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ˀʬʹʨʭʨʲʰ 

 

ʳʬʵ˂ʬ ʹʨʻʱʻʴʬˀʰ ʳʰʱʸʵʬʲʬʽʺʸʵʴʻʲʰ ʺʬʽʴʰʱʰʹʨ ʫʨ  

ʺʬʽʴʵʲʵʪʰʬʩʰʹ  ʳ˃ʲʨʭʸʳʨ ʫʨ ʹ˄ʸʨʼʳʨ ʪʨʴʭʰʯʨʸʬʩʨʳ ʬʲʬʽʺʸʵʴʻʲ 

ʹʼʬʸʵˀʰ ʫʰʫʰ ʸʬʭʵʲʻ˂ʰʨ ʳʵʨˆʫʰʴʨ. ˀʬʰʽʳʴʨ ʻʨʳʸʨʭʰ ʬʲʬʽʺʸʵʴʻʲʰ 

ˆʬʲʹʨ˄ʿʵ. ʳʱʭʬʯʸʨʫ ʪʨʻʳˇʵʩʬʹʫʨ ʳʬ˂ʴʰʬʸʬʩʰʹ, ʳʬʫʰ˂ʰʴʰʹ ʫʨ 

ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʺʬʽʴʵʲʵʪʰʬʩʰʹ ʳʰʾ˄ʬʭʬʩʰ.  

ʫʾʬʹʫʾʬʵʩʰʯ ʨʸʹʬʩʻʲʰ ʬʲʬʽʺʸʵʴʻʲʰ  ʹʰʹʺʬʳʬʩʰ ʱʰʫʬʭ ʻʼʸʵ 

ʭʰʯʨʸʫʬʩʨ ʫʨ ˃ʲʰʬʸʫʬʩʨ. ˀʬʹʨʩʨʳʰʹʨʫ ʰʮʸʫʬʩʨ ʳʵʯˆʵʭʴʰʲʬʩʨ ʻʼʸʵ 

ʳʨʾʨʲʰ ˄ʨʸʳʨʫʵʩʰʹ  ʫʨ ʫʨʩʨʲʰ ʾʰʸʬʩʻʲʬʩʰʹ ʳʽʵʴʬ ʬʲʬʽʺʸʵʴʻʲ 

ˆʬʲʹʨ˄ʿʵʬʩʮʬ. ʨʳ ʳʵʯˆʵʭʴʰʲʬʩʬʩʰʹ ʫʨʱʳʨʿʵʼʰʲʬʩʨ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

ʹʸʻʲʰʨʫ ʨˆʨʲʰ ʳʰʳʨʸʯʻʲʬʩʰʹ, ʴʨʴʵʺʬʽʴʵʲʵʪʰʰʹ ʪʨʴʭʰʯʨʸʬʩʰʯ.  

ʩʵʲʵ ʫʬʱʨʫʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʬʸʯ-ʬʸʯʰ ʿʭʬʲʨʮʬ ʨʽʺʻʨʲʻʸʰ ʫʨ 

ʨʽʺʰʻʸʰ ʳʰʳʨʸʯʻʲʬʩʨ ʴʨˆʬʭʨʸʪʨʳʺʨʸʻʲʰ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ  ʮʸʫʰʹ 

ʺʬʽʴʵʲʵʪʰʬʩʰʹ ˀʬʳʻˀʨʭʬʩʨ ʫʨ ʳʨʯʰ ʯʭʰʹʬʩʬʩʰʹ ʱʭʲʬʭʨ ʪʨˆʲʨʭʯ. 

ʴʨʴʵʳʨʭʯʻʲʬʩʹ ʪʨʨˁʴʰʨʯ  ʻʴʰʱʨʲʻʸʰ ʪʬʵʳʬʺʸʰʨ, ʳʨʾʨʲʰ ʮʬʫʨʶʰʸʰʹ 

ʼʨʸʯʵʩʰ/ʳʵ˂ʻʲʵʩʨʮʬ ʯʨʴʨʼʨʸʫʵʩʨ, ʸʨ˂ ʳʱʭʬʯʸʨʫ ʨʻʳˇʵʩʬʹʬʩʹ 

ʴʨˆʬʭʨʸʪʨʳʺʨʸʻʲʰ ˆʬʲʹʨ˄ʿʵʬʩʰʹ ʶʨʸʨʳʬʺʸʬʩʹ. ʫʾʬʹʫʾʬʵʩʰʯ ʰʽʳʴʬʩʨ 

ʹˆʭʨʫʨʹˆʭʨ ʳʨʹʨʲʰʹ  ʴʨʴʵʳʨʭʯʻʲʬʩʰ, AIII - BVʫʨ AII-BVI ʴʨˆʬʭʨʸʪʨʳʺʨʸʻʲʰ 

ʴʨʬʸʯʬʩʰʹ, ʹʰʲʰ˂ʰʻʳʰʹ, ʴʰʺʸʰʫʬʩʰʹ, ʵʽʹʰʫʬʩʰʹ ʫʨ ʲʰʯʵʴʬʩʰʹ 

ˀʬʳʨʫʪʬʴʲʵʩʰʯ.  

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ˀʬʹ˄ʨʭʲʨ ʳʵʰ˂ʨʭʹ ʳʨʯ ʪʨʮʸʫʨʹ, ʯʭʰʹʬʩʬʩʰʹ 

ʱʭʲʬʭʨʹ ʫʨ ʳʨʯ ˀʬʳʫʪʵʳ ʪʨʳʵʿʬʴʬʩʨʹ ˆʬʲʹʨ˄ʿʵʬʩˀʰ. ʯʻʳ˂ʨ ʸʵʪʵʸ˂ 

ʴʬʩʰʹʳʰʬʸ ʨˆʨʲ ʳʰʳʨʸʯʻʲʬʩʨˀʰ, ʴʨʴʵʺʬʽʴʵʲʵʪʰʨˀʰ˂ ʨʸʹʬʩʵʩʹ ʩʬʭʸʰ 

ʨʳʵʻˆʹʴʬʲʰ ʱʰʯˆʭʬʩʰ. ʻʨʳʸʨʭʰ ʯʭʰʹʬʩʬʩʰ, ʶʨʸʨʳʬʺʸʬʩʰ ʫʨ ʮʸʫʰʹ 

ʺʬʽʴʵʲʵʪʰʬʩʰ ˇʬʸ ʱʰʫʬʭ ʪʨʳʵʹʨʱʭʲʬʭʰʨ ʫʨ ʫʨʹʨʴʬʸʪʰ. ʨʳ ʴʨˀʸʵʳʰʹ 

ʳʰʮʨʴʰ˂ ʹ˄ʵʸʬʫ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʨʳ ʯʭʰʹʬʩʬʩʰʹ ʫʨ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʱʭʲʬʭʨ ʫʨ ʳʨʯʰ ʮʸʫʰʹ ʺʬʽʴʵʲʵʪʰʰʹ ˀʬʳʻˀʨʭʬʩʨ ʪʨˆʲʨʭʯ. ʱʬʸ˃ʵʫ, 

ʨˆʨʲʰ ʺʬʽʴʵʲʵʪʰʰʹ ˀʬʳʻˀʨʭʬʩʨ InP–ʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʪʨʹʨʮʸʫʬʲʨʫ,  
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 ʳʰʾʬʩʻʲʰ ʴʨʴʵʳʨʹʨʲʬʩʰʹ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ (ʹʺʸʻʽʺʻʸʨ, 

ˀʬʳʨʫʪʬʴʲʵʩʨ, ʳʵʸʼʵʲʵʪʰʨ)  ʱʭʲʬʭʨ ʫʨ ʳʨʯʰ ʺʬʽʴʵʲʵʪʰʻʸ 

ʶʨʸʨʳʬʺʸʬʩʯʨʴ ʱʨʭˀʰʸʰʹ ʫʨʫʪʬʴʨ. 

ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰ ʳʰʬʱʻʯʭʴʬʩʨ AIII - BV ʴʨˆʬʭʨʸʪʨʳʺʨʸʯʨ ʼʨʸʯʵ 

ʱʲʨʹʹ ʫʨ ʪʨʳʵʰʸˁʬʭʨ ʨʳ ʱʲʨʹʰʹ ʹˆʭʨ ʴʨˆʬʭʨʸʪʨʳʺʨʸʬʩʰʹʪʨʴ ʹˆʭʨʫʨʹˆʭʨ 

ʯʭʰʹʬʩʨʯʨ ʻʴʰʱʨʲʻʸʰ ˀʬʯʨʭʹʬʩʰʯ. ʬʲʬʽʺʸʵʴʯʨ ˃ʭʸʨʫʵʩʨ ʹʨʱʳʨʵʫ 

ʳʨʾʨʲʰʨ ʫʨ 5400 ʹʳ2/ʭ.˄ʳ–ʹ ʨʾ˄ʬʭʹ, ʸʰʹ ʪʨʳʵ˂ ʳʨʹʮʬ ʫʨʳʮʨʫʬʩʻʲ 

ˆʬʲʹʨ˄ʿʵʬʩʹ ˀʬʻ˃ʲʰʨʯ ʳʻˀʨʵʩʨ 200 ʪʰʪʨˈʬʸ˂ ʹʰˆˀʰʸʬʮʬ, ʳʨʪʨʲʰʯʨʫ 

ʳʵʫʻʲʨʺʵʸʬʩˀʰ, ʪʬʴʬʸʨʺʵʸʬʩˀʰ, 1.3–1.5 ʳʰʱʸʵʳʬʺʸ ʺʨʲʾʰʹ ʹʰʪʸ˃ʬʮʬ 

ʳʵʳʻˀʨʭʬ ʵʶʺʰʱʻʸ ʪʨʳʨ˃ʲʰʬʸʬʩʲʬʩˀʰ. ʳʰʹʰ ʶʰʸʫʨʶʰʸʰ ʨʱʸ˃ʨʲʻʲʰ 

ʮʵʴʰʹ ʹʰʪʨʴʬʨ 1.34ʬʭ ʫʨ ʰʹ ʹʰʲʰ˂ʰʻʳʰʹʨ ʫʨ GaAs-ʰʹ ˀʻʨ ʳʫʬʩʨʸʬʵʩʹ. ʳʨʹ 

ʪʨʨˁʴʰʨ ʹˆʭʨ AIII-BV-ʴʨʬʸʯʬʩʯʨʴ ˀʬʫʨʸʬʩʰʯ ʿʭʬʲʨʮʬ ʻʱʬʯʬʹʰ 

ʶʨʸʨʳʬʺʸʬʩʰ ʯʬʸʳʵʬʲʬʽʺʸʵ ʪʨʸʫʨʳʽʳʴʬʲʬʩʰʹʯʭʰʹ. 

ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʹʨʫʳʰ ʰʴʺʬʸʬʹʰ ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʪʨʰʮʨʸʫʨ ʨʳ 

ʩʵʲʵ ˄ʲʬʩˀʰ, ʸʵʫʬʹʨ˂ ʫʨʳʺʱʰ˂ʫʨ, ʸʵʳ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʫʨʳʮʨʫʫʬʹ 

ʳʨʾʨʲʰ ʲʻʳʰʴʬʹ˂ʬʴʺʻʸʰ ʯʭʰʹʬʩʬʩʰʹ ʳʽʵʴʬ ʰʴʫʰʻʳʰʹ ʴʨʴʵʳʨʹʨʲʬʩʰ, 

ʸʵʳʬʲʯʨ ʪʨʳʵʹˆʰʭʬʩʨ ˆʰʲʻʲ ʻʩʨʴˀʰ ˀʬʰ˃ʲʬʩʨ ʭʨʸʬʪʻʲʰʸʵʯ ʳʨʯʰ 

ʮʵʳʬʩʰʯ ʫʨ ʪʨʳʵʭʰʿʬʴʵʯ ʰʹʰʴʰ ʩʰʵʲʵʪʰʻʸʰ ʳʨʸʱʰʸʬʩʰʹʯʭʰʹ 

ʳʨʾʨʲʺʵʽʹʰʱʻʸʰ CdTe-ʰʹ ʴʨ˂ʭʲʨʫ, ʸʵʳʬʲʰ˂ ʫʾʬʹ ʼʨʸʯʵʫ 

ʪʨʳʵʰʿʬʴʬʩʨ. ʿʵʭʬʲʰʭʬ ʬʹ ʪʨʴʹʨʮʾʭʸʨʭʹ ʫʰʫ ʰʴʺʬʸʬʹʹ InP–ʹ 

ʴʨʴʵʳʨʹʨʲʬʩʰʹ ʳʰʳʨʸʯ ʫʨ ʪʨʴʨʶʰʸʵʩʬʩʹ ʴʨˀʸʵʳʰʹ ʨʽʺʻʨʲʵʩʨʹ. 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫ ʳʰʮʨʴʹ ˄ʨʸʳʵʨʫʪʬʴʫʨ ʰʴʫʰʻʳʰʹ 

ʼʵʹʼʰʫʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹʨ ʫʨ ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ʳʰʾʬʩʰʹ ʨˆʨʲʰ  

ʺʬʽʴʵʲʵʪʰʰʹ ˀʬʳʻˀʨʭʬʩʨ, ʮʸʫʰʹ ʱʨʴʵʴʮʵʳʰʬʸʬʩʬʩʰʹ ˀʬʹ˄ʨʭʲʨ ʫʨ 

ʳʰʾʬʩʻʲʰ ʴʨʴʵʳʨʹʨʲʬʩʰʹ ˀʬʫʪʬʴʰʲʵʩʰʹ, ʳʵʸʼʵʲʵʪʰʰʹʨ ʫʨ 

ʹʺʸʻʽʺʻʸʰʹ ʱʭʲʬʭʨ. ʨʾʴʰˀʴʻʲʰ ʳʰʮʴʰʹ ʳʰʹʨʾ˄ʬʭʨʫ ʫʨʰʹʨˆʨ ʫʨ ˀʬʳʫʬʪ 

ʶʸʨʽʺʰʱʻʲʨʫ ʪʨʫʨʰ˅ʸʨ ˀʬʳʫʬʪʰ ʨʳʵ˂ʨʴʬʩʰ: 

1. ˀʬʳʻˀʨʭʬʩʻʲʰʨ  InP-ʹ ʹʨʼʻ˃ʭʬʲʮʬ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʰʾʬʩʰʹ  

ʺʬʽʴʵʲʵʪʰʨ, ʸʵʳʬʲʰ˂  ˈʰʫʸʨʮʰʴʰʹ  (N 2H4) ʵʸʯʽʲʰʹ ʪʨʳʵʿʬʴʬʩʨʹ  



 

5 

ʬʼʻ˃ʴʬʩʨ; 

2. InP-ʰʹ, InP+Ga, InP+Zn ʫʨ InP+ZnO ˄ʿʨʸʵʳʨʹʨʲʬʩʰʹ ˈʰʫʸʨʮʰʴʰʹ 

ʨʸʬˀʰ ʨʵʸʯʽʲʬʩʰʹʨʹ ʳʰʾʬʩʻʲʰ ʨʽʸʵʲʨʫʰ ˄ʰʴʨʶʸʵʫʻʽʸʬʩʰʹʨ ʫʨ 

ʱʵʳʶʵʴʬʴʺʬʩʰʹ ʯʬʸʳʵʽʰʳʰʻʸʰ ʸʬʨʽ˂ʰʬʩʰʹ ʯʬʵʸʰʻʲʰ ʫʨ 

ʶʸʨʽʺʰʱʻʲʰ ʪʨʳʵʱʭʲʬʭʨ;  

3. ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʹ ʹʨʼʻʮʭʬʲʮʬ ʱʸʰʹʺʨʲʻʸʰ 1D 

ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ʮʸʫʰʹ ʳʬʽʨʴʰʮʳʰʹ ˀʬʹ˄ʨʭʲʨ; 

4. ʱʵʳʩʰʴʰʸʬʩʻʲʰ InP+Ga, InP+Zn ʫʨ InP+ZnO ˄ʿʨʸʵʬʩʰʹ 

ʪʨʳʵʿʬʴʬʩʰʯ InP/Ga2O3 ʫʨ InP/Zn3(PO4)2  ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʰʴʯʬʮʰ ʫʨ ʮʸʫʰʹ ʳʬʽʨʴʰʮʳʰʹ ˀʬʹ˄ʨʭʲʨ; 

5. ʺʬʽʴʵʲʵʪʰʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʮʬʪʨʭʲʬʴʰʹ ʫʨʫʪʬʴʨ ʴʨʴʵʳʨʹʨʲʨʯʨ 

ʯʭʰʹʬʩʬʩʮʬ, ʳʵʸʼʵʲʵʪʰʨʮʬ, ʹʺʸʻʽʺʻʸʨʮʬ ʫʨ ʳʨʯʰ 

ʵʶʺʰʳʰʮʨ˂ʰʨ; 

˄ʨʸʳʵʫʪʬʴʰʲʰ ʴʨˀʸʵʳʰʹ ʳʬ˂ʴʰʬʸʻʲʰ ʹʰʨˆʲʬ ʳʫʪʵʳʨʸʬʵʩʹ 

ˀʬʳʫʬʪˀʰ: 

1. ˀʬʳʻˀʨʭʬʩʻʲʰʨ ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ʮʸʫʰʹ ʶʰʸʵʲʰʮʻʸʰ 

ʺʬʽʴʵʲʵʪʰʨ, ʸʵʳʬʲʰ˂ ʹʨˀʻʨʲʬʩʨʹ ʪʭʨ˃ʲʬʭʹ ˀʬʭʨʳ˂ʰʸʵʯ ʮʸʫʰʹ 

ʺʬʳʶʬʸʨʺʻʸʨ ʲʰʺʬʸʨʺʻʸʨˀʰ ʨʾ˄ʬʸʰʲ ʨʴʨʲʵʪʬʩʯʨʴ ˀʬʫʨʸʬʩʰʯ. 

