
 

 

Supplementary Information 

Direct Observation of Degenerate Two-Photon 

Absorption and Its Saturation of WS2 and 

MoS2 Monolayer and Few-Layer Films 

Saifeng Zhang,
1
 Ningning Dong,

1
 Niall McEvoy,

2,*
 Maria O'Brien,

2,3
 Sinéad 

Winters,
2,3

 Nina C. Berner,
2
 Chanyoung Yim,

2,3
 Yuanxin Li,

1
 Xiaoyan Zhang,

1
 

Zhanghai Chen,
4
 Long Zhang,

1
 Georg S. Duesberg,

2,3
 and Jun Wang

1,5,*
 

1
Key Laboratory of Materials for High-Power Laser, Shanghai Institute of Optics and 

Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China 

2
Centre for Research on Adaptive Nanostructures and Nanodevices (CRANN) and 

Advanced Materials and BioEngineering Research (AMBER) Centre, Trinity College 

Dublin, Ireland 

3
School of Chemistry, Trinity College Dublin, Ireland 

4
State Key Laboratory of Surface Physics, Key Laboratory of Micro and Nano 

Photonic Structures (Ministry of Education), Department of Physics, Fudan 

University, Shanghai 200433, People’s Republic of China 

5
State Key Laboratory of High Field Laser Physics, Shanghai Institute of Optics and 

Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China 

Corresponding Author (*): jwang@siom.ac.cn, nmcevoy@tcd.ie 

 



 

 

 

Figure S1. (a) The Z-scan setup for measuring SHG signal (with a 850 nm short pass 

filter in front of the signal detector), (b) the transmission of the 850 nm short pass 

filter (Type: GCC-211004) 

 

In order to figure out the pure SHG signal from the transmitted beam, we placed 

an 850 nm short pass filter to block the fundamental frequency beam (1030 nm) in 

front of the signal detector. The setup is shown in Fig. 2(a). We have measured plenty 

of points on each sample and the results are almost the same. Our results show that all 

Z-scan curves of 1~3L, 18~20L and 39~41L WS2 are almost flat (Blue squares in Fig. 

3), indicating that the SHG effect is negligible compared to TPA effect. The results are 

in agreement with the calculated SHG conversion efficiency (~10
-5
) based on the 

results of C. Janisch et al.[Sci. Rep., 4, 5530, 2014]. Therefore, the above estimation 

and our experiment results show that SHG effect can be neglected and Eq. (1) in the 

manuscript is valid for the 2D WS2 and MoS2 films. 

 



 

 

 

Figure S2. The Z-scan data of (a) 1~3L WS2, (b) 18~20L WS2, (c) 39~41L WS2 

with/without an 850 nm short pass filter. 


