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The epitaxy of GaAs monolayers on SrTiO5 substrates is studied by extensive first-principles simulations,
considering both cleavage (100) and polar (110) orientations of SrTiO5; with distinct terminations, and several
adsorption sites for the overlayer. Large charge transfers take place for the two SrTiO(110)/GaAs and
0,-(110)/GaAs polar heterojunctions, at variance with other substrate terminations, which are polar compen-
sated by construction. As a function of the thermodynamic conditions, the formation of mixed compounds at
the interface can be avoided. Relying on the interfacial energy, we predict that the GaAs monolayer is much
more stable on (110) than on (100) surfaces, consistent with the available experimental results. Moreover, it

should wet both SrTiO and Sr terminations of SrTiO5(110).
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I. INTRODUCTION

Use of polar surfaces as a substrate for growth or growth
of ultrathin films that are oriented along a polar direction has
become a significant field of research in the past decade. In
particular, metal/oxide polar interfaces were extensively
studied by experimental means' and ab initio calculations.”™
In these systems, peculiar structural and electronic properties
as well as enhancement of adhesion have been pointed out.%’

As far as semiconductor/oxide interfaces are concerned,
the modifications of the electronic structures of the constitu-
ents that could be induced by polarity are largely unknown.
From the experimental point of view, the preparation of
sharp and well ordered interfaces demands the control of the
quality of the epitaxy on the polar substrate, as well as of the
oxygen interdiffusion, which may result in the formation of
mixed compounds with variable stoichiometry. On the other
hand, first-principles calculations can take into account the
polar nature of the substrate, which has to be compensated,8
but must cope with the complexity of several interfacial
phases that are possibly stable as a function of the chemical
conditions.

Here, we consider the early stage of growth of GaAs
on polar SrTiO5(110) and cleavage SrTiO;(100) surfaces.
SrTiOs is attracting much interest for its use in the integra-
tion of GaAs optoelectronics with traditional Si-based
devices.” SrTiO; was employed as a buffer layer, allowing
for misfit reduction between Si and GaAs.'® Although sev-
eral works focused on Si/GaAs (Refs. 11 and 12) or
Si/SrTiO5 (Refs. 13-16) interfaces, the growth of GaAs on
SrTiO5 substrates has been the object of few experimental
studies.'”"!° In particular, the cleavage (100) orientation as
well as the polar (110) and (111) surfaces of SrTiO; were
considered for GaAs growth. The optical quality of the GaAs
films has been found to depend on the substrate orientation
sensitively; in such respect, SrTiO5(110) provided the best
results.!” Conversely, SrTiO; epitaxial films on GaAs(100)
have good crystallinity and the interface is atomically
sharp.?® However, no detailed theoretical study of the
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GaAs/SrTiO5 interface has yet been carried out, to our
knowledge, and microscopic models for such heterojunctions
are lacking. Furthermore, the GaAs/SrTiO3 system presents
specific interest. SrTiO;(100) is only weakly polar,>'*> while
GaAs(100) is polar; conversely, the (110) surface of GaAs is
nonpolar, while SrTiOs(110) is polar. Therefore, the struc-
tural and electronic properties of epitaxial and well ordered
GaAs/SrTiOs interfaces are affected by polarity in any case.

Although in the aforementioned experimental works both
constituents of the interface are thick enough to be represen-
tative of bulk crystals, here we focus on the very early stages
of GaAs growth on SrTiO; by considering SrTiO5(100) and
(110) (1X 1) substrates that are capped by single GaAs
monolayers. We show that, even for such a simple system,
there are many distinct configurations that are, in principle,
stable as a function of the actual chemical environment. We
also study the effect of the substrate polarity and the termi-
nation of the substrate on the adhesion and structure of the
GaAs overlayer. Noteworthy, polarity compensation is
needed in macroscopic samples by electrostatics?> and does
not necessarily occur in unsupported ultrathin films.?> Two
(100) terminations®'?4-28 (TiO, and SrO) and five (110) po-
lar terminations?>3° (StTiO, O,, Sr, TiO, and O) are consid-
ered. The comparison with bare (1X 1) SrTiO5(110) polar
surfaces® makes it possible to point out the effects on the
structural and electronic properties that are due to the adsorp-
tion of the GaAs overlayer.

The paper is organized as follows. In Sec. II, we provide
the background to simulate a stable ordered GaAs/SrTiO,
interface: thermodynamic conditions that are needed to avoid
the formation of other compounds, epitaxial relationships for
GaAs on SrTiO;, and computational details. In Sec. III, we
consider the atomic and electronic structures of a GaAs(100)
monolayer, either freestanding or strained at the SrTiOj; lat-
tice parameter, and its deposition on the TiO, and SrO ter-
minations of SrTiO3(100). In Sec. IV, the deposition of a
strained GaAs(110) monolayer on five different terminations
of the polar SrTiO3(110) surface, namely, O, and SrTiO,
which have the same composition as the bulk layers, and
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TABLE 1. Experimental formation enthalpy E{ in eV/fu. of
various gallium and arsenic oxide compounds i with respect to
Ga(c), AS(C), and Oz(gm) (Ref. 33)

i GaAs AS205 GaQO G3203

E{ 0.736 9.586 3.690 11.288

TiO, Sr, and O, which are polar compensated by construc-
tion. In both cases, a systematic investigation of the preferred
sites for Ga or As adsorption was carried out, and the elec-
tronic structures of the most stable heterojunctions were ana-
lyzed, with reference to the separated constituents. The over-
all stability of the previous configurations as a function of
the chemical environment is provided in Sec. V. The adhe-
sion properties of the GaAs overlayer on (100) and (110)
oriented SrTiO; substrates, with reference to previous ex-
perimental works, are finally discussed.

II. THEORETICAL BACKGROUND

A. Conditions for the stability of sharp GaAs/SrTiO;
interfaces

In this section, we focus on the thermodynamic conditions
that are needed to obtain a sharp ordered interface between
GaAs and SrTiOs3. Indeed, as a function of the growth con-
ditions, oxygen can diffuse and react through the interface,
resulting in the formation of a mixed compound and possibly
a complex interface with variable stoichiometry. In order to
specify such thermodynamical conditions, we follow a pre-
viously reported method that has been originally used to de-
termine the stability of the SrTiO; compound.’!

