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� áá¬®âà¥­  § ¤ ç  ® ¯®«ïà®­­®¬ á¯¥ªâà¥ ¢ á¢¥àåà¥è¥âª¥ á ã§ª¨¬¨ ª¢ ­â®¢ë¬¨ ï¬ ¬¨ ¨

®â­®á¨â¥«ì­® è¨à®ª¨¬¨ ¯®â¥­æ¨ «ì­ë¬¨ ¡ àì¥à ¬¨. �«ï à¥è¥­¨ï ¯à®¡«¥¬ë ¢ë¡à ­ δ-®¡à §­ë©
¯®â¥­æ¨ « á¢¥àåà¥è¥âª¨. � ª ï ¬®¤¥«ì  ¤¥ª¢ â­  ­ è¥© § ¤ ç¥, ¥á«¨ £«ã¡¨­  ¯à®­¨ª­®¢¥­¨ï

¢®«­®¢®© äã­ªæ¨¨ í«¥ªâà®­  ¢ ®¡« áâì ¡ àì¥à  §­ ç¨â¥«ì­® ¯à¥¢®áå®¤¨â è¨à¨­ã ª¢ ­â®¢®© ï¬ë.
� áá¬ âà¨¢ ¥âáï ¯®«ïà®­ á« ¡®© á¢ï§¨ ¯à¨ ­¨§ª®© â¥¬¯¥à âãà¥. �ç¨âë¢ îâáï â®«ìª® ®¡ê¥¬­ë¥

ä®­®­ë. �à¨ íâ¨å ¯à¥¤¯®«®¦¥­¨ïå ¯®«ãç¥­ë ¢ëà ¦¥­¨ï ¤«ï á¤¢¨£  ¯®«ïà®­­®© í­¥à£¨¨ ¨ ¬ ááë

¯®«ïà®­ . �«ï  ¯à®¡¨à®¢ ­¨ï ¬®¤¥«¨ á¤¥« ­ë ç¨á«¥­­ë¥ à áç¥âë ¤«ï á¢¥àåà¥è¥âª¨ InAs–GaSb,
£¤¥ ª¢ ­â®¢ë¥ ï¬ë ¤®áâ â®ç­® £«ã¡®ª¨ (í­¥à£¥â¨ç¥áª¨© à §àë¢ §®­ ¯à®¢®¤¨¬®áâ¨ InAs ¨ GaSb à ¢¥­
830 meV), ã§ª¨ (è¨à¨­  ª¢ ­â®¢®© ï¬ë á®®â¢¥âáâ¢ã¥â è¨à¨­¥ ¬®­®á«®ï InAs 6 Å), â®«é¨­  ¡ àì¥à®¢,
á®®â¢¥âáâ¢ãîé ï è¨à¨­¥ á«®¥¢ GaSb, à ¢­  150 Å. �¤¥« ­­®¥ ¯à¥¤¯®«®¦¥­¨¥ ® â®¬, çâ® £«ã¡¨­ 
¯à®­¨ª­®¢¥­¨ï ¢®«­®¢®© äã­ªæ¨¨ §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â è¨à¨­ã ¡ àì¥à , å®à®è® ¢ë¯®«­ï¥âáï.

�®¢à¥¬¥­­ ï â¥å­®«®£¨ï ¯®§¢®«ï¥â ¨§£®â ¢«¨¢ âì

á¢¥àåà¥è¥âª¨ á â®«é¨­®© ª®¬¯®­¥­â ¢ ­¥áª®«ìª®

¨ ¤ ¦¥ ¢ ®¤­ã ¬®«¥ªã«ã. �ë ¡ã¤¥¬ à áá¬ âà¨¢ âì

á¢¥àåà¥è¥âª¨ á ã§ª¨¬¨ ª¢ ­â®¢ë¬¨ ï¬ ¬¨ ¨ ®â­®á¨-
â¥«ì­® è¨à®ª¨¬¨ ¯®â¥­æ¨ «ì­ë¬¨ ¡ àì¥à ¬¨.�â®¡ë
à¥è¨âì ¯à®¡«¥¬ã ¯®«ïà®­ , ­¥®¡å®¤¨¬® §­ âì á¯¥ªâà
í«¥ªâà®­  ¨ ¥£® ¢®«­®¢ë¥ äã­ªæ¨¨. �á«¨ è¨à¨­ 