2. ʪʨʳʵʱʭʲʬʻʲʰʨ ʰʹ ʯʬʸʳʵʽʰʳʰʻʸʰ ʹʨʼʻ˃ʭʲʬʩʰ, ʸʵʳʲʬʩʰ˂ InP-ʰʹ, 

Ga-ʰʹ ʫʨ Zn-ʰʹ ˄ʿʨʸʵʹ ʪʨʳʵ˄ʭʰʹʨʹ ˄ʨʸʳʵʽʳʴʰʨʴ ˇʬʸ ʨʽʸʵʲʨʫ 

ʹʻʩʵʽʹʰʫʬʩʹ, ˆʵʲʵ ˀʬʳʫʬʪ ʱʰ ʰ˄ʭʬʭʬʴ ʴʨʴʵʳʨʭʯʻʲʯʨ ʹʰʴʯʬʮʹ;  

3. ʫʨʫʪʬʴʰʲʰʨ ʰʹ ʺʬʳʶʬʸʨʺʻʸʻʲʰ ʰʴʺʬʸʭʨʲʬʩʰ, ʸʵʳʲʬʩˀʰʨ˂ InP-

ʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʰʴʯʬʮʰʹʨʹ ˆʫʬʩʨ ʮʸʫʰʹ ʳʬʽʨʴʰʮʳʰʹ ˂ʭʲʨ 

ʵʸʯʽʲʰ–ʳʿʨʸʰʫʨʴ ʵʸʯʽʲʰ–ʹʰʯˆʬ-ʳʿʨʸ ʳʬʽʨʴʰʮʳʮʬ.  

4. ʳʰʾʬʩʻʲʰʨ InP/Zn3(PO4)2  ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ, 

ʹʨʫʨ˂ ʳʨʾʨʲʰ ʲʻʳʰʴʬʹ˂ʬʴ˂ʰʻʸʰ ʯʭʰʹʬʩʬʩʰʹ ʳʽʵʴʬ ʱʸʰʹʺʨʲʻʸʰ 

InP-ʰʹ ʪʻʲʹ ʪʨʸʹ ʨʸʺʿʨʭʹ ʨʳʵʸʼʻʲʰ (ʨʸʨʺʵʽʹʰʱʻʸʰ) ʯʻʯʰʰʹ 

ʹʻʲʼʨʺʰʹ ʪʨʸʹʰ, ʸʨ˂ ʳʨʯʰ ʩʰʵʲʵʪʰʻʸ ʳʨʸʱʬʸʬʩˀʰ ʪʨʳʵʿʬʴʬʩʰʹ 

ʶʬʸʹʶʬʽʺʰʭʨʹ ʰ˃ʲʬʭʨ. 
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ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ˀʬʫʬʪʬʩʰ ˀʬʳʫʬʪˀʰ ʳʫʪʵʳʨʸʬʵʩʹ: 

1. ˀʬʳʻˀʨʭʬʩʻʲʰʨ  InP-ʹ ʹʨʼʻ˃ʭʬʲʮʬ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʰʾʬʩʰʹ 

ʺʬʽʴʵʲʵʪʰʨ, ʸʵʳʬʲʰ˂  ˈʰʫʸʨʮʰʴʰʹ  (N 2H4) ʵʸʯʽʲʰʹ ʪʨʳʵʿʬʴʬʩʨʹ 

ʬʼʻ˃ʴʬʩʨ; 

2. 440C-ʮʬ InP–ʹ ˄ʿʨʸʵʫʨʴ Si-ʹ ʼʻ˃ʬˀʸʬʮʬ ʪʨʮʸʫʰʲʰʨ InP–ʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰ. ʳʨʯ ʪʨʨˁʴʰʨʯ ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ (ZnS) 

ʹʺʸʻʽʺʻʸʨ. ʳʰʾʬʩʻʲʰʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰ ʸʵʪʵʸ˂ ˄ʿʵʩʰʹ 

ʫʬʼʬʽʺʬʩʰʹ ʪʨʸʬˀʬ ʰʹʬ ʳʸʨʭʨʲˇʬʸʨʫʰ, ʨʴ ʸʬʪʻʲʨʸʻʲʰ 

ʵʸʬʻʲʬʩʰʯ; 

3. InP-ʹ ˄ʿʨʸʵʹ ˀʬʳʯˆʭʬʭʨˀʰ ʼʻ˃ʬˀʸʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ 540C-ʳʫʬ 

ʳʵʳʨʺʬʩʰʯ ʰ˂ʭʲʬʩʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʵʸʼʵʲʵʪʰʨ. ʰʮʸʫʬʩʨ 

ʸʨʳʵʫʬʴʰʳʬ ʳʰʱʸʵʳʬʺʸʰʹ ʫʰʨʳʬʺʸʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ 

ʱʨʺʨʲʰʮʨʺʵʸʰʹ ˄ʭʬʯʬʩʰʯ, ʸʨ˂ ʳʰʻʯʰʯʬʩʹ ʮʸʫʰʹ ʳʬʽʨʴʰʮʳʰʹ 

˂ʭʲʰʲʬʩʨʮʬ˂ ʵʸʯʽʲʰ-ʳʿʨʸʰ ʳʬʯʵʫʰʫʨʴ ʵʸʯʽʲʰ-ʹʰʯˆʬ-ʳʿʨʸʰ 

ʳʬʯʵʫʮʬ; 

4. InP+Ga ʫʨ InP+Zn ˄ʿʨʸʵʫʨʴ ʳʰʾʬʩʻʲʰʨ ʪʻʲʰ–ʪʨʸʹʰ ʺʰʶʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰ, ʸʵʳʲʬʩˀʰʨ˂ ʪʻʲʰ ˄ʨʸʳʵʨʫʪʬʴʹ ʱʸʰʹʺʨʲʻʸ  

InP–ʹ, ˆʵʲʵ ʪʨʸʹʰ ʨʳʵʸʼʻʲ Ga2O3  ʨʴ Zn3(PO4)2; 

5. InP+Ga ˄ʿʨʸʵʫʨʴ ʳʰʾʬʩʻʲ ʪʻʲʰ–ʪʨʸʹʰʹ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲˀʰ  

InP–ʹ ʪʻʲʹ ˀʬʰ˃ʲʬʩʨ ʪʨʨˁʴʫʬʹ ʸʵʪʵʸ˂  ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ, ʰʹʬ 

ʭʰʻʸʺ˂ʰʺʰʹ ʹʺʸʻʽʺʻʸʨ. ʨʳ ʻʱʨʴʨʹʱʴʬʲʰ ʹʺʸʻʽʺʻʸʰʹ ʨʸʹʬʩʵʩʨ 

ʳˆʵʲʵʫ ʴʨʴʵʮʵʳʰʹ InP–ˀʰ ʫʨʰʳʮʰʸʬʩʨ ; 

6. InP+Zn ʫʨ InP+Ga ˄ʿʨʸʵʬʩˀʰ InP–ʹ ʳ˂ʰʸʬ ˀʬʳ˂ʭʬʲʵʩʰʹʨʹ  ʯʨʭʰʫʨʴ 

ʰʮʸʫʬʩʨ ʪʻʲʰ–ʪʨʸʹʰʹ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʰ, ˆʵʲʵ InP–ʹ 

ʨʳʵ˄ʻʸʭʰʹ ˀʬʳʫʬʪ ʪʨʸʹʰ ʪʨʴʨʪʸ˃ʵʩʹ ʮʸʫʨʹ Zn3(PO4)2–ʰʹ ʨʴ Ga2O3 

ʴʨʴʵʳʰʲʨʱʰʹ ʹʨˆʰʯ; 
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7. InP+Zn ˄ʿʨʸʵʹ ʴʨ˂ʭʲʨʫ InP+ZnO ˄ʿʨʸʵʹ ʪʨʳʵʿʬʴʬʩʨ ʰ˄ʭʬʭʹ 

InP+Zn3(PO4)2 ʪʻʲʰ–ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲˀʰ ʪʨʸʹʰʹ ʹʰʹʽʰʹ 

ʪʨʮʸʫʨʹ ʸʨ˂ ʸʬʨʽʺʵʸˀʰ ʷʨʴʪʩʨʫʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʰʹ ʮʸʫʰʯ 

ʨʰˆʹʴʬʩʨ.  

8. ˀʬʹ˄ʨʭʲʰʲʰʨ InP+Zn ˄ʿʨʸʵʫʨʴ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʰʴʯʬʮʰ 

ʼʻ˃ʬˀʸʰʹ ʹˆʭʨʫʨʹˆʭʨ ʺʬʳʶʬʸʨʺʻʸʻʲ ʸʬʷʰʳʬʩˀʰ 400C; 450C; ʫʨ 

550C. ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʵʳʨʺʬʩʰʯ ʰ˂ʭʲʬʩʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

ʳʵʸʼʵʲʵʪʰʨ ʱʬʸ˃ʵʫ, ʳʨʾʨʲ ʺʬʳʶʬʸʨʺʻʸʨʮʬ ʪʨʸʹʰ ˇʬʸ 

˄ʨʸʳʵʽʳʴʰʹ ˄ʭʬʯʬʩʹ, ˀʬʳʫʬʪ ʱʰ ˀʬʳ˂ˆʭʨʸ ʴʨ˄ʰʲʨʱʬʩʹ. 

ʴʨˀʸʵʳʰʹ ʶʸʨʽʺʰʱʻʲ ʾʰʸʬʩʻʲʬʩʨʹ ʪʨʴʹʨʮʾʭʸʨʭʹ ʰʹ, ʸʵʳ ˁʭʬʴʹ ʳʰʬʸ 

ˀʬʳʻˀʨʭʬʩʻʲʰ ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ʮʸʫʰʹ ʶʰʸʵʲʰʮʻʸʰ ʺʬʽʴʵʲʵʪʰʨ 

ʹʨˀʻʨʲʬʩʨʹ ʪʭʨ˃ʲʬʭʹ ˀʬʭʨʳ˂ʰʸʵʯ ʮʸʫʰʹ ʺʬʳʶʬʸʨʺʻʸʨ ʲʰʺʬʸʨʺʻʸʨˀʰ 

ʨʾ˄ʬʸʰʲ ʨʴʨʲʵʪʬʩʯʨʴ ˀʬʫʨʸʬʩʰʯ. ˈʰʫʸʨʮʰʴʰʹ ʫʨˀʲʰʹ ʨʽʺʰʻʸʰ 

˄ʰʴʨʶʸʵʫʻʽʺʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ˁʭʬʴ ˀʬʭ˃ʬʲʰʯ ʳʰʪʭʬʾʵ InP-ʰʹ 

ʱʸʰʹʺʨʲʻʸʰ ʯʻʯʰʰʹ ʼʵʹʼʰʫʰʹ ʹʺʸʻʽʺʻʸʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ 440C 

ʺʬʳʶʬʸʨʺʻʸʨʮʬ, ʸʨ˂ 810C-ʰʯ ʴʨʱʲʬʩʰʨ ʭʰʫʸʬ ʲʰʺʬʸʨʺʻʸʨˀʰ 

ʨʸʹʬʩʻʲʰ ʰʪʰʭʬ ʳʨʹʨʲʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʸʫʰʹ ʺʬʳʶʬʸʨʺʻʸʨʮʬ 

1250C. ʪʨʸʫʨ ʨʳʰʹʨ ʬʸʯ ʶʸʵ˂ʬʹˀʰ ʹʰʴʯʬʮʰʸʬʩʻʲʰʨ InP+Zn3(PO4)2 ʪʻʲʰ-

ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ, ʹʨʫʨ˂ ʳʨʾʨʲʰ ʲʻʳʰʴʬʹ˂ʬʴ˂ʰʰʹ ʳʽʵʴʬ 

ʱʸʰʹʺʨʲʻʸʰ InP-ʰʹ ʪʻʲʰ ʰʼʨʸʬʩʨ Zn3(PO4)2-ʰʹ ʪʨʸʹʰʯ. ʭʰʴʨʰʫʨʴ InP  

ʨʫʭʰʲʨʫ ʰʷʨʴʪʬʩʨ, ʹʺʨʩʰʲʻʸʰ ʳʨʹʨʲʰʹ ʪʨʸʹʰʹ ʨʸʹʬʩʵʩʨ ˆʬʲʹ ʻˀʲʰʹ 

InP-ʹ  ʪʻʲʰʹ ʵʽʹʰʫʨ˂ʰʨʹ ʫʨ ʨʻʳˇʵʩʬʹʬʩʹ ʳʰʹ ʼʵʺʵʹʺʨʩʰʲʻʸʵʩʨʹ. 

ʨʹʬʯʰ ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʹʨʲʬʩʰ ʳʨʯʰ ʩʰʵʳʨʸʱʬʸʬʩˀʰ ʪʨʳʵʿʬʴʬʩʰʹ 

ʫʰʫ ʶʬʸʹʶʬʽʺʰʭʬʩʹ ʹʨˆʨʭʬʴ.  

ʴʨˀʸʵʳˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʺʬʽʴʵʲʰʻʸʰ ʶʸʵ˂ʬʹʬʩʰ ʨʶʸʵʩʰʸʬʩʻʲʰ ʰʿʵ 

ˀʬʳʫʬʪ ʱʵʴʼʬʸʬʴ˂ʰʬʩʮʬ: 
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1. Formation  of  macro  porous  and  micro  tubes  in  the  nanocristalline  Ge: 

GeO2  films. The international Congress of Nanotechnology ICNT 2006,  

October  30-November 2, San-Francisco, California, USA.2006.  

2. Si and Ge Nanocrystals. Embedded in the Alumina Film. 13
th

 International 

Metallurgy-Materials Congress 09-11 November 2006 (IMMC 2006), Istanbul, 

Turkey. 

3. Nanoporous films produced by the magnetron sputtering of Ge in oxygen 

plasma. International workshop on nanostructured materials. Nanomat 2006, 

Antalya, Turkey, June 21-23, 2006. www.metucenter.metu.edu.tr/nano2006 

ʶʻʩʲʰʱʨ˂ʰʬʩʰ. ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ˀʬʫʬʪʬʩʰ ʪʨʳʵʽʭʬʴʬʩʻʲʰʨ 8 

ʹʨʳʬ˂ʴʰʬʸʵ ʶʻʩʲʰʱʨ˂ʰʨˀʰ, ʸʵʳʬʲʯʨ ʹʰʨ ʳʵʿʭʨʴʰʲʰʨ ʨʭʺʵʸʬʼʬʸʨʺʰʹ 

ʩʵʲʵˀʰ. 

I ʯʨʭʰ 

ʶʰʸʭʬʲ ʯʨʭˀʰ ʨʾ˄ʬʸʰʲʰʨ 1D ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ 

ʴʨʴʵʬʲʬʽʺʸʵʴʰʱʨˀʰ, ʳʬʫʰ˂ʰʴʨˀʰ ʫʨ ʸʬʨʲʻʸ ˆʬʲʹʨ˄ʿʵʬʩˀʰ ʪʨʳʵʿʬʴʬʩʰʹ 

˃ʰʸʰʯʨʫʰ ʶʬʸʹʶʬʽʺʰʭʬʩʰ.  ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ˃ʰʸʰʯʨʫʰ ʯʭʰʹʬʩʬʩʰ ʫʨ 

ʳʨʯʰ ʪʨʴʹˆʭʨʭʬʩʨ ʳʵ˂ʻʲʵʩʰʯʰ ʳʨʹʨʲʬʩʰʹʪʨʴ, ʮʵʳʬʩʰʹ ˀʬʳ˂ʰʸʬʩʨʹʯʨʴ 

ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ˂ʭʲʰʲʬʩʬʩʰ. ʪʨʴˆʰʲʻʲʰʨ ʨʹʬʭʬ ʨʳ 

˂ʭʲʰʲʬʩʬʩʰʹ ʫʨ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʨʳʵʳ˄ʭʬʭʰ ʳʰʮʬʮʬʩʰ, ʱʬʸ˃ʵʫ, ʱʭʨʴʺʻʸʰ 

ˀʬʮʾʻʫʭʬʩʰ ʫʨ ʫʰʫʰ ʮʬʫʨʶʰʸʰʹ ʼʨʸʯʵʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʮʬʫʨʶʰʸʰʹ 

ʯʭʰʹʬʩʬʩʰʹ ʫʵʳʰʴʰʸʬʩʨ. ʬʹ ʯʨʭʰ ʹʨʳʰ ʽʭʬʯʨʭʰʹʪʨʴ ˀʬʫʪʬʩʨ. 

 1.1 ʽʭʬʯʨʭˀʰ ʨʾ˄ʬʸʰʲʰʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʨˆʨʲʰ ʯʭʰʹʬʩʬʩʰ ʫʨ 

ʶʨʸʨʳʬʺʸʬʩʰ ʸʵʳʲʬʩʰ˂ ʮʵʳʬʩʰʹ ˀʬʳ˂ʰʸʬʩʨʹʯʨʴ ʨʸʰʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ. 

