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ARTICLE INFO ABSTRACT

Keywords: The metal-semiconductor (M-S) junction based devices are commonly used in all sorts of electronic devices.
Metal-Semiconductor Junction Their electrical properties are defined by the metallic phase properties with a respect to the semiconductor used.
AlIL-BV . Here we make an in-depth survey on the origin of the M-S junction at the atomic scale by studying the properties
IC:];lductlve AFM of the Aulny nanoelectrodes formed on the InP(001) surface by the in situ electrical measurements in combi-
SEM nation with a detailed investigation of atomically resolved structure supported by the first-principle calculations
STEM of its local electrical properties. We have found that a different crystallographic orientation of the same metallic
DFT phase with a respect to the semiconductor structure influences strongly the M-S junction rectifying properties by

subtle change of the metal Fermi level and influencing the band edge moving at the interface. This ultimately
changes conductivity regime between Ohmic and Schottky type. The effect of crystallographic orientation has to
be taken into account in the engineering of the M-S junction-based electronic devices.

1. Introduction

Electronic devices based on metal-semiconductor (M-S) junction
were one of the earliest electronic devices. Controlling of the electrical
properties of the M-S junctions is critical because in all currently
available electronic devices the electrodes are made of metal [1-4]. The
metal-semiconductor junction is formed when a metal is brought into
contact with a semiconductor material. In the very simple scenario, the
M-S junction could possess rectifying or non-rectifying properties
depending on the electronic properties of the materials it consists of, i.e.
the work function of the metal and the electron affinity (n-type) or the
ionization energy (p-type) of the semiconductor [5-7]. The non-
rectifying M-S junction is called the Ohmic contact while the recti-
fying one — the Schottky diode or the Schottky contact. The behaviour of
the rectifying properties of the M-S junction, discovered by Braun [8],
was explained by Schottky [9] by introducing the so-called effective
Schottky barrier (potential energy barrier) formed at the M-S interface
[29-31]. The atomic arrangement at the M-S interface plays an essential
role in defining its electrical properties. The simplest way to distinguish
between the Ohmic contact or the Schottky diode is to analyze the
Current-Voltage (I-V) characteristics of the device. The I-V relationship
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of the Ohmic contact is linear and follows the Ohm’s law: V =I-R, where
V is the applied voltage, I — the flowing current, and R — the device
resistance. Usually, also the specific contact resistance can be calculated
as r. = RA, where A is the active area. The I-V characteristic of the
Schottky contact is non-linear and follows the thermionic emission

equation [10] I = AA*T?exp <%> {exp(%) 71}, where V -

applied voltage, I — flowing current, Rg — series resistance, T — temper-
ature, kg — Boltzmann constant, A — active area, A* — effective
Richardson constant, 1 — ideality factor, ®p — Schottky barrier height.
This is true for the common semiconductors (Si, GaAs, GaN, InP, etc.)
with high mobility where the barriers are not so thick, so the drift
diffusion could be neglected. The M-S junction is usually characterized
by the effective parameters obtained by fitting the I-V dependence to
either the Ohm’s Law or to the thermionic emission equation. These
approaches characterize the electrical properties of the junction quite
effectively without going into detail at the atomic scale.

Here, we present a comprehensive study, at the atomic scale, of the
M-S junction formed between the Au-rich nanoelectrodes grown on the
InP(001) single crystals, by the combination of the Conductive AFM (C-
AFM) technique together with the atomically resolved High Angle
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Annular Dark Field Scanning Transmission Electron Microscopy
(HAADF STEM) measurements corroborated by the Density Functional
Theory (DFT) calculations. The structurally characterised junction
together with the Local Density of States (LDOS) and the C-AFM elec-
trical measurements allowed us not only to effectively describe and
understand the formed M-S junction by deriving its parameters, but also
to depict it quantitatively at its origin, i.e at the atomic interface.
Additionally, we see that the crystallographic orientation of the metal
with respect to the semiconductor plays an essential role and defines the
M-S junction rectifying or non-rectifying character by changing the
nanoelectrode Fermi level and band edge moving at the interface.