ª¢ ­â®¢®© ï¬ë à ¢­  ­¥áª®«ìª¨¬ ¯®áâ®ï­­ë¬ à¥-
è¥âª¨, â® ¢®§­¨ª ¥â ¯à®¡«¥¬  ¢ë¡®à  ¯®â¥­æ¨ « 

á¢¥àåà¥è¥âª¨. �­®£¤  ¯®â¥­æ¨ « á¢¥àåà¥è¥âª¨ ®¯¨-
áë¢ îâ ¬®¤¥«ìî �à®­¨£ –�¥­­¨. �¥ª®â®àë¥  ¢â®àë
¯à¥¤¯®ç¨â îâ ¢ë¡¨à âì ¯®â¥­æ¨ « ¢ ¢¨¤¥ ¯®á«¥¤®-
¢ â¥«ì­®áâ¨ âà¥ã£®«ì­ëå ï¬ [1]. � íâ®© à ¡®â¥ ¬ë

¡ã¤¥¬ à¥è âì ¯à®¡«¥¬ã ¯®«ïà®­ , ¨á¯®«ì§ãï ¬®¤¥«ì
δ-®¡à §­®£® ¯®â¥­æ¨ «  á¢¥àåà¥è¥âª¨. � ª ï ¬®¤¥«ì
 ¤¥ª¢ â­  ­ è¥© ¯à®¡«¥¬¥, ¥á«¨ £«ã¡¨­  ¯à®­¨ª-
­®¢¥­¨ï í«¥ªâà®­­®© ¢®«­®¢®© äã­ªæ¨¨ ¢ ®¡« áâì

¡ àì¥à  áãé¥áâ¢¥­­® ¯à¥¢ëè ¥â è¨à¨­ã ª¢ ­â®¢®©

ï¬ë.

1. �­¥à£¨ï ¯®«ïà®­ 

�à ¢­¥­¨¥ �à¥¤¨­£¥à  ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:[
−
~2

2m
∇2
⊥ −

~2

2m

∂2

∂z2
+ V (z)

]
Ψ = EΨ, (1)

£¤¥

V (z) = −
~2Ω

m

∑
j

δ
[
z −

a

2
(j + 1)

]
,

z — ª®®à¤¨­ â  ¢¤®«ì ®á¨ á¢¥àåà¥è¥âª¨, a — ¯¥à¨®¤

á¢¥àåà¥è¥âª¨, m — íää¥ªâ¨¢­ ï ¬ áá  í«¥ªâà®­ 

¢ ª®¬¯®­¥­â¥ á¢¥àåà¥è¥âª¨, á¢ï§ ­­®© á ¯®â¥­æ¨-
 «ì­ë¬ ¡ àì¥à®¬, Ω — ª®íää¨æ¨¥­â, á¢ï§ ­­ë© á

¬®é­®áâìî δ-¯®â¥­æ¨ « , ∇2
⊥ = ∂2/∂x2 + ∂2/∂y2, £¤¥

x, y — ª®®à¤¨­ âë í«¥ªâà®­  ¢ ¯«®áª®áâ¨ á«®ï.

