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�¥­âà ¯¥àá¯¥ªâ¨¢­ëå â¥å­®«®£¨© ¨ à §à ¡®â®ª, �.-�¥â¥à¡ãà£

�®áâã¯¨«® ¢ �¥¤ ªæ¨î 10 ­®ï¡àï 1996 £.

�®áâà®¥­  ª¨­¥â¨ç¥áª ï ¬®¤¥«ì à®áâ  GaAs(100) ¨§ ¬®«¥ªã«ïà­ëå

¯ãçª®¢. � áá¬®âà¥­ë í«¥¬¥­â à­ë¥ ¯à®æ¥ááë ­  ¯®¢¥àå­®áâ¨: å¥¬¨á®à¡-
æ¨ï  â®¬®¢ ¨ ¬®«¥ªã«, ¢áâà ¨¢ ­¨¥  â®¬®¢ ¢ ªà¨áâ ««, ¤¥ª®¬¯®§¨æ¨ï
ªà¨áâ ««  ¨ ¤¥á®à¡æ¨ï  â®¬®¢ III ¨ ¬®«¥ªã« V £àã¯¯ë ¢ ¢ ªãã¬. �®íä-
ä¨æ¨¥­âë ¯à¨«¨¯ ­¨ï ¨ ª¨­¥â¨ç¥áª¨¥ ª®­áâ ­âë ¯®«ãç¥­ë ¨§ ¯àï¬®£®

áà ¢­¥­¨ï á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨. �®¤¥«ì ¯®§¢®«ï¥â ®¯à¥¤¥-
«¨âì ¤¥á®à¡¨à®¢ ­­ë¥ ¨ ®âà ¦¥­­ë¥ ®â ¯®¢¥àå­®áâ¨ ¯®â®ª¨, áª®à®áâì
à®áâ , ¯®ªàëâ¨ï ¯®¢¥àå­®áâ¨  â®¬ ¬¨ III ¨ £àã¯¯ ¢ § ¢¨á¨¬®áâ¨ ®â

¯ ¤ îé¨å ¯®â®ª®¢ ¨ â¥¬¯¥à âãàë. � ¯®¬®éìî ¬®¤¥«¨ ¬®¦­® ®æ¥­¨âì

£à ­¨æë ¯à¨¬¥­¨¬®áâ¨ â¥à¬®¤¨­ ¬¨ç¥áª®£® ¯®¤å®¤ ,   â ª¦¥ ¬¨­¨¬ «ì-
­ãî â¥¬¯¥à âãàã í¯¨â ªá¨¨. �¥§ã«ìâ âë à áç¥â®¢ å®à®è® á®£« áãîâáï á

íªá¯¥à¨¬¥­â «ì­ë¬¨ ­ ¡«î¤¥­¨ï¬¨.

� à ¡®â¥ ¯à¥¤«®¦¥­  ª¨­¥â¨ç¥áª ï ¬®¤¥«ì à®áâ  GaAs(100) ¨§
¬®«¥ªã«ïà­ëå ¯ãçª®¢ á ¬¨­¨¬ «ì­ë¬ ç¨á«®¬ ¯ à ¬¥âà®¢, ®æ¥­¨-
¢ ¥¬ëå ¨§ áà ¢­¥­¨ï á íªá¯¥à¨¬¥­â®¬.

� áá¬®âà¨¬ í«¥¬¥­â à­ë¥ ¯à®æ¥ááë, ¯à®â¥ª îé¨¥ ­  ¯®¢¥àå-
­®áâ¨ GaAs(100): å¥¬¨á®à¡æ¨î  â®¬®¢ III ¨ ¬®«¥ªã« V £àã¯¯,
¢áâà ¨¢ ­¨¥  â®¬®¢ III ¨ V £àã¯¯ ¨§  ¤á®à¡æ¨®­­®£® á«®ï ¢ ªà¨-
áâ ««, ¤¥ª®¬¯®§¨æ¨î ªà¨áâ «« , ¯à¨ ª®â®à®©  â®¬ë ¯¥à¥å®¤ïâ

