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АйǹйǶȉțхȖȊȈ, АйǹйАȋȓȐȒȖȊ 

ǹȈȕȒȚ-ǷȍȚȍȘȉțȘȋșȒȐȑ ȋȖșțȌȈȘșȚȊȍȕȕȣȑ ȥȓȍȒȚȘȖȚȍхȕȐчȍșȒȐȑ țȕȐȊȍȘșȐȚȍȚ «ЛЭǺИ» ȐȔй ǪйИй 
ǻȓȤяȕȖȊȈ гЛȍȕȐȕȈд гǹǷȉǫЭǺǻ) 

Ƿрименение 

ȼ ɨɫɜɟɳɟɧɢɢ; 
•ȼ ɤɚɱɟɫɬɜɟ ɢɧɞɢɤɚɬɨɪɨɜ; 
Ȼɨɥɶɲɢɟ ɭɥɢɱɧɵɟ ɷɤɪɚɧɵ, ɛɟɝɭɳɢɟ ɫɬɪɨɤɢ; 
•ȼ ɨɩɬɨɩɚɪɚɯ; 

•Фɨɧɚɪɢ ɢ ɫɜɟɬɨɮɨɪɵ; 
•ɂɫɬɨɱɧɢɤɢ ɦɨɞɭɥɢɪɨɜɚɧɧɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ; 
•ȼ ɩɨɞɫɜɟɬɤɟ ɀК-ɷɤɪɚɧɨɜ (ɦɨɛɢɥɶɧɵɟ ɬɟɥɟɮɨɧɵ, 
ɦɨɧɢɬɨɪɵ, ɬɟɥɟɜɢɡɨɪɵ ɢ ɬ. ɞ.); 
•ȼ ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɟ 

 

 

 

 

 

 

 

 

 

 

 

ǰсследованные структуры 

Ǹезультаты 

ИșșȓȍȌȖȊȈȕȣ șȊȍȚȖȐȏȓțȟȈȦȡȐȍ șȚȘțȒȚțȘȣ șȐȕȍȋȖ ȌȐȈȗȈȏȖȕȈ șȗȍȒȚȘȈ ȕȈ ȖșȕȖȊȍ ȚȊёȘȌȣȝ ȘȈșȚȊȖȘȖȊ șȐșȚȍȔȣ AlGaInNз șȖȌȍȘȎȈȡȐȍ șȊȍȘȝȘȍȠȍȚȒȐ In0,9Ga0,1N/ In0,99Ga0,01N Ȑ Al0,15Ga0,85N/GaN, 

ȖȗȘȍȌȍȓȍȕȣ Ȑȝ ȖșȕȖȊȕȣȍ ȗȈȘȈȔȍȚȘȣ Ȑ ȝȈȘȈȒȚȍȘȐșȚȐȒȐ 

ǷȖȒȈȏȈȕȖз ȟȚȖ ȗȘȐ țȊȍȓȐȟȍȕȐȐ ȊȍȓȐȟȐȕȣ ȗȘȖȗțșȒȈȍȔȖȋȖ ȗȘȧȔȖȋȖ ȚȖȒȈ ȚȍȔȗȍȘȈȚțȘȈ ǨǶ șȚȘțȒȚțȘ ȔȖȎȍȚ țȊȍȓȐȟȐȊȈȚȤșȧ ȌȖ ȏȕȈȟȍȕȐȑ млл°ǹ Ȑ ȊȣȠȍз ȟȚȖ Ȋ ȗȍȘȊțȦ ȖȟȍȘȍȌȤ ȖȗȘȍȌȍȓȧȍȚșȧ 
ȗȘȖȞȍșșȈȔȐ ȚȖȒȖȗȍȘȍȕȖșȈ Ȋ ȊȍȘȝȕȍȔ ȉȓȖȒȐȘțȦȡȍȔ șȓȖȍ Ȑ ȈȒȚȐȊȕȖȑ ȖȉȓȈșȚȐ șȚȘțȒȚțȘȣй  

