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ɗɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɩɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜаɧɢɹ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɥɭчɟɜɨɝɨ 
ɨɫаɠɞɟɧɢɹ ɤɜаɧɬɨɜɵɯ ɬɨчɟɤ ɧа ɨɫɧɨɜɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɬɜɟɪɞɵɯ ɪаɫɬɜɨɪɨɜ GaInAs 

ɪаɡɥɢчɧɵɯ ɫɨɫɬаɜɨɜ ɧа ɩɨɜɟɪɯɧɨɫɬɶ GaAs. Ɋаɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɢɨɧɧɨ-

ɥɭчɟɜɨɝɨ ɨɫаɠɞɟɧɢɹ. Ɉɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦаɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɬɜɟɪɞɨɝɨ 
ɪаɫɬɜɨɪа GaInAs, ɩɪɢ ɤɨɬɨɪɨɦ ɤɜаɧɬɨɜɵɟ ɬɨчɤɢ ɯаɪаɤɬɟɪɢɡɭɸɬɫɹ ɧаɢɦɟɧɶɲɢɦɢ ɪаɡɦɟɪаɦɢ 
ɢ ɧаɢɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ. ɉɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢɹ ɫɩɟɤɬɪɨɜ 
ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭчɟɧɧɵɯ ɧаɧɨɫɬɪɭɤɬɭɪ. ɉɨɥɭчɟɧɧɵɟ 
ɪɟɡɭɥɶɬаɬɵ ɦɨɝɭɬ ɩɪɟɞɫɬаɜɥɹɬɶ ɩɪаɤɬɢчɟɫɤɢɣ ɢɧɬɟɪɟɫ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɦɧɨɝɨɩɟɪɟɯɨɞɧɵɯ 
ɫɨɥɧɟчɧɵɯ ɷɥɟɦɟɧɬаɯ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɢɯ ɄɉȾ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜа: ɫɨɥɧɟчɧɵɟ ɷɥɟɦɟɧɬɵ, ɧаɧɨɪаɡɦɟɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ 
ɬɜɟɪɞɵɟ ɪаɫɬɜɨɪɵ, ɢɨɧɧɨ-ɥɭчɟɜɨɟ ɨɫаɠɞɟɧɢɟ, ɬɟɯɧɨɥɨɝɢɹ, ɦаɬɟɪɢаɥɵ ɞɥɹ ɮɨɬɨɷɥɟɦɟɧɬɨɜ.  
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ȼȼȿȾȿɇɂȿ 
 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɜ ɷɧɟɪɝɟɬɢɤɟ ɫɬɢɦɭɥɢɪɭɸɬ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɢɣ ɪɨɫɬ 
ɢɧɬɟɪɟɫа ɤ аɥɶɬɟɪɧаɬɢɜɧɵɦ ɢɫɬɨчɧɢɤаɦ ɷɧɟɪɝɢɢ. Ɏɨɬɨɷɥɟɤɬɪɢчɟɫɤɢɟ ɩɪɟɨɛɪаɡɨɜаɬɟɥɢ 
(Ɏɗɉ), ɢɥɢ ɫɨɥɧɟчɧɵɟ ɷɥɟɦɟɧɬɵ, ɹɜɥɹɸɬɫɹ ɧаɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɷɤɨɥɨɝɢчɟɫɤɢ 
чɢɫɬɵɦ ɪɟɲɟɧɢɟɦ ɜɨɩɪɨɫа ɫɨɡɞаɧɢɹ аɥɶɬɟɪɧаɬɢɜɧɵɯ ɢɫɬɨчɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɬаɤ ɤаɤ ɨɧɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɟɨɛɪаɡɭɸɬ ɫɨɥɧɟчɧɨɟ ɢɡɥɭчɟɧɢɟ ɜ ɷɥɟɤɬɪɢчɟɫɤɭɸ ɷɧɟɪɝɢɸ ɜ 
ɨɬɥɢчɢɟ ɨɬ ɞɪɭɝɢɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɫɬɨчɧɢɤɨɜ ɷɧɟɪɝɢɢ Д1Ж. 