�á¯®«ì§ãï áâ ­¤ àâ­®¥ ¯à¥®¡à §®¢ ­¨¥, Ψ =
exp(ik⊥r⊥)ϕ(z), £¤¥ k⊥ — ª®¬¯®­¥­â  ¢®«­®¢®£® ¢¥ª-
â®à  ¢ ¯«®áª®áâ¨ á«®ï, ãà ¢­¥­¨¥ (1) ¬®¦­® ¯à¨¢¥áâ¨
ª â ª®¬ã ¢¨¤ã[

−
~2

2m

∂2

∂z2
+ V (z)

]
ϕ(z) = εϕ(z), (2)

£¤¥ ε = E − ~2k2
⊥/2m.

�ã¤¥¬ à áá¬ âà¨¢ âì ®âà¨æ â¥«ì­ë¥ §­ ç¥­¨ï

í­¥à£¨¨ ε < 0. �¡®§­ ç ï κ2 = −2mε/~2, ¯®«ãç¨¬
¤«ï ¨­â¥à¢ «  −a/2 < z < a/2 á«¥¤ãîé¥¥ ¢ëà ¦¥-
­¨¥:

∂ϕ2
0(z)

∂z2
= κ2ϕ0(z). (3)

�­¤¥ªá 0 ®§­ ç ¥â â®«ìª® ¯à¨­ ¤«¥¦­®áâì ¢®«­®¢®©
äã­ªæ¨¨ ¨­â¥à¢ «ã −a/2 < z < a/2. �¥è¥­¨¥¬

ãà ¢­¥­¨ï (3) ï¢«ï¥âáï

ϕ0(z) = Aeκz +Be−κz. (4)

�á¯®«ì§ãï â¥®à¥¬ã �«®å , ¬®¦­® § ¯¨á âì ¢®«-
­®¢ãî äã­ªæ¨î ϕ1(z), ®â­®áïéãîáï ª ¨­â¥à¢ «ã

a/2 < z < 3a/2, ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

ϕ1(z) = eikza
[
Aeκ(z−a) +Be−κ(z−a)

]
, (5)

δ-®¡à §­ë© å à ªâ¥à ¯®â¥­æ¨ «  á¢¥àåà¥è¥âª¨ ¯à¨-
¢®¤¨â ª á«¥¤ãîé¨¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬:

ϕ1(a/2 + 0) = ϕ0(a/2− 0),

ϕ′1(a/2 + 0) = ϕ′0(a/2+)− 2Ωϕ0(a/2). (6)

�®¤áâ ¢«ïï (4) ¨ (5) ¢ (6), ¨§ ãá«®¢¨ï à §à¥è¨¬®-
áâ¨ á¨áâ¥¬ë (6) ¬ë ¯®«ãç¨¬ ¢ëà ¦¥­¨¥, ®¯¨áë¢ î-
é¥¥ í«¥ªâà®­­ë© á¯¥ªâà

cos kza = chκa−
Ω

κ
shκa. (7)
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�ëà ¦¥­¨¥ (7) ¢ â®çª¥ kz = 0 à ¢­®

th
κ0a

2
=

Ω

κ0
. (8)

�à¨ kza� 1 ¨§ ãà ¢­¥­¨ï (7) ¬®¦­® ¯®«ãç¨âì â ª®¥
¢ëà ¦¥­¨¥ í«¥ªâà®­­®£® á¯¥ªâà 

∆Ek =
~2k2
⊥

2m
−
~2κ2

0

2m
+ ∆(1− cos kza), (9)

£¤¥

∆ =
~2

ma2

2κ0a

shκ0a[1− (Ω/κ0)2(1− 2/Ωa)]
,

2∆ — è¨à¨­  ¬¨­¨-§®­ë. � ®¡« áâ¨ ε < 0 áãé¥áâ¢ã¥â
¥¤¨­áâ¢¥­­ ï ¬¨­¨-§®­ . �®®â­®è¥­¨¥ ¬¥¦¤ã ª®íä-
ä¨æ¨¥­â ¬¨ A ¨ B ¯®«ãç ¥âáï ¨§ ¯¥à¢®£® £à ­¨ç­®£®

