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Abstract

In this paper, the strain induced changes in aawdrproperties and their influence on
current-voltage I(— V) characteristics of the boropherfgJ/MX, (M = Mo, W and X = S,
Se)vdW heterostructures are investigated within tlzenework of DFT. The results reveal
that the intrinsic electronic nature of borophend WX is retained because of weakn der
Waals interactions. However, p-type Schottky contacts farmed at the interface of the
heterostructures. Application of the in-plane tensind compression strains is effective in
tuning the Schottky contacts and controlling theHSB Also at the vertical pressure values
of 5.46 and 5.25 GPa f@i./MoS, and 3,:,/WS, respectively, Schottky contact changes from
p-type to n-type. Thé — V characteristics exhibit an ohmic behavior at loasbt0.1 VV and
noticeable NDR, on changing positive (negative)sés& Such strain tunable Schottky
barriers may be influential i12/MX, based high-performance nano- and optoelectronic

devices.



1. Introduction

The interest in atomically thin two dimensional j2Byered structures such as graphene,
transition metal dichalcogenides (TMDs), boronidér(BN), group-IV and group-V elements
has increased in recent time because of their npateapplications in the area of photonics,
electronics, energy conversion and storage, anchdidaal technologies with a possibility of
replacing traditional materials [1-4]. Among 2D terals, TMDs are the most studied
prospective layered structures on account of thawel properties such as band gap modulation
by external perturbations [5,6], strong optoelegitaesponses [7], outstanding carrier mobilities
[8] and high structural flexibilities [9]. The studf 2D structures has also been extended to
monoelemental group-Ill family due to the succelssfuthesis of borophene [10-12]. A unique
blend of properties of boropheng4) such as lightest 2D metal [10], mechanically rsgr§1 3],
optically transparent [14] and a promising anod¢ema for batteries [15] makes it stand out as

a distinctive technological material among 2D mdeontal structures.

It is well known that the properties of 2D mat&xi@an be tuned by constructing
vertically-stacked van der Waals (vdW) heterostritet [2, 16] to realize electronic devices.
Extensive studies have been carried out experiherdad theoretically for a wide range of
vdW heterostructures, such as graphene/TMDs [17¢aphene/h-BN [22], graphene/silicene
[23], graphene/InSe [24], MoEoS, [25], graphene/phosphorene and heterostructrussdba
on allotropes of phosphorene and Mp$26, 27]. These vdW heterostructures possess many
advantageous properties due to interesting interfdgysics by integrating the isolated layers.
Incorporating borophene having good metallic chi@rawith other 2D materials [28-30] has

been expected to be a significant step in the desfignew devices based on this kind of layered



structures. It is worth underlining the fact thahgtion formed at the contact between metallic

and a semiconducting material is crucial in moddectronics and optoelectronics [31].

The Schottky barrier height (SBH) is an energy ibarfior a charge carrier to cross the
junction. It is a key parameter for the metal-semductor (MS) junction because the current
flow across the MS interface depends on the mad@itf the SBHs. It determines the charge
transport efficiency and can impact the device grarnce significantly [32]. It is previously
shown that SBH can be reduced and ohmic contactdeaachieved in metal/semiconductor
heterostructures by external electric field [26], 2ZIbping [32, 33] and mechanical strain [34,
35]. Ohmic contact formation at the heterointerfecgenerally advantageous for easy current
flow between source/drain electrode and semicowdy®6], and good sensing performance
which could be attributed to low charge transfeigtance [37]. Studies have also shown that the
electronic properties and SBHs in graphene/Mm® be controlled by changing the interlayer
distance [38]. It is interesting to note that strangineering is one of the best possible strategie
for tuning the band gap of the 2D structures andassy to realize experimentally as well [39,

40].

Strain dependent tuning of electronic propertiesaasimportant aspect needs to be
explored systematically which we have chosen téoddorophenef{;,)/MX, (M = Mo, W and
X =S, Se) vdW heterostructures as an importassclaherefore, first-principles investigation of
B1/MX, heterostructures for tuning the Schottky barrigas been performed by applying in-
plane uniaxial and biaxial strains (compression exghnsion) and normal compression strains.
In addition, the tunneling characteristics withiarBin, Tersoff and Hamman (BTH) formalism

[41-43] have also been investigated for straiptMX , heterostrcutures.



