
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 117103

(InAs)1/(GaSb)1 ���¬¬¬���BBB������111������nnnïïïÄÄÄ*

��¸1)† x¡_2)

1) ( M�Tnó�Æ>í�>fó§Æ�, ó§>0�9ÙA^��Ü­:¢�¿,

ç9ô�>0�ó§­:¢�¿, M�T 150080 )

2) ( ç9ôó§Æ�O�Å�Æ�EâX, M�T 150050 )

( 2011 c 9 � 13 FÂ�; 2011 c 11 � 1 FÂ�?Uv )

��NB����B�ì���^«Úë�Ü©äkn��/G, r>f$ÄÚ�f±Ï5��3��(�
�¥. ÏLNá��®�A5, k�/ÀJá�|©¦B���$�(�`:�\âÑ. d	, ��±ÏLÙ¦�ª
5N�B��A5, X��B���»!¬NÆ)���!(��!L¡¬NÆ¬¡Ú�ÚÝ�SÜ½�k�A
5; �\>|!^|!9|Úå|�	ÜK�. Ná� InAs Ú GaSb �¬�~ê�~�C, Ïd InAs/GaSb É�(
�¬���é�, �)�¤�`û�ù	1>fá�. ,	, Ná� InAs 3�� III—V zÜÔ��N¥äk�$
�k��þ, ù¦�>f��3 InAs �� InAs/GaSb �¬�äkûÐ�Ñ$A5. �©ÏL1��nO�ïÄ¶
�÷ [001] Ú [111] ð ¶¬NÆ��� (InAs)1/(GaSb)1 �¬�B�� (eIL«©f½V�fü��êþ) �(
�!>fÚåÆA5, ±9§��B���» (�»�� 0.5—2.0 nm) �Cz5Æ. ,	, ©Û
	Ü�\�Aåé
>fA5�K�, �	
ØÓ�» (InAs)1/(GaSb)1 �¬�B���>f�>U?�¶�AC�Cz, l
(½�¬
�>fU���>C/³.

'�c: 1��n, InAs/GaSb �¬�, ��NB��, U�(�

PACS: 71.15.Mb, 73.21.Cd, 73.21.Hb, 71.70.Fk

1 Ú ó

d��N�¤�B��´�«^å4�2�
�$�(� [1], 3EâA^þké��dåÚc
µ. Cc5, gá (free-standing) ��NB��ÏÙ
AÏ�¬N(�±9ÕA�>fÚ1Æ5�
�
É'5. �ü9B�+ØÓ, B��éá��«a
vk�¦, �±d�«���á���
¤. B�
��)�Eâ3C��c��
×�/uÐ, B�
���Ý!�»Ú�þ®²U
°(�� [2]. 3B
����L§¥, �±÷B����UC|¤á�,
¦B���¹ØÓá��¡ã, /¤É�(� [3],
��ÏL3d�	>�C�����á�5��
� - �B��É�(� [4], (Üùü«EâÒ�±
3B��¥�Eþf: [5]. duB���(fÑ
�Ç'�$ [6], B��(�ò3)ÔÆ!1Æ!>

ÆÚ1>fÆA^¥¼�`��Ñ$A5 [7]. é
õ«��Ná�Ñ�±�(Ü��¤B��É�
(�, X¡ãª (segmented) B��Ú�¬�B�
�. Äuù
B��Eâþ�¤Ò, éõ>f!1
>fB�ì�, X�����4+ [8]!$�1>&
ÿì [9]!)ÔDaì [10]!>°Ä-1ì [11]! 
8¤B�>´ [12] ®²�±¢y.

duäkÕA�U�(�, InAs/InxGa1−xSb
�¬���ù	&ÿá�®²�2�/A^up
&ÿÇù	1>&ÿì, �âØÓ��¬�(�ä
kØÓ��AÅã, �)láÅ (0.7—2 µm) ��
�Å (14—30 µm) �ù	Ì, ù
Åã^uØÓ�
ù	XÚ¥ [13−15]. 
 InAs/InxGa1−xSb �¬��
$�(�, XB���, 7òwyÑAk�#A5,
é�U�k�/A^uù	1>&ÿì.

