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1. Role of the Te:Mo ratio in the growth of 2D-MoTe,; and nanowires

Two different approaches have been explored to study the influence of the Te:Mo ratio
in the MoTe, growth: (i) The Te effective flux was increased by varying the number of
operative Knudsen cells (from 1 to 3) at a given cell temperature and (ii) the Fluxy,was
increased while the Tgample and exposure time were set.

Figure S1 shows a series of STM images taken on three different samples prepared by
exposing the substrate at fixed Tsample=500 K and Fluxy,=60nA, while the Te exposure
was increased by varying the number of operative Knudsen cells from (a) one, (b) two
or (c) three, respectively. A clear dependence on the Te exposure can be observed.

At the lowest Te:Mo ratio (4:1), Fig. S1(a), the MoTe; islands cover only a 21 +2%
of the surface while 39 + 2% of the surface presents elongated structures. When the
Te:Mo ratio is increased to 8:1 by opening a second Te cell, see Fig. S1(b), we recognize
well-defined MoTe, islands, as their coverage rises to 424+4% and the wires population is
reduced to 9+ 1%. It is necessary to open the third Te cell and slightly increase the T,
temperature to 610 K, which corresponds to a Te:Mo flux ratio around 12:1, in order to
produce large islands with the appropriate MoTe, stoichiometry, see Fig. S1(c). Under
these conditions, the MoTe, islands increase considerably in size and cover the 49+2% of
the surface. The sequence presented here indicates that a proper MoTe; growth requires
Te saturation conditions to prevent the many Te-deficient phases discussed above.
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Figure S1: STM images showing the evolution of the MoTe; growth with increasing
Te flux. The growth was performed under a constant flux of Mo (Fluxy,=60nA), a
Tsample=D00 K and with (a) one (4:1), (b) two (8:1) or (c) three cells (12:1) of the Te
evaporator at Trp,=600-610K. The images were taken at RT and (a) V, = 2V and
I = 03nA, (b) ,, = 2V and [; = 0.3nA and (¢) V;, = —1V and I; = 0.3nA.
The corresponding scale bars are 20nm. A close view of one of the MogTes multiwire
structure is shown in the inset of (a), where the scale bar is 4 nm.
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Figure S2: Series of STM images showing the evolution of the MoTe, growth with
increasing the Mo flux. The growth was performed under a constant flux of Te (three
cells at T1,=610K), a sample temperature of 500 K and a Mo flux of (a) 20nA, (b)
60nA and (c) 150nA. The barplots display the relative coverage of 1H (black) and 1T"
(orange) phases. All images were taken at RT with V, =2V and I; = 0.3nA. The scale
bars are 20 nm.
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In order to confirm this point, the evolution of the MoTe; growth with the Fluxy,
was also investigated, as shown in Figure S2. Accordingly, the Fluxy,,was increased
while the substrate was held at Tsumple=500 K and Te exposure was fixed to three cells
at T1.=610 K to ensure Te saturation conditions. Growth time was fixed to 30 min. At
first glance, we can see how the MoTe, coverage increases going from 20 &+ 2%, 42 + 3%
to 83 + 1% and more importantly, no trace of the Te-deficient structures discussed
above is found. This fact evidences that the real limiting factor during the reaction
in this case is Mo. In addition, careful inspection of the islands allows us to explore
how the 1H:1T " ratio varies as the amount of Mo is increased. This can be seen in the
lower panels of Fig. S2, where barplot representations of the relative coverage of 1H and
1T’ phases is pictured in black and orange color, respectively. Whereas for high Te:Mo
ratio, Fig. S2(a), the formation of the 1T’ phase is promoted, for lower Te:Mo ratios, the
relative coverage of 1H and 1T’ phases balances, as shown by the barplots of Fig. S2(b)
and S2(c). This indicates that the excess of Te promotes the growth of the 1H phase.

2. 2D-MoTe; phases

Figure S3(a) shows a large scale STM image after exposing the gr/Ir(111) surface at
Tsample=500 K to a Te:Mo ratio of 10.

Figure S3: (a) Large scale STM image of MoTe, grown on gr/Ir(111) (V4 = 1V and
I; = 0.1nA, scale bar 60 nm) and (b) height profile along the black line shown in (a).
(c) Closer view of a 1H and a 1T islands (V4, = 1V and I; = 0.1nA, scale bar 20 nm).
Measurements were performed at 1.2 K.
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The average STM apparent height of the islands in the imaging conditions of
the figure is 7.2 & 0.1A, as shown in the profile (Fig.S3(b)) taken along the black
line indicated in Fig.S3(a). This value indicates that the islands are a Te-Mo-Te
trilayer high, the value being slightly larger than ¢=6.20 A measured by diffraction
in a MoTes bulk crystal [1], but in agreement with the values reported by STM for
MoTe; monolayers on different substrates [2, 3, 4]. A closer view of the islands, see
Fig. S3(c), reveals the presence of two different types of surface structures, which can
either encompass complete islands or be present adjacent to each other in the same
island. Based on their structure, we identify them with the two stable polytype
structures of MoTe;y : the 1H and 1T’ phases, see Fig. S4.
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Figure S4: Models of the (a) trigonal prismatic 1H-MoTe, structure and (b) distorted
octahedral 1T-MoTe, and their corresponding lattice parameters extracted from X-ray
diffraction experiments [5].

