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Type-II Dirac semimetal PtTe2 is a promising candidate for various electronic device applications due to its high
carrier mobility, high conductivity, and air stability. In this work, we report on the growth of large-scale PtTe2 films by the
pulsed laser deposition (PLD) and the comparison of the magnetotransport properties with the PtTe2 films grown by the
chemical vapor deposition (CVD). The low-temperature Hall curves of the PLD-grown films exhibit a linear behavior, in
contrast with the nonlinear characteristic of the Hall behavior observed in CVD-grown films, in which a defect gradient is
introduced. Meanwhile, both PtTe2 films show weak antilocalization at low temperatures, which is attributed to the strong
spin–orbit coupling.
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1. Introduction
Transition-metal dichalcogenides (TMDs) provide ex-

cellent platforms for exploration of the next-generation
electronics,[1–4] optoelectronics,[5–8] and spintronics[9–12] due
to their unique structures and distinctive properties. Since
the exfoliation with limited controllability is incompatible
with practical industrial applications,[13–16] large-scale epi-
taxial films can be used to construct heterostructures more
flexibly.[17–21] Recently, TMD films grown by the pulsed laser
deposition (PLD) have developed rapidly with the advan-
tages of high growth rate, low growth temperature and con-
trollable thickness.[22–25] For example, the large-area WTe2

films showed distinct Shubnikov–de Haas oscillations and tun-
able magnetoresistance,[26,27] even after being transferred to
other substrates.[28] In the large-scale CrxTey films, the con-
centration of Cr intercalation changed the topological spin
textures and the Curie temperature.[29–31] Besides, when the
PLD-grown topological materials were constructed to form
ferromagnetic heterostructures, they demonstrated remarkable
spin-to-charge conversion.[32,33] Therefore, it is highly desir-
able to extend the PLD technique to the growth of other TMD
films for the fundamental studies and scalable applications.

PtTe2, as an emergent type-II Dirac semimetal,[34–36] ex-
hibits a giant spin Hall conductivity due to its large spin–orbit
torque efficiency and high conductivity.[37,38] The PtTe2 films
with controllable thickness down to a few layers can be synthe-
sized mainly through chemical vapor deposition (CVD),[39–41]

and molecular beam epitaxy (MBE).[35,42] When it combines
with WTe2 to form a van der Waals heterostructure, field-
free switching of the perpendicular magnetization can be
achieved.[43] Our recent work has demonstrated that the in-
troduction of a defect gradient in PtTe2 films breaks its intrin-
sic symmetry, thereby inducing the high-efficiency helicity-
dependent terahertz emission.[39] Besides, the nearly fully oc-
cupied d orbitals of Pt and the highly hybridized pz orbitals of
interlayer Te atoms suggest the strong interlayer interactions
and layer-dependent properties in PtTe2 films,[8,35,44] which
warrants further investigations of their prominent properties.

In this work, we employ the PLD to grow large-area PtTe2

films, and compare the magnetotransport properties with the
CVD-grown PtTe2 films. The conductivity of the PtTe2 films
reaches 106 S·m−1 at room temperature. However, the low-
temperature Hall curves of PLD-grown PtTe2 films exhibit a
linear characteristic due to the absence of the defect gradient,
unlike the CVD-grown films. We further fit the Hall resistance
and weak antilocalization (WAL) for quantitative analysis.

2. Methods

For the PLD growth, the target was made by pre-reacted
PtTe2 powders. The growth process has been described
elsewhere.[45] The x-ray diffraction (XRD) pattern for the
PtTe2 target is shown in Fig. S1. The two-step CVD process
has also been introduced in our recent work.[39] The thickness
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was measured by atomic force microscopy (AFM) (SOLVER-
P47, NT-MDT), and their crystalline structure was determined
by XRD using a Cu Kα line (Bruker D8 Discover) and a micro-
Raman spectrometer (NT-MDT nanofinder-30) with a 514.5-
nm laser. The composition was determined by x-ray photo-
electron spectroscopy (XPS) using a ULVAC-PHI 5000 Versa
Probe using Al Kα source. For the fabrication of the Hall bar
device, we chose the metal mask with a Hall bar pattern and
attached it to the sample surface with the silver glue. Subse-
quently, the PtTe2 film was etched by a home-made ion beam
etching system. The magnetotransport properties of the PtTe2

thin films were measured using a Cryogenic cryogen-free mea-
surement system (CFMS-12) with the applied perpendicular
magnetic field up to 12 T.