î8��, ®²kéõ'u InAs Ú GaSb B
���nØïÄ��, Pistol � [16] ^AC�'
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� k · p nØ, é÷ [001] Ú [111] ü����AC
¡ãª InAs Ú GaSb B���U�(�?1
O
�; Persson � [17] |^�f;åP�{, é��/
Ú��/î�¡�gá [001] InAs B���U�
(�?1
nØïÄ; dos Santos � [18] éð ¶
(�� [111] �� InAs B���åÆ!>fÚ(
�A5?1
1��nO�; Singh � [19] ÏL2
ÂFÝCq�lÞO��{, éØÓ/G GaSb B
���(�­½5Ú>fA5?1
nØïÄ;
Thelander � [20] é InAs B��Ú InAs/InP B��
É�(��>fÑ$A5?1
XÚ�ïÄ. ��
�y3, ÃØ´3nØO��´3¢�þÑ�vk
'u InAs/GaSb �¬�B��ïÄ���.

ð ¶¬N(�� [001] Ú [111] ���B�
�9Ù�õ>/î�¡ (��/Ú�8>/) AÛ
(�´¢�¥�~�� [21]. �©éÄuð ¶
¬N(�� [001] Ú [111] (InAs)1/(GaSb)1 �¬�
B�� (eIL«©f½V�fü��êþ) �(
�!>fÚåÆA5?1
1��nO�. O�©
Û
B���(�ÚåÆA5éB���» (�
») ��6'X±9>fA5��»ÚAå�Cz
5Æ, ¿�	
�¶�¬NÆ�� ([001] Ú [111])
éá�A5�K�±9�¬�B����¬��
«O.

2 O��{�nØ£ã

gá (InAs)1/(GaSb)1 �¬�B����f(
�!åÆA5Ú>fU�(�dÄu�Ý�¼n
Ø (DFT) �1��n�³²¡Å{?1O�, æ^
á�O�^� Materials Studio 4.3 ¥� Castep �¬
O�§S [22]. ���'�Ý�¼æ^2ÂFÝC
q (GGA) e� RPBE �¼ [23]. Kohn-Sham ü>f
Å¼êd²¡ÅÐm, ²¡Å���Uþ� 310 eV.
Ø�d>f��p�^ÏL�^�³ (ultrasoft
pseudopotentials, USPPs) 5£ã [24]. B����Ù
p�«þ� k :��3 Monkhorst-Pack 1 × 1 × 20
�: [25] þ?1, ±¦>foUþ�Âñ5�uz
�f 1.0 × 10−5 eV (P� 1.0 × 10−5 eV/atom). g
U|S��ÂñN=Ý�� 1.0×10−5 eV/atom, ±
¼�v
p�°Ý. |^�ÝFÝ�{�S��Y
éUþ�¼?1��z, ¦��^u�fþ�åÚ
XÚAå©O�u 0.03 eV/ÅÚ 0.05 GPa, ±d5
`z�f�IÚ��ºÝ, l
¼�²ï(�. 


¼�þÚÑt'd Castep §SO���5~ê5
¼�. éuNá�, æ^ GGA O�����Y°
Ý²w'¢���, �´¤ýÿ�U�A5'�°
(. �©¿�¦^°[�nØ�{5�� GGA �
Ø�, 
´^�²�� “scissor” �{ [26] 5���
Y°ÝO��, ¿�@�B��XÚ� GGA �Y
Ø���Ú�An�á��C. 3O�>fU��,
ò “scissor”����� 0.5 eV (ÏL InAs Ú GaSb
Ná�� GGA O���¢��?1'�¼�).

¤ïÄ�ð ¶ [001] Ú [111] InAs/GaSb �¬
�B���î�¡©O���/Ú8>/, ý¡©
O� 4 �Ú 6 � {110} ¬¡, �»©O�� D = 1,
2, 3, 4× (a Ú

√
3a/2), a �B��3R��¶�

� (»�) þ�ð ¶²ï¬�~ê. ã 1 �ù

�¬�B����f(�Úî�¡�«¿ã. L
¡�]!zÆ�^�� (pseudohydrogen) �f?1
zÆ�Ú [27]. 3¢Sï�ÚO��E,�±n�
±Ï5(�, �´�¬�B��ý¡±�kþÝ�
� 15 Å �ý��, ù��±;�3R��¶��þ
��ü�S�B���p�^, Ïd¢Sþ´éü
�B��?1O�. éAuo«ØÓ��», [001]
Ú [111] (InAs)1/(GaSb)1 �¬�B���©f½V
�fü�¥��fê (III+V x�f) ©O� 9, 25,
49, 81 Ú 7, 19, 37, 61(Ø�)���f). duð 
¶(�3 [111] ��þ�n�V�f (½©f) æ÷
�ª, Ïd, [111] (InAs)1/(GaSb)1 �¬�B���
z���3¶���þ�¹n� (InAs)1/(GaSb)1
©fV�, Xã 1(b) ¤«.