ǷȖȒȈȏȈȕȈ șȊȧȏȤ ȔȍȎȌț ȥȜȜȍȒȚȐȊȕȖșȚȤȦ ȓȦȔȐȕȍșȞȍȕȞȐȐ Ȋ șȚȘțȒȚțȘȈȝ Ȑ ȚȍȔȗȍȘȈȚțȘȕȣȔȐ ȥȜȜȍȒȚȈȔȐ Ȋ ȕȐȝй 

ǷȖȒȈȏȈȕȖз ȟȚȖ ȕȈȐȉȖȓȤȠȈȧ ȥȜȜȍȒȚȐȊȕȖșȚȤ ȗȘȐ ȔȈȓȣȝ ȚȖȒȈȝ ȕȈȉȓȦȌȈȍȚșȧ Ȋ șȚȘțȒȚțȘȈȝ șȖ ǹǸ Ȋ ȉȓȖȒȐȘțȦȡȍȔ șȓȖȍй Ǫ ȚȖ Ȏȍ ȊȘȍȔȧ ȗȘȐ ȉȖȓȤȠȐȝ ȚȖȒȈȝ ȥȜȜȍȒȚȐȊȕȖșȚȤ ț Ȋșȍȝ ȖȉȘȈȏȞȖȊ 
țȔȍȕȤȠȈȍȚșȧз ȟȚȖ șȊȧȏȈȕȖ ș ȊȖȏȘȈșȚȈȕȐȍȔ ȐȕȚȍȕșȐȊȕȖșȚȐ ǶȎȍ-ȘȍȒȖȔȉȐȕȈȞȐȐ. 

УșȚȈȕȖȊȓȍȕȖз ȟȚȖ ȥȚȖ țȔȍȕȤȠȍȕȐȍ ȥȜȜȍȒȚȐȊȕȖșȚȐ ț ȖȉȘȈȏȞȖȊ ș мла AlN Ȋ ǩǹ ȗȘȖȐșȝȖȌȐȚ ȔȍȌȓȍȕȕȍȍз ȟȍȔ Ȋ ȖȉȘȈȏȞȈȝ șȖ ǹǸй ЭȚȖ ȗȘȐȊȖȌȐȚ Ȓ ȉȖȓȍȍ ȗȓȈȊȕȖȔț ȊȖȏȘȈșȚȈȕȐȦ ȚȍȔȗȍȘȈȚțȘȣ ǨǶ 
ț ȚȈȒȐȝ ȖȉȘȈȏȞȖȊз ȗȖȥȚȖȔț ȐșȗȖȓȤȏȖȊȈȕȐȍ ȚȈȒȐȝ șȚȘțȒȚțȘ ȗȘȐ ȊȣșȖȒȐȝ ȏȕȈȟȍȕȐȧȝ ȘȈȉȖȟȐȝ ȚȖȒȖȊ ȖȒȈȏȣȊȈȍȚșȧ ȗȘȍȌȗȖȟȚȐȚȍȓȤȕȍȍй 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ 4 ɬɢɩɚ ɨɛɪɚɡɰɨɜ ɫɬɪɭɤɬɭɪ ɧɚ ɨɫɧɨɜɟ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫɢɫɬɟɦɵ 

AlGaInN ɪɚɡɥɢɱɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɫɚɩɮɢɪɨɜɵɯ ɩɨɞɥɨɠɤɚɯ 

ɞɢɚɦɟɬɪɨɦ 3". ɋɬɪɭɤɬɭɪɵ ɛɵɥɢ ɫɨɡɞɚɧɵ ɦɟɬɨɞɨɦ MOCVD. Ɉɛɪɚɡɰɵ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ «sandwich structure» - ɫɥɨɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ, ɜ ɤɨɬɨɪɨɣ ɫɮɨɪɦɢɪɨɜɚɧɵ 

ɤɜɚɧɬɨɜɵɟ ɹɦɵ ɢ ɫɜɟɪɯɪɟɲёɬɤɢ. 