 ʴʨʴʵʳʨʭʯʻʲʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʬʸʯʪʨʴʮʵʳʰʲʬʩʰʨʴ 1D 

ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʹ, ʸʵʳʬʲʯʨ ʫʰʨʳʬʺʸʰ 1-100ʴʳ ˀʬʨʫʪʬʴʹ, ˆʵʲʵ 

ʹʰʪʸ˃ʬ/ʫʰʨʳʬʺʸʰʹ ʯʨʴʨʼʨʸʫʵʩʨ ʨʾʬʳʨʺʬʩʨ 1000-ʹ. ʳʵʪʬˆʹʬʴʬʩʨʯ, ʸʵʳ 

ʴʨʴʵʳʨʭʯʻʲʰʹ ˀʬʳʨʫʪʬʴʬʲ ʨʺʵʳʯʨ ʫʰʫʰ ʴʨ˄ʰʲʰ ʮʬʫʨʶʰʸʮʬ 

ʳʫʬʩʨʸʬʵʩʹ ʫʨ ʪʨʴʹʨʮʾʭʸʨʭʹ ʳʰʹ ʯʭʰʹʬʩʬʩʹʨ ʫʨ ʬʲʬʽʺʸʵʪʨʳʺʨʸʵʩʨʹʨ˂. 

ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʵʳʰʹ ʫʨ ʼʵʸʳʰʹ ˂ʭʲʰʲʬʩʰʯ 

ʰ˂ʭʲʬʩʨ ʳʨʯʰ ʶʨʸʨʳʬʺʸʬʩʰ˂. 

http://www.metucenter.metu.edu.tr/nano2006
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ʴʨʴʵʮʵʳʬʩʰʹ ʳʨʹʨʲʬʩˀʰ ʳʨʯʰ ʯʭʰʹʬʩʬʩʰ ʫʨ ʶʨʸʨʳʬʺʸʬʩʰ ʱʭʨʴʺʻʸʰ 

ʳʬʽʨʴʰʱʰʹ ʱʨʴʵʴʬʩʰʯ ʰʳʨʸʯʬʩʨ. ʸʵʫʬʹʨ˂ ʴʨʴʵʳʨʹʨʲʰʹ ʫʰʨʳʬʺʸʰ ʩʵʸʰʹ 

ʬʽʹʰʺʵʴʰʹ ʸʨʫʰʻʹʮʬ ʴʨʱʲʬʩʰʨ, ʳʨʹʨʲʨˀʰ ʰ˄ʿʬʩʨ ʳʯʬʲʰ ʸʰʪʰ ʱʭʨʴʺʻʸʰ 

ˀʬʮʾʻʫʭʬʩʰ, ʸʨ˂ ʰ˄ʭʬʭʹ ʴʨʴʵʳʨʹʨʲʰʹ ʯʭʰʹʬʩʬʩʰʹ (ʨʱʸ˃ʨʲʻʲʰ ʮʵʴʰʹ 

ʹʰʪʨʴʬ, ʫʴʵʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨ, ʫʰʬʲʬʽʺʸʰʱʻʲʰ ˀʬʾ˄ʬʭʨʫʵʩʨ, ʳʬʹʸʰʹ 

ʶʨʸʨʳʬʺʸʬʩʰ ʫʨ ʹˆʭ.) ʳʨʯ ʮʵʳʬʩʮʬ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨʹ. ʨʳ ʳʵʭʲʬʴʨʹ 

ʱʭʨʴʺʻʸʰ ˀʬʮʾʻʫʭʨ (Quantum confinement) ʬ˄ʵʫʬʩʨ. ʩʵʸʰʹ ʬʽʹʰʺʵʴʰʹ 

ʸʨʫʰʻʹʰ ʪʨʳʵʰʹʨˆʬʩʨ ˀʬʳʫʬʪʰ ʼʵʸʳʻʲʰʯ: 

                                                                                         (1) 

 

ʹʨʫʨ˂ -ʳʨʹʨʲʰʹ ʫʰʬʲʬʽʺʸʰʱʻʲʰ ʳʻʫʳʰʭʨʨ, m*- ʴʨ˄ʰʲʨʱʰʹ ʳʨʹʨ 

m- ʬʲʬʽʺʸʵʴʰʹ ʻ˃ʸʨʵʩʰʹ ʳʨʹʨ, -˄ʿʨʲʩʨʫʰʹ ʨʺʵʳʰʹ ʸʨʫʰʻʹʰ. 

ʱʭʨʴʺʻʸʰ ˀʬʮʾʻʫʭʰʹ ʬʼʬʽʺʰ ʰ˄ʭʬʭʹ ʬʴʬʸʪʬʺʰʱʻʲ ʫʵʴʬʬʩʹ ˀʵʸʰʹ 

ʰʴʺʬʸʭʨʲʰʹ ˂ʭʲʰʲʬʩʨʹ, ʸʵʳʬʲʰ˂ ʨʰʹʨˆʬʩʨ ˀʬʳʫʬʪʰ ʼʵʸʳʻʲʰʯ:  

 

                                                                                      (2) 

 

ʹʨʫʨ˂ EF-ʼʬʸʳʰʹ ʬʴʬʸʪʰʨʨ, n-ʹʨʭʨʲʬʴʺʵ ʬʲʬʽʺʸʵʴʯʨ ʹʨʬʸʯʵ 

ʸʰ˂ˆʭʰʨ. ʰʮʸʫʬʩʨ ʨʪʸʬʯʭʬ ʨʱʸ˃ʨʲʻʲʰ ʮʵʴʰʹ ʹʰʪʨʴʬʬʩʰ˂. ʳʨʪʨʲʰʯʨʫ 

4.8 ʴʳ ʫʰʨʳʬʺʸʰʹ ʳʽʵʴʬ PbSe-ʰʹ ʴʨʴʵʱʸʰʹʺʨʲʰʹ ʨʱʸ˃ʨʲʻʲʰ ʮʵʴʰʹ 

ʹʰʪʨʴʬ 0.82 ʬʭ-ʹ ˀʬʨʫʪʬʴʹ, ˆʵʲʵ ʳʵ˂ʻʲʵʩʰʯʰ PbSe-ʰʹ ʱʰ 0.28 ʬʭ-ʹ (PbSe-

ʰʹ ʩʵʸʰʹ ʬʽʹʰʺʵʴʰʹ ʸʨʫʰʻʹʰ 46 ʴʳ-ʰʨ). 

ʨʽʬʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ ʯʻ ʳʵ˂ʻʲʵʩʰʯ ʳʨʹʨʲʨˀʰ ʨˆʨʲʰ ʯʭʰʹʬʩʬʩʰʹ 

ʳʰʾ˄ʬʭʨ ˆʫʬʩʵʫʨ ʳˆʵʲʵʫ ˀʬʳʨʫʪʬʴʲʵʩʰʹ ʨʴ ʹʺʸʻʽʺʻʸʰʹ ˂ʭʲʰʲʬʩʰʯ, 

ʴʨʴʵʳʨʹʨʲʬʩˀʰ ʨʳ ʵʸ ʶʨʸʨʳʬʺʸʹ ʬʳʨʺʬʩʨ ʱʰʫʬʭ ʬʸʯʰ, ʯʭʰʹʬʩʬʩʰʹ ʮʵʳʨʮʬ 

ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ ʶʨʸʨʳʬʺʸʰ. ʨʳ ʳʵʭʲʬʴʨʹ ʹʸʻʲʰʨʫ ʨˆʨʲ, ʬ.˄. 

ʴʨʴʵʹʨʳʿʨʸʵˀʰ ˀʬʭʿʨʭʨʸʯ, ʹʨʫʨ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʺʸʨʫʰ˂ʰʻʲ ʳʨʹʨʲʬʩˀʰ 

ʹʸʻʲʰʨʫ ʨˆʨʲʰ, ʻʴʰʱʨʲʻʸʰ ʯʭʰʹʬʩʬʩʰʹ ʳʰʾ˄ʬʭʨ ʫʨ ʳʸʨʭʨʲʰ ʱʭʨʴʺʻʸʰ 

ʯʭʰʹʬʩʬʩʰʹ ʵʯʨˆʰʹ ʺʬʳʶʬʸʨʺʻʸʨʮʬ ʪʨʳʵʳʷʾʨʭʴʬʩʨ. 



 

10 

1.2 ʽʭʬʯʨʭˀʰ ʪʨʴˆʰʲʻʲʰʨ ʬʸʯʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʴʨʴʵʳʨʹʨʲʬʩʰʹ 

ʮʸʫʰʹ ˃ʰʸʰʯʨʫʰ ʳʬʯʵʫʬʩʰ, ʸʵʳʬʲʯʨʪʨʴʨ˂ ʿʭʬʲʨʮʬ ʫʰʫʰ ʿʻʸʨʫʾʬʩʨ 

ʪʨʳʨˆʭʰʲʬʩʻʲʰʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʸʫʰʹ ʵʸʯʽʲʰ-ʹʰʯˆʬ-ʳʿʨʸʰ (ʵʹʳ) 

ʫʨ ʵʸʯʽʲʰ-ʳʿʨʸʰ (ʵʳ) ʳʬʯʵʫʬʩʮʬ, ʸʨʫʪʨʴ ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳˀʰ 

ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʹ ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ʫʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

ʳʰʹʨʾʬʩʨʫ ʹ˄ʵʸʬʫ ʬʹ ʵʸʰ ʳʬʯʵʫʰ ʰʿʵ ʪʨʳʵʿʬʴʬʩʻʲʰ. ʵʸʯʽʲʰ-ʹʰʯˆʬ-

ʳʿʨʸʰ ʳʬʯʵʫʰ ʬʳʿʨʸʬʩʨ ʹʨʳʰ ʼʨʮʰʹ ʪʨʳʵʿʬʴʬʩʨʹ (ʴʨˆ.1).  

ˇʬʸ    ˄ʨʸʳʵʽʳʴʰʨʴ    ʱʨʺʨʲʰʮʨʺʵʸʰʹ   ˄ʭʬʯʬʩʹ,   (ʨʳʰʹʨʯʭʰʹ ʹʨʼʬʴʰʹ 

ʮʬʫʨʶʰʸʮʬ ʫʨʨʽʭʯ ʱʨʺʨʲʰʮʨʺʵʸʯʨ Au, Fe, Ni, Cu ʫʨ ʹˆʭ. 

ʴʨʴʵʴʨ˄ʰʲʨʱʬʩʰ) ʨʳʨʭʫʸʵʻʲʨʫ ˆʫʬʩʨ ʪʨʹʨʮʸʫʬʲʰ ʳʨʹʨʲʰʹ ʨʵʸʯʽʲʬʩʨ. 

(ʵʹʳ) ʳʬʽʨʴʰʮʳʰʹ ʳʬʵʸʬ ʬʺʨʶʰʹ ʫʸʵʹ ʴʨˆʬʭʨʸʪʨʳʺʨʸʰʹ ʵʸʯʽʲʰ ʨʾ˄ʬʭʹ 

ʱʨʺʨʲʰʮʨʺʵʸʰʹ ʳʨʹʨʲʨˀʰ ʫʨ ˄ʨʸʳʵʽʳʴʰʹ ʴʨʬʸʯʹ. ˂ʴʵʩʰʲʰʨ, ʸʵʳ ʵʸʰ 

ʳʨʹʨʲʰʹ ʴʨʬʸʯʰʹ ʫʴʵʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨ (ʬʭʺʬʽʺʰʱʻʸʰ ʺʬʳʶʬʸʨʺʻʸʨ TE) 

ʴʨʱʲʬʩʰʨ ˂ʨʲ-˂ʨʲʱʬ ʯʭʰʯʵʬʻʲʰ ʳʨʹʨʲʰʹ ʫʴʵʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨʮʬ. 

 

 

ʴʨˆ 1.   ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʵʸʯʽʲʰ-ʹʰʯˆʬ-ʳʿʨʸʰ (ʵʹʳ) ʮʸʫʰʹ ʳʬʽʨʴʰʮʳʰ. 1. 

ʵʸʯʽʲʰʹ ʳʵʽʳʬʫʬʩʨ ʳʬʺʨʲʰʹ ʱʨʺʨʲʰʮʨʺʵʸʯʨʴ. 2. ʪʨʳʫʴʨʸʰ 

ʱʨʺʨʲʰʮʨʺʵʸʰ  ʫʨ ˄ʿʨʸʵʹ ˀʬʴʨʫʴʵʩʰ ˄ʨʸʳʵʽʳʴʰʹ ˄ʭʬʯʹ. 3. ʳʿʨʸʰ ʮʸʫʰʹ 

ʼʨʮʨ. 

 

ʸʵʫʬʹʨ˂ ʸʬʨʽ˂ʰʰʹ ʺʬʳʶʬʸʨʺʻʸʨ ʬʼʺʬʽʺʰʱʻʸ ʺʬʳʶʬʸʨʺʻʸʨʹ 

ʪʨʻʺʵʲʫʬʩʨ, ˆʫʬʩʨ ʵʸʯʽʲʰʹ ʨʫʹʵʸʩ˂ʰʨ ʱʨʺʨʲʰʮʨʺʵʸʮʬ ʫʨ ʳʰʹʰ 
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ʪʨʫʨʴʨ˄ʰʲʬʩʨ ʯˆʬʭʨʫ ʳʨʹʨˀʰ ʫʰʼʻʮʰʰʹ ʪʮʰʯ. ʳʬʹʨʳʬ ʬʺʨʶʮʬ, 

ʱʨʺʨʲʰʮʨʺʵʸʰʹ ʮʬʫʨʶʰʸʮʬ ʵʸʯʽʲʰʹ ʳʻʫʳʰʭʰ ʨʫʹʵʸʩ˂ʰʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ ʪʨʫʨˇʬʸʬʩʰʹ ˀʬʫʬʪʨʫ ˆʵʸ˂ʰʬʲʫʬʩʨ ʨʳ ʳʨʹʨʲʬʩʰʹ 

ʬʼʺʬʱʺʰʱʻʸʰ  ˄ʭʬʯʰʫʨʴ ʳʿʨʸʰ ʼʨʮʰʹ ʶʸʬ˂ʰʶʰʺʨ˂ʰʨ ʫʨ ʱʸʰʹʺʨʲʻʸʰ 

ʹʺʸʻʽʺʻʸʰʹ ʴʨʴʵʳʨʭʯʻʲʰʹ ʪʨʮʸʫʨ. 

 1.3 ʽʭʬʯʨʭˀʰ ʪʨʴˆʰʲʻʲʰʨ ʵʸʯʽʲʰ-ʳʿʨʸʰ ʳʬʯʵʫʰʯ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʸʫʨ, ʸʵʳʬʲʰ˂ ʲʰʯʵʴʰʹ ʱʨʺʨʲʰʮʨʺʵʸʰʹ ʪʨʸʬˀʬ 

ʳʰʳʫʰʴʨʸʬʵʩʹ, ʹʰʴʯʬʮʰʹ ʸʬʨʪʬʴʺʬʩʰʹ ʻˀʻʨʲʵʫ ʵʸʯʽʲʰʹ ʼʨʮʰʫʨʴ 

ʳʿʨʸ ʼʨʮʨˀʰ ʪʨʫʨʹʭʲʰʯ. ʨʾ˄ʬʸʰʲʰʨ ʵʸʯʽʲʰ-ʳʿʨʸʰ ʳʬʯʵʫʰʯ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʸʫʰʹ ʶʸʵ˂ʬʹʰ.    

1.4 ʫʨ 1.5 ʽʭʬʯʨʭʬʩˀʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ˈʬʺʬʸʵʼʨʮʻʲʰ ʫʨ ʪʻʲʰ-

ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʸʫʰʹ ʳʬʯʵʫʬʩʰ.  

1.6 ʽʭʬʯʨʭˀʰ ʪʨʴˆʰʲʻʲʰʨ ʨʳʵʸʼʻʲʰ ʴʨʴʵʳʨʹʨʲʬʩʰʹ ʹʰʴʯʬʮʰ ʫʨ 

ʳʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʹʰʸʯʻʲʬʬʩʰ.  

ʴʨʴʵʮʵʳʬʩʰʹ ʨʳʵʸʼʻʲʰ ʳʨʹʨʲʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʨʸʨʱʸʰʹʺʨʲʻʸʰ 

ʳʿʨʸʰ ʺʨʴʰʹ ʳʨʹʨʲʨʯʨ ˇʪʻʼʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʫʨ ʨˆʨʲ ʱʨʺʬʪʵʸʰʨʹ. 

ʨʺʵʳʻʸʰ ʹʺʸʻʽʺʻʸʰʹ ʰʮʵʺʸʵʶʰʻʲʵʩʰʹ ʪʨʳʵ ʨʳʵʸʼʻʲʰ 

ʴʨʴʵʳʨʹʨʲʬʩʰʹ ʳʵʸʼʵʲʵʪʰʻʸʰ ʱʵʴʺʸʵʲʰ ˃ʨʲʮʬʫ ʸʯʻʲʰʨ. 

