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ʈʠʩ. 1 

ǍǦǨǮǷǮǲǴǷǸȂ ǭǦǵǶǫǿǫǳǳǴǯ ǭǴǳȁ 

ǴǸ ǵǦǶǦǲǫǸǶǦ ǰǶǮǷǸǦǱǱǮǽǫǷǰǴǯ 

ǶǫǾǫǸǰǮ Ǩ ǷǴǫǪǮǳǫǳǮȅǻ A3B5 

Steele, Julian, Structural and optical studies of GaAs1-xBix and p-Bi203 for optoelectronic devices, Doctor of Philosophy thesis, 
School of Physics, University of Wollongong, 2015. http://ro.uow.edu.au/theses/4604  

3 ǗǨǴǯǷǸǨǦ ǒǘǖ 

2018 



ʈʠʩ. 2 

ǍǦǨǮǷǮǲǴǷǸȂ ǭǦǵǶǫǿǫǳǳǴǯ ǭǴǳȁ 

ǴǸ ǵǦǶǦǲǫǸǶǦ ǰǶǮǷǸǦǱǱǮǽǫǷǰǴǯ 

ǶǫǾǫǸǰǮ ǪǱȅ Ǖǘǖ ǳǦ ǴǷǳǴǨǫ A3B5 

˗̗̔̈̎̆̏̃ ˏȢˏȢȟ ˘̔̎̉̎ ˘Ȣ˞Ȣȟ ˝̙̜́̓̔̎̊ ˏȢ˕Ȣ ː̜̆̓̆̑̏̒̓̑̔̋̓̔̑ ̎ ́ ̏̒̎̏̃̆ ̘̜̖̆̓̃̆̑̎ ̉ ̠̜̖̐̓̆̑̎ ̜̖̓̃̆̑̅ ̑́̒̓̃̏̑̏̃ ̒̏̆̅̉̎̆̎̉̊  
AIIIBV. ɀ ̋ ̏̒̓̏̃ ̎ȾˑȢȡ ˕̈̅-̃̏ ˞˗˚ˣ ˏ˥ȟ ςππσȢ -σχφ ̒Ȣȡ ̉̌Ȣ 

4 ǗǨǴǯǷǸǨǦ ǒǘǖ 

2018 



ʊʘʙʣ. 1 

ɻʝʪʝʨʦʠʥʪʝʨʬʝʡʩ Eg, ʵɺ ʇʨʠʤʝʥʝʥʠʝ 

InAlGaAsSb/GaSb 0,34ï1,49  ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ  

ʩ Eg=0.9 ï 1.1 ʵɺ,  

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ 

ʬʦʪʦʧʨʠʝʤʥʠʢʠ 

InAlGaPSb/GaSb 0,34ï1,49  

GaInPAsSb/InP 

AlGaInPSb/InAs 

AlGaInPSb/InP 

AlGaInPSb/GaSb 

 

0,71ï1,35  

0,44ï1,12 

0,89ï1,40 

0,37ï1,19 

 

AlGaInAsSb/InP 

AlGaInAsSb/InAs 

AlGaInAsSb/GaSb 

0,71ï1,75 

0,31ï1,37 

0,26ï1,33  

ʊʝʨʤʦʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

 ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ,  

ʜʝʪʝʢʪʦʨʳ ʚ ʚʦʣʦʢʦʥʥʳʭ 

 ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʥʘ 

ʙʠʥʘʨʥʳʭ ʧʦʜʣʦʞʢʘʭ 

5 

˘̏̈̏̃̒̋̉̊ ˏȢ˚Ȣȟ ˘̔̎̉̎ ˘Ȣ˞Ȣ ˜̠̜̓̉̋̏̍̐̏̎̆̎̓̎̆ ̜̓̃̆̑̅̆ ̜̑́̒̓̃̏̑ ̒̏̆̅̉̎̆̎̉̊ !)))"6 ɉ˚̜̏̃̆ ̜̍́̓̆̑̉́̌ ̞̏̐̓̏̌̆̋̓̑̏̎̉̋̉). 
˝̏̒̓̏̃ ̎Ⱦˑȡ ˕̝̈̅́̓̆̌̒̓̃̏ ˝̏̒̓̏̃̒̋̏̄̏ ̔̎̉̃̆̑̒̉̓̆̓́Ȣ ρωωςȢ ρωσ ̒Ȣȟ ̉̌Ȣ 

