
Disorder-dependent valley properties in monolayer WSe2

Item Type Article

Authors Tran, Kha; Singh, Akshay; Seifert, Joe; Wang, Yiping; Hao, Kai;
Huang, Jing-Kai; Li, Lain-Jong; Taniguchi, Takashi; Watanabe,
Kenji; Li, Xiaoqin

Citation Tran K, Singh A, Seifert J, Wang Y, Hao K, et al. (2017) Disorder-
dependent valley properties in monolayer WSe2. Physical Review
B 96. Available: http://dx.doi.org/10.1103/PhysRevB.96.041302.

Eprint version Publisher's Version/PDF

DOI 10.1103/PhysRevB.96.041302

Publisher American Physical Society (APS)

Journal Physical Review B

Rights Archived with thanks to Physical Review B

Download date 23/05/2023 20:19:40

Link to Item http://hdl.handle.net/10754/625294

http://dx.doi.org/10.1103/PhysRevB.96.041302
http://hdl.handle.net/10754/625294


Supplementary for Disorder Dependent Valley Properties in Monolayer WSe2 

Kha Tran1, Akshay Singh1,*, Joe Seifert1, Yiping Wang1, Kai Hao1, Jing-Kai Huang2, Lain-Jong Li2, Takashi Taniguchi4, 
Kenji Watanabe4, and Xiaoqin Li1, 3+ 

1Department of Physics and Center for Complex Quantum Systems, University of Texas at Austin, 
 Austin, TX 78712, USA. 

2Physical Science and Engineering Division, King Abdullah University of Science and Technology, Thuwal 23955, Saudi 
Arabia. 

3Texas Materials Institute, University of Texas at Austin, Austin, TX 78712, USA. 
4National Institute of Material Science, 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan. 

* Present address – Department of Material Science and Engineering, Massachusetts Institute of Technology, Cambridge, 
MA 02139, USA. 

 
I. Experimental Setup  

 
The optical setup schematic is depicted in figure S1. 660 nm continuous wave laser is focused onto the sample using a 
50X Mitutoyo objective whose numerical aperture is 0.42. The laser spot diameter at the sample is 2 µm.  To achieve a 
similar spot size with the white light, we use a pair of 5 cm focusing lenses together with a 100 µm pinhole inserted at 
the focal plane in between the lenses (inset Fig. S1). To measure Stokes Shift, the PL excited with red laser and the 
white light absorption spectrum are collected via transmission geometry.  To measure valley properties, the polarized 
resolved PL spectra are collected via reflection geometry. 

 

 

Figure S1: Optical setup for measuring SS and valley properties of monolayer WSe2 



 II. Fitting Comparison of Absorption Spectrum and Sample Information 

We have investigated 8 samples. They are labeled E1, E2, CVD3, E4, E5, E6, E7, E8, and CVD9.  We use one CVD 
sample and take data at two different sample locations: hence CVD3 and CVD9. The PL spectra collected on the CVD 
sample showed large variations at different locations and the PL intensity is also significantly weaker than that from 
exfoliated samples. Although we have included data from one particular location on the CVD sample with a small SS, 
it should not be interpreted as a better quality sample  compared to other exfoliated samples. CVD9 data is omitted in 
the main text but is included the supplementary section V for completeness. Sample E1 is the encapsulated monolayer 
with 4 meV PL linewidth and zero SS. All other samples: E2 to E8 are bare monolayers on sapphire substrate. The 
sample order is arranged in table S1 so that they are in order of increasing Stoke Shift. 

We have fit absorption profiles with three different lineshapes: gaussian, lorentzian and half gaussian. In half gaussian 
fitting method, only data points from the FWHM to the peak are fitted with Gaussian. The comparison of the three 
methods is summarized below in Table S1. In Fig. S2, we also show an example of the absorption lineshape fitted with 
the three methods. The SS measured with three method showed smaller variations than the error bars quoted in main 
text. To be consistent, we always quoted the SS calculated from the Gaussian fitting method. 