2. Computational Details

The calculations are carried out within the framewaf density functional theory (DFT)
as implemented in the Vienna ab-initio Simulatioackage (VASP) [44]. The generalized
gradient approximation (GGA), in Perdew, Burke, &rdzerhof (PBE) parameterization [45]
has been used to describe the exchange-correlatieots. The electron-ion interactions are
taken into account using the Projector Augmented/&\#@AW) pseudopotential method [46].
The cutoff of plane-wave kinetic energy and thevesgence criterion of energy in the self-
consistency process have been set to be 700 e¥Gfi@V, respectively. To describe the vdw
interactions, vdW-D2 correction has been includethe present calculations [47]. A 15x9x1 k-
point mesh has been employed for Brillouin zonegrations. The structural relaxations are
performed to a force tolerance of 0.001 eV/A by pating the Hellmann-Feynman forces using
conjugate gradient algorithm. To minimize the dtmismatch between tifig, and MX, the
unit cell of the system is composed by 1x1 unit aEpi» and 1x2 unit cells of M¥along X and
Y directions. A vacuum region of more than 20 A basn taken along the z-axis to remove the

interactions between periodic images.

The effect of applying a normal in-plane uniaxiadabiaxial compression (expansion)
strains on the heterostructures is modelled byimggion positions and calculating stress tensor
keeping the cell shape constant. The modellingnodaplied normal compression strain on the
heterostructrues has been done by varying thelag@ar distance, while keeping the atomic
positions and the in-plane lattice vectors fixedasoto prevent relaxation of instantaneous
structure to the original position. The full reléima along the XY plane is expected not to

change the in-plane lattice constants and elecstnicture drastically [48].



3. Results and Discussion

There is no detectable geometric distortion shownab of the studied MX after
contacting the monolayer @f, as depicted by Figure 1. Note that lattice mismand3;,/MX >
heterostructures is < 2% (Table 1). Binding endigyy) of heterostructure is calculated to be
very small (Table 1) which shows given heterostrites to be vdW in nature. The binding
energyE, has been calculated as follows:

E, = [EB12 +MX,— EB12 - EMoSZ]/N (1)

whereEgy; +umx,, Eg12 » Emx, andN arethe total energy d:/MX; heterostructures, total energy
of isolatedBi, layer, total energy of isolated MXayer and total number of atoms in the

heterostructuresgespectively.

TABLE 1. Calculated binding energig&,) per atom, interlayer distande) and average absolute interface surface lattice
constant mismatctg) for pristinep;/MX, heterostructures.

System Ey, (eV/atom) d (A € (%)
B/MOS, -0.030 3.20 1.10
B1J/MoSe, -0.038 3.21 1.82
B/ WS, -0.038 3.16 1.11
B/ WSe -0.044 3.20 1.11

3.1. Tensile Strength

In order to study the mechanical properties, Wwasth investigating the strain-stress curves for
B12/MX heterostructures under expansion strains. Thigeccan be obtained by calculating the
constituents of stress tensor depending upon steasor. Stress tensor is defined as a positive
derivative of total energy with respect to the istit@nsor. In Figure 2 (a-d), the values of stress
vary directly with the values of different straiop to some limit and then drop rapidly. This
limit is known as the ideal strain strength of gystem which is the potential of a system to

tolerate load.



The values of ideal tensile strengths and ultinsatain forB;,/MX, heterostructures are
listed in Table 2. The tensile strengths of theetwstructures follow the trend; /MoS,>
B1d/ WS, > B1/MoSe > B1/WSe which is implying thaB:2/MoS; has the highest tensile strength
and B1/WSe has the lowest tensile strength amongst the stutieterostructures under

expansion strains (both uniaxial and biaxial).

TABLE 2. Calculated values of tensile strength (GPa) arithate tensile strains (%) f@i;/MX, heterostructures.

Tensile Strength (GPa) UltimatBtrain (%)
Systems
+a +b +a+b +a +b +a+b
B12/Mo0S; 3.96 3.72 6.12 20.0 12.5 10.5
B/MoSe 2.72 2.78 451 14.5 10.5 10.5
B/ WS, 3.89 3.29 5.99 20.0 14.0 10.5
B/ WSe 2.66 2.69 4.40 15.0 10.5 8.50

