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|^1�5�n�{, �©O�
 B/N ü�, SiNWs, ±9¹kL¡]!�� B/N ü�,7B���oUÚ>
f(�, O�(JL², ]!��Ñy¬��ü�f�,��. U�(�©ÛL², B/N �,� H ðz� SiNWs L
yÑ�~� p/n A5, 
L¡]!� (dangling binding, DB) ��3¬�� p . (B �f) ½ö n . (N �f) �,��;

Ù����ÏÌ�´Ï�L¡]!�¤Ú\�"�U?Ð¼
 n .,� (p .,�) ¤�5�>f (�Ç); |^�©
f (SO2)áN�Ú]!��±å�-¹,���^, ?
¢y Si B���k��,.

'�c: �,��, 1�5�n, 7B��, ]!�

PACS: 31.15.es, 31.15.Ve, 61.72.−y, 61.72.Bd

1 Ú ó

7B�� (silicon nanowires, SiNWs) ´�«#
.���B�á�, Ù�N�»3 10 nm �m, S
Ø��´ü¬7, 	�k SiO2 ��C. SiNWs d
uþf���A, LyÑÚ¬Ná�ØÓ�5�,

U
þfu1, ¿�L¡©ÙXpÝ�]!�, ù

]!�UáN�þ�íN©f. duÙ¥Õ{
l�A, �±�¤ü>fì�, qduÙÕA�
1>5U, �±�¤äkÕA5U�1>ì�. d
	, SiNWs duÙ3V45¬N+ [1]!��u�
;ì!��U>³ [2,3]!)ÔDaì [4]!Ü6ì
� [5] Ú�Uì��+��2�¦^
�É'5.

cÙ´Cc5�º�Ú�� SiNWs �Ü¤, r¦
T+��ïÄ�u�\. ���5�Bþfì��
Ø%Ü©, Ü¤äk­½45���N p-n ((�
w�c�­�, Ïd p/n .�,ó²9Ù­½5�
ïÄw�c�­� [6,7]. Iori � [8] ïÄL², �,

�±k��N!7B�¬�1ÆÚ>f(�. ¦
�ÏL1�5�nO�L²ÃØ´ü�,��´
V,�Ñ�±k��UCO�NX�1áÂÚ1
u�A5. Ù�Ä
 B Ú P ü�,ÚV�,3�
»� 1.1—1.8 nm �7B�¥, O�L², �ü«
,�©Ù3B�¬L¡�C� ��, /¤U�
$. d	, �kïÄ�L² [6,8−10], B Ú P ��,
�±k��ü$NX�/¤U, r? p .�,�
/¤.

�dÓ�, kïÄL²3 SiNWs ���¥~
~¬Ñy���ðz [11]. Livadaru � [12] �ïÄ
L²
L¡]!��Ñy�©~�, ¿�kïÄL
², ]!��Ñyéu��N�5�kX­��K
�. ¯¤±�, ]!�L«NX"���>f, ù�
ò/¤��"�U?, @o�,Ú]!� (dangling

binding, DB) Ó�Ñyò¬éu>f(��K�´
No��QºÒ)ö8c¤���©z
ó, é�
kïÄö�Ä
 DB éu�,5��K�. �©[
æ^1�5�n��{ïÄ±÷X Si � (111) ¡
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)�� SiNWs��., ­:�Ä DB éuü�f�
, SiNWs �K�Ån.

2 �.ÚO��{

�
 ï Ä DB � � � SiNWs � , � �
� A, � © ï á 
 X e ã 1 ¤ « � � ..

O � � � . Ì � k H ð z � SiNWs(I P
� SiNWs@H), H ð z © O � , B, N � f
� SiNWs (IP� SiNWs@H+B Ú SiNWs@H+N),

¹ k � � ] ! � � H ð z � SiNWs (I P
� SiNWs@H+DB), ¹ k � � ] ! � © O �
, B, N � f � SiNWs(I P� SiNWs@DB+B

Ú SiNWs@DB+N), � © f (SO2) áN 3 DB ?
� H ðz� SiNWs(IP� SiNWs@DB+SO2), �
© f (SO2) áN 3 DB ? � H ð z � , B �
f SiNWs(IP� SiNWs@DB+B+SO2), �� 9 �

�. (�ã 1). �
`²¯K��B, �©À�
� SiNWs ´÷X (111) ¡)�, ù��±éÐ�;
� SiNWs ýL¡u)­� [13−16].