®¡à â­® ¢  ¤á®à¡æ¨®­­ë© á«®©, ¨ ¤¥á®à¡æ¨î  â®¬®¢ ¨ ¬®«¥ªã« ¨§

 ¤á®à¡æ¨®­­­®£® á«®ï ¢ ¢ ªãã¬. �£à ­¨ç¨¬áï ¯à®æ¥áá ¬¨, ¯à®¨á-
å®¤ïé¨¬¨ ¢ ®¤­®¬  ¤á®à¡æ¨®­­®¬ á«®¥, ¢ª«îç îé¥¬  ­¨®­­ë© ¨

ª â¨®­­ë© ¯®¤á«®¨. �ã¤¥¬ áç¨â âì, çâ® ªà¨áâ «« à áâ¥â ¯®á«®©­®
¨ çâ® ¢¥à®ïâ­®áâì ­ãª«¥ æ¨¨ ­  â¥àà á å ¬¥¦¤ã áâã¯¥­ï¬¨ ¬ « .
� â¨®­­ë© ¯®¤á«®©, ¡«¨§«¥¦ é¨© ª ªà¨áâ ««ã, ¯à¥¤¯®« £ ¥âáï

§ ¯®«­¥­­ë¬  â®¬ ¬¨ £ ««¨ï (Ga),  ­¨®­­ë© (¢¥àå­¨©) ¯®¤á«®© ¬®-
¦¥â á®¤¥à¦ âì å¥¬®á®à¡¨à®¢ ­­ë¥  â®¬ë £ ««¨ï (Ga) ¨ ¬ëèìïª 
(As); ­¥§ ­ïâë¥ ¬¥áâ  ¢  ­¨®­­®¬ ¯®¤á«®¥— ¢ ª ­á¨¨.�ç¨â ¥¬, çâ®
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 ¤á®à¡¨à®¢ ­­ë¥  â®¬ë áâ â¨áâ¨ç¥áª¨ à á¯à¥¤¥«¥­ë ¯® ¯®¢¥àå­®-
áâ¨, â. ¥. ¯à¥­¥¡à¥£ ¥¬ ª®®¯¥à â¨¢­ë¬¨ íää¥ªâ ¬¨, ¤¨¬¥à¨§ æ¨¥©
 â®¬®¢ ¨ ­¥ ãç¨âë¢ ¥¬ ¢«¨ï­¨¥ à¥ª®­áâàãªæ¨¨ ¯®¢¥àå­®áâ¨.

�®à®è® ¨§¢¥áâ­®, çâ® ª®íää¨æ¨¥­â ¯à¨«¨¯ ­¨ï  â®¬®¢ G  ª

¯®¢¥àå­®áâ¨ GaAs (100) ¡«¨§®ª ª ¥¤¨­¨æ¥ ¨ ­¥ § ¢¨á¨â ®â ¥¥

á®áâ®ï­¨ï. �â® ®§­ ç ¥â, çâ® ¢à¥¬ï ¦¨§­¨ ª®¬¯«¥ªá®¢ £ ««¨©-­ -
£ ««¨¨ ¨ £ ««¨©-­ -¬ëèìïª¥, ®¡à §ãîé¨åáï ¢ ¯à®æ¥áá¥  ¤á®à¡æ¨¨,
§ ­ç¨â¥«ì­® ¡®«ìè¥ å à ªâ¥à­®£® ¢à¥¬¥­¨ ¯¥à¥áª®ª   â®¬®¢ ¬¥-
¦¤ã á®á¥¤­¨¬¨ ã§« ¬¨ à¥è¥âª¨. � íâ®¬ á«ãç ¥ ¢§ ¨¬®¤¥©áâ¢¨¥

 â®¬®¢ G  á ¯®¢¥àå­®áâìî ­¥«®ª «ì­®:  â®¬ ¬¨£à¨àã¥â ¨ ­ å®¤¨â

¢ ª ­â­®¥ ¬¥áâ® ¯à¥¦¤¥, ç¥¬ ®­ ¤¥á®à¡¨àã¥â ¨§  ¤á®à¡æ¨®­­®£®

á«®ï. �­ «®£¨ç­®¥ ¯®¢¥¤¥­¨¥  â®¬®¢ Ga ¯à¥¤¯®« £ ¥âáï ¢ á«ãç ¥

¤¥ª®¬¯®§¨æ¨¨ ªà¨áâ «« .
�®íää¨æ¨¥­â ¯à¨«¨¯ ­¨ï ¬®«¥ªã« Asn §§ ¢¨á¨â ª ª ®â ¯®ªàë-

