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Motivation

We investigate the temperature 

dependence of valley polarization in WS2

heterostructures. The influence of 

heterostructures of different materials on 

the degree of valley polarization is 

depicted. The intervalley scattering rates 

under resonant and non-resonant 

excitation energy as the crucial parameters 

to see the temperature dependence by 

considering Fröhlich coupling are 

calculated. The results show the scattering 

rate is almost independent of temperature 

due to a large phonon energy. 

Subsequently, the major contribution of the 

observed valley depolarization should 

come from the change in the radiative 

lifetime.

Figure 1: Schematic structure of heterostrutures.

Conclusion

We have demonstrated temperature dependent valley 

polarization measurements in CVD-grown a) 

monolayer WS2 encapsulated in hBN and b) 

monolayer WS2 on top of graphene excited by two 

different photon energies. The electron-phonon model 

partly explains for the observed temperature 

dependency.
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Structure
A schematic structure of the heterostuctures is depicted 

in Fig. 1. Atomically thin materials 1 and 2 are bounded 

between two semi-infinite substrate materials 3 and 4, 

characterized by their dielectric functions. 

Table 1 - Energies and dielectric constants of used materials.

ℏ𝜔𝑇𝑂[𝑚𝑒𝑉] ℏ𝜔𝐿𝑂[𝑚𝑒𝑉] 휀 0 휀 ∞

WS2 42.9 43 13.7 13.6

hBN 97.6 103 5.1 4.58

SiO2 55.7 60 3.9 3.36

Results

The results of the measurements and theoretical 

calculations are shown below2. 

To measure the polarization, the system is excited with 

right-handed circularly polarized light (σ+), and then 

the resultant photoluminescence is analysed for co-

polarized (σ+) and cross-polarized/left-handed 

circularly polarized light (σ-). The degree of valley 

polarization is related to the circularly polarized 

emission (Pcirc)1,2  where Pcirc=(I+-I-)/(I++I-), and  I+ (I-) 

is the intensity of the σ+ (σ-) helicity PL component. In 

Figs. 2a and 2b, the X0 temperature-dependent 

polarization degree of hBN/WS2/hBN and WS2/Gr are 

shown for non- and near-resonant excitation 

conditions using the 543nm (2.283eV) and 594nm 

(2.087eV) laser sources, respectively. Figs. 2c and 2d 

show scattering rate from the bottom of the conduction 

band at the K point to all available states near the K’ 

point. The bandgap energy shift due to electron-

phonon coupling is shown in Fig. 3b, where the 

temperature dependence of the bandgap shift is much 

weaker than observed in the experiment (Fig. 3a).

Theory

To find the Fröhlich coupling, we solve Maxwell 

equations in the form of1

𝜙 𝝆, 𝑧 =

𝑞
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The frequencies can be obtained by the secular equation 

and 𝜙0 is related to the energy of excitation quanta ℏ𝜔𝑞.

The Hamiltonain can be written as

𝐻 =
𝑞
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† ,

The scattering rate is calculated using Fermi 

Golden’s rule:

1

𝜏𝑘
=
2𝜋

ℏ


𝑘′

Γ 𝑞 2
𝑁 𝑇 𝛿 휀𝑘′ − 휀𝑘 − ℏ𝜔 +

1 + 𝑁 𝑇 𝛿 휀𝑘′ − 휀𝑘 + ℏ𝜔

Figure 2: Temperature dependent valley polarization 

degree for a neutral exciton (X0) in hBN / WS2 / hBN and 

WS2 / Gr hetrostructures as a function of temperature 

under (a) 543nm and (b) 594nm excitations. The inter-

valley scattering rates in WS2 heterostructures. (c) 

εk=55meV (near-resonant), and (d) εk=200meV (off-

resonant).

Figure 3: Temperature dependent energy shift of X0

in hBN / WS2 / hBN and WS2 / Gr. (a) Experimental 

and (b) theory. In (a) the energy shift is normalized 

and set to 0 at 4K in both cases.