ãá«®¢¨ï (6). � «¥¥ ª®íää¨æ¨¥­âë A ¨ B ¬®£ãâ

¡ëâì ®¯à¥¤¥«¥­ë ¨§ ãá«®¢¨ï ­®à¬¨à®¢ª¨ ¢®«­®¢®©

äã­ªæ¨¨ í«¥ªâà®­  ­  ¥¤¨­¨æã. �®«­®¢ ï äã­ªæ¨ï

í«¥ªâà®­  ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

Φn =
Akz

(2V )1/2
eik⊥r⊥eikzna

[
eκ(z−na)

−
eikza−κa/2 − eκa/2

eikza+κa/2 − e−κa/2
e−κ(z−na)

]
, (10)

£¤¥ n — ­®¬¥à ¡ àì¥à ,

Akz =

(
shκa
κa

−
1− cos kza chκa
chκa− cos kza

)−1/2

,

V — ®¡ê¥¬ á¢¥àåà¥è¥âª¨.
�ç¨â ¥âáï, çâ® â¥¬¯¥à âãà  ¤®áâ â®ç­® ­¨§ª ï,

â. ¥. ç¨á«® ®¯â¨ç¥áª¨å ä®­®­®¢ ¢ ­ è¥© á¨áâ¥¬¥

íªá¯®­¥­æ¨ «ì­® ¬ «®. � ª¨¬ ®¡à §®¬, ¢® ¢â®à®¬

¯®àï¤ª¥ â¥®à¨¨ ¢®§¬ãé¥­¨ï ¯®«ïà®­­ ï ¯®¯à ¢ª  ª

í­¥à£¨¨ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:

∆Ek =
∑
q,k′

|M+
k→k′ |

2

Ek −E′k − ~ω0
, (11)

£¤¥ q — ¢®«­®¢®© ¢¥ªâ®à ä®­®­ , ~ω0 — í­¥à£¨ï

¯à®¤®«ì­®£® ä®­®­  ¯à¨ q = 0, M+ — ¬ âà¨ç­ë©

í«¥¬¥­â, á®®â¢¥âáâ¢ãîé¨© ¨á¯ãáª ­¨î LO-ä®­®­ 

M+
k→k′ =

∫
ΨkeϕqΦ

∗
k′dV, (12)

e — § àï¤ í«¥ªâà®­ , ϕq — ¯®â¥­æ¨ «, á®§¤ ¢ ¥¬ë©
®¤­¨¬ ®¯â¨ç¥áª¨¬ ä®­®­®¬.�à¨ à áá¬®âà¥­¨¨ á¢¥àå-
à¥è¥â®ª á ã§ª¨¬¨ ª¢ ­â®¢ë¬¨ ï¬ ¬¨ à®«ì ¨­â¥à-
ä¥©á­ëå ä®­®­®¢ ¬®¦¥â ¡ëâì áãé¥áâ¢¥­­  [2]. �®

¯®áª®«ìªã æ¥«ì à ¡®âë — ¯®ª § âì ¯à ¢®¬¥à­®áâì

¨á¯®«ì§®¢ ­¨ï ¬®¤¥«¨ á¢¥àåà¥è¥âª¨ á δ-®¡à §­ë¬¨
¯®â¥­æ¨ « ¬¨, ¤«ï ¯à®áâ®âë ¤®áâ â®ç­® à áá¬®âà¥âì

â®«ìª® ®¡ê¥¬­ë¥ ä®­®­ë. � ª®¥ à áá¬®âà¥­¨¥ ¬®¦¥â

¨§¬¥­¨âì «¨èì ª®«¨ç¥áâ¢¥­­ë¥ à¥§ã«ìâ âë ­¥ § âà -
£¨¢ ï ª ç¥áâ¢¥­­ëå ¢ë¢®¤®¢. �«ï ϕq ¨¬¥¥¬

ϕq =

(
~

2V ρω0

)1/2
4πγ̄

iq
eiqr, (13)

£¤¥ ρ — ¯«®â­®áâì ¯®«ã¯à®¢®¤­¨ª , γ̄ = (ρω2
0/4πε̄)

1/2,
ε̄ — ¯à¨¢¥¤¥­­ ï ¤¨í«¥ªâà¨ç¥áª ï ¯®áâ®ï­­ ï, ¨á-
¯®«ì§ã¥¬ ï ¢ ¯®«ïà®­­®© â¥®à¨¨.

