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Abstract: By means of plane wave pseudopotential method we have studied the electronic
properties of the heterostructure formed by an high dielectric constant (κ) oxide, the hexagonal
La2O3 epitaxially grown with (0001)-orientation on Si (111) substrate. We found that for La2O3

both the dielectric constant along the growth direction and the band gap are larger in the
epitaxial film than in the bulk. By super-cell techniques we have computed the band alignment
of the junction finding a valence band offset and a conduction band offset of ∼ 1.6 eV and ∼ 1.7
eV respectively. We demonstrate that the band alignment can be engineered by δ-doping the
interface: our simulations show that, by doping the interface with S or Se monolayer, the valence
(conduction) band offset increases (decreases) of about 0.5 eV without the formation of spurious
electronic states in the semiconductor band-gap. The simulation of the critical thickness of
pseudomorphic Lanthana film complete the work. Our results are relevant for the realization of
a new generation of devices based on ultra-scaled complementary metal oxides semiconductors
(CMOS) technology.

Keywords: High-κ Oxides; Lanthana; Band-engineering; ultra-scaled CMOS; ab initio
simulation

1. Introduction

Moore’s law, predicting the continue scaling down of microelectronic devices to smaller and
smaller sizes, has encountered a serious limitation in the replacement of conventional silicon
dioxide (SiO2) that is used as gate insulator. In fact, when the oxide thickness is reduced to just
few atomic layers, electrons can tunnel directly through the SiO2 film, preventing the device to
work. The ideal candidate to substitute SiO2 would be an oxide with a high dielectric constant
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(high-κ); the oxide must have a high-enough band-offset with the substrate to maintain a small
electric current in the gate oxide (leakage). Further, the interface between the oxide and silicon
must be free of any active defect causing electronic states in the semiconductor band-gap, which
would degrade the electronic properties of the device. Among the possible candidates to substi-
tute SiO2 in advanced complementary metal-oxide-semiconductor (CMOS) devices, hexagonal
La2O3 has recently attracted considerable interest for the high value of the dielectric constant
of this phase (measurements gives κ = 27±3,[1, 2] in agreement with first principles value of
κ = 26[1]) when compared to the experimental value of the dielectric constant of the cubic
La2O3 (16±2)[1], or to the values of dielectric constant of different high-κ oxides, such as ZrO2

(κ ∼ 20)[3] or HfO2 (κ ∼ 14)[3]. Electronic and vibrational properties of hexagonal La2O3 can
reliably be computed ab initio[1], predicting for the bulk dielectric constant an anisotropy that
is less than 1%.[1] The results of Ref. [1] would make hexagonal La2O3 a promising material for
the future generation of ultra-scaled CMOS devices, provided that the conduction band offset
with the Si substrate would be large enough to produce a negligible leakage through the gate
oxide.

The latter problem is one of the targets of the present article. By means of state-of-the-art
density functional simulations we have computed the band offset of hexagonal La2O3 epitaxially
grown on Si(111) substrate. At variance with the conventional (001) orientation,[4] the Si(111)
oriented substrate has in-plane lattice parameter similar to the one of the hexagonal La2O3,
allowing epitaxial growth and a defect free interface. In industrial processes employing Silicon
as a substrate, the (001) orientation of the substrate is usually preferred with respect to the
(111) orientation, because the latter forms an interface with SiO2 that presents a density of
defect which is about four time the density of defects formed at the SiO2/Si(001) interface (see,
e. g., Ref. [4]). As it will be shown in the present work, an oxide almost lattice matched with
the Si(111) substrate can growth epitaxially without forming any active defect in the gap.

An accurate engineering of the junction between the Silicon substrate and the epitaxial high-κ
oxide is required to minimize the interface trap density and the carrier scattering, and thus to
obtain reliable, high performance devices. For this reason a considerable effort has been devoted
to grow epitaxial, sharp, and well-ordered Silicon/high-κ oxides interfaces. In particular, thin
crystal films of Praseodymia and of Ceria, two high-k oxides, has been grown epitaxially on Si
substrate (111) oriented, by Cl passivation of the Si surface.[5, 6] The epitaxial growth of La2O3

film on Silicon substrates (111) oriented has been recently reported.[7, 8, 9] The experimental
data regarding the crystal structure of La2O3 epitaxial layers are quite intriguing: for film
thickness lower than 2 nm the cubic (bixbyite) phase is measured,[8, 9] while for larger oxide
thickness the hexagonal phase, having La2O3(0001) ‖ Si(111), is observed.[7, 9]