â¨ï ¯®¢¥àå­®áâ¨  ¤á®à¡¨à®¢ ­­ë¬¨  â®¬ ¬¨ As, â ª ¨ ®â â¨¯ 

¢§ ¨¬®¤¥©áâ¢ãîé¨å ¬®«¥ªã« (As2 ¨«¨ As4). � [1] ¯®áâà®¥­  ¬®-
¤¥«ì, á®£« á­® ª®â®à®© ª®íää¨æ¨¥­âë ¯à¨«¨¯ ­¨ï ¤¨¬¥à®¢ (As2)
¨ â¥âà ¬¥à®¢ (As4) ª ¯®¢¥àå­®áâ¨ GaAs(100) á¢ï§ ­ë á ¯®ªàëâ¨¥¬

¯®¢¥àå­®áâ¨ ¬ëèìïª®¬ θAs á®®â­®è¥­¨ï¬¨

SAs2
= (1− θAs)

2 SAs4
=

sm · (1− θAs)
2

1− sm + sm · (1− θAs)2
, (1)

£¤¥ sm = 0.5 — ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ ª®íää¨æ¨¥­â  ¯à¨«¨¯ ­¨ï

As4 ª ¯®¢¥àå­®áâ¨ GaAs(100) [2].
�ª®à®áâì à®áâ  vg ®¯à¥¤¥«ï¥âáï ª®­ªãà¨àãîé¨¬¨ ¯à®æ¥áá ¬¨

¢áâà ¨¢ ­¨ï  â®¬®¢ ¢ ªà¨áâ «« ¨ ¥£® ¤¥ª®¬¯®§¨æ¨¨. �¢®¤ï ª¨­¥â¨-
ç¥áª¨¥ ª®­áâ ­âë ¢áâà ¨¢ ­¨ï (γ) ¨ ¤¥ª®¬¯®§¨æ¨¨ (d) ¨ ãç¨âë¢ ï
áâ â¨áâ¨ç¥áª®¥ à á¯à¥¤¥«¥­¨¥  â®¬®¢ ¢  ¤á®à¡æ¨®­­®¬ á«®¥,   â ª-
¦¥ á¤¥« ­­ë¥ ¢ëè¥ ¯à¥¤¯®«®¦¥­¨ï, ¬®¦­® ¯®«ãç¨âì:

νg = γ · θGa · θAs − d · (1− θAs), (2)

£¤¥ θGa — ¯®ªàëâ¨¥ ¯®¢¥àå­®áâ¨  â®¬ ¬¨ £ ««¨ï.
�á­®¢­ë¬¨ ¤¥á®à¡¨àã¥¬ë¬¨ á ¯®¢¥àå­®áâ¨GaAs(100) ç áâ¨æ ¬¨

ï¢«ïîâáï  â®¬ë £ ««¨ï ¨ ¤¨¬¥àë ¬ëèìïª  [3]. �¥¬¯ ¤¥á®à¡æ¨¨

®¯à¥¤¥«ï¥âáï á®®â¢¥âáâ¢ãîé¥© ª®­áâ ­â®© áª®à®áâ¨ ¤¥á®à¡æ¨¨ (kGa

¨«¨ kAs2) ¨ ¢¥«¨ç¨­®© ¯®ªàëâ¨ï (θGa ¨«¨ θAs). �¥á®à¡æ¨ï As2 ¯à¨

íâ®¬ ï¢«ï¥âáï à¥ ªæ¨¥© ¢â®à®£® ¯®àï¤ª  [4,5].
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�¨á. 1. �ª®à®áâì à®áâ  ¢ § ¢¨á¨¬®áâ¨ ®â â¥¬¯¥à âãàë. � ­­ë¥ [11]
¯®«ãç¥­ë ¯à¨ ¯ ¤ îé¥¬ ¯®â®ª¥ ¬ëèìïª  FAs2 = 1.9��/á ¨ FAs4 =
3.8��/á. �ã­ªâ¨à­®© ¨ á¯«®è­®© «¨­¨ï¬¨ ¯®ª § ­ë á®®â¢¥âáâ¢ãîé¨¥

â¥®à¥â¨ç¥áª¨¥ ªà¨¢ë¥. �  áâ ¢ª¥ ¯à¨¢®¤ïâáï ¨§¬¥­¥­¨ï ¯®ªàëâ¨© ¤«ï

à áá¬®âà¥­­ëå á«ãç ¥¢.

