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� ¯à¨¡«¨¦¥­¨¨ íää¥ªâ¨¢­®© ¬ ááë ¢ëç¨á«¥­ë ¢¥à®ïâ­®áâì âã­­¥«¨à®¢ ­¨ï í«¥ªâà®­  ç¥à¥§

âà¥ã£®«ì­ë© ¡ àì¥à ¨ ¢à¥¬ï ¦¨§­¨ ¥£® ¢ ª¢ ­â®¢®© ï¬¥ àï¤®¬ á £¥â¥à®¡ àì¥à®¬ GaAs/AlAs,
®¡à §®¢ ­­®© á¨«ì­ë¬ í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬. �®ª § ­®, çâ® ¤«ï â ª¨å áâàãªâãà ¢¥à®ïâ­®áâì

âã­­¥«¨à®¢ ­¨ï ¢ X-¤®«¨­ã ¬®¦¥â ­  ­¥áª®«ìª® ¯®àï¤ª®¢ ¯à¥¢ëè âì ¢¥à®ïâ­®áâì âã­­¥«¨à®¢ ­¨ï
¢ Γ-¤®«¨­ã. �à¥¬ï ¦¨§­¨ í«¥ªâà®­  ¢ ª¢ §¨áâ æ¨®­ à­®¬ á®áâ®ï­¨¨ ¯¥à¥¤ £¥â¥à®¡ àì¥à®¬ â ª¦¥

¢ ®á­®¢­®¬ ®¯à¥¤¥«ï¥âáï âã­­¥«¨à®¢ ­¨¥¬ ¢ X-¤®«¨­ã ¨ á®áâ ¢«ï¥â ∼ 10−13−10−11 c ¢ ¯®«ïå

E ∼ 105−106 �/á¬.

�âà¨æ â¥«ì­ ï ¤¨ää¥à¥­æ¨ «ì­ ï ¯à®¢®¤¨¬®áâì

(���) ¨ ¡ëáâà®¥ ¯¥à¥ª«îç¥­¨¥ â®ª  ¢ ¬­®£®á«®©­ëå
¯®«ã¯à®¢®¤­¨ª®¢ëå £¥â¥à®áâàãªâãà å è¨à®ª® ¨áá«¥-
¤ãîâáï ¢ ¯®á«¥¤­¨¥ £®¤ë, ¢ â®¬ ç¨á«¥ ¨ ¢ áâàãªâãà å
GaAs/AlAs [1,2]. �¥å ­¨§¬ ��� ¢ ­¨å á¢ï§ ­ á

¯¥à¥ª«îç¥­¨¥¬ ¬¥¦¤ã á®áâ®ï­¨¥¬ á ­¨§ª®© ¯à®¢®-
¤¨¬®áâìî, ª®£¤  â®ª ®¯à¥¤¥«ï¥âáï âã­­¥«¨à®¢ ­¨¥¬
í«¥ªâà®­®¢ ç¥à¥§ ¡ àì¥à, ¨ á®áâ®ï­¨¥¬ á ¢ëá®ª®© ¯à®-
¢®¤¨¬®áâìî, ®¡ãá«®¢«¥­­ë¬ à §®£à¥¢®¬ ­®á¨â¥«¥©,
¯¥à¥å®¤®¬ ¨å ¢ ¢¥àå­¨¥ L-¨ X-¤®«¨­ë ¨ ¯à®å®¦¤¥-
­¨¥¬ ­ ¤ £¥â¥à®¡ àì¥à®¬. �ª®à®áâì ¯¥à¥ª«îç¥­¨ï

â ª¨å áâàãâãà ¬®¦¥â ®¯à¥¤¥«ïâìáï ª ª ¢à¥¬¥­¥¬

à §®£à¥¢  ­®á¨â¥«¥© §  áç¥â í«¥ªâà®­-í«¥ªâà®­­ëå
áâ®«ª­®¢¥­¨©, â ª ¨ ¢à¥¬¥­¥¬ ¦¨§­¨ í«¥ªâà®­®¢ ¢