Along the growth process, it is necessary that the SrTiO;
and GaAs crystals be stable and, at the same time, avoid the
formation of binary mixed compounds such as As,O, and
Ga,0, (the ternary compounds Ga,As,O, are not considered
hereﬁ). The stability of all those compounds can be com-
pared in terms of the grand potential (); that reads

Qi= —E{._NASAIU/AS_NGaAlu’Ga_NOAlu’O’ (1)

with N; and Au; the number of atoms and the chemical po-
tential of the j species, respectively. The experimental forma-
tion enthalpy E/ of the most common mixed Ga, As, and O
compounds is listed in Table 1.

By using Eq. (1) and Table I, the stability of the mixed
compounds can be easily obtained as a function of the oxy-
gen chemical potential o as the independent variable. The
regions corresponding to the lowest grand potentials are
shown in the left panel of Fig. 1. By merging the stability
domains on the lower uq axis, we obtain that in the O-poor
region (1) (uo<-3.763 eV), the two elemental As and Ga
crystals are stable, while in more O-rich conditions
(-3.763 eV < up<0), the formation of Ga,0j is favored ac-
cording to thermodynamics. By definition, for wg>0, mo-
lecular oxygen is stable, and no stable oxide should be
formed. In the right panel of Fig. 1, the computed grand
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FIG. 1. Left panel: Domains of stability of the GaAs compound
with respect to mixed oxides as a function of the oxygen chemical
potential . Right panel: Total grand potentials for the three
phases (Ref. 1), As()+Ga,) (Ref. 2), As)+Ga,Os(c), and
As,05(c) +Ga,05(c) (Ref. 3) and the bulk one.

potentials of the GaAs,, As)+Ga.), As)+Ga05), and
As,O5()+Gay03() phases are compared. Bulk GaAs is, thus,
stable for uo<<-3.27 eV.

To summarize, the stability of the GaAs compound in an
oxygen external environment (here provided by the SrTiO;
substrate) is possible if the O chemical potential is lower
than —3.27 eV with respect to the O, gas phase. The lower
bound at un<-5.46 eV is imposed by the stability limit of
bulk SrTiO;.2° Therefore, a sharp interface between bulk
GaAs and SrTiO; can be thermodynamically stable with re-
spect to the formation of intermediary oxides if

—546 eV < py<-3.27eV. (2)

Obviously, these considerations apply to bulk phases and
take into account neither the influence of kinetics on the
interface formation nor the fact that, when depositing GaAs
on SrTiO;, oxygen is mainly provided by the substrate, so
that uq cannot, in general, be straightforwardly tuned.

B. Epitaxial relationships

The large difference existing between the experimental
lattice parameters of GaAs (dguas=5.653 A) and SrTiOs
(aserio,=3.905 A) shows that the cube-on-cube epitaxy of
these two crystals is not possible. However, if the primitive
vectors in the plane parallel to the interface are rotated by
45° (see Fig. 2), the mismatch between GaAs and SrTiO;
can be reduced to 2.4%.

Along the growing process of GaAs on SrTiO; substrates,
the stacking sequences of GaAs considered here are:

(i) along the [110] orientation, thus nonpolar on the polar
SrTiO5(110) substrate (see Fig. 2, top panel);

(ii) polar along the [100] on the SrTiO;(100) substrate
(Fig. 2, bottom panel).

However, many distinct configurations are compatible
with such epitaxial relationships. In the case of
GaAs/SrTiO5(100), two possible substrate terminations
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FIG. 2. (1X1) unit cell (shaded area) of the GaAs(110) (top
panel) and GaAs(100) (bottom panel) orientations. The gallium and
arsenic atoms are represented by black filled circles and crosses.
Top panel: Large and small symbols refer to the upper and lower
(110) planes, respectively. Bottom panel: Ga (bold circles) and As
(large crosses) upper planes; Ga (small bold circles) and As (small
crosses) lower planes. The lower and upper (100) planes are mutu-
ally shifted by one-half of the surface unit vectors.

(either TiO, or SrO) are here considered. Moreover, the
GaAs overlayer can be shifted from the center of the sub-
strate surface unit cell along the [001]grio, and [TlO]SmO2
directions (see Fig. 3, right panel), and the contact plane may
be formed by either Ga or As. We restrict the number of
possible registry shifts by imposing that Ga and As atoms
always stand on top of O, Ti, or Sr atoms [no bridge depo-
sition is studied in the case of the (100) terminations].

A o
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FIG. 3. (Color online) Schematic picture of two starting con-
figurations of a GaAs(110) monolayer on SrTiO5(110) (left panel)
and a GaAs(100) monolayer on SrTiO5(100) (right panel). In the
former case, the GaAs chains are along the [OOI]SmO2 crystallo-
graphic direction.
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TABLE II. Theoretical values of the lattice parameter a, bulk
modulus By for GaAs and cubic SrTiOs, and GaAs direct gap. The
experimental values are quoted in Refs. 42 and 29. The experimen-
tal value of the direct gap is taken from Ref. 43.

GaAs SrTiOy
ag BO Gap ag BO
(A) (Gpa)  (eV) (A) (Gpa)
Theory 5.608 72 0.32 3.951 187
Experiment 5.653 76 1.52 3.903 183

In the case of GaAs/SrTiO5(110), there are five possible
(1X1) substrate terminations, since the outermost
SrTiO5(110) layer may have SrTiO, O,, Sr, TiO, or O
composition.?” As regards the GaAs overlayer, there are four
inequivalent positions, which can be obtained by displacing

the GaAs chains along the [001]gpio, or [Tlo]smog
directions (see Fig. 3, left panel). In total, 16 and 40
distinct configurations were used as starting points for
the geometry optimization of the GaAs/SrTiO5(100) and
GaAs/SrTiO5(110) interfaces, respectively.

C. Computational details

The calculations are performed in the framework of den-
sity functional theory (DFT).3#3> Exchange and correlation
energy is treated within the local density approximation us-
ing the Perdew-Wang parametrization.3® For all calculations,
we used the ABINIT computer code.?’

