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Formation of Two-Dimensional AgTe Monolayer Atomic Crystal on Ag(111)
Substrate ∗
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We report on the formation of two-dimensional monolayer AgTe crystal on Ag(111) substrates. The samples are
prepared in ultrahigh vacuum by deposition of Te on Ag(111) followed by annealing. Using a scanning tunneling
microscope (STM) and low electron energy diffraction (LEED), we investigate the atomic structure of the samples.
The STM images and the LEED pattern show that monolayer AgTe crystal is formed on Ag(111). Four kinds of
atomic structures of AgTe and Ag(111) are observed: (i) flat honeycomb structure, (ii) bulked honeycomb, (iii)
stripe structure, (iv) hexagonal structure. The structural analysis indicates that the formation of the different
atomic structures is due to the lattice mismatch and relief of the intrinsic strain in the AgTe layer. Our results
provide a simple and convenient method to produce monolayer AgTe atomic crystal on Ag(111) and a template
for study of novel physical properties and for future quantum devices.

PACS: 81.05.Zx, 68.37.−d, 81.07.−b, 81.15.Ef DOI: 10.1088/0256-307X/36/2/028102

Since the first exfoliation of graphene in 2004,[1]
research on 2D atomic crystals has become a hot
and expanding topic.[2−6] A lot of materials includ-
ing the graphene[7−9] family (e.g., silicene,[10−12]

germanene,[13] antimonene,[14,15] stanene[16] and
borophene[17]), transition-metal dichalcogenides
(TMDs),[18−21] metal carbides[22] and others have
been synthesized in the recent 15 years. Among them,
the Te-based 2D atomic crystals have received par-
ticular interests. For example, monolayer tungsten
ditelluride (WTe2), a topologically nontrivial insula-
tor, is reported to host superconductivity under gate
control.[19] Structural phase transition is achieved in
monolayer molybdenum ditelluride (MoTe2) by elec-
trostatic doping.[23] Silver telluride, on the other hand,
has been less studied. Ag2Te nanocrystals have been
demonstrated to be a promising candidate for thermo-
electric material[24] and infrared detection.[25] Also, 𝛽
-Ag2Te is theoretically predicted to be topologically
nontrivial[26,27] and an electronic topological tran-
sition in Ag2Te is observed under high pressure.[28]
Although silver telluride film has been experimentally
achieved,[29] monolayer silver telluride has not been
reported yet. In this Letter, we report the fabrication
of monolayer AgTe film on Ag(111) substrate based
on molecular beam epitaxy technique.

We conducted all the experiments in a homemade
ultrahigh vacuum (UHV) STM system with the base
pressure better than 1× 10−10 mbar. The single crys-
tal Ag(111) (roughness <30 nm, orientation accuracy

<0.1∘, MaTeck Company) was prepared in ultrahigh
vacuum by repeated cycles of Ar+ ion sputtering and
subsequent annealing at 770K until a clean and atom-
ically flat surface was confirmed by STM imaging.
The annealing temperature was measured by an in-
frared radiation thermometer (Mikron PhotriXTM py-
rometer, LumaSense Technologies Company). Te was
evaporated with a homemade Knudsen cell (K-cell)
evaporator, and the annealing temperature is ∼720 K.
After the sample preparation, we performed the in
situ LEED and STM characterization. All the STM
images were taken in a constant-current mode with a
bias applied to the sample. The scanning temperature
was 80K.
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Fig. 1. (a) STM image of large-scale AgTe monolayer on
Ag(111) substrate. Scanning parameters: 𝑉s = −0.6V,
𝐼t = 0.2nA. (b) LEED pattern of the sample in (a), with
a beam energy of 55.4 eV.

Figure 1(a) shows the large-scale monolayer silver
telluride film on Ag(111) substrate. Three different
surface regions can be identified. The top and bot-
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tom part show features as alternating rows of ridges
and trenches, and the middle part shows the period-
ical stripe-like features. The trench, ridge and stripe
regions and labeled by I, II and III, respectively. The
LEED image is shown in Fig. 1(b). The outer six spots
are attributed to the Ag(111) substrate lattice, and
the inner spots are assigned to the AgTe overlayer.
Multiple sets of diffraction spots also suggest coexis-
tence of different structures of AgTe monolayer.

Figure 2(a) shows the atomic resolution image of
the trench regions, and the flat honeycomb structure
can be clearly identified. The lattice constants along
directions 𝑎 and 𝑏 are measured to be 4.85±0.12 Å and
4.68± 0.10 Å, respectively. It should be noted that
the piezo of our STM scanner was calibrated by scan-
ning on a standard HOPG substrate. The difference of
lattice constants along different high-symmetry direc-
tions suggests lattice mismatch between the telluride
layer and the substrate as well as the existence of in-
trinsic in-plane strain in the flat honeycomb area. A
line profile is shown in Fig. 2(b), highlighting the cross-
sectional information of the topography of the green
line in Fig. 2(a). The asymmetry of the two sublat-
tices can be resolved. Based on the above discussions,
we speculate that the flat honeycomb area is in fact
formed by Ag and Te atoms with 1 to 1 ratio, arrang-
ing in a honeycomb manner and each occupying a sub-
lattice. The STM image also rules out the possibility
of Ag2Te monolayer growth,[27] which would lead to
a hexagonal lattice instead of honeycomb. A similar
structure was recently proposed on another system,
namely CuSe monolayer on Cu(111) substrate.[21] The
schematic model in Fig. 2(c) shows ideally the super-
structure of the (1 × 1) AgTe lattice on a (