2. Results and discussion

The AIII-BV semiconductors, in particular InP used in optoelectronic
applications [12] or as a field-effect transistor (FET) based biosensor
[13], are considered promising materials to overcome the limitations of
the silicon-based technology. In all these device applications usually the
Au-rich nanoelectrodes are used to provide the electric contact between
the ambient and the fabricated device. It is hence important to study and
to understand the electrical performance of the nanoelectrodes since
they can influence also the performance of the final device. In the pre-
sent study, the Au-rich nanoelectrodes made of Auln, alloy were formed
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in the process of thermally induced self-assembly [11] of Au deposited
by MBE on InP(001) n-doped single crystals. After samples preparation,
the nanoelectrodes were electrically characterized in situ (in UHV) with
C-AFM measurements. The I-V data were collected in a hyperspectral
mode and the resultant map which shows the regions with the same I-V
characteristics, was obtained together with average I-V characteristics in
that region. The HAADF STEM measurements were performed on
Focused Ion Beam (FIB) prepared sample’s cross-sections. The Density
Functional Theory (DFT) calculations of electronic properties, i.e. the
Local Density of States (LDOS), were performed with the use of the VASP
[17] code (for details please look into Methods Section). In Fig. 1a), the
SEM morphology of Aulny nanoelectrodes, formed on InP(001) surface,
of 20-30 nm in diameter, is shown. A high-resolution AFM imaging, as
depicted in Fig. 1(b-d), has shown that the Auln, nanostructures are of
two types of morphology. Some of the nanostructures exhibit fewer side
facets with “Flat Top” (Fig. 1c¢) and the other facet-ones with “Sharp
Top” (Fig. 1d). The C-AFM I-V hyperspectral data with simultaneously
collected sample topography are presented in Fig. 1(e and f) (see also
Supporting Information visualisation of the I-V data cube as a movie).
The average current map in Fig. 1(e) clearly shows that there are
nanoelectrodes which exhibit higher conductivity (higher average cur-
rent) and lower conductivity (lower average current). The grouping
(clustering) of the collected I-V hyperspectral data shows in detail the

Fig. 1. Characterization of morphology
and electrical properties of Auln, nano-
electrodes grown on n-doped InP(001)
surface. (a) SEM and (b) AFM topogra-
phies of the nanoelectrodes. Two
different types of nanoelectrodes are
visible: (c¢) “Flat Top” and (d) “Sharp
Top”. Results of C-AFM Current-Voltage
(I-V) hyperspectral measurements per-
formed in situ after nanoelectrodes syn-
thesis: average current map (e) and
corresponding topography (f). Low con-
ductivity “Flat Top” and High conduc-
tivity “Sharp Top” nanoelectrodes are
visible. Results of grouping (clustering)
by k-means of current-voltage (I-V)
hyperspectral data: map showing
different I-V regions g) together with
corresponding average I-V characteris-
tics in these regions h). Three different
regions are visible: low conductivity
nanoelectrodes region (blue) which
exhibit nonlinear I-V behavior, high
conductivity nanoelectrodes region (red)
with linear I-V characteristic, InP surface
region (green). It is seen that ~70% of
all nanoelectrodes are of lower conduc-
tivity. (For interpretation of the refer-
ences to colour in this figure legend, the
reader is referred to the web version of
this article.)
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three different regions in terms of electrical properties as presented in
the map (Fig. 1g) and corresponding average I-V of these regions pre-
sented in Fig. 1(h). The first region (blue colouring) of a lower con-
ductivity corresponds to the nanoelectrodes which are of “Flat Top”.
This sample region exhibits the non-linear I-V characteristics. The sec-
ond region (marked with red) of a higher conductivity corresponds to
the area of nanoelectrodes with “Sharp Top” and exhibits the linear I-V
characteristics. The third region (green) corresponds to the InP surface
which shows typical for a semiconductor material, non-linear I-V
behaviour. From our C-AFM measurements it has been found that ~70%
of all Auln, nanoelectrodes are of lower conductivity.

