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Abstract. Engineering the growth of the different phases of two-dimensional

transition metal dichalcogenides (2D-TMDs) is a promising way to exploit their

potential since the phase determines their physical and chemical properties. Here,

we report on the epitaxial growth of monolayer MoTe2 on graphene on an Ir(111)

substrate. Scanning tunneling microscopy and spectroscopy provide insights into the

structural and electronic properties of the different polymorphic phases, which remain

decoupled from the substrate due to the weak interaction with graphene. In addition,

we demonstrate a great control of the relative coverage of the relevant 1T’ and 1H

MoTe2 phases by varying the substrate temperature during the growth. In particular,

we obtain large areas of the 1T’ phase exclusively or the coexistence of both phases

with different ratios.

1. Introduction

Two-dimensional (2D) transition metal dichalcogenides (TMDs) are layered compounds

with a stoichiometry of MX2, where M is a transition metal element (groups IV-X)

and X is a chalcogen element (mainly S, Se or Te). They show a wide range of physical

properties from semimetallic to semiconductors, superconductors or insulators, changing

even between materials with the same composition but different crystalline phases. In

the last years, 2D-TMDs have demonstrated a great potential in a wide range of areas

ranging from opto-electronics and catalysis to energy storage or quantum electronics

[1, 2, 3, 4]. However, the implementation of 2D-TMDs with a stable semiconducting

behaviour in electronic devices has been hampered by the Schottky contact between
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the metal electrode and the 2D material. To avoid this issue, a smart solution based

in a lateral heterophase structure of the same TMD has been proposed [5, 6]. The idea

consists in the fabrication of a homojunction with a semiconducting phase as channels

and a metallic phase of the same material as electrodes, thus producing an ohmic contact.

A promising candidate to this aim is MoTe2 , which, contrary to other tellurides, such as

WTe2, exhibits two phases stable at 300 K with the appropriate properties. On the one

side, the 2H phase of MoTe2 is a semiconductor with a hexagonal structure, which shows

a direct bandgap at the monolayer (the so-called 1H phase) [7, 8] that evolves into an

indirect bandgap (1.0-1.3 eV) at the multilayer regime [9]. On the other hand, the bulk

1T’ phase is metallic and suffers a structural phase transition to a three dimensional

topological Weyl semimetal Td phase at 240 K [10] and is predicted to host quantum

spin hall (QSH) states in the monolayer regime [3]. However, controversial results have

been reported regarding the opening of a positive QSH gap [11, 10]. Interestingly, it

has been demonstrated that due to the small energy difference between phases, the

1H phase can be transformed into the 1T’ phase by strain or laser irradiation [5, 11].

Phase control in MoTe2 has then emerged as an interesting approach to the fabrication

of heterophase homojunctions with multiple applications [6, 12].

Most of the results regarding phase engineering in TMDs have been obtained for

bulk crystals. For instance, single crystals of 2H-MoTe2 , synthesized using the flux

method, were directly transformed into the 1T’ phase at temperatures higher than

770K [10] and later mechanically exfoliated [3]. However, no regular 1T’-MoTe2 phase

was obtained by this approach. In addition, whereas the quality of the layers is suitable

for fundamental research, the thickness inhomogeneities, high defect density and uneven

interfaces obtained by this technique are still jeopardizing applications [9, 13]. Epitaxial

growth of 2D materials on a variety of substrates has been demonstrated to be scalable

to large-area production with a better control of thickness and structural quality of

the layers [14], even creating vertical TMDs heterostructures with sharp interfaces in

a controlled atmosphere [15]. In spite of the low chemical reactivity of Mo with Te,

few-layer films of MoTe2were successfully synthesized by tellurization of Mo thin films

via Te sublimation [16] and chemical vapor deposition (CVD) [17]. As an alternative,

molecular beam epitaxy (MBE) has been used to grow 2H-MoTe2 thin films on graphene

on 6H−SiC(0001) [18], SiO2 [19], GaAs(111)B[20], CaF2 [21], InAs(111)/Si(111) [22]

and c-Al2O3(0001) [23], although the small grain size of the grown layer results in

poor transport properties [23]. Besides, the formation of a single MoTe2 layer with

different stoichiometry and diverse physical properties has been reported on highly

oriented pyrolytic graphite (HOPG) [24, 25, 26], bilayer of graphene on SiC (BLG/SiC)