�®¤áâ ¢«ïï (10) ¨ (13) ¢ ¢ëà ¦¥­¨¥ (12), ¯®«ãç¨¬

M+
k→k′ =

(
~

2V ρω0

)1/2
4πγēi

q

× δk′⊥;k⊥−q⊥δk′z;kz−qz−GzIkz→k′z , (14)

£¤¥

Gz =
2πm

a
, m = 0,±1,±2, . . . ,

Ikz→k′z =
AkzAk′z
BkzB

∗
k′z

Re
[
(D+B∗k′z −D

−Bk′z)Bkz
]
,

Bkz = sin(kz − iκ)a/2,

D+− =
sin[qz + i(κ ± κ′)]a/2

[qz + i(κ ± κ′)]a/2
. (15)

�ëà ¦¥­¨ï Ak′ ¨ Bk′ § ¢¨áïâ ®â k′z ¨ κ′, £¤¥ κ′
®¯à¥¤¥«ï¥âáï ¨§ (7) ¯®á«¥ § ¬¥­ë kz → k′z .

�ë ¢¢¥«¨ á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï:

x0 = κ0a/2, x = qza/2, A = Ωa/2,

z(x) =
[
x2

0 − p(1− cos 2x)
]1/2

,

p = 2x0 sh−1 2x0

[
1−

(
A

x0

)2(
1−

1

A

)]−1

.

�à¨ kz = 0 ª¢ ¤à â ¬®¤ã«ï ¬ âà¨ç­®£® í«¥¬¥­â 

à ¢¥­

|Iqz |
2 =

1

4

(
1+

sh 2x0

2x0

)−1(
sh 2z

2z
−

1−cos(2x) ch(2z)

ch 2z − cos 2x

)−1

×
(
sin2(x) ch2(z) + cos2(x) sh2(z)

)−1
{

1

x2 + (x0 + z)2

×
[
(x0 + z)+ch(x0 + 2z)−(x0 + z) chx0 cos 2x

− x sin 2x shx0

]
−

1

x2 + (x0 − z)2

[
(x0 − z) ch(x0 − z)

− (x0 + z) chx0 cos 2x−x sin 2x shx0

]}
. (16)
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�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ (9) ¨ (14), ¨§ (11) ¯®«ãç¨¬
¢ëà ¦¥­¨¥ ¤«ï ¯®«ïà®­­®© ¯®¯à ¢ª¨ ª í­¥à£¨¨ í«¥ª-
âà®­ 

∆Ek = −α~ω0
q0

2π2

2π∫
0

dϕ

∞∫
0

q⊥dq⊥

+∞∫
−∞

×
|Ikz→kz−qz |

2dqz

(q2
z + q2

⊥)
[
q2
z + q2

⊥ + 2m∆
~2 (1− cos qza)

]
×

(
1−

2k⊥q⊥ cosϕ− 2m∆
~2 [cos kz − cos(kz − qz)a]

q2
0 + q2

⊥ + 2m∆
~2 (1− cos qza)

)−1

,

(17)
£¤¥ q0 = (2mω0/~)1/2, α = (e4m/2~3ω0ε̄

2)1/2 —
ª®­áâ ­â  á¢ï§¨ �à¥«¨å , ϕ — ã£®« ¬¥¦¤ã ¢¥ªâ®à ¬¨

q⊥ ¨ k⊥.
�ç¨â ¥âáï, çâ® í«¥ªâà®­ë ­ å®¤ïâáï ­  ¤­¥ ¬¨­¨-

§®­ë. �®«ãç¥­­®¥ ¢ëà ¦¥­¨¥ à §«®¦¨¬ ¯® ¬ «®-
¬ã ¯ à ¬¥âàã 2k⊥q⊥ cosϕ/L (£¤¥ L = q2

