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ABSTRACT: Motivated by the recent synthesis of the pentagonal PdSe2 sheet [J. Am. Chem.
Soc. 2017, 139, 14090], here using first-principles calculations, we have systematically carried out
simulations to investigate the PdSe2 sheet’s performance as a channel material when in contact
with metal surfaces and graphene. We find that the PdSe2 sheet can almost retain its pentagonal
feature with small distortions when in contact with Au(111), Ag(111), Cu(111), and Pb(111)
surfaces. However, it is severely distorted on the Ti(0001) surface undergoing metallization.
Band structure analysis suggests that the vertical Schottky barrier disappears in all of the metal
contacts. Au, Ag, Cu, Ti, and Pb are of the Schottky type contacts with barriers of 0.62, 0.87,
0.79, 0.58, and 0.76 eV in the lateral direction for electrons, whereas both monolayer and bilayer
PdSe2 maintain their intrinsic properties when in contact with graphene forming a weak van der
Waals interaction with no charge transfer between the two surfaces. Our study provides insights
into selecting high-performance monolayer PdSe2 device evaluations based on the orbital overlap,
tunneling barrier, and Schottky barrier.

KEYWORDS: PdSe2 sheet, heterojunction, Schottky barrier, density functional theory, graphene, work function

1. INTRODUCTION

Because the proposal of penta-graphene,1 2D structure
composed of pentagons have attracted tremendous attention,
such as penta-SnS2,

2 penta-SnSe2,
3 penta-SnTe2,

4 penta-CN2,
5

penta-silicene,6 and so forth. The recently synthesized layered
pentagonal PdSe2 sheet is of special interest7 because of its
remarkable layer-dependent electronic structure7,8 that goes
beyond the conventional 2D transition-metal dichalcogenides
(TMDs).9,10 “Contrary to the hexagonal phases commonly
reported in layered TMDs,11 PdSe2 exhibits different bonding
characteristics wherein palladium (Pd) atoms combine with
four selenium (Se) atoms, forming a pentagonal network with
a square backbone.12 As explained in previous studies, the Se−
Se atoms present in upper and lower planes of the PdSe2 form
a tilted dumbbell structure with Pd atoms resulting in a lack of
rotational symmetry (see Figure 1). The existence of Se
vacancies would disrupt the Se−Se dumbbell configuration and
cause considerable structural distortion making it sensitive
against defects.”12 Sun et al. using first-principles calculations
predicted a semiconducting behavior in PdSe2 by studying its
energy band gap, that is, 0.03 eV for the bulk phase changing
to 1.43 eV for the monolayer (ML)8 as confirmed by optical
absorption spectroscopy.5 “Field-effect transistors (FETs)
designed by using few-layer PdSe2 display good performance
owing to its excellent properties, such as a high carrier mobility
of 216−294 cm2·V−1·s−1 and a high on/off ratio (≈103).”7,13
The distinctive penta-structure and noticeable FET efficiency
with exceptional atmospheric steadiness make PdSe2 desired

and interesting for applications in electronic and photoelectric
devices.14−17 The fabrication of FET devices using 2D
materials is a hot topic currently. “Contact between the
channel region and the metal electrode is needed for a high-
performance 2D-FET device configuration, to induce a suitable
type of charge carriers into the respective energy bands of the
2D-semiconducting channel material. In either case, realizing a
low-resistant metal contact is the most significant defiance that
masks the intrinsic electronic properties of a 2D-semi-
conductor.”26 To fulfill the need for a viable doping method,
it is vital to find a suitable metal substrate to contact a 2D
semiconductor.
Recently, experiments showed that the fabrication of bilayer

(BL) PdSe2 could be deposited on graphene, where the
interface coupling is the weak van der Waals (vdW) force.17

Thus, PdSe2 can be separated from graphene by mechanical
exfoliation and grown via the chemical vapor deposition
method.7,8 Besides, the techniques to transfer 2D materials
from one substrate to another are well developed.18,19

Therefore, we can expect that a similar method can also be
applied to transfer PdSe2 from graphene to a metal substrate.
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Given the application in heterojunction, PdSe2 has been
integrated into several devices such as high-yielding near-
infrared photodetector based on the PdSe2-pyramid Si
heterojunction, self-powered photodetectors based on gra-
phene−PdSe2−germanium heterojunction, and image sensors
based on the multilayer PdSe2−perovskite Schottky junc-
tion20−22 with many intriguing properties such as excellent
photoresponse performance, a high specific detectivity, and
broadband photosensitivity attributed to the broad optical
absorption properties of PdSe2. It has also been used in the
synthesis of nanowires made of the PdSe2−Pd2Se3 hetero-
junction.23 However, no study has been reported on the
performance of PdSe2 as a channel material in contact with
metal electrodes, which prompt us to carry out this work
focusing on the transport and electronic properties of the
PdSe2−metal heterojunction. For comparison, we also extend
our study to the experimental synthesized PdSe2−graphene
system.