ɇɚ ɫɚɩɮɢɪɨɜɭɸ ɩɨɞɥɨɠɤɭ ɧɚɧɟɫёɧ ɛɭɮɟɪɧɵɣ ɫɥɨɣ ɧɢɬɪɢɞɚ ɝɚɥɥɢɹ ɫɨɛɫɬɜɟɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ 

ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɞɢɫɥɨɤɚɰɢɣ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ 

ɩɨɞɥɨɠɤɢ ɢ ɢɡɥɭɱɚɸɳɟɣ ɱɚɫɬɢ ɫɬɪɭɤɬɭɪɵ. Дɚɥɶɲɟ ɫɥɟɞɭɟɬ ɫɥɨɣ ɧɢɬɪɢɞɚ ɝɚɥɥɢɹ n-GaN, 

ɥɟɝɢɪɨɜɚɧɧɵɣ ɤɪɟɦɧɢɟɦ. Эɬɨɬ ɫɥɨɣ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɷɦɢɬɬɟɪɚ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ 

ɚɤɬɢɜɧɭɸ ɨɛɥɚɫɬɶ (ȺɈ). ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɹɜɥɹɥɨɫɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɧɢɯ ɫɜɟɪɯɪɟɲɟɬɨɤ (ɋɊ) ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ AlGaN ɢ InGaN. ɉɟɪɜɚɹ 

ɨɛɥɚɫɬɶ, ɫɨɞɟɪɠɚɳɚɹ ɋɊ, ɧɚɯɨɞɢɥɚɫɶ ɦɟɠɞɭ ɧɢɠɧɢɦ ɷɦɢɬɬɟɪɨɦ ɢ ɚɤɬɢɜɧɨɣ ɨɛɥɚɫɬɶɸ. Ɉɧɚ 

ɫɨɫɬɨɹɥɚ ɢɡ 15 ɩɚɪ ɫɥɨɟɜ In0,9Ga0,1N/ In0,99Ga0,01N ɫ ɬɨɥɳɢɧɚɦɢ ɩɨ 1 ɧɦ. Эɬɚ ɱɚɫɬɶ ɫɬɪɭɤɬɭɪɵ 

ɛɵɥɚ ɩɪɢɡɜɚɧɚ ɭɦɟɧɶɲɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɞɟɮɟɤɬɨɜ ɜ ɚɤɬɢɜɧɨɣ ɨɛɥɚɫɬɢ, ɢ ɩɨɡɜɨɥɢɥɚ 

ɨɝɪɚɧɢɱɢɬɶɫɹ ɨɞɢɧɨɱɧɨɣ ɢɡɥɭɱɚɸɳɟɣ ɤɜɚɧɬɨɜɨɣ ɹɦɨɣ In0,15Ga0,75 ɬɨɥɳɢɧɨɣ 2,5 ɧɦ. 

ɋɥɟɞɭɸɳɢɦ ɹɜɥɹɟɬɫɹ ɛɚɪɶɟɪɧɵɣ ɫɥɨɣ i-GaN, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɛɥɨɤɢɪɨɜɤɢ ɩɪɨɰɟɫɫɨɜ 

ɞɢɮɮɭɡɢɢ ɦɚɝɧɢɹ ɢɡ p-ɷɦɢɬɬɟɪɚ ɜ ɚɤɬɢɜɧɭɸ ɨɛɥɚɫɬɶ. 

Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɪɚɛɨɬɟ ɛɵɥɨ ɭɞɟɥɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜɟɪɯɧɟɝɨ 

ɛɥɨɤɢɪɭɸɳɟɝɨ ɫɥɨɹ (Ȼɋ) ɧɚ ɩɚɪɚɦɟɬɪɵ ɢɡɥɭɱɚɸɳɢɯ ɤɪɢɫɬɚɥɥɨɜ. ȼ ɩɟɪɜɨɦ ɬɢɩɟ ɨɛɪɚɡɰɨɜ 

ɛɥɨɤɢɪɭɸɳɢɣ ɫɥɨɣ ɫɨɞɟɪɠɚɥ ɋɊ ɧɚ ɨɫɧɨɜɟ 9 ɩɚɪ p-Al0,15Ga0,85N/GaN ɫ ɬɨɥɳɢɧɚɦɢ ɩɨ 1,5 ɧɦ. 

Дɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɋɊ ɬɚɤɠɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɛɪɚɡɰɵ ɫ ɛɨɥɟɟ 

ɩɪɨɫɬɵɦ ɫɨɫɬɚɜɨɦ Ȼɋ. 2 ɬɢɩɚ ɨɛɪɚɡɰɨɜ ɫɨɞɟɪɠɚɥɢ ɫɥɨɣ, ɫɨɡɞɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɪɨɞɧɨɝɨ 

ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɢɬɪɢɞɚ ɝɚɥɥɢɹ ɚɥɸɦɢɧɢɹ:  p-Al0,15Ga0,85N ɢ p-Al0,1Ga0,9N. ȼ ɩɨɫɥɟɞɧɟɦ 

ɫɥɭɱɚɟ Ȼɋ ɜɨɨɛɳɟ ɧɟ ɫɨɞɟɪɠɚɥ AlN ɢ ɛɵɥ ɫɞɟɥɚɧ ɢɡ ɨɞɧɨɪɨɞɧɨɝɨ p-GaN. ȼ ɨɛɪɚɡɰɚɯ ɬɨɥɳɢɧɚ 

ɛɥɨɤɢɪɭɸɳɟɝɨ ɫɥɨɹ ɫɨɫɬɚɜɥɹɥɚ 27 ɧɦ. Ɂɚɜɟɪɲɚɥ ɫɬɪɭɤɬɭɪɭ ɫɥɨɣ p-GaN ɬɨɥɳɢɧɨɣ 270 ɧɦ. 

 

 

 

 

 

 

 

Эксперимент 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɜ ɫɜɨɣ ɫɨɫɬɚɜ 
ɡɨɧɞɨɜɭɸ ɫɬɚɧɰɢɸ, ɬɟɪɦɨɫɬɚɬ, ɢɧɬɟɝɪɚɥɶɧɵɟ 
ɫɮɟɪɵ, ɫɩɟɤɬɪɨɦɟɬɪɵ ɢ ɢɧɨɟ ɢɡɦɟɪɢɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. 

Ȼɵɥɢ ɢɡɦɟɪɟɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ȺɈ ɨɩɢɫɚɧɧɵɯ 
ɜɵɲɟ ɬɢɩɨɜ ɨɛɪɚɡɰɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɪɚɛɨɱɢɯ 
ɪɟɠɢɦɚɯ ɢ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɧɚ ɧɢɯ ɩɪɨɰɟɫɫɨɜ 
ɬɨɤɨɩɟɪɟɧɨɫɚ ɱɟɪɟɡ ɫɬɪɭɤɬɭɪɵ. Ɍɚɤɠɟ ɛɵɥɢ 
ɢɫɫɥɟɞɨɜɚɧɵ ɞɪɭɝɢɟ ɜɚɠɧɟɣɲɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɨɛɪɚɡɰɨɜ: ɫɩɟɤɬɪɚɥɶɧɵɟ ɢ ɜɨɥɶɬ-ɚɦɩɟɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɩɪɟɞɟɥɟɧɵ ɦɨɳɧɨɫɬɢ 
ɢɡɥɭɱɟɧɢɹ ɢ ɢɡɭɱɟɧɵ ɜɚɬɬ-ɚɦɩɟɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɩɪɟɞɟɥɟɧɵ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. 
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