3.2. Electronic Structure and Schottky Barriers

The orbital projected band structures (OPBS) offh8IX , heterostructures show that
the electronic nature of constituents monolayersaie preserved upon the heterostructure
formation. OPBS reveal that the VBM and CBM arenhaassociated with the-orbitals of Mo
and W of MX, whereas small contributions offSand Sep orbital states are also found in
CBM (Figure 3).From a device point of view, when metg}4 and semiconductor (MX come
in contact, there is electrical transport at M&ifaace and the states will be offset, thus, Fermi
level is located below (or above) the midgap, kn@srthe p-type (or n-type) Schottky barriers
[30]. Therefore, Schottky barriers for hol@g or electrong, are determined as the energy
difference between the Fermi level gJEand the valence band maximum (VBM) or the
conduction band minimum (CBM) of the heterostrues rrespectively [31, 49] as shown in
Figure 3(f). The SBHs for electrons and holes insidered heterostructures are listed in Table 3

which are consistent with the previous studies.[50]



The trends in the SBHs can be attributed to therlayer coupling in the formed vdW
heterostructures which is also reflected by thegaensity difference profiles as illustrated in
Figure 3 (g-j). The charge density difference carméfined as:

P = Pp12+Mx, — PB12 — Pmx, (2)

wherepg,, +ux, represents the total charge density of the hdtextdsrespg,, is the charge
density ofBi> andpyy, denotes the charge density of Mxespectively. The charge density
difference plots provide the information about stdlbution of electronic charges as a result of
interlayer coupling due to heterostructure fornmatiddditionally, it can be seen from the plot of
B12/M0S; andBi1/WS,, that small amount of charges is depleted orgthside and accumulated
on MoS and WS side while in case d#;2/MoSe andBi1/WSe, the accumulation of charges
takes place near tifg, and depletion near the MoSend WSe. This result is in agreement with

the small SBHs fop1,/MoSe andBi1/WSe as compared tf,/MoS, andB1/WS,.

3.3. Effect of In-plane Strains and Vertical Pressure o Schottky Barriers

From Figure 4, it is observed that when the uniaida and+b ) strains are applied to
B1/M0S, heterostructure, the highest occupied states oéneal bands (VBs) and lowest
unoccupied states of conduction bands (CBs) in Mb8ted (VBMs af shifted fronY —I" and
CBMs atY — I" shown by yellow arrows) towards the Fermi levesuth a way that the energy
difference between the Fermi level and CBM is liessnagnitude as compared to the energy
difference between the Fermi level and VBM resgltim tuning of p-type SBHs into n-type and
these values are listed in Table 3. Similar obdema are obtained fd¥ /WS, under expansion
strain @b) but under expansion strair-¢) the p-type Schottky contact remains intact (Figure

S2 of Supplementary Information (Sl)). The biaxeapansiong+a + b) at ideal tensile strain



limits for B12/M0oS; (Figure 4)andp12/WS; (Figure S2 of Sl) cause the transformation of gety
SBHs into n-type ohmic contact and p-type into petySBHs, respectively. In these
transformations, the VBMs are shifted fradh+-TI' toT’ while CBMs are alony — I" (Table S1
of Sl). Moreover, wherg;,/MoSe and p12/WSe heterostructures (Figure S1 & S3 of Sl) are
subjected under the tensile strains (uniaia] +b and biaxiaka + b ), there is a change in
SBHs for both electrons and holes (Table 3). Howetes observed that the p-type SBHs are
still smaller in magnitude than n-type SBHSs, thinsse heterostructures with expansion strains
have p-type Schottky contacts at the interface.itibos of CBMs and VBMs along high
symmetry path have been given in Table S1 of Sitheamore, the charge density difference
analysis provides an insight into the tuning of/pet Schottky contacts into n-type which is due
to the accumulation and depletion of charges atiritexface giving rise to the shift in Fermi
level.

Next we consider vertical pressure (P) on the bstarctures to see the effect on
Schottky Barriers. The pressure has been calcubgti= (E — E,;)/(Ad)A; which gives the
energy required per unit area to reduce the interldistance byAd = (d, — d) whereE and

E, are strain-free and strained heterostructures memf the f1o/MX, systems,Ad is the
change in bilayer distancéis the area of the unit cell aratj andd are the separations in the

equilibrium and strained heterostructures, respelsti Variation in the energy magnitudes of
VBMs and CBMs with the pressure (Figure 5 (a, apgests that the applied pressure causes the
changes in Schottky barriers from p-type to n-tgpevalues of ideal pressures 5.46 GPa and
5.25GPa (at the interlayer distances 2.52 A & 2895Figure 5 (b, d) illustrates that SBHs

obtained for holes at the values of ideal pressbhr@$GPa and 5.13 GPa (interlayer distances of



2.65 A for bothBi1/MoSe andBi/WSe) are yet smaller than the SBHs obtained for ebestr

Thus, p-type Schottky contacts remain intact atligeessure values.