2. COMPUTATIONAL MODEL AND METHODS
Following the Schottky−Mott rule,24 metals with either a large work
function (WF) or minimal WF are desired to form a low-energy
barrier contact reported in our previous work.26 Five metals, counting
silverAg, goldAu, copperCu, chromiumCr, leadPb, and
titaniumTi were selected as the contact electrode because these are
usually used in transistor applications and covers a wide range of
WFs.25 To match the PdSe2 ML, we choose closed pack surface (111)
for Ag, Au, Pd, and Cu contacts, and (0001) surface for Ti, as these
are the prevailing orientations found in other experimental and
theoretical studies, and they form minimal lattice mismatch. We use a
slab model to simulate the metal surfaces. A five-layer metal slab was
adopted to study the film thickness effect. The bottom three metal
layer’s atoms are fixed at their bulk position to minimize the
computational cost. We then build the heterojunctions by stacking
PdSe2 and metal surfaces vertically together forming top contacts
following our previous work.26 Because the lattice parameters of
PdSe2 and the chosen metal electrodes are different from each other,
special care is needed to create an appropriate interface, for that, we
have used our in-house code26 to generate the heterojunctions. Using
the code, the lattice mismatch percentage is set under 3% and the
atom concentration is also under 300 to keep the lattice strain
negligible. The contact regions are separated by a vacuum space of
>20 Å in a path perpendicular to the interfaces to refrain the spurious
interaction between the periodic images in the x and y directions.
Our simulations are based on first-principles calculation within the

frame of “density functional theory (DFT), and the projector
augmented wave pseudo-potential method, using Vienna ab initio
Simulation Package.”21,27,28 The Perdew−Burke−Ernzerhof (PBE)
functional.29 “We have used a dispersion-corrected (optB88-vdW)

DFT method to describe the effect of vdW interactions correctly. The
plane-wave cutoff energy is set to 500 eV for all calculations.”26,36 The
electronic properties of the heterojunction system are calculated with
3 × 3 × 1 Monkhorst−Pack special k-point meshes30 for Ag and Au, 5
× 9 × 1 for Cu and Ti, 5 × 5 × 1 for and Pd 9 × 5 × 1, respectively.
For structural optimization, all studied heterojunctions are relaxed
until the force and energy less than 0.01 eV/Å and 1 × 10−6 eV,
respectively.26

3. RESULTS AND DISCUSSION
“From the device’s point of view, the interface geometry,
orbital overlap, tunneling barrier, and Schottky barrier are the
four essential factors that determine the electronic trans-
parency of the contact in a metal−semiconductor junction. We
intend to acquire a small lattice mismatch for a favorable
interface to increase the orbital overlap between the two
surfaces. For maximum current injection, the tunneling barrier
and Schottky barrier appearing at the point of contact should
also be low and narrow to increase the tunneling possibility
(TP) for the charge carriers and make charge transfer more
efficient. In this study, the interfacial properties of PdSe2−
metal junctions are evaluated and analyzed by considering each
of these factors”.26

3.1. PdSe2 Sheet with Metal Contact. The optimized
atomic structure of a free-standing ML-PdSe2 is shown in
Figure 1a,b with the calculated lattice constants of a = 5.74 Å
and b = 5.86 Å, which agree with experimental findings.7,16

The structural model of PdSe2−metal junctions is plotted in
Figure 1c. When contacting metal surfaces, the super lattice’s
lattice mismatch must be carefully considered because the
induced lattice strain will significantly affect the electronic
properties. The pentagonal structure of PdSe2 undergoes a
distortion when coming in contact with Au, Ag, Cu, Pd, and
Ti, mainly due to the strong chemical bonding at the interface.
However, PdSe2 shows negligible distortion when in contact
with graphene, as the surface interaction is through the vdW
force.
For heterojunctions, a critical parameter is the equilibrium

separation d between the PdSe2 ML and the metal surface. As
listed in Table 1, the sum of the covalent radius (dR) of atoms
is much smaller than d for Ag, Au, and Pb contacts, more or
less equal for the Cu contact, and much more substantial for Ti
contact. Generally, dR can be used to characterize the
interfacial hybridization, and orbital overlap to some extent.
A weak wave function overlap for dR < d and a strong overlap
for dR ≫ d.31 This is evident from the fact that the shortest
distance between Se on-bottom site and the listed atoms right

