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CLAIMS 

 

What is claimed is : 

 

1. A semiconductor device structure, comprising a 2D material structure comprising 

at least one 2D material substantially free of one or more of X-interstitial defects, X-vacancy 

defects, M-interstitial defects, M-vacancy defects, MX-vacancy defects, and XX-vacancy 

defects.    

 

2.  The semiconductor device structure of claim 1, wherein the at least one 2D 

material comprises at least one transition metal di-chalcogenide. 

 

3.  The semiconductor device structure of claim 1, wherein the at least one 2D 

material comprises a stack of at least two different 2D materials. 

 

4. The semiconductor device structure of claim 3, wherein each of the at least two 

different 2D materials is substantially free of crystalline defects. 

 

5. A semiconductor device, comprising at least one semiconductor device structure 

comprising a 2D material structure comprising a 2D material substantially free of interstitial 

defects and vacancy defects. 

 

6. An electronic system, comprising: 

at least one semiconductor device including at least one semiconductor device structure  

comprising a 2D material structure comprising one or more 2D materials substantially free of 

crystalline defects; and 

peripheral circuitry electrically connected to the at least one semiconductor device. 

 

7. The semiconductor device structure of claim 1, wherein the 2D material comprises one 

or more of graphene, graphene-oxide, stanene, phosphorene, hexagonal boron nitride, borophene, 

silicene, graphyne, germanene, germanane, and a 2D supracrystal.   
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8. The semiconductor device structure of claim 1, wherein the at least one 2D 

material comprises at least one transition metal dichalcogenide having the general chemical 

formula:  

MX2, 
 

where M is Mo, W, Nb, Zr, Hf, Re, Pt, Ti, Ta, V, Co, Cd, or Cr; and   

X is S, Se, or Te.  

 

9. The semiconductor device structure of claim 1, wherein the at least one 2D 

material comprises one or more monolayers of one or more of MoS2, MoSe2, MoTe2, WS2, 

WSe2, WTe2, NbSe2, ZrS2, ZrSe2, HfS2, HfSe2, and ReSe2.  

 

10. The semiconductor device structure of claim 1, wherein the at least one 2D material 

comprises a crystalline-defect-free form of MoS2.    

 

11. The semiconductor device structure of claim 1, wherein the at least one 2D 

material comprises a substantially crystalline-defect-free form of one or more of a carbide and a 

carbonitride having the general chemical formula:  

Mn+1Xn, 

where M is a transition metal from Groups IV or V of the Periodic Table of Elements; and 

X is one or more of C and N.  

 

12.  The semiconductor device structure of claim 1, wherein the at least one 2D 

material comprises a monolayer of a metal material, a semi-metal material, or a semiconductive 

material.   

 

13. The semiconductor device structure of claim 1, wherein the at least one 2D 

material comprises multiple 2D materials coupled to one another through one or more 

intermolecular forces.  

 

14. The semiconductor device structure of claim 13, wherein at least some of the 

multiple 2D materials are coupled to one another through Van der Waals forces.   
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15. The semiconductor device structure of claim 1, wherein the at least one 2D 

material is substantially free of X-interstitial and X-vacancy defects.   

 

16. The semiconductor device structure of claim 1, wherein the at least one 2D 

material is substantially free of all crystalline defects.   

 

17. The semiconductor device of claim 5, wherein the 2D material is selected from 

graphene, graphene-oxide, stanene, phosphorene, hexagonal boron nitride, borophene, silicene, 

graphyne, germanene, germanane, a 2D supracrystal, a transition metal dichalcogenide, a carbide 

of a transition metal from Groups IV or V of the Periodic Table of Elements, and a carbonitride 

of a transition metal from Groups IV or V of the Periodic Table of Elements.  

 

18.  The semiconductor device of claim 5, wherein the 2D material structure further 

comprises another 2D material coupled to the 2D material through intermolecular forces, the 

another 2D material substantially free of interstitial defects and vacancy defects.   

 

19.  The semiconductor device of claim 18, wherein the 2D material comprises a first 

transition metal dichalcogenide monolayer, and the another 2D material comprises a second 

transition metal dichalcogenide monolayer having a different material composition than the first 

transition metal dichalcogenide monolayer. 

 

20.  The semiconductor device of claim 17, wherein the 2D material structure 

comprises a channel of a transistor. 

 