ǗǨǴǯǷǸǨǦ ǒǘǖ 

2018 



ǖǮǷ. 3 ʕʣʝʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʪʠʧʘ ʮʠʥʢʦʚʦʡ ʦʙʤʘʥʢʠ 

6 ǗǨǴǯǷǸǨǦ ǒǘǖ 

2018 



ǈǱǮȅǳǮǫ  ǲǫǸǦǱǱǴǮǪǴǨ ǳǦ ǾǮǶǮǳǹ 

ǭǦǵǶǫǿǫǳǳǴǯ ǭǴǳȁ 

ǲǳǴǩǴǰǴǲǵǴǳǫǳǸǳȁǻ ǸǨǫǶǪȁǻ 

ǶǦǷǸǨǴǶǴǨ 

7 

1. Steele, Julian, Structural and optical studies of GaAs1-xBix and p-Bi203 for optoelectronic devices, Doctor of Philosophy thesis, 
School of Physics, University of Wollongong, 2015. 
2. M. Levinshtein, Michael Shur. Handbook Series on Semiconductor Parameters: Ternary and quaternary III -V compounds. World 
Scientific, 1999, 205 p. 

ʂʨʠʚʘʷ 1 - ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ 

ʤʝʞʜʫ L-ʜʦʣʠʥʦʡ ʠ ʧʨʦʬʠʣʝʤ 

ʪʷʞʝʣʳʭ ʜʳʨʦʢ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

xSb ʚ ʊʈ GaAs1-xSbx  [Rosenbaum 

and Woolley (1975)].  

 
ʂʨʠʚʳʝ 2-4 ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʊʈ GaAs1-xSbx 

ʦʪ ʩʦʩʪʘʚʘ. T=100 K, 3 - T=210 K, 

1,4 -T=300 K. [Taylor and Fortin 

(1970))]. 

ǗǨǴǯǷǸǨǦ ǒǘǖ 

2018 
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ʊʘʙʣ. 2 

ǖǦǪǮǹǷȁ ǻǮǲǮǽǫǷǰǮǻ 

ȃǱǫǲǫǳǸǴǨ, ǨǻǴǪȅǿǮǻ Ǩ 

ǷǴǷǸǦǨ ǮǭǹǽǦǫǲȁǻ ǵǱǫǳǴǰ 

ǲǳǴǩǴǰǴǲǵǴǳǫǳǸǳȁǻ 

ǸǨǫǶǪȁǻ ǶǦǷǸǨǴǶǴǨ. 

ˎ̌́̄̉̎ ̱ ȢˏȢȟ ˗̘́̌̉̎̔̋ ˏ ȢˏȢȟ ˘̆̂̆̅̆̃ ˏȢ˕Ȣȟ ˘̔̎̉̎ ˘Ȣ˞Ȣ ˡ̉̈̉̋́ ̗̋̑̉̒̓́̌̌̉̈́̉̉ ̉ ̅̆̆̋̓̏̃̕ ̝̜̖̓̃̆̑̅̏̓̆̌̎ ̒̓̑̔̋̓̔̑ ̎́ ̍̉̋̑̏- 
̉ ̎́ ̠̖̎̏̔̑̏̃̎Ȣ ˝̏̒̓̏̃ ̎Ⱦˑȡ ˕̈̅-̃̏ ˫˚ˣ ˝ˍ˚ȟ ςππωȢ ɀ ςψψ ̒Ȣ 

ʇʦʜʛʨʫʧʧʘ 
ʍʠʤʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ 

ʂʦʚʘʣʝʥʪʥʳʡ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ

ʡ ʨʘʜʠʫʩ, ʥʤ  

ɸʪʦʤʥʳʡ ʨʘʜʠʫʩ, ʥʤ 

IIIb 

Al 0,126 0,143 

Ga 0,126 0,139 

In 0,144 0,166 

Vb 

P 0,11 0,13 

As 0,118 0,148 

Sb 0,136 0,161 

Bi 0,146 0,182 

ǈȁǶǦǿǮǨǦǳǮǫ ǒǘǖ 

2018 
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MBE 

u ǓǫǴǧǻǴǪǮǲǴ ǶǫǩǹǱǮǶǴǨǦǸȂ 

ǴǸǳǴǾǫǳǮǫ ǰǴǲǵǴǳǫǳǸ V ǩǶǹǵǵȁ 

ǵǶǮ ǨȁǶǦǿǮǨǦǳǮǮ ǸǴǳǰǮǻ ǵǱǫǳǴǰ 

ǒǘǖ (ǆs, Bi, Sb, P). ǔǷǴǧǫǳǳǴ, ǵǶǮ 

ǴǷǦǬǪǫǳǮǮ ǦǶǷǫǳǮǪǴǨ.  