3. Results and discussion
Figure 1(a) shows the schematic illustration of the PLD

growth of large-scale PtTe2 films, which is a highly energetic
and thermally non-equilibrium process with the transfer of tar-
get elements onto the sapphire substrate.[23,46] An excimer
laser is employed to ablate the target material, generating a
plasma that expands toward the substrate. This plasma con-
sists of energetic species, which subsequently deposit onto the
substrate and contribute to the formation of the PtTe2 films.
This process is distinct from the CVD process, as shown in
Fig. S2. For the two-step CVD process, the Pt film was pre-
deposited on the sapphire substrate and then tellurized. How-
ever, during the tellurization process, a diffusion barrier is
formed along the van der Waals gap that restricts the diffusion
of Te atoms to some extent, which leads to the formation of
a Te-vacancy defect gradient along the depth orientation.[39]

Although a defect gradient is introduced in the CVD-grown
PtTe2 films, it is exactly this growth mode that breaks its intrin-
sic symmetry, thus inducing a nonlinear transport. Besides, to
improve the understanding of thin film growth process by the
PLD, the reflection high-energy electron diffraction (RHEED)
can serve as a valuable tool for the real-time monitoring of
the growth dynamics throughout the deposition. The RHEED
pattern as a function of time for the PtTe2 films is shown in
Fig. 1(b), which is difficult to achieve in a CVD system. Be-
fore the film deposition, the RHEED pattern shows the bright
spots of the sapphire substrate. During the film deposition, the
substrate spots disappear as the bright streaks emerge, indicat-
ing the formation of the high-quality PtTe2 films. Therefore,
we can obtain PtTe2 films with desirable properties by choos-
ing the appropriate preparation methods.

The Raman spectra of PtTe2 films with different thick-
ness are shown in Fig. 2(a), and the thickness is measured by
AFM (Fig. S3). All the samples have two peaks at 111 cm−1

and 157 cm−1, corresponding to different vibration modes of
the PtTe2 lattice. The peak at around 111 cm−1 is the Eg

mode from the in-plane Te–Pt–Te lattice vibration, and the
157 cm−1 peak corresponds to the A1g mode from the out-
of-plane vibration.[15] The PtTe2 layers are coupled by the van
der Waals force, and the interlayer van der Waals force sup-
presses atomic vibration with the increasing layer number.[47]

The corresponding XRD patterns of the PtTe2 films exhibit
the evident (00l) characteristic diffraction peaks, indicating a
highly ordered crystalline structure [Fig. 2(b)]. The energy
dispersive spectrometer (EDS) analysis is also conducted to
analyze the proportion of Pt and Te [Figs. 2(c) and 2(d)].
The estimated atomic ratio of Pt to Te is 1:1.96 in an area
of 30 µm×15 µm, largely consistent with the results of XPS
(Fig. S4). These results indicate that PtTe2 films grown by the
PLD are free of the defect gradient.

PtTe2 films

(a)

Plume

0 min 15 min

30 min 45 min

(b)(0001) sapphire

PtTe2 target

UV laser

Fig. 1. (a) The schematic illustration for the growth of the large-scale
PtTe2 films by PLD. (b) The RHEED patterns during the deposition.
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Fig. 2. Structural characterization of PtTe2 films grown by PLD. (a) Ra-
man spectra of PtTe2 films with the thickness of 7 nm, 20 nm and 35 nm.
(b) The corresponding XRD patterns for PtTe2 films. (c) The in-plane
EDS mapping for the Pt (top panel) and Te element (bottom panel). The
scale bar is 5 µm. (d) The corresponding EDS spectrum for the Pt and
Te. Pt/Te atomic ratio is estimated to be 1:1.96.

We further investigate the magnetotransport properties of
the PtTe2 film at low temperatures. The Hall bar device with
a long channel length of ∼ 3 mm is fabricated by ion beam
etching. Figure 3(a) shows the temperature-dependent con-
ductivity by the two different methods, which exhibits a metal-
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lic property with high electrical conductivity. The residual re-
sistivity ratio (RRR, defined as RRR = ρ300 K/ρ5 K) of the
samples grown by the PLD method is 1.90, which is compa-
rable to that of samples grown by the CVD method (∼ 1.94).
Notably, the PLD-grown samples exhibit a higher conductivity
due to the lower defect scattering. When the temperature is re-
duced to 2 K, the conductivity of the PtTe2 approaches nearly
2.8× 106 S/m. The Hall curves for the PLD-grown samples
show a fully linear characteristic from 5 K to 100 K [Fig. 3(b)].
In contrast, the Hall resistance exhibits a nonlinear characteris-