√
3 ×

√
3)

Ag(111) substrate, with a rotation angle of 30∘, lead-
ing to formation of the flat honeycomb structure.
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Fig. 2. (a) STM image of monolayer AgTe showing the
flat honeycomb regions. Scanning parameters: 𝑉s =
−0.6V, 𝐼t = 0.1nA. (b) Line profile of the honey-
comb structure showing the asymmetric sublattices. (c)
Schematic of the flat honeycomb structure of AgTe on
Ag(111) substrate.

A large-scale STM image for a typical area with
the alternating rows of ridges and trenches is shown
in Fig. 3(a). Figure 3(b) is a zoom-in image of the
“ridge" area. The tilted honeycomb structures appear

in double rows, forming the buckled honeycomb area.
A height profile is also shown in Fig. 3(c). The origin
of the buckled honeycomb structure is not clear yet,
and it didn’t appear in the Cu–Se system.[20,21] Since
we have mentioned the existence of intrinsic in-plane
strain in the flat honeycomb, the buckled structure
is likely the result of strain relief process. Another
experimental evidence supporting this speculation is
that we never find large area (e.g., with width >5 nm)
of the flat honeycomb structure and that it always co-
exists with the buckled honeycomb area (Fig. 3(a)).
Therefore, the flat honeycomb should be energetically
less stable than the buckled honeycomb and the al-
ternating rows of flat and buckled region relieves the
strain at the AgTe-substrate interface.
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Fig. 3. (a) STM image of the buckled honeycomb re-
gions. Scanning parameters: 𝑉s = −1.5V, 𝐼t = 0.4nA.
(b) Zoom-in image of (a) showing the buckled honey-
comb structure. Scanning parameters: 𝑉s = −0.6V,
𝐼t = 0.1nA. (c) Line profile of the buckled honeycomb
structure.
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Fig. 4. (a) STM image showing the stripe structure.
Scanning parameters: 𝑉s = −1.8V, 𝐼t = 0.8nA. (b)
Schematic of the stripe formation of the AgTe on Ag(111)
substrate.

Another way of relieving strain is the formation
of stripe structures, as shown in Fig. 4(a). The stripe
structure results from the distortion of the honeycomb
lattice of the AgTe on Ag(111). Instead of forming the
buckled double rows, the honeycomb lattice elongates
along the stripe direction, leading to the formation of
periodical 1D stripes (1D moiré pattern), as shown in
Fig. 4(b). The stripe features give rise to the inner
sets of the LEED spots in Fig. 1(b) and the outer sets
of spots are caused by the honeycomb structure. We
also note that the inner six spots shown in Fig. 1(b) are
actually the third-order diffraction spots of the stripe
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structure, and the first-order spots can only be clearly
identified at lower beam energy of such as 25.7 eV.
The area of the stripe structure can be much larger
(>200 nm×200 nm) than the flat honeycomb region,
due to a more stable geometry on the surface.

Given higher dosage of Te on Ag(111) substrate,
the patterned hexagonal structure of the AgTe layer
is observed. As shown in Figs. 5(a) and 5(b), the new
structure is featured by the emergence of pseudo peri-
odic array of holes, which is similar to another system
studied previously.[20] The CuSe grown on Cu(111)
substrate also shows that the removal of Cu and Se
atoms gives rise to maximum gain of energy and leads
to the formation of the ordered array of holes. In our
system the holes are also formed since the removal
of certain amount of the Ag and Te atoms stabilizes
the whole structure. The honeycomb lattice can also
be clearly identified in the atomic resolution image in
Fig. 5(b). We would also like to note that our ongoing
work about Cu2Se system suggests no hole formation.
The emergence of holes and the honeycomb lattice also
support the formation of AgTe. Meanwhile, the dis-
tortion of the lattice can also be seen, giving rise to
the formation of some triangular shaped regions. The
formation of holes and the distortion of the lattice is
also closely related to the strain in the AgTe film.
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Fig. 5. (a) Large-scale and (b) atomic resolution STM
images of the AgTe on Ag(111) with higher Te coverage,
showing the patterned hexagonal structure of AgTe. Scan-
ning parameters: 𝑉s = −1.8V, 𝐼t = 0.8nA.

In conclusion, we have succeeded in preparation of
two-dimensional monolayer AgTe crystal on Ag(111)
substrate. The STM and LEED results show that
there are four kinds of atomic structures of the sam-
ples, which are due to the lattice mismatch, in-plane
strain, the atomic interaction at the interface, and the
two crystalline orientations. It would be interesting
to further investigate the electronic structures of dif-
ferent surface areas of AgTe and also the boundaries
between the regions. Further studies of the Ag–Te
system on Ag(111) including manipulation of struc-
ture and physical property using different techniques
are under the way. The fabrication of the novel two-
dimensional monolayer AgTe crystal and its technique
may pave the way to studying the novel physical prop-
erties and practical applications in future topological
quantum devices.
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