u ǔǩǶǦǳǮǽǫǳǮǫ ǵǴ ǷǴǪǫǶǬǦǳǮȄ  

u Bi > 10 ǦǸ. %. 

u ǔǧǶǦǭǴǨǦǳǮǫ Al, In, Ga, Bi ǰǦǵǫǱȂ 

MOVPE 

u ʊʨʝʙʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʵʧʠʪʘʢʩʠʠ. ʇʨʠ  

u ʊʧʦʜʣ < 450ᴈ ʧʨʦʙʣʝʤʳ ʩ ʥʝ 

ʧʦʣʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ 

ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

u ʉʝʛʨʝʛʘʮʠʷ Bi ʠ Sb 

u ʆʙʨʘʟʦʚʘʥʠʝ Al, In, Ga, Bi ʢʘʧʝʣʴ 

P. Ludewig, Z. Bushell, L. Nattermann, N. Knaub, W. Stolz and K. Volz. J. Cryst. Growth 396, 95 (2014) 
E. Sterzer, N. Knaub, P. Ludewig, R. Straubinger, A. Beyer and K. Volz, J. Cryst. Growth 408, 71 (2014). 

ǈȁǶǦǿǮǨǦǳǮǫ ǒǘǖ 

2018 
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ʈʠʩ. 4  
ʂʦʥʩʪʨʫʢʮʠʠ ʢʘʩʩʝʪ ʜʣʷ ɿʇɻʊ: 

ʘ) ʧʦʨʰʥʝʚʦʛʦ ʪʠʧʘ; 

ʙ) ʩʜʚʠʛʦʚʦʛʦ ʪʠʧʘ; 

ʚ) ʩʠʩʪʝʤʘ ʚʨʘʱʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ. 

 

 

1 - ʛʨʘʬʠʪʦʚʘʷ ʢʘʩʩʝʪʘ; 

2 ï ʧʦʜʣʦʞʢʘ; 

3 ï ʨʘʩʧʣʘʚ; 

4 ï ʠʩʪʦʯʥʠʢ ʜʣʷ ʧʦʜʧʠʪʢʠ ʨʘʩʧʣʘʚʘ; 

5 ï ʜʝʨʞʘʪʝʣʴ; 

6- ʨʝʟʝʨʚʫʘʨ ʩ ʨʘʩʧʣʘʚʦʤ; 

7 - ʧʦʨʰʝʥʴ 

 

7

6

1 4

5

2

3

P

I

II III

IV

VVI

IP

IIP

IIIP

IP IIP

ʇ

ʇ

ʇ

ʇ

14

5

3

2

3

4

Ǧ) 

ǧ) 

Ǩ) 

ǈȁǶǦǿǮǨǦǳǮǫ ǒǘǖ 

ǍǴǳǳǦȅ ǵǫǶǫǰǶǮǷǸǦǱǱǮǭǦǼǮȅ Ǩ 

ǩǶǦǪǮǫǳǸǫ ǸǫǲǵǫǶǦǸǹǶ (ǍǕǉǘ) 

2018 
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ʈʠʩ. 5  
ǍǦǨǮǷǮǲǴǷǸȂ FWHM ǐǊǔ ǪǱȅ ǵǱǫǳǴǰ 

AlxInyGa1-x-yBizSb1-z ǳǦ GaSb ǴǸ 

ǩǶǦǪǮǫǳǸǦ ǸǫǲǵǫǶǦǸǹǶȁ G, ǸǴǱǿǮǳȁ 

ǬǮǪǰǴǯ ǭǴǳȁ l  Ǯ ǷǴǪǫǶǬǦǳǮȅ Bi:  

1 ð z=0,05 ǲǴǱ. ǪǴǱǮ; 

2 ð z=0,4 ǲǴǱ. ǪǴǱǮ, l =70 mkm;  

3 - z=0,05 ǲǴǱ. ǪǴǱǮ;  

4 - z=0,4 ǲǴǱ. ǪǴǱǮ, G =35 K/ cm.  