ª¢ §¨áâ æ¨®­ à­®¬ á®áâ®ï­¨¨ ¯¥à¥¤ ¡ àì¥à®¬ — τ .
�á®¡¥­­®áâì áâàãªâãà á £¥â¥à®¡ àì¥à®¬ GaAs/AlAs,
¢ëà é¥­­ëå ­  ¯«®áª®áâ¨ (100), á®áâ®¨â ¢ â®¬, çâ®
¨§-§  ­ àãè¥­¨ï âà ­á«ïæ¨®­­®© ¨­¢ à¨ ­â­®áâ¨ ­ 
£¥â¥à®£à ­¨æ å ¬®£ãâ § ¬¥è¨¢ âìáï á®áâ®ï­¨ï Γ- ¨
X-¤®«¨­. �«¥ªâà®­ ¨§ Γ-¤®«¨­ë, âã­­¥«¨àãï ç¥à¥§

¡ àì¥à, ¬®¦¥â ¯¥à¥©â¨ ª ª ¢ Γ-, â ª ¨ ¢ ®¤­ã ¨§

X-¤®«¨­. �¥à¥å®¤ë ¢ L- ¨ ¤¢¥ ¤àã£¨¥ X-¤®«¨­ë
§ ¯à¥é¥­ë § ª®­®¬ á®åà ­¥­¨ï ¨¬¯ã«ìá  ¢¤®«ì ¡ -
àì¥à  (¤ «¥¥ ¡ã¤¥¬ ¯®« £ âì íâ®â ¨¬¯ã«ìá à ¢­ë¬

0). �¡ëç­® ¢¥à®ïâ­®áâì âã­­¥«¨à®¢ ­¨ï ¢ X-¤®«¨­ã
­¥¢¥«¨ª . �¤­ ª® ¥á«¨ ¢ Γ-¤®«¨­¥ ¡ àì¥à ¤®áâ â®ç­®
¢ëá®ª¨© ¨ ¥£® ¯à®§à ç­®áâì ¬ « , â® ãç¥â X-¤®«¨­ë
¬®¦¥â ¤ ¢ âì áãé¥áâ¢¥¥­­ë© ¢ª« ¤. � ª, à¥§®­ ­á-
­®¥ âã­­¥«¨à®¢ ­¨¥ í«¥ªâà®­®¢ ç¥à¥§ ª¢ ­â®¢®¥ á®-
áâ®ï­¨¥ ¢ X-¤®«¨­¥ ¢ áâàãªâãà å á ®¤¨­®ç­ë¬ ¡ àì¥-
à®¬ GaAs/AlAs/GaAs á ¨á¯®«ì§®¢ ­¥¬ ¯à¨¡«¨¦¥­¨ï

íää¥ªâ¨¢­®© ¬ ááë ¨§ãç «®áì ¢ [3]. �à¥¬ï ¦¨§­¨

ª¢ §¨áâ æ¨®­ à­®£® á®áâ®ï­¨ï ¢ áâàãªâãà å á â®­ª¨¬

¡ àì¥à®¬ à áá¬®âà¥­® ¢ [4]. � [5] à ááç¨â ­ âã­-
­¥«ì­ë© â®ª ç¥à¥§ â®«áâë© ¡ àì¥à á ¨á¯®«ì§®¢ ­¨¥¬

¯à¨¡«¨¦¥­¨ï á¨«ì­®© á¢ï§¨.
� ­ áâ®ïé¥© à ¡®â¥ ¨áá«¥¤®¢ ­® âã­­¥«¨à®¢ ­¨¥

í«¥ªâà®­®¢ ç¥à¥§ âà¥ã£®«ì­ë© ¡ àì¥à, ®¡à §®¢ ­­ë©
®¤­®à®¤­ë¬ í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬ ¢ £¥â¥à®áâàãªâã-
à å GaAs/AlAs (á¬. ¢áâ ¢ªã ­  à¨á. 1). � ¯à¨¡«¨-
¦¥­¨¨ íää¥ªâ¨¢­®© ¬ ááë ¢ëç¨á«¥­ë ¢¥à®ïâ­®áâ¨

