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˿˻˨˩˾ˬˢ˹ˮ˩
ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ

ʉʚʦʡʩʪʚʘ

ʇʨʦʙʣʝʤʳ

ɺʳʨʘʱʠʚʘʥʠʝ

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳAlInPSbAs/InAs ʜʣʷ ʊʌʇ

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳAlGaAs/Si ʠ GaP/Si

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳAlInGaPAs/GaAs/Si

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ

ʅʝʦʙʨʘʪʠʤʳʝʧʦʪʝʨʠʵʥʝʨʛʠʠʚʉʕ

ʉʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷʧʦʪʝʨʴ

ʇʨʦʩʚʝʪʣʷʶʱʠʝ ʧʦʢʨʳʪʠʷ (ARC)

ʊʠʧʳ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ARC

ʉʚʝʪʦʚʳʝ ʣʦʚʫʰʢʠ

ʕʬʬʝʢʪ ʧʣʘʟʤʦʥʥʦʛʦʨʝʟʦʥʘʥʩʘ

ʈʝʟʫʣʴʪʘʪʳ TiO2-Ag

ʈʝʟʫʣʴʪʘʪʳ ʇɺɹ-Ag



ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʜʣʷ ʉʕ



˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

D.J. Smith et al.: Observation of compound 

semiconductors and heterovalent interfaces. 

https://doi.org/10.1557/jmr.2016.297

˿͍͚͍ͦͫͭ͊ 

Steele, Julian, Structural and optical studiesof GaAs1-xBix and p-
Bi203 for optoelectronic devices, Doctor of Philosophythesis,

Schoolof Physics, University of Wollongong, 2015. 
http://ro.uow.edu.au/theses/4604



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

ǍǦǨǮǷǮǲǴǷǸȂ ȃǳǫǶǩǮǮ ǭǦǵǶǫǿǫǳǳǴǯ 

ǭǴǳȁ ǴǸ ǵǦǶǦǲǫǸǶǦ ǰǶǮǷǸǦǱǱǮǽǫǷǰǴǯ 

ǶǫǾǫǸǰǮ ǪǱȅǕǘǖ ǳǦ ǴǷǳǴǨǫ A3B5

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

˿͍͚͍ͦͫͭ͊ 



ʊʠʧʳ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ

ʊʠʧʳ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ

ʊʦʣʴʢʦ 3 ʊʈ ʪʠʧʘ I ʠ 3 ʊʈ ʪʠʧʘ II ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʧʦʣʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ

I)

II)

III)

I)

II)

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

˿͍͚͍ͦͫͭ͊ 



ǈǱǮȅǳǮǫ  ǲǫǸǦǱǱǴǮǪǴǨ ǳǦ 

ǾǮǶǮǳǹ ǭǦǵǶǫǿǫǳǳǴǯ ǭǴǳȁ 

ǲǳǴǩǴǰǴǲǵǴǳǫǳǸǳȁǻ 

ǸǨǫǶǪȁǻ ǶǦǷǸǨǴǶǴǨ

1. Steele, Julian, Structural and optical studiesof GaAs1-xBix and p-Bi203 for optoelectronic devices, Doctor of Philosophythesis,
Schoolof Physics, University of Wollongong, 2015.
2. M. Levinshtein, MichaelShur. HandbookSerieson SemiconductorParameters: Ternary and quaternary III -V compounds. World
Scientific, 1999, 205 p.

ʂʨʠʚʘʷ 1 - ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ 

ʤʝʞʜʫ L-ʜʦʣʠʥʦʡ ʠ ʧʨʦʬʠʣʝʤ 

ʪʷʞʝʣʳʭ ʜʳʨʦʢ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

xSbʚ ʊʈ GaAs1-xSbx [Rosenbaum

and Woolley (1975)]. 

ʂʨʠʚʳʝ 2-4ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʊʈ GaAs1-xSbx

ʦʪ ʩʦʩʪʘʚʘ. T=100 K, 3 - T=210 K, 

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

(1970))].

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

˿͍͚͍ͦͫͭ͊ 



ʈʘʜʠʫʩʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʄʊʈ 

ʥʘ ʦʩʥʦʚʝ AIIIBV.

˽͎͙͙ͦ͒ͪͯͨͨ͊̆ͣ;͔͙͚ͫ͟ Ή͔͔ͣͤͭ͡
˴͍͔ͦ͊ͤͭͤ͡·͚ 
͔ͭͭͪ͊Ή͙͒ͪ;͔͙͚ͫ͟ 
͙ͪ͊͒ͯͫΣ ͤͣ

ˢͭͦͣͤ·͚ ͙ͪ͊͒ͯͫΣͤͣ

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

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

˿͍͚͍ͦͫͭ͊ 



ü ʈʘʩʯʝʪ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ (ʩʦʩʪʘʚ ʊʈ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ)

ʅʘ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ: ʫʯʝʪ ʧʝʨʚʦʡ ʠʣʠ ʚʪʦʨʦʡ 

ʩʬʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ; ʜʦʙʘʚʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ.

ü ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʩʧʠʥʦʜʘʣʴʥʳʡʠʣʠ 

ʙʠʥʦʜʘʣʴʥʳʡʨʘʩʧʘʜ) 

ʆʧʨʝʜʝʣʷʝʪ  ʩʪʘʙʠʣʴʥʳʝ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʥʝ ʩʪʘʙʠʣʴʥʳʝ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ.

ü ʋʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ

ʂʘʢ ʧʨʘʚʠʣʦ ʩʫʞʘʶʪ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ.

ü ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ

ɺ ʩʣʫʯʘʝ 4 ʠ 5 ʢʦʤʧʦʥʝʥʪʥʳʭ ʊʈ ʫʯʝʪ ʂʊʈ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʣʘʩʪʠ 

ʠʟʦʧʝʨʠʦʜʠʯʝʩʢʠʭʩʦʩʪʘʚʦʚ.