Our results predict that Lanthanum sesquioxide film can grow epitaxially up a to thickness
of several decades of nanometers. We computed for the La2O3(0001)/Si(111) junction a valence
band offset of ∼ 1.6 eV, and a conduction band offset of ∼ 1.7 eV (remarkably higher than
the minimum value of 1.0 eV required for the next generation CMOS transistors,[10] as devised
in the international technology road-map for semiconductors[11]), suggesting the capability of
hexagonal La2O3 to be used as gate oxide in future ultra scaled-devices. Further, we will show
that it is possible to modify the band-offset of about 0.5 eV (i. e. ∼ 30%) without creating
electronic states in the semiconductor band-gap by δ-doping the interface with S or Se monolayer.
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2. Method and computational technicalities

Our simulations are obtained, within the density functional theory, by plane-wave pseudopo-
tential techniques, with generalized gradient approximation of Perdew, Burke and Ernzerhof[12]
as implemented in the PWSCF package (Plane-Wave Self-Consistent Field).[13] We use state
of the art ultra-soft [14, 15] pseudopotential in the separable form introduced by Kleinmann
and Bylander[16]; O, S, and Se pseudopotentials have 6 valence electrons, while Si and La pseu-
dopotentials have 4 and 11 valence electrons, respectively. Integration of electronic states is
performed by means of special point techniques, by using a (12,12,1) Monkhorst-Pack grid [17]
for the super-cell describing the interface. The valence electronic density was expanded on a
plane-wave basis set with a kinetic energy cutoff of 50 Ry, while for the augmentation density
of ultra-soft pseudopotentials a cutoff of 400 Ry was used.

At variance with estimations obtained with the so-called metal-induced gap states model[18,
19] based on the complex bulk band structures, we calculate the band offset by simulating a
Si/La2O3 junction by the super-cell techniques. For a given stacking sequence of atomic planes
at the interface, this method accounts the atomic relaxation and the structural relaxation of
epitaxial layers along the growth direction. Further, it provides reliable predictions of electronic
properties of the heterostructure (see e.g. Ref. [20, 21] and references therein).

We consider epitaxial La2O3 (0001)-oriented on Si(111) substrate. In fact, with this orien-
tation the (111) plane of silicon (diamond structure) has a triangular surface lattice having the
same symmetry of the La2O3 (0001) plane; further the resulting in-plane (i.e. parallel to the
surface) lattice parameter of La2O3, ahex, presents a small lattice mismatch (about ∼ 2% accord-
ing to the experimental values reported below) with the lattice parameter of the Si substrate,
suggesting the possibility of epitaxial grown with this orientation.[22] The dielectric constants
are calculated with the same method and technicalities used in Ref. [1], the interested reader
can refer to this work an to the references therein for further computational details.

3. Results and Discussion

Lanthanum sesquioxide, La2O3, is and hexagonal crystal (space group C3m) with lattice
parameters ahex = 3.933 Å [1] and chex = 6.147 Å[1]. Lanthanum atoms are in the (2d) position
±(1/2 2/3u) (as usual, atomic positions are expressed in crystal units) with u ≡ uLa = 0.245;[23]
one oxygen is placed in the (1a) position 000, while the other two oxygens are in the (2d) position
with u ≡ uO = 0.645.[23]
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Figure 1. Electronic band-structure of bulk (red dashed line) and epitaxial
(black solid line) hexagonal La2O3, along some high symmetry directions.
The zero of the energy corresponds to the top of valence band of bulk
crystal. The corresponding Brillouin zone is displayed as an insert.

In our simulation the bulk lattice parameters are computed by imposing the vanishing of the
stress in the bulk unit cell. We obtain for the hexagonal La2O3 the following lattice parameters:
ahex = 3.895 Å, chex = 6.157 Å, uLa = 0.2502, and uO = 0.6438, that well reproduce the
experimental data. The computed lattice parameter of Si is (the experimental data taken from
literature are reported in parenthesis): afcc = 5.468 (5.431)[23] Å; the latter value corresponds
to a lattice parameter of the Si(111) surface ahex = 3.867 (3.840)[23] Å, giving a theoretical
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lattice mismatch of less than ∼ 1%, that satisfactory reproduces the experimental fact that
-with the considered orientation - substrate and oxide have similar in-plane lattice parameters.
The mismatch produces a small strain of the epitaxial oxide, with a computed in-plane stress
of ∼ 16 Kbar; along the growth direction the lattice parameter of the epitaxial oxide is free to
relax, and the calculated lattice constant, cepihex = 6.194 Å, is only a fraction of percent larger
than the bulk theoretical value reported above. As can be noticed from Fig. 1, the strain due to
epitaxial growth of La2O3 does not substantially affects the band structure of hexagonal La2O3

and the computed band-gap slightly increases from the bulk value of 3.84 eV to 3.89 eV of the
strained structure.