Figure 1. (a) Top view of an ML-PdSe2 and (b) side view of an ML-PdSe2 in 2 × 2 supercells. (c,d) Schematic diagram and top view of the PdSe2−
metal contact.
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beneath it is approximately equal in the case of Cu and 0.33,
0.20, and 0.61 Å larger than the sum of covalent radii of Se and
Au, Ag, and Pb (see Figures 1 and 3).26

Compared to the cases of Au, Ag, and Pb, the equilibrium
separation between PdSe2 and Ti is shorter and comparable
with the case Cu contact. In the former case, Se atoms in the

hollow site try to replicate Ti’s environment in the stable
compound TiSe2.

32 The equilibrium separation between PdSe2
and Ti is 2.53 Å, smaller than the addition of covalent radii
2.65 Å of Ti and Se.26 The average equilibrium distance
between the PdSe2−Ti interface is shorter than the rest of the
three contacts, which is favorable for the wave function
overlap.
To further characterize the interface coupling, we further

calculate binding energy Eb defined as

= + − −E E E E A( )/b PdSe M PdSe M2 2

where EPdSe2, EM, and EPdSe2−M are the total energies of ML
PdSe2, the free-standing metal surface, and the corresponding
heterojunction of the PdSe2−metal system, respectively, and A
represents the area of the supercell. The calculated Eb for
PdSe2−Ag, Au, Cu, Ti, and Pb junctions are 0.38, 0.44, 0.57,
1.34, and 0.31 eV/Å2, respectively. According to the
magnitudes of d and Eb, PdSe2−metal interfaces can be
classified into three types: weak adsorption for Pb with Eb =
0.31 eV/Å2 and d = 3.13 Å; medium adsorption for Ag and Au
with Eb = 0.38, 0.44 eV/Å2 and d = 2.86 and 2.87 Å,
respectively; strong adsorption for Cu and Ti with Eb = 0.57
and 1.34 eV/Å2 and d = 2.52 and 2.53 Å, respectively.
“Following, we evaluate the energy barriers at the PdSe2−

metal interface to examine the efficiency of charge transfer.
The diagram of the PdSe2-based two-probe FET prototype is
shown in Figure 2. A tunneling barrier (TB) can exist at the
interface (B) when a charge carrier diffuse from the metal
surface to the contacted ML-PdSe2, depending on how strong

Table 1. Calculated Interfacial Properties of PdSe2−Metal:
d is the Averaged Interlayer Distance between PdSe2−Metal
Contacts, and dR is the Sum of Covalent Radiia

Ag Au Cu Ti Pb

D (Å) 2.86 2.87 2.52 2.53 3.13
dR (Å) 2.54 2.56 2.52 2.65 2.66
Eb (eV/Å

2) 0.38 0.44 0.57 1.34 0.31
ΔV (eV) 4.02 3.20 0 0 2.44
wB (Å) 17.66 10.37 0 0 9.18
TP (%) 40 18 100 100 9.18
WH (eV) 4.43 5.24 4.49 5.20 4.11
W (eV) 4.38 5.16 5.00 4.79 4.14
ΦSB‑e (eV) 0.87 0.62 0.79 0.58 0.76
ΦSB‑h (eV) 0.56 0.81 0.64 0.85 0.67
ΔEF (eV) 0.05 0.03 −0.51 −0.14 0.41

aEb is the binding energy per unit area of the supercells. ΔV and wB
are TB-height and TB-width. TP represents tunneling possibility, W is
the WF of the pure metals, and WH is the WF of the heterostructure
formed by the PdSe2−metal contact. ΦSB‑e and ΦSB‑h are SBH of
electron and holes in the lateral direction. ΔEF is the energy difference
between the Fermi levels of PdSe2−metal heterostructure and free-
standing PdSe2 layer.

