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1 Ú ó

�$L���«#.�B�(�, Cc5é§
�ïÄÚå
<�2��'5 [1−6]. duÙÛA
�AÛ(�Ú¤�A5, �$Läk¯õ`É�Ô
ná5 [7−11]. ~X, ¤�UNC�5�>fÚÑ'
X [8]!�~���ê�þf¿��A [9], 4p�>
f[£ÇÚ��Ñ�ål [10], Ú�p�9D�U
å [11]. ù
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1N� [17]. Ùg, §�±3ØI��\?Û	\
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�
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Ä
ÃSV�8��z'þf���>f5�. ·
�?Ø
ØÓÃSrÝe, ÃSV��z'þf�
�Úü�ÃS�z'þf�����Ý�ë�â
fê, ¿&?ù
NX�7á — ý�N5�. d	,

�
?�Ún)TNX�>f5�, ·��O�

3�k'Ú��fÃS��¹e, V�8��z'
þf�����Ý�ë�âfê.

2 nØ�.

ã 1 ¥�Ñ
·��O��., ã 1(a) L«V
�8��z'þf���.«¿ã. �¡S��f
Ú'�f�Oü�, kér��d�(Ü, '��
��á, � 0.143 nm, �¡m��fdéf���
uå(Ü, ¡må��, � 0.333 nm[17].

ã 1 V�8��z'þf���.«¿ã (a) �(�«¿ã; (b) ��:U�UÈ©U�½Â

·�æ^S�Ü;åPM�îþ?1O�, Ù
/ªXe:

H =
∑

i

εi | i〉 〈 i| +
∑
i 6=j

hij | i〉 〈j| +
∑
i 6=j

h′
ij | i〉 〈j| ,

(1)

ª¥ εi �1 i �:��:U, ·����f�:U:

εN = 4.6 eV, '�f�:U: εB = 0 eV. éu��f
�:ÃS��¹, εN � [−W1, W1] ��S��Å
ê; éu'�f�:ÃS��¹, εB � [−W2, W2]

��S��Åê, Ù¥ W1(W2) ����N
�,
rÝ�r�f. hij Ú h′

ij ��fm�SÈ©�. 3
Ó��S, éu�C���fm��SÈ©, ·�
���� −2.4 eV; éuÙ¦��C��fm��
SÈ©, Ñ�� 0 eV. 3����m, éuþeü�
�ÐéA (= x Ú y �Iþ�Ó) ��f, Ù��
� 0.3 eV; éuÙ§�¹, ·�Ø�ÄÙ�p�^,

�� 0 eV[17].

3 (J�?Ø

ã 2 � Ñ 
 V � 8 � � z ' þ f � � 3
V � Ã S Ú ü � Ã S � � � � Ý (DOS) Ú ë
�âfê (P (E)), Ù¥ P (E) ½Â� P (E)−1 =

∑
n ϕ(E, rn)4, ϕ(E, rn) L«Uþ� E ��Å¼ê,

P (E) ´^5£ãNXÛ�zrf���ëê [24].

P (E) ∝ N L«òÐ�, P (E) ∝ N0 L«Û��,

N ´NXo�âfê. dã 2(a) �±uy, ��,
rÝ W1, W2 �����, 3¤�U (E = 0) NC
��Ý×�eü, Ñy
��$�, 
3ü>Ù�
��, Ly�òÐ�; �X W1, W2 ���O�, �
�Ý���5��, 3��UÌ��SC�þ!©
Ù, ë�âfê���é¯�eü¿ª�u 0, N
X�Û�z§Ý�5�r. 3ã 2(b) ¥·��±
é�Ù�w��ÃS (V�) �,����ØÓ�
(J: �NX��,rÝ W1, W2 ��ÅìO��,

3Uþ Ec ≈ −5.2, 0, 4.7 Ú 9.8 eV ?, P (E) Ñy

aC, 3UÌ���Ñy
é²w�[£Ç>,

�)
Û��, ¿���«��Û�z§ÝÅì
Or; 
3UÌ¥
«�, ë�âfê����,
rÝ W1, W2 �O\Øä~�, Û�z§ÝC��
5�r, ,	·�w�, 3UÌ (−5.2 eV < E < 0,