Norm-conserving separable pseudopotentials are gen-
erated following the Troullier-Martins scheme,®® with ref-
erence configurations 3d'%4s%4p' for Ga and 4s%4p° for
As atoms. The cutoff radii are R.(s)=2.09 a.u., R.(p)
=225au., and R.(d)=2.48 au. for Ga, and R.(s)
=1.96 a.u. and R.(p)=2.17 a.u. for As, with s, p, and d the
different channels. Therefore, the Ga 3d semicore electrons
are treated in the self-consistent density (small-core approxi-
mation), whereas As 3d semicore states are frozen (large-
core approximation). The f channel is considered to be local
along the pseudization procedure in order to improve the
transferability of the pseudopotential and avoid ghost states.
Details on Ti, Sr, and O pseudopotentials can be found in
Ref. 29. The Kohn-Sham states are expanded in plane wave
with 30 hartree cutoff energy. In order to have a symmetric
slab and to prevent the formation of a spurious dipole
moment,>" the GaAs monolayer is deposited on two sides
of the slab. All the calculations are performed by using a
(4,4,4) Monkhorst-Pack mesh*!' for bulk and a (4,4,2) mesh
in slab geometry.

The computed lattice parameter a, and bulk modulus By
of bulk GaAs are within £1% of the experimental data (see
Table II). As regards the epitaxial conditions, the computed
misfit between SrTiO5 and GaAs crystals is equal to +0.4%,
which compares quite well to the +2.4% experimental value.
The GaAs lattice parameter a, matches the experimental
value better than previous calculations [5.56 A (Ref. 44) and
5.54 A (Ref. 45)]. The improvement comes from the inclu-
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FIG. 4. (Color online) Top view of the freestanding (left) and
strained (right) GaAs(100) unsupported monolayers. As and Ga at-
oms are represented by yellow and brown circles, respectively. The
lattice parameters, bond angles, and bond lengths are indicated.

sion of the Ga 3d states in the self-consistent charge density
calculation. In line with all-electron calculations,*®*” the
GaAs fundamental band gap is here even more severely un-
derestimated than in previous calculations.***> Whereas gap
underestimation is a well known drawback of DFT,*® the use
of large-core pseudopotentials with frozen Ga 3d electrons
increases the fundamental gap with respect to all-electron
calculations, thus partly compensating the gap problem. A
GW correction to the GaAs DFT fundamental gap using a
small-core Ga pseudopotential gives 1.4 eV, close to the ex-
perimental value.*’

III. GaAs MONOLAYER ON SrTiO3(100)
A. Strained and freestanding GaAs(001) monolayer

As detailed in the previous section, GaAs undergoes a
compressive stress upon epitaxy on cubic SrTiOs3, which is
slightly underestimated in our calculation. However, such a
misfit refers to the interface between two semi-infinite GaAs
and SrTiOj; crystals and does not apply to ultrathin adlayers.
Therefore, we also compute the misfit between the GaAs
monolayer and the substrate.® As far as the GaAs(100)
monolayer is concerned, the misfit is strongly anisotropic

and equal to —2.0% and —35.7% along the [011] and [011]
directions, respectively. The strained monolayer is character-
ized by GaAs chains along the [011] direction with a reduced
coordination number (see Fig. 4), while the freestanding
monolayer has a rectangular unit cell with both homo- and

heteronuclear bonds. Although very large along [011], such a
strain is originated by the peculiar atomic structure of the
(1X1) freestanding monolayer with respect to bulklike
GaAs(100) planes and is expected to reduce whenever epi-
taxial growth could proceed.

We have also performed a topological analysis of the elec-
tron density’! as implemented in the ABINIT code. As previ-
ously shown, such a method enables us to share the total
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FIG. 5. (Color online) Side view, perpendicular to the
[011]s,Ti0, direction, of the GaAs/TiO, (top) and GaAs/SrO (bot-
tom) SrTiO5(100) interfaces. Ti, Sr, O, As, and Ga atoms are rep-
resented by gray, white, red, yellow, and brown circles, respectively.

density among the atomic basins and link them to the modi-
fication of the chemical bond.?*?> In the freestanding
GaAs(100) monolayer, Ga and As topological charges are
equal to *0.37|e|, thus sensitively reduced with respect to
GaAs bulk (+0.62|e|). The increased covalent character of
the freestanding monolayer is due to the reduced coordina-
tion number, which results in a weaker electrostatic potential
and a smaller fundamental gap than in the GaAs crystal.

B. (100) GaAs monolayer on a SrTiO;(100) substrate

After geometry optimization, some of the 16 initial con-
figurations that were described in Sec. II B give the same
relaxed structures. In the following, for each termination, we
focus on the most stable geometry. In Fig. 5, the two SrO and
TiO, terminations of SrTiO;(100) with the lowest interface
energy are shown. In both of them, Ga atoms adsorb on top
of oxygen, while As atoms stay above the Ga(100) plane and
do not bind to the substrate. Indeed, all of the initial configu-
rations that have a contact As plane give rise to less stable
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TABLE III. Relaxations of the interplane distance at the
GaAs/SrTiO3(100)-TiO, and -SrO interfaces. The mean positions
of the layers are computed by averaging the normal coordinates of
the atoms belonging to the plane. The interplanar distances are
given in A. For the sake of comparison, the theoretical bulk SrTiO;

and GaAs interplane distances along the (100) direction are @

2
=1.98 A and 7=1.40 A.

GaAs/TiO,-(100) interface GaAs/SrO-(100) interface

Layer Relaxations Layer Relaxations
As As

1 1.17 1 1.22
Ga Ga

1 2.06 1 2.03
TiO, SrO

1 1.95 1 1.88
SrO TiO,

1 1.98 1 2.08
TiO, SrO

I 1.98 ] 1.98

interfaces. The optimized Ga—O bond length is equal to 1.93
and 1.90 A in the GaAs/TiO,- and SrO-(100) cases, respec-
tively, whereas the As-Sr and As-Ti bond lengths are always
greater than 3.2 A. Therefore, the formation of interface
Ga—O bond dominates the adsorption process. Such a trend
seems to be a characteristic of the GaAs/SrTiO; epitaxial
interface whenever an equal proportion of Ga and As atoms
are deposited.

In Table III, the interplane distances at the interface are
listed. As far as the SrTiO; substrate is concerned, they are
very slightly affected by the GaAs overlayer in the case of
the Ga/TiO, contact, and show a variation equal to +0.1 A
(£5%), with the usual oscillatory damped relaxations, in the
case of the Ga/SrO contact. On the other hand, the GaAs
interplane distance is similar to the isolated strained mono-
layer (1.19 A) and much shorter than in the freestanding
monolayer (1.40 A). Therefore, such a strong interplane dis-
tance contraction is not a consequence of the deposition pro-
cess. Rather, it enables the reduction of the bilayer dipole
and the stabilization of the system from electrostatics point
of view.?