[0001]La2O3//[111]Si

[1010]La2O3//[112]Si

_ _

Figure 2. Interface used in the calculation of the La2O3(0001)/Si(111) het-
erostructure.

The experimental band-gap of bulk hexagonal La2O3 is 5.5 eV,[24] while the experimental
band-gap of bulk Silicon is 1.11 eV [25]. Our computed Silicon band-gap is 0.614 eV, in agreement
with the results present in literature which are obtained by the same (or by a similar) technique.
It is well known that, within the density functional theory, the computed band-gaps are usually
underestimated with respect to the experimental values (for further discussion and references
see e.g. Ref.[26]).
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The dielectric constants are also modified in the strained structure. By taking, as usual, the z-
axis along the growth direction we obtain for the dielectric constants of hexagonal epitaxial La2O3

(in parenthesis the corresponding bulk values): κxx = κyy = 24.5 (26.2), and κzz = 28.0 (26.0).
According to our results, in the epitaxial oxide the dielectric constant along the growth direction
(that in a CMOS transistor is the component of the dielectric tensor having technological interest)
increases by ∼ 8% with respect to the bulk value, producing an improvement in the dielectric
properties of La2O3 film.

3.1. Band alignment

We simulate the La2O3(0001)/Si(111) interface by a hexagonal periodically repeated super-
cell containing 55 atoms (24 Si, 12 La, and 19 O) with the basis vectors, a, oriented along the
primitive lattice vector of Si(111) plan. The length of the basis a = aSi√

2
, where aSi = 3.866Å,

is kept fixed to the theoretical lattice parameter of bulk-Si. The height c = 75.88 Å of the
super-cell was obtained relaxing the structure along the growth direction to have a negligible
stress along this direction (< 4 Kbar after the relaxation procedure).

We consider an oxygen terminated interface, i.e. along the growth direction the atomic-
plane sequence is: ...Si, O, La, O, O, La, ..., as displayed in Fig. 2, with the O at the interface
corresponding to the (1a) position of La2O3 to ensure the stoichiometry of the interface; according
to recipe proposed in Ref. [27] this type of termination produces an interface free of defects in
the gap, as can be noticed by looking to the top panel of Fig. 3 where we display the total
density of states (TDOS) of the super-cell structure in an energy range corresponding to the Si
band-gap (the zero of the energy corresponds to the top of the valence band of Si). In the top
panel of Fig. 3 we also display the projected density of states (PDOS) on the atomic orbitals of
the O atom at the interface; in the energy range considered, only energy levels corresponding to
p-atomic orbitals have non-vanishing density of states (DOS); in the panel, the p-states PDOS
is displayed as a red dashed line, with double peaks structures in the PDOS at energy 4÷ 5 eV
lower that the top of the valence band.

The band alignment is obtained by computing the average of the electron density of the
heterostructure La2O3(0001)/Si(111), according to the procedure exposed in Ref. [28]. The
resulting electrostatic potential is displayed in Fig. 4 as a (blue) dashed line, giving the potential
lineup of the two materials. The band structure of the bulk semiconductor and of the strained
(bulk) oxides are then added to this averaged potential to obtain the band-offset of the junction.
The scheme of the band alignment is displayed in Fig. 5. The computed band-offset between the
semiconductor and the oxide are ∆Evbo = 1.58 eV for the valence band-offset, and ∆Ecbo = 1.68
eV for the conduction band-offset. The former (latter) result estimates the potential barrier that
an hole (electron) in the Si valence (conduction) band maximum (minima) has to overcome to
be injected into the gate oxide, thus producing a leakage current.

As mentioned at the end of Section 3 the band-gaps of bulk compounds evaluated by density
functional theory are usually underestimated with respect to the corresponding experimental
values. However, since in the present case this fact is expected to produce an underestimation
of the computed conduction band offset, it does not affect (but it rather enforces) one of the
main result of the present work, namely that, according to our calculations, the conduction band
offset is large enough to prevent leakage current.
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Figure 3. Total density of state (black solid line) and projected density
of states on p-orbitals of interfacial atoms (red dashed line) for the three
super-cells considered in the article. The zero of the horizontal axis corre-
sponds to the top of the valence band. The top panel corresponds to the
La2O3(0001)/Si(111) interface, while the middle and bottom panels corre-
spond to δ-doped interfaces with S or Se atoms respectively.