Figure 2. (a) Schematic image of a PdSe2−metal contact. The inset shows the typical FET, with source and drain contacts and the channel region.
A, C, and E denote the three regions, separated by the two interfaces B and D. The blue arrows show the pathway (A → B → C → D → E) of an
electron or a hole that flows from the metal electrode to the PdSe2 channel. Vertical and lateral Schottky barriers are denoted by ΦV and ΦL,
respectively. (b−d) Three possible band diagrams of PdSe2−metal contacts constructed on the evaluation of tunneling and Schottky barriers with
(I) weak bonding, (II) medium bonding, and (III) strong bonding. EF(M) and EF(Ch) denote the Fermi level at the metal and channel regions.
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or weak is their binding interface. A Schottky barrier can
appear at two different points one is at the interface (B) in the
vertical direction, a vertical Schottky barrier (Φv) and the other
one may appear at the interface (D) between the
heterojunction and the PdSe2 channel region called a lateral
Schottky barrier (ΦL). The tunneling barrier often exists
between the 2D TMDs-metal contacts, which refer to the
electrostatic potential above the Fermi level in a direction
perpendicular to the interfaces. In order to evaluate the
tunneling barrier first, we calculated the electrostatic potentials.
From the potential profile, as shown in Figure 3, the PdSe2−
Cu and Ti contacts have no significant tunneling barriers, as
their potential energies did not cross the EF. Conversely, there
is a noticeable tunneling barrier in PdSe2−Ag, Au, and Pb with

a barrier height of 4.02, 3.20, and 2.44 eV, respectively.
Because of the real potential’s irregular shape, we adopt a
square potential barrier (see Figure 3a) to evaluate the TP by
the WKB equation”26,33−35

= − Δ
ℏ

×
i
k
jjjjj

y
{
zzzzzT

m V
wexp 2

2
B B

The tunneling barrier (TB) can be described by its height
(ΔV, the energy difference between EF of the system and the
potential energy of the interface gap) and width (wB), m stands
for the mass of the free electron, and ℏ is the reduced Planck’s
constant. The results show that the TP is 100% for the PdSe2−
Ti contact.

Figure 3. (a−e) Side view of the relaxed PdSe2−Au, Ag, Cu, Pb, and Ti systems and plot of the average electrostatic potentials profiles V (eV) in
the z-direction to the interfaces. ΔV and wB are the TB-height and TB-width. The Fermi level is shifted to zero.

Figure 4. (a−f) PDOS of free-standing ML PdSe2, Au, Ag, Cu, Pb, and Ti surfaces.EF is the Fermi energy set to zero.
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The density of states (DOS) projections upon selected Pd
and Se orbitals are shown in Figure 4 for the free-standing ML-
PdSe2, PdSe2−Ag, Au, Cu, Pb, and Ti systems. The band gaps
disappear in all of the five systems. A significant amount of
metal derived gap states appears in the original band gap of
ML-PdSe2, particularly at the Fermi level (EF), resulting from
the hybridization of the energy bands. As seen in Figure 4b,
upon forming contact with Au, the PdSe2−Au interface
develops a metallic nature. According to Figure 4b, the flow
of charge carriers will be primarily involving Se 4p states, which
display a low partial DOS (PDOS) at the EF. The PdSe2−Ag
interface also becomes metallic, but compared to the Au
contact, it modifies the electronic states much more close to
the EF. There is a noteworthy role of Se 4p and Pd 4d states
near the EF, associated with intense Se−Ag mixing. PdSe2−Pb
also shows similar behavior; the surface becomes metalized
upon contact with Pb, with modified electronic states at EF.
Compared to PdSe2−Au, Ag, and Pb contacts, we can observe
the significant contribution of Pd 4d states near the EF for
PdSe2−Cu and Ti systems with an admixture of Se 4p states.
The appearance of relatively large and broad peaks near the EF
for the Ag, Cu, and Pb contacts reveals an upsurge in the
distribution of the related bands and suggests the development
of delocalized states at the interface that allows the electron
injection to PdSe2 with a low energy barrier. In contrast, the
DOS is somewhat limited at the EF in other systems. Because
PdSe2 is a ML, its properties can be easily distorted because of
the substantial orbital overlaps. Thus, the electronic properties
of PdSe2 with the contact change. The DOS at the Fermi level
decreases in the following order: Cu > Ti > Pb > Ag > Au,
which is in good agreement with the band hybridization degree
(discussed in the next section).
To further confirm the metallization, the band structure

analysis is carried out. In Figure 5, the energy band plots of
PdSe2−Au, Ag, Cu, Pd, and Ti systems are drawn (in gray), the
original band structure of PdSe2 (red lines) is superimposed on