[26, 27] and MoS2 [28]. However, the production of large domains of metallic 1T’ phase

or the control of the fabrication of heterophase structures are still challenging, as a

result of both the tendency of Te to desorb from the surface during the growth process

and the small energy difference between the 1H and the 1T’ phases. The selection of

the substrate and the procedure for the MoTe2 growth is therefore critical to achieve

high quality samples with few grain boundaries, control over both film thickness at the
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monolayer level and specific phase formation (in particular the metallic phase), which

will determine the final properties of the system.

In this regard, epitaxial graphene on Ir(111) offers several advantages with respect

to other substrates. First, it can be easily prepared as a single crystal with a very low

defect density. Second, its interaction with TMDs has been demonstrated to be small

[29]. Third, graphene exhibits ultra-high mobility and the gate tuneable conductivities,

which can improve the properties of the TMDs such as mobility, opening up new

opportunities for switching and transport.

In this work, we report on the synthesis and in situ characterization of different

phases in single-layer MoTe2 grown on graphene on the (111) face of an iridium single

crystal (gr/Ir(111)) by MBE. In particular, the structural and electronic properties of the

distinct phases were investigated at the atomic scale by scanning tunneling microscopy

(STM). MoTe2 islands remain decoupled from the substrate due to the weak interaction

with graphene, revealing their different electronic nature. We can clearly identify the

semiconducting hexagonal phase (1H), the semimetallic distorted octahedral phase (1T’)

and two other phases resulting from a Te-deficient stoichiometry. Tuning the growth

parameters, such as Te:Mo ratio and sample temperature (Tsample), we are able to achieve

phase engineering in this material and develop a direct synthetic route to produce

large areas of pure metallic 1T’ phase. Finally, we generate and characterize at the

atomic scale different MoTe2 lateral heterostructures. Our atomic scale investigations

constitute an initial step in the understanding of the growth of MoTe2 , a valuable source

of knowledge for potential technological applications.

2. Methods

The samples were prepared under ultra-high vacuum (UHV) conditions. The Ir(111)

single crystal was initially cleaned by repeated cycles of Ar+ sputtering and annealing

at 1500K. Subsequently, the graphene monolayer was grown by exposing the Ir(111)

substrate, held at 1400K, to ethylene at a partial pressure of 1× 10−7mbar, to a total

dose of 33 L. The crystalline quality of the surface was checked by low energy electron

diffraction (LEED) and STM. MoTe2 films were grown in situ by MBE. Elemental Mo

(99.9 + % purity) and Te (99.999% purity) were co-evaporated by sublimation from an

e-beam evaporator and a Knudsen cell, respectively. Evaporation rates were calibrated

on Ir(111) and the Te:Mo ratio was varied in order to get different relative coverage

of the phases. As a reference, the deposition rate of Te is 1.9 × 1012 atoms/min·cm2

at TTe=600K and a Mo flux of FluxMo=20nA corresponds to a deposition rate of

1.65× 1011 atoms/min·cm2. The sample temperature (Tsample) was kept in the 370K <

Tsample< 530K range, as controlled by an optical pyrometer with a spectral range of 1.8 -

2.4 µm, mounted in the atmospheric side. While the relative temperature measurements

are self consistent within 1K, the absolute temperature scale might be shifted by up

to ± 50K, due to the uncertainty associated to the radiation lost through the UHV

windows. Additionally, post-annealing treatments not longer than 1 hour at the same
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growth temperature have been used to improve the epitaxy.