The analysis of the topological charges in Table IV shows
a moderate electron transfer from the GaAs overlayer to the
SrTiO5(100) substrate, which is equal to —0.2|e| and —0.11]e|
for the Ga/TiO, and Ga/SrO contacts, respectively. Such a
moderate electron transfer is consistent with the weak polar
character of the SrTiO;(100) substrate, which is self-
compensated.?! On the other hand, the finite dipole of the
GaAs overlayer is modified by deposition, which determines
the work function variation of the substrate upon GaAs
monolayer deposition.

IV. GaAs MONOLAYER ON SrTiO;(110)

A. Strained and freestanding GaAs(110) monolayer

The atomic structure of the freestanding optimized
GaAs(110) monolayer is quite symmetrical, with alternating
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TABLE IV. Variation of Bader topological charges (Ag in |e])
for the GaAs/TiO,-(100) and GaAs/SrO-(110) interfaces upon ad-
sorption with respect to bare SrTiOs(110) and strained monolayer.
The layers are indexed starting from the GaAs adlayer (0) going
from the surface into the bulk.

Layer Aq (layer) Agq (atoms)
GaAs/TiO,-(100) interface
(0) GaAs +0.20 Ga: +0.25, As: —0.05
(1) TiO, -0.10 Ti: =0.09, O: —0.01
(2) SrO -0.02 Sr: 40.01, O: -0.03
(3) TiO, -0.07 Ti: =0.04, O: -0.01
(4) SrO -0.01 Sr: 0.00, O: -0.01
GaAs/SrO-(100) interface
(0) GaAs +0.11 Ga: +0.20, As: —0.09
(1) SrO -0.07 Sr: —=0.04, O: -0.03
(2) TiO, -0.05 Ti: -0.05, O: 0.00
(3) SrO -0.01 Sr: 0.00, O: -0.01
(4) TiO, -0.03 Ti: —=0.03, O: 0.00

Ga—As bonds. As in the case of the (100) GaAs monolayer,
the stress corresponding to the epitaxy on SrTiO;(110)
strongly modifies its atomic structure, which shows the char-
acteristic zigzag Ga—As chains that appear on the GaAs(110)
surface (see Fig. 6). The strong reduction of the lattice pa-
rameter leads to a big misfit between the monolayer and the
SrTiO;(110) substrate: —11.1% and —59.1% along the [001]

and [110] directions, respectively.

B. GaAs monolayer on a SrTiO;(110) substrate
1. Atomic structure

The optimized configurations of the GaAs overlayer on
the five distinct terminations of the SrTiO;(110) substrate
show contrary features (see Fig. 7). First of all, the GaAs
overlayer is atomically flat on the two stoichiometric SrTiO-

GaAs(110) monolayer
[001]

Free—standing Strained

A

90°

) 123.7°
7
224 A

5594 [-110]

351A
[
3.95A

/ 0
2.48A

)
351A

FIG. 6. (Color online) Same caption as Fig. 4, but for the
GaAs(110) monolayer.
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— L.31-0(+.03) 0(-.03) $238

FIG. 7. (Color online) Left panel: Side view, perpendicular to
the [001];ri0, direction, of the GaAs on O,-, StTiO-, TiO-, Sr-, and
O-SrTiO3 (110) terminations (from top to bottom), respectively.
The interplane distances between the averaged planes are shown
between arrows, whereas the atomic rumpling within the layer is
listed after the arrow. Right panel: Top view of the GaAs mono-
layer. Ti, Sr, O, As, and Ga atoms are represented by gray, white,
red, yellow, and brown circles, respectively. The GaAsGa angle (in
deg) as well as the Ga—As bond lengths (in A) are also shown.

and O,-SrTiO5(110) terminations. At odds, this one is buck-
led for the two GaAs/O- and GaAs/TiO-(110) interfaces,
with rumpling equal to +0.18 and +0.49 A, respectively. Ver-
tical Ga—As bonds are obtained on the Sr-(110) termination.
Therefore, such a configuration is guessed not to be well
suited for the growth of thick GaAs films along the [110]
direction.

On the TiO-, O-, and SrTiO-(110) terminations, the

Ga-As bond lengths and the GaAsGa angles (see Fig. 7)
show similar characteristics. The angles are close to the
109.47° bulk value and the Ga—As chains show bulklike fea-
tures and are not broken apart upon adsorption, as it is the
case on the O,-(110) termination. For these three interfaces,
the Ga—-As bond length remains close to the bulk one:
d2 =2.43 A. As those three interfaces show Ga—-As bond

lengths and GaAsGa angles rather close to their bulk coun-
terparts, they are possible candidates for the epitaxial growth
of GaAs on SrTiO;.

Some features of the adsorption geometry cannot be ex-
plained by usual arguments based on bond strengths. Indeed,
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TABLE V. Same caption as Table IV, but for the
GaAs/0,-(110), GaAs/SrTiO-(110), and GaAs/Sr-(110) inter-
faces.

Layer Aq (layer) Ag (atoms)
GaAs/Sr-(110) interface

(0) GaAs -0.04 Ga: +0.38, As: —0.42

(1) Sr ~0.01 Sr: —0.01

2) 0, 0.00 0: 0.00

(3) SrTiO +0.03 Sr: 0.00, Ti: +0.02, O: +0.01

4) O, 0.00 0O: 0.00

(5) SrTiO -0.01 Sr: 0.00, Ti: =0.01, O: 0.00

GaAs/SrTiO-(110) interface

(0) GaAs -0.64 Ga: -0.18, As: —0.46

(1) SrTiO +0.31 Sr: +0.06, Ti: +0.17, O: +0.08

(2) O, +0.25 0O: +0.11, O: +0.14

(3) SrTiO +0.12 Sr: 0.00, Ti: +0.09, O: +0.03

4) 0, +0.05 0: +0.01, O: +0.04
GaAs/0,-(110) interface

(0) GaAs +1.54 Ga: +0.21, As: +1.33

(1) O, —1.21 0: -0.60, O: —0.61

(2) SrTiO -0.12 Sr: 0.00, Ti: —0.05, O: -0.07

(3) 0, -0.12 0: -0.05, O: -0.07

(4) SrTiO -0.14 0O: -0.04, Ti: —-0.08, Sr: —0.02

the Ga—O bond length is about 1.9 A for the GaAs/O-,
GaAs/TiO-, and GaAs/Sr-(110) interfaces, whereas it
amounts to 221 and 243 A for the GaAs/O,- and
GaAs/SrTiO-(110) interfaces, respectively. In particular, it is
not a priori obvious why in the GaAs/O,-(110) interface As
binds to O, while strong Ga—O bonds are formed at the three
nonstoichiometric Sr-, O-, and TiO-(110) substrate termina-
tions as in the case of (100) interfaces described in Sec.
IIT A. On the basis of the atomic electronegativity scale, the
Ga atom should be more easily oxidized than As, and thus,
binds to O. We show in the next section that the changes in
the nature of bonding at the interface is a peculiar conse-
quence of the substrate polarity.