3B���ïÄ¥, vké�»?1²(�½
Â, �±�â¢SI�Ú�B5?1ØÓ�½Â.
�©r�»½Â��¹B��
Ø�)�Ú]!
��f (X���f) ��[�Î�î�¡�», =
î�¡	����». 3O�¥, B���NÈ�
5Ko�cÎÚ8�cÎ�NÈ. B��A5��
»�¼ê'X�,��»�½Âk', �§��C
zª³%��»�äN½ÂÃ', 
äNê�K�
B���¢SAÛ/GÚ���éA.

�
u�¤æ^O��{�°(5ÚO�
B � � ( � A5� � º Ý 4 � �, ^ � Ó � 1
��n�{O�
Äuð ¶¬N(�� [001]
Ú [111] (InAs)1/(GaSb)1 �¬��(�!>fU�
ÚåÆA5. 3>fgU|O�¥, Ùp�«È©
3 Monkhorst-Pack 5 × 5 × 5 �:þ?1 k :��.
L 1 �Ñ
O�����¬�AÛ`z(��²
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ï¬�~ê (��)!>fU��Y (���Y, 3
Ùp�«¥%) ±9)�¶�� (z) �
¼�þÚ
Ñt' (Pzx ½ Pzy). Ù¥, a, b, c ©O� x, y, z ¶�
��¬�~ê (x-y ��¬��²¡��, z �)�
¶��). �
Bu'�, ò InAs Ú GaSb Ná�3

�A��þ�åÆA5¢�� (§Ý T = 300 K)[28]

�uL 1. duð ¶(�3 [111] ���n�V�
fæ÷�ª, [111] (InAs)1/(GaSb)1 �¬��z��
�3)�¶��¢Sþ�¹n� (InAs)1/(GaSb)1
©fV�, ¤±)�¶��þ���¬�~ê��.

ã 1 �¬�B����f(� (��) 9Ùî�¡ (m�) «¿ã, B��ý¡�ð ¶{110}¬¡, dþ�e
©O� D = 1, 2, 3, 4 ×(a Ú

√
3a/2), ùÚ!f7Ú!�Ú!�Ú�¥©OL« In, As, Ga, Sb �f (a) [001]

(InAs)1/(GaSb)1; (b) [111] (InAs)1/(GaSb)1

L 1 [001] Ú [111] (InAs)1/(GaSb)1 �¬�²ï(� (AÛ`z) ���¬�~ê!>fU��Y Eg!)�¶��
�
¼�þ Y ÚÑt' P �O�(J±9 InAs Ú GaSb Ná��åÆA5¢�� (T = 300 K)[28]

a, b/Å c/Å Eg/eV Y/GPa P

[001](InAs)1/(GaSb)1 6.119 6.211 0.700 50.356 0.329

[111](InAs)1/(GaSb)1 4.443 21.702 0.502 89.507 0.216

InAs [001] 51.4 0.352

InAs [111] 96.7 0.222

GaSb [001] 63.2 0.313

GaSb [111] 103 0.195

3 (J�?Ø

3.1 (((���ÚÚÚåååÆÆÆAAA555

3Ná�¥, �zÆ�3á�L¡ä�
/¤
L¡��¬u)ü«L§, ©O�¡�µþÚ­�.
á�L¡�f�zÆ�¸ÚSÜ�f�,ØÓ, =
¦L¡]!�®²�Ú (ÏLa��f�), L¡�
f�zÆ�rÝE,k²w��É. ù«L¡�S
Ü�fzÆ�rÝ��Éò��á�L¡�SÜ
�¬�~êÑy²w��O, Ïd3L¡ÚSÜ�

f�m¬ÑyÜAå½ØAå,/¤��XÚ�²
ï¬�~ê, T²ï¬�~ê�6uá��L¡�
NÈ'. éu��»B��, �XL¡�NÈ'�
O\ (�»~�), ��XÚ²ï¬�~ê/¤, ù
´~�SÜAå�Ï���.