STM experiments were performed in situ on two custom-designed UHV systems

equipped with low and variable temperature scanning tunneling microscopes, LT-STM

and VT-STM, respectively. The base pressure during the experiments was 2 × 10−10

mbar. STM images were recorded in constant current mode and the differential

conductance (dI/dV ) spectra were taken using a lock-in amplifier (f = 763.7 Hz, Vpp =

50 mV) at 1.2K. The images were processed using the WSxM [30] and Gwyddion [31]

software.

3. Results and Discussion

3.1. Phase engineering

In Figure 1, we examined the evolution of 1H and 1T’ coverage as Tsample increases under

two different deposition rates. A proper MoTe2 growth requires Te saturation conditions,

Te:Mo ratios larger than 10 and temperatures below 500K (see Supplementary Material

section 1 for details of the growth procedure). Under these conditions, the surface is

covered with dendritic MoTe2 islands with irregular edges randomly distributed along

the terraces and even crossing step edges, see Fig. 1(a) and (b). This indicates the

lack of preferential nucleation centers for the growth, contrary to the growth on bilayer

graphene on SiC, where MoTe2 islands were found to nucleate at graphene steps and

then grow along both ascending and descending directions [26]. The height of the

islands corresponds to a single layer, see Supplementary Material Fig. S3.

Interestingly, Tsample allows the selection of phases with the strongest selectivity

being achieved at low temperatures, reaching an almost complete 1T’ coverage. This

can be seen in Figure 1(d) and (e), which summarize the sample preparations at low

deposition rate (one Te cell at TTe=600K and FluxMo=20nA during 30 minutes)

and high deposition rate (three Te cells at TTe=610K and FluxMo=150 nA during

30 minutes), respectively. For a higher partial coverage of the 1H phase, it is

necessary low deposition rates and relatively high sample temperatures. In the medium

range of sample temperatures both phases coexist, allowing the growth of 1T’/1H

heterostructures. Similar results have been reported for MBE growth of MoTe2 on

HOPG [25]. An excess of Te, however, is essential to obtain a stable stoichiometric

2H-MoTe2 phase by CVD or flux methods [10, 16]. This discrepancy is probably due to

the high temperatures used during the CVD and flux growth technique.

Lastly, a rapid drop of the coverage is observed at temperatures above 530K in

both cases. As can be seen in Fig. 1(c), the growth at this temperature results mainly

in the formation of elongated structures attributed to the formation of nanowires with

a Mo6Te6 stoichiometry [32, 33, 34]. We ascribe it to the strong desorption of Te at

these high temperatures. A closer view, see inset in Fig. 1(c), shows that the 1D wires

stack laterally, forming multiwires without a preferential orientation with respect to

the graphene high-symmetry directions. We have also observed the growth of Mo6Te6
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Figure 1: STM images taken at RT after the MoTe2 growth at (a) Tsample=370K

(Vb = 2V and It = 1.3 nA, scale bar 20 nm), (b) Tsample=450K (Vb = 2V and

It = 1.3 nA, scale bar 20 nm) and (c) Tsample=530K (Vb = 2.2V and It = 0.6 nA, scale

bar 20 nm) for low deposition rate. The inset show the characteristic striped pattern of

1T’-MoTe2 , wagon wheel pattern of MTB areas of 1H-MoTe2 and a zoom in the Mo6Te6
multiwire structure. Coverage of the 1H (black line) and 1T’ (orange line) phases as a

function of the sample temperature for for 30 minutes deposition at (d) low (FluxMo=

20nA and one Te cell at TTe=600K) and (e) high (FluxMo= 150 nA and three Te cells

at TTe=610K ) deposition rates.

nanowires at low Te:Mo ratio, see Fig. S1(a), which produces the same effect than a

MBE growth under Mo-rich conditions. Recently, similar M6X6 structures have been

reported to undergo a semiconductor-to-metal transition from single to multiwire regime,

exhibiting strong Tomonaga-Luttinger liquid characteristics [34, 35].
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3.2. Electronic properties

To get an insight of the distinct nature of MoTe2 phases, we performed scanning

tunelling spectroscopy (STS) at low temperatures. The electronically homogeneous and

almost neutral graphene/Ir(111) surface is an ideal playground to explore the electronic

properties of MoTe2 phases.