âã­­¥«¨à®¢ ­¨ï í«¥ªâà®­  ¨§ Γ-¤®«¨­ë GaAs ¢ Γ- ¨
X-¤®«¨­ë AlAs — DΓ ¨ DX ,   â ª¦¥ ¢à¥¬ï ¦¨§­¨

í«¥ªâà®­  ¢ âà¥ã£®«ì­®© ª¢ ­â®¢®© ï¬¥ àï¤®¬ á £¥-
â¥à®¡ àì¥à®¬. � à ¡®â å [3,4] ­¥ à áá¬ âà¨¢ «áï ãå®¤
í«¥ªâà®­®¢ ¢ X-¤®«¨­ã, â ª ª ª ¤«ï â®­ª¨å á«®¥¢

®­ ®¡ëç­® § ¯à¥é¥­ ¨«¨ ­¥áãé¥áâ¢¥­¥­. �à®¬¥ â®£®,
à áá¬®âà¥­­ ï áâàãªâãà  á®¤¥à¦¨â ®¤¨­ £¥â¥à®¯¥à¥-
å®¤, ¯®íâ®¬ã ¢ ®â«¨ç¨¥ ®â [3–5] ¤«ïDΓ,X ¨ τ ¯®«ãç¥­ë
áà ¢­¨â¥«ì­® ¯à®áâë¥  ­ «¨â¨ç¥áª¨¥ ¢ëà ¦¥­¨ï ¨

 á¨¬¯â®â¨ç¥áª¨¥ ®æ¥­ª¨. � à áç¥â å ¡ë«¨ ¨á¯®«ì-
§®¢ ­ë á«¥¤ãîé¨¥ ¯ à ¬¥âàë [4]: UΓ = 0.861 í� —
¢¥«¨ç¨­  í­¥à£¥â¨ç¥áª®£® à §àë¢  ­  £¥â¥à®¡ àì¥à¥

¤«ï Γ-¤®«¨­ë, UX1 = 0.46 í� — ¯®«®¦¥­¨¥ ¤­ 

X-¤®«¨­ë ¢ GaAs (®¡« áâì — 1 á«¥¢  ®â ¡ àì¥à )
¨ UX2 = 0.185 í� — ¯®«®¦¥­¨¥ ¤­  X-¤®«¨­ë ¢

AlAs (®¡« áâì — 2 á¯à ¢  ®â ¡ àì¥à ) ®â­®á¨â¥«ì­®
Γ-¤®«¨­ë ¢ GaAs. �«ï íää¥ªâ¨¢­ëå ¬ áá á®®â-
¢¥âáâ¢¥­­® ¨á¯®«ì§®¢ ­ë §­ ç¥­¨ï: mΓ1 = 0.067me,
mΓ2 = 0.15me, mX1 = 1.3me ¨ mX2 = 1.1me, £¤¥me —
¬ áá  í«¥ªâà®­ .

�¬¥è¨¢ ­¨¥ Γ- ¨ X-á®áâ®ï­¨© ¢ £¥â¥à®áâàãªâã-
à¥ ãç¨âë¢ «®áì á«¥¤ãîé¨¬¨ £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨

¤«ï ¢®«­®¢ëå äã­ªæ¨© (��) ­  £¥â¥à®£à ­¨æ¥ [3]:

ΨΓ1 = ΨΓ2,
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£¤¥ α = 2α1/~2, α1 = 0.1 í� Å ¢§ïâë ¨§ [3].