According to this results, hexagonal La2O3 presents a band offset with Si suitable for the use as
gate oxide in the next generation CMOS devices.
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To provide further evidence of the latter assertion, we consider two recipes to improve the
estimation of band-offset by taking into account the experimental values of band-gaps of the bulk
materials constituting the junction. In the first recipe, we correct ∆Ecbo by taking the value
of valence band-offset form our ab initio simulation and then, instead of using the theoretical
band-gaps as usually done in the standard fully ab initio method described above, we use the
experimental values of bulk Silicon (1.11 eV) and of Lanthanum sesquioxide band-gaps. In the
following estimation we use a La2O3 band-gap equal to 5.57 eV, to take into account the small
increase (∼ 1.3%) of the band-gap, with respect to bulk free-standing value, predicted by our
simulation for epitaxial La2O3 (however, the corresponding values of ∆Ecbo by taking the bulk
experimental value of 5.5 eV, can be straightforward computed). We obtain for the conduction
band-offset ∆Ecbo = 2.89 eV.

If we compare these results for ∆Ecbo with the experimental value of ∆Ecbo = 2.3 eV reported
in Ref. [24], we can notice that the fully ab initio value of ∆Ecbo = 1.68 eV underestimates the
experimental data of about 27%, as expected according to the above discussion, while the ∆Ecbo

corrected with experimental bulk band-gaps over-estimates the experimental value of about the
same amount (26%). We remark that in the latter recipe only ∆Ecbo is corrected on the basis
of experimental data, while the valence band-offset remain unchanged.

A better estimation of the band alignment can be obtained with the following recipe, that
we propose in the present paper, to correct symmetrically both valence and conduction band
off-set by taking into account the experimental values of bulk band-gaps of the two materials
composing the junction. In this second recipe, that we call the ab initio Fermi energy line-up,
we consider, as reference the theoretical line-up of the Fermi energies of the two compounds, Si
and La2O3, forming the junction. The Fermi energy is usually defined at absolute zero, and at
this temperature it is equal to the electron chemical potential. The Fermi energy of undoped
semiconductors or insulators at T=0 K is exactly at the middle of the band-gap.[29]

We take our theoretical value of valence band offset and add to it 1/2 of the theoretical values
of bulk band-gaps of the two materials (Silicon and bulk strained hexagonal Lanthanum), to
obtain the ab initio line-up of the two Fermi energies; from this reference value, the valence and
conduction band-offset are computed by using the experimental values of bulk band-gaps.

With this procedure, that we call ab initio Fermi energy line-up plus experimental bulk band-
gaps, we obtain ∆Evbo = 2.17 eV and ∆Ecbo = 2.29 eV; the latter result is in perfect agreement
with the reported experimental value.

3.2. Critical thickness

For completeness, we have estimated the critical thickness, tc, that an epitaxial La2O3 film
can reach on Si(111). We have calculated tc ab initio, in a similar way as exposed in the work
of Fiorentini and Gulleri [30]. In the following we give a brief account of the method we used.

An epitaxial layer of thickness t is energetically favored with respect to the fully relaxed layer
when the following inequality is fulfilled:

ESi
surf + ELa2O3

surf ≥ Eform + ∆Eepi ∗ t/ts. (1)

The equal sign holds if t = tc. The left hand side of Eq. 1 represents the cost in energy to
form two non-interacting surfaces and it is given by the sum of the surface energy of Si(111),
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ESi
surf , plus the surface energy of La2O3(111), ELa2O3

surf . The right hand side of Eq. 1 represents
the sum of the formation energy[31] of the interface, Eform, plus the energy of the epitaxial layer
of thickness t, where ∆Eepi is defined as the difference between the bulk energy of the unit cell
of the oxide calculated in the same strain structure of the super-lattice minus the energy of the
free-standing structure, and ts is the value of the lattice parameter of the strained oxide along
the growth direction (z-axis); in the present case we have ts = cepihex. We remand the interested
reader to Refs. [30, 31] for further computational details.