3.2.1. 1H-MoTe2 phase We identify the 1H-MoTe2 phase in STM images by the

appearance of linear defects oriented along the three high-symmetry directions (see inset

Fig. 1(b) and Fig. 2(a)), known as mirror twin boundaries (MTBs). MTBs appear in

most of the 1H-TMDs, being specially abundant in the Mo-TMD family, in particular,

in MoTe2 [36]. Their formation is attributed to three main causes: i) the coalescence

during growth of two mirrored domains, ii) accommodation to a slight lack of one of

the elements during growth and iii) post-synthesis production by electron irradiation

or thermal annealing [36, 37, 38, 39]. In our case, the combination of the six-fold

symmetry of graphene and the low efficiency of the growth, which required large Te:Mo

ratios during evaporation, results in a high density of MTBs. Their average length is

2.0 ± 0.9 nm, although longer MTBs are often observed, especially at the edge of the

islands or domain boundaries, see Fig. 2(a) and Fig. 5(a).

Note also the formation of defect free regions, as can be seen in the left part of the

1H-MoTe2 island in Fig. 2(a). The hexagonal array of Te atoms in these areas, shown in

the inset in Fig. 2(a), has a lattice parameter of 3.45± 0.09 Å, in good agreement with

the expected value for the 1H-MoTe2 phase (see Supplementary Material Fig. S4(a)).

In order to identify the electronic properties of this phase, Figure 2(b) shows the

dI/dV spectrum taken on a defect free 1H-MoTe2 area. The phase is obviously a

semiconductor with a measured single-particle electronic bandgap of 2.0 ± 0.1 eV. The

valence band maximum (VBM) is at -1.25 eV and the conduction band minimum (CBM)

at 0.75 eV, which indicates that our 1H-MoTe2monolayer is n-doped. This could be due

to intrinsic point defects, to a slight Te intercalation underneath graphene or to electron

transfer from the more metallic area of the MTBs described above.

The observed electronic gap is almost double of the reported optical gap in

multilayer MoTe2 flakes (1.0-1.3 eV [9, 7, 40, 13]). This is not surprising since, apart from

a possible larger optical gap in the 1H-MoTe2monolayer, the electronic bandgap is equal

to the sum of the optical bandgap and the exciton binding energy, which is expected to be

large for 2D-TMDs [41]. The gap observed by tunneling is also larger than the electronic

bandgap calculated by conventional density functional theory (DFT) (1.00-1.23 eV

[25, 42, 43]), which is widely known to underestimate the value of the quasiparticle

gap. However, recently, an alternative G0W0 method adapted for calculations of 2D

materials provided an energy gap for a free-standing 1H-MoTe2 layer of Egap = 1.9 eV

[8], consistent with our observed value. Finally, it should be mentioned that the slightly

different gaps previously measured by STS on a single-layer of MoTe2 epitaxially grown

on HOPG (1.4-1.5 eV [24, 25]) and on BLG/SiC (2.01 eV [27]) may indicate a possible
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Figure 2: (a)STM image of a 1H-MoTe2 island with a high density of MTBs (Vb = 1V

and It = 0.1 nA, scale bar 2 nm). The inset shows an atomically resolved image of a

defect free area (Vb = −0.1V and It = 0.4 nA, scale bar 0.6 nm). (b) Average spectrum

taken in the left bottom corner of (a) showing the characteristic semiconducting gap of

this phase. Measurements were performed at 1.2 K.

dependence of the exciton binding energy on the substrate screening. Indeed, a reduction

of 11% in the electronic gap in MoSe2 grown on HOPG in comparison with the one grown

on BLG/SiC has been recently reported [41].