éu¤ InAs/GaSb �¬�B��, Ï�®²é
L¡]!�?1
zÆ�Úðz, ¤±��ÄL¡
�fµþL§, ¿@�L¡­�L§Ø¬u). O
���� [001] Ú [111] (InAs)1/(GaSb)1 �¬�B
���»�²ï¬�~ê a Ú

√
2a/2 ��»�C

z'X, Xã 2 ¤«. dã 2 �±wÑ, ²ï¬�~
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ê��»�~�
C�, ¿�3¤�	��»��
S®²²w lu [001] Ú [111] (InAs)1/(GaSb)1
� ¬ � 3 � ² ¡ � � þ � ² ï ¬ � ~ ê O �
� (ã 2 ¥Y²J�). ù« lL²TXÚ�L
¡¬�~ê'SÜ¬�~ê�, `²L¡É�Ü
Aå�^. AÛ`z�, o«�»� [001] Ú [111]
(InAs)1/(GaSb)1 �¬�B����»©O� 5.25,
10.60, 17.09, 23.74 Ú 4.69, 9.79, 15.28, 20.92 Å.

ã 2 [001] Ú [111] (InAs)1/(GaSb)1 �¬�B�� (NS)
�»�²ï¬�~ê��»�¼êCz'X, Y²J�L
«�A (InAs)1/(GaSb)1 �¬� (SL, n�á�) 3�²¡
��þ�²ï¬�~ê

ã 3 w«
 [001] Ú [111] (InAs)1/(GaSb)1 �
¬�B���
¼�þ��»�Cz'X, L²

¼�þ�O����»~�
²w~�, ¿�Åì
 luNá� InAs Ú GaSb 
¼�þ²þ�. ù
«CzÚ l´B��XÚ�L¡�fÚS��
f�ÔnÚzÆ�¸ØÓ¤�, ¿���6uNX
É��	Üå|, ÏdO����B��NX�k
�
¼�þ´Ó�5guL¡ÚS���z. �

(½Ú«©ùü«ØÓ��z, 7L^,«�{
5«©L¡«ÚS�«��f. du(½L¡«
��{¿Ø��, ¤±ò InAs/GaSb �¬�B��
�¶�k�
¼�þ� InAs/GaSb �¬�3)�
¶��þ�
¼�þ?1'�, ÏL§����5
NyB�á�L¡é
¼�þ�K�. ��B��
(��n�á��
¼�þ�É�6uL¡�N
È', 
éu5Ko�cÎÚ5K8�cÎB��
XÚ, L¡�NÈ'Ú�»�'X©O� 5.66/D

Ú 4.62/D. Ïd, B��(��
¼�þ YNS �d
±e¼ê[Ü:

YNS(D) = Y +
M

Dn
, (1)

Ù¥ M � �Ïf, ��u D = 1 Å B��(

��k�
¼�þ�n�á�
¼�þ Y ��
�. M Ú n ´ü��±N!�ëê. Xã 3 ¤«,
[001] (InAs)1/(GaSb)1 �¬�B���[Üëê M

Ú n �� −114 Ú 1.17; [111] (InAs)1/(GaSb)1 �¬
�B���[Üëê�K� −125 Ú 1.03. I�5
¿�´, ê�[ÜL§¥¤^� YNS Ú D �ü 
ØÓ, M �¬k¤ØÓ, ùpæ^� YNS Ú D ü
 ©O� GPa Ú Å. â·�¤�, y3�vk�^
5?1'��¢�êâ. ã 3 L², éu D < 3a

Ú 3
√

3a/2 �B��XÚ, L¡�K��~²w,
� [111] (InAs)1/(GaSb)1 �¬�B���
¼�þ
� lNá�����
. ü«��� InAs/GaSb
�¬�B���
¼�þ��»�Cz�~�q.
�©�	�(J�´3��»�k���S, �Ä
��»�	íê��AT¦þ&­.

ã 3 [001] Ú [111] (InAs)1/(GaSb)1 �¬�B�� (NS)
�
¼�þ��»�¼êCz'X, Y²J�L«�éA
� (InAs)1/(GaSb)1 �¬� (SL, D → ∞) �
¼�þ

ã 4 [001] Ú [111] (InAs)1/(GaSb)1 �¬�B�� (NS)
�Ñt'��»�¼êCz'X, Y²J�L«�éA
� (InAs)1/(GaSb)1 �¬� (SL, D → ∞) �Ñt'

Ï L O � ¤ ¼ � � [001] Ú [111] (InAs)1/
(GaSb)1 �¬�B���Ñt'��»�¼êC
z'XXã 4 ¤«. ã 4 ­�L², ü����¬
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�B���Ñt'Ñ��»�~�
O\, ¿�C
zª³�q, �O��»~�
O�.

3.2 >>>fffUUU���(((���

é [001] Ú [111] (InAs)1/(GaSb)1 �¬�B�
��>fU�(�?11��nO�, &?Ù��
»��6'XÚ�	ÜAå�^�Cz.