In MoTe, , the Mo atom is 6-fold coordinated by chalcogens, assuming two possible
structural polytypes [6]: the semiconducting trigonal prismatic phase (2H in bulk
crystals and 1H at the monolayer regime) and the distorted semimetallic octahedral
prismatic phase (1T7). A model of both structures in 2D, together with their lattice
parameters extracted from X-ray diffraction measurements [5] is shown in Fig. S4.
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3. Preferential orientation of 1T’-MoTe, islands

After the growth of MoTey, on gr/Ir(111), our STM images reveal that the
1T’-MoTe, islands are preferentially oriented. In order to quantify this observation,
we measured the relative orientation of the stripes of the 1T’ islands before (black) and
after (blue) a post-annealing.
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Figure S5: (a) STM image after the growth of MoTe, (V, = 1V and I; = 0.1nA). (b)
Bar graph comparing the relative angle between 1T "-MoTe; islands before (black) and

after (blue) post annealing the sample at 520 K for 1h. Measurements performed at 1.2
K.

As can be seen in Figure S5, three orientations separated by nearly 60° are clearly
favored, as expected for a two-fold symmetric structure on top of a six-fold symmetric
substrate as graphene. Interestingly, after the post-annealing for 1h the abundance

of the highly oriented islands increase, indicating the benefits of annealing in terms of
epitaxy.
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4. New polymorph phase: v1H-Mo;Teg

Under Mo-rich conditions, it is common to find areas exhibiting different
voltage-dependent structures embedded inside 1H-MoTe, islands. We identified these
areas with a new polymorphic phase of MoTe, reported by Zhang and co-workers [7],
named v1H-MosTeg. A model of this new phase is shown in Fig. S6.
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Figure S6: Model of the v1H-MosTeg phase based in ref [7]. The unit cell is marked with
a dashed black rhombus. The MTB loops and the area between them are highlighted
in blue and green, respectively.

A series of STM images at different bias voltages from 2V to —2V were
taken and classified according to the observed structure, as shown in Fig.S7. Even
though we distinguish nine different structures, their periodicities can be reduced to
0.71nm between (—2V,—0.5V) and (1.2V, 2V) and 1.25nm between (—0.5V, 1.2V).
Interestingly, an inversion of the contrast also occurs between positive and negative
voltages in the 0.71 nm periodic structure.

In order to clarify the origin of the bias-dependent patterns, we studied the spatial
modulation of the LDOS in these areas. FigureS8 (a), (b) and (c) shows dI/dV
images taken at the same position in a different area at 60mV, 260mV and 1V,
respectively. The dI/dV image taken at 60mV shows a periodic distribution of dark
areas matching the periodicity of the 1.25 nm, see blue squares in Fig. S8 (a), surrounding
of bright protrusions highlighted with red and green squares. At 260mV, the three
areas mentioned before are found as bright features. Finally, in the d//dV image at
1V (Fig. S8 (c)) a triangular structure with a bright center can be resolved. Individual
STS curves were extracted from the CITS in the most representative areas marked by
colored squares in FigureS8 (a), (b) and (c). As can be observed, the 50 mV peak
is more intense in the red and green areas, which have a higher density of Mo atoms.
Conversely, the Te atom at the center of the MTB loop in Fig.S6 presents a larger
contribution to the 250 mV peak.



Supplementary Information 7

Figure S7: Series of STM images on a single domain of the v1H-MosTeg phase at different
bias voltage. Images were taken at 1.2K and [y = 0.1nA varying from 2V to —2V in
0.1 voltage steps.

In conclusion, on the one side, the 1.25 nm hexagonal structure is originated either
by the M'TBs loops highlighted in blue in Fig. S6 or by the area between the MTB loops
highlighted in green. On the other hand, the 0.71 nm structure is produced by those
Te atoms that do not belong to any MTB, marked in Fig. S6 by yellow circles with blue
perimeter.
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Figure S8: Modulation of the v1H-MosTeg electronic structure. (a), (b) and (c¢) d//dV
images extracted from a CITS (1, =1V and I; = 1nA and Vj,0q = 20mV) at 60 mV,
260 mV and 1 V respectively. (d) STS curve extracted from the square areas marked
areas in (a), (b) and (c). Measurements performed at T=1.2 K.

5. Mirror Twin Boundaries

We identify the MTBs of MoTe; with the 4—4P-type Mo-rich MTBs, see Fig. S9(b),
in which a row of Te atoms is shared between two 1H domains rotated 60°. Our
low-temperature scanning tunnelling microscopy/spectroscopy measurements revealed
the presence of an energy gap opening at the Fermi energy. We find that the gap size
changes from one to another MTB, varying from 35 to 65 meV, but remains constant
along the same MTB. We attribute this behaviour to the formation of a charge density
wave (CDW) along the 1D defects [8, 9].
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Figure S9: Structural and electronic properties of the MTBs. (a) STM image of a
1H-MoTes region (V;, = —1V and I; = 0.1nA) and a zoom of a MTB (}, = —0.35V
and Iy = 1nA). (b) Model of the MTB where the grey and yellow circles represent
Mo and Te atoms, respectively. (c¢) Average spectrum taken at the MTB (blue) and
compared to the one taken in a defect free 1H area. The inset shows a spectrum taken
with higher energy resolution in a narrower energy window (Vg = 400uV) showing
the characteristic gap of the MTB.
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