�®íää¨æ¨¥­âë ¯à®å®¦¤¥­¨ï í«¥ªâà®­  ç¥à¥§ âà¥-
ã£®«ì­ë© ¡ àì¥à DΓ,X ¢ëç¨á«ïîâáï ¯® ä®à¬ã« ¬

DΓ =
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|b|2, (2)
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b = 2
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(4)

£¤¥ kΓ(ε) =
√

2mΓ1ε/~, kX(ε) =
√

2mX1(UX1 − ε)/~,

F = eE, x(Γ,X)2 = (~2/2m(Γ,X)2F )1/3,

EΓ(ε) = Bi

(
UΓ − ε

FxΓ2

)
+ iAi

(
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FxΓ2

)
,

EX(ε) = Bi

(
UX2 − ε

FxX2

)
+ iAi

(
UX2 − ε

FxX2

)
,

(5)

e — § àï¤ í«¥ªâà®­ , E — í«¥ªâà¨ç¥áª®¥ ¯®«¥, ε —
í­¥à£¨ï ­ «¥â îé¥£® ­  ¡ àì¥à í«¥ªâà®­ , ®âáç¨â ­-
­ ï ®â ¤­  §®­ë ¯à®¢®¤¨¬®áâ¨ GaAs, ~ — ¯®áâ®ï­­ ï

�« ­ª , Ai, Bi — äã­ªæ¨¨ �©à¨, E′Γ,X ¢ëà ¦ îâáï

¯® ä®à¬ã« ¬ (5) á § ¬¥­®© Ai, Bi ­  Ai′, Bi′.
�à¥âì¥ á« £ ¥¬®¥ ¢ ä®à¬ã«¥ (4), ¯à®¯®àæ¨®­ «ì­®¥

α2, ®âà ¦ ¥â ¢«¨ï­¨¥ X-¤®«¨­ë ­  âã­­¥«¨à®¢ ­¨¥

í«¥ªâà®­®¢ ¢ Γ-¤®«¨­¥. � ª ª ª α ¬ « , ¤«ï à á-
á¬®âà¥­­®© áâàãªâãàë ¢® ¢á¥¬ ¨­â¥à¢ «¥ í­¥à£¨©

¯®¯à ¢ª , á¢ï§ ­­ ï á íâ¨¬ á« £ ¥¬ë¬, ­¥ ¯à¥¢ëè ¥â
0.3% ¨ ¢ (4) ¥£® ¬®¦­® ®¯ãáâ¨âì.
�á«¨ ¢ë¯®«­ï¥âáï ãá«®¢¨¥ (UΓ − ε)/FxΓ1 � 1

(¯à®§à ç­®áâì ¡ àì¥à  ¯à¨ íâ®¬ ¬ « ), â® ¤«ï DΓ

­¥âàã¤­® ¯®«ãç¨âì ¯à¨¡«¨¦¥­­®¥ ¢ëà ¦¥­¨¥

DΓ '
4
√
mΓ1mΓ2ε(UΓ − ε)

(mΓ2 −mΓ1)ε+mΓ1UΓ

× exp

(
−

4

3

√
2mΓ2(UΓ − ε)3

~F

)
, (6)

çâ® ¯à¨ mΓ1 = mΓ2 á®¢¯ ¤ ¥â á [6].
�  à¨á. 1 ¯à¨¢¥¤¥­ë à ááç¨â ­­ë¥ ¯® ä®à¬ã« ¬

(2)–(5) § ¢¨á¨¬®áâ¨ DΓ(ε) ¨ DX(ε) (ªà¨¢ë¥ 1 ¨ 2 )
¯à¨ E = 106�/á¬. �«ï áà ¢­¥­¨ï ¯à¨¢¥¤¥­  â ª¦¥