ȼ ɧаɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɩɟɪɫɩɟɤɬɢɜɵ ɪаɡɜɢɬɢɹ ɫɨɥɧɟчɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɫɜɹɡаɧɵ ɫ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪаɦɢ ɧа ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ ɢ ɬɜɟɪɞɵɯ ɪаɫɬɜɨɪɨɜ 
AIIIBV Д1Ж. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɬɨɷɥɟɤɬɪɢчɟɫɤɢɦɢ, ɨɩɬɢчɟɫɤɢɦɢ, ɷɥɟɤɬɪɨɮɢɡɢчɟɫɤɢɦɢ 
ɩаɪаɦɟɬɪаɦɢ ɢ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ ɞаɧɧɵɯ ɦаɬɟɪɢаɥɨɜ. ȼаɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ Ɏɗɉ 
ɧа ɨɫɧɨɜɟ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪ ɩɨ ɫɪаɜɧɟɧɢɸ ɫɨ ɫɬɪɭɤɬɭɪаɦɢ ɧа ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ ɹɜɥɹɸɬɫɹ 
ɛɨɥɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɤɩɞ), ɩɨɜɵɲɟɧɧаɹ ɬɟɦɩɟɪаɬɭɪɧаɹ ɢ 
ɪаɞɢаɰɢɨɧɧаɹ ɫɬаɛɢɥɶɧɨɫɬɶ, а ɬаɤɠɟ ɜɵɫɨɤаɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɨɛɪаɡɨɜаɧɢɹ 
ɤɨɧɰɟɧɬɪɢɪɨɜаɧɧɨɝɨ ɫɨɥɧɟчɧɨɝɨ ɢɡɥɭчɟɧɢɹ Д2Ж. Ɉɞɧаɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ 
ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɮаɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɨɝɪаɧɢчɢɜаɸɬ ɤɩɞ ɞаɧɧɵɯ Ɏɗɉ. ȼ ɩɟɪɜɭɸ ɨчɟɪɟɞɶ 
ɤ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɩɨɬɟɪɢ ɧа ɬɟɪɦаɥɢɡаɰɢɸ Д3Ж. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ чаɫɬɢчɧɨ ɭɫɬɪаɧɢɬɶ ɭɤаɡаɧɧɭɸ 
ɩɪɨɛɥɟɦɭ, ɨɫɧɨɜɵɜаɟɬɫɹ ɧа ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɨɞɧɨɩɟɪɟɯɨɞɧɵɯ ɫɨɥɧɟчɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɫ ɪаɡɥɢчɧɨɣ ɲɢɪɢɧɨɣ ɡаɩɪɟɳɟɧɧɨɣ ɡɨɧɵ чɟɪɟɡ ɤɨɦɦɭɬаɰɢɨɧɧɵɟ ɬɭɧɧɟɥɶɧɵɟ 
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ɞɢɨɞɵ ɜ ɦɧɨɝɨɩɟɪɟɯɨɞɧɵɟ (Ɇɉ) ɝɟɬɟɪɨɫɬɪɭɤɬɭɪɧɵɟ Ɏɗɉ Д3Ж. Ɉɞɧаɤɨ ɭɜɟɥɢчɟɧɢɟ 
ɤɨɥɢчɟɫɬɜа ɷɥɟɦɟɧɬɨɜ ɤаɫɤаɞа ɩɪɢɜɨɞɢɬ ɤ ɭɫɥɨɠɧɟɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ Ɏɗɉ, ɭɜɟɥɢчɟɧɢɸ 
чɢɫɥа ɝɟɬɟɪɨɝɪаɧɢɰ, чɬɨ ɜɥɟчɟɬ ɡа ɫɨɛɨɣ ɜɨɡɪаɫɬаɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɪɶ ɢ, ɜ чаɫɬɧɨɫɬɢ, 
ɭɜɟɥɢчɟɧɢɟ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɏɗɉ Д4Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɫɨɡɞаɧɢɹ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɦɧɨɝɨɩɟɪɟɯɨɞɧɵɯ ɫɨɥɧɟчɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪаɧɢчɟɧɧɨɟ 
ɤɨɥɢчɟɫɬɜɨ ɦаɬɟɪɢаɥɨɜ, ɨɛɟɫɩɟчɢɜаɸɳɢɯ ɫɨɝɥаɫɨɜаɧɢɟ ɩɨɫɬɨɹɧɧɵɯ ɤɪɢɫɬаɥɥɢчɟɫɤɢɯ 
ɪɟɲɟɬɨɤ.  

ɋɨɜɪɟɦɟɧɧɵɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɞаɧɧɨɣ ɩɪɨɛɥɟɦɵ, ɨɫɧɨɜаɧ ɧа ɩɪɢɦɟɧɟɧɢɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɬɪɭɤɬɭɪ ɫ ɫаɦɨɨɪɝаɧɢɡɭɸɳɢɦɢɫɹ ɤɜаɧɬɨɜɵɦɢ ɬɨчɤаɦɢ (ɄɌ). 
Ȼɥаɝɨɞаɪɹ ɞɢɫɤɪɟɬɧɨɦɭ ɷɧɟɪɝɟɬɢчɟɫɤɨɦɭ ɫɩɟɤɬɪɭ ɄɌ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɢɬɶ 
ɩɪɨɛɥɟɦɭ ɩɨɬɟɪɶ ɧа ɬɟɪɦаɥɢɡаɰɢɸ. ɍɩɪаɜɥɹɹ ɪаɡɦɟɪаɦɢ, ɮɨɪɦɨɣ ɄɌ ɢ ɫɨɫɬаɜɨɦ 
ɦаɬɪɢɰɵ (ɫɥɨɣ, ɨɤɪɭɠаɸɳɢɣ ɄɌ), ɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɭɟɦɨ ɦɨɞɢɮɢɰɢɪɨɜаɬɶ ɤɪаɣ ɡɨɧɵ 
ɩɨɝɥɨɳɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɟɪɟɯɨɞа ɧа ɄɌ, чɬɨ ɩɨɡɜɨɥɢɬ ɪаɫɲɢɪɢɬɶ ɫɩɟɤɬɪаɥɶɧɵɣ 
ɞɢаɩаɡɨɧ чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɭɜɟɥɢчɢɬɶ ɮɨɬɨɬɨɤ Ɏɗɉ ɧа ɄɌ Д5Ж. 

Ɉɞɧɢɦɢ ɢɡ ɧаɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɧа ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɸɬɫɹ 
ɬɪɟɯɩɟɪɟɯɨɞɧɵɟ Ɏɗɉ ɧа ɨɫɧɨɜɟ GКIЧP/GКIЧAЬ/GО, ɬаɤ ɤаɤ ɧа ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɧɢ 
ɢɦɟɸɬ ɧаɢɛɨɥɶɲɟɟ ɤɩɞ ɩɪɟɨɛɪаɡɨɜаɧɢɹ ɫɨɥɧɟчɧɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢчɟɫɤɭɸ Д5Ж. 
Ⱥɜɬɨɪаɦɢ ɪаɛɨɬɵ Д5Ж ɦɟɬɨɞɨɦ Ɇɉɗ ɛɵɥɢ ɩɨɥɭчɟɧɵ GКAЬ p-i-n-ɫɬɪɭɤɬɭɪɵ ɞɥɹ Ɏɗɉ ɧа 
ɨɫɧɨɜɟ ɄɌ InAs, ɜɟɥɢчɢɧа ɬɨɤа ɤɨɪɨɬɤɨɝɨ ɡаɦɵɤаɧɢɹ ɤɨɬɨɪɵɯ ɧа 1%, ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
GaAs – ɪɟɩɟɪɧɨɣ ɫɬɪɭɤɬɭɪɨɣ (ɫɬɪɭɤɬɭɪɨɣ ɛɟɡ ɜɧɟɞɪɟɧɢɹ ɄɌ). ɂɫɩɨɥɶɡɨɜаɧɢɟ 
ɜɧɟɞɪɟɧɧɵɯ ɫɥɨɟɜ ɄɌ InAs ɜ i – ɨɛɥаɫɬɢ ɜɧɨɫɢɬ ɡɧачɢɬɟɥɶɧɵɣ ɜɤɥаɞ ɜɨ ɜɧɟɲɧɸɸ 
ɤɜаɧɬɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ɏɗɉ, чɬɨ ɬаɤɠɟ ɨɬɪаɠɟɧɨ ɜ ɪаɛɨɬɟ аɜɬɨɪɨɜ Д6Ж, ɜ ɤɨɬɨɪɨɣ 
ɛɵɥɢ ɩɨɥɭчɟɧɵ аɧаɥɨɝɢчɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɥɭчɟɜɨɝɨ ɨɫаɠɞɟɧɢɹ. ȼ ɫɜɨɸ 
ɨчɟɪɟɞɶ ɜɧɟɞɪɟɧɢɟ ɄɌ ɧа ɨɫɧɨɜɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɬɜɟɪɞɵɯ ɪаɫɬɜɨɪɨɜ GaxIn1-xAs 