To investigate the details of the Aulny nanostructure/substrate
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interface, the atomic scale HAADF STEM measurements were per-
formed. Fig. 2(a) and (b) show the HAADF STEM image of “Flat Top”,
low conductivity nanoelectrodes together with details of the I-V mea-
surement results. The I-V data were fitted by thermionic Schottky
equation, and the effective parameters of this M-S junction were
extracted (see Fig. 2b). The Schottky barrier height of &5 = (0.2555 +
0.0080(stat) = 0.014(syst) )eV and the ideality factor 5= (2.22+
0.31(stat) + 0.12(syst) ) were obtained. It can be noted that the fitted
Schottky barrier height is very similar to the pure indium to InP contacts
which is in the order of 0.32 eV [19]. It can be seen from the HAADF
STEM image that the (1-11) crystallographic plane of the formed Auln,
nanoelectrode is exposed towards the substrate. Resulting in the

Fig. 2. Low conductivity, “Flat Top” Auln, nanoelectrode grown on n-doped InP(001) surface. Atomically resolved HAADF STEM of the Auln,/InP system (a).
Corresponding C-AFM Current-Voltage results with fitted Schottky barrier of 0.2555 eV according to the TE Schottky equation. HAADF STEM enlarged view into the
interface (c) together with atomistic structural model from DFT calculations. DFT Local Density of States (LDOS) color map along the direction normal to the Aulny/
InP interface (d). The LDOS of InP bulk region and the regions close to the interface together with LDOS of Auln, electrodes relative to the vacuum energy at 0 eV e).
It is seen that the Conduction Band Edge (Ec) moves as one approaches the interface region. The LDOS state ~4 eV melts completely at the interface (see green
arrow). Comparing Ec at interface with the Fermi energy of Auln,, the Schottky barrier of ~0.8 eV was approximated from DFT.
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following crystallographic orientation (1-11)Aulny//(001)InP and
[110]Aulny//[110]InP. Detail information on the crystal structures of
the metal (Aulny) and InP is presented in Fig. S3 in Supporting Infor-
mation. In Fig. 2c the atomically resolved Aulny/InP interface, with
indium and phosphorus atomic columns clearly resolved, is depicted and
overlaid with the DFT calculated atomic structural model. The model
uncovers in detail the structure of the Auln,/InP interface. In the
interface, the last layer of the substrate consists of In-P dimers with
structurally disturbed positions of In atoms along the column (see
Fig. 2¢). On the other side, at the bottom of the nanoelectrode there is
only one layer of Au-In dimers (see Fig. 2c) which are organized
differently that the rest of Aulny nanoelectrode arranged as linear
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trimers with Au atoms in their centre. The interface structure is not a
perfect crystalline structure but rather a disturbed one, what is also re-
flected in the HAADF image. However, we do not observed any misfit
dislocations or strain fields on the both, i.e. the nanoelectrode and
substrate side. Furthermore, the local electronic properties of the M-S
junction were characterised with the DFT calculations providing the
computed LDOS along the direction normal to the Aulny/InP interface
(see Fig. 2(d) and (e)). The LDOS colour map (Fig. 2d) composed of the
slices reflecting the average electronic structures of subsequent atomic
monolayers, shows the changes of electronic structure across the studied
interface. To see the details of the electronic structure at the vicinity of
the M-S junction interface we looked at the LDOS slices as from the DFT

Fig. 3. High conductivity Auln, nanoelectrodes “Sharp Top” on n-doped InP(001) surface. Atomically resolved HAADF STEM of high conductivity nanoelectrode
(a). Corresponding C-AFM Current-Voltage results together with Ohm’s law linear fit. HAADF STEM enlarged view into the interface (c) together with atomistic
structural model from the DFT. Calculated by DFT Local Density of States (LDOS) color map along the direction normal to the Auln2/InP interface (d). DFT calculated
LDOS of InP bulk region and the regions close to the interface together with LDOS of Auln, electrodes relative to the vacuum energy at 0 eV (e). It is seen that the
Conduction Band Edge (Ec) does not move as one approaches the interface region. The LDOS state at ~4 eV does not melt at the interface (see green arrow). No
Schottky barrier is observed. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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calculations (Fig. 2e). The InP LDOS is presented for three different re-
gions, i.e., the bulk InP, the vicinity of the interface, and at the interface.
For the comparison, also the LDOS for the Auln, metal alloy is presented.
The LDOS is calculated relative to vacuum at 0 eV. The valence band and
the conduction band states of the InP can be clearly seen. The DFT
calculated Fermi energy of Auln, metal alloy in (111) configuration of
Ep = 4.247 eV is presented as a red dashed line in Fig. 2(d)-(e).