�ç¨âë¢ ï áª § ­­®¥ ¢ëè¥ ¨ ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ áâ¥å¨®¬¥-
âà¨ç­®áâì à áâãé¥£® ªà¨áâ «« , ¬®¦­® ¯®«ãç¨âì ¡ « ­á­ë¥ ãà ¢-
­¥­¨ï, ®¯¨áë¢ îé¨¥ ¤¨­ ¬¨ªã ¨§¬¥­¥­¨ï ¯®ªàëâ¨© ¯®¢¥àå­®áâ¨

 â®¬ ¬¨ III ¨ V £àã¯¯:

∂θGa

∂t
= FGa − kGa · θGa − νg(θGa, θAs),

∂θAs

∂t
= n · sAsn · FAsn − 2kAs2θ

2
As − νg(θGa, θAs),

(3)

£¤¥ FGa ¨ FAsn — ¢­¥è­¨¥ ¯®â®ª¨ ª®¬¯®­¥­â, ¨§¬¥à¥­­ë¥ ¢ ¬®-
­®á«®ïå ¢ á¥ªã­¤ã. �¨áâ¥¬  (3) ¯®§¢®«ï¥â à ááç¨âë¢ âì ¯®ªàëâ¨ï
¯®¢¥àå­®áâ¨  â®¬ ¬¨ V ¨ III £àã¯¯, áª®à®áâì à®áâ  ªà¨áâ «« , ª®íä-
ä¨æ¨¥­â ¯à¨«¨¯ ­¨ï ¬®«¥ªã« V £àã¯¯ë, ¤¥á®à¡¨à®¢ ­­ë¥ ¯®â®ª¨
ª®¬¯®­¥­â ¢ § ¢¨á¨¬®áâ¨ ®â ¢­¥è­¨å ¯®â®ª®¢ ¨ â¥¬¯¥à âãàë.
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�¨á. 2. �à ­¨æ  ®¡à §®¢ ­¨ï ¦¨¤ª®© ä §ë. �ªá¯¥à¨¬¥­â «ì­ë¥ â®çª¨
[8] á®®â¢¥âáâ¢ãîâ ¯¥à¥å®¤ã (2 × 4) → (4 × 2) ¯à¨ à §«¨ç­ëå áª®à®áâïå

à®áâ . �«ï áª®à®áâ¨ à®áâ  0.64��/á ãª § ­  ¬¨­¨¬ «ì­ ï â¥¬¯¥à âãà 
í¯¨â ªá¨¨ Te.

�¥è¥­¨¥ á¨áâ¥¬ë (3) áãé¥áâ¢ã¥â ¯à¨ θGa + θAs 6 1. �â® ãá«®¢¨¥
á«¥¤ã¥â ¨§ ¯à¥¤¯®«®¦¥­¨ï, çâ® ¯®¢¥àå­®áâ­ë¥ ¯à®æ¥ááë ¯à®â¥ª îâ

¢ ®¤­®¬  ¤á®à¡æ¨®­­®¬ á«®¥. � ¯à®â¨¢­®¬ á«ãç ¥ ­  ¯®¢¥àå­®áâ¨

­ ª ¯«¨¢ ¥âáï ¨§¡ëâ®ç­ë© G  ¨«¨ As. � áâ æ¨®­ à­ëå ãá«®¢¨ïå

­¥à ¢¥­áâ¢® θGa + θAs 6 1 ¢ë¯®«­ï¥âáï ¯à¨

θ− 6 θAs 6 θ+,

£¤¥ θ± = (2γ)−1
[
(γ + d− kGa)±

√
(γ − d+ kGa)2 − 4γFGa

]
. (4)

�¨­¥â¨ç¥áª¨¥ ª®­áâ ­âë, ª ª ¯à ¢¨«®, íªá¯®­¥­æ¨ «ì­® § ¢¨áïâ ®â
®¡à â­®© â¥¬¯¥à âãàë. �§ (4) ¢¨¤­®, çâ® ¯à¨ ¤®áâ â®ç­® ­¨§ª¨å

