the sequence Se—Ga—Ga—Se. The epitaxy of layerdlins of GaSe on GaAg10 cleavage planes. Thel10
materials on each other is called van der Waals epitax leavage plane was chosen to demonstrate the versatility of

(vdWe),* or quasi-van der Waals epitaxgvdwe if the sub- he apprcl)ach of v_dWe. In addItIOI’clj, it |shbetter Qeflr:ed in dl_tsd
strate or film has no layered crystal structure. HeterostrucSructura pr_olpl)erues as compared to the previously studie
(100 plané~1! for which different surface reconstructions

tures with lattice mismatch of up to 60% can be grown by ™ . . : .
P ° g yeX|st.21 The formation of the film and its structural properties

\clg\/\t/(; IrEeqL:J?:gi/ng:]tsft;:fzc?taiymmetry 's the generally aC_were investigated by synchroton-induced photoemission
P q praxy. (rSXPS and low-energy electron diffractiqi.EED). The ex-

There are several known cases where an overlayer . . .
. . eriments were performed in a coupled ultra-high-vacuum
changes the symmetry of rotation at the interface. Example ; .
HV) analysis and growth chamber in a pressure range of

i 6

are AJ111/Si(001) (Ref. § and. CdTéll;)/GaAs(OOl). 10" ° mbar or better. Crushed GaSe was evaporated from a
Mo_nolayers of the layered mater|a7| graphite were grown Onsingle molecular-beam source with an open conic crucible.
various supst{ates Suﬁlh asINB(Il). :ct was also attempted An additional selenium source was also available in the
1o grow _31ng e—crysta;lme ayers ol GaSe on Gm) growth chamber. The growth rate was estimated by a quartz
surfaces:™ Abe et al." reported a sixfold symmetry in re- picronajance moved to the sample position before the
flection hlgh—enfrgy electron diffractiofRHEED) and Dai  growth process started. The substrate was clamped onto the
and co-worker$® show high-resolution transmission electron sample holder and cleaved in UHV. The substrate tempera-
microscope(HRTEM) images, proving thg success of their y,re was kept at 450 °C during growth. The growth was in-
MBE growth process. The results of Dai and co-workérs terrupted and the sample allowed to cool down to room tem-
show that a thin reaction layer of &ie; is formed at the  perature to take SXPS data and LEED pictures at different
interface between the substrate and the film. coverages.

Selenium reacts with GaAs forming a terminating layer ~ The series of LEED patterns obtained after different
which passivates surface states and, therefore, improves igeps of the growth sequence are shown in Fig. 1. The
electronic propertie&>~*A large number of publications on cleaved GaAs surface shows the well-known unreconstructed
various interfaces of the ZnSe/GaAs and other seleniumix 1 pattern[Fig. 1(a)]. Prior to the growth of GaSe, the
GaAs surface was exposed 30 s to a Se beam with a rate of

aAuthor to whom correspondence should be addressed: electronic maift fEW mo_r‘()layerS/minUte at the growth temperature of
jaegerw@hrzpub.tu-darmstadt.de 450 °C. This treatment leads to the well-knowr 4 recon-
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partially GaSe-covered Gafkl0 surface. Overlapping fea-
a) b) . " tures of GaS@01 and GaA§110:Se are observed. It
o i should be noted that theXxI2 reconstruction of the Se-
. . passivated GaA3%10 is evidently lost again. With larger
P 4 - coverages up to 100 nm the typical hexagonal diffraction
- ked ) pattern of GaSe is built ugFigs. 1Ac)—1(f)], exhibiting
. ¢® clearly increasing crystalline perfection. Also, the photo-
! emission datdFig. 2) indicate the growth of a GaSe over-
layer as the spectral features approach the well-known spec-
d) g tra of crystalline GaS€01). In the intermediate range, the
- transition of the GaAs:Se-termination layer to a,&a in-
-’ terface layer is suggested by the observed changes in the Se
» - : 3d intensity ratios as well as in the valence-band spectra
N (Fig. 2). X-ray diffraction experiments of thicker films show
- only (00l) diffraction lines of GaSe. TEM indicates an inter-
mediate reaction layer of£1.3 nm between the GaAs sub-
strate and the GaSe overlayer.
) e f) % The experimental results show that crystalline films of
. hexagonal Ga3601) are deposited in a defined structural
relation to the rectangular Gafd 0 substrate. The hexago-
nal ¢ axis of GaSe is parallel to the GaA40) surface nor-
mal. In addition, the overlayer films are azimuthally oriented
™ to the substrate as is evidenced by LEHHY. 1).
The lattice parametex of the grown film can be deduced
from LEED and thec axis of the film was determined using
FIG. 1. Series of LEED patterns obtained during growth of GaSe onX-ay diffraction. The results prove that the hexagonal over-
GaAg110): (a) cleaved GaAs(b) after Se exposure at 450 °@) nominal  layer grown at higher thicknesses consists of hexagonal
50 A GaSe/(d) nominal 60 A,(e) nominal 80 A, andf) nominal 1000 A GaSe rather than of G8e because of their different lattice
Gase. constants. The GaAs surface at high temperat(ze0 °Q
will most likely undergo a change to a ¢agy-like interface
struction of the surfacgFig. 1(b)].2% This Se-induced recon- layer in the presence of elemental selenium or selenium com-
struction is also evident from the changes in SXPS core-levgbounds. A detailed analysis of the interface and of the epi-
and valence-band spectfBig. 2). The Se @ signal shows taxy relations will be given in a subsequent paffe@n this
two different emission lines. Their origin is discussed in de-passivating interlayer, GaSe grows as a crystalline film.

c)

tail in the literature:®162324a|s0, the valence-band features ~ In summary, we have presented a LEED and SXPS
of the Se-covered GaAkl0 are in good agreement with study of the growth of Ga%@01) on GaA$110 showing the
those given by Schiter et al* change of rotational symmetry at the interface. We suggest

After Se passivation, GaSe was sequentially depositethis be termed van der Waals xenotagomposed of the
onto the substrate. The LEED pattern in Figc)lshows a  greek expressions: xera@lien; taxis=oriented. Hexagonal
GaSe nucleates in two domains on the GAA$) surface.
Further coverage leads to quasi-single-crystalline film with-

a) b) GaSe vel out rotations. Evidently, it is possible, by using the concept
of van der Waals epitaxy, to grow oriented films of dissimi-

1000 A lar materials with different lattice constants and surface sym-

’\J\’/\‘ metry on substrates which are properly terminated by a van

’ : der Waals-type passivation layer. Thus, a wide range of

{ & 80 A 1000 A novel semiconductor heterodevices may be feasible.
80 A
é% 50 A
50

intensity [a.u.]
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