4.7 eV < E < 9.8 eV) ��S, ��ÝÚë�âf
êã¥��3Xü�­½�Ü©, ��,rÝÃ',

Ly�òÐ�. d	, ·��ïÄ
ØÓ��NX
���ÝÚë�âfê�Cz�¹ (N = 220, 840,

1860, 3280), (J�þã��.
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ã 2 (a) V�ÃSe�ØÓÃSrÝV�8��z'þf�����Ý DOS Úë�âfê P (E); (b) ü�ÃSeØÓÃS
rÝV�8��z'þf�����Ý DOS Úë�âfê P (E) (NX�� N = 5100)
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ã 3 (a) ë�âfê P (E) �Uþ E �'X; (b) ØÓUþ
�eë�âfê P (E) �NX�� N �'X (Ù¥ W1 = 9,

W2 = 5)

[£Ç>Ñy��Ï�Xe)Û: þ��,

��M�îþ�L«� H∗
sup = Hsup − λ, e�

kS��M�îþ�L«� H∗
sub = Hsub − δ,

Ù ¥ λ = Hsup−sub(Hsub − E)−1Hsub−sup, δ =

Hsub−sup(Hsup − E)−1Hsup−sub, Hsup Ú Hsub �
Ð©�M�îþ, Hsup−sub(Hsub−sup) ´£ãþe
ü��p�^�M�îþ. �Uþ E > 9.8 eV

Ú E < −5.2 eV �, λ � é u Hsup é �, 3
U þ E � � u � , r Ý W1, W2 � ¹ e, �
� δ = Hsub−supH−1

supHsup−sub, �� W1,W2 → ∞
�, δ → 0, Ïd3rÃS�,�, P (E) é�, �)
���, Ñy
[£Ç>.
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ã 4 ØÓÃSrÝV�8��z'þf���U?m�©Ù
¼ê P (s) (Ù¥NX�� N = 5100)

�
L�NXÑy�7á�ý�N5�, ·�
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O�
ØÓ��NX�ë�âfê P (E), (JX
ã 3(a) ¤«. ã¥w«
3 W1 = 9, W2 = 5, N
X�fê©O� N = 220, 840, 1860, 3280 Ú 5100

�¹e�O�(J. lã�±wÑ, 3UÌ −5.2 eV

< E < 0, 4.7 eV < E < 9.8 eV ���S, P (E)

� N �O\
O\, 
3Uþ 0 < E < 4.7 eV,

E < −5.2 eV ½ E > 9.8 eV �, P (E) Ä��±Ø
C. �
��*�w« P (E) �Cz, 3d�
�
[��&?, ïÄ
Uþ�ØÓ��ë�âfê�
NX���'X. lã 3(b) ¥�±wÑ� 4.7 eV

< E < 9.8 eV �, P (E) ∝ N ; 0 < E < 4.7 eV �,

P (E) ∝ N0. ùL²3 −5.2 eV < E < 0, 4.7 eV

< E < 9.8 eV Uþ��S, NXLyòÐ�5�,

3 0 < E < 4.7 eV, E < −5.2 eV Ú E > 9.8 eV �,

NX´Û��, `²Uþ Ec(−5.2, 0, 4.7 Ú 9.8) Ò
´�)7á�ý�N=C��.�.

�?�Úy²NXÑy�7á�ý�N=C
5�, �ïÄ
ØÓÃSrÝ�U?m�©Ù¼
ê P (s) �Cz [28]. éu7áNX, Ù P (s) Ñlp
d©Ù: P (s) = π exp(−πs2/4)/2; 
éuý�N,

Ù P (s) ÑlÑt©Ù: P (s) = exp(−s). ã 4 L²
�Uþ 4.7 eV < E < 9.8 eV �, P (s) �±�Ð�
^pd©Ù¼ê5£ã; �Uþ 0 < E < 4.7 eV

�, P (s) Ä�þÑlÑt©Ù¼ê. ù2�g`
² Ec = 4.7 eV Ò´�)7á�ý�N=C���
.U, éuÙ¦��.Uþ Ec, (J½´Xd.

�
�Ð�n)8��z'þf��NX�
>f5�, ·�O�
3�k�½'�f�:ÃS
��¹e, �z'þf��NX���ÝÚë�â
fê. ã 5(a) L«3V���fÃS��¹eO�
¤��(J. � W1 �����, 3¤�UNC��
Ýâ,eü, �>Ù���, 
�X W1 ��O\,

3UÌü>��Ý��Åìeü, ë�âfê��
�Øäeü, NX�Û�z§ÝOr, �´¤�U
NC, �3X��é��¸, Ly�fÛ�z5�.