ɩɨɡɜɨɥɹɟɬ ɪаɫɲɢɪɢɬɶ ɞɢаɩаɡɨɧ чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ Ɇɉ Ɏɗɉ ɜɩɥɨɬɶ ɞɨ 1,3 ɦɤɦ ɢ, 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɭɜɟɥɢчɢɬɶ ɤɩɞ. ȼ ɪаɛɨɬɟ Д7Ж аɜɬɨɪɵ ɩɨɤаɡаɥɢ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɫɢɧɬɟɡа 
ɄɌ GaInAs c “ɦɧɨɝɨɦɨɞаɥɶɧɵɦ” ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨ ɪаɡɦɟɪаɦ, ɞɥɹ ɤɨɬɨɪɵɯ ɯаɪаɤɬɟɪɧа 
ɪаɫɲɢɪɟɧɧаɹ ɫɩɟɤɬɪаɥɶɧаɹ чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɦɟɬɨɞɨɦ ɆɈɋȽɎɗ. ȼ ɨɫɧɨɜɟ ɪаɛɨɬɵ 
ɥɟɠаɥɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɡаɜɢɫɢɦɨɫɬɢ ɪаɡɦɟɪɨɜ ɄɌ ɨɬ ɫɨɫɬаɜа, а ɬаɤɠɟ ɦɨɪɮɨɥɨɝɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ. 

ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ ɬɟɯɧɨɥɨɝɢчɟɫɤɢɟ ɦɟɬɨɞɵ Ɇɉɗ ɢ ɆɈɋȽɎɗ ɞɥɹ 
ɜɵɪаɳɢɜаɧɢɹ ɄɌ ɧа ɨɫɧɨɜɟ ɛɢɧаɪɧɵɯ ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɬɜɟɪɞɵɯ 
ɪаɫɬɜɨɪɨɜ ȺIIIBV, ɞаɜɧɨ ɢ ɧаɞɟɠɧɨ ɡаɪɟɤɨɦɟɧɞɨɜаɥɢ ɫɟɛɹ. Ɉɞɧаɤɨ ɧаɪɹɞɭ ɫ 
ɨɬɪаɛɨɬаɧɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢɢ ɢ ɧɟɫɨɦɧɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜаɦɢ ɞаɧɧɵɟ ɦɟɬɨɞɵ 
ɹɜɥɹɸɬɫɹ ɬɟɯɧɢчɟɫɤɢ ɫɥɨɠɧɵɦɢ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ, ɜ ɫɜɹɡɢ ɫ чɟɦ, ɜ ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɲɢɪɨɤɨɟ ɪаɡɜɢɬɢɟ ɩɨɥɭчɢɥɢ аɥɶɬɟɪɧаɬɢɜɧɵɟ ɦɟɬɨɞɵ. Ʉ ɨɞɧɢɦ ɢɡ ɬаɤɢɯ ɨɬɧɨɫɢɬɫɹ 
ɢɨɧɧɨ–ɥɭчɟɜɨɟ ɨɫаɠɞɟɧɢɟ (ɂɅɈ), ɪаɫɫɦɨɬɪɟɧɧɨɟ ɧаɦɢ ɪаɧɟɟ ɜ ɪаɛɨɬаɯ Д8, 9Ж. 

ɇаɫɬɨɹɳаɹ ɪаɛɨɬа ɩɨɫɜɹɳɟɧа ɩɨɥɭчɟɧɢɸ ɄɌ ɧа ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ ɪаɫɬɜɨɪɨɜ 
GaInAs ɪаɡɥɢчɧɵɯ ɫɨɫɬаɜɨɜ ɦɟɬɨɞɨɦ ɂɅɈ, ɢɫɫɥɟɞɨɜаɧɢɸ ɜɥɢɹɧɢɹ ɫɨɫɬаɜа ɧа ɪаɡɦɟɪ 
ɄɌ, а ɬаɤɠɟ ɢɫɫɥɟɞɨɜаɧɢɸ ɢɯ ɮɨɬɨɷɥɟɤɬɪɢчɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

 

ɗɄɋɉȿɊɂɆȿɇɌ 
 

ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪаɡɰɵ ɛɵɥɢ ɩɨɥɭчɟɧɵ ɦɟɬɨɞɨɦ ɂɅɈ ɜ ɪɟɠɢɦɟ ɪɨɫɬа ɋɬɪаɧɫɤɢ – 

Ʉɪаɫɬаɧɨɜа. Ʉɨɧɫɬɪɭɤɰɢɹ ɭɫɬаɧɨɜɤɢ ɢ ɦɟɬɨɞɢɤа ɩɨɥɭчɟɧɢɹ ɄɌ ɩɨɞɪɨɛɧɟɟ ɪаɫɫɦɨɬɪɟɧа 
ɧаɦɢ ɪаɧɟɟ ɜ ɪаɛɨɬɟ Д10Ж. ȼ ɷɤɫɩɟɪɢɦɟɧɬаɯ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɫɬаɧɞаɪɬɧɵɟ ɩɨɞɥɨɠɤɢ 
аɪɫɟɧɢɞа ɝаɥɥɢɹ ȺȽɑɈ (100) ɫ ɤɨɧɰɟɧɬɪаɰɢɟɣ ɧɨɫɢɬɟɥɟɣ ɡаɪɹɞа n – ɬɢɩа 2 x 1017 ɫɦ-3, 

ɞɢаɦɟɬɪɨɦ – 35 ɦɦ.  
ȼ ɤачɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ Ga ɢ InAs. 

ɗɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɢɫɫɥɟɞɨɜаɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬаɜɨɜ ɬɜɟɪɞɵɯ 
ɪаɫɬɜɨɪɨɜ: 1) Ga0,9In0,1As, 2) Ga0,7In0,3As, 3) Ga0,65In0,35As, 4) Ga0,76In0,24As, 
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5) Ga0,85In0,15As.  

ɂɫɯɨɞɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜɡɜɟɲɢɜаɥɢɫɶ ɧа ɜɵɫɨɤɨɬɨчɧɵɯ аɧаɥɢɬɢчɟɫɤɢɯ ɜɟɫаɯ ɢ 
ɫɦɟɲɢɜаɥɢɫɶ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɨɩɨɪɰɢɹɯ. ɉɨɥɭчɟɧɧаɹ ɬаɤɢɦ ɨɛɪаɡɨɦ ɫɦɟɫɶ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢɡɦɟɥɶчаɥаɫɶ ɞɨ ɩɨɪɨɲɤɨɨɛɪаɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɮɪаɤɰɢɢ 
(ɪаɡɦɟɪ ɡɟɪɟɧ 0,2–0,3 ɦɦ), ɡаɬɟɦ ɬɳаɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜаɥаɫɶ ɢ ɫɩɪɟɫɫɨɜɵɜаɥаɫɶ. 
ɉɨɞɝɨɬɨɜɥɟɧɧɵɟ ɦɢɲɟɧɢ GaInAs ɪаɡɥɢчɧɵɯ ɫɨɫɬаɜɨɜ ɩɨɦɟɳаɥɢɫɶ ɜ ɹчɟɣɤɢ ɤаɫɫɟɬɵ 
ɢɫɬɨчɧɢɤа, ɨɪɢɟɧɬɢɪɨɜаɧɧɵɟ ɩɨɞ ɭɝɥɨɦ 45° ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɞɥɨɠɤɟ. 

Ⱦɥɹ ɩɨɞɥɨɠɟɤ GaAs ɩɪɨɜɨɞɢɥаɫɶ ɫɬаɧɞаɪɬɧаɹ ɩɪɟɞɜаɪɢɬɟɥɶɧаɹ ɩɨɞɝɨɬɨɜɤа, ɩɨ 
ɡаɜɟɪɲɟɧɢɸ ɤɨɬɨɪɨɣ ɨɧɢ ɡаɤɪɟɩɥɹɥɢɫɶ ɜ ɹчɟɣɤаɯ ɤаɫɫɟɬɵ, ɩɪɟɞɧаɡɧачɟɧɧɨɣ ɞɥɹ 
ɜɵɪаɳɢɜаɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɨɫɥɟ ɭɫɬаɧɨɜɤɢ ɪаɫɩɵɥɹɟɦɵɯ ɦɢɲɟɧɟɣ ɢ ɨɫаɠɞаɟɦɵɯ 
ɩɨɞɥɨɠɟɤ ɜ ɹчɟɣɤɢ ɬɟɯɧɨɥɨɝɢчɟɫɤɢɯ ɤаɫɫɟɬ, ɜ ɪɨɫɬɨɜɨɣ ɤаɦɟɪɟ ɂɅɈ ɫɨɡɞаɜаɥɫɹ ɜаɤɭɭɦ 
(ɨɫɬаɬɨчɧɨɟ ɞаɜɥɟɧɢɟ 5 × 10–4 ɉа).  

ɉɪɟɞɜаɪɢɬɟɥɶɧɨ ɜ ɤаɠɞɨɣ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɨɜɨɞɢɥаɫɶ ɨчɢɫɬɤа 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɟɤ ɫɮɨɤɭɫɢɪɨɜаɧɧɵɦ ɢɨɧɧɵɦ ɩɭчɤɨɦ аɪɝɨɧа (ɪаɛɨчɟɟ ɞаɜɥɟɧɢɟ 

7 × 10–4 ɉа). ɉɪɢɜɟɞɟɦ ɩаɪаɦɟɬɪɵ ɢɨɧɧɨɣ ɨчɢɫɬɤɢ: ɜɪɟɦɹ ɨчɢɫɬɤɢ – 30 ɦɢɧ; ɷɧɟɪɝɢɹ 
ɢɨɧɨɜ ɜ ɩɭчɤɟ – 800 ɷȼ; ɬɨɤ ɢɨɧɧɨɝɨ ɩɭчɤа – 25 ɦȺ. ɉɨ ɡаɜɟɪɲɟɧɢɸ ɩɪɨɰɟɫɫа ɨчɢɫɬɤɢ, 
ɜɤɥɸчаɥɫɹ ɪɟɝɭɥɢɪɭɟɦɵɣ ɪɟɡɢɫɬɢɜɧɵɣ ɧаɝɪɟɜаɬɟɥɶ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ 
ɭɫɬаɧаɜɥɢɜаɥаɫɶ ɧɟɨɛɯɨɞɢɦаɹ ɬɟɦɩɟɪаɬɭɪа ɨɫаɠɞаɟɦɵɯ ɩɨɞɥɨɠɟɤ, ɪаɫɩɵɥɹɟɦаɹ 
ɦɢɲɟɧɶ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬаɜа ɫɨɜɦɟɳаɥаɫɶ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɞɥɨɠɤɨɣ GaAs ɢ 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɨɰɟɫɫ ɂɅɈ ɤɜаɧɬɨɜɵɯ ɬɨчɟɤ GaInAs. 