3.2.2. 1T’-MoTe2 phase The 1T’-MoTe2 phase is easily recognized by a characteristic

striped pattern (see inset of Fig. 1(a) and Fig. 3). These atomic rows are formed by

Te atoms on the top layer of MoTe2 as a consequence of the displacement of the Mo

atoms along the a axis of the unit cell, while the Te atoms are staggered along the c axis

(see Supplementary Material Fig. S4(b)). The periodicity perpendicular to the stripes

is 6.29± 0.09 Å, which corresponds to the longer vector of the 1T’-MoTe2 unit cell. The

inset of Fig. 3(a) shows that, at low bias voltages, the two Te rows of the top layer

can be atomically resolved, allowing to determine a consistent 1T’-MoTe2 unit cell with

lattice vectors a=6.28 ± 0.05 Å and b=3.32 ± 0.05 Å. Notice that the moiré pattern of

the gr/Ir(111) substrate is perfectly visible in Fig. 3(a). A close inspection shows that,

in this particular case, there is a small misalignment between the gr/Ir(111)and the

1T’-MoTe2 of 4.8± 0.4◦. However in our samples, we find preferentially three equivalent
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rotational orientations of the 1T’-MoTe2 phase with respect to the substrate, as expected

for a two-fold symmetric structure on top of a six-fold symmetric one. The alignment

between gr/Ir(111) and 1T’-MoTe2 is substantially improved after long post-annealing

(see Supplementary Material Fig. S5).

Figure 3: (a) STM image showing a 1T’-MoTe2 island in which the characteristic

stripe pattern can be seen superimposed with the moiré superstructure of the gr/Ir(111)

substrate (Vb = 1V and It = 0.1 nA, scale bar 10 nm). The inset shows an atomically

resolved image on one of these areas (Vb = 0.05V and It = 0.1 nA, scale bar 1 nm). (b)

Characteristic dI/dV spectrum showing the semimetallic character of this phase. Data

taken at 1.2 K.

The dI/dV spectrum recorded in the 1T’ islands shows a semimetallic character

with a finite local density of states (LDOS) (Fig. 3(b)) in the gap region of the 1H areas.

3.2.3. v1H-Mo5Te8 phase In addition to these well-known stable phases of

MoTe2 under Te-deficient conditions, i.e. Te:Mo ratios lower than 10:1, we observe

an unexpected structure embedded inside the 1H-MoTe2 islands, see Fig. 4(a).

High-resolution STM images taken in this same region show different hexagonal

structures at different bias voltages, see Supplementary Material Fig. S7. Nonetheless,

they can be summarized in a large (1.25±0.01 nm) and a small (0.71±0.01 nm) hexagonal

periodicity, Fig. 4(b) and (c) respectively.

These structures have intrigued the scientific community in the latest years.

At first, the large periodicity was attributed to a moiré pattern resulting of a 30◦

rotated 1H-MoTe2 structure on epitaxial graphene [18, 26, 44]. However, this moiré
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Figure 4: (a) STM image showing a 1H-MoTe2 island with an embedded large domain

of a v1H-Mo5Te8 phase (Vb = 1V and It = 0.1 nA, scale bar is 10 nm). (b) Zoom in

image on one of these areas taken at 1V showing a hexagonal pattern with a 1.25 nm

periodicity. (c) Same area scanned at -1.1V, where a different hexagonal pattern with

a 0.71 nm periodicity is observed. The defect can be used as a reference. The scale bars

of (b) and (c) are 1.2 nm. (d) Characteristic dI/dV spectrum (Vmod=12.5 mV) taken

on the v1H phase. The inset shows a spectrum taken with higher energy resolution in a

narrower energy window (Vmod=5.65 mV) in which two features can be observed above

the Fermi energy. Data were taken at 1.2 K.

superstructure did not explain the different patterns observed. Later, the small

periodicity was assigned to the development of a charge density wave (CDW) [24] by

the similarities between this structure and those observed on well-studied compounds

hosting CDWs, such as 1T-TaS2 [45] and 1T-TaS2−xSex [46]. However, the change of

the periodicity with bias voltage in these areas did not support this idea neither. In

addition, the STS spectra taken on one of these regions (Fig. 4(d)) reveal new features.