DΓ(ε), à ááç¨â ­­ ï ¯® ¯à¨¡«¨¦¥­­®© ä®à¬ã«¥ (6)
(ªà¨¢ ï 3 ). � ª ¢¨¤­® ¨§ à¨áã­ª , ªà¨¢ë¥ 1 ¨ 3
å®à®è® á®¢¯ ¤ îâ ¯à¨ DΓ ≤ 0.1. �à¨ ¬ «ëå í­¥à-
£¨ïå, ª®£¤  ¯à®§à ç­®áâì ¡ àì¥à  ¤«ï Γ-í«¥ªâà®­®¢
¬ « , ¢¥à®ïâ­®áâì âã­­¥«¨à®¢ ­¨ï ¢ X-¤®«¨­ã ­ 

4 ¯®àï¤ª  ¯à¥¢ëè ¥â ¢¥à®ïâ­®áâì âã­­¥«¨à®¢ ­¨ï

¢ Γ-¤®«¨­ã. � ã¢¥«¨ç¥­¨¥¬ í­¥à£¨¨ ¨, á®®â¢¥âáâ¢¥­-
­®, ¯à®§à ç­®áâ¨ ¡ àì¥à  ¢ Γ-¤®«¨­¥, à®«ì Γ−X-
¯¥à¥å®¤®¢ ã¬¥­ìè ¥âáï ¨§-§  ®â­®á¨â¥«ì­® ¬ «®© ¢¥-
à®ïâ­®áâ¨ íâ¨å ¯à®æ¥áá®¢.
�à¥¬ï ¦¨§­¨ ª¢ §¨áâ æ¨®­ à­®£® á®áâ®ï­¨ï ¢ âà¥-

ã£®«ì­®© ¯®â¥­æ¨ «ì­®© ï¬¥ ­ å®¤¨«®áì ¯® ¬­¨¬®©

ç áâ¨ ¥£® ª®¬¯«¥ªá­®© í­¥à£¨¨ — ε [7].

τ−1 = ν = −2Im(ε)/~. (7)

ε ®¯à¥¤¥«ï«®áì ¨§ ãá«®¢¨©, çâ® �� á¯à ¢  ®â ¡ àì¥à 

¨¬¥¥â ¢¨¤ ãå®¤ïé¨© ¢ +∞ ¢®«­ë,   ­  ¡¥áª®­¥ç­®áâ¨
á«¥¢  ®â ¡ àì¥à  ®­  íªá¯®­¥­æ¨ «ì­® § âãå ¥â. �®

�¨á. 1. � ¢¨á¨¬®áâ¨ DΓ(ε) (1 ) ¨ DX(ε) (2 ) ¯à¨

E = 106 �/á¬. �«ï áà ¢­¥­¨ï ¯à¨¢¥¤¥­  â ª¦¥ DΓ(ε),
à ááç¨â ­­ ï ¯® ¯à¨¡«¨¦¥­­®© ä®à¬ã«¥ (6), (3 ).

 ­ «®£¨¨ á® áâ æ¨®­ à­ë¬ á«ãç ¥¬, ¢¬¥áâ¥ á £à -
­¨ç­ë¬¨ ãá«®¢¨ï¬¨ ¤«ï �� (1) íâ¨ ãá«®¢¨ï ¤ îâ

âà ­áæ¥­¤¥­â­®¥ ãà ¢­¥­¨¥ ¤«ï ®¯à¥¤¥«¥­¨ï ε. �á«¨
¯®â¥­æ¨ «ì­ ï ï¬  ¤®áâ âç­® £«ã¡®ª ï, â® ε ¬®¦­®
¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ε = ε0 + δε, £¤¥ ε0 = 2.34FxΓ1 —
í­¥à£¨ï ®á­®¢­®£® á®áâ®ï­¨ï ¢ âà¥ã£®«ì­®© ï¬¥ á ¡¥á-
ª®­¥ç­ë¬ ¡ àì¥à®¬. �®¤áâ ¢«ïï íâ® ¢ëà ¦¥­¨¥ ¤«ï
ε ¢ âà ­áæ¥­¤¥­â­®¥ ãà ¢­¥­¨¥ ¨ à §« £ ï ¯®á«¥¤­¥¥
¯® δε (¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨ï δε � ε0), ¯®«ãç¨¬
¯à¨¡«¨¦¥­­®¥ ¢ëà ¦¥­¨¥