It can be noticed that the local band structure of InP is changing as
one approaches the interface with the Auln, nanoelectrode, i.e., the
Conduction Band Edge (E.) of InP is moving towards the vacuum level
(energy of 0 eV). This is related to the disturbed atomic structure of the
Interface at InP side, as can be inferred from the DFT model (Fig. 2c).
This disturbed structure induces the localized states at the band gap
region, so the band gap and Conduction Band Minimum (CBM) cannot
be unambiguously defined, in contrast to the Conduction Band Edge
(Eo), similarly as for the amorphous material case [21]. The effective E.
movement is realized by a total melting of the InP LDOS state at ~4 eV
(see DFT LDOS in Fig. 2(d) and (e)). This LDOS melting effect extends
over around three InP atomic layers. Since now there are almost no InP
LDOS states at metal Fermi energy level, the flowing electron current
from the nanoelectrode toward InP will effectively feel the barrier at the
interface region. From the difference between the E. of InP at the
interface and the Fermi Energy of Auln, the value of the Schottky barrier
height can be approximated as ~0.8 eV. This simple approximation,
stemming from the DFT calculations, is different from the experimental
value due to the calculation of the exchange-correlation energy which is
a well known effect [20]. This, however, agrees qualitatively with the
experimental results which show the appearance of the Schottky
behaviour.

We now analyse the high conductivity Auln, nanoelectrodes. Fig. 3
(a) and (b) show the HAADF STEM image of the high conductivity
“Sharp Top” nanoelectrodes together with the details of the I-V mea-
surements. The linear I-V data were fitted to the Ohm’s law and the
specific contact resistance was extracted: re =
(1.43 4 0.19(stat) + 0.20(syst) )*10~* Qcm?2. This value is consistent
with a bulk gold Ohmic contacts to InP [19]. It can be seen from the
HAADF STEM image that these Aulny, nanoelectrodes expose a (211)
crystallographic plane towards the InP(00 1) substrate surface, which is
different compared to the case of the low conductivity nanoelectrodes.
This results in the crystallographic orientation of (211)Aulny//(001)
InP and [1-11]JAulny//[110]InP. The atomically resolved HAADF
STEM image of the Aulny/InP interface is shown in Fig. 3(c) together
with the DFT calculated atomic structural model of this M-S junction.
The interface region at the InP side consists of the In-P dimers with
disturbed atomic structure in columns. While interface at the Auln, side
consists of the In-Au-In trimers, also with the disturbed structure in
atomic columns. The HAADF contrast blur indicates a reduced atomic
order of the interface. However, we do not observed any misfit dislo-
cations or strain fields on the both, i.e. the nanoelectrode and substrate
side. The calculated LDOS along the direction normal to the Aulny/InP
interface in presented Fig. 3(d)-(e). The LDOS colour map Fig. 3(d)
shows similarly how the local electronic structure changes when the
atomic structure changes from InP to Auln,. The detailed LDOS slices are
presented in Fig. 3(e). The DFT calculated Fermi Energy of Auln, metal
alloy in the (211) configuration of Er = 4.051 eV is presented as a red
dashed line in Fig. 3(d)-(e). It can be noticed that the local band
structure is not changing as one approaches the interface, i.e. the Con-
duction Band Edge (Ec) of InP is not moving. This time the LDOS state at
~4 eV does not melt as shown in Fig. 3(d) and (e). We have, therefore,
no Schottky barrier and the contact is fully Ohmic. This agrees with the
experimental results which show the Ohmic behaviour.

It is now important to note that the difference between these two
nanoelectrodes is the crystallographic orientation of the metal Aulny
phase with respect to the InP substrate resulting in one case, in forma-
tion of a Schottky-type junction and, in another one, the Ohmic contact.

Applied Surface Science 570 (2021) 150958

The nanoelectrodes were formed during self-assembling process, where
during ad-atoms diffusion and aggregation the Auln, nanoelectrode
grows on InP surface by the formation of the most energetic favourable
planes, having low surface energies i.e. (111) and (21 1) planes, which
are very common for metals with cubic crystal structure [28]. This
finally results in a two types of nanoelectrodes. The effect of the for-
mation of Schottky nanodiode or Ohmic nanocontact is related to the
crystallographic orientation implying changes in the Fermi level of the
Aulny metal alloy phase at the interface. The particular atomic structure
at the interface provide the differences in LDOS electronic states and,
consequently, is responsible for the appearance of the band edge
movement, or the lack thereof, at the interface. We also see that in the
case of the Ohmic-type junction the atomic structure, as seen from a top
surface view, of InP and Auln; is better matched together than in the
case of Schottky-type junction, see Fig. S4 in Supporting Information.
This is also directly seen in the calculated lattice misfit, see Table S1 in
Supporting Information. It is seen that on average the lattice misfit is
lower for high conductivity nanoelectrodes.