â¥¬¯¥à âãà å, ª®£¤  ª¨­¥â¨ç¥áª¨¥ ª®­áâ ­âë áâ ­®¢ïâáï áà ¢­¨¬ë-
¬¨ ¨«¨ ¬¥­ìè¨¬¨ ¢­¥è­¨å ¯®â®ª®¢, áâ æ¨®­ à­®¥ à¥è¥­¨¥ á¨áâ¥¬ë
(3) ¨áç¥§ ¥â. �â® ¯à®¨áå®¤¨â ¯à¨ â¥¬¯¥à âãà¥ Te, ª®â®àãî ¬®¦­®
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�¨á. 3. �¨­¥â¨ç¥áª¨© ¯ à ¬¥âà η ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨­ ¢­¥è­¨å

¯®â®ª®¢ ¨ â¥¬¯¥à âãàë. �¥à¬®¤¨­ ¬¨ç¥áª¨© ¯®¤å®¤ ¯à¨¬¥­¨¬ ¯à¨ η ≈ 1.

®æ¥­¨âì ¨§ ãà ¢­¥­¨ï

FGa =
1

4
γ−1 (γ − d+ kGa)

2 ∼=
1

4
γ(Te) ¯à¨ γ � d, kGa. (5)

� ªâ¨ç¥áª¨, Te ¯à¥¤áâ ¢«ï¥â á®¡®© ¬¨­¨¬ «ì­ãî â¥¬¯¥à âãàã

í¯¨â ªá¨¨, ­¨¦¥ ª®â®à®© ¯®á«®©­ë© à®áâ ªà¨áâ ««  áàë¢ ¥âáï ¨§-
§  ­ ª®¯«¥­¨ï ­  ¯®¢¥àå­®áâ¨ ¨§¡ëâ®ç­ëå  â®¬®¢ III ¨«¨ V £àã¯¯.

�«ï áà ¢­¥­¨ï â¥®à¨¨ á íªá¯¥à¨¬¥­â®¬ ­ã¦­® ®æ¥­¨âì ¢¥«¨ç¨­ë

ª®­áâ ­â kGa, kAs2 , γ ¨ d. �®­áâ ­â  kAs2 ¯à¨­ïâ  ¢ á®®â¢¥âáâ¢¨¨ á
à¥ª®¬¥­¤ æ¨ï¬¨ à ¡®â [2,5]. � ª ¯®ª § ­® ¢ [6], áª®à®áâì ¤¥á®à¡æ¨¨
 â®¬®¢ III £àã¯¯ë á ¯®¢¥àå­®áâ¨ A3B5 ¡«¨§ª  ª áª®à®áâ¨ ¨á¯ à¥­¨ï

á®®â¢¥âáâ¢ãîé¥£® í«¥¬¥­â  ¨§ ¥£® ¦¨¤ª®© ä §ë. �«ï ®¯à¥¤¥«¥­¨ï
ª®­áâ ­âë ¤¥á®à¡æ¨¨ Ga ¨á¯®«ì§®¢ «¨áì ¤ ­­ë¥ ¯® ¤ ¢«¥­¨î ¥£®

­ áëé¥­­ëå ¯ à®¢ ­ ¤ ¦¨¤ª®© ä §®© [7].
�«ï ®æ¥­ª¨ γ ¬ë ®¡à â¨«¨áì ª íªá¯¥à¨¬¥­â «ì­ë¬ ¤ ­­ë¬

¯® ä §®¢®© ¤¨ £à ¬¬¥ ¯®¢¥àå­®áâ¨ GaAs(100) [8]. � [8] ®â¬¥ç -
«®áì, çâ® ¤«ï ª ¦¤®£® ¢­¥è­¥£® ¯®â®ª  Ga áãé¥áâã¥â â¥¬¯¥à -
âãà , ­¨¦¥ ª®â®à®© ­ ¡«î¤ ¥âáï à¥§ª®¥ à §¢¨â¨¥ è¥à®å®¢ â®áâ¨
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�­¥à£¨¨  ªâ¨¢ æ¨¨ ¨ ¯à¥¤íªá¯®­¥­æ¨ «ì­ë¥ ¬­®¦¨â¥«¨ ª¨­¥â¨ç¥áª¨å

