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Figure S1. The schematic diagram of polarized—Raman configuration. A polarizer and an analyzer are
integrated inside the Raman spectrometer. The laser polarization is fixed along a certain axis by a
polarizer and the analyzer direction is set to the same axis, allowing the analysis of the scattered light
(es) polarized parallel to the incident light polarization (e;), which corresponds to the parallel
polarization configuration (labeled as eil e) [1, 2]. All Raman spectra are acquired with 532nm laser

wavelength and 50x objective (Na=0.55, and the laser spot size is about 616nm).

Angle-dependent Raman spectroscopy of WTe; samples
Raman spectroscopy is a common tool to characterize the lattice structure, electrical, optical, and

phonon properties of 2D materials [3-5]. Angle—dependent Raman spectroscopy was extensively used



to study anisotropic lattice structures [1, 2, 6]. During the characterization of angle—dependent Raman
spectroscopy, we fix the incident laser polarization (ei) parallel to the scattered laser polarization (es)
(corresponds to parallel polarization configuration, labeled as eil es) and set 0 as the angle between the
incident laser polarization (ei) and the zigzag axis. We place the zigzag axis of WTe, sample parallel to
the incident laser polarization (that is 6=0°) [1, 2] and the sample could be rotated clockwise from 0° to
360° by a sample stage. The optical anisotropy and the lattice orientation of WTe, sample are then
investigated by analyzing the variation of Raman intensity with 6. The details of angle—dependent
Raman spectroscopy are presented in the illustrations of Figure 1 and Figure S2.
Raman thermometry measurements of WTe, samples

Raman thermometry is an important method for investigating the thermal conductivity of 2D
materials [7-9]. As the temperature increases, Raman peak frequency will shift towards the lower
frequency which means that the Raman peak is redshifted [8]. The thermal conductivity can be obtained
from the change in Raman frequency [10]. The thermal conductivity of WTe, sample is investigated by
Raman thermometry from the following two steps [11-13]. First, the in situ Raman spectra are obtained
under a certain temperature range, from which the coefficient between Raman peak frequency and
temperature could be extracted. The temperature—dependent in situ Raman spectra are performed with
the temperature range from liquid nitrogen to room temperature to avoid damage to sample [11-13].
Second, the sample is heated by increasing the laser power/bias voltage to analyze the Raman peak
frequency shift against changing power. Laser power—dependent and bias voltage—dependent in situ
Raman spectra are performed with low laser power and bias voltage range at room temperature [11, 13].
Here, based on the different heating sources, Raman thermometry can be divided into laser—heating
Raman thermometry (heating the sample with laser power) [12] and electric—heating Raman
thermometry (heating the sample with electrical power) [11]. Considering the anisotropic lattice
structure of WTe,, temperature— and laser power/bias voltage—dependent in situ Raman spectra are
performed along zigzag and armchair directions, respectively. We obtain the thermal conductivity of
WTe, sample along zigzag direction by characterizing the in situ Raman spectra, where zigzag axis is
aligned with the incident laser polarization (defined as initial 0°). Then, the in situ Raman spectra along
the armchair direction are measured by rotating the sample by 90° so that armchair axis is aligned with
the incident laser polarization.

The thermal conductivity of suspended WTe, flake is measured by laser—heating Raman



thermometry [12]. The in—plane thermal conductivity could be calculated by the equation k =
xr (1/2mh) (8w/3P,4) ™1, where P, is the absorbed laser power (P4 =AP, A is the absorptivity and P is
the incident laser power), dm is the Raman peak position shift caused by the increase of absorbed laser
power OPa, h represents the flake thickness. On the other hand, the thermal conductivity of supported
WTe; flake is measured by electrical-heating Raman thermometry [11]. Based on the linearly fitting
curve of the temperature and the channel power density, we could calculate the in—plane thermal
conductivity by the equation T = T, + P /x,, where P is the power density per channel length and To
is the temperature when the bias voltage is OV, k. is that along the direction perpendicular to current.
Finally, the thermal anisotropy ratio is obtained by comparing the thermal conductivity of different

lattice orientations, as presented in the illustrations of Figures 2-4.
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Figure S2. (a-d) The angle—dependent Raman spectra of WTe; flake supported on the Si0,/Si substrate
rotated clockwise from 0° to 360° under 532nm laser in the parallel configuration. (a) The Raman

spectra for three A modes. The enlarged Raman spectra for (b) A4, (¢) *A; and (d) '°A;.
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Figure S3. The AFM images of (a) suspended and (b) supported WTe, samples. The insets show



corresponding height profile, indicating that the thicknesses of suspended WTe; flake (suspended on
silicon substrate with hole diameter of 12um) and supported WTe; flake (supported on SiO,/Si substrate)

are approximately 50nm. Scale bar is Spum.
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Figure S4. (a, b) Temperature—dependent and (c, d) laser power-dependent in situ Raman spectra along

zigzag and armchair directions of suspended WTe, flake.
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Figure S5. The angle—dependent absorbance plot of WTe, flake suspended on silicon substrate with
holes (With the diameter of 12pm) rotated clockwise from 0° to 90° at 532nm wavelength. According
to the above angle—dependent Raman spectra, it is known that 0° corresponds to zigzag direction and

90° to armchair direction.
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Figure S6. The output IV curves of supported WTe; flake along (a) zigzag and (b) armchair directions.

The relationship of electrical power density and bias voltage along (c) zigzag and (d) armchair for

supported WTe, flake.
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Figure S7. (a, b) Temperature—dependent and (c, d) bias voltage—dependent in situ Raman spectra

along zigzag and armchair directions of supported WTe; flake.



Figure S8. Schematic diagram of in—plane thermal dissipation in WTe, device. Joule heat is generated
when the current flows along armchair direction of WTe, device, which is preferentially dissipated

along zigzag direction with greater thermal conductivity.

Table S1. The enhanced thermal anisotropy ratio (Kzigzag / Karmechair) Of BP and WTe, caused by substrate
coupling. The supported BP sheet [14] and WTe; flakes [11, 13] exhibit a significantly higher thermal
anisotropy ratio compared to the suspended one, which may be a result of the presence of substrate has
affected the thermal conductivity in an uneven manner. Among them, the anisotropy ratio of BP sheet
will be improved with the increase of the substrate coupling strength [14], demonstrating that substrate

coupling can modulate the thermal anisotropy ratio of anisotropic 2D materials.

Material Krigrag/Karmenair  References
Suspended BP sheet 3.1
[14]
Supported BP sheet 4.4
27nm thick suspended WTe flake 1.1 [13]
30nm thick supported WTe; flake 1.6 [11]
50nm thick suspended WTe; flake 1.09
This work
50nm thick supported WTe; flake 1.89
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