 

Sample Peak position (meV) FWHM (meV) Stokes Shift (SS) 
 L G Half-G L G Half-G L G Half-G 

E1 1744.5 1744.7 1744.5 9.1 8.26 8.98 -0.1 0.1 -0.1 
E2 1745.3 1745.4 1745.4 14.5 11.03 11.03 1 1.1 1.1 
CVD3 1743.5 1744 1743.7 23.1 20.7 23.7 1.6 2.1 1.8 
E4 1755.8 1755.8 1755.7 17.6 14.9 13.6 4.1 4.1 4.0 
E5 1757.2 1757.3 1757.2 18.1 15.9 12.8 4.7 4.8 4.7 
E6 1753.7 1753.7 1753.6 20.8 16.1 15.4 6.5 6.5 6.5 
E7 1755.7 1756.6 1756.6 44.7 36.8 25.0 7.5 8.4 8.3 
E8 1757.5 1757.5 1757.1 21.1 17.0 15.5 8.6 8.6 8.3 
CVD9 (omitted) 1713.7 1715.2 1714.7 48.7 45.4 48.0 26.0 27.5 27 
 

Table S1: Summary of absorption spectrum peak positions, full-width half-maximum (FWHM) and Stokes Shift (SS), 
using Lorentzian (L), Gaussian (G) and Half-gaussian (Half-G) fitting methods, for different samples. 



 

III. Stokes Shift Plotted Against Absorption Linewidth 

 We fit Gaussian profiles to exciton absorption spectra and plot SS versus FWHM of the fitted Gaussian for all 
8 monolayer samples. The vertical error bars of SS are due to the combined fitting errors of both PL and absorption 
peak. The horizontal error bars of FWHM are small and therefore not visible on the scale plotted. The correlation 
between SS and FWHM is only valid over a certain range of the FWHM. We speculate that the lack of correlation 
between the two quantities could be due to different types of defects causing inhomogeneous broadening in different 
samples. 

 

 

Figure S2: Absorption linewidth of sample E6 fitted using different fitting methods: Lorentz, Gauss, 
and half Gauss. 

 

Figure S3: The absorption spectra are fitted with Gaussian profile and the FWHMs are extracted 
and plotted against SS. 



 IV. Subtraction of Trion Contribution from Exciton Degree of Valley Coherence 

The data shown in Fig. S4 and data in the main text Fig. 2a-b are from the same exfoliated sample E5 whose SS is 4.8 
meV. Here, we plot the data over a greater energy range to show the trion resonances explicitly. We fit the trion 
resonances of co and cross linear PL signals with gaussians. We then subtract the trion fitting curve from co and cross 
PL signals and compute the degree of valley coherence from exciton. Evidently, the degree of VC computed before and 
after the trion subtraction is the same. 

 

 

 

 

 

Figure S4: a) Trion resonances on both co and cross linear signal are fitted with Gaussians.  Since 
trion VC cannot be detected in PL experiments, the fits from co and cross linear polarized PL 
spectra are essentially the same. VC is shown here before the trion subtraction from the co and cross 
linear PL signals. b) After trion subtraction, the valley coherence is unchanged, signifying that the 
trion resonance has minimal contribution to the analysis of exciton VC.  
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V. Discussion of an Additional Data Point from CVD Sample 

We have omitted a data point with large SS of 27.5 meV taken on the CVD sample whose exciton resonance peak is at 
1690 meV. This particularly large SS likely originated from a location on the sample with particularly large defect 
density. However, this low resonance peak might also be influenced by others states such as trions or impurity states. 
Thus, we omitted this data point in the main text. 

For completeness, we show data for this particular location on the CVD sample with a particularly large SS of 27.5 
meV and low PL exciton energy peak ~1690 meV. The PL linewidth (full width half max) is 39.6 meV. However, the 
VC still shows the characteristic increase with energy and VP is relatively flat around the exciton peak, consistent with 
the qualitative features reported in Fig. 2a-d. Fig. S4c shows the variation of VC and VP versus SS including the 
omitted data point.  The trends are fully consistent with the discussion in the main text.  
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Figure S5: Degree of a) valley coherence and b) valley polarization plotted across the exciton resonance of 
omitted CVD sample.  c) Valley coherence and valley polarization plotted against SS included the omitted data 
point. 
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