
ʋʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʠ ʩʚʝʪʦʚʦʜʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ 

ʂʣʠʤʦʥʩʢʠʡ ʉʝʨʛʝʡ ʆʣʝʛʦʚʠʯ, 
ʜʦʮʝʥʪ ʌʅʄ ʄɻʋ 
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ȵɑɆɓ 

1. ʌʦʪʦʥʠʢʘ ʠ ʬʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʌʂ) 

 

2. ʉʪʨʫʢʪʫʨʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ (ʇʈʎʇ-ʩʪʨʫʢʪʫʨʳ) 

 

3. ʈʘʟʜʝʣʝʥʠʝ ʩʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʜʥʳʭ ʇʈʎʇ-

ʤʠʢʨʦʩʪʨʫʢʪʫʨ 
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ȨɈɋɊɋɓɎɋ 

ʕʣʝʢʪʨʦʥʠʢʘ, ʩʧʠʥʪʨʦʥʠʢʘ, ʬʦʪʦʥʠʢʘ é 

 

 

ʌʦʪʦʥʠʢʘ ï ʦʙʣʘʩʪʴ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʟʘʥʠʤʘʶʱʘʷʩʷ ʢʦʥʪʨʦʣʝʤ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 
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ʕʬʬʝʢʪʠʚʥʳʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʢ.ʧ.ʜ. ~ 50%) 

ʅʠʟʢʦʧʦʨʦʛʦʚʳʝ ʣʘʟʝʨʳ 

ʅʦʚʳʝ ʪʠʧʳ ʩʚʝʪʦʚʳʭ ʚʦʣʦʢʦʥ 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ 

ʆʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ 

ʋʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʚʳʤʠ ʧʦʪʦʢʘʤʠ 

ʉʫʧʝʨʧʨʠʟʤʳ 

 

ʆʧʪʠʯʝʩʢʠʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ 

ʌʦʪʦʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ 

ȺɔɘɔɓɎɐɆ Ɏ ɚɔɘɔɓɓɡɋ ɐɖɎɗɘɆɑɑɡ 



ȵɔɓɥɘɎɋ ɚɔɘɔɓɓɔɉɔ ɐɖɎɗɘɆɑɑɆ 

ʌʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʌʂ) ï ʵʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʤʘʩʰʪʘʙʘʭ 

ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ, ʠʤʝʶʱʠʝ ʬʦʪʦʥʥʳʝ 

ʟʘʧʨʝʱʝʥʥʳʝ ʟʦʥʳ ʚ ʩʧʝʢʪʨʝ ʦʧʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. 

 1D     2D          3D 

˿ͻ͔͙ͣ͊ͭ;͔͔ͫͦ͟ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͔͎ͦ͒ͤͦͣͪͤͦͦ ό͊ύΣ ͍͒ͯͻ͔͎ͣͪͤͦͦ ό͋ύ ͙ ͔ͭͪͻ͔͎ͣͪͤͦͦ ό͍ύ 
̅˴Σ ͍͎ͦ͋ͪ͊ͦ͊ͤͤͦͦ͘ ͍͒ͯͣΎ ͪ͊ͤ͘·͙ͣ ͔͙͙ͣ͊ͭͪ͊͊ͣ͡Φ 

6 



ʉʚʦʙʦʜʥʳʡ ʵʣʝʢʪʨʦʥ 

ʉʚʦʙʦʜʥʳʡ ʬʦʪʦʥ 
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ȵɔɓɥɘɎɋ ɚɔɘɔɓɓɔɉɔ ɐɖɎɗɘɆɑɑɆ 

ʌʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ï çʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʜʣʷ ʩʚʝʪʘè. 
 

7 



 

ȸɖɋɛɒɋɖɓɡɋ ɐɖɎɗɘɆɑɑɡ:  
ɍɆɕɖɋɟɋɓɓɡɋ ɍɔɓɡ Ɏ ɗɘɔɕ-ɍɔɓɡ 

˭ͦͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ (a) ͙  ͨͦͭͤͦͫͭ͡Έ ͙ͦͨͭ;͔͙ͫ͟ͻ 
ͫͦͫͭͦΎ͙͚ͤ DOS (b) ͒ ͡Ύ ͙͍͔͙͍͎ͤͪͭͪͦ͊ͤͤͦͦ 

ͦͨ͊͊͡ ͙͘ ͔͙ͪͣͤ͟Ύ 
(Bush K. and John S., Phys. Rev. E, 1998, v.58, p.3896). 

                 ɺʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, ʦʪʥ.ʝʜ. 

ʕʥʝʨʛʠʷ, 

ʦʪʥ. ʝʜ. 

ʕʥʝʨʛʠʷ, 

ʦʪʥ. ʝʜ. 

˹͔ͭ ͚ͨͦͤͦ͡ 
͔͊ͨͪ͘΅͔͚ͤͤͦ ͦͤ͘· 

˩ͫͭΈ ͨͦͤ͊͡Ύ 
͔͊ͨͪ͘΅͔ͤͤ͊Ύ ͦͤ͊͘ 
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ȷɕɋɜɎɚɎɐɆ ɘɖɋɛɒɋɖɓɡɛ ɚɔɘɔɓɓɡɛ 
ɐɖɎɗɘɆɑɑɔɈ 

(ʘ) ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʌʂ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʦʣʳʤʠ ʢʨʝʤʥʠʝʚʳʤʠ 

ʤʠʢʨʦʩʬʝʨʘʤʠ, ʫʧʘʢʦʚʘʥʥʳʤʠ ʚ ɻʎʂ ʨʝʰʝʪʢʫ.  

(ʙ) ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʌʂ 

(A. Blanco et al., Nature, 405 (2000) 437). 
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ȷɕɋɜɎɚɎɐɆ ɘɖɋɛɒɋɖɓɡɛ ɚɔɘɔɓɓɡɛ 
ɐɖɎɗɘɆɑɑɔɈ 

ɼʠʬʨʘʢʮʠʷ ʩʚʝʪʘ ʚ ʪʨʝʭʤʝʨʥʳʭ ʌʂ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʦʥ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʟʥʳʤ 

ʨʘʟʨʝʰʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʪʦʧ-ʟʦʥ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʌʂ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʨʝʜʫ, 

ʫʧʨʘʚʣʷʶʱʫʶ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʚʝʪʦʚʳʭ ʧʦʪʦʢʦʚ. 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʪʘʢʘʷ 

ʩʨʝʜʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʫʙʤʠʢʨʦʥʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ. 
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ȲɋɘɔɊɡ ɗɎɓɘɋɍɆ ȺȰ 

ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʌʂ ʗʙʣʦʥʦʚʠʯʘ ʧʫʪʝʤ ʚʳʩʚʝʨʣʠʚʘʥʠʷ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ 

(E.Yablonovitch et al., Phys. Rev. Lett., 67 (1991) 2295).  
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ȲɋɘɔɊɡ ɗɎɓɘɋɍɆ ȺȰ 

ʉɸʄʆʉɹʆʈʂɸ 
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ɻʆʃʆɻʈɸʌʀʗ 
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