At first glance, there is an increase of the LDOS above the Fermi level compared to

the 1H spectrum (Fig. 2(b)). Recently, Zhang et al. [47] identified these regions as

a new polymorphic phase of 2D-MoTe2 grown by MBE in Te-poor conditions, named

v1H, with a Mo5Te8 stoichiometry belonging to the P 6̄2m group, see Fig. S6. This

deduction matches our experimental observation that the relative coverage of this phase

is promoted in comparison of the others in Mo-rich conditions. A closer look at the

STS spectrum (inset in Fig. 4(d) and Fig. S8) reveals two intense features at 50± 6mV

and 250± 6mV above the Fermi level and a narrow dip of around 20mV width at the
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Figure 5: (a) STM image of a MoTe2 island with different 1T’/1H interfaces (Vb = 1V

and It = 0.1 nA, scale bar 6 nm). (b) 2D representation (bright color indicates a higher

dI/dV signal) and (c) series of dI/dV spectra taken along the black line depicted in (a).

(d) 2D representation of the STS taken along the green profile in (a) where no band

bending is observed close to MTBs, although gap modifications and gap narrowing

are present. (e) 2D plot of the STS measured along the blue profile on (a) where a

small upwards band bending (∼ 0.12 eV) occurs. (f) Individual STS extracted from the

1H-MoTe2 island border marked in (a) where the semiconducting gap is almost vanished.

Data were taken at T=1.2K.

Fermi level. On the one side, two peaks can be identified with relatively flat bands near

the Fermi level in agreement with recent DFT calculations [27], as a consequence of

the formation of well-ordered MTB. On the other side, a similar narrow dip observed

in 1T’-WTe2 at low temperatures has been attributed to a Coulomb gap due to the

electron-electron interaction [48]. These findings are a consequence of the more metallic

character of this new phase due to its higher Mo content.

3.3. Interfaces

Interestingly, at growth temperatures below 530K and above 400K, we found 1T’/1H

heterostructures. Figure 5(a) shows an island in which these heterostructures with sharp
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atomic boundaries are observed.

3.3.1. 1T’/1H interfaces 2D structures combining a semiconductor (1H) and

semimetal (1T’) have been proposed as a solution to the Schottky contact issue in

2D devices [5, 6, 49]. Even though the fabrication of a 2D device with an ohmic contact

has been reported, the control and characterization at the atomic scale of the interface

between phases is still lacking. For this purpose, a series of dI/dV spectra were taken

along the black line depicted in Fig. 5(a). As can be seen in Fig. 5(c) and in the 2D

representation of Fig. 5(b), a rigid shift of 0.5V towards higher energies in the VBM and

CBM of the semiconducting 1H phase is observed. This bending is more pronounced

closer to the interface with the 1T’ phase and indicates an excess of charge at the

semiconducting region. The depletion region extends in a range of around 4 nm and

a non-negligible contact resistance can be expected as a consequence of the observed

Schottky barrier at the interface, probably induced by the energy band alignment due

to the interaction with the substrate.

Similar band bending effects have been reported in other semiconducting TMDs

in both lateral and vertical heterojunctions [50, 51, 52], in the vicinity of MTBs and

structural defects [53, 54, 55] and at the edges of the material [56, 57].