2. Electronic structure

In order to explain the trends in the adsorption of a GaAs
monolayer on the SrTiOs(110) substrate, we carry out a
comparative charge topological analysis (see Table V) with
respect to the clean substrate.?’ The behavior of the interface
can be rationalized on the basis of the frontier orbitals [that
is, the highest occupied molecular orbital (HOMO) and low-
est occupied molecular orbital (LUMO) states] of the
strained GaAs monolayer and the clean SrTiO5(110) surface.
In the freestanding GaAs monolayer, the computed funda-
mental gap is almost closed. Both HOMO and LUMO have a
pronounced As character. As far as the SrTiO5(110) substrate
is concerned, the cases of the stoichiometric and nonstoichio-
metric terminations are analyzed separately. In the former
case, polarity compensation takes place by anomalous filling
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of surface states, while the nonstoichiometric substrates are
self-compensated by construction, and their electronic struc-
ture does not depart substantially from bulk SrTiO;.>° Al-
though quantitatively biased by the poor description of the
band offset between GaAs and SrTiO; owing to the gap
underestimation,* the following description is expected to
be qualitatively correct.

On the SrTiO termination, polarity compensation is
achieved through filling of a Ti 3d-like state at the bottom of
the SrTiO5 conduction band.?” Upon adsorption of the GaAs
monolayer, such a state is higher in energy than the As-like
LUMO. An electron transfer from the substrate to the adsor-
bate, thus, takes place, primarily from Ti to As along the
interfacial bond, plus a local rearrangement of the topologi-
cal charges that is due to screening effects. The GaAs layer
becomes negatively charged (the layer charge is —0.64e| as
reported in Table V) and the Ga—As bond is slightly dilated,
passing from 2.48 to 2.52 A upon adsorption (see Figs. 6
and 7). The contraction of interfacial As—Ti bonds (2.56 A)
and dilation of Ga—O bonds (2.43 A) are consistent with the
charge modifications.

The O, termination of bare SrTiO5(110) is compensated
through the formation of a peroxo O%“ group, lacking two
electrons with respect to the truncation of the bulk plane with
formal charges (20?7).2° The corresponding topological sur-
face O charges amount to g=—0.66|e|, roughly halved with
respect to bulk oxygen (g=—1.26|e[). Upon GaAs adsorption,
electrons are transferred from the GaAs monolayer to the
0,-(110) terminated substrate, modifying the gallium and
arsenic charges: the Ga charge increases by Ag=+0.21|e],
whereas As charge by Ag=+1.33|e|. As a consequence of
such a charge transfer, the peroxo bond breaks up and As-O
bonds (as long as 1.76 A) with marked ionic character are
formed. They are stronger and shorter than Ga—O bonds
(2.21 A). At the same time, the As—Ti bond length increases
(3.76 A) as a result of the electrostatic repulsion between the
positively charged As and Ti atoms at the interface.

The nonstoichiometric SrTiO5(110) Sr, O, or TiO termi-
nations are self-compensated by construction, and no major
charge rearrangements happen, as in the case of the
SrTiO5(100) surface. On the three GaAs/TiO-, GaAs/Sr-,
and GaAs/O-(110) nonstoichiometric terminations, charge
transfers from and/or to the GaAs monolayer are very small
(e.g., Ag=—0.04]e| for the Sr-GaAs junction in Table V). The
overlayer, thus, keeps its almost neutral character and the
electronic structure of the substrate is not very much per-
turbed by the presence of the GaAs overlayer. In this respect,
the nonstoichiometric interfaces of GaAs with Sr-, O-, and
TiO-terminated SrTiO;(110) surfaces are similar to the
GaAs/SrTiO5(100) heterojunctions that are described in the
previous section.

V. INTERFACIAL THERMODYNAMICS
AND ENERGETICS

In this section, the interface energy is examined from
various perspectives (see Fig. 8), whether adhesion, adsorp-
tion, or wetting properties of the GaAs monolayer on SrTiO5
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FIG. 8. (Color online) Schematic representation of the atom-
ization, adhesion, adsorption, and interface formation of the
GaAs/SrTiO;5 system as well as the wetting of a liquid (1) over a
solid (s) in contact with an external environment (g).

substrates are concerned. For each of those properties, we
first define the significant quantities to look at, and then dis-
cuss the numerical results.

A. Adhesion and adsorption energies

The energy corresponding to the formation of the inter-
face between the GaAs overlayer and the SrTiO; substrate
can be computed in distinct ways, whether the contributions
coming from the stress or interfacial bonds are taken into
account. E/,, and EY/, define the total energies of the
j-terminated slab and capped with an i monolayer, respec-
tively. Since the following definitions apply to the case of a
slab with two symmetric terminations, they include a % factor
systematically. Formation energies are defined in such a way
that they are positive whenever the final state is more stable
than the initial one.

The formation energy of the interface by unit area with
respect to the isolated atoms i (with i=Ga and As, and E. .
their total energy) is equal to

Ga,As
ilj 1 ilj j \
Ea/tjom == 5 Es/ljab - Ejslab - E Elgtom ’ (3)
k
with A the unit cell area of the (1 X 1) (110) and (100) sur-

faces. EJ  (hereafter defined as the atomization energy) can

be associated with the formation of a GaAs monolayer dur-
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TABLE VI. Atomization E,,,, adhesion E,g, and adsorption E,4 energies of GaAs(110) and (100)

monolayers over SrTiO3(110) and (100) substrates, respectively. ¢
whereas 37103 is taken from Ref. 29. All energies are in J/m

GaASSITIOs are computed by using Eq. (11),

2 and wetting angles 6 in deg.

ilj Elm El, Ey b Bt 0
(110) orientation

GaAs/0,-(110) 8.63 3.81 3.02 -1.08 1.73 Wetting

GaAs/SrTiO-(110) 6.94 2.12 1.33 3.65 4.78 Wetting

GaAs/O-(110) 6.13 1.31 0.52 0.95 1.27 71.1

GaAs/TiO-(110) 6.45 1.63 0.84 6.24 6.88 49.8

GaAs/Sr-(110) 7.46 2.63 1.84 -4.66 -3.01 Wetting
(100) orientation

GaAs/TiO,-(100) 8.27 1.43 -0.08 4.84 4.90 87.6

GaAs/SrO-(100) 8.49 1.65 0.14 -2.73 -2.45 78.5

ing molecular beam epitaxy. It takes into account the creation
of both interfacial and intralayer bonds in the heterojunction.