ª®­áâ ­â, íªáâà ¯®«¨à®¢ ­­ëå ¢ ä®à¬¥ R = R0 exp(−Ea/kBT )

R R0 Ea. í�

KGaAs 1.03 · 1023 (MC/c)3/2 4.56
kAs2 2.21 · 1022 MC/c 3.90
kGa 4.16 · 1013 MC/c 2.71
γ 5.36 · 108 �á/á 1.07
d 8.89 · 106 MC/c 0.97

à áâãé¥© ¯®¢¥àå­®áâ¨. �áá®æ¨¨àãï íâã â¥¬¯¥à âãàã á ¬¨­¨¬ «ì­®©
â¥¬¯¥à âãà®© í¯¨â ªá¨¨ Te ¨ ¯®«ì§ãïáì á®®â­®è¥­¨¥¬ (5), ¬®¦­®
®æ¥­¨âì ª®­áâ ­âã γ ¨ ¥¥ â¥¬¯¥à âãà­ãî § ¢¨á¨¬®áâì ¨§ áà ¢­¥­¨ï

á ¤ ­­ë¬¨ [8].
�¥¤®áâ îéãî ª®­áâ ­âã d ¬®¦­® ­ ©â¨, à áá¬ âà¨¢ ï â¥à¬®¤¨-

­ ¬¨ç¥áª®¥ à ¢­®¢¥á¨¥ ”¯ à–ªà¨áâ ««”, ¯à¨ ª®â®à®¬ ¢ë¯®«­ïîâáï
¤¢  ãá«®¢¨ï:  ) áª®à®áâì à®áâ  (¨á¯ à¥­¨ï) à ¢­  ­ã«î, ¡) ãå®¤ï-
é¨¥ ®â ¯®¢¥àå­®áâ¨ ¯®â®ª¨ ª®¬¯®­¥­â á®®â¢¥âáâ¢ãîâ ¯à¨å®¤ïé¨¬

¯®â®ª ¬ ¯® ¢¥«¨ç¨­¥ ¨ á®áâ ¢ã. �«ï  àá¥­¨¤  £ ««¨ï à ¢­®¢¥á­ë¥
¯ àë á®¤¥à¦ â ¯à¥¨¬ãé¥áâ¢¥­­® ¤¨¬¥àë As2 ¨  â®¬ë Ga [9,10].

� à ¢­®¢¥á¨¨ ¯®â®ª¨ Ga ¨ As2 (F eqGa ¨ F
eq
As2

) á¢ï§ ­ë ¬¥¦¤ã á®¡®©

¢ á®®â¢¥âáâ¢¨¨ á § ª®­®¬ ¤¥©áâ¢ãîé¨å ¬ áá:

F eqGa ·
(
F eqAs2

)1/2
= K∗GaAsβGaβ

1/2
As2

= KGaAs, (6)

£¤¥ K∗GaAs — ª®­áâ ­â  à ¢­®¢¥á¨ï ®¡à §®¢ ­¨ï GaAs ¨§ £ §®¢®©
ä §ë, βν = (2πmνkBT )−1/2 — ä ªâ®à �¥àæ –�­ã¤á¥­ , mν — ¬ áá 

 â®¬  (¬®«¥ªã«ë), kB — ª®­áâ ­â  �®«æ¬ ­ . �ëà §¨¢ ãá«®¢¨ï

à ¢­®¢¥á¨ï ( ) ¨ (¡) ¨§ ãà ¢­¥­¨© (2), (3) ¨ ¨á¯®«ì§ãï (6), ¬®¦­®
¯®«ãç¨âì á®®â­®è¥­¨¥, á¢ï§ë¢ îé¥¥ ª¨­¥â¨ç¥áª¨¥ ª®­áâ ­âë í«¥-
¬¥­â à­ëå ¯à®æ¥áá®¢:

kGa · d · k
1/2
As2

/γ = KGaAs. (7)