The formation energy depends on the growth condition: O-rich favoring oxygen excess, while
O-poor favoring oxygen deficit. From a theoretical point of view, this corresponds to fix the
chemical potential of the constituents. In our case the chemical potential of Lanthanum, µLa,
and of Oxygen, µO, are not independent: O-rich (O-poor) condition means La-poor (La-rich)
condition. O-rich (i.e. La-poor) condition corresponds to chose µO equal to the value of the
molecular oxygen, µO = µO2 , while La-rich (i.e. O-poor) condition corresponds to chose µLa

equal to the value of the La element, computed in the hexagonal structure.

Our results are obtained by taking (hereafter the values of the surface energy are referred to
the (1x1) unit cell) the Si surface energy equal to 1.179 eV, value computed by K. D. Brommer
et al [32] for the Si (111) surface with 7x7 reconstruction and a La2O3 surface energy equal to
0.559 eV that we estimated for the La2O3(0001) surface by relaxing a slab (with the same cut-off
used in the super-cell calculation of the junction) composed of five La2O3 unit layers separated
by ∼ 4.8 nm of vacuum.

We obtain a critical thickness ranging from tc = 43 nm (La-rich condition) to tc = 172 nm
(O-rich condition), according to the arbitrary in the choice of the chemical potential. This means
that the oxide layer can grow up to a thickness of decades of nanometers, conserving its epitaxial
structure (and, at least in principle, a defect-free interface); a results that can be expected from
the fact that the oxide and the substrate have similar lattice parameter. Incidentally, we notice
that the film thickness of 6 nm[9] and 20 nm,[7] reported so far in literature for epitaxial La2O3

on Si(111) are compatible with our predictions.

3.3. δ-doped interfaces

Several compounds have the hexagonal structure of Lanthanum sesquioxide, in particular, two
of them, an oxysulfide, La2O2S, and an oxyselenide, La2O2Se, have also a chemical composition
similar to La2O3, since O, S and Se are in the same column of the periodic table of elements. In
the two former compounds, the S or Se atom replaces the O atom in the (1a) position[23] in the
unit cell of La2O3. La2O2S according to first principles calculations [33] is predicted to have an
high-κ. Our simulation, gives for La2O2S (the ab initio results computed by Vali[33] are reported
in parenthesis): κxx = κyy = 18.1 (15.85), κxx = κyy = 18.1 (15.85), and κzz = 15.8 (15.15). Our
computed lattice parameters ahex = 4.03 Å(3.9905), chex = 6.93 Å(6.8391), uLa = 0.2825 (0.28),
uO = 0.6266 (0.63), are in good agreement with experimental data [23]: a = 4.0509 Å, c = 6.943
Å, uLa = 0.29, uO = 0.64.
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Figure 4. (Red) solid line: profiles along the growth direction of electronic
density (the average is made on planes parallel to the interface). (Blue)
dashed line: the electrostatic lineup potential. The structure at the center
of the figure corresponds to the La2O3 slab, the structure close to the borders
corresponds to the Si slab.

For La2O2Se we computed κxx = κyy = 15.1 and κzz = 12.6, while for the lattice parameters
we obtained ahex = 4.071 Å, chex = 7.158 Å, uLa = 0.2910, uO = 0.6222, that well reproduce the
experimental data:[23] ahex = 4.070 Å, chex = 7.124 Å.

We re-call that in the stoichiometric interface considered in the present work the O atom
placed at the interface corresponds to the (1a) position[23] of the unit cell of hexagonal structure
of La2O3, that in La2O2S (La2O2Se) that is occupied by the S (Se) atom. It this therefore quite
natural, in order to modify the band-offset of the junction by changing the chemical composition
of the interface, to consider a δ-doped interface with with S (Se) substituting the interfacial (1a)
O atom, since the (1a) atomic position corresponds to the position already occupied by S (Se)
atoms in Lanthanum-oxysulfide (oxyselenide). After atomic relaxation, we have computed the
electronic states and the band alignment of S and Se δ-doped interfaces in a similar way as the
un-doped one. We display only the results obtained by the standard fully ab initio method. The
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data corresponding to the correction recipes to adjust the ab initio data with experimental bulk
band-gaps (see Section 3.1), can be straightforwardly computed by the interested reader.

Figure 5. Scheme of the band alignments at the La2O3(0001)/Si(111) junc-
tion (fully ab initio data).

We found that for the S-doped interface ∆Evbo = 2.08 eV, and ∆Ecbo = 1.18 eV; while for
the Se-doped interface ∆Evbo = 2.04 eV and ∆Ecbo = 1.24 eV; this means that the valence
(conduction) band-offset can be significantly increased (decreased) of about 0.5 eV (i.e. about
30%) by δ-doping the interface with a monolayer of S or of Se.