3.2.1 ��»��6'X
B��(��î� (R�uB��¶) þf

���^����Úd�U?�m�m� (�Y°
Ý) \�. éØÓ�» [001] Ú [111] (InAs)1/(GaSb)1
�¬�B���U�(�?1O�, (JXã 5 ¤
«. L 2 ¥�Ñ
�«�»�¬�B����Y
°Ý Eg O��. �âþfåÆ�üâf�²�
. [29], �Y°Ý� 1/D2 ¤�'. �´©z [30] �

Ñ,��»��NB����Y°Ý��»�Cz
 l 1/D2, üâf�²�.��. b½�¬�B�
��Y°ÝÚü�á�B��aq:

ENS
g (D) = ESup

g +
M

Dn
, (2)

Ù¥ ESup
g ��A�¬� (î�º�Ã¡�) ��Y

°ÝO��, M � �Ïf. O�(JÚé�§ (2)
�[Ü¼êXã 6 ¤«. [Ü(JL²�Y°Ý�
�»~�
O\��Ý�u 1/D2, [001] Ú [111]
(InAs)1/(GaSb)1 �¬�B���[Üëê M , n ©
O� 11.4, 0.79 Ú 9.5, 0.87(Eg Ú D �ü ©O
� eV Ú Å). du�Xý¡/î�¡'~�O\ (�
»~�) B��(�ò�\ l5KcÎ/G, ¤
±éu�©ïÄ���»XÚ, 3O�U�(��
c?1AÛ`z (¦�fµþ, ¼�²ï(�) �Ø
=é��º��é�f�é ��I?1`z.

ã 5 �¬�B���U�(�O�(J, l��mL«��»©O� 1, 2, 3, 4× (a Ú
√

3a/2), Y²J�L«¤�
U?�Uþë�: (a) [001] (InAs)1/(GaSb)1; (b) [111] (InAs)1/(GaSb)1

InAs/GaSb � ¬ � B � � � 1 6 f k��
þ (�¶��) ��»�Cz�NyÙU�(�
é�»��65, ã 5 �ß/L²��.Ü�­Ç
��»�~�ÅìC�, Γ :��>>fÚ��Ç
k��þ�O�(J�uL 2 ¥. ¦+ DFT/GGA
�{ØUO(O�U��Y, �´%UO(ýÿ
U��ÚÑA� (Uþ� k �Cz), Ïdk��
þ�O��'�O(. O�(JL², >fÚ�Ç
�k��þ��»�O�
~�, =�»�O\
¦16f�[£ÇO\, �±k�JpTá�N
X31>fA^¥�Ñ$A5. TCz5ÆÚÊ
Ï�ü�á���NB��aq, =B´3�»

���, O��>fk��þ���ANá�X
Ú�n�õ. 16fk��þ��»�Cz´Ï
�þf���^é>fU���^�X k (�¶�
�) ��ØÓ
Cz. ~X, Γ :����.��
»Cz�)� £þ' [001] ½ [111] ��þ�õ
ê k :���.U? £þ�. ��5¿�´, 3
k
 (InAs)1/(GaSb)1 �¬�B��¥, �Çk��
þ'>fk��þ��.

dué¡5éu�(n)>fÚ1Æ5�
� ~ ­ �, Ï d � © é ¤ïÄ � B � � X Ú �
é¡5?1©Û. 5Kî�¡ (ùp���/Ú
� 8 >/) � InAs/GaSb � ¬ � B � � Ú Ê Ï
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� InAs/GaSb �¬�äk�Ó�é¡5, = [001]
Ú [111] InAs/GaSb � ¬ � B � � 3 ) � ¶ (�
¶) ��þ©O� C2v Ú C3v :+é¡. Ïd,
[111] InAs/GaSb �¬�B���U�(�¥¬u
)�� (crossing), 
 [001] InAs/GaSb �¬�B�
��U�(�¥�¬u)��� (anticrossing). X
ã 5(b) ¤«, 3 [111] (InAs)1/(GaSb)1 �¬�B�
��U�¥, 3d�º (VBM) NCké¡5ØÓ�
ü�d� (Ù¥��´�­{¿�) u)��, ��
?� k : ��X�»�~�l Γ :�Ùp�«
>. (L :) £Ä, ��­{¿�d�3Ùp�«>
.�����; 3��. (CBM) NC, ü��ÚÑ
�� C1 Ú C2 Ñ����­{¿��ÚÑ�� C3

u)��. Xã 5(a) ¤«, [001] InAs/GaSb �¬�
B����� C1, C2 Ú C3 �m�/¤���¿
�3���?�U?©���. ù
3Ùp�«>
.NC�U���Ú�����
U�A���
»u)Cz. éu�»���B��(�, X([001])
½ L([111]) :� C3 ��.U?´�{¿�, ' C2