0 + q2
⊥ +

(2m∆/~2)(1−cos qza)) ¤® ¢â®à®£® ç«¥­  (¯¥à¢ë© ç«¥­
à §«®¦¥­¨ï à ¢¥­ ­ã«î ¢ à¥§ã«ìâ â¥ ¨­â¥£à¨à®¢ ­¨ï

¯® ϕ). � âà¨ç­ë© í«¥¬¥­â ¡¥à¥âáï ¯à¨ §­ ç¥­¨¨

kz = 0. �®á«¥ ¨­â¥£à¨à®¢ ­¨ï ¯® ϕ ¨ q⊥ ¯®«ãç¨¬

∆E⊥ = ∆E0 + ∆E1, ∆E0 = −α~ω0F0,

∆E1 = −α
~2k2
⊥

2m
F1,

Fn =

∞∫
0

Φn(y)|I(λy)|2dy, n = 0, 1.

y = qz/q0, λ = aq0/2. (18)

�¢ ¤à â ¬ âà¨ç­®£® í«¥¬¥­â  |I(λy)|2 ®¯à¥¤¥«ï¥â-
áï ¨§ ¢ëà ¦¥­¨ï (16) ¯®á«¥ § ¬¥­ë x→ λy,

Φo(y) =
1

π

ln
(
R
y2

)
R− y2

,

Φ1(y)=
1

π

{
1

R2
−

2y2

(R − y2)3

[
ln

(
R

y2

)
+

2y2

R
−

y4

2R2
−

3

2

]}
,

(19)
£¤¥

R = 1 + (2p/λ2) sin2 λy.

�§ ¯®«ãç¥­­ëå ¢ëà ¦¥­¨© (18), (19) ¬®¦­® ¯®«ãç¨âì
§­ ç¥­¨ï Fn, á®®â¢¥âáâ¢ãîé¨¥ ç¨áâ® ¤¢ã¬¥à­®¬ã ¨

âà¥å¬¥à­®¬ã á«ãç ï¬.�à¥¤¥«ì­ë© ¯¥à¥å®¤ ª ¤¢ã¬¥à-
­®¬ã á«ãç î á®®â¢¥âáâ¢ã¥â Ωa → ∞. � íâ®¬ á«ãç ¥

¨§ (16), (9) á«¥¤ã¥â, çâ® |Iqz |
2 → 1, ∆→ 0 ¨ ¢å®¤ïé¥¥

¢ ä®à¬ã«ë (19) §­ ç¥­¨¥ ¯ à ¬¥âà  R → 1. �§ (18)
¨ (19) á«¥¤ã¥â F0 = π/2, F1 = π/8, çâ® á®®â¢¥âáâ¢ã¥â
ç¨áâ® ¤¢ã¬¥à­ë¬ §­ ç¥­¨ï¬ á¤¢¨£  í­¥à£¨¨ ¨ ¯®«ï-
à®­­®© ¬ áá¥ mp = m(1 + απ/8). �à¥¤¥« Ωa → 0
á®®â¢¥âáâ¢ã¥â ¯à¥¤¥«ì­®¬ã ¯¥à¥å®¤ã ª âà¥å¬¥à­®¬ã

á«ãç î. �à¨ íâ®¬ |Iqz |
2 → 1, ∆→ ~2/ma2, R→ 1+y2.

� íâ®¬ á«ãç ¥ F0 = 1, F1 = 1/6, çâ® á®®â¢¥âáâ¢ã¥â
mp = m(1 + α/6).