ʨʹʬʭʬ ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʱʸʰʹʺʨʲʻʸʰ ʹʺʸʻʽʺʻʸʰʹ ʨʴʨʲʰʮʰ 

ʺʸʨʫʰ˂ʰʻʲʰ ʳʬʯʵʫʬʩʰʯ, ʸʵʪʵʸʬʩʰ˂ʨʨ: ʼˆʭʴʰʲʬʩʰʹ 

ʸʬʴʺʪʬʴʵʫʰʼʸʨʽ˂ʰʨ (ʬ.˄. powderX-ray diffraction XRD), ˀʬʸˁʬʻʲʰ ʨʸʰʫʨʴ 

ʬʲʬʽʺʸʵʴʯʨ ʫʰʼʸʨʽ˂ʰʨ (ʬ.˄. Selected Area Electron Diffraction SAED) ʫʨ 

ʳʨʾʨʲʰ ʸʬʮʵʲʻ˂ʰʰʹ ʺʸʨʴʹʳʰʹʰʻʲʰ ʬʲʬʽʺʸʵʴʻʲʰ ʳʰʱʸʵʹʱʵʶʰʨ (ʬ.˄ 

high-resolutiontransmission electron microscopy HRTEM) ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

ʫʨʭʨʫʪʰʴʵʯ ʳʨʹʨʲʰʹ ʨʳʵʸʼʻʲʰ ʹʺʸʻʽʺʻʸʨ, ʳʨʪʸʨʳ ˀʬʻ˃ʲʬʩʬʲʰʨ 

ʳʵʭʨˆʫʰʴʵʯ ʳʰʹʰ ʹʺʸʻʽʺʻʸʻʲʰ ʨʴʨʲʰʮʰ. ʨʳʵʸʼʻʲʰ ʹʺʸʻʽʺʻʸʬʩʰʹ 

ʨʴʨʲʰʮʰʹʯʭʰʹ ʰʿʬʴʬʩʬʴ ʸʬʴʺʪʬʴʻʲ ʼʵʺʵʬʲʬʽʺʸʵʴʻʲ 

ʹʶʬʽʺʸʵʹʱʵʶʰʨʹ (ʬ.˄. X-ray photoelectron spectroscopy), ʰʴʼʸʨ˄ʰʯʬʲ 

ʹʶʬʽʺʸʵʹʱʵʶʰʨʹ ʫʨ ʸʬʴʺʪʬʴʰʹ ʹˆʰʭʬʩʰʹ ˀʯʨʴʯʽʳʰʹ ʹʶʬʽʺʸʵʹʱʵʶʰʨʹ (ʬ.˄. 



 

12 

X-ray absorption spectroscopy). ʫʾʬʰʹʨʯʭʰʹ ʨʳʵʸʼʻʲʰ ʳʨʹʨʲʬʩʰ 

ʱʸʰʹʺʨʲʻʸʯʨʴ ˀʬʫʨʸʬʩʰʯ ʴʨʱʲʬʩʨʫʨʨ ˀʬʹ˄ʨʭʲʰʲʰ.  ʳʨʯʰ ˀʰʫʨ 

ʹʺʸʻʽʺʻʸʰʹ ʽʨʵʺʻʸʵʩʰʹ ʪʨʳʵ  ˇʬʸ ʱʰʫʬʭ ʨʸ ʨʸʹʬʩʵʩʹ ʹʸʻʲʿʵʼʰʲʰ 

ʳʵʫʬʲʰ ʨʴ ʯʬʵʸʰʨ, ʸʵʳʬʲʰ˂ ʨʾ˄ʬʸʫʨ ʨʳʵʸʼʻʲʰ ʳʨʹʨʲʬʩʰʹ 

ʹʺʸʻʽʺʻʸʨʹ.  ˀʬʹ˄ʨʭʲʰʲʰʨ ʮʵʪʰʬʸʯʰ ʨʳʵʸʼʻʲʰ ʳʨʹʨʲʰʹ ˀʰʫʨ 

ʹʺʸʻʽʺʻʸʰʹ ʶʨʸʨʳʬʺʸʬʩʰ, ʳʨʪʨʲʰʯʨʫ: ʲʰʯʵʴʻʸʰ ʳʰʴʰʹ ʨʺʵʳʻʸʰ 

˄ʿʵʩʨ ʨˆʲʵ ʳʨʴ˃ʰʲʬʩʮʬ, ʨʺʵʳʻʸʰ ˄ʿʵʩʨ ʹʨˀʻʨʲʵ ʳʨʴ˃ʰʲʬʩʮʬ, 

ʶʵʲʰʳʵʸʼʰʮʳʰ ʫʨ ˀʵʸ ʳʨʴ˃ʰʲʬʩʮʬ ʨʺʵʳʬʩʰʹ ʺʵʶʵʲʵʪʰʻʸʰ ˄ʿʵʩʨ. 

ʳʸʨʭʨʲʰ ʱʭʲʬʭʨ ˁʨʺʨʸʫʨ ʹˆʭʨʫʨʹˆʭʨ ʺʰʶʰʹ ʨʳʵʸʼʻʲʰ ʳʨʹʨʲʬʩʰʹ 

ʲʵʱʨʲʻʸʰ ʨʺʵʳʻʸʰ ʪʨʸʬʳʵʹ ˀʬʹʨʹ˄ʨʭʲʨʫ. ʳʨʯʰ ʨʺʵʳʯʨ ʹʶʬ˂ʰʼʰʻʸʰ 

˄ʿʵʩʨ ʪʨʴʨʶʰʸʵʩʬʩʹ ʨʳʵʸʼʻʲʰ ʳʨʹʨʲʬʩʰʹ ʳʬʽʨʴʰʱʻʸʰ ʫʨ ʹˆʭʨ 

ʻʴʰʱʨʲʻʸʰ ʯʭʰʹʬʩʬʩʰʹ ʪʨʳʵʭʲʬʴʨʹ. ʨʹʬʭʬ ˃ʨʲʮʬʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʳʨʯʰ 

ʳʨʪʴʰʺʻʸʰ ʯʭʰʹʬʩʬʩʰ˂. ʯʻʳ˂ʨ ʳʵ˂ʻʲʵʩʰʯ ʨʳʵʸʼʻʲ ʳʨʹʨʲʬʩˀʰ ʳ˂ʰʸʬ 

ʮʬʫʨʶʰʸʰʹ ʼʨʸʯʵʩʰ  ʳʱʨ˂ʸʨʫ ʮʾʻʫʨʭʹ ʨʳ ʯʭʰʹʬʩʬʩʰʹ ʸʬʨʲʰʮʨ˂ʰʨʹ. 

ʴʨʴʵʳʨʹʨʲʬʩʰʹ ʯʭʰʹʬʩʬʩʰ ʳʨʯ ʹʺʸʻʽʺʻʸʨʮʬʨ ʫʨʳʵʱʰʫʬʩʻʲʰ, 

ʸʵʳʬʲʰ˂ ˀʬʰ˃ʲʬʩʨ ʫʨʭʿʵʯ ʵʯˆ ʱʨʺʬʪʵʸʰʨʫ: ʮʵʳʨ, ʼʵʸʳʨ, 

ˀʬʳʨʫʪʬʴʲʵʩʨ ʫʨ ʱʵʴʹʺʸʻʽ˂ʰʨ. ʳʨˀʨʹʨʫʨʳʬ ʨʳ ʹʺʸʻʽʺʻʸʻʲʰ 

ʼʨʽʺʵʸʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʨ ˄ʨʸʳʵʨʫʪʬʴʹ ʻʫʰʫʬʹ ʨʳʵ˂ʨʴʨʹ 

ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹʯʭʰʹ. ʯʻʳ˂ʨ ʨʳʵʸʼʻʲʰ ʴʨʴʵʳʨʹʨʲʬʩʰʹ 

ʹʺʸʻʽʺʻʸʰʹ ˀʬ˂ʭʲʨ ʫʨ ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʨʯʰ ʳʵʸʼʵʲʵʪʰʻʸʰ 

ʱʵʴʺʸʵʲʰ ˃ʨʲʮʬʫ ʸʯʻʲ ʨʳʵ˂ʨʴʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ. ˀʰʫʨ ʹʺʸʻʽʺʻʸʰʹ 

ʱʵʳʶʲʬʽʹʻʸʵʩʰʹ ʪʨʳʵ ʨʳʵʸʼʻʲʰ ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ʮʸʫʰʹ ʶʸʵ˂ʬʹʰ 

ʼʨʽʺʰʻʸʨʫ  ʻʳʨʸʯʨʭʰʨ. ʪʨʹʻʲʰ ʫʬʱʨʫʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʪʨʱʬʯʫʨ 

ʻʨʳʸʨʭʰ ʬʽʹʶʬʸʰʳʬʴʺʰ ʹˆʭʨʫʨʹˆʭʨ ʼʵʸʳʰʹ (ʹʼʬʸʵʬʩʰ, ʳʨʭʯʻʲʬʩʰ, 

ʳʰʲʨʱʬʩʰ, ʱʻʩʻʸʰ, ʵʽʺʨʬʫʸʻʲʰ ʫʨ ʶʵʲʰʬʫʸʻʲʰ)  ʨʳʵʸʼʻʲʰ 

ʴʨʴʵʳʨʹʨʲʬʩʰʹ ʪʨʹʨʮʸʫʬʲʨʫ ʹˆʭʨʫʨʹˆʭʨ ʳʬʯʵʫʰʹ ʪʨʳʵʿʬʴʬʩʰʯ.  

ʫʾʬʭʨʴʫʬʲ ʫʾʬʹ ʬʸʯʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʨʳʵʸʼʻʲʰ ʴʨʴʵʳʨʹʨʲʬʩʰ 

ʫʰʫ ʿʻʸʨʫʾʬʩʨʹ ʰʳʹʨˆʻʸʬʩʬʴ. ʳʨʯ ʪʨʨˁʴʰʨʯ ʻʴʰʱʨʲʻʸʰ ʯʭʰʹʬʩʬʩʰ, ʸʨ˂ 

ʹʨˀʻʨʲʬʩʨʹ ʪʭʨ˃ʲʬʭʹ ʪʨʳʵʭʰʿʬʴʵʯ ʰʹʰʴʰ ʹˆʭʨʫʨʹˆʭʨ ʴʨʴʵʬʲʬʽʺʸʵʴʻʲ 
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ˆʬʲʹʨ˄ʿʵʬʩˀʰ ʫʨ ʪʨʮʰʹ ʹʬʴʹʵʸʬʩˀʰ. ʨʳʵʸʼʻʲ ʳʨʹʨʲʬʩˀʰ ˀʵʸ 

ʳʨʴ˃ʰʲʬʩʮʬ ʨʺʵʳʻʸʰ ʹʺʸʻʽʺʻʸʰʹ ʻ˄ʬʹʸʰʪʵʩʰʹ ʪʨʳʵ ˀʬʻ˃ʲʬʩʬʲʰ 

ˆʫʬʩʨ 1D ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ ˁʨʳʵʿʨʲʰʩʬʩʨ. ʹʨ˅ʰʸʵ ˆʫʬʩʨ ʹʶʬ˂ʰʨʲʻʸʰ 

ʳʬʽʨʴʰʮʳʰʹ ʪʨʳʵʿʬʴʬʩʨ, ʨʴ ʮʸʫʰʹ ʳʰʳʨʸʯʻʲʬʩʰʹ ʳʰ˂ʬʳʨ ʹˆʭʨʫʨʹˆʭʨ 

ʺʬʽʴʰʱʰʯ.  

ʶʰʸʭʬʲʰ ʯʨʭʰʹ ʩʵʲʵ ʴʨ˄ʰʲˀʰ ʪʨʴˆʰʲʻʲʰʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

ʳʵ˄ʬʹʸʰʪʬʩʰʹʨ ʫʨ ʳʨʯʰ ˆʬʲʹʨ˄ʿʵʬʩˀʰ ʰʴʺʬʪʸʰʸʬʩʰʹ ʳʬʯʵʫʬʩʰ. 

 

II ʯʨʭʰ 

ʳʬʵʸʬ ʯʨʭˀʰ ʨʾ˄ʬʸʰʲʰʨ ʰʹ ʺʬʽʴʵʲʵʪʰʻʸʰ ʫʨʴʨʫʪʨʸʬʩʰ ʫʨ 

ʳʬʯʵʫʬʩʰ, ʸʵʳʲʬʩʰ˂ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʿʵ ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳˀʰ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʪʨʹʨʮʸʫʬʲʨʫ ʫʨ ʳʨʯʰ ˀʬʳʨʫʪʬʴʲʵʩʰʹ, 

ʳʵʸʼʵʲʵʪʰʰʹʨ ʫʨ ʹʺʸʻʽʺʻʸʰʹ ˀʬʹʨʹ˄ʨʭʲʨʫ ʪʨʳʵʿʬʴʬʩʻʲʰ ˀʬʳʫʬʪʰ 

ʨʴʨʲʰʺʰʱʻʸʰ ʳʬʯʵʫʬʩʰ: ʸʨʹʺʸʻʲʰ ʫʨ ʺʸʨʴʹʳʰʹʰʻʲʰ ʬʲʬʽʺʸʵʴʻʲʰ 

ʳʰʱʸʵʹʱʵʶʰʨ; ʸʬʴʺʪʬʴʵʼʨʮʻʸʰ ʨʴʨʲʰʮʰ;  ʬʲʬʽʺʸʵʴʯʨ ʫʰʼʸʨʽ˂ʰʨ; 

ˀʬʫʪʬʴʰʲʵʩʰʹ ʨʴʨʲʰʮʰ ʬʲʬʽʺʸʵʴʯʨ ʹˆʰʭʰʯ ʨʾ˃ʸʻʲʰ ʳʨˆʨʹʰʨʯʬʩʬʲʰ 

ʸʬʴʺʪʬʴʻʲʰ ʪʨʳʵʹˆʰʭʬʩʰʯ. ʯʨʭˀʰ ʨʹʬʭʬ   ʨʾ˄ʬʸʰʲʰʨ ʰʹ ʱʵʳʶʰʻʺʬʸʻʲʰ 

ʶʸʵʪʸʨʳʬʩʰ, ʸʵʳʲʬʩʰ˂ ʱʭʲʬʭʬʩˀʰ ʪʨʳʵʭʰʿʬʴʬʯ. ʱʬʸ˃ʵʫ: ʹˆʭʨʫʨʹˆʭʨ 

ʺʬʳʶʬʸʨʺʻʸʬʩʮʬ ʴʨʴʵʳʨʹʨʲʬʩʰʹ ʯʬʸʳʵʫʰʴʨʳʰʱʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʪʨʳʵʹʨʯʭʲʬʲʨʫ ʪʨʳʵʭʰʿʬʴʬʯ (ʶʸʵʪʸʨʳʨ HSC Chemistry 5.0), ʨʺʵʳʨʸʻʲʰ 

ʪʨʸˁʬʭʰʹʻʴʨʸʰʨʴʵʩʰʹ ʺʬʳ ʹʻʸʨʯʬʩʰʹ ʹ˄ʸʨʼʰ ʼʻʸʰʬ ʨʴʨʲʰʮʰʹʯʭʰʹ 

(ʶʸʵʪʸʨʳʨ Image-J.) ʫʨ ʹʰʩʸʺʿʬʯʨˀʵʸʰʹ ʳʨʴ˃ʰʲʬʩʰʹ ʲʰʺʬʸʨʺʻʸʨˀʰ 

ʨʸʹʬʩʻʲ ʱʸʰʹʺʨʲʵʪʸʨʼʰʻʲ ʳʵʴʨ˂ʬʳʬʩʯʨʴ ˀʬʹʨʫʨʸʬʩʲʨʫ 

ʱʵʳʶʰʻʺʬʸʻʲʰ ʶʸʵʪʸʨʳʨ, (Crystal Maker 10.1). 

 

III ʯʨʭʰ 

ʳʬʹʨʳʬ ʯʨʭʰ ʳʵʰ˂ʨʭʹ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ˀʬʫʬʪʬʩʹ ʫʨ ʳʨʯ ʪʨʴʹˇʨʹ. ʨʳ 

ʯʨʭˀʰ ʪʨʴˆʰʲʻʲʰʨ ʬʸʯʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʴʨʴʵʹʺʸʻʽʺʻʸʬʩʰʹ 

ˈʰʫʸʨʮʰʴʰʹ ʵʸʯʽʲʰʹ ʨʸʬˀʰ  ʪʨʮʸʫʰʹ ʳʬʯʵʫʰ, ʸʵʳʬʲʰ˂ 
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ʱʨʺʨʲʰʮʨʺʵʸʰʹ ʪʨʸʬˀʬ ʳʰʳʫʰʴʨʸʬʵʩʹ. ʨʹʬʭʬ ʪʨʴˆʰʲʻʲʰʨ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹʯʭʰʹ ʹʨ˅ʰʸʵ ˄ʰʴʨʶʸʵʫʻʽʺʬʩʰʹ 

˄ʨʸʳʵʽʳʴʰʹ ʳʬʽʨʴʰʮʳʰ ʫʨ ʮʸʫʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʺʸʻʽʺʻʸʨʹʨ ʫʨ ʳʵʸʼʵʲʵʪʰʨʮʬ.   

3.1 ʽʭʬʯʨʭʰ ʬ˃ʾʭʴʬʩʨ ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʹ ˄ʿʨʸʵʫʨʴ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ˈʰʫʸʨʮʰʴʰʹ ʵʸʯʽʲʰʹ ʨʸʬˀʰ ʪʨʮʸʫʰʹ ʳʬʯʵʫʹ. InP-ʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʰʹʨʾʬʩʨʫ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʿʵ ʵʸʯʽʲʰʹ ʼʨʮʰʫʨʴ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʪʨʮʸʫʰʹ ˁʭʬʴʹ ʳʰʬʸ ˀʬʳʻˀʨʭʬʩʻʲʰ ʶʰʸʵʲʰʮʻʸʰ 

ʺʬʽʴʵʲʵʪʰʨ. ʨʳʰʹʨʯʭʰʹ ʱʭʨʸ˂ʰʹ ʸʬʨʽʺʵʸʰʹ (ʴʨˆ.2) 10–5 ʺʵʸ ˄ʴʬʭʨʳʫʬ 

ʪʨʳʵʺʻʳʩʭʰʹ ˀʬʳʫʬʪ ʹʰʹʺʬʳʨˀʰ ʭʻˀʭʬʩʫʰʯ 3% ˄ʿʲʰʹ ˀʬʳ˂ʭʬʲ 

ˈʰʫʸʨʮʰʴʹ, ʸʬʨʽʺʵʸʰʹ ʼʹʱʬʸʮʬ ʭʨʯʨʭʹʬʩʫʰʯ ʱʸʰʹʺʨʲʻʸ InP-ʹ ˄ʿʨʸʵʹ 

ʸʵʳʬʲʹʨ˂ ʭʨˆʻʸʬʩʫʰʯ ˈʰʫʸʨʮʰʴʰʹ ʨʸʬˀʰ (400-540°C) ʺʬʳʶʬʸʨʺʻʸʻʲ 

ʫʰʨʶʨʮʵʴˀʰ.   ˄ʿʨʸʵʫʨʴ 2 ʹʳ ʳʨʴ˃ʰʲʮʬ ʭʨʯʨʭʹʬʩʫʰʯ Si-ʰʹ ʨʴ ʳʰʴʰʹ 

ʼʻ˃ʬˀʸʬʹ.  