ȼɵɪаɳɢɜаɧɢɟ ɄɌ IЧGКAЬ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɪɨɫɬɨɜɵɯ ɩаɪаɦɟɬɪаɯ, 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɧаɦɢ ɪаɧɟɟ ɜ ɯɨɞɟ ɩɪɟɞɜаɪɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ Д10Ж: ɬɟɦɩɟɪаɬɭɪа 
ɩɨɞɥɨɠɤɢ – 5500 C, ɜɪɟɦɹ ɩɪɨɰɟɫɫа ɨɫаɠɞɟɧɢɹ ɫɨɫɬаɜɥɹɥɨ – 3 ɦɢɧ, ɷɧɟɪɝɢɹ ɢɨɧɨɜ ɜ 
ɩɭчɤɟ – 1000 ɷȼ, ɜɟɥɢчɢɧа ɬɨɤа ɢɨɧɧɨɝɨ ɩɭчɤа – 25 ɦȺ. ɇа ɩɟɪɜɨɦ ɷɬаɩɟ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɜɵɪаɳɢɜаɥɢɫɶ ɄɌ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪɵ ɫ “ɧɟɡаɤɪɵɬɵɦɢ” 
ɫɥɨɹɦɢ GaInAs/GaAs ɪаɡɥɢчɧɵɯ ɫɨɫɬаɜɨɜ. Ⱦаɥɟɟ ɞɥɹ ɢɫɫɥɟɞɨɜаɧɢɹ ɫɩɟɤɬɪɨɜ 
ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɩɨɥɭчɟɧɧɵɟ ɄɌ ɡаɤɪɵɜаɥɢɫɶ ɦаɬɟɪɢаɥɨɦ ɦаɬɪɢɰɵ GaAs. ɉɪɢ 
ɷɬɨɦ ɤаɠɞаɹ ɩɨɞɥɨɠɤа ɫ ɜɵɪаɳɟɧɧɵɦɢ ɄɌ ɪаɡɥɢчɧɨɝɨ ɫɨɫɬаɜа ɫɨɜɦɟɳаɥаɫɶ ɫ 
ɪаɫɩɵɥɹɟɦɨɣ ɹчɟɣɤɨɣ, ɫɨɞɟɪɠаɳɟɣ ɦаɬɟɪɢаɥ ɦаɬɪɢчɧɨɝɨ ɫɥɨɹ. 

ɉɪɢɜɟɞɟɦ ɩаɪаɦɟɬɪɵ ɨɫаɠɞɟɧɢɹ ɦаɬɟɪɢаɥа ɦаɬɪɢчɧɨɝɨ ɫɥɨɹ GaAs: ɷɧɟɪɝɢɹ 
ɢɨɧɨɜ ɩɪɢ ɨɫаɠɞɟɧɢɢ ɦаɬɪɢчɧɨɝɨ ɫɥɨɹ ɫɨɫɬаɜɥɹɥа – 1000 ɷȼ, ɬɨɤ ɢɨɧɧɨɝɨ ɩɭчɤа 25 ɦȺ, 
ɜɪɟɦɹ ɨɫаɠɞɟɧɢɹ – 4 ɦɢɧɭɬɵ. 

ɂɫɫɥɟɞɨɜаɧɢɟ ɫɩɟɤɬɪɨɜ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ (ɎɅ) ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɫɩɟɤɬɪаɥɶɧɨɦ 
ɞɢаɩаɡɨɧɟ 700 – 1000 ɧɦ (T=3000Ʉ). ȼ ɤачɟɫɬɜɟ ɢɫɬɨчɧɢɤа ɜɨɡɛɭɠɞаɸɳɟɝɨ ɨɩɬɢчɟɫɤɨɝɨ 
ɢɡɥɭчɟɧɢɹ ɢɫɩɨɥɶɡɨɜаɥɫɹ ɢɧɠɟɤɰɢɨɧɧɵɣ ɥаɡɟɪ P = 8 ȼɬ/(ɫɦ2·М), ɞɥɢɧа ɜɨɥɧɵ ɤɨɬɨɪɨɝɨ – 

402 ɧɦ. ȼ ɤачɟɫɬɜɟ ɮɨɬɨɞɟɬɟɤɬɨɪа ɢɫɩɨɥɶɡɨɜаɥɫɹ ɝɟɪɦаɧɢɟɜɵɣ ɮɨɬɨɞɢɨɞ ɎȾȽ ɫ 
ɪаɛɨчɢɦ ɫɩɟɤɬɪаɥɶɧɵɦ ɞɢаɩаɡɨɧɨɦ ɞɥɢɧ ɜɨɥɧ ɨɬ 0.5 ɞɨ 2 ɦɤɦ.  

ɂɫɫɥɟɞɨɜаɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭчɟɧɧɵɯ ɨɛɪаɡɰɨɜ ɄɌ InGaAs ɩɪɨɜɨɞɢɥɢ ɧа 
аɬɨɦɧɨ – ɫɢɥɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ NM – MDT Ntegra. 

 

ɊȿɁɍɅɖɌȺɌɕ ɂ ɂɏ ɈȻɋɍɀȾȿɇɂȿ 
 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɫɨɫɬаɜа ɬɜɟɪɞɨɝɨ ɪаɫɬɜɨɪа GaInAs ɧа ɪаɡɦɟɪɵ ɄɌ ɜ 
ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜаɧɢɹ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɥɭчɟɜɨɝɨ ɨɫаɠɞɟɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ȺɋɆ – 

ɢɫɫɥɟɞɨɜаɧɢɹ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪ ɫ «ɧɟɡаɤɪɵɬɵɦɢ» ɨɞɢɧɨчɧɵɦɢ ɫɥɨɹɦɢ ɄɌ, ɜɵɪаɳɟɧɧɵɯ 
ɧа GaAs – ɩɨɞɥɨɠɤаɯ (100). ɍɫɬаɧɨɜɥɟɧɨ, чɬɨ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 550ºɋ, ɜɪɟɦɟɧɢ 
ɜɵɪаɳɢɜаɧɢɹ 3 ɦɢɧɭɬɵ, ɷɧɟɪɝɢɢ ɢɨɧɨɜ 1000 ɷȼ ɢ ɜɟɥɢчɢɧɟ ɢɨɧɧɨɝɨ ɬɨɤа 25 ɦȺ, ɧа 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ GКAЬ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬаɜа ɬɜɟɪɞɨɝɨ ɪаɫɬɜɨɪа ɨɛɪаɡɭɸɬɫɹ 
ɤɜаɧɬɨɜɵɟ ɬɨчɤɢ GКIЧAs ɤɭɩɨɥɨɨɛɪаɡɧɨɣ ɮɨɪɦɵ ɜ ɞɢаɩаɡɨɧɟ ɪаɡɦɟɪɨɜ ɨɬ 6 ɞɨ 55 ɧɦ. 
ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠаɧɢɟ Ga ɜ ɬɜɟɪɞɨɦ ɪаɫɬɜɨɪɟ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɹɥɨɫɶ ɜ ɩɪɟɞɟɥаɯ ɨɬ 0,65 
ɞɨ 0,9 аɬ %. 