δε ' −
F

mΓ1

 E′Γ
mΓ2xΓ2EΓ

+
α2

1
mX1xX1

A0 −
E′
X

mX2xX2
EX

−1

,

(8)

£¤¥ A0 = Ai((UX1 − ε0)/FxX1)/Ai′((UX1 − ε0)/FxX1)
¨ ε ¢¥§¤¥ ­ã¦­® § ¬¥­¨âì ­  ε0.
�á«¨ ¢ (8) ¯à¥­¥¡à¥çì âã­­¥«¨à®¢ ­¨¥¬ ç¥à¥§ X-

¤®«¨­ã (á« £ ¥¬®¥, ¯à®¯®àæ¨®­ «ì­®¥ α2), ¯à¨ ¢ë-
¯®«­¥­¨¨ ãá«®¢¨ï (UΓ − ε0)/FxΓ1 � 1, ¬®¦­® ¯®«ã-
ç¨âì ¯à®áâ®¥ ¢ëà ¦¥­¨¥

δεΓ '
−~mΓ2F

mΓ1

√
2mΓ2ε0(UΓ − ε0)

×

[
1 + i exp

(
−

4

3

√
2mΓ2(UΓ − ε0)3

~F

)]
, (9)

£¤¥ ¢¥é¥áâ¢¥­­ ï ç áâì δε ®¯à¥¤¥«ï¥â á¤¢¨£ í­¥à-
£¨¨, á¢ï§ ­­ë© á ª®­¥ç­®áâìî ¢ëá®âë ¡ àì¥à  UΓ,  
¬­¨¬ ï ç áâì ª®¬¯«¥ªá­®© í­¥à£¨¨ ®¯à¥¤¥«ï¥â ¢à¥¬ï

¦¨§­¨ ª¢ §¨áâ æ¨®­ à­®£® á®áâ®ï­¨ï.
� ¢¨á¨¬®áâì ®¡à â­®£® ¢à¥¬¥­¨ ¦¨§­¨ í«¥ªâà®­ 

®â ¯à¨«®¦¥­­®£® í«¥ªâà¨ç¥áª®£® ¯®«ï (ªà¨¢ ï 1 )
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�¨á. 2. � ¢¨á¨¬®áâ¨ ®¡à â­®£® ¢à¥¬¥­¨ ¦¨§­¨ (1–4 ) ¨

ε0, Re(ε), Re(ε0 + δε) (5–7 ) ®â ¯à¨«®¦¥­­®£® í«¥ªâà¨ç¥-
áª®£® ¯®«ï ¤«ï ª¢ §¨áâ æ¨®­ à­®£® á®áâ®ï­¨ï í«¥ªâà®­ 

¢ £¥â¥à®áâàãªâãà¥. 1 — â®ç­®¥ §­ ç¥­¨¥ ¤«ï ®¡à â­®£®

¢à¥¬¥­¨ ¦¨§­¨, 2 — ν, à ááç¨â ­­®¥ ¯® (8) á ãç¥â®¬

Γ−X-âã­­¥«¨à®¢ ­¨ï, 3 — ν — ¡¥§ ãç¥â  X-¤®«¨­ë, 4 —
®¡à â­®¥ ¢à¥¬ï ¦¨§­¨, à ááç¨â ­­®¥ ¯® ¯à¨¡«¨¦¥­­®©

ä®à¬ã«¥ (9).