ã 5(b) L«3ü���fÃS��¹eO�¤�
(J, lã��3 W1 �ÅìO��L§¥, �ü�
�!'�fÃS¤O��(Jaq, UÌ����
Ñy
[£Ç>, UÌ¥% P (E) ��� W1 ��
O\Øä~�, �Ò´`NX�Û�z§ÝC��
5�r. du'�f��:U�, � 0 eV, � W1 �
����, ÃS§Ý�f, éNX�Û�z§ÝK
���, � W1 ��O��, ÃS§ÝO\, Û�z
�Cr; ,	lã�±uy, ��ÝÚë�âfê
Ñ�3Xü��é'�­½�Ü©, Ly�òÐ�
5�.
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ã 5 (a) V��ÃS8��z'þf�����Ý DOS Úë�âfê P (E); (b) ü��ÃS8��z'þf�����
Ý DOS Úë�âfê P (E) (NX�� N = 5100)
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��, ·�ïÄ
3V�'�fÃSÚü�'
�fÃS��¹eV�8��z'þf��NX
�>f5�. ã 6(a) L«3V�'�fÃS��
¹e�z'��NX���Ý DOS Úë�âf
ê P (E), lã¥é´uy3 W2 �����, UÌ
¥
Ñy��, �)
�Y, 
� W2 ���O\,

�Y�°ÝÅì~�¿����; 3UÌ��S,

Ñy
òÐ��Û��, �)
[£Ç>, ròÐ
�ÚÛ��©�m. �)��ÏÌ�´du� W2

�����, NX�ÃS§Ý��, Ï
Û�z§
Ý�f, � W2 �����, Û�zOr. ã 6(b) L

«3ü�'�fÃS��¹eO�¤��(J. d
ã�±wÑ3 W2 ��ÅìO��L§¥, UÌ�
�ììÑy
é²w�[£Ç>, ¿�� W2 ��
�, UÌ¥%���Ý� 0, �Ò´`3dUþ��
SÑy
��, vkâfêÓâ, ,
� W2 ���
��, Ù�ÑkUC, C¤
Û��, �þãã 5(b)

¥ü���fÃSaq; Ì�´Ï��z'´��
Ná�, ¥mÑy���ÙU�(�k', ���
�uU�¥��Y, Ä�þvkâfW¿, ¤±�
�Ý��é�. d	 P (E) ã¥��3ü�­½�
Ü©, � W2 ��O\Ä��±ØC.
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ã 6 (a) V�'�fÃS8��z'þf�����Ý DOS �ë�âfê P (E); (b) ü�'�fÃS8��z'þf��
���Ý DOS �ë�âfê P (E) (NX�� N = 5100)

4 ( Ø

ÄuS�Ü;åP�., ·�ïÄ
3ÃSV
8���z'þf���>f5�, O�
3ÃS
rÝUC�, NX���ÝÚë�âfê. (Ju
y, 3ü�ÃS��¹e, �XÃSrÝ�O\, U
Ì���Ñy
±Y�[£Ç>, rÛ���òÐ
�©�m; UÌ¥
�3Xü�­½�òÐ«, ¿

��,rÝ���Ã'; �)
7á�ý�N�=
C. �3V�ÃS��¹e, �ÃSrÝ�O\, >
f�Û�z�, NXLy�ý��. d	, ·��?
Ø
3�k�½'�fÃSe, V�8��z'þ
f���>f5�, O�(J�ü�ÚV�ÃS8
��z'þf����¹Ä���. ·��(Jò
�8��z'þf��3B�>fì��O9Ù
ÔnU5�¡JøkÃ�nØ��.
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Abstract

Based on the Anderson tight-binding model, the electronic properties of disordered bilayer hexagonal boron nitride quantum

films are investigated. Our numerical results show that the electrons in a disordered bilayer hexagonal boron nitride quantum film are

localized, presenting an insulating property. However, for the monolayer disordered bilayer hexagonal boron nitride quantum film, the

energy spectrum has persistent mobility edges which are independent of the disorder strength. This indicates that a metal-insulator

transition occurs in the monolayer disorder structure. This is similar to the case in an order-disorder separated quantum film. The

results could offer useful information for understanding and manipulating the electronic properties of bilayer hexagonal boron nitride

quantum films.
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