There is observable change in the energy magnitid8BHs as compared to the pristine
heterostructures, values are tabulated in Tablei8.observed that VBMs and CBMs are along
Y — T for B1o/MX, heterostructurgd-igure S4 (a-d) of Sl) and noticed that the dédfexe in the
charge distributions comes from charge distributtdriboth metal and semiconductor layers at

interface that leads to a shift in the SBHSs.

Besides the expansion strains, the compressioimsiage also accountable for tuning of
Schottky barriers. Uniaxial compression stratu (@nd-b) lifts the VBMs of MoS towards the
Fermi level. It is noticeable that the VBMs crogsthe Fermi level are shifted from—T toT’
and fromY —T to S high symmetry point for-a and —b strains, respectively, whereas the
CBMs remain along” —I' path. Consequently, the energy magnitude of p-t$péis gets
reduced to zero and that of n-type SBHs gets reHucethe values tabulated in Table 3
suggesting that p-type ohmic contacts are formed A0S, interface. Similarly, p-type ohmic
contacts are formed f@i/MoSe, Bi1/WS, andB1/WSe heterostructures (Figures S5-S7 of Sl)

under—a and—b strains, respectively.

When the B12/M0S, (Figure 6)and B1/WS, (Figure S6 of Sl) heterostructures are
subjected under the biaxial compressietu & b) strain, the CBMs of MX shift towards the
Fermi level and crosses it alolig- I" path while the VBMs of MoSand WS get shifted from
Y — T toT point. It indicates that SBHs for electrons argéueed to zero and have transformed
into n-type ohmic contact 8t,/MX, interface, while the SBHs corresponding to holeslawer

than pristine values listed in Table 3. In the samagy, biaxial compression—@ — b) strains

10



applied forBi1/MoSe andB,:/WSe (Figures S5, S7 and Table S1 of Sl) result inftimation

of p-type ohmic contact at the interface.

TABLE 3. The Calculated SBHs for electro(g,) and holeg¢y,) for unstrained, expansion strained (uniaxial aradiai),

vertical pressure applied and compression straimeidxial and biaxialp; /M X , heterostructures.

System
B1/MoS, B12/MoSe, B1dWS; B1/WSe,
Types of Strains SBHSs (eV) SBHSs (eV) SBHSs (eV) SBHSs (eV)
q)e ¢h ¢e q)h ¢e q)h q)e q)h
Unstrained 1.04 0.6¢ 0.9¢ 0.3z 1.2t 0.5 1.1t 0.2C
(1.09)* (0.63)* | (1.11D)* (0.22)* | (1.35)* (0.46)* | (1.14)* (0.23)*
+a 0.02 0.52 0.81 0.3 0.29 0.33 1.0 0.2
@20.( @14.t @20.( @15.(
Expansion (%) | +b 0.58 0.65 1.19 0.07 0.58 0.64 1.34 0.17
@12.t @10.t @14.( @10.t
b 0 0.44 0.52 0.39 0.26 0.24 0.83 0.24
rar @10.¢ @10. @10.¢ @8
Vertical Pressure 0.79 1.09 0.79 0.67 0.93 1.02 1.13 0.45
5.4¢ 5.0( 5.2t 5.1¢
(GPa) @ @ @ @
a 0.55 0 0.81 0 0.71 0 1.04 0
@8.¢ @2.t @9.( @2.5
Compression
b 0.71 0 0.80 0 0.81 0 0.89 0
(%) @9.( @3.C @9.¢ @4.(
-a-b 0 0.29 0.18 0 0 0.53 0.89 0
@10.( @5.¢ @10.( @5.¢

Where * denotes the reported data [50].

In a bid to visualize the charge redistributiorireg interface which is accountable for the

transitions of SBHs, the charge density differepogfiles (Figure 6) provide the quantitative

picture under the different compression (uniaxiad diaxial) strains. On applying the uniaxial

and biaxial compressive strains to hhgMX, heterostructures ((Figure 6) and (Figures S5-S7 of

Sl)), electrons transfer from MXo B2 pulling down the Fermi level close to the VBM &ewn

in the band structures, except the case where idpdab compressive strains induced for

11



B12/MoS; (Figure 6) ang:,/WS, (Figure S6 of Sl) heterostructures result in tfanef electrons

from B, to MoS and WS lifting up the Fermi level closer to the CBM.