3% ˄ʿʲʰʹ ˀʬʳ˂ʭʬʲʰ ˈʰʫʸʨʮʰʴʰʹ ʶʰʸʵʲʰʮʻʲʰ ʫʬʱʵʳʶʵʮʰ˂ʰʰʹ 

ˀʬʫʬʪʨʫ ˄ʨʸʳʵʰʽʳʴʬʩʨ  ʸʬʨʽʺʰʻʲʰ ʸʨʫʰʱʨʲʬʩʰ (NH3, NH2, NH, H2, H), 

ʸʵʳʲʬʩʰ˂ ˆʬʲʹ ʻ˄ʿʵʩʬʴ InP-ʹ ʫʰʹʵ˂ʰʨ˂ʰʨʹ, ˀʬʫʬʪʨʫ ˄ʨʸʳʵʰʽʳʴʬʩʨ 

ʼʵʹʼʵʸʰʹ ʵʸʯʽʲʰ ʫʨ ʰʴʫʰʻʳʰʹ ʨʽʸʵʲʨʫʰ ʹʻʩʵʽʹʰʫʰ. ʰʹʰʴʰ 

ʳʰʬʳʨʸʯʬʩʰʨʴ ˂ʰʭʰ ʹʰʲʰ˂ʰʻʳʰʹ ʼʻ˃ʬˀʸʬʮʬ ʫʨ ˄ʨʸʳʵʽʳʴʰʨʴ  InP–ʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʹ. 
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ʴʨˆ. 2. ʱʭʨʸ˂ʰʹ ʸʬʨʽʺʵʸʰʹ ʹʽʬʳʨ 

 

ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʰʴʯʬʮʰ ʳʵˆʫʨ ʵʸ 

ʺʬʳʶʬʸʨʺʻʸʻʲ ʸʬʷʰʳˀʰ 440°C-ʮʬ ʫʨ 540°C-ʮʬ. ʫʨʫʪʰʴʫʨ, ʸʵʳ 440°C-ʮʬ 

ʰʮʸʫʬʩʨ 20-80ʴʳ-ʳʫʬ ʫʰʨʳʬʺʸʰʹ ʫʨ >80ʳʱʳ ʹʰʪʸ˃ʰʹ ʳʽʵʴʬ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰ, ʸʵʳʬʲʯʨ ʮʸʫʨ ʳʰʳʫʰʴʨʸʬʵʩʹ ʵʸʯʽʲʰ-ʳʿʨʸʰ 

ʳʬʯʵʫʰʯ.  

440°C ʺʬʳʶʬʸʨʺʻʸʨʮʬ ʪʨʮʸʫʰʲʰ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʺʸʨʴʹʳʰʹʰʻʲ 

ʬʲʬʽʺʸʵʴʻʲ ʳʰʱʸʵʹʱʵʶʰʻʲʳʨ ʨʴʨʲʰʮʳʨ ʪʭʰˁʭʬʴʨ, ʸʵʳ ʬʸʯ ʶʸʵ˂ʬʹˀʰ 

ʰʮʸʫʬʩʨ ʵʸʰ ʹˆʭʨʫʨʹˆʭʨ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ: 1) ʰʮʸʫʬʩʨ ZnS-ʰʹ 

ʹʺʸʻʽʺʻʸʰʹ ʳʹʪʨʭʹʰ ʱʻʩʻʸʰ ʹʺʸʻʽʺʻʸʰʹ InP ʴʨʴʵʳʨʭʯʻʲʬʩʰ. 2) 

ʳʬʵʸʬ ʺʰʶʰʹ InP-ʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ  ˀʬʰ˂ʨʭʬʴ ʹʺʸʻʽʸʺʻʸʻʲ ʫʬʼʬʽʺʬʩʹ, 

ʬ.˄. ʵʸʬʻʲʬʩʹ. ʨʹʬʯʰ ʵʸʬʻʲʬʩʰ ˆˀʰʸʨʫ ˄ʨʸʳʵʰʽʳʴʬʩʨ ʰʴʫʰʻʳʰʹ 

ʼʵʹʼʰʫˀʰ. ʰʹ ˀʬʫʪʬʩʨ ʹʰʩʸʺʿʬʬʩʰʹʪʨʴ, ʸʵʳʲʬʩʰ˂ ʹʨʸʱʻʲ ʨʴʨʸʬʱʲʬʩʹ 

˄ʨʸʳʵʨʫʪʬʴʬʴ ʫʨ ʨʹʬʯʰ ʨʴʨʸʬʱʲʬʩʰʹ ˄ʨʸʳʵʽʳʴʨʹ ˃ʨʲʰʨʴ ʳ˂ʰʸʬ ʬʴʬʸʪʰʨ, 

ʳʰʲʰ ʬʲʬʽʺʸʵʴʭʵʲʺʬʩʰ ʹ˅ʰʸʫʬʩʨ. ʴʨˆ.3-ʮʬ ʴʨˁʭʬʴʬʩʰʨ ʵʸʰ 

ʴʨʴʵʳʨʭʯʻʲʰʹ (ʺʬʳ) ʹʻʸʨʯʰ.  (ʨ) ʹʻʸʨʯʰ ʪʨʫʨʾʬʩʻʲʰʨ ʬʲʬʽʺʸʵʴʯʨ 

ʫʰʫʰ ʪʨʩʴʬʭʰʹ ʱʻʯˆʰʯʨ ʫʨ ˄ʸʰʻʲʰ ʫʬʺʬʽʺʵʸʰʯ ʸʨʹʺʸʻʲ ʸʬʷʰʳˀʰ, 

(ʬ.˄. High Angle Anular Dark Field Scanning Transmission Electron Microscopy) 

ʸʨ˂ ʮʸʫʰʹ ʹʺʸʻʽʺʻʸʰʹʨʫʳʰ ʳʪʸ˃ʴʵʩʰʨʸʵʩʨʹ.  (ʩ) ʹʻʸʨʯʰ 
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ˁʭʬʻʲʬʩʸʰʭʰ ʺʬʳ ʹʻʸʨʯʰʨ. ʭˆʬʫʨʭʯ, ʸʵʳ ʳʨʸ˂ˆʬʴʨ ʴʨʴʵʳʨʭʯʻʲˀʰ 

ʻʨʳʸʨʭʰ ʵʸʬʻʲʰʨ, ˆʵʲʵ ʳʨʸˇʭʬʴʨˀʰ ʨʸ˂ ʬʸʯʰ ʨʸ ʼʰʽʹʰʸʫʬʩʨ, 

ʰʳʰʹʫʨʳʰʻˆʬʫʨʭʨʫ, ʸʵʳ ʵʸʰʭʬ ʬʸʯ ʶʸʵ˂ʬʹˀʰʨ ʹʰʴʯʬʮʰʸʬʩʻʲʰ. ˁʭʬʴ 

ˀʬʭʨʳˁʴʰʬʯ, ʸʵʳ ʯʻ ʬʸʯʰ ʵʸʬʻʲʰ ʳʨʰʴ˂ ʪʨˁʴʫʨ ʴʨʴʵʳʨʭʯʻʲˀʰ, ʳʬʸʬ 

ˁʴʫʬʩʨ ʹʻʲ ʵʸʬʻʲʬʩʰ, ʳʨʪʸʨʳ ʯʻ ʨʸ ʪʨˁʴʫʨ, ʳʨˀʰʴ ʹʨʬʸʯʵʫ ʨʸ ˁʴʫʬʩʨ.  

ʬʲʬʳʬʴʺʻʸʳʨ EDX ʨʴʨʲʰʮʳʨ ʪʭʰˁʭʬʴʨ, ʸʵʳ ʵʸʰʭʬ ʴʨʴʵʳʨʭʯʻʲʰ 

ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʨ ʫʨ ʳʨʯ ˀʬʫʪʬʴʰʲʵʩʨˀʰ ˀʬʹʨʳˁʴʬʭʰ ʪʨʴʹˆʭʨʭʬʩʨ ʨʸ 

ʨʸʰʹ. ʴʨˆ.3-ʮʬ (ʪ) ʹʶʬʽʺʸʰ ˀʬʬʹʨʩʨʳʬʩʨ ʵʸʬʻʲʬʩʰʨʴ ʴʨʴʵʳʨʭʯʻʲʹ, ˆʵʲʵ 

(ʫ) ʻʫʬʼʬʽʺʵ InP-ʹ ʴʨʴʵʳʨʭʯʻʲʹ. ʿʭʬʲʨʮʬ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʨʸʰʹ ʰʹ 

ʼʨʽʺʰ, ʸʵʳ ʨʸ ˆʫʬʩʨ ʵʽʹʰʫʰʹ ʫʨ ʴʰʺʸʰʫʰʹ ʼʵʸʳʰʸʬʩʨ. ʹʨʭʨʸʨʻʫʵʫ 440 

°C ʺʬʳʶʬʸʨʺʻʸʨ ʨʸ ʨʸʰʹ ʹʨʱʳʨʸʰʹʰ InN-ʰʹ ˁʨʳʵʹʨʿʨʲʰʩʬʩʲʨʫ. ʵʽʹʰʫʰʹ 

˄ʨʸʳʵʽʳʴʰʹʯʭʰʹ ʹʨ˅ʰʸʵ ʷʨʴʪʩʨʫʰʹ ʸʨʵʫʬʴʵʩʨʹ ʨʳ˂ʰʸʬʩʹ ˄ʿʨʲʩʨʫʰʹ 

ʨʺʵʳʬʩʰ, ʸʵʳʲʬʩʰ˂ ˈʰʫʸʨʮʰʴʰʹ ʫʨˀʲʰʹ ˀʬʫʬʪʨʫ ˄ʨʸʳʵʰʽʳʴʬʩʰʨʴ. 

 

 

ʴʨˆ. 3. InP ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʺʸʨʴʹʳʰʹʰʻʲʰ ʬʲʬʽʺʸʵʴʻʲʰ 

ʳʰʱʸʵʹʱʵʶʰʻʲʰ ʹʻʸʨʯʬʩʰ. (ʨ) 1 ʹʬʪʳʬʴʺʰ InP ʴʨʴʵʳʨʭʯʻʲʰ 

ʹʺʸʻʽʺʻʸʻʲʰ ʫʬʼʬʽʺʬʩʰʯ,  ʵʸʬʻʲʬʩʰʯ. 2 ʹʬʪʳʬʴʺʰ ʹʻʼʯʨ InP-ʹ 

ʴʨʴʵʳʨʭʯʻʲʰ. (ʪ,ʫ) 1 ʫʨ 2 ʹʬʪʳʬʴʺʬʩʰʹ ʬʲʬʳʬʴʺʻʸʰ EDX ʨʴʨʲʰʮʰʹ 

ʹʶʬʽʺʸʬʩʰ. 

 

ʨʾʹʨʴʰˀʴʨʭʰʨ ʰʹ ʼʨʽʺʰ, ʸʵʳ ʵʸʰʭʬ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ [111] 

ʳʰʳʨʸʯʻʲʬʩʰʯ ʰʮʸʫʬʩʨ. ʴʨˆ.4(a)-ʮʬ ʳʵʿʭʨʴʰʲʰʨ InP-ʰʹ ʻʫʬʼʬʽʺʵ 
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ʴʨʴʵʳʨʭʯʻʲʰʹ (ʺʬʳ) ʹʻʸʨʯʰ ʫʨ ʳʰʹʰ ˀʬʹʨʩʨʳʰʹʰ ʫʰʼʸʨʽ˂ʰʻʲʰ ʹʻʸʨʯʰ 

ʴʨˆ.4(b), ʹʨʫʨ˂ (111) ʹʰʩʸʺʿʬʯʨ ˀʵʸʰʹ ʳʨʴ˃ʰʲʰ ˀʬʨʫʪʬʴʹ d111=0.340 ʴʳ, ʸʨ˂ 

ʹʸʻʲʰʨʫ ʬʳʯˆʭʬʭʨ ʲʰʺʬʸʨʺʻʸʨˀʰ ʨʸʹʬʩʻʲ ʱʻʩʻʸʰ InP-ʰʹ (111) 

ʹʰʩʸʺʿʬʯʨ ˀʵʸʰʹ ʳʨʴ˃ʰʲʹ. ʴʨˆ.4(c)-ʮʬ, ʳʵʿʭʨʴʰʲʰʨ ʵʸʬʻʲʬʩʰʨʴʰ InP-ʰʹ 

ʴʨʴʵʳʨʭʯʻʲʰʹ (ʺʬʳ) ʹʻʸʨʯʰ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʫʰʼʸʨʽ˂ʰʻʲʰ ʹʻʸʨʯʰ 

(ʴʨˆ.23 (d)),   ʸʵʳʲʰʹ ʨʴʨʲʰʮʳʨ˂ ʪʭʰˁʭʬʴʨ, ʸʵʳ ʪʭʨʽʭʹ ʭʰʻʸ˂ʰʺʰʹ 

ʹʺʸʻʽʺʻʸʰʹ ʹʬʪʳʬʴʺʬʩʰ, ʸʵʳʲʬʩʰ˂ ʱʻʩʻʸʰ ʯʻʯʰʰʹ ʱʸʰʹʺʨʲʻʸʰ 

ʹʺʸʻʽʺʻʸʰʹ ʳʽʵʴʬ ʹʬʪʳʬʴʺʬʩʹ ˀʵʸʰʹ ʨʸʰʨʴ ʳʵʯʨʭʹʬʩʻʲʰ. 

 

 

ʼʻ˃ʬˀʸʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ 540°C-ʳʫʬ ʪʨʮʸʫʰʯ ʰ˂ʭʲʬʩʨ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʵʸʼʵʲʵʪʰʨ, ʱʬʸ˃ʵʫ ʰʮʸʫʬʩʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

ʫʰʨʳʬʺʸʰ, ʸʵʳʬʲʰ˂ ʸʨʳʵʫʬʴʰʳʬ ʳʰʱʸʵʳʬʺʸʹ ˀʬʨʫʪʬʴʹ. ʼʻ˃ʬˀʸʰʹ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʵʳʨʺʬʩʨ ʨʹʬʭʬ ʰ˄ʭʬʭʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʸʫʰʹ 

ʳʬʽʨʴʰʮʳʰʹ ˂ʭʲʰʲʬʩʨʹ ʵʸʯʽʲʰ-ʳʿʨʸʰ ʳʬʯʵʫʰʫʨʴ ʵʸʯʽʲʰ-ʹʰʯˆʬ-

ʳʿʨʸʰ ʳʬʯʵʫʨʳʫʬ, ʸʨ˂ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ˄ʭʬʸʮʬ ʱʨʺʨʲʰʮʨʺʵʸʰʹ 

˄ʭʬʯʬʩʰʹ ʪʨˁʬʴʰʯ ʨʰˆʹʴʬʩʨ (ʴʨˆ.5).  

ʴʨˆ.4. 440°C ʺʬʳʶʬʸʨʺʻʸʨʮʬ 

ʪʨʮʸʫʰʲʰ InP-ʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ (ʺʬʳ) 

ʹʻʸʨʯʬʩʰ ʫʨ ʳʨʯʰ 

ˀʬʹʨʩʨʳʰʹʰ ʫʰʼʸʨʽ˂ʰʻʲʰ 

ʹʻʸʨʯʬʩʰ. (a,b) InP-ʰʹ (ʺʬʳ) 

ʫʨ ʫʰʼʸʨʽ˂ʰʻʲʰ ʹʻʸʨʯʬʩʰ 

ʵʸʬʻʲʬʩʰʹ ʪʨʸʬˀʬ. (c,d) 

ʵʸʬʻʲʬʩʰʨʴʰ InP-ʰʹ (ʺʬʳ) 

ʫʨ ʫʰʼʸʨʽ˂ʰʻʲʰ 

ʹʻʸʨʯʬʩʰ. 
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ʮʵʪʰʬʸʯ ʴʨʴʵʳʨʭʯʻʲˀʰ ˀʬʰʳˁʴʬʭʨ ʯʨʴʨʩʸʨʫ ʪʨʴʲʨʪʬʩʻʲʰ 

ʵʸʬʻʲʬʩʰʹ ʪʨˁʬʴʨ. ʨʴʻ ˇʬʸ ʰʮʸʫʬʩʨ ʴʵʸʳʨʲʻʸʰ ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ  

ʱʻʩʻʸʰ ʳʬʹʬʸʰ, ˆʵʲʵ ˀʬʳʫʬʪ ʳʰʹʰ ʹʨʸʱʻʲʰ ʵʸʰʬʴʺʨ˂ʰʰʹ ʳʬʹʬʸʰ. InP–ˀʰ 

ʨʹʬʯʰ ʹʨʸʱʻʲʰ ʵʸʬʻʲʬʩʰʹ ˄ʨʸʳʵʽʳʴʰʹ ʬʴʬʸʪʰʨ ˃ʨʲʰʨʴ ʳ˂ʰʸʬʨ ʫʨ 

ʶʨʺʨʸʨ ʯʬʸʳʻʲ ʼʲʻʽʺʻʨ˂ʰʨʹ ʵʸʬʻʲʰʹ ˄ʨʸʳʵʽʳʴʨ ˀʬʻ˃ʲʰʨ. ʰʪʰʭʬ ʹˆʭʨ 

ʳʱʭʲʬʭʨʸʬʩʯʨʴʨ˂ʨʨ ʨʾ˄ʬʸʰʲʰ. ʵʸʬʻʲʬʩʰʹ ʰʴʺʬʴʹʰʻʸʰ ʫʨ ʪʨʸʱʭʬʻʲʰ 

ʼʰʽʹʰʸʬʩʻʲʰ ʶʬʸʰʵʫʻʲʵʩʰʯ  ˄ʨʸʳʵʽʳʴʨʹ ˀʬʻ˃ʲʰʨ ˀʬʽʳʴʨʹ ʬ.˄. 