U?p. ��»� 3a ½ 3
√

3a/2 �, �� C2 Ú C3

3Ùp�«>.u)Cq�{¿; 
��»UY~
�� 2a ½ 2

√
3a/2 �, C2 Ú C3 3Ùp�«¥m

u){¿
/¤��� ([001]) ½�� ([111]); �

��»~�� a ½
√

3a/2 �, C2 Ú C3 �{¿:
Ú�� (½���) :��C Γ :, ¿� X([001])
½ L([111]) :� C2 Ú C3 u){¿. éu¤k��
¬�B��(�, Γ :� C1 U?´������
$U? (CBM). '�ã 5(a) Ú (b) �(Juy, l�
�U�5w, [001] �¬�B��U��UþÚÑ
²w' [111] �¬�B��U��UþÚÑ�. é
u [111] �¬�B��, �l�>�ºÜ��Ú.
Üd�A�Ø�3ÚÑ. ùp, b½¤�U?3�
Y�¥m �.

ã 6 [001] Ú [111] (InAs)1/(GaSb)1 �¬�B�� (NS)
�U��Y Eg ��»�¼êCz'X, Y²J�L«�
éA� (InAs)1/(GaSb)1 �¬� (SL, D → ∞) �U��Y

L 2 ØÓ�»� [001] Ú [111] (InAs)1/(GaSb)1 �¬�B����Y Eg, Γ : (�>) >f (m∗
e/m0) Ú��

Ç (m∗
lh/m0) k��þ�O��, m0 �gd>f�þ

[001] [111]
D/Å

Eg/eV m∗
e/m0 m∗

lh/m0
D/Å

Eg/eV m∗
e/m0 m∗

lh/m0

5.25 3.578 0.655 0.560 4.69 3.177 0.251 0.188

10.60 2.266 0.436 0.374 9.79 2.014 0.158 0.097

17.09 1.702 0.235 0.237 15.28 2.585 0.077 0.074

23.74 1.432 0.169 0.180 20.92 1.364 0.054 0.047

∞ 0.700 0.035 0.047 ∞ 0.502 0.025 0.034

3.2.2 �Aå�Cz

B��XÚ�U�(��É�Ù¦Ï��K
�, X(f����¬�C/é>fÑ$A5åX
'���^. Bardeen � [31] Äg��
�Å(f
¬é>f�>U?ÚÑ$A5�)K�, ù«K�
�±ÏLá�XÚ�þ!C/NyÑ5. ¬�C/
é>f���^�±^¡�C/³�k�³U5
£ã. TC/³�6uá�XÚ��m+!¬�Å
¥Ú>f�é¡5 [32].

� â U � C/³ � ½ Â, 3 Γ : ? CBM

Ú VBM �NC/³L«�

ai = ∂Ei/∂ ln(V ), (3)

Ù¥ Ei ´>f� i �Uþ���, V �á�XÚ
�NÈ. dC/³�±½Â�YC/U ag:

ag = aCBM − aVBM. (4)

éuB��XÚ, ²£é¡5�3���� (�¶
��) þ�±ØC, ¤±3B��XÚ¥>fU? i
�C/³L«� ∂Ei/∂ε, ε �¶�AC. Leu � [33]

^1��n�{O�
 [110] Ú [111] Si B���

117103-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 117103

C/³. �©é [001] Ú [111] (InAs)1/(GaSb)1 �¬
�B��� CBM, VBM Ú�Y�C/³?1
1
��nO�, (J�uL 3 ¥. 3O�¥, ±AÛ`
z�� (InAs)1/(GaSb)1 �¬�B��²ï(��
ÄO, UC¶�¬�~ê 1%¿Ó�`z»�º�,
ÏLO� Γ :� CBM Ú VBM Uþ����Cz
5¼�C/³, O�±ý�·�>fU?��ë�
U? (Uþ":). O�(JL², CBM Ú VBM �
C/³Ñ��»�~�
~�, ù`²�»��,
�>É	ÜAå��^Ò��. �»���, VBM
C/³��»�Cz' CBM C/³�\²w, 


�»���, �¹K��. Ïd, 3¤&?��»
��S, �YC/³��K�X�»�~�u)U
C. �YC/³��KCzÑy3�»� 3a ([001])
Ú 3

√
3a/2 ([111]) ��¬�B��¥, ù
�¬�

B����»�Cu���»�.�, 3d�.�
»�ü>, �Y�AåCz�ª³��. d	, �»
���, �YC/³3ÜAå (ØAå) �^eC
� (C�), 
�»���, �¹K��, Ù¥k
�
»��¬�B����YÉ	ÜAå��^¿Ø
²w.