70  ɋɕɋɈȿȼ ɢ ɞɪ. 
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Ⱦɥɹ ɄɌ ɧа ɨɫɧɨɜɟ ɫɨɫɬаɜɨɜ Ga0,7In0,3As, Ga0,65In0,35As, Ga0,76In0,24As, Ga0,85In0,15As 

ɯаɪаɤɬɟɪɧɵ ɧаɢɦɟɧɶɲɢɟ ɪаɡɦɟɪɵ 6-17 ɧɦ. ȼɵɫɨɬа ɄɌ ɫɨɫɬаɜɥɹɟɬ 8-20 ɧɦ, а 
ɩɨɜɟɪɯɧɨɫɬɧаɹ ɩɥɨɬɧɨɫɬɶ ɫɨɫɬаɜɥɹɟɬ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɢɟ ɡɧачɟɧɢɹ (ɜ ɫɪɟɞɧɟɦ 

6×1010 ɫɦ-2). Ʉаɤ ɢɡɜɟɫɬɧɨ, ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪаɡɦɟɪɨɜ ɄɌ ɲɢɪɢɧа ɡаɩɪɟɳɟɧɧɨɣ ɡɨɧɵ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦаɬɟɪɢаɥɨɜ ɭɜɟɥɢчɢɜаɟɬɫɹ, ɤɪɨɦɟ ɬɨɝɨ ɮаɤɬ ɭɜɟɥɢчɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɄɌ ɧа ɨɫɧɨɜɟ ɞаɧɧɵɯ ɬɜɟɪɞɵɯ ɪаɫɬɜɨɪɨɜ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ 
ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɭчɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ ɞɥɹ ɮɨɪɦɢɪɨɜаɧɢɹ ɧа ɢɯ 
ɨɫɧɨɜɟ p-i-n – ɫɬɪɭɤɬɭɪ ɞɥɹ Ɏɗɉ. ɇа ɨɫɧɨɜɟ ɩɨɥɭчɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ ɜɨɡɦɨɠɧɨ 
ɮɨɪɦɢɪɨɜаɧɢɟ ɜɟɪɬɢɤаɥɶɧɨ ɫɜɹɡаɧɧɵɯ ɫɥɨɟɜ ɄɌ, чɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢчɟɧɢɸ ɤɩɞ 
Ɏɗɉ ɧа ɨɫɧɨɜɟ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪ. 

ȼ ɬɨɠɟ ɜɪɟɦɹ ɩɪɢ ɢɫɫɥɟɞɨɜаɧɢɢ ɪɟɡɭɥɶɬаɬɨɜ, ɩɨɥɭчɟɧɧɵɯ ɧа ɨɫɧɨɜɟ ɩɟɪɜɨɝɨ 
ɫɨɫɬаɜа Ga0,9In0,1As, ɛɵɥɨ ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ ɦаɤɫɢɦаɥɶɧɵɣ ɪаɡɦɟɪ ɄɌ ɭɜɟɥɢчɢɜаɟɬɫɹ ɞɨ 
55–60 ɧɦ ɩɪɢ ɭɜɟɥɢчɟɧɢɢ аɬɨɦɧɨɣ ɞɨɥɢ Ga ɜ ɬɜɟɪɞɨɦ ɪаɫɬɜɨɪɟ ɞɨ 0,9 %. ɉɨɥɭчɟɧɧɵɟ 
ɪɟɡɭɥɶɬаɬɵ ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫɭɧɤɟ 1. Ɋɟɡɭɥɶɬаɬɵ ȺɋɆ – ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪаɡɰа ɫ ɄɌ ɧа ɨɫɧɨɜɟ ɬɜɟɪɞɨɝɨ ɪаɫɬɜɨɪа Ga0,9In0,1As ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, чɬɨ 
ɫɪɟɞɧɢɣ ɪаɡɦɟɪ ɧаɧɨɫɬɪɭɤɬɭɪ ɫɨɫɬаɜɥɹɟɬ 35-60 ɧɦ, ɜɵɫɨɬа – 30-50 ɧɦ. Ⱦаɧɧɵɟ 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ аɧаɥɢɡа ɭɤаɡɵɜаɸɬ, чɬɨ ɩɨɜɟɪɯɧɨɫɬɧаɹ ɩɥɨɬɧɨɫɬɶ 
ɩɨɥɭчɟɧɧɵɯ ɄɌ ɫɨɫɬаɜɥɹɟɬ ɞɨɜɨɥɶɧɨ ɧɢɡɤɢɟ ɡɧачɟɧɢɹ 1×1010 ɦɦ-2. ȼɨɡɦɨɠɧɨ, 

ɩɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɭɜɟɥɢчɟɧɢɹ ɭɩɪɭɝɨɣ ɷɧɟɪɝɢɢ 
ɞɟɮɨɪɦаɰɢɢ, ɤɨɬɨɪаɹ ɪаɫɬɟɬ ɫ ɭɜɟɥɢчɟɧɢɟɦ ɞɨɥɢ Ga ɜ ɬɜɟɪɞɨɦ ɪаɫɬɜɨɪɟ. ȼɨɡɪаɫɬаɸɳɢɟ 
ɩɪɢ ɷɬɨɦ ɜɫɥɟɞɫɬɜɢɟ ɪаɡɧɨɫɬɢ ɩɨɫɬɨɹɧɧɵɯ ɪɟɲɟɬɨɤ ɧаɩɪɹɠɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, чɬɨ 
ɪаɡɦɟɪ ɄɌ ɭɜɟɥɢчɢɜаɟɬɫɹ, а ɩɥɨɬɧɨɫɬɶ ɭɦɟɧɶɲаɟɬɫɹ.   