ʸʵʳʩʻʲʨʫ ʫʬʱʵʸʰʸʬʩʻʲʰ InP–ʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ (ʴʨˆ.6), ʸʵʳʬʲʯʨ˂ 

ʲʰʺʬʸʨʺʻʸʰʹ ʳʰˆʬʫʭʰʯ ʲʻʳʰʴʬʹ˂ʬʴ˂ʰʰʹ ʪʨʻʳˇʵʩʬʹʬʩʻʲʰ ʪʨʳʵʹʨʭʨʲʰ 

ʨʽʭʯ, ʹʺʸʻʽʺʻʸʨˀʰ ˄ʨʸʳʵʽʳʴʰʲʰ  ʳʬʽʨʴʰʱʻʸʰ ʫʨ˃ʨʩʻʲʵʩʬʩʰʹ ʪʨʳʵ.   

 3.2 ʽʭʬʯʨʭˀʰ ʪʨʴˆʰʲʻʲʰʨ ʱʵʳʩʰʴʰʸʬʩʻʲʰ InP+Ga ˄ʿʨʸʵʫʨʴ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʰʴʯʬʮʰ. ʳʰʾʬʩʻʲʰʨ ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ InP+Ga2O3 

ʴʨʴʵʳʨʭʯʻʲʬʩʰ,     ʹʨʫʨ˂ ʪʻʲʰ ʱʸʰʹʺʨʲʻʸʰ ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʨ, 

ˆʵʲʵ ʪʨʸʹʰ ʨʳʵʸʼʻʲʰ ʪʨʲʰʻʳʰʹ ʵʽʹʰʫʰ. ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʪʨʮʸʫʨ 

ʳʰʳʫʰʴʨʸʬʵʩʫʨ 350-425°C ʺʬʳʶʬʸʨʺʻʸʻʲ ʰʴʺʬʸʭʨʲˀʰ, 3 ʳʵʲ% ˄ʿʲʰʹ 

ˀʬʳ˂ʭʬʲ ˈʰʫʸʨʮʰʴʰʹ ʨʸʬˀʰ, ʸʵʳʲʰʹ ʴʨˇʬʸʰ ʵʸʯʽʲʰʹ ˄ʴʬʭʨ ˀʬʨʫʪʬʴʫʨ 

~10 ʺʵʸʹ. 

ʴʨˆ. 5.   540 °C ʺʬʳʶʬʸʨʺʻʸʨʮʬ 

ʪʨʮʸʫʰʲʰ InP-ʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

(ʸʬʳ) ʹʻʸʨʯʰ.  

(ʫʨʴʨʿʵʼʰʹ ʮʵʳʨ = 2 μm) 

 

ʴʨˆ. 6. ʸʵʳʩʻʲʨʫ 

ʫʬʱʵʸʰʸʬʩʻʲʰ InP-ʹ 

ʴʨʴʵʳʨʭʯʻʲʰʹ (ʸʬʳ) ʹʻʸʨʯʰ. 

(ʫʨʴʨʿʵʼʰʹ ʮʵʳʨ = 200 ʴʳ) 
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ʸʬʨʽʺʵʸˀʰ ʱʵʳʩʰʴʰʸʬʩʻʲʰ ˄ʿʨʸʵʹ ʪʨˆʻʸʬʩʰʹʨʹ ˈʰʫʸʨʮʰʴʰʹ 

ʫʨˀʲʰʹ ʶʸʵʫʻʽʺʬʩʯʨʴ ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʹ ˀʬʫʬʪʨʫ ˆʫʬʩʵʫʨ 

ʨʽʸʵʲʨʫʰ ʹʻʩʵʽʹʰʫʬʩʰʹ ˄ʨʸʳʵʽʳʴʨ InP ʫʨ Ga-ʰʹ ʮʬʫʨʶʰʸʮʬ. ʬʹ 

ʹʻʩʵʽʹʰʫʬʩʰ ʹʻʩʲʰʳʰʸʬʩʫʴʬʴ ʹʰʲʰ˂ʰʻʳʰʹ ʼʻ˃ʬˀʸʰʹʱʬʴ, ʸʵʳʬʲʰ˂ 

˄ʿʨʸʵʫʨʴ 2ʹʳ-ʰʹ ʫʨˀʵʸʬʩʰʯ ʳʫʬʩʨʸʬʵʩʫʨ. ˀʬʫʬʪʨʫ ˆʫʬʩʵʫʨ ʼʨʮʨʯʨ 

ʹʬʪʸʬʪʨ˂ʰʨ ʫʨ ʬʸʯʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

ʮʸʫʨ. ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ  ʳʰʾʬʩʻʲ ʴʨʴʵʳʨʭʯʻʲʬʩˀʰ ʨʸ ˀʬʰʳˁʭʴʬʵʫʨ 

ʱʨʺʨʲʰʮʨʺʵʸʰʹ ˄ʭʬʯʬʩʰ (ʴʨˆ.7). ʸʨ˂ ʳʰʨʴʰˀʴʬʩʹ ʰʳʨʮʬ, ʸʵʳ ʮʸʫʨ 

ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʵʸʯʽʲʰ - ʳʿʨʸʰ ʳʬʽʨʴʰʮʳʰʯ.  

 

InP+Ga2O3 ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʺʸʨʴʹʳʰʹʰʻʲ 

ʬʲʬʽʺʸ-ʵʴʻʲ ʳʰʱʸʵʹʱʵʶʰʻʲʳʨ ʨʴʨʲʰʮʳʨ ʪʭʰˁʭʬʴʨ, ʸʵʳ ʴʨʴʵʳʨʭʯʻʲʬʩʹ 

ʪʨʨˁʴʰʨʯ ʱʸʰʹʺʨʲʻʸʰ ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʹ ʪʻʲʰ ʫʨ ʨʳʵʸʼʻʲʰ 

ʪʨʲʰʻʳʰʹ ʵʽʹʰʫʰʹ ʪʨʸʹʰ. ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʪʻʲʬʩʰʹ ʫʰʨʳʬʺʸʰ 15 ʴʳ-ʮʬ 

ʳ˂ʰʸʬʨ (ʴʨˆ.7), ʸʨ˂ InP-ʯʭʰʹ ʩʵʸʰʹ ʬʽʹʰʺʵʴʰʹ ʸʨʫʰʻʹʮʬ ʶʨʺʨʸʨʨ (rB=15 

ʴʳ), ʬʹ ʴʰˀʴʨʭʹ ʰʳʨʹ, ʸʵʳ ʳʨʹʨʲʰʹ ʯʭʰʹʬʩʬʩʰ ʽʭʨʴʺʻʸʰ ˀʬʮʾʻʫʭʰʹ 

ʬʼʬʽʺʬʩʰʯ ʰʳʨʸʯʬʩʨ. 

InP-ʰʹ ʪʻʲʰʹ ʱʸʰʹʺʨʲʵʪʸʨʼʰʻʲʳʨ ʨʴʨʲʰʮʳʨ ʪʭʰˁʭʬʴʨ, ʸʵʳ ʳʨʹ 

ʪʨʨˁʴʰʨ ʸʵʪʵʸ˂ ʱʻʩʻʸʰ ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ, ʨʹʬʭʬ ʭʰʻʸ˂ʰʺʰʹ 

ˈʬʽʹʨʪʵʴʨʲʻʸʰ ʹʺʸʻʽʺʻʸʨ. ʪʨʭʮʵʳʬʯ ʱʸʰʹʺʨʲʻʸʰ InP-ʹ ʪʻʲʬʩʰʹ 

ʹʰʩʸʺʿʬʯʨ ˀʵʸʰʹ ʳʨʴ˃ʰʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʨʩʹʵʲʻʺʻʸʨʫ ˀʬʬʹʨʩʨʳʬʩʵʫʨ 

ʲʰʺʬʸʨʺʻʸʨˀʰ ʨʸʹʬʩʻʲ ʳʵʴʨ˂ʬʳʬʩʹ. 

ʴʨˆ.7. 350°C ʺʬʳʶʬʸʨʺʻʸʨʮʬ  

ʳʰʾʬʩʻʲʰ InP+Ga ʪʻʲʰ–ʪʨʸʹʰ 

ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʸʬʴ-

ʺʪʬʴʵʼʨʮʻʸʰ ʨʴʨʲʰʮʰ ʫʨ (ʸʬʳ) 

ʹʻʸʨʯʰ. (˄ʰʯʬʲʰ ʼʬʸʰʯ ʨʾ-

ʴʰˀʴʻʲʰʨ ʨʸʨʵʸʪʨʴʻʲʰ ʱʸʰʹ-

ʺʨʲʻʸʰ ʹʺʸʻʽʺʻʸʰʹ ʵʸʰʬʴ-

ʺʨ˂ʰʬʩʰ ICSD73-1983; ʳ˄ʭʨʴʬ 

ʼʬʸʰ ʬʱʻʯʭʴʰʹ Si-ʰʹ ʼʻ˃ʬˀʸʬʹ) 
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ʴʨˆ.7. InP+Ga ˄ʿʨʸʵʫʨʴ ʪʨʮʸʫʰʲʰ ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ (ʺʬʳ) ʹʻʸʨʯʬʩʰ 

ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʬʲʬʽʺʸʵʴʯʨ ʫʰʼʸʨʽ˂ʰʬʩʰ. 

 

ˁʭʬʴ ˀʬʭʰʹ˄ʨʭʲʬʯ ʰʹ ʹʨʭʨʸʨʻʫʵ ʯʬʸʳʵ-ʽʰʳʰʻʸʰ ʸʬʨʽ˂ʰʬʩʰ 

ʸʵʳʲʬʩʰ˂ ˀʬʰ˃ʲʬʩʨ ʳʰʳʫʰʴʨʸʬʵʩʫʴʬʴ InP+Ga2O3 ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

ʼʵʸʳʰʸʬʩʰʹʨʹ Ga2O-ʰʹ, In2O–ʰʹ, ʨʪʸʬʯʭʬ ˈʰʫʸʨʮʰʴʰʹʨ ʫʨ InP–ʹ 

ʶʰʸʵʲʰʮʻʸʰ ʫʨˀʲʰʹ ˄ʰʴʨʶʸʵʫʻʽʺʬʩʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʯ: 

ʸʬʨʽ˂ʰʬʩʰ, ʸʵʳʲʬʩʰ˂ NH3, NH2ʫʨ NH ˄ʰʴʨʶʸʵʫʻʽʺʬʩʰʫʨʴ GaN-ʰʹ ʼʨʮʰʹ 

ʳʰʾʬʩʨʹ ʰ˄ʭʬʭʬʴ: 

Ga2O(g) + 2NH(g) = 2GaN + H2O (g)                               ΔG=-404 kJ/mol          (3) 

ʸʬʨʽ˂ʰʬʩʰ, ʸʵʳʲʬʩʰ˂ Ga2O3-ʰʹ ʼʨʮʰʹ ʳʰʾʬʩʨʹ ʰ˄ʭʬʭʬʴ: 

Ga2O(g) + 2In2O(g) = Ga2O3 + 4In                                   ΔG=-554 kJ/mol           (4) 

Ga2O(g) + O2 (g) = Ga2O3                                                                                      ΔG=-700 kJ/mol           (5)                                        

ʽʰʳʰʻʸʰ ʸʬʨʽ˂ʰʬʩʰ, ʸʵʳʲʬʩʰ˂ InP-ʹ ʫʨ Ga2O3–ʰʹ ʼʨʮʬʩʰʹ ʹʶʵʴʺʨʴʻʸ 

ʹʬʪʸʬʪʨ˂ʰʨʹʨ ʫʨ ʪʻʲʰ–ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʰʹ  ˁʨʳʵʿʨʲʰʩʬʩʨʹ 

ʰ˄ʭʬʭʬʴ. 

Ga2O(g) + 2In2O(g) + 4PH3(g) = Ga2O3 + 4InP + 6H2(g)         ΔG=-799 kJ/mol   (6)  

Ga2O(g) + 2In2O(g) + 2P2(g) = Ga2O3 + 4InP                           ΔG=-798 kJ/mol   (7) 

Ga2O(g) + 2In2O(g) + 4P(g) = Ga2O3 + 4InP                            ΔG=-1626 kJ/mol (8) 
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ʸʵʪʵʸ˂ ʭˆʬʫʨʭʯ (6; 7; 8) ʸʬʨʽ˂ʰʬʩʹ ʪʨʨˁʴʰʨʯ ˃ʨʲʰʨʴ ʫʰʫʰ 

ʻʨʸʵʼʰʯʰ ʪʰʩʹʰʹ ʬʴʬʸʪʰʬʩʰ, ʸʰʹ ˀʬʫʬʪʨʫʨ˂ ʬʹ ʸʬʨʽ˂ʰʬʩʰ ʹʶʵʴʺʨʴʻʸʨʫ 

ʳʰʳʫʰʴʨʸʬʵʩʬʴ, ʸʰʹ ˀʬʫʬʪʨʫʨ˂ ʭʾʬʩʻʲʵʩʯ ʼʨʮʨʯʨ ʹʬʪʸʬʪʨ˂ʰʨʹ ʫʨ 

ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰʹ ʪʻʲʹ ʫʨ ʪʨʲʰʻʳʰʹ ʵʽʹʰʫʰʹ ʪʨʸʹʹ. ʨʳʸʰʪʨʫ 

ʼʨʮʨʯʨ ʨʹʬʯʰ ʹʬʪʸʬʪʨ˂ʰʨ ʫʨ ʪʻʲʰ–ʪʨʸʹʰʹ ʺʰʶʰʹ ʹʺʸʻʽʺʻʸʰʹ 

ˁʨʳʵʿʨʲʰʩʬʩʨ ʯʬʸʳʵʫʰʴʨʳʰʱʻʸʨʫ ʳʵʳʪʬʩʰʨʴʰʨ. ʹʰʴʯʬʮʰʹ ʬʹ 

ʺʬʳʶʬʸʨʺʻʸʨ, ʨʴʻ 400 ʪʸʨʫʻʹʰ ʹʨʱʳʨʸʰʹʰʨ ʱʸʰʹʺʨʲʻʸʰ ʰʴʫʰʻʳʰʹ 

ʼʵʹʼʰʫʰʹ ʪʻʲʰʹ ˁʨʳʵʹʨʿʨʲʰʩʬʩʲʨʫ, ʳʨʪʸʨʳ ʨʸ ʨʸʰʹ ʹʨʱʳʨʸʰʹʰ 

ʪʨʲʰʻʳʰʹ ʵʽʹʰʫʰʹ ʫʨʹʨʱʸʰʹʺʨʲʬʩʲʨʫ ʫʨ ʰʹ ʨʳʵʸʼʻʲʰ 

ʹʺʸʻʽʺʻʸʰʹʨʨ. 

ʮʬʳʵʯ ʳʵʿʭʨʴʰʲʰ ʱʭʲʬʭʬʩʰʹ  ˀʬʫʬʪʨʫ ʫʨʭʨʫʪʰʴʬʯ, ʸʵʳ InP+Ga 

˄ʿʨʸʵʹ ʪʨʳʵʿʬʴʬʩʰʯ ʰʮʸʫʬʩʨ ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ, ʹʨʫʨ˂ 

ʪʻʲʰ ʱʸʰʹʺʨʲʻʸʰ InP-ʰʨ, ʪʨʸʹʰ ʱʰ ʨʳʵʸʼʻʲʰ Ga2O3. ʨʹʬʯʰ ʺʰʶʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʹ ʪʨʨˁʴʰʨʯ ʻʴʰʱʨʲʻʸʰ ʲʰʯʵʴ-ʫʰʬʲʬʽʺʸʰʱ 

ʪʨʫʨʹʨʹʭʲʬʲʰ ʫʨ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʶʬʸʹʶʬʽʺʰʻʲ ʳʨʹʨʲʨʹ 

ˀʬʳʵˆʭʬʻʲʹʨʱʬʺʰʨʴ ʲʰʯʵʴ-ʫʰʬʲʬʽʺʸʰʱ-ʴʨˆʬʭʨʸʪʨʳʺʨʸʰ (ʲʫʴ) 

ʺʸʨʴʮʰʹʺʵʸʬʩʰʹ ˀʬʹʨʽʳʴʬʲʨʫ. 