What we also see is that in case of the studied here Aulny/InP(n-type)
the change in M-S junction behaviour between the Ohmic and Schottky
regimes is significant since the work function (Ef) of metal nano-
electrode (Auln,) is close to the Conduction Band Minimum (CBM), for
p-type semiconductor this will be when E¢ will be close to the Valence
Band Maximum (VBM). The work function (Ef) changes induced by
crystallography are significant to allow here for the switching between
the Ohmic and Schottky conduction regimes. As we think, this effect
could be also applicable to other semiconductor systems. The corre-
sponding energy relations between the metal Ef and substrate semi-
conductors’ CBM and VBM are presented in Fig. 4. By comparing CMB
(n-type) or VBM (p-type) with a work functions for the selected metals
[24-26], we proposed the M-S systems where the effect of crystallo-
graphic orientation of metal with a respect to the semiconductor will
cause a changes in conductivity behaviour between Ohmic and Schottky
regime. The conductivity behaviour changes of the M-S junction related
to the crystallographic orientation of the metal are a consequence of the
metal work function changes at the interface. This effect could be used to
tune the parameters of M-S junction to desired behaviour within a single
metal or alloy phase by controlling the growth of a metal with a desired
orientation on semiconductors substrates using various advanced het-
eroepitaxy methods.

3. Conclusions

Based on the studied Auln, nanoelectrodes which form two types of
M-S junctions, i.e. the Schottky or the Ohmic contacts, on InP(001)
substrate surface, we have shown directly at atomic scale that the
different crystallographic orientation of the same metal with respect to
the semiconductor, thus different structure of the interface, determines
the electrical properties of the M-S junction. Hence, the rectifying
junction in one case, and the non-rectifying one in the other case, is
formed by changing the Fermi level of the Aulny metal alloy phase and
influencing local changes in electronic structure, i.e. band edge moving
at the disturbed interface. We directly see that the origin of this different
conductivity behaviour has its roots in the mutual crystallographic
orientation of the metal nanoelectrode and the semiconductor. The ef-
fect of the crystallographic orientation of the metal electrode with
respect to the substrate, implying the Fermi level changes at the inter-
face, can be used to control the electrical properties of the M-S junction
based devices by utilizing only single metal/alloy phase to change be-
tween Ohmic-Schottky conductivity regimes. Our findings could be also
applicable to other metal-semiconductors systems. This gives a possi-
bility for the engineering of the new desired future electronic devices
using metal electrodes with defined optimally suited crystallographic
orientation in particular in the area of AIIl-BV based devices.
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4. Methods
4.1. Sample preparation

Indium phosphide InP(001) n-doped crystal was mounted on mo-
lybdenum plate and introduced into the UHV Molecular Beam Epitaxy
(MBE) system, with a base pressure of 101° mbar. The sample was
initially out-gassed for 1 h at 150 C and exposed to low energy, 700 eV
Ar + ion bombardment at a 60 deg incident angle at room temperature
(RT). The sample surface was cleaned in cycles of ion-beam irradiation
at T = 450 C (InP) until the (4 x 2) InP(001) reflection high energy
diffraction (RHEED) pattern was observed (see Supporting Information
Fig. S1). The applied cleaning procedure results in atomically flat sur-
faces. Next, 2 ML (mono-layers) of Au was deposited on the sample
surface at temperature of 330 C and a rate of 0.1 ML/min as checked
with a quartz micro-balance. After the deposition, the sample was cooled
down to RT at a rate of 10 C/min. The sample temperature during all
experiments was measured with a pyrometer (LumaSense, model IGA
140) with emissivity ¢ = 0.5. The applied sample preparation results in
the formation of the metallic nanoelectrodes on the sample surface made
of Auln, alloy [11].