ɇɟɨɛɯɨɞɢɦɨ ɬаɤɠɟ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 
ɬɨɦ, чɬɨ ɥаɬɟɪаɥɶɧаɹ ɫɨɫɬаɜɥɹɸɳаɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬа ɄɌ ɜ ɞаɧɧɨɦ ɫɥɭчаɟ ɹɜɥɹɟɬɫɹ ɜɵɲɟ 
ɧɨɪɦаɥɶɧɨɣ. ȼ ɷɬɨɦ ɫɥɭчаɟ ɩɪɨɢɫɯɨɞɢɬ ɫɪаɫɬаɧɢɟ ɡаɪɨɞɵɲɟɜɵɯ ɨɫɬɪɨɜɤɨɜ ɜ ɩɥаɧаɪɧɵɣ 
ɷɩɢɬаɤɫɢаɥɶɧɵɣ ɫɥɨɣ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, чɬɨ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɩɨɞɥɨɠɤɢ 5500ɋ 
ɢɡɧачаɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɨɞɥɨɠɤɢ GaAs ɞɨɫɬаɬɨчɧɨ ɞɥɹ ɮɨɪɦɢɪɨɜаɧɢɹ ɫɩɥɨɲɧɨɣ ɩɥɟɧɤɢ 
ɬɜɟɪɞɨɝɨ ɪаɫɬɜɨɪа GaInAs. ɇаɪɹɞɭ ɫ ɄɌ, ɢɦɟɸɳɢɦɢ ɦаɤɫɢɦаɥɶɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɨ 
ɪаɡɦɟɪаɦ 50-55 ɧɦ, ɧа ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɬаɤɠɟ ɧаɛɥɸɞаɸɬɫɹ ɝɪɭɩɩɵ ɨɫɬɪɨɜɤɨɜ ɫ 
ɯаɪаɤɬɟɪɧɵɦɢ ɪаɡɦɟɪаɦɢ 35-65 ɧɦ. ɉɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɦɨɠɧɨ ɨɯаɪаɤɬɟɪɢɡɨɜаɬɶ, 

ɤаɤ ɦɧɨɝɨɦɨɞаɥɶɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɄɌ ɩɨ ɪаɡɦɟɪаɦ.  
ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɧа ɤɪɢɫɬаɥɥɢчɟɫɤɨɟ ɫɨɜɟɪɲɟɧɫɬɜɨ, ɩɥɨɬɧɨɫɬɶ, а 

ɬаɤɠɟ, ɪаɡɦɟɪ ɄɌ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤаɡɵɜаɟɬ ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ, 
ɧа ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜаɧɢɟ ɄɌ ɢ, ɜ ɬɨɦ чɢɫɥɟ, ɪɨɫɬ ɧа ɪаɡɨɪɢɟɧɬɢɪɨɜаɧɧɵɯ 
ɩɨɞɥɨɠɤаɯ. Ⱦаɧɧɵɟ ɮаɤɬɵ ɬаɤɠɟ ɬɪɟɛɭɸɬ ɩɪɨɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɜ 
ɭɫɥɨɜɢɹɯ ɂɅɈ.  

  
 

а)   ɛ) 
Ɋɢɫɭɧɨɤ 1 – а) 3D ȺɋɆ – ɢɡɨɛɪаɠɟɧɢɟ ɧаɧɨɫɬɪɭɤɬɭɪ GКxInAs1-x-GaAs ɩɨɥɭчɟɧɧɵɯ ɦɟɬɨɞɨɦ ɂɅɈ; 
ɛ) ɡаɜɢɫɢɦɨɫɬɶ ɤɨɥɢчɟɫɬɜа ɨɫɬɪɨɜɤɨɜ (N) ɨɬ ɢɯ ɪаɡɦɟɪа (h) [a) 3D AFM image of GaxInAs1-x-GaAs 

nanostructures obtained by the ILO method; b) dependence of the number of islands (N) on their size (h)] 
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ɇа ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢɣ ɫɩɟɤɬɪɨɜ 
ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɩɨɥɭчɟɧɧɵɯ ɄɌ ɪаɡɥɢчɧɵɯ ɫɨɫɬаɜɨɜ. 

 
 

 

 

 
 

 

 

 
 
   

 

 

 а) ɛ) 
Ɋɢɫɭɧɨɤ 2 – ɋɩɟɤɬɪɵ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɩɨɥɭчɟɧɧɵɯ ɄɌ GaInAs – GaAs ɪаɡɥɢчɧɵɯ ɫɨɫɬаɜɨɜ: 

а) 1 –Ga0,9In0,1As; 2 – Ga0,7In0,3As; 3 – Ga0,65In0,35As; ɛ) 1 – Ga0,9In0,1As; 2 – Ga0,76, In0,24As; 3 – Ga0,85In0,15As 
[Photoluminescence spectra of obtained GaInAs – GaAs QDs of various compositions: a) 1 –Ga0.9In0.1As; 

2 – Ga0.7In0.3As; 3 – Ga0.65In0.35As; b) 1 – Ga0.9In0.1As; 2 – Ga0.76In0.24As; 3 – Ga0.85In0.15As] 
 

Ɋɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢɹ ɫɩɟɤɬɪɨɜ ɎɅ ɞɥɹ 1-ɨɝɨ, 2-ɨɝɨ ɢ 3-ɝɨ ɫɨɫɬаɜа 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, чɬɨ ɭɜɟɥɢчɟɧɢɟ ɤɨɧɰɟɧɬɪаɰɢɢ Ga ɜ ɬɜɟɪɞɨɦ ɪаɫɬɜɨɪɟ ɩɪɢɜɨɞɢɬ 
ɤ ɤɨɪɨɬɤɨɜɨɥɧɨɜɨɦɭ ɫɞɜɢɝɭ ɫɩɟɤɬɪа. Ɍаɤɠɟ ɯɨɪɨɲɨ ɜɢɞɧɨ, чɬɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɨɫɬаɜа 
ɧаɧɨɫɬɪɭɤɬɭɪ ɢɡɦɟɧɹɬɫɹ ɢ ɩɨɥɨɠɟɧɢɟ ɩɢɤа ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. Ɍаɤ ɩɪɢ ɭɜɟɥɢчɟɧɢɢ 
ɢɧɞɢɹ ɜ ɫɨɫɬаɜɟ ɩɢɤ ɫɦɟɳаɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɢɯ ɷɧɟɪɝɢɣ. Ⱦɥɹ 3-ɝɨ ɫɨɫɬаɜа 

(ɪɢɫɭɧɨɤ 2 а.) ɎɅ ɪаɡɛɢɜаɟɬɫɹ ɧа ɞɜа ɩɢɤа. ɉɢɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɥɢɧɟ ɜɨɥɧɵ 9 ɧɦ – 

ɄɌ GaInAs, ɩɢɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɥɢɧɟ ɜɨɥɧɵ 1,44 ɧɦ – ɦаɬɟɪɢаɥɭ ɩɨɞɥɨɠɤɢ GaAs.  