The formation energy of the interface by unit area with
respect to the i strained GaAs monolayer, with E}
total energy, reads

thin,strained

E;\/cjih = _[Eslab slab 2Eihin,strainecl:l' (4)
E" is the adhesion energy of the thin film onto the substrate,
taking into account the contributions from the creation of
interfacial bonds as well as the modifications of the Ga—As
bonds when passing from the strained to the supported
monolayer.

Finally, we define the formation energy of the interface by
unit area with respect to the i freestanding GaAs monolayer

with Eihin,relaxed total energy as
Bl =~ (g, 2E, 5
ads — ZA[ slab — slab thin, relaxed]’ ( )

which is called adsorption energy hereafter. E,q, and E,4
differ by the elastic energy that is needed to strain the free-
standing monolayer to match the substrate lattice parameter.
All the results concerning the atomization, adhesion, and ad-
sorption energies are listed in Table VI.

B. Thermodynamics

The thermodynamic stability of GaAs/SrTiO3(110) and
(100) heterojunctions with respect to the bulk crystals is de-
termined by the interface grand potential, which is the inter-
face analog of that previously defined for surfaces.?> Q%
(i=overlayer, j=substrate) is the excess interface grand po-
tential with respect to the SrTiO; and GaAs crystals (see the
bottom right panel of Fig. 8). Thus, the energies of bulk
SrTiO; and GaAs (and not the thin film) are used as refer-

ence. Accordingly, Q’f{l is computed through the equation

thin,GaAs ilj _
qurf + th

ilj
[Qslab - ‘NSrTiO3(lSrTiO3 - NGaAsQGaAs] >

(6)

with NsiTio, and Ng,us the number of SrTiO5 and GaAs bulk
unit formulas, respectively. The first term of the left hand

side member, QM%GAS refers to the surface grand potential

of the GaAs monolayer, which is in contact with the external
environment. It disappears when the system is constructed
starting from an interface between two semi-infinite bulk
compounds. If the temperature and pressure contributions are
neglected, the three bulk grand potentials of the right hand
side member are written as

ilj  _ l/ j
Qg = Egiop — 2 MiNys
SrTiO5
Qsrmio, = Epui ° — MsrTio,»
_ r-GaAs
Qgaas = Bk’ — MGaass (7)

with N the number of atoms, u the chemical potentials of the
various species within the slab, and Ep'1i03 and ES% the
SrTiO; and GaAs bulk total energies, respectively. In ther-
modynamic equilibrium, the chemical potentials of strontium
titanate ug,rio, and gallium arsenide gy, fulfill

MsiTio, = Msr + Ui+ 3 Mo, (8)

MGaAs = MGa T Mas- (9)

Equation (6) can, thus, be rewritten as a function of the
chemical potentials of elemental species and computed ener-
gies as

ESrT] O3

1
ilj _ l/ /j
Qi = S[E g — Nsrrio,Epuk

GaAs
int — 2 slab -N GaAsE bulk

= pr1ilN1i = Nsrrio,) — Msi(Ns; = Nsirio,)
= ro(No = 3Nsrio,) = Ga(NGa = NGaas)
NGaAs)] - Q;llllir?GﬂAS . ( 1 O)

Here, we have knowingly considered a stoichiometric GaAs
monolayer (Ng,=Na=Ngaas). Consequently, the two last
terms in square brackets disappear. Moreover, only two in-
dependent variables are needed to define the excess with re-
spect to SrTiO; bulk unit formulas [the third one is obtained
through Eq. (8)]. As performed in Ref. 29 for the bare sur-

- MAS(NAS -
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faces, the interface is defined without any titanium excess
(NSrTiofNTi)’ which implies the cancellation of the fourth
term of the right hand side member. Thus, Eq. (10) becomes

Qj’f |
Yog=— = il - Z[AﬂO(NO = 3N7;) — Aps(Ns, — Ny) ],

(11)

with

g _ 1 SITiO3 . EX
¢;£1jl=2A|: Elly = NriEoue* = NeaasEoue - ;0_(NO_3NTi)

thin,GaAs
— Epoy (N, — NT1)] = Yourf >

mnl
where Apo=pmo——- and Apg = pg— are the variation
of the chemical potentials with respect to their reference
phases (gaseous O, and hep Sr). The computed surface en-
ergies 722‘1'; GaAs of the GaAs(110) and (100) monolayers
amount to 0.99 and 1.37 J/m?, respectively.

For each substrate termination j, the interface grand po-
tential Qﬁ{t depends on Aug and Apug, exactly as the surface
grand potential of the clean substrate does. Only the
interface-dependent value ¢!’ differs from its surface coun-
terpart ¢/, which is given in Ref. 29. For the sake of brev-
ity, we omit in Table VI the dependence on the chemical

ilj
potentials and provide ¢ versus

Ebulk

surf*
C. Wetting

We detail in this section a complementary point of view
on the formation of the interface by focusing on the possi-
bility that the GaAs overlayer may wet the SrTiO5 substrate.
The following results are obtained by considering adhesion
and wetting between isotropic media. Even if this assump-
tion neglects the anisotropy of the (110) and (100) surfaces,
it can be considered as a first step toward more sophisticated
approaches.

We begin by a brief reminder before applications to the
GaAs/SrTiOj5 interface. The relation defining wetting of an
isotropic substrate (), in contact with an external gaseous (g)
environment, by a liquid (1) is the Young equation:

Ysg = Ysi t Vig COS 0, (12)

with v;; the surface tension between the i and j phases, and ¢
the wetting angle in Fig. 8. By using the Dupré relation,

Egy= Yse + Vg = Vsl» (13)
the celebrated Young-Dupré equation is obtained:
Eadh— Ne(1 +cos 6). (14)

We proceed along the same way for GaAs/SrTiOj5 inter-
faces. Equation (13) is rewritten as

GaAs/StTiO5 _ rTiO3 hin,GaAs GaAs/SrTlO3
E adh yssurf + Ysurt ~ Vint ( 15 )
which is obviously independent of Ay and Aug,, since the

yorli0s _ ) GaASSITIOs difference leads to a cancellation of the

chemical potential terms. By using Eq. (11), the adhesion
energy [Eq. (4)] can be rewritten as>*
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TABLE VII. Averaged surface energy Eiﬁ‘o‘ and averaged in-

terface energy Eq 5103 in J/m?. These quantities are defined in

the main text and through Eq. (18).