¯à¨¢¥¤¥­  ­  à¨á. 2. �¤¥áì ¦¥ ¯à¨¢¥¤¥­ë § ¢¨á¨-
¬®áâ¨, à ááç¨â ­­ë¥ ¯® ä®à¬ã«¥ (8): ªà¨¢ ï 2 ¯®-
áâà®¥­  á ãç¥â®¬ Γ−X-âã­­¥«¨à®¢ ­¨ï, ªà¨¢ ï 3 —
¡¥§ ãç¥â X-¤®«¨­ë. �«ï áà ¢­¥­¨ï ¯à¨¢¥¤¥­® â ª¦¥
®¡à â­®¥ ¢à¥¬ï ¦¨§­¨, à ááç¨â ­­®¥ ¯® ¯à¨¡«¨¦¥­-
­®© ä®à¬ã«¥ (9) (ªà¨¢ ï 4 ). �  íâ®¬ à¨áã­ª¥ ¯à¨-
¢¥¤¥­ë â ª¦¥ § ¢¨á¨¬®áâ¨ ε0, Re(ε) ¨ Re(ε0 + δε) ®â
E (ªà¨¢ë¥ 5–7 á®®â¢¥âáâ¢¥­­®). � ¢ëè¥­­®¥ §­ ç¥­¨¥
ν, ¯®«ãç¥­­®¥ ¨§ ä®à¬ã« (8), (9) ¯à¨ E > 106�/á¬,
á¢ï§ ­® á â¥¬, çâ® ¢ íâ¨å ¯®«ïå ε0 ¤ ¥â ­¥áª®«ìª®

§ ¢ëè¥­­®¥ §­ ç¥­¨¥ ¤«ï ε.
� ª ¢¨¤­® ¨§ ¯à¨¢¥¤¥­­®£® à¨áã­ª , ¢«¨ï­¨¥ âã­-

­¥«¨à®¢ ­¨ï ¢ Γ-¤®«¨­ã ¯à®ï¢«ï¥âáï ¢ à®áâ¥ ν(E)
â®«ìª® ¢ í«¥ªâà¨ç¥áª¨å ¯®«ïå E > 1.5 · 106�/á¬,
¯®íâ®¬ã ãç¥â X-¤®«¨­ë ¯à¨ ¢ëç¨á«¥­¨¨ ¢à¥¬¥­¨

¦¨§­¨ ®ç¥­ì áãé¥áâ¢¥­¥­. �à¨ E > 5 ·105�/á¬, ª®£¤ 
ª¢ §¨áâ æ¨®­ à­®¥ á®áâ®ï­¨¥ ¯®¤­¨¬ ¥âáï ¢ëè¥ ¤­ 

X-¤®«¨­ë ¢ AlAs, ®¡à â­®¥ ¢à¥¬ï ¦¨§­¨ ®â­®á¨â¥«ì-
­® á« ¡® § ¢¨á¨â ®â ¯®«ï ¨ ¬¥­ï¥âáï ¢ ¯à¥¤¥« å

ν ∼ 1011−1013 c−1.

� § ª«îç¥­¨¥ ¢ëà ¦ îâ ¡« £®¤ à­®áâì �.�. �®-
¬ ­®¢ã §  ®¡áã¦¤¥­¨¥ à¥§ã«ìâ â®¢ à ¡®âë. � ¡®â 
¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ ���� ”�¨-
§¨ª  â¢¥à¤®â¥«ì­ëå áâàãªâãà” (¯à®¥ªâ 1-030), ���
(¯à®¥ªâ NOL300) ¨ ����.
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X-valley influence on electron tunneling and
escape time from
GaAs/AlAs heterostructures

E.V. Demidov

Institute for Physics of Microstructures,
Russian Academy of Sciences,
603600 N.Novgorod, Russia

Abstract Within the effective mass envelope function ap-

proach we calculated the transmission coefficient for a trian-

gular barrier and the tunneling escape time of an electron from

quantum well created by a strong electric field near a (100)

GaAs/AlAs heterobarrier. It has been shown that for these

structures the coefficient of transmission X-valley may exceed

the coefficient of transmission to Γ-valley by several orders.

The electron escape time from the quasi-stationary state near

the heterobarrier is also determined by tunneling to the X-

valley and reaches ∼ 10−13−10−11 s at E ∼ 105−106 V/cm.
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