ɇа ɪɢɫɭɧɤɟ 2 ɛ, ɨɬчɟɬɥɢɜɨ ɜɢɞɧɵ ɞɜа ɯаɪаɤɬɟɪɧɵɯ ɩɢɤа ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɥɢɧɟ 
ɜɨɥɧɵ (0,66 ɢ 0,8 ɧɦ) – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 4-ɦɭ ɢ 5-ɦɭ ɫɨɫɬаɜɭ ɄɌ GaInAs, ɜ ɬɨ ɜɪɟɦɹ, 

ɤаɤ ɞɥɹ 1-ɨɝɨ ɫɨɫɬаɜа ɯаɪаɤɬɟɪɧɨ ɫɦɟɳɟɧɢɟ ɩɢɤа ɜ ɤɨɪɨɬɤɨɜɨɥɧɨɜɭɸ ɨɛɥаɫɬɶ, чɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬаɤɠɟ ɨɛ ɭɜɟɥɢчɟɧɢɢ ɪаɡɦɟɪа ɄɌ. 

Ɍаɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, чɬɨ ɩɨɥɨɠɟɧɢɟ ɦаɤɫɢɦɭɦа ɎɅ (ɷɧɟɪɝɢɸ 
ɥɨɤаɥɢɡаɰɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨчɧɵɯ ɩаɪ Eexc) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɞɥɹ ɨɰɟɧɤɢ ɫɪɟɞɧɟɝɨ 
ɨɛɴɟɦа ɄɌ. ɗɧɟɪɝɢɹ ɥɨɤаɥɢɡаɰɢɢ ɡаɜɢɫɢɬ ɨɬ ɨɛɴɟɦа ɢ ɨɬ ɮɨɪɦɵ ɤɜаɧɬɨɜɨ-ɪаɡɦɟɪɧɨɝɨ 
ɨɛɴɟɤɬа. Ɉɬчɟɬɥɢɜɨ ɜɢɞɧɵ ɞɜа ɹɪɤɨ ɜɵɪаɠɟɧɧɵɯ ɩɢɤа, чɬɨ ɝɨɜɨɪɢɬ ɨ ɎɅ ɩɨɞɥɨɠɟчɧɨɝɨ 
ɦаɬɟɪɢаɥа (GКAЬ) ɢ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɄɌ GКIЧAЬ. ɂɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɩɢɤа ɎɅ 
ɫɥɨɹ ɫ ɤɜаɧɬɨɜɵɦɢ ɬɨчɤаɦɢ GКIЧAЬ ɧаɛɥɸɞаɟɬɫɹ ɜ ɤɨɪɨɬɤɨɜɨɥɧɨɜɨɣ ɨɛɥаɫɬɢ Д10Ж. 

 

ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬаɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɢɫɫɥɟɞɨɜаɬɟɥɶɫɤɨɣ ɪаɛɨɬɵ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɥɭчɟɜɨɝɨ 
ɨɫаɠɞɟɧɢɹ ɛɵɥɢ ɩɨɥɭчɟɧɵ ɤɜаɧɬɨɜɵɟ ɬɨчɤɢ ɧа ɨɫɧɨɜɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɝɨ ɬɜɟɪɞɨɝɨ 
ɪаɫɬɜɨɪа GaInAs ɪаɡɥɢчɧɵɯ ɫɨɫɬаɜɨɜ. ɇа ɨɫɧɨɜɟ ɩɨɥɭчɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ ɨɩɪɟɞɟɥɟɧɨ 
ɨɩɬɢɦаɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɬɜɟɪɞɨɦ ɪаɫɬɜɨɪɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɜаɧɬɨɜɵɟ 
ɬɨчɤɢ ɯаɪаɤɬɟɪɢɡɭɸɬɫɹ ɧаɢɦɟɧɶɲɢɦɢ ɪаɡɦɟɪаɦɢ, а ɬаɤɠɟ ɭɜɟɥɢчɢɜаɟɬɫɹ ɢɯ ɩɥɨɬɧɨɫɬɶ 
ɉɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢɹ ɫɩɟɤɬɪɨɜ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɦɨɪɮɨɥɨɝɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭчɟɧɧɵɯ ɧаɧɨɫɬɪɭɤɬɭɪ. ɉɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɦɨɝɭɬ ɩɪɟɞɫɬаɜɥɹɬɶ 
ɩɪаɤɬɢчɟɫɤɢɣ ɢɧɬɟɪɟɫ ɜ ɤачɟɫɬɜɟ аɤɬɢɜɧɵɯ ɫɥɨɟɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ p-i-n – ɫɬɪɭɤɬɭɪ 

ɞɥɹ ɷɮɮɟɤɬɢɜɧɵɯ ɮɨɬɨɷɥɟɤɬɪɢчɟɫɤɢɯ ɩɪɟɨɛɪаɡɨɜаɬɟɥɟɣ. 
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Abstract – The study experimentally showed the possibility of quantum dots formation based on 
three-component InGaAs solid solutions of various compositions on the surface of GaAs by the 
method of ion-beam deposition of quantum dots. The features of the technology of ion – beam 
deposition are considered. The optimal ratios of the of the GaInAs solid solution components are 
determined at which the quantum dots are characterized by the smallest dimensions, and the 
technological conditions are established where their density increases. The results of the study of 
the photoluminescence spectra and the surface morphology of the obtained nanostructures are 
presented. The results obtained may be of practical interest as materials for the formation of highly 
efficient solar cell panels on their basis, which are widely used as alternative environmentally 
friendly energy sources in the energy sector at present . 
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