EgjahAs/SrTi03 E?J;IFO; E](?)z;As/SrTlO;
0,/SrTiO(110) 2.96 3.25 1.28
0/0(110) 1.31 1.27 0.95
TiO/Sr(110) 2.13 1.93 0.79
TiO,/SrO(100) 1.54 1.22 1.05

FCRAVSITIO; _ 4SiTiO

thin,GaAs GaAs/SrT103
adh surf - ¢ (1 6)

surf int

+

At the same time, the wetting angle € could be computed for
each termination and each orientation starting from the
Young-Dupré formulation:

GaAs/SrTiO thin,GaAs
Eadh i= Vsurf (1 +Cos 0) . (17)

Adhesion energies and wetting angles obtained by using the
two previous equations are listed in Table VI.

D. Results and discussion

The values listed in Table VI show a large dispersion as a
function of the stoichiometry and/or the orientation of the
substrate. However, the trends are not the same whether we
focus on atomization, adhesion, or adsorption energy, since
each quantity refers to a particular step in the process of
deposition. For instance, the atomization energy depends
sensitively on the number of Ga—As bonds created per unit
area in the overlayer, which is larger for (100) than for (110)
orientations.

1. High adhesion energies: Polarity compensation
versus replacement of cut bonds

For three interfaces [SrTiO-, O,- and Sr-(110)], adhesion
energy is higher than 2 J/m?, whereas the others are around
1.5 J/m?. In order to discuss these trends, we average Eq.
(16) over complementary terminations of the SiTiO; sub-
strate, which are ideally obtained after cleavage: they are
0,/SrTiO, O/0, and TiO/Sr on the polar (110) surface, and
TiO,/SrO ones on (100) orientation. Once averaged, the
Young-Dupré equation gives

-GaAs/StTiO3 _ 7-SrTiO3
E adh =E

thin,GaAs

Gd.AS/Sl‘TlOg
surf + surf Emt ( 18)

Therefore, the main adhesion energy is enhanced whether (i)

the averaged surface energy ESTHO% increases or (ii) the av-

eraged interface energy E A5O3 becomes smaller (see

Table VII). (i) can be achieved by covering a termination
having high surface energy with a smaller energy one, and
(ii) can be achieved by lowering the interface energy through
the formation of strong interfacial bonds. Obviously, the two
processes are not mutually exclusive. An example of mecha-
nism (i) is provided by GaAs deposition on both O,- and
SrTiO-(110) complementary terminations, whose electronic
structure is strongly affected by polarity compensation.
Mechanism (ii) is instead dominant for GaAs adsorption on
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the Sr-(110) termination, owing to the creation of two strong
Ga-0 bonds (see Fig. 7).

Those two examples show two ways of improving adhe-
sion of ultrathin films on substrates as a function of their
polar character and bond formation. The first mechanism is
related to the modifications of the electronic structure that
are induced by polarity compensation, which in the case of
the GaAs/O,-(110) junction is, here, very effective (E,qgp
=3.81 J/m?), as also found for various metals on polar
surfaces.»® However, we obtain a larger adhesion energy for
the GaAs/Sr-(110) nonstoichiometric junction (2.63 J/m?)
than for the GaAs/SrTiO-(110) stoichiometric interface
(2.12 J/m?). While the Sr-(110) termination is polar com-
pensated by construction and no major changes of the elec-
tronic structure occur, the coordination number of surface Sr
is drastically reduced (4 instead of 12 in the bulk). Therefore,
the quite large adhesion energy can be mainly attributed in
this case to bond formation between highly undercoordinated
substrate atoms and adatoms.

2. Adsorption process: (110) polar substrates versus (100)
nonpolar ones

For a given orientation, the adsorption energy Efi/és permits
defining the stability of an interface with respect to the
separated systems—the monolayer (i) and the substrate
(j)—including elastic contributions. E’ is positive for the
five GaAs/SrTiO5(110) interfaces. Among them, the adsorp-
tion energy is rather large for the two stoichiometric
GaAs/O,- and GaAs/SrTiO-(110) heterojunctions, or the
nonstoichiometric one GaAs/Sr-(110). Conversely, the ad-
sorption energies are lower for the two GaAs/TiO-(110) and
GaAs/O-(110) interfaces and become almost null or nega-
tive for the GaAs/SrTiO5(100) heterojunctions. We conclude
that epitaxy of GaAs monolayers on the (100) terminations is
not favored.

However, we note that the computed adsorption energies
for GaAs/SrTiO5(110) are generally smaller than for metals
on polar oxide surfaces.>>-3% Whereas the better screening
of the compensating charge in metal than in GaAs overlayers
surely influences the adsorption energy, a more thorough un-
derstanding of such trends would need a systematic compari-
son between semiconductor and metal overlayers on polar
substrates, which is presently lacking, to our knowledge.

3. Thermodynamic stability of the (110) and (100)
interfaces

At variance with E,4, the interface grand potential (),
provides a measure of the absolute stability of several dis-
tinct configurations, possibly differing by stoichiometry, ori-
entation, etc., in the presence of stable bulk phases. There-
fore, relying on ();,, we define the global interface
thermodynamic stability rather than the favorable and/or un-
favorable process of GaAs adsorption. In Fig. 9, the stability
domain diagrams of the five GaAs/SrTiO5(110) interfaces
(top panel) and the two GaAs/SrTiO5(100) interfaces
(bottom panel) are displayed as a function of the O and Sr
excess chemical potentials. The domains are obtained by
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FIG. 9. (Color online) Stability diagram of the five
GaAs/SrTiO3(110)  interfaces (top panel) and the two
GaAs/SiTiO3(100) interfaces (bottom panel). The allowed area for
mixed Ga,O, and As,O, compounds is found for Aug>-3.27 eV.
The shaded area corresponds to SiTiOj stability with respect to
decomposition in SrO and TiO,.