new band structures (gray lines) for reference such that the
former original bands and new sub-bands align. The band
hybridization degree is also different for different substrates.
When in contact with Cu, Pb, and Ti, both the CB
(conduction band) and the VB (valance band) of PdSe2 are
significantly changed, indicate a strong band hybridization
(rising from the admixture of energy bands of the metal atoms
and the interfacial Se and Pd atoms), these results originate
from the different partially occupied d orbitals of the metal
atoms (Cu, Pb, and Ti), which form strong chemical bonds
with the 4p orbital of the interfacial Se atoms and lead to
intense binding energy (Eb = 0.31−0.54 eV/Å2). Although the
metal surfaces distort the valance and CBs of PdSe2, they are
still discernible on Ag and Au. This can be understood with the
following arguments: different occupied levels of metals and
radius of d-orbital results in the different energy band
hybridization degrees. Ag and Au have fully occupied d-
orbitals, and thus hardly form covalent bonds with the 4p
orbital of the interfacial Se atoms, resulting in weak binding
energy (Eb = 0.38, 0.44 eV/Å2). Together, a significant amount
of PdSe2 bands appear in the original band gap of PdSe2 when
in contact with Ag, Au, Cu, Pb, and Ti systems (Figure 5), we
conclude that PdSe2 undergoes metallization at these surfaces;
hence, the vertical Schottky barrier disappears under the metal
contacts, similar to InSe−metal contact.35

“Because the vertical Schottky barrier vanishes, then we
calculate the Schottky barrier in the lateral direction (ΦL)
between the contact and the free-standing ML-PdSe2 channel
region following the same procedure as in our previous
study.26 SBH is defined as the energy difference between the
Fermi level (EF) of the heterojunction and their respective
energy band edge of the semiconductor, that is, CB minimum
(CBM) and VB maximum (VBM) (see Figure 5)

Φ = − Φ = −‐ ‐E E E E,SB e CBM F SB h F VBM

Figure 5. Band structure of free-standing PdSe2 layer is plotted for reference (red curves), and projected band structures of PdSe2 without contact
superimposed on the new band structures (gray curves) such that the new and old sub-bands align, with the Fermi level shifted to zero energy. The
Schottky barrier height (SBH) for electrons (ΦSB‑e) is shown in blue. Because of the different dimensions of the unit cells, the symmetric points (X,
Γ, M, and Y) are also different.
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where ΦSB‑e and ΦSB‑h denote the lateral SBHs for electrons
and holes, ECBM and EVBM are the energies of the CBM and the
VBM of the semiconductor, respectively. Calculated values of
ΦSB are enlisted in Table 1. It is desired to get a low SBH
(ΦSB‑e or ΦSB‑h) to minimize the contact resistance in terms of
device applications. We can attain a Schottky barrier-free
contact if the SBH becomes zero or negative, resulting in a
spontaneous carrier infusion from the stacked system to the
PdSe2 channel. PdSe2 forms p-type Schottky contacts with Ag,
Cu, and Pb because the position of EF of the absorbing system
is shifted toward the VBM of PdSe2, whereas it forms a n-type
Schottky contact with Au and Ti, like the EF of the absorbing
system, is shifted toward the CBM of PdSe2; thus, the
conduction will be through electrons in the PdSe2−Au and Ti
heterojunction”.26

When considering a current-in-plane device, even without
any charge transfer between PdSe2 and metal surfaces, a small
band bending can be observed. If we ignore the coupling
between the heterojunction and the channel region, by
definition the band bending can be obtained by the energy
difference between the Fermi levels of PdSe2−metal hetero-
structure and free-standing PdSe2 layer

36

Δ = −E W WF H PdSe2

where WH is the WF of the heterostructure, and WPdSe2 is the
WF of the free-standing PdSe2 sheet. Using the above
equation, the estimated value of the band bending is −0.51
eV for the PdSe2−Cu contact and −0.14 eV for the PdSe2−Pb
contact. As ΔEF < 0, the electrons will flow from the contacted
region to the noncontacted PdSe2 layer, making the channel

Figure 6. (a) Side and (d) Top view of ML and BL PdSe2/graphene heterostructure, (b,e) side view of the stacked system, d represents the
interlayer distance between PdSe2 and graphene layer and, (c,f) average electrostatic potential profile in the z-direction of the interface. The red
rectangular box represents the tunneling barrier, where ΔV is the tunneling barrier height, and wb is the tunneling barrier width.

