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Electronic properties and relative stabilities of crystalline 

polymorphs of group IV and III-V semiconductors: 

A first principles study 

 

Reo Kita 

 

Department of Physics, Tokyo Institute of Technology 

 

In chapter 1, we introduce the background of this study. We explain the history of 𝑠𝑝ଷ polymorphs 

of group IV and III-V semiconductors. In present work, we consider the probabilities of 

homoepitaxial CVD growth of group IV and III-V polymorphs on the substrate compressed by 

biaxial stress. Thus, in this chapter, we also suggest the biaxially compressed CVD method. In 

carbon, we further introduce the electronic properties of 𝑠𝑝ଶ-𝑠𝑝ଷ hybridized polymorphs including 

superconducting properties of their B-doped phase.  

In chapter. 2, we give detailed explanations for the systems we studied in this work.  

In chapter 3, we introduce the first-principles methods we used in our thesis. 

In chapter 4, we first present electronic and thermal properties of group IV and group III-V 

semiconductors in 2H, 3C(3H), 4H and 6H phases. Then we also discuss the reliability of the 

methods we used from comparison with experimental results. 

 In chapter 5, we discuss the possibilities of synthesis of group IV and group III-V semiconductors 

in 2H, 4H, and 6H phases by biaxially compressed CVD method based on the total energy and free 

energy calculations. Then the biaxial stress values are estimated. Furthermore, we also estimate 

critical thickness where dislocations occur.  

In chapter 6, we explore the carbon polymorphs with unique properties of Q-carbon. Among dozens 

of 𝑠𝑝ଶ-𝑠𝑝ଷ hybridized carbon polymorphs proposed so far, the C21-sc with 𝑠𝑝ଶ ratio similar to Q-

carbon would be good candidate of such polymorphs. We further propose new 𝑠𝑝ଶ-𝑠𝑝ଷ hybridized 

carbon polymorph, named “C21-sc’”, with same 𝑠𝑝ଶ ratio as C21-sc.  In this study, we investigate 

the electronic properties of C21-sc and C21-sc’ including related carbon polymorphs previously 

proposed so far (C20-sc and C22-sc). Especially, we focus on the magnetism since it has been 

reported in Q-carbon.  

In chapter 7, we perform electron-phonon coupling calculation and estimate superconducting 

transition temperature Tc of their B-doped phases. We also discuss the relationship between carbon 

polymorphs we studied and Q-carbon. 



In chapter 8, we conclude whole of our studies and provide future view of this work. 