2. �¨á«¥­­ë¥ à áç¥âë

�«ï  ¯à®¡¨à®¢ ­¨ï ­ è¥© ¬®¤¥«¨ ¯à®¢¥¤¥¬ ­¥-
ª®â®àë¥ ç¨á«¥­­ë¥ à áç¥âë. � ¨¡®«¥¥ ¯®¤å®¤ïé¨¬
®¡ê¥ªâ®¬ ¤«ï ­ è¥© ¬®¤¥«¨ ï¢«ï¥âáï á¢¥àåà¥è¥âª  á

¬®­®á«®ï¬¨, ®¡à §ãîé¨¬¨ ª¢ ­â®¢ë¥ ï¬ë ¤®áâ â®ç-
­®© £«ã¡¨­ë. � íâ®© æ¥«ìî ­¥®¡å®¤¨¬® à áá¬®âà¥âì

á¢¥àåà¥è¥âªã, ®¡à §®¢ ­­ãî ª®¬¯®­¥­â ¬¨ á ¡®«ì-
è¨¬ à §àë¢®¬ ¨å §®­ ¯à®¢®¤¨¬®áâ¨ ∆Ec. �â¨ ãá«®-
¢¨ï à¥ «¨§ãîâáï ¢ á¢¥àåà¥è¥âª¥ InAs–GaSb á ¬®­®-
á«®ï¬¨ InAs. � ª ¡ã¤¥â ¯®ª § ­® ¯®§¤­¥¥, ¤­® ¬¨­¨-
§®­ë −~2κ2

0/2m à á¯®« £ ¥âáï ¤®áâ â®ç­® £«ã¡®ª®,
â ª, çâ® ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢® ~2κ2

0/2m > ~ω0.
� ª¨¬ ®¡à §®¬, ¬®¦­® ¤¥©áâ¢¨â¥«ì­® ãç¥áâì «¨èì

â®«ìª® ®âà¨æ â¥«ì­ë¥ á®áâ®ï­¨ï í«¥ªâà®­  ε < 0.
� ¤àã£®© áâ®à®­ë, ãà®¢¥­ì −~2κ2

0/2m à á¯®«®¦¥­

¤®áâ â®ç­® ¤ «¥ª® ®â ¬ ªá¨¬ã¬  ¢ «¥­â­®© §®­ë

GaAs. � ª¨¬ ®¡à §®¬, ¬ë ¯à¥­¥¡à¥¦¥¬ ¨ ¢«¨ï­¨¥¬

¢ «¥­â­®© §®­ë. �«¥¤®¢ â¥«ì­®, ¨á¯®«ì§®¢ ­¨¥ ¬®¤¥-
«¨ á ¥¤¨­áâ¢¥­­®© ¬¨­¨-§®­®© ¢¯®«­¥ ª®àà¥ªâ­®.

� áá¬®âà¨¬ á¢¥àåà¥è¥âªã á® á«¥¤ãîé¨¬¨ ¯ à ¬¥-
âà ¬¨: a = 150 Å — è¨à¨­  ¯®â¥­æ¨ «ì­®£® ¡ àì¥à 

(â®«é¨­  á«®¥¢ GaSb), è¨à¨­  ª¢ ­â®¢®© ï¬ë à ¢­ 

¯®áâ®ï­­®© à¥è¥âª¨ InAs a0 ' 6 Å, à §àë¢ §®­ ¯à®¢®-
¤¨¬®áâ¨ InAs ¨ GaSb ∆Ec = 830 meV [3] á®®â¢¥âáâ¢ã¥â
£«ã¡¨­¥ ª¢ ­â®¢®© ï¬ë.