ü ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʞʠʜʢʦʬʘʟʥʦʡ ʵʧʠʪʘʢʩʠʠ

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

˽͔ͪͦ͋ͣ͡· 



P. Ludewig, Z. Bushell, L. Nattermann, N. Knaub, W. 

Stolz and K. Volz. J. Cryst. Growth 396, 95 (2014)

MBE

uǓǫǴǧǻǴǪǮǲǴ ǶǫǩǹǱǮǶǴǨǦǸȂ ǴǸǳǴǾǫǳǮǫ 

ǰǴǲǵǴǳǫǳǸ V ǩǶǹǵǵȁ ǵǶǮ ǨȁǶǦǿǮǨǦǳǮǮ ǸǴǳǰǮǻ 

ǵǱǫǳǴǰ ǒǘǖ (ǆs, Bi, Sb, P). 

uǔǩǶǦǳǮǽǫǳǮǫ ǵǴ ǷǴǪǫǶǬǦǳǮȄ ȃǱǫǲǫǳǸǴǨ V 

ǩǶǹǵǵȁ Ǩ ǷǴǷǸǦǨǫ ǘǖ

uǔǧǶǦǭǴǨǦǳǮǫ Al, In, Ga, Bi ǰǦǵǫǱȂ

MOVPE
uʊʨʝʙʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʵʧʠʪʘʢʩʠʠ.

uʊʧʦʜʣ< 450ᴈʧʨʦʙʣʝʤʳ ʩ ʥʝ ʧʦʣʥʳʤ 
ʨʘʟʣʦʞʝʥʠʝʤ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ

uʉʝʛʨʝʛʘʮʠʷ ʵʣʝʤʝʥʪʦʚ V ʛʨʫʧʧʳ

uʆʙʨʘʟʦʚʘʥʠʝ Al, In, Ga, Biʢʘʧʝʣʴ

E. Sterzer, N. Knaub, P. Ludewig, R. Straubinger, A. 

Beyer and K. Volz, J. Cryst. Growth 408, 71 (2014).

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

ˤ·ͪ͊΅͙͍͙͔͊ͤ 



11

ü ʚʣʠʷʥʠʝʩʦʩʪʘʚʘʊʈ;

ü ʚʣʠʷʥʠʝʛʨʘʜʠʝʥʪʘʪʝʤʧʝʨʘʪʫʨ;

ü ʚʣʠʷʥʠʝʪʦʣʱʠʥʳʞʠʜʢʦʡʟʦʥʳ;

ü ʇʦʜʧʠʪʢʘʨʘʩʪʚʦʨʘʨʘʩʧʣʘʚʘ

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳ

GaInSbAsPBi/GaSb ʧʨʠ xBi:

ʘ) 0,35 ʤʦʣ. ʜʦʣ.; 

ʙ) 0,02 ʤʦʣ. ʜʦʣ.

ʉʠʥʪʝʟ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ

ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳAlxGayIn1īxīyAszP1īz /GaAs(100)

ʆʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʢʦʥʘ ɺʝʛʘʨʜʘ

ʆʮʝʥʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʧʦ 

ɺʝʛʘʨʜʫa=5.6501 A; ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʬʦʨʤʘʮʠʠ ʚʳʨʘʱʝʥʥʦʡ ʧʣʝʥʢʠ 

ʩʦʩʪʘʚʠʣ Ů=-0.0012

ʇ.ɺ. ʉʝʨʝʜʠʥ, ɸ.ɺ. ɻʣʦʪʦʚ, ʕ.ʇ. ɼʦʤʘʰʝʚʩʢʘʷ, ɸ.ʉ. ʃʝʥʴʰʠʥ, ʄ.ʉ. 

ʉʤʠʨʥʦʚ, ʀ.ʅ. ɸʨʩʝʥʪʴʝʚ, ɼ.ɸ. ɺʠʥʦʢʫʨʦʚ, ɸ.ʃ. ʉʪʘʥʢʝʚʠʯ, ʀ.ʉ. ʊʘʨʘʩʦʚ. 

ʌʊʇ, 2012, ʪʦʤ 46, ʚʳʧ. 6.
ʇʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʛʣʫʙʠʥʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ

InAlGaPAs/GaAs: 

ʘ) ʙʝʟ ʧʦʜʧʠʪʢʠ, 

ʙ) ʩ ʧʦʜʧʠʪʢʦʡ ʠʟ ʪʚʝʨʜʦʡ 

ʬʘʟʳ InAlPAs.

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

˿͍͚͍ͦͫͭ͊ 



ɺʣʠʷʥʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ ʥʘ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʛʨʘʥʠʮʳ

ʌʦʪʦʛʨʘʬʠʠ ʩʢʦʣʦʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨGaInAsP/InP

Alfimova, D.L., Lunin, L.S. 
& Lunina, M.L. J. Synch. 
Investig. (2014) 8: 612. (Ҏ4500)

ʘ)ȹa/a= - 0,21 ʙ)ȹa/a=0,001 ʚ)ȹa/a=0,3

(Ҏ450)

ʇʦʚʝʨʭʥʦʩʪʴ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ 

ʩʣʦʷ InAsSbPʥʘ InAs (111)

˸˹˻˥˻˴˻˸˽˻˹˩˹́˹̍˩ ́ˤ˩˾˨̍˩ ˾ˢ˿́ˤ˻˾̍ 

ˤ·ͪ͊΅͙͍͙͔͊ͤ 

ɺʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʛʨʘʥʠʮʳ

ʇʦʚʝʨʭʥʦʩʪʴ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ 

ʩʣʦʷ InAsSbPʥʘ InAs (100)