tic for the CVD-grown samples, suggesting that multiple types
of carriers are involved in the conductivity. As the temperature
increases, the Hall resistance gradually becomes linear. This
difference can be due to the modulation of the energy band
near the Fermi level by the Te-vacancy defect gradient. The
conductivity in PtTe2 films is mainly contributed by electron
carriers. When Te-vacancy defects are introduced, they lead to
a downward shift of the Fermi energy level. Then the hole car-
riers contribute to the conduction, which leads to the nonlinear
characteristic of the Hall curves.[39]
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Fig. 3. (a) Temperature-dependent conductivity of the 7-nm-thick PtTe2 films grown by PLD (red curve) and CVD (blue curve), respectively.
(b), (c) The Hall curves at various temperatures for the PtTe2 grown by PLD and CVD, respectively.

We perform a quantitative analysis of the Hall measure-
ment for the 7-nm-thick PtTe2 films grown by CVD at 5 K. The
Hall resistance is converted to Hall conductivity (σxy), and a
two-band model is applied:

σxy (B) = eB
(

nhµ2
h

1+(µhB)2 +
neµ2

e

1+(µeB)2

)
, (1)

where e is the electron charge, B is the magnetic field, and nh,
µh, ne and µe are the carrier concentrations and the carrier mo-
bilities of hole- and electron-like bands, respectively. We also
fit the Hall curves of the PLD samples. The fitting parameters
are listed in Table S1.

Figures 4(a) and 4(c) show the magnetoconductance of 7-
nm-thick sample grown by PLD and CVD, respectively. The
original data of the magnetoresistance are shown in Fig. S5.
The magnetic field is applied perpendicular to the film plane.
The typical signature of WAL is significant at low tempera-
tures, and this phenomenon is generally regarded as a hallmark
of strong spin–orbit coupling.[48] The magnetoconductance
curves can be fitted by the Hikami–Larkin–Nagaoka (HLN)
model[49]

∆σ (B) =
αe2

πh

[
ln
(

Bϕ

B

)
−Ψ

(
1
2
+

Bϕ

B

)]
, (2)

where α and h are the fitting constant and Planck’s constant,
respectively. The Bϕ is the characteristic field for dephasing
interaction, which is related to the phase decoherence length
lϕ =

√
h/(8πeBϕ). The Ψ is the digamma function. The

model matches our experimental data very well. The extracted

lϕ is 150–160 nm at 5 K, which is larger than the thickness
of the PtTe2 films, suggesting that the transport occurs in the
quantum diffusion system. Interestingly, the lϕ of the two dif-
ferent synthetic methods are almost comparable. The lϕ dis-
plays a T−γ dependence with γ = 1.07 for the PLD-grown
sample and 0.90 for the CVD-grown sample, as shown in
Figs. 4(b) and 4(d), respectively. The value of γ indicates that
electron dephasing in these samples is dominated by electron–
phonon interaction (γ = 1) rather than electron–electron inter-
action (γ = 0.5).
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Fig. 4. (a), (c) Magnetoconductance curves at different temperatures of
the 7-nm-thick PtTe2 films grown by PLD and CVD, respectively. (b),
(d) The corresponding temperature dependence of phase decoherence
length. The curves are fitted by lϕ ∝ T−γ .
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The PLD-grown PtTe2 films show excellent conductiv-

ity and strong spin–orbit coupling, which is confirmed by the

magnetotransport measurements. The strong spin–orbit cou-

pling makes it highly suitable for spintronics applications.

For example, by forming heterostructures like PtTe/PtTe2

through thermal annealing, a giant Rashba spin splitting can

be achieved,[50] which is crucial for designing next-generation

nanoscale spintronic devices. Additionally, the PtTe2 films can

be integrated with superconducting materials to induce a su-

perconducting proximity effect, enabling the development of

advanced superconducting electronic devices.

4. Conclusion

In summary, we have grown large-scale PtTe2 films by the

PLD and compared the magnetotransport properties with the

PtTe2 films grown by the CVD. The results demonstrate that

the defect gradient is absent in the PLD-grown PtTe2 films and

the WAL effect is dominant at low temperatures. Our work

shows that the different growth methods have an impact on the

intrinsic properties of the materials, and the PLD is a viable

and scalable technique to produce large-scale telluride films

for the practical industrial applications.
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