Figure 7. (a,c) Projected PDOS of PdSe2 on ML and BL graphene, ΦSB is the SBH of the contact and, (b,d) schematic description of SBH and the
respective band edges of PdSe2 on ML and BL graphene.
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region n-type. From a device viewpoint, a smaller band
bending value leads to better contact.
The summary centered on the above analysis of orbital

overlap, tunneling barrier, and Schottky barrier of the contacts
of PdSe2 with metal surfaces (see Figure 2) is as follow:

(1) Type 1 contact with Au and Ag, the latter behaves better
in terms of the orbital overlap with PdSe2, while the
former is favorable in terms of SBH.

(2) Type 2 contact with Pb, exhibiting a Schottky barrier of
0.67 eV and hence a low TP.

(3) Type 3 contact with Cu and Ti shows a Schottky barrier
of 0.58 and 0.64 eV, respectively, and no tunneling
barrier at the interfaces.

3.2. PdSe2/Graphene Heterojunction. For comparison,
we carried out similar calculations for ML and BL PdSe2 on the
graphene sheet forming a heterojunction, as shown in Figure 6.
Equilibrium distance d between the two sheets is 3.6 Å for the
contact with the ML-PdSe2/graphene heterojunction and 3.43
Å for the BL-PdSe2/graphene heterojunction, leading to weak
interactions (19.24 and 40.94 meV/Å2) and the features of
vdW interactions, similar to other systems such as graphene/
TiS3,

36 graphene/WSe2,
37 graphene/ZnO,38 graphene/SnS,39

graphene/penta-graphene,40 and graphene/BN.41

Figure 6c,f shows the electrostatic potential profiles of ML
and BL PdSe2/graphene heterojunctions, where the irregular
potential barrier is approximated with a square potential. It is
evident that there exists a substantial tunneling barrier at the
interface, which is also evaluated using the WKB equation, ΔV
(3.83 and 19.8 eV) is more significant than that of PdSe2−
metal contacts which is consistent with the fact that a small
interlayer distance between the two surfaces (heterojunction
interface) usually results in low ΔV,42 3.43−3.6 Å versus 2.52−
3.13 Å in this case. Moreover, the metallization of ML PdSe2
rising from the chemical bonding with the metal surfaces can
also decrease the ΔV. The existence of tunneling barrier in the
PdSe2/graphene heterojunction is similar to the cases of Au,
Ag, and Pb on PdSe2 and other TMD contacts.43

To obtain the SBH of ML and BL PdSe2/graphene
heterostructure, we calculate the projected density of states
on PdSe2, as shown in Figure 7a,c. The Schottky barrier for
electrons is ΦSB‑e of 0.22 and 0.34 eV. Both ML and BL PdSe2/
graphene heterostructures possesses an n-type ΦSB because the
EF is close to the CBM of PdSe2. Namely, the transmission will
be via electrons in the PdSe2/graphene heterojunction. As
shown in Figure 7b,d, the band bending is −0.94, and −0.05
eV for ML and BL PdSe2 sheet at the generalized gradient
approximation−PBE level and electrons will move from the
contacted region to the pristine PdSe2 (channel region),
making it n-type.

4. CONCLUSIONS
When going from hexagon-based 2D materials to pentagon-
based ones, the successful synthesis of the PdSe2 sheet
becomes a milestone that validates the idea proposed in penta-
graphene. To further promote the research on PdSe2-based
devices, we have studied the interfacial properties of
heterojunctions formed with the PdSe2 sheet and Ag, Au,
Cu, Pb, Ti, and graphene electrodes by using ab initio
electronic structure calculations in a FET environment. We
have found strong interactions between ML-PdSe2 and all the
selected metal electrodes on the point of contact, whereas ML-
PdSe2 forms a vdW interaction with graphene. Therefore, the

band structure of PdSe2 significantly changes under the contact
of all the checked metals. Especially, the ML-PdSe2 sheet forms
n-type Schottky contacts with Au, Ti, and graphene electrodes
having electron SBH of 0.62, 0.58, 0.22 eV (ML), and 0.34 eV
(BL) PdSe2/graphene heterojunction, respectively. Ag, Cu,
and Pb electrodes form p-type Schottky contacts with hole
SBHs of 0.56, 0.64, and 0.67 eV, showing flexibility in tuning
the device performance with different electrodes.
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