� â ¡«¨æ¥ ¯à¨¢¥¤¥­ë í­¥à£¨¨  ªâ¨¢ æ¨¨ ¨ ¯à¤íªá¯®­¥­æ¨ «ì­ë¥

¬­®¦¨â¥«¨ ª¨­¥â¨ç¥áª¨å ª®­áâ ­â, íªáâà ¯®«¨à®¢ ­­ëå ¢  àà¥­¨-
ãá®¢áª®© ä®à¬¥. � á«ãç ¥ ¢­¥è­¨å ¯®â®ª®¢ Ga ¨ As2 á¨áâ¥¬  (3)
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¤®¯ãáª ¥â ¯à¨¡«¨¦¥­­ë¥  ­ «¨â¨ç¥áª¨¥ à¥è¥­¨ï:

θAs
∼= 1−

√
FGa/2FAs2 , νg ∼= FGa

¯à¨ K
2/3
GaAs � kAs2

� FAs2
, FGa, (8 )

θAs
∼=
√

∆F/kAs2
, νg = FGa −KGaAs/(∆F )1/2

¯à¨ K
2/3
GaAs � FAs2

, FGa � kAs2
, (8¡)

£¤¥ ∆F = FAs2
− 1

2FGa. �¥è¥­¨¥ (8 ) á®®â¢¥âáâ¢ã¥â á«ãç î

ã¬¥à¥­­ëå ¨ ­¨§ª¨å â¥¬¯¥à âãà,   à¥è¥­¨¥ (8¡) — á«ãç î ¢ëá®ª¨å

â¥¬¯¥à âãà, ª®£¤  áª®à®áâì à®áâ  ã¬¥­ìè ¥âáï á ¯®¢ëè¥­¨¥¬ â¥¬-
¯¥à âãàë §  áç¥â ¤¥á®à¡æ¨¨ £ ««¨ï. �ëà ¦¥­¨¥ (8¡) á¯à ¢¥¤«¨¢®
â ª¦¥ ¤«ï ¯®â®ª  As4, ¥á«¨ ¢ (8¡) ¯à®¨§¢¥áâ¨ § ¬¥­ã FAs2

­ 

2smFAs4
.

�«ï áà ¢­¥­¨ï â¥®à¨¨ á íªá¯¥à¨¬¥­â®¬ ¬ë à ááç¨â «¨ § ¢¨á¨-
¬®áâì áª®à®áâ¨ à®áâ  GaAs(100) ®â â¥¬¯¥à âãàë (à¨á. 1). � ­­ë¥,
¢§ïâë¥ ¨§ [11], á®®â¢¥âáâ¢ãîâ ¢­¥è­¥¬ã ¯®â®ªã £ ««¨ï 1��/á. �ªá-
¯¥à¨¬¥­â «ì­ë¥ â®çª¨ ¢ [11] ¡ë«¨ ¯®«ãç¥­ë ¤«ï ¢­¥è­¥£® ¯®â®ª 

FAs2
= 1.9��/á ¨ FAs4

= 3.8��/á. �¨á«¥­­®¥ à¥è¥­¨¥ á¨áâ¥¬ë
ãà ¢­¥­¨© (3) ¨  ­ «¨â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ (8) ¤ «¨ § ¢¨á¨¬®áâ¨

νg(T ), á¤¢¨­ãâë¥ ¯® â¥¬¯¥à âãà¥ ¤àã£ ®â­®á¨â¥«ì­® ¤àã£  ­¥ ¡®«¥¥
ç¥¬ ­  2 K.

� ­¥¥ ®â¬¥ç «®áì [8], çâ® ­ ª®¯«¥­¨¥ ­  ¯®¢¥àå­®áâ¨GaAs ¡®«¥¥
®¤­®£® ¬®­®á«®ï  â®¬®¢ £ ««¨ï ¢¥¤¥â ª ®¡à §®¢ ­¨î ¦¨¤ª®© ä §ë.
� ­ è¥© ¬®¤¥«¨ íâ® á®®â¢¥âáâ¢ã¥â ã¬¥­ìè¥­¨î ¯®¢¥àå­®áâ­®£® ¯®-
ªàëâ¨ï θAs ¤® ¢¥«¨ç¨­, ¬¥­ìè¨å θ− (á¬. (4)). �æ¥­ª¨ ¯®ª §ë¢ îâ,
çâ® ¯à¨ â¥¬¯¥à âãà å, ¯à¥¢ëè îé¨å Te ¡®«¥¥ ç¥¬ ­  40 K, ¨ θAs,
¯à¨¡«¨¦ îé¥¬áï ª θ−,  ¤á®à¡æ¨®­­ë© á«®© ¯à ªâ¨ç¥áª¨ ¯®«­®-
áâìî ®ª §ë¢ ¥âáï § ¯®«­¥­­ë¬  â®¬ ¬¨ £ ««¨ï. �â® ¯®§¢®«ï¥â