3.3.2. 1H/MTB interface In contrast, negligible band bending effects are observed at

the interfaces between the 1H area and the MTBs region, see the 2D plot of Fig. 5 (d).

The absence of a bending is accompanied by the appearance of new in-gap states due to

a modulation of the local density of states (LDOS) along the MTB, see Supplementary

Information Fig. S9. This modulation has been attributed to an electron confinement

along the 1D defects [58]. However, the net charge along the MTB is not enough to

induce a band bending in the defect-free 1H region, as has been also reported on MoS2

[53].

3.3.3. 1H/Graphene interface Finally, we have also explored the boundary between

1H-MoTe2 and graphene, i.e. the island’s edge. In Fig. 5(e), we show the 2D

representation of a dI/dV series taken along the blue line depicted in Fig. 5(a) in which

a small band bending towards higher energies of ∼ 0.12 eV is observed. In addition,

at the island’s edge, a metallic spectrum is measured, see Fig. 5(f). This metallicity is

a consequence of the increase of Mo in these regions, resulting in irregular edges with

different stoichiometry. This is common in many semiconducting TMDs due to the easy

desorption of chalcogens at the island’s edges during growth and has been observed

regularly in STM experiments [59, 29]. The smaller band bending in this interface is

likely due to the lower work function expected in the graphene compared to 1T’ area.
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4. Conclusions

We have explored the growth of a single-layer of MoTe2 on a graphene/Ir(111) substrate.

We found that a Te:Mo ratio larger than 10 is required to obtain islands with an

appropriate stoichiometry, while Tsample allows the control of the relative coverage of the

1H and 1T’ phases. In particular, the formation of the 1T’ phase is more favorable at low

Tsample, enabling the fabrication of large areas of this semimetallic phase. Conversely,

the growth of the 1H phase is promoted in a Te-deficient atmosphere as Tsample rises,

resulting in a mix of 1H/1T’ phases. For temperatures higher than 530K, elongated

structures with a Mo6Te6 stoichiometry are formed.

Each of these phases present different structural and electronic properties at the

atomic scale and the low interaction with the graphene allows us to characterize them.

The single-layer 1H-MoTe2 phase on gr/Ir(111) is a semiconductor with an energy

bandgap of 2.0 ± 0.1 eV. It presents, however, a high density of MTBs, which have

been reported to exhibit a modulation of the charge density providing an ideal platform

for exploring collective electron excitations in one-dimensional systems [27, 36]. On

the other hand, the 1T’ phase presents a semimetallic character. Furthermore, we have

seen that Te-poor growth conditions, i.e. low Te:Mo ratio or Tsample≥530K, result in the

formation of different polymorphs of the layered TMD: Mo6Te6 multiwires and a singular

v1H-Mo5Te8 structure. The Mo6Te6 structures appear in general close to 1H regions

and have been reported to be metallic [34, 35]. The hexagonal (v1H) phase presents

an uncommon structure belonging to the P 6̄2m group and has not been observed so

far in other TMDs. This new structure can be produced in large scale under certain

conditions [47]. Interestingly, its reduced stoichiometry infers it a metallic character,

which can be beneficial for the fabrication of transistors with good electrical contacts [5].

Finally, we use STS to investigate the band-bending at the interfaces between different

phases at the atomic scale. In particular, we found a depletion region of around 4 nm

corresponding to a local change of the Schottky barrier at the 1H/1T’ interface. In

conclusion, we have shown a great control of the fabrication of 2D MoTe2 structures

with different electronic properties in a decoupling layer. The possibility to tune and

combine these semiconductor (1H) and a semimetal (1T’) stable structures even at room

temperature opens up a new perspective in the future phase-engineering electronics.
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T, Marie X, Gerber I C and Urbaszek B 2016 Physical Review B 94 1–8

[14] Bae S, Kim H, Lee Y, Xu X, Park J S, Zheng Y, Balakrishnan J, Lei T, Ri Kim H, Song Y I, Kim
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