3.4. Tunneling Characteristics

By and large, the flow of electrical current acrtiss MS interface is non-linear against
the applied bias voltage. To see the impact ofreatainiaxial and biaxial strains applied on the
B1/MX, heterostructures their tunneling characteristiasehbeen evaluated. In an effort to
guantify the change in the electronic propertieshsas transformation of Schottky contacts into
ohmic contacts the— V characteristics of the heterostructures have baehed using an STM
like setup [51]. As per the BTH formalism of elestrtunneling, the tunneling current (1) in this

model setup [41-43] is given as follows:

h
=L e <e—%>e-w<z<%>wf! o ]
-l
3)
where,p, and p, denote the projected density of states (PDOShefAus cluster (tip) and
heterostructures (sample), respectivdlgymbolizes the distance between the sample anel tip
represents the injection energy correspondingeduhneling electrons arfdstands for function
associated with the Fermi distribution. The avenagek function (¢,,,) for both the tip as well
as sample and effective electron masg) ére assumed to be constant corresponding to the
applied biast 1V. The tip is considered to be separated from tinepea by a vacuum barrier
5A, mimicking a non-bonded tip configuration foet8 TM measurements [52-54].
Figure 7 (a-b) aims to qualitatively describe thensitions from Schottky contacts to

ohmic contacts. To gain an insight into the tumgetharacteristics, comparison between the

12



PDOS of Mo$ in heterostructures and tip (ALcluster) has been taken into account as shown in
Figure 7(a). In this approach, the tunneling curriengiven by the convolution of the local
density of states of the sample and tip. It is skeem Figure 7 (a) that electrons of the tip or
sample do not find the open channels to tunnelseguently there is no current in the strained
B12/M0OS, heterostructrues at zero bias. In compresgian ) strain, as bias voltagelV is
applied, the electrons associated viitheV (energies) above the Fermi level get the accessibl
tunnelling channels through the sample, producedlimg current in small amount. Similarly, on
applying compressiof+-a — b) strain, the electrons find the conduction chasinglth the
increase in bias voltage giving rise to large tdimgecurrent as compared to the current obtained
in compression straifr-a). At voltage+1.0V, there is decrease in tunneling current becawese th
number of accessible electrons is constant. Whas \mltage is-0.5V in case of compression
strain (—b), there is less number of conduction channelsutmel electrons in considered
systems resulting in decrease in current. Thisyaimlsuggests that the compression strains
induced electronic states in the vicinity of Ferenel and these states enable the obtainable
conduction channels. As a result the magnitudermieling current is increasing.

It has been observed that at very low bias volta@éV, all the studied heterostructures
under the uniaxial and biaxial compression stra@vehshown the linear behavior (ohmic
behavior) inl —V characteristics as compared to pristine heterdstres which show no
tunneling current in the energy region of SBHs. &teg differential resistance (NDR) has also
been observed in Figure 7(b) and Figure S8 (a-cplofvhich may be due to less no. of
conduction channels for tunneling electrons initkeV characteristics for positive and negative

biases in the compressively strained heterostrestur

13



4. Conclusions

In summary, on the basis of DFT, we have investdjdhe strain induced variations in
electronic properties and their effect on tunnelohmgracteristics of thg;,/MX, (M = Mo, W
and X = S, Se) vdW heterostructures. It is fourad there is no change in the intrinsic electronic
nature of botlB;, and MX upon their contact with each other and the p-tgpkottky barriers
are formed in pristin@,,/MX, heterostructures. The in-plane expansion straink as uniaxial
strains cause the transformation of Schottky casthom p-type to n-type and biaxial strain
achieves the formation of n-type ohmic contacgatMoS; interface. Whereas both the strains
(uniaxial and biaxial) applied fg1/WS; heterostructure show the transformations from gtyp
Schottky contact to n-type. While, f@i,/MoSe and B,2/WSe there are changes in SBHs but
still the contacts are p-type Schottky contadtkewise, the electronic properties at the ideal
pressure obtained for the MS interface suggestttieae is change in SBHs as well as Schottky
contact from p-type to n-type f@i,/MoS; andp1/WS; but for B12/MoSe andB:./WSe change
in SBHs has been seen and Schottky contacts dreestiain p-type. Further, the in-plane
compressive strains (uniaxial and biaxial) at tgpialues accomplish the transformations from
p-type Schottky contact to p-type ohmicfin/MX, heterostructuresxcept the cases, where n-
type ohmic contacts are obtained on applying biag@mpressive strain fof;,/MoS, and
B1/WS,. In selecting a strategy such as the ohmic cantiet some applications, the current
carrying ability of the interface is the only qualfactor. Therefore, it is found in the tunneling
characteristics that at low big®.1V, the compression strain leads to an ohmic behaatior
interface owing to availability of strain-inducedndluction channels in the systems. NDR has
also been observed which may be due to less nmrafuction channels for tunneling electrons