L 3 ØÓ�» [001] Ú [111] (InAs)1/(GaSb)1 �¬�B��� CBM, VBM Ú�Yéu¶�AC�C/³ aVBM,
aCBM Ú ag O�(J

D/Å
[001]

D/Å
[111]

aVBM/eV aCBM/eV ag/eV aVBM/eV aCBM/eV ag/eV

5.25 −4.85 −7.91 −3.06 4.69 −4.09 −6.66 −2.58

10.60 −8.09 −9.71 −1.63 9.79 −6.69 −7.96 −1.27

17.09 −9.96 −9.76 0.20 15.28 −8.23 −8.17 0.07

23.74 −10.81 −9.46 1.35 20.92 −9.02 −8.03 0.99

B��(�3�¶��þ�AC�¬��B
��XÚ�»�C/, »�C/dÑt'5?1O
�. ,
, du3R�u�¶��þØ�3±Ï5
Ú²£ØC5, »�C/é>fU?��^��N
y�»��þf���^, 
ØUòÙ'éu,«
C/³. ¶�ACé>fU?�o�^d±eúª
£ã:

L0

(
dEi

dL

)
L=L0

=L0

(
∂Ei

∂L

)
L=L0

+ L0

(
∂Ei

∂D

∂D

∂L

)
L=L0

=
∂Ei

∂ε
− PD

∂Ei

∂D
, (5)

Ù¥, L L«B���Ý (�ACG�Cz), L0 L
«µþG�e�B���Ý, �ªm>1��L

«¶�C/³��^, 1��L«B��XÚ�
»�º�Cz���>fU? Ei � £þ (þ
f���^), ����Ñt' P ¤�'. �

©O�� (5) ªm>ü���^, �Äü«(�:
1) 3É�¶�	å�¹eu)¶�AC 3%, �
´»�º� (�») �±��u)¶�AC��
º��Ó; 2) �»�uu)¶�AC 3%�dÑ
t'����», �´�±¶�ºÝ��u)¶
�AC��ºÝ��. é D = a [001] Ú

√
3a/2

[111] (InAs)1/(GaSb)1 �¬�B��?1O�, d¶
�Ú»�C/����>��U? £þ ∆ECBM

Ú ∆EVBM �uL 4 ¥. (JL² Γ :��>U
? (AO´���>)  £þÌ�5
u¶�C/
³, ¶�C/�'�A»�þf��CzE¤�U
? £þ��A��A��.

L 4 D = 5.25 Å [001] Ú D = 4.69 Å [111] (InAs)1/(GaSb)1 �¬�B��u)¶�AC 3%�¹e, d¶�Ú»�
C/����>��Uþ £þ ∆ECBM Ú ∆EVBM

¶�AC 3%
¶�C/ »�C/

∆ECBM/eV ∆EVBM/eV ∆ECBM/eV ∆EVBM/eV

[001] D = 5.25 Å −0.247 −0.133 0.010 −0.012

[111] D = 4.69 Å −0.206 −0.114 0.006 −0.008
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� © é ¶ � A C � −3%—+3% � Ø Ó �
» [001] Ú [111] (InAs)1/(GaSb)1 �¬�B���
U�(�?1
O�. O�(JL², AC^�e
�U�(�A���AC�¹eaq (Xã 5 ¤
«), �k�»����¬�B����>U�ÚÑ
Ñy�²w�Cz, ��U��>fU?�AC�
ØÓÅìu)£Ä. Ïd, �©¿vkäN�ÑA
CeU��UþÚÑ'X (U�(�).