3.3 ʽʭʬʯʨʭˀʰ ʪʨʴˆʰʲʻʲʰʨ InP+Zn ʫʨ InP+ZnO ʱʵʳʩʰʴʰʸʬʩʻʲʰ 

˄ʿʨʸʵʬʩʰʫʨʴ  ʪʻʲʰ ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʰʴʯʬʮʰ, ʹʨʫʨ˂ 

ʪʻʲʰʹ ʹʨˆʰʯ ʪʨʳʵʰʿʵʼʨ ʱʸʰʹʺʨʲʻʸʰ ʰʴʫʰʻʳʰʹ ʼʵʹʼʰʫʰ, ˆʵʲʵ 

ʪʨʸʹʰʹ ʹʨˆʰʯ ʯʻʯʰʰʹ ʹʻʲʼʨʺʰ Zn3(PO4)2. 

InP+Zn3(PO4)2 ʪʻʲʰ–ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʰʹʨʾʬʩʨʫ ʬʸʯ 

ˀʬʳʯˆʭʬʭʨˀʰ InP+Zn-ʰʹ, ˆʵʲʵ ʳʬʵʸʬˀʰ InP+ZnO-ʰʹ ˄ʿʨʸʵʬʩʹ ʱʭʨʸ˂ʰʹ 

ʸʬʨʽʺʵʸˀʰ ʭʨˆʻʸʬʩʫʰʯ 650 °C ʺʬʳʶʬʸʨʺʻʸʨʳʫʬ, ʸʨ˂ ʹʰʲʰ˂ʰʻʳʰʹ 

ʼʻ˃ʬˀʸʬʮʬ (ʸʵʳʬʲʰ˂ ˄ʿʨʸʵʫʨʴ 2ʹʳ-ʰʹ ʫʨˀʵʸʬʩʰʯ ʳʫʬʩʨʸʬʵʩʫʨ) 

ʪʭʨ˃ʲʬʭʫʨ 420°C -ʹ. ʸʵʪʵʸ˂ ʮʬʳʵʯ ʨʭʾʴʰˀʴʬʯ, InP ʪʨˆʻʸʬʩʰʹʨʹ ʰˀʲʬʩʨ, 

˄ʨʸʳʵʰʽʳʴʬʩʨ ʨʰʸʨʫʰ ʼʵʹʼʵʸʰ ʫʨ In. ʬʹ ʻʱʨʴʨʹʱʴʬʲʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ 

ˈʰʫʸʨʮʰʴˀʰ ʨʸʹʬʩʻʲ H2O-ʹ ʵʸʯʽʲʯʨʴ, ʸʰʹ ˀʬʫʬʪʨʫʨ˂  ˄ʨʸʳʵʰʽʳʴʬʩʨ 

ʨʽʸʵʲʨʫʰ ʰʴʫʰʻʳʰʹ ʹʻʩʵʽʹʰʫʰ In2O, ʸʵʳʬʲʰ˂ ʳʰʬʳʨʸʯʬʩʨ Si-ʰʹ 
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ʼʻ˃ʬˀʸʰʹʱʬʴ, ʹʨʫʨ˂ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ Zn-ʰʹ ʵʸʯʽʲʯʨʴ. ˀʬʫʬʪʨʫ ˆʫʬʩʨ 

ʼʨʮʨʯʨ ʹʬʪʸʬʪʨ˂ʰʨ ʫʨ ʰʮʸʫʬʩʨ InP+Zn3(PO4)2 ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰ. 

 Zn-ʰʹ ʼˆʭʴʰʲʹ ʪʨʨˁʴʰʨ ʫʨʩʨʲʰ ʫʴʵʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨ (420°C), ʸʰʹ 

ʪʨʳʵ˂ ʰʹ ʨʫʭʰʲʨʫ ʹʻʩʲʰʳʰʸʬʩʹ. ʳʰʹʰ ʴʨˇʬʸʰ ʵʸʯʽʲʰʹ ˄ʴʬʭʨ ʳʨʾʨʲʰʨ 

ʫʨʩʨʲ ʺʬʳʶʬʸʨʺʻʸʬʩʮʬ˂ (ʳʨʪ: 10-4ʺʵʸ 250C-ʮʬ). ZnO-ʹ ʶʰʸʰʽʰʯ 

ʪʨ˂ʰʲʬʩʰʯ ʳʨʾʨʲʰ ʫʴʵʩʰʹ (1975C) ʫʨ ʫʰʹʵ˂ʰʨ˂ʰʰʹ ʺʬʳʶʬʸʨʺʻʸʨ 

ʪʨʨˁʴʰʨ, ʹʨʬʸʯʵʫ ZnO-ʹ ˄ʿʨʸʵʹ ˀʬʳʯˆʭʬʭʨˀʰ ʨʽʸʵʲʨʫʰ Zn ʴʨ˄ʰʲʨʱʬʩʰʹ 

ʳʰʹʨʾʬʩʨʫ ʫʨ ˀʬʳʫʬʪ ʳʨʯʰ ʼʻ˃ʬˀʸʬʮʬ ʪʨʫʨʹʨʺʨʴʨʫ ʰʿʬʴʬʩʬʴ ˄ʿʨʲʩʨʫʹ 

ʫʨ ˈʨʲʵʪʬʴʬʩʹ. ʨʳ ʫʸʵʹ ʶʸʵ˂ʬʹʰʹ ʨʸʹʰ ʳʫʪʵʳʨʸʬʵʩʹ ZnO ʫʨʴ Zn-ʰʹ 

ʪʨʳʵ˂ʨʲʱʬʭʬʩʬˀʰ ʫʨ ˀʬʳʫʬʪ ʳʰʹ ʹʻʩʲʰʳʨ˂ʰʨˀʰ. ʳʰʻˆʬʫʨʭʨʫ ʰʳʰʹʨ, ʸʵʳ 

ʬʹ ʳʬʯʵʫʰ ʪʭʨ˃ʲʬʭʹ ʸʬʨʽ˂ʰʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ ˀʬʳ˂ʰʸʬʩʰʹ ʹʨˀʻʨʲʬʩʨʹ 

1000C-ʳʫʬ, ZnO ʫʨʴ Zn-ʰʹ ʪʨʳʵ˂ʨʲʱʬʭʬʩʰʹ ʸʬʨʽ˂ʰʨʹ ʳʨʰʴ˂ ʫʨʫʬʩʰʯʰ 

ʪʰʩʹʰʹ ʬʴʬʸʪʰʨ ʪʨʨˁʴʰʨ. 

ʸʵʪʵʸ˂ ʮʬʳʵʯ ʨʭʾʴʰˀʴʬʯ, ˈʰʫʸʨʮʰʴʰʹ ʫʬʱʵʳʶʵʮʰ˂ʰʰʹ ˀʬʫʬʪʨʫ 

ʨʺʵʳʻʸ ʫʨ ʳʵʲʬʱʻʲʻʸ ˄ʿʨʲʩʨʫʯʨʴ ʬʸʯʨʫ ˄ʨʸʳʵʰʽʳʴʬʩʨ NH ʫʨ NH2 

ʨʽʺʰʻʸʰ ʸʨʫʰʱʨʲʬʩʰ. ʹ˄ʵʸʬʫ ʨʳ ʸʨʫʰʱʨʲʬʩʰʹ ʨʸʹʬʩʵʩʨ ʻ˄ʿʵʩʹ ˆʬʲʹ 

ZnO-ʹ ʫʬʱʵʳʶʵʮʰ˂ʰʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ ˀʬʳ˂ʰʸʬʩʨʹ.  

ZnO+NH(g)=Zn+H2O(g)+N2(g)                           G= -654 ʱˇ/ʳʵʲ                     (9) 

ʸʵʪʵʸ˂ (9) ʸʬʨʽ˂ʰʰʫʨʴ ʭˆʬʫʨʭʯ (ʸʵʳʬʲʰ˂ 420C-ʮʬ 

ʳʰʴʫʰʴʨʸʬʵʩʫʨ), NH ʸʨʫʰʱʨʲʬʩʰʹ ʳʬˀʭʬʵʩʰʯ ZnO ʫʨʴ Zn-ʰʹ  

ʪʨʴ˂ʨʲʱʬʭʬʩʰʹ ʸʬʨʽ˂ʰʨʹ ʳʨʾʨʲʰ ʻʨʸʿʵʼʰʯʰ ʪʰʩʹʰʹ ʬʴʬʸʪʰʨ ʪʨʨˁʴʰʨ, ʸʨ˂ 

ʰʳʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ, ʸʵʳ 420C-ʮʬ  ˁʭʬʴʰ ʺʬʽʴʵʲʵʪʰʰʯ ʹʨʭʹʬʩʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ Zn-ʰʹ ʴʨ˄ʰʲʨʱʬʩʰʹ ʳʰʾʬʩʨ. ˄ʿʲʰʹ ʳʵʲʬʱʻʲʬʩʰ, ʸʵʳʲʬʩʰ˂ 

(9) ʸʬʨʽ˂ʰʰʹ ˀʬʫʬʪʨʫ ʪʨʳʵʰʿʵʼʨ ʳʵʴʨ˄ʰʲʬʵʩʬʴ ʸʬʨʽʺʵʸʰʹ ˂ʰʭ ʮʵʴʨˀʰ 

ʵʽʹʰʫʬʩʰʹ ʼʵʸʳʰʸʬʩʨˀʰ, ʨʴ  ʨʽʸʵʲʨʫʰ In2O-ʬʩʰʹ ˄ʨʸʳʵʽʳʴʨˀʰ. 
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ʴʨˆ.8-ʮʬ ʴʨˁʭʬʴʬʩʰʨ 420C ʺʬʳʶʬʸʨʺʻʸʨʮʬ InP+Zn-ʰʹ ˄ʿʨʸʵʫʨʴ 

ʪʨʮʸʫʰʲʰ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ (ʸʬʳ) ʹʻʸʨʯʰ. ʹʻʸʨʯʮʬ ʪʨʫʰʫʬʩʻʲ 

ˁʨʴʨʸʯʮʬ ʪʨʳʵʹʨˆʻʲʰʨ ʪʨʫʨʺʬˆʰʲʰ ʴʨʴʵʳʨʭʯʻʲʰʹ ʱʭʬʯʨ. ʸʵʪʵʸ˂ 

ʹʻʸʨʯʰʫʨʴ ˁʨʴʹ ʴʨʴʵʳʨʭʯʻʲʬʩʹ ʪʨʨˁʴʰʨʯ ʬʸʯʪʭʨʸʵʭʨʴʰ ʫʰʨʳʬʺʸʰ. 

ʳʨʯʰ ʹʰʪʸ˃ʬ ʸʨʳʵʫʬʴʰʳʬ ʳʰʱʸʵʳʬʺʸʹ ˀʬʨʫʪʬʴʹ, ˆʵʲʵ ʫʰʨʳʬʺʸʰ 20-40 

ʴʳ. ʱʨʺʨʲʰʮʨʺʵʸʰʹ ˄ʭʬʯʬʩʰʹ ʨʸ ʨʸʹʬʩʵʩʨ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ, ʸʵʳ ʮʸʫʨ 

ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʵʸʯʽʲʰ-ʳʿʨʸʰ (ʵʳ) ʳʬʽʨʴʰʮʳʰʯ.   

ʪʻʲʰʹ ʱʸʰʹʺʨʲʵʪʸʨʼʰʻʲʳʨ  ʨʴʨʲʰʮʳʨ    ʪʭʰˁʭʬʴʨ,   ʸʵʳ     ʰʪʰ   

ˀʬʰ˂ʨʭʹ        ʸʵʪʵʸ˂ ʭʰʻʸ˂ʰʺʰʹ, ʨʹʬʭʬ ʱʻʩʻʸʰ ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ 

ʹʺʸʻʽʺʻʸʰʹ InP-ʹ. InP-ʹ   ʳʵ˂ʻʲʵʩʰʯʰ     ʱʸʰʹʺʨʲʰ     ʳˆʵʲʵʫ 

ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ ʱʻʩʻʸʰ ʹʺʸʻʽʺʻʸʰʹʨʨ, ʳʨʪʸʨʳ 1D InP-ʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩˀʰ ˆˀʰʸʨʫ ʪʭˆʭʫʬʩʨ ʭʰʻʸ˂ʰʺʰʹ ˈʬʽʹʨʪʵʴʨ-ʲʻʸʰ 

ʹʺʻʽʺʻʸʨ˂. ʨʳʰʹ ʳʰʮʬʮʰ ʪʨˆʲʨʭʯ ʰʹ, ʸʵʳ  ʴʨʴʵʳʨʭʯʻʲʬʩʹ ʪʨʨˁʴʰʨʯ 

ʳʨʾʨʲʰ ʮʬʫʨʶʰʸʰ/ʳʵ˂ʻʲʵʩʨ-ʮʬ  ʯʨʴʨʼʨʸʫʵʩʨ, ʸʨ˂ ʴʨʴʵʳʨʭʯʻʲˀʰ 

ʭʰʻʸ˂ʰʺʰʹ ʹʺʸʻʽʺʻʸʰʹ ˁʨʳʵʿʨʲʰʩʬʩʨʹ ʻ˄ʿʵʩʹ ˆʬʲʹ. 

ʴʨˆ. 8. InP+Zn ˄ʿʨʸʵʫʨʴ 

ʪʨʮʸʫʰʲʰ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ (ʸʬʳ) 

ʹʻʸʨʯʰ. 

(ʹʻʸʨʯʮʬ ʪʨʫʰʫʬʩʻʲ 

ˁʨʴʨʸʯʮʬ ʪʨʳʵʹʨˆʻʲʰʨ 

ʴʨʴʵʳʨʭʯʻʲʰʹ ʱʭʬʯʨ). 
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ʪʨʸʹʰʹ ʬʲʬʳʬʴʺʻʸʰ ˀʬʳʨʫʪʬʴʲʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ ʪʨʳʵʭʰʿʬʴʬʯ EDS 

ʫʨ ʰʴʼʸʨ˄ʰʯʬʲʰ ʹʶʬʽʺʸʵʹʱʵʶʰʻʲʰ ʳʬʯʵʫʬʩʰ.  ʴʨˆ.9-ʮʬ ʴʨˁʭʬʴʬʩʰʨ 

InP+Zn3(PO4)2 ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ˀʬʫʪʬʴʰʲʵʩʰʹ EDS 

ʨʴʨʲʰʮʰʹ ʹʻʸʨʯʬʩʰ. ˄ʰʯʬʲʰ ʳʨʸʯʱʻʯˆʨ ʳʨʸʱʬʸʬʩʰʯ ʳʵʴʰˀʴʻʲʰʨ ʰʹ 

ʨʫʪʰʲʬʩʰ ʹʨʰʫʨʴʨ˂ ˆʫʬʩʵʫʨ EDS ʹʰʪʴʨʲʬʩʰʹ ʫʨʼʰʽʹʰʸʬʩʨ.  (a) ʫʨ (d) 

ˀʬʬʹʨʩʨʳʬʩʨ ʪʨʸʹʰʹ ˀʬʳʨʫʪʬʴʲʵʩʨʹ, ˆʵʲʵ (b) ʫʨ (c) ʪʭʨ˃ʲʬʭʹ 

ʰʴʼʵʸʳʨ˂ʰʨʹ ʴʨʴʵʳʨʭʯʻʲʰʹ ʪʻʲʰʹ ˀʬʳʨʫʪʬʴʲʵʮʬ. ˀʬʳʨʫʪʬʴʲʵʩʰʹ 

ʨʴʨʲʰʮʰʫʨʴ ʴʨʯʲʨʫ ˁʨʴʹ, ʸʵʳ ʪʻʲˀʰ In-ʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨ ʪʨ˂ʰʲʬʩʰʯ 

ʳʬʺʰʨ ʪʨʸʹˀʰ ʨʸʹʬʩʻʲʰ In-ʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨʮʬ. ʨʪʸʬʯʭʬ ʻʫʨʵʨ ʰʹ 

ʼʨʽʺʰ˂, ʸʵʳ  In, P, ʫʨ Zn ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʯʨʭʨʸʰ ˀʬʳʨʫʪʬʴʬʲʰ 

ʬʲʬʳʬʴʺʬʩʰʨ.  

ʪʨʴˆʰʲʻʲʰʨ ʰʹ ʯʬʸʳʵʽʰʳʰʻʸʰ ʸʬʨʽ˂ʰʬʩʰ, ʸʵʳʬʲʯʨ˂ InP-ʰʹ ʫʨ 

Zn3(PO4)2-ʰʹ ʼʨʮʨʯʨ ʹʬʪʸʬʪʨ˂ʰʨʳʫʬ ʳʰʭʿʨʭʨʸʯ. ʨʳʨʭʬ ʽʭʬʯʨʭˀʰ 

ʪʨʴˆʰʲʻʲʰʨ InP+ZnO ˄ʿʨʸʵʫʨʴ ʪʨʮʸʫʰʲʰ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʨʴʨʲʰʮʰ, 

ʸʵʳʬʲʳʨ˂ ʪʭʰˁʭʬʴʨ, ʸʵʳ InP-ʯʨʴ ʬʸʯʨʫ Zn-ʰʹ ZnO-ʯʰ ˁʨʴʨ˂ʭʲʬʩʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ˂ ˆʫʬʩʨ ʼʨʮʨʯʨ ʹʬʪʸʬʪʨ˂ʰʨ ʫʨ InP+Zn3(PO4)2 ʪʻʲʰ-ʪʨʸʹʰ 

ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʮʸʫʨ. ʪʨʴʹˆʭʨʭʬʩʨ ʰʹ ʪʨˆʲʨʭʯ, ʸʵʳ InP+ZnO-ʹ 

˄ʿʨʸʵʹ ˀʬʳʯˆʭʬʭʨˀʰ ʰʮʸʫʬʩʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʪʨʸʹʰʹ ʹʰʹʽʬ, ʸʨ˂  

ʸʬʨʽʺʵʸˀʰ ʷʨʴʪʩʨʫʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʰʹ ʮʸʫʰʯ ʨʰˆʹʴʬʩʨ. 