Remarkably, no impurity states are induced in the gap by δ-doping, as can be noticed by
looking to the middle and to the bottom panel of Fig. 3, where the TDOS (of the whole super-cell)
and the PDOS (of interfacial atoms) are reported for the S and Se δ-doped interface respectively.
We take the energy of valence band maximum as the zero of the energy scale. By comparing the
PDOS of interfacial S or Se atoms with the PDOS of O atom at the interface of the un-doped
structure (top panel of Fig. 3), we can notice that, by effect of δ-doping, in the range of energies
from -3 eV up to about -1 eV, the PDOS of S and of Se are larger than the corresponding PDOS
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of interfacial O of un-doped structure; while the double peak structure, present in the PDOS of
the un-doped structure at ∼ -4.5 eV, almost disappears in S and in Se PDOS.

In the introduction, we mentioned the use of passivating agents (such as Cl or H) on Si(111)
surface to promote epitaxial growth of high-κ oxides; the employment of this technique to growth
Si(111)/high-κ oxide interfaces, calls for a brief discussion about the possibility to exploit the
use of passivating molecules in future experiments to obtain a shift in the band-alignment similar
to the one predicted by our simulations for δ-doped heterostructures. For this reason, we briefly
summarize the general criteria that have inspired our choice of doping elements.

To prevent leakage in the ultra-scaled devices, the production of interfaces free of spurious
electronic states in the band-gap, acting as electrical traps, is a must. To fulfill this demand
the doping elements, that we used in the present work to engineer the band offset, were chosen
according to the following requirements: i) the dopants should produce in the oxide substitutional
defects, and they should have the same oxidation states (they are isovalent) of the element
they substitute, to avoid the formation of dangling bonds that can produce electronic levels
in the band-gap. ii) the epitaxial layer of the doped oxide should share the crystallographic
structure with Lanthanum sesquioxide, where the dopants (S,Se) are placed in a well defined
crystallographic position (1a). For perfect interfaces, this reduces, at least in principles, the
possibility of chemical disorder, produced by the dopants that randomly occupy substitutional
sites of the crystal structure. Instead, as in the case of Lanthanum oxysulfide and Lanthanum
oxyselenide, the dopant are energetically favored to place in a pre-determined stacking order,
producing a δ-doped interface. This property also discourages the formation of amorphous oxide
layer. In fact, the amorphization of epitaxial layer can be expected when one introduce doping
elements having coordination number different to the one of O [(1a) Wyckoff position] in La2O3

sesquioxide. S and Se fulfill both requirements and, according to the above results, they produce
defect-free interfaces.

In light of recent experimental results reporting that the termination of substrate dangling
bonds by Cl strongly favors abrupt Lanthana-Silicon interfaces,[8] and on the basis of our theo-
retical results, a possible suggestion is to passivate the Silicon (111) surface with molecules like
S-Cl2, Se-Cl2 (or S-H2, Se-H2), thus forming Si-S-Cl, Si-Se-Cl (or Si-S-H, Si-Se-H) surface bonds.
Presumably, this passivation can provide an element like S (or Se) that can be incorporated in
the first layer of Lanthanum sesquioxide, producing Lanthanum oxysulfide (oxyselenide) and an
enhancement of valence band offset that can further improve the suppression of leakage currents
through gate oxide in ultra-scaled p-channel CMOS devices.

4. Conclusion

On summary, by means of plane-wave pseudopotential techniques we predicted that high-
κ Lanthanum sesquioxide films (0001)-oriented can growth epitaxially on the almost lattice-
matched Si(111) substrate up to a critical thickness of decades on nanometers maintain-
ing a defect free interface. We have computed the valence and conduction band offset of
La2O3(0001)/Si(111) heterostructure. In particular, the conduction band offset of the fully
ab initio calculation is found to be ∼ 1.7 eV. This offset makes this oxide completely suitable
to prevent leakage in the forthcoming generation of ultra-scaled CMOS structures. Further, we
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have shown that it is possible to modify the band-offset of about 30% by δ-doping the inter-
face with S or Se atoms without creating interfacial electronic states in the gap, thus providing
a suitable mechanism for the band-offset engineering of the junction. These results make the
high-κ Lanthanum sesquioxide an extremely promising candidate as gate oxide in the next-future
CMOS nano devices.
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