ˑȢ˘Ȣ ˍ̌̉̍̏̃́̕ȟ ˙Ȣ˘Ȣ ˘̔̎̉̎́ȟ ˘Ȣ˞Ȣ ˘̔̎̉̎ȟ ˍȢ˞Ȣ ˜́̆̎̋̏̚ȟ ˍȢ˒Ȣ ˗́̈́̋̏̃́ ȾȾ ˡ̉̈̉̋́ ̓̃̆̑̅̏̄̏ ̓̆̌́Ȣ ςπρψȢ ˟ȢφπȢ ̜̃Ȣ̐ χȢ ̒Ȣρςχχ-1282. 

ǗǸǶǹǰǸǹǶǳȁǫ ǷǨǴǯǷǸǨǦ ǩǫǸǫǶǴǷǸǶǹǰǸǹǶ 

AlInGaBiSb/ GaSb 

2018 
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ʈʠʩ. 6  
ǍǦǨǮǷǮǲǴǷǸȂ FWHM ǐǊǔ ǪǱȅ ǵǱǫǳǴǰ 

AlxInyGa1-x-yBizSb1-z ǳǦ GaSb (1 ð z=0,1 

ǲǴǱ. ǪǴǱǮ; 2 ð z=0,4 ǲǴǱ. ǪǴǱǮ ) ǴǸ Ƭ 

ǪǱȅ ǨǦǶǮǭǴǳǳȁǻ ǷǸǶǹǰǸǹǶ (3,6 ð 

ǵǴǪǱǴǬǰǦ; 4,5 ð ǷǱǴǯ AlxInyGa1-x-yBiSb) 

Ǯ ǴǸ ǩǶǦǪǮǫǳǸǦ ǾǮǶǮǳȁ ǭǦǵǶǫǿǫǳǳǴǯ 

ǭǴǳȁ (3,4 ð z=0,2; 5,6 ð z=0,4). 

ǐǶǮǨȁǫ 1-7 ǵǴǱǹǽǫǳȁ ǵǶǮ ǵǦǶǦǲǫǸǶǦǻ 

ǶǴǷǸǦ T=790 K; G=60 K/cm; l=80 mkm.  

ˑȢ˘Ȣ ˍ̌̉̍̏̃́̕ȟ ˙Ȣ˘Ȣ ˘̔̎̉̎́ȟ ˘Ȣ˞Ȣ ˘̔̎̉̎ȟ ˍȢ˞Ȣ ˜́̆̎̋̏̚ȟ ˍȢ˒Ȣ ˗́̈́̋̏̃́ ȾȾ ˡ̉̈̉̋́ ̓̃̆̑̅̏̄̏ ̓̆̌́Ȣ ςπρψȢ ˟ȢφπȢ ̜̃Ȣ̐ χȢ ̒Ȣρςχχ-1282. 

ǗǸǶǹǰǸǹǶǳȁǫ ǷǨǴǯǷǸǨǦ ǩǫǸǫǶǴǷǸǶǹǰǸǹǶ 

AlInGaBiSb/ GaSb 

2018 



13 ǚǴǸǴǱȄǲǮǳǫǷǼǫǳǼǮȅ ǩǫǸǫǶǴǷǸǶǹǰǸǹǶ 

AlInGaBiSb/ GaSb 

ʈʠʩ. 7  
ǗǵǫǰǸǶȁ ǚǑ ǵǱǫǳǴǰ 

AlxInyGa1-x-yBizSb1-z (77 K): 

1 - z=0; 

2 - z=0,1 ǲǴǱ.ǪǴǱǮ;  

3 - z=0,2 ǲǴǱ.ǪǴǱǮ;  

4 ð z=0,4 ǲǴǱ.ǪǴǱǮ.  

ˑȢ˘Ȣ ˍ̌̉̍̏̃́̕ȟ ˙Ȣ˘Ȣ ˘̔̎̉̎́ȟ ˘Ȣ˞Ȣ ˘̔̎̉̎ȟ ˍȢ˞Ȣ ˜́̆̎̋̏̚ȟ ˍȢ˒Ȣ ˗́̈́̋̏̃́ ȾȾ ˡ̉̈̉̋́ ̓̃̆̑̅̏̄̏ ̓̆̌́Ȣ ςπρψȢ ˟ȢφπȢ ̜̃Ȣ̐ χȢ ̒Ȣρςχχ-1282. 2018 