ʴʨˆ. 9. InP+Zn ˄ʿʨʸʵʫʨʴ 

ʪʨʮʸʫʰʲʰ ʪʻʲʰ-ʪʨʸʹʰ ʺʰʶʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ HAADF ʺʬʳ 

ʹʻʸʨʯʰ ʫʨ (a, b, c, d) 

ʳʵʴʰˀʴʻʲʰ ʨʫʪʰʲʬʩʰʹ 

ˀʬʳʨʫʪʬʴʲʵʩʰʹ EDS ʨʴʨʲʰʮʰ. 
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ʴʨˆ. 10. ʳ˂ʰʸʬ ʸʨʵʫʬʴʵʩʰʹ InP-ʹ ˀʬʳ˂ʭʬʲʵʩʰʹ InP+Zn ˄ʿʨʸʵʫʨʴ 540C 

ʺʬʳʶʬʸʨʺʻʸʨʮʬ ʪʨʮʸʫʰʲʰ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʸʬʳ ʹʻʸʨʯʬʩʰ. a) ʫʨʩʨʲʰ 

ʪʨʫʰʫʬʩʰʯ, b) ʳʨʾʨʲʰ ʪʨʫʰʫʬʩʰʯ. 

ʰʳʰʹʨʯʭʰʹ ʸʵʳ ˀʬʪʭʬʹ˄ʨʭʲʨ ʪʨʸʹʰʹ ʼʵʸʳʰʸʬʩʰʹ ʳʬʽʨʴʰʮʳʰ, 

˄ʿʨʸʵˀʰ ˁʨʭʫʬʯ  ʳ˂ʰʸʬ ʸʨʵʫʬʴʵʩʰʹ  InP. ʴʨˆ.10-ʮʬ ʴʨˁʭʬʴʬʩʰʨ InP+Zn-ʹ 

˄ʿʨʸʵʫʨʴ 540C ʺʬʳʶʬʸʨʺʻʸʨʮʬ ʪʨʮʸʫʰʲʰ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʸʬʳ 

ʹʻʸʨʯʬʩʰ, ʸʵʳʬʲʰ˂ ˀʬʰ˂ʨʭʫʨ ʳ˂ʰʸʬ ʸʨʵʫʬʴʵʩʰʹ InP-ʹ (InP/Zn ˄ʵʴʰʯʰ 

ʯʨʴʨʼʨʸʫʵʩʨ ˀʬʨʫʪʬʴʫʨ 0,6 ). ʹʻʸʨʯʮʬ ʴʨʯʲʨʫ ˁʨʴʹ ʳʰʲʨʱʬʩʰ, 

ʸʵʳʬʲʯʨ ʼʵʸʳʰʸʬʩʨ ʹʰʲʰ˂ʰʻʳʰʹ ʹʨʼʬʴʰʹ ʮʬʫʨʶʰʸʮʬ ʳʵˆʫʨ. ʳʨʯʰ 

ʫʰʨʳʬʺʸʰ ʫʨʨˆʲʵʬʩʰʯ 600 ʴʳ-ʹ ˀʬʨʫʪʬʴʹ. ʮʵʪʰʬʸʯʰ ʳʰʲʨʱʰ 

ˀʬʭʹʬʩʻʲʰʨ InP-ʹ ʪʻʲʰʯ, ʳʨʪʸʨʳ ʻʳʬʺʬʹʵʩʨ ʳʰʲʨʱʬʩʰʹʨ ʪʻʲʰʹ ʪʨʸʬˀʬʨ. 

ʯʨʭʰʫʨʴ ˆʫʬʩʨ ʪʻʲʰ–ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʰʹ ʮʸʫʨ, ˆʵʲʵ  InP –ʹ 

ʨʳʵ˄ʻʸʭʰʹ ˀʬʳʫʬʪ ʪʻʲʰʹ ʮʸʫʨ ˄ʿʫʬʩʨ. ʨʳʨʭʬ ʫʸʵʹ ʸʬʨʽʺʵʸˀʰ 

Zn3(PO4)2–ʰʹ ʪʨʸʹʰʹ ʼʵʸʳʰʸʬʩʰʹʯʭʰʹ ʹʨ˅ʰʸʵ ˄ʰʴʨʶʸʵʫʻʽʺʬʩʰ 

(ʼʵʹʼʵʸʰ, Zn ʫʨ H2O) ʰʹʬʭ ʪʭʨʽʭʹ, ʸʰʹ ˀʬʫʬʪʨʫʨ˂  ʪʨʸʹʰ  Zn3(PO4)2–ʰʹ  

ʴʨʴʵʳʰʲʨʱʰʹ ʹʨˆʰʯ ʪʨʴʨʪʸ˃ʵʩʹ ʮʸʫʨʹ.  Zn3(PO4)2-ʰʹ ʪʨʸʹʰʹ ʱʭʬʯʨ 

(ʴʨˆ.10b) ʸʵʳʬʲʰ˂ ʪʨʸʹ ʨʸʺʿʨʭʫʨ InP-ʹ ʱʸʰʹʺʨʲʻʸ ʪʻʲʹ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʬʪʸʬʯ˄ʵʫʬʩʻʲ ˀʨʩʲʵʴʹ Zn3(PO4)2-ʰʹ ʳʰʲʨʱʬʩʰʹ ʪʨʹʨʮʸʫʬʲʨʫ. ʮʸʫʰʹ 

ʨʹʬʯʰ ʳʬʯʵʫʬʩʰ ʼʨʸʯʵʫ ʪʨʳʵʰʿʬʴʬʩʨ ʱʸʰʹʺʨʲʻʸʰ ʫʨ ʨʳʵʸʼʻʲʰ 

ʴʨʴʵʳʨʹʨʲʬʩʰʹ ˀʬʹʨʽʳʴʬʲʨʫ. 
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ʫʨʹʱʭʴʬʩʰ 

1. InP-ʹ ʹʨʼʻ˃ʭʬʲʮʬ ˀʬʳʻˀʨʭʬʩʻʲʰʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʰʾʬʩʰʹ 

ʺʬʽʴʵʲʵʪʰʨ, ʸʵʳʬʲʰ˂ ˈʰʫʸʨʮʰʴʰʹ (N2H4) ʵʸʯʽʲʰʹ ʪʨʳʵʿʬʴʬʩʨʹ 

ʬʼʻ˃ʴʬʩʨ; 

2. 440C-ʮʬ  InP–ʹ ˄ʿʨʸʵʫʨʴ Si-ʹ ʼʻ˃ʬˀʸʬʮʬ ʪʨʮʸʫʰʲʰʨ InP–ʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰ. ʳʨʯ ʪʨʨˁʴʰʨʯ ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ (ZnS) 

ʹʺʸʻʽʺʻʸʨ. ʳʰʾʬʩʻʲʰʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰ ʸʵʪʵʸ˂ ˄ʿʵʩʰʹ 

ʫʬʼʬʽʺʬʩʰʹ ʪʨʸʬˀʬ ʰʹʬ ʳʸʨʭʨʲˇʬʸʨʫʰ, ʨʴ ʸʬʪʻʲʨʸʻʲʰ 

ʵʸʬʻʲʬʩʰʯ; 

3. InP-ʹ ˄ʿʨʸʵʹ ˀʬʳʯˆʭʬʭʨˀʰ ʼʻ˃ʬˀʸʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ 540C-ʳʫʬ 

ʳʵʳʨʺʬʩʰʯ ʰ˂ʭʲʬʩʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʳʵʸʼʵʲʵʪʰʨ. ʰʮʸʫʬʩʨ 

ʸʨʳʵʫʬʴʰʳʬ ʳʰʱʸʵʳʬʺʸʰʹ ʫʰʨʳʬʺʸʰʹ ʴʨʴʵʳʨʭʯʻʲʬʩʰ 

ʱʨʺʨʲʰʮʨʺʵʸʰʹ ˄ʭʬʯʬʩʰʯ, ʸʨ˂ ʳʰʻʯʰʯʬʩʹ ʮʸʫʰʹ ʳʬʽʨʴʰʮʳʰʹ 

˂ʭʲʰʲʬʩʨʮʬ˂ ʵʸʯʽʲʰ-ʳʿʨʸʰ ʳʬʯʵʫʰʫʨʴ ʵʸʯʽʲʰ-ʹʰʯˆʬ-ʳʿʨʸʰ 

ʳʬʯʵʫʮʬ; 

4. InP+Ga ʫʨ InP+Zn ˄ʿʨʸʵʫʨʴ ʳʰʾʬʩʻʲʰʨ ʪʻʲʰ–ʪʨʸʹʰ ʺʰʶʰʹ 

ʴʨʴʵʳʨʭʯʻʲʬʩʰ, ʸʵʳʲʬʩˀʰʨ˂ ʪʻʲʰ ˄ʨʸʳʵʨʫʪʬʴʹ ʱʸʰʹʺʨʲʻʸ  

InP–ʹ, ˆʵʲʵ ʪʨʸʹʰ ʨʳʵʸʼʻʲ Ga2O3  ʨʴ Zn3(PO4)2; 

5. InP+Ga ˄ʿʨʸʵʫʨʴ ʳʰʾʬʩʻʲ ʪʻʲʰ–ʪʨʸʹʰʹ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲˀʰ  

InP–ʹ ʪʻʲʹ ˀʬʰ˃ʲʬʩʨ ʪʨʨˁʴʫʬʹ ʸʵʪʵʸ˂  ʯʻʯʰʰʹ ʹʻʲʼʰʫʰʹ, ʰʹʬ 

ʭʰʻʸʺ˂ʰʺʰʹ ʹʺʸʻʽʺʻʸʨ. ʨʳ ʻʱʨʴʨʹʱʴʬʲʰ ʹʺʸʻʽʺʻʸʰʹ ʨʸʹʬʩʵʩʨ 

ʳˆʵʲʵʫ ʴʨʴʵʮʵʳʰʹ InP–ˀʰ ʫʨʰʳʮʰʸʬʩʨ ; 

6. InP+Zn ʫʨ InP+Ga ˄ʿʨʸʵʬʩˀʰ InP–ʹ ʳ˂ʰʸʬ ˀʬʳ˂ʭʬʲʵʩʰʹʨʹ  ʯʨʭʰʫʨʴ 

ʰʮʸʫʬʩʨ ʪʻʲʰ–ʪʨʸʹʰʹ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲʰ, ˆʵʲʵ InP–ʹ 

ʨʳʵ˄ʻʸʭʰʹ ˀʬʳʫʬʪ ʪʨʸʹʰ ʪʨʴʨʪʸ˃ʵʩʹ ʮʸʫʨʹ Zn3(PO4)2–ʰʹ ʨʴ Ga2O3 

ʴʨʴʵʳʰʲʨʱʰʹ ʹʨˆʰʯ; 
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7. InP+Zn ˄ʿʨʸʵʹ ʴʨ˂ʭʲʨʫ InP+ZnO ˄ʿʨʸʵʹ ʪʨʳʵʿʬʴʬʩʨ ʰ˄ʭʬʭʹ 

InP+Zn3(PO4)2 ʪʻʲʰ–ʪʨʸʹʰ ʺʰʶʰʹ ʴʨʴʵʳʨʭʯʻʲˀʰ ʪʨʸʹʰʹ ʹʰʹʽʰʹ 

ʪʨʮʸʫʨʹ ʸʨ˂ ʸʬʨʽʺʵʸˀʰ ʷʨʴʪʩʨʫʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʰʹ ʮʸʫʰʯ 

ʨʰˆʹʴʬʩʨ.  

8. ˀʬʹ˄ʨʭʲʰʲʰʨ InP+Zn ˄ʿʨʸʵʫʨʴ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ ʹʰʴʯʬʮʰ 

ʼʻ˃ʬˀʸʰʹ ʹˆʭʨʫʨʹˆʭʨ ʺʬʳʶʬʸʨʺʻʸʻʲ ʸʬʷʰʳʬʩˀʰ 400C; 450C; ʫʨ 

550C. ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʵʳʨʺʬʩʰʯ ʰ˂ʭʲʬʩʨ ʴʨʴʵʳʨʭʯʻʲʬʩʰʹ 

ʳʵʸʼʵʲʵʪʰʨ ʱʬʸ˃ʵʫ, ʳʨʾʨʲ ʺʬʳʶʬʸʨʺʻʸʨʮʬ ʪʨʸʹʰ ˇʬʸ 

˄ʨʸʳʵʽʳʴʰʹ ˄ʭʬʯʬʩʹ, ˀʬʳʫʬʪ ʱʰ ˀʬʳ˂ˆʭʨʸ ʴʨ˄ʰʲʨʱʬʩʹ. 

 

Summary 

The synthesis and research of one-dimensional nanomaterials 

 The thesis is dedicated to the development of a new technology for the 

synthesis of InP based one dimensional nanostructures and analysis of their 

composition, morphology and structure. Also, dependence of these properties to 

technological parameters. The thesis consists of three chapters. 

 The first chapter describes the perspectives of using 1D nanostructures in 

nanoelectronics, medicine and real devices. Basic properties of nanomaterials and 

their distinction from bulk material. Size reduction related changes of parameters 

(width of the band gap energy, melting temperature, dielectric penetration, lattice 

parameters etc.) Also, the cause of these changes, namely quantum confinement 

and dominance of surface properties caused by the large surface area. 

 The same chapter describes the different growth technologies of one-

dimensional nanostructures. The highest focus was put on the well-established 

Vapor-Liquid-Solid (VLS) and Vapor-Solid (VS) growth methods, as these two 

methods were used in this thesis for growth of InP based nanostructures and 

nanomaterials.  

 In the last part of the first chapter, we discuss the difficulties of tailoring 

the amorphous nanomaterials and methods of their fabrication. Also, alignment 

and integration of nanowires in semiconductor devices. 

 The second chapter describes the technological tools and analytical 

methods used to grow InP nanostructures and study their composition, 

morphology and structure. The chapter also describes computer programs that we 

used to calculate thermodynamic parameters of nanomaterials for different 

temperatures and for fast Fourier transfer (FFT) analysis of high-resolution 

transmission electron microscopy (TEM) images. 

 The third chapter contains the results of experiments and their judgment. 
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 3.1 Subchapter is dedicated to the method of synthesis of Indium phosphide 

nanowires (InP NWs) from a novel vapor phase deposition approach from 

crystalline InP source in hydrazine atmosphere. As well the mechanism for the 

production of In2O and P2,P3  precursors which lead to growth of nanowires and 

dependence of the growth parameters on structure and morphology of 

nanomaterials. 

Indium phosphide nanowires were synthesized in two temperatures at 440 

°C and 540 ° C. It was found that at 440 ° C the nanowires diameters varied from 

20-80 nm and they grow by a Vapor-Solid mechanism. Crystallographic analysis 

has shown that InP nanowires have a cubic zinc blende (ZB) structure. The 

nanowires were obtained without structural defects, also with multiple or regular 

twins as well. By increasing the substrate temperature up to 540 ° C, the diameter 

of the nanowires increased to a few micrometers. The raise of base temperature 

also leads to the change of nanowires growth mechanism from Vapor-Solid to 

Vapor-Liquid-Solid. Which can be explained by presence of catalyst drops on the 

nanowire tips. 

 3.2 subchapter describes the synthesis of nanowires from the combined 

InP:Ga source. As a result, the core-shell type InP-Ga2O3 nanowires were grown 

on Si substrate at 400 ºC The core was crystalline zinc blende (ZB) indium 

phosphide and the shell amorphous gallium oxide. Due to the interaction of In 

and Ga sources with water molecules and hydrazine decomposition products the 

volatile Ga2O and In2O were formed. These molecules reached the Si substrate. 

The final chemical reaction involved Ga2O3, In2O3 and phosphorus precursors. As a 

result of a spontaneous reaction the Ga2O3 and InP phases were produced and 

segregated.  

The spontaneous growth reactions were driven by the reduction of Gibbs 

free energy realized by chemical reaction or phase transformation. 

Crystallographic analysis of InP core has shown that it has a cubic zinc blende (ZB) 

structure, as well as a hexagonal wurtzite InP structure.  

 3.3 subchapter is dedicated to the synthesis of nanowires from InP:Zn 

and InP:ZnO combined sources. Zn3(PO4)2/InP core-shell nanowires were grown 

by a one-step pyrolytic synthesis in a vapor of hydrazine containing 3mol.% H2O. 

InP+Zn and InP+ZnO sources were producing volatile species that were forming 

nanowires in the cold zone of a reactor.  The cores were crystalline InP, while the 

zinc phosphate shells had amorphous structure because the growth temperature 

(500C) was low for their crystallization.  The most favorable thermochemical 

reactions that may produce core and shell materials were evaluated. It was 

established, that the amorphous Zn3(PO4)2 shell was growing by a template-based 

Vapor-Solid method. It was observed, that by substituting the Zn with ZnO in 

source material (InP + ZnO combined source), the thickness of the nanowire shell 

has been increased, which can be explained by increases of concentration of 

oxygen in the reactor. 

 The growing InP core and ring-shaped Zn3(PO4)2 shell, formed at the 

initial stage of synthesis, served as templates for the growth of shell. The 
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nanotubes of zinc phosphate were produced at 540C, when the source was 

containing a low amount of InP. This happened because the template-based 

growth of a core proceeded even after the growth of InP core was stopped. 

 At the end of the thesis the main conclusions of the performed work are 

presented, which is followed with the list of references. 
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