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The demand for flexible electronics in various fields of application will increase strongly in the 

next few years.  2D materials like transition metal dichalcogenides (TMDCs) are promising 

materials for these devices, because of their unique electronic, mechanic and optical 

properties [1]. Especially MoS2, as a semiconductor with a tunable bandgap up to 1,8 eV, is in 

focus of research. For industrial usage direct large area growth of crystalline MoS2 films on 

flexible substrates (thin glass or polymer foils) is necessary. Atomic layer deposition (ALD) 

generates large and uniform films of MoS2 at a moderate deposition temperature (~100 °C) 

[2]. The drawback of the low deposition temperature is that the generated MoS2 films are 

amorphous. Ultrashort pulsed (USP) laser annealing is a promising technology to increase the 

degree of crystallinity, without the usage of high annealing temperature as in conventional 

methods [3,4]. Due to the short laser interaction the heat does not diffuse within the material, 
which enables the use of temperature-sensitive materials. Using a femtosecond (fs) laser 

(wavelength λ = 800nm, repetition rate frep= 5 kHz, pulse duration τP = 110 fs) and a Laser 

scanner, a 250 µm2 area annealing of 50 nm and 7 nm thick MoS2 films was introduced. The 

successful annealing is demonstrated by Raman spectroscopy. Crystalline MoS2 shows two 

characteristic Raman peaks (E1
2g and A1g), whereas these peaks are missing in amorphous 

MoS2, see figure 1. The MoS2 films were deposited on SiO2/ Si Substrates for first principle 

experiments. Due to the higher fluence required for annealing the 7 nm layer (0,120 J/cm²) 

compared to the 50 nm layer (0,117 J/cm²), annealing by substrate heating alone can be 

excluded. This provides the possibility to successfully transfer the process to temperature-

sensitive substrates. Figure 2 a) shows a light microscope image of a transition from 

amorphous to fs-laser annealed MoS2. Raman mapping of the A1g peak verifies the successful 

areal annealing, see figure 2 b. 
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Figure 1: Raman spectrum of 

annealed and amorphous MoS2 

 

 
Figure 2: a) Light microscope image and b) Raman mapping  

Δω = 408 cm-1 of USP laser annealed 50 nm MoS2 film on Si/SiO2 
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