L 3 Úã 5 L², CBM U?3�»é���
¶�AC�Cz��, 3�»���Cz�²w,
¿�CzÌÝA�Ø2��»�O\
UC; VBM
U?É¶�AC�K�K�X�»�O�
Øä
Or. ¶�ACéØÓ>fU?��^ØÓ, Ì
��6u>fU���m©), ¦+3R�B�
�¶��þ>Ö�Ý�p�>fU��É��A
»�C/��^, ¶�©þ���>fU�É¶
�AC�K���. Ï� VBM U�äk��� p
;�¶�©þ, 
 CBM U�Ì�5
u s >f
�, ¤± VBM >fU�É�¶�AC�K��
�, ù��±ÏL��»XÚ��� aCBM Ú�
� aVBM NyÑ5. ¢Sþ, éu�»����¬
�B��, �¹�´Xd, �´�X�»�~�,
Ñt'ÚL¡/NÈ'�O�¦�»�C/é»�
©þ��>f���^�\âÑ. du CBM U�
Ì�´ s >f�, ¤±�»��»�C/��, �
� aCBM > aVBM.

16fk��þ�¬É�AC�K�, k��
þ�ACCz´Ï�ACéU�¥�:>fU?
��^� k u)Cz. �â�©�O�(J, C1 U
�� L :U?�¶�AC�Cz' Γ :U?²
w, `² C1 U�3 L :�>f�¶©þ�u3 Γ

:�>f�¶�©þ, l
��
 C1 U�ÚÑÚ
k��þ�¶�AC�UC
u)Cz. ù«�
6u k ��U�Uþ����¶�AC�Cz$
�¬�����Y�m��Y=C, l
�)4
p�>fk��þ. �»��, k��þ�� (X
L 2 ¤«), ù«du¶�AC����Ya.=C
Ò�N´u). �â�©�O�, ù«ØÓ�Y�
m�=Cu)3 −4% ¶�ACe� D = a [001]
Ú D =

√
3a/2 [111] (InAs)1/(GaSb)1 �¬�B��

¥, U�(�O�(JXã 7 ¤«.

4 ( Ø

Ï L 1 � � n O �ïÄ 
 [001] Ú [111]
(InAs)1/(GaSb)1 �¬�B���(�!åÆÚ>
f5�, ±9§���»Ú¶�AC�Cz. (½

»�²ï¬�~ê!¶�
¼�þÚÑt'�
�»�Cz'X, ¿uy§�²wØÓu�A�¬
�n�á� (D → ∞) �O��. ²ï¬�~êÚ

¼�þ��»�~�
~�, 
Ñt'%�X�

ã 7 (InAs)1/(GaSb)1 �¬�B��3 −4% ¶�ACe�U�(�, ±ý�·�>fU?��Uþ":, Y²J�
L«¤�U? (a) D = 5.25 Å [001]; (b) D = 4.69 Å [111]
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» � ~�
 O �. U � � Y � � » � C z   l
u 1/D2 (þfåÆüâf�²�.), ¿��»
�� lþ��. �>U��Uþ�����»�
Cz�6u k �, ��16fk��þ��»�~
�
O�. O�k��þ�, ¿vk�ÄL¡Ñ�

Ån, O�����guU�(�. O�
�YC
/³, uyÙ��»üNCz, �X�»�~�l
��Cz�K�. 3¶�ØACe����»XÚ
¥, �XAC�UC¬u)���Y�m��Y�
=C, ¿�ò�)4p��>>fk��þ.
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Abstract

As the active areas and the connection part, semiconductor nanowires have ideal shapes which are beneficial to restricting the

electron motion and atomic periodicity to one one-dimensional structure. The effective selection of material components in nanowires

can enhance the advantages of low-dimensional structures by analyzing the features of bulk materials. Furthermore, the nanowire

properties can also be tailored by controlling the internal or intrinsic characteristics such as diameters, crystallographic growth direction,

structural phase, surface crystallographic plane or saturation degree, and by applying external influences such as electric, magnetic,

thermal and force fields. The bulk InAs and GaSb have approximate lattice constants, thereby resulting in small lattice mismatch for

InAs/GaSb heterostructures that can finally be grown into excellent infrared optoelectronic materials. Moreover, the bulk InAs has the

lowest electron effective mass in binary III-V compound semiconductors, leading to high transport features for electrons distributing

most in InAs layers of InAs/GaSb superlattices. In the present work, the zinc-blend (InAs)1/(GaSb)1 superlattice nanowires (subscript

denotes the number of molecular or double-atomic layers) with [001] and [111] crystallographic wire-axes have been studied by first-

principles calculations for their structural, electronic and mechanical properties together with the rule of different nanowire diameters

(from ∼0.5 to ∼2.0 nm). We also analyze the stress effects from external forces and examine the electronic band-edge changes with

strain in wire-axis direction to determine the deformation potentials.

Keywords: first-principles, InAs/GaSb superlattice, semiconductor nanowire, band structure
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