á¢ï§ âì ãá«®¢¨¥ θAs
∼= θ− á £à ­¨æ¥© ¯®ï¢«¥­¨ï ­  ¯®¢¥àå­®áâ¨

¦¨¤ª®© ä §ë. �  à¨á. 2 ¯®ª § ­® áà ¢­¥­¨¥ ªà¨¢ëå, à ááç¨â ­­ëå
¨§ ãá«®¢¨ï θAs

∼= θ−, á íªá¯¥à¨¬¥­â «ì­ë¬¨ â®çª ¬¨, á®®â¢¥â-
áâ¢ãîé¨¬¨ ¯¥à¥å®¤ã ª Ga-áâ ¡¨«¨§¨à®¢ ­­®© (4 × 2) ¯®¢¥àå­®áâ¨,
¯®ï¢«¥­¨¥ ª®â®à®© á®¯à®¢®¦¤ ¥âáï ®¡à §®¢ ­¨¥¬ ª ¯¥«ì ¦¨¤ª®£®

£ ««¨ï [9]. �§ à¨á. 2 â ª¦¥ ¢¨¤­®, çâ® ¬¨­¨¬ «ì­ ï â¥¬¯¥à âãà 
í¯¨â ªá¨¨ ¯à¨ FGa = 0.64��/á á®áâ ¢«ï¥â Te ≈ 370◦C.

� â¥à¬®¤¨­ ¬¨ç¥áª®¬ ¯®¤å®¤¥ [10,12,13], ç áâ® ¯à¨¬¥­ï¥¬®¬ ¤«ï
®¯¨á ­¨ï ¯à®æ¥áá  à®áâ  á®¤¥­¨¥­¨© A3B5, ¯®â®ª¨ ¤¥á®à¡¨à®¢ ­­ëå
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c ¯®¢¥àå­®áâ¨ ª®¬¯®­¥­â (F dGa, F dAs.2
) ¯à¥¤¯®« £ îâáï á¢ï§ ­­ë¬¨

¬¥¦¤ã á®¡®© á®®â­®è¥­¨¥¬,  ­ «®£¨ç­ë¬ (6). �â®¡ë ®æ¥­¨âì

£à ­¨æë ¯à¨¬¥­¨¬®áâ¨ â¥à¬®¤¨­ ¬¨ç¥áª¨å à áç¥â®¢, ¬ë ¢¢¥«¨

¯ à ¬¥âà η:

η =
F dGa(F dAs2

)1/2

KGaAs
. (9)

�¥«¨ç¨­ë η, ¡«¨§ª¨¥ ª ¥¤¨­¨æ¥, á®®â¢¥âáâ¢ãîâ ¯à¨¬¥­¨¬®áâ¨ â¥à-
¬®¤¨­ ¬¨ç¥áª®£® ¯®¤å®¤ , ®¤­ ª®, ª ª ¢¨¤­® ¨§ à¨á. 3, §  ¨áª«îç¥-
­¨¥¬ á«ãç ï á¢®¡®¤­®£® ¨á¯ à¥­¨ï, íâ® ãá«®¢¨¥ ¢ë¯®«­ï¥âáï â®«ìª®
¢ ®£à ­¨ç¥­­®© ®¡« áâ¨ ®â­®á¨â¥«ì­® ¢ëá®ª¨å â¥¬¯¥à âãà.

�à¥«®¦¥­­ ï ¢ ¤ ­­®© à ¡®â¥ ª¨­¥â¨ç¥áª ï ¬®¤¥«ì ¬®¦¥â ¡ëâì

®¡®¡é¥­  ­  á«ãç © ¤àã£¨å ¯®«ã¯à®¢®¤­¨ª®¢ A3B5, ¢ª«îç ï â ª¦¥
¬­®£®ª®¬¯®­¥­â­ë¥ á®¥¤¨­¥­¨ï.

� ­­ ï à ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ �¥¦¤ã­ à®¤­®£® ­ -
ãç­®£® ä®­¤  (£à ­â ò 16300).
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