4.2. Sample characterization

The electrical characterization of the nanoelectrodes in the form of
current voltage (I-V) measurements was carried out in situ (in UHV) just
after sample preparation by Conductive Atomic Force Microscopy (C-
AFM) using Omicron RT AFM/STM microscope. The I-V data were
collected in a hyperspectral mode in the form of the three dimensional
Spectrum Image stack, where for each sample grid point (x, y) a full I-V
curve was collected as z-axis. The C-AFM data were grouped together
(clustered) using K-Means method as implemented in Scikit-Learn [14].
The resultant map, which shows the regions with the same I-V charac-
teristics, was obtained together with average I-V characteristics in that
region. To extract the Schottky barrier height and ideality factor, the
collected I-V data by C-AFM were fitted by the thermionic emission

equation [3,10] I = AA*Tzexp(;:;?) {eXp(%%{—ﬁsn> —1}, where V —

applied voltage, I — flowing current, Rg — series resistance, T — temper-
ature, kg — Boltzmann constant, A — active area, A* — effective
Richardson constant, n — ideality factor, ®p — Schottky barrier height.
Next, the sample was transferred under ambient conditions to perform
high-resolution Atomic Force Microscopy (AFM) imaging by AMF
NanoScope microscope working in Peak Force mode from Bruker. The
SEM imaging in secondary electrons (SE) mode was performed by Dual
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Fig. 4. Energy relative to the vacuum as a function of
electron affinity (CBM) and ionization potential
(VBM) for AIII-BV semiconductors. Work functions of
selected metals are presented as a horizontal lines.
Work function for the studied here Auln, on InP is
also presented as a black line. Based on our work on
Aulny/InP system, by comparing CBM for n type
semiconductors and VMB for p type semiconductors
with a metals work function (Ef), the table which
presents potential systems, where M-S junction con-
ductivity regime changes (Ohmic-Schottky) caused by
different metal crystallographic orientation is derived.

Beam SEM/FIB FEI Quanta 3D FEG microscope from FEI. Later, the
atomically resolved HAADF STEM measurements, where the contrast is
proportional to the atomic number Z and to the sample thickness, were
performed using a FEI (S)TEM Titan3 G2 60-300 microscope operated at
300 kV. The HAADF-STEM images were acquired with a convergence
angle of 20 mrad and a probe current of 80 pA. To get rid of the scanning
artefacts the HAADF STEM data were collected as an image stack of ten
4 k HAADF STEM images, which next were registered by Non-rigid
registration using free software ImageJ/FIJI [27] and median stacked.
Before median stacking the registered images were scaled by a factor of
four. The obtained HAADF-STEM images were deconvoluted to remove
the overall blur caused by different effects (source size, aberration, other
instabilities, etc.) and to increase the image resolution. We used the
assumption of ideal microscope and ideal crystal structure in the bulk i.
e. the ideal crystal structure in the ideal microscope will be visible as
points. By this assumption the transfer function is derived, by the fit in
the Fourier space, as an asymmetric Gaussian function, which includes
all the blurring effects. The derived transfer function is later used for the
deconvolution of the whole image. As we checked in details, such a
deconvolution approach does not introduce any artefacts, the image
resolution is increased making the interpretation of the structure easier.
All the deconvolution approach steps were done by the free software
Gwyddion [16]. For details please see Supporting Information Fig. S2.
The STEM measurements were performance on the Focused Ion Beam
(FIB) prepared thin foils from nanoelectrodes sample which was covered
by thermally evaporated carbon layer in the UHV Chamber to prevent
surface contamination and damage [15].

The quantum-chemical calculations of electronic properties i.e. the
Local Density of States (LDOS), were performed by the Density Func-
tional Theory (DFT) calculations with the use of the VASP [17] code. To
reliably extract the information of the Aulny/InP atomic interface
(which is not trivial), the atomic model was derived purely from DFT
calculations, which used as an input only orientations of both structures,
i.e. the nanoelectrode and the substrate, which are indisputably visible.
Only then the optimized by DFT model is validated on the HAADF data.
This kind of approach, which we used does not depend on the HAADF
STEM interface data directly, which contains non trivial disturbed
atomic structure. The DFT optimized model of the atomic interface
delivered the same atomic structure as in the HAADF STEM data, which
finally validated our approach. The derived full atomic model together
with disturbed atomic structure was used for the electronic properties
calculations. The I' point sampling of the irreducible Brillouin zone was
used for the Aulny/InP interface supercell LDOS calculations together
with the Methfessel-Paxton smearing of 0.01 eV and the PBE [22,23]
functional. The plane wave energy cut-off was chosen as 400 eV. In the
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DFT LDOS calculations, the electron affinity of pristine InP was cali-
brated to resemble the experimental value of 4.38 eV [18].
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