�à®¨§¢¥¤¥­¨¥ £«ã¡¨­ë ¨ è¨à¨­ë ª¢ ­â®¢®©

ï¬ë ¤ ¥â ­ ¬ ®æ¥­®ç­®¥ §­ ç¥­¨¥ ¯ à ¬¥âà 

V0 = ~2Ω/m ' ∆Eca0 ' 5.10−8 eV · cm. �­ ç¥­¨¥

q0 ¤«ï GaSb ®¯à¥¤¥«¨¬, ¨á¯®«ì§ãï §­ ç¥­¨¥

íää¥ªâ¨¢­®© ¬ ááë m = 0.047me ¨ ~ω0 = 24 meV,
q0 = 1.8 · 106 cm−1. �®£¤  A = Ωa/2 = 2.55;

�ã­ªæ¨¨ Φ0(y) (1 ), Φ1(y) (2 ) ¨ |I(λy)|2 (3 ) ¯à¨ A = 2.55,
λ = 1.35.
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λ = q0a/2 = 1.35. �¥è¥­¨¥ ãà ¢­¥­¨ï (8) ¤ ¥â

x0 = κ0a/2 = 2.58. �á¯®«ì§ãï §­ ç¥­¨¥ x0, ®¯à¥¤¥«¨¬
¯®«®¦¥­¨¥ ¤­  ¬¨­¨-§®­ë −~2κ2

0/2m = −89 meV.
�§ (9) ¬ë ¬®¦¥¬ à ááç¨â âì è¨à¨­ã ¬¨­¨-§®­ë
2∆ = 13 meV. �â­®á¨â¥«ì­® ¡®«ìè®¥ §­ ç¥­¨¥

è¨à¨­ë ¬¨­¨-§®­ë á¢ï§ ­® á ¬ «ë¬ §­ ç¥­¨¥¬

íää¥ªâ¨¢­®© ¬ ááë í«¥ªâà®­  ¢ GaSb. �¨á«¥­­ë¥

à áç¥âë ¢ë¯®«­¥­ë ¯à¨ A = 2.55; λ = 1.35
¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã« ¬¨ (16) ¨ (19). � ª

¯®ª § ­® ­  à¨áã­ª¥, §­ ç¥­¨ï ¯¥à¥¬¥­­®© y, ¯à¨

ª®â®àëå ª¢ ¤à â ¬ âà¨ç­®£® í«¥¬¥­â  ®â«¨ç ¥âáï

®â ¥¤¨­¨æë, ¢­®áïâ § ¬¥â­ë© ¢ª« ¤ ¢ ¨­â¥£à «

(18). �¨á«¥­­®¥ §­ ç¥­¨¥ ¨­â¥£à «  (18) à ¢­®

F1 = 0.25. �¥à¥­®à¬¨à®¢ª  ¯®«ïà®­­®© ¬ ááë

F1 = (mp − m)/mα = 0.25 ¨¬¥¥â ¯à®¬¥¦ãâ®ç­®¥

§­ ç¥­¨¥ ¬¥¦¤ã ¤¢ã¬¥à­ë¬ F1 = π/8 = 0.375 ¨

âà¥å¬¥à­ë¬ F1 = 1/6 = 0.167 §­ ç¥­¨ï¬¨.
�«ã¡¨­  ¯à®­¨ª­®¢¥­¨ï ¢®«­®¢®© äã­ªæ¨¨ í«¥ª-

âà®­  ¢ ®¡« áâì ¯®â¥­æ¨ «ì­®£® ¡ àì¥à  ¯® ¯®àï¤ªã

¢¥«¨ç¨­ë à ¢­  1/x0 = a2κ0. � ­ è¥¬ á«ãç ¥

1/κ0 = 30 Å §­ ç¨â¥«ì­® ¡®«ìè¥ è¨à¨­ë ª¢ ­â®¢®©

ï¬ë. �«¥¤®¢ â¥«ì­®, ¢ íâ®¬ á«ãç ¥ ¨á¯®«ì§®¢ ­¨¥

¬®¤¥«¨ δ-®¡à §­®£® ¯®â¥­æ¨ «  ¢¯®«­¥ ª®àà¥ªâ­®.
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