in the I —V characteristics for positive and negative biasesthe compressively strained

14



heterostructures. Our study suggests that the ilitgab Schottky barriers with strains can lead

to novelf;1,/MX,based nano- and optoelectronic devices.
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Figure 1. Ball and stick model with respective top and sidaveg of pristing;,, MX, and their heterostructur@g,/MX .
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Figure 2. The strain-stress curves for the in-plane expansimains (uniaxial and biaxial) applied {a) pBi./MoS,, (b)

B12/MoSe, (c) B1/WS, and(d) B1/WSe heterostructures respectively. Black, red and Hhtéed lines denote the tensile strain

limits for+a, +b and+a + b respectively
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Figure 3. OPBS for pristinga) B;,/M0S,, (b) B12/M0Sse, (c) B1/WS, and(d) B1,/WSe heterostructures, respectively. Black

lines are foB,,, whereas width of the bands shows the weight faghere red and green lines denote the contribdtmn Mo-
d (W-d) and Sp (Sep) orbitals of atoms. The dashed line at 0 eV remresthe Fermi level and yellow arrow indicates the

transition from VBM to CBM(e) Represents the brillouin zone of the heterostrastwith high symmetry paif) A schematic
of the B1,/MX, interface Schottky contact. The n-typg, ) and p-type @,) SBHs are indicated by the difference between the
CBM and VBM of MX;, and the Fermi level, respectively. Charge dendifference profiles(g-j) for heterostructures in

accordance t¢a-d) have been shown. Isosurface value is set at 24&MF where yellow region shows charge accumulation

while blue region is for charge depletion.
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Figure 4. OPBS for tensile strains, uniaxiat¢ and+b) and biaxial §a + b) applied top;,/M0oS, heterostructure. Black lines
are forB,, whereas width of the bands shows the weight fagteere red and green lines denote the contribdtmn Mo-d and

S+ orbitals of atoms. The Fermi level is at 0 eV, resented by dashed line and yellow arrow indicettestransition. Charge
density difference profiles fdéreterostructure at different values of strains Hasen shown below the band structures. Isosurface

value is set at 2.4x10e/A® where yellow region shows charge accumulationevbilie region is for charge depletion.
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Figure 5. Variation in the energy magnitudes of CBM and VBiith pressure applied ofa) B;-/M0S,, (b) B;2/MoSe, (c)

B.1/WS, and(d) B1./WSe heterostructures respectively.
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Figure 6. OPBS for in-plane compression uniaxiala(and-b) and biaxial a — b) strains applied t,,/MoS, heterostructure.
Black lines are foB;, whereas width of the bands shows the weight fasttere red and green lines denote the contribution
from Mo-d and Sp orbitals of atoms. Yellow arrows and dashed Imdidate the transitions from VBM to CBM and Ferenél

(at 0 eV), respectively. The associated chargsitiedifference profiles foneterostructures at different strain values havanbe

shown below the band structures. Isosurface \ialget at 2.4x18 e/A® where yellow region shows charge accumulation evhil

blue region is for charge depletion.
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Figure 7. (a) Depiction of the density of states (DOS)pg§/MoS, sample (in positive y-axis) of with compressiorastsi—a,
—b and—a — b and Aystip (in negative y- axis), at different appliedbivoltage where black and red shaded regionssaqre
the occupied states of sample and tip respectiye)yThel — V characteristics of pristine and the compressireirst (uniaxial

and biaxial) inducefl;,/MoS, heterostructure.



Highlights

Application of externa strains results in a considerable transformation of Schottky

barriers from p-type to n-type and to ohmic contacts.
The applied compressive strains lead to ohmic behavior at low bias +0.1 V.
I — Vcharacteristics exhibit noticeable Negative differential resistance (NDR) for

compressively strained heterostructures.
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