minimizing, for each (Aug, Ausg,) couple, the interface grand
potential €);,.. The triangular shape of the diagram is detailed
in a previous work.?” An additional shaded area includes the
computed domain of stability of bulk SrTiO5; with respect to
precipitation of rutile TiO, and rocksalt SrQ.>+60

In the top panel of Fig. 9, four interfaces are obtained to
be stable. Only the GaAs/O-(110) does not appear. The
GaAs/0,-(110) interface is noteworthy. While the bare
0,-(110) termination is not stable, whatever the external
chemical environment, it can, in principle, be stabilized by
the GaAs overlayer. However, its corresponding domain is
obtained in the (Aug, Aug,) region, where the GaAs com-
pound is unstable with respect to the mixed compounds
GaxOy and ASXO),. In order to avoid their formation and to
create a sharp interface, a low oxygen chemical potential
(App=-3.27 V) must be chosen. As a consequence, only
two stable interfaces can be created [GaAs/Sr-(110) and
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GaAs/SrTiO-(110)], with GaAs/TiO-(110) marginally
stable. Even if the GaAs/O,-(110) and GaAs/O-(110) inter-
faces show positive (and even high) adsorption energies,
these ones are never stable as a function of Aug and Aug,.
Finally, we notice the existence of a small stability domain
corresponding to the polar GaAs/SrTiO-(110) interface. For
the same reasons as the clean SrTiO-(110) surface, its stabil-
ity is quite intriguing since the interface electronic structure
is strongly modified with respect to bulk SrTiO; and GaAs
compounds, as shown by means of Bader’s topological
analysis (see Table V).

In the bottom panel of Fig. 9, we show the thermody-
namic stability of the two GaAs/SrTiO;(100) interfaces. The
GaAs/SrO-(110) interface dominates the region without any
mixed oxide compounds. If the thermodynamic stability of
the GaAs/SrTiO5(110) and (100) interfaces is directly com-
pared by merging the two panels of Fig. 9, the top one,
corresponding to (110)-oriented heterojunctions, is left. Con-
sequently, the GaAs/SrTiOs(110) interfaces are, in general,
more stable than the GaAs/SrTiO5(100) ones, whatever the
thermodynamic conditions. This result highlights the pecu-
liar behavior of the polar SrTiO4(110) orientation with re-
spect to the cleavage one.

4. Wetting and comparison with experimental results

According to Table VI, the O,-(110), SrTiO-(110), and
Sr-(110) terminations of the SrTiO; substrate are totally wet
by the GaAs(110) monolayer. Thus, a Franck—van der
Merwe two-dimensional (2D) growth is possible on these
terminations, whenever the first GaAs layer is not too much
distorted from the bulk structure. On the other hand, a
Volmer-Weber three-dimensional growth is expected for the
GaAs/TiO-(110), GaAs/O-(110), GaAs/TiO,-(100), and
GaAs/SrO-(100) interfaces. Obviously, 2D growth allows
thin films with a better crystalline quality to be grown. This
conclusion is apparently consistent with the available experi-
mental results. Compared with thin GaAs films grown on
SrTiOs(111) and (100), the optical quality of GaAs film on
(110) substrates seems better and even comparable to the
GaAs monocrystal.!” Our theoretical results for the onset of
GaAs growth on SrTiO; support such experimental findings,
as far as well ordered (1X1) unreconstructed substrates
are concerned. Among the thermodynamically stable inter-
faces [mainly GaAs/Sr-(110), GaAs/SrTiO-(110), and
GaAs/SrO-(100)], the (110) show high adsorption energies,
whereas the (100) is energetically unfavored. On the other
hand, two (110) interfaces [GaAs/Sr-(110) and
GaAs/SrTiO-(110)] totally wet the substrate, possibly lead-
ing to a 2D growth, and are the most stable ones according to
thermodynamics.

Regarding the growth of GaAs on SrTiOj; substrates, our
calculations highlight the difficulty of obtaining two-
dimensional epitaxial growth of ultrathin ordered and sto-
ichiometric GaAs films. Indeed, SrTiO; wetting by GaAs can
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be mainly obtained on quite Sr-rich surfaces, which are not
among the most stable bare substrate terminations in the
same thermodynamic conditions.?’ Therefore, we anticipate
that a careful handling of the experimental parameters—Sr
partial pressure, oxygen flux, and temperature—while depos-
iting GaAs is likely needed for obtaining layer-by-layer epi-
taxial growth.

VI. CONCLUSION

We have considered in this work the deposition of a GaAs
monolayer on a SrTiO; substrate by means of systematic
density functional calculations. A comprehensive exploration
of many distinct configurations of the GaAs/SrTiO;(110)
and (100) interfaces has been carried out, starting from ther-
modynamically stable SrTiO; surfaces. Among them, five
GaAs/SrTiO5(110) interfaces and two GaAs/SrTiO5(100)
interfaces were selected, and their electronic and atomic
structures were examined. The interplay of three physical
processes on the properties of those interfaces is studied:
polarity, stoichiometry, and substrate orientation.

First, we have pointed out the existence of huge charge
transfers between the substrate and the adsorbate for the
two stoichiometric interfaces GaAs/SrTiO-(110) and
GaAs/0,-(110). This behavior comes from polarity compen-
sation and leads to the localization of the compensating
charge at the monolayer. As regards the atomic structure, the
Ga atom tends to bind with the substrate and is preferentially
adsorbed on the surface oxygen in the case of the nonsto-
ichiometric GaAs/SrTiO5(110) and GaAs/SrTiO5(100) in-
terfaces.

Second, we have characterized the interface energetics
and shown that the deposition of GaAs on SrTiO; is more
favored on the polar (110) terminations rather than on the
weakly polar (100) ones. Whereas the adsorption energy is
almost null and even negative for the (100) substrate, this
value sometimes overtakes 1 J/m? and reaches 3 J/m? for
[110]-oriented substrates. We also suggest that, contrary to
SrTiO5(100) surfaces, atomically flat GaAs monolayers can
be formed, in principle, on Sr- and SrTiO-terminated (110)
substrates, for chemical environments that preclude the for-
mation of mixed Ga,0, and As,O, oxides. However, owing
to its atomic structure, the GaAs/SrTiO-(110) heterojunction
might be better suited for the epitaxy of thick GaAs films on
SrTiOj5. This result is in line with recent experiments empha-
sizing a better optical quality of GaAs films deposited on
SrTiO5(110) substrates rather than on SrTiO;(100) ones.
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