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	摘要(中)	石墨烯為單原子層結構，具有卓越的電學、機械熱學和化學性質，其優異之性質備受關注，然而不具能隙亦限制其於半導體領域之應用，因此開啟了其他相關的二維半導體材料研究，尤其是VI 族過渡金屬二硫化物 (TMDs) 的材料家族備受關注。然而，目前的二維材料成長無法直接應用於後段半導體製程(BEOL)，於後續需再經過一轉印製程，而目前傳統之濕式轉印製程，仍遭遇到高分子與金屬離子殘留和轉印過程破裂等問題，造成薄膜品質的下降，因此提升二維材料大面積轉印的完整性和潔淨性，，仍為目前發展所需解決之關鍵問題。

本實驗使用易移除的摻雜松香(Doped-Rosin) 高分子來取代傳統濕式轉印法常用的聚甲基丙烯酸甲酯(PMMA)作為緩衝層，以改善轉印過程中高分子造成的缺陷和殘留問題；並且使用優化的蝕刻液配比來減少成長基板所殘留金屬離子。此外，為了解決常溫轉印石墨烯帶來的問題，我們設計了真空奈米壓印機，利用高真空下的可控性平壓設計，相較於大氣下平板或捲對捲(R2R)滾輪熱壓，可更精確且均勻的控制複合支撐層和二維材料薄膜的壓合。研究發現在真空環境下進行貼合，可以避免在轉印過程中產生的氣孔、水氣等，而避免造成轉印後所形成的氣/液胞，而導致後續的破裂等缺陷，此有助於延伸應用於其他二維材料。

本研究之具體成果:(1)使用摻雜松香高分子來轉印的石墨烯，其載子遷移率為1787 cm2/Vs，比傳統濕式轉印法高約2.6倍，也比使用PMMA R2R乾式轉印法高約1.3倍。(2)使用真空奈米壓印機來轉印的石墨烯載子遷移率為857 cm2/Vs，比傳統濕式轉印法高約1.3倍，也比使用R2R乾式轉印法高約1.2倍。(3)使用真空奈米壓印機來轉印的二硫化鉬表面完整性度達99 %且潔淨度也達99%，而應變和載子摻雜，相較於未經紫外光處理和退火處理也有分別降低43%和75% 的趨勢。此外，在實驗過程中發現將摻雜松香緩衝層照射紫外光後再進行退火處理，能加快摻雜松香劣化。對真空壓印乾式轉印法的二硫化鉬表面進行紫外光與退火處理與未經任何處理的比較，其表面粗糙度從0.94 nm降到0.83 nm，研究發現更有效去除高分子且不會對二硫化鉬造成缺陷的方法，本研究成果可有效改善目前二維材料於轉印中所遭遇之困境。

 
	摘要(英)	Graphene is a single atomic layer material with excellent electrical conductivity, mechanical strength, thermal conductivity, and chemical stability. Its excellent material properties have attracted much attention in various application fields However, its lack of band gap limits its application in the semiconductor field, thus opening other related two-dimensional semiconductor materials research, especially on the material family of group VI transition metal dichalcogenides (TMDs) has received much attention. However, the current 2D material growth can’t be directly applied to the back-end of line (BEOL) in semiconductor process. Therefore, a transfer process is required, from which the current traditional wet transfer process still encounters the issues of polymer and metal ions residue that degrade their electrical performance . Therefore, improving the integrity and cleanliness of large-area two-dimensional materials by a reliable transfer process is still a key problem that needs to be solved in current development.

In this experiment, the easily removable doped-rosin (Doped-Rosin) polymer was used to replace the polymethyl methacrylate (PMMA) commonly used in the traditional wet transfer method as a buffer layer to improve the defects caused by the polymer during the transfer process. As for the residual problems, the use of an optimized etchant recipe was proposed to significantly reduce the residual metal ions in the growth substrate. In addition, in order to solve the problems brought by the transfer of graphene at room temperature, we designed a vacuum nanoimprint system which utilizes the controllable flat pressing design under high vacuum, compared with the flat plate or roll-to-roll (R2R) method under the atmosphere, the hot pressing can control the pressing stress of the composite support layer and the two-dimensional material film thus to achieving a more precisely and uniformly transferring film. The study shows that laminating in a vacuum environment can avoid pores, water vapor, etc, which were normally generated during the transfer process. Also, the formation of air/liquid cells can be suppressed after the transfer, resulting in subsequent cracks and other defects, which helps It can be extended to other 2D materials.

Results of the research are as follows. (1) The carrier mobility of graphene transferred by polymer (Doped-Rosin) is 1787 cm2/Vs, which is about 2.6 times higher than the traditional wet transfer, and it also have 1.3 times higher than the PMMA dry transfer. (2) The carrier mobility of graphene transferred by vacuum nano-imprint is 857 cm2/Vs, which is about 1.3 times higher than the traditional wet transfer and it was about 1.2 times higher than the R2R dry transfer. (3) The surface integrity of MoS2 transferred by vacuum nanoimprint is 99% and the cleanliness is also 99%; also, the strain and carrier doping are 43% and 75% reduced from those without UV treatment and annealing treatment. In addition, it was found that the doped rosin buffer layer was irradiated with ultraviolet light and then annealed which could be accelerate the deterioration of the doped rosin molecular. In comparison with the MoS2 samples without any treatment, the UV light and annealing treated samples shows the decreased surface roughness from 0.94 nm to 0.83 nm. This study provide a deeper understanding and an improved transferring process of 2D materials, which is beneficial for the future application in nanoelectronics.
	關鍵字(中)	
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