�©¤k�O�þæ^Äu�Ý�¼nØ�
²¡Å�^�³�{� VASP ^� [17] O��¤.

��'éUæ^2ÂFÝCq (generalized gradi-

ent approximation, GGA) ¥� PBE(Perdew- Burke-

Ernzerhof) Cq{ [18]. O�¥²¡Å�äU Ecut

�� 400 eV. 3£ãlf¢�d>f�m��p�
^�, À��d>f|�©O� Si:s2p2; O:s2p4;

H:1S1; S:s2p4, Ù ¦ ; � À�� > f ? 1 O �.

S�L§¥`zëê� 4 �; ü�fÂñ°Ý
� 1 × 10−5 eV/atom, �fm��p�^åÂñ°
Ý� 0.01 eV/nm, ¬NSAåÂñ°Ý� 0.05 GPa,

�f��� £Âñ°Ý� 0.0001 nm. oUþÚ
>Ö�Ý3é� Brillouin «�È©O�æ^ k :
��� 1 × 1 × 4 � Monkorst-Park �Y [19].

ã 1 �©ïá�O��.�«¿ã (a) SiNWs@H; (b) SiNWs@H+DB; (c) SiNWs@DB+X; X L«,��f (Ù¥7Ú��
¥L«�´ Si �f, �xÚ��¥L«�´ H �f, ÉÚ�L«�´,��f, �%�ùÚ�¥L«�´]!�� �)

3 (JÚ©Û

�
�ÐïÄ DB é SiNWs ��,�K�, Ä
kO� H ��ðzÚ B/N ü�, SiNWs NX�
>f(�´�©k7��. ã 2 w«
 H ðz�
Ú B/N ü�, SiNWs �U�(�. lã 2(a) ¥�
±wÑ,��ðz� SiNWs ´äk 1.82 eV �Y°
Ý���N, TO�(JÚ Cakmak � [20] �ïÄ
´���. �' H ðz� SiNWs �U�(�, X
ã 2(b) Ú (c) ¤«, B/N ,��Ú\¬�),�T
U?, ¦�B���U�(�w«Ñ�DÚ�7á
��q p .Ú n .A5. é'ã 2 �U�(��±
��Xe(Ø: 3 N �,NX¥, N ,�3B�¥
Ú\��,�U?, ¿�¦�¤�U?þ£, l


���� n .A��B��. lU�(�¥�±w
Ñ, N �,�B��NX¥�du�,
���,
�U??u�é��� �. �'Ù¦ïÄö�ï
Ä¥ N �,���,�U?Ñy3fU??, Ì�
��Ï�U´du N �f��, �¤���. B

�,NX¥�,�f�Ú\��
¤�U?e£,

¦�3 VBM Ñy²w�f,�U?, T,�U?
�Ñy, ´/¤ p .�>�5
. Ïd, �©ïÄL
², B/N �,ò¬¦� SiNWs �)�~� p/n .A
5, ùÚÙ¦Æö�ïÄ´���.

Ó��þ�¢�ïÄL², 3 SiNWs ���
¥  Ñy���ðz [11] ��¹. 3���ðz
� SiNWs NX¥, B��L¡�3X�þ�]!
�.�
ïÄ]!�éu SiNWs �,�K�, �©
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O�
¹k�� DB, �� DB+B, DB+N �n«Ø
Ó��¹, ÙU�(�ãXã 3 ¤«. lã 3(a) ¥
�±wÑ, DB �Ú\¬3¤�U?NCÑy��
�"�U?¥%, Ly���EÜ¥%. ã 3(b) L
², 3 DB+B �NX¥, du DB �Ú\��
¤
�U?�þ£, ��NXE,LyÑ��NA5,

�´ B �,��� p .A5��. Ó�ã 3(c) L
², 3 N+DB �NX, DB �Ú\��
¤�U?e
£, ¤�U?á�
ü�,�U?�¥mÜ , �
��
 N ��,���. dd�±`², DB ��
3ò¬K����NB����,A5, =���
�N�,��.

ã 2 H ��ðzÚ B/N �,� SiNWs NX�U�(�ã (a) SiNWs@H; (b) SiNWs@H+N; (c) SiNWs@H+B; (d) �ðz
� SiNWs(Ù¥J�L«¤�U?)

ã 3 ØÓNX�U�(� (a) SiNWs@H; (b) SiNWs@H+B; (c) SiNWs@H+N(Ù¥J�L«¤�U?)

éu�3 DB ��,B��NX,�
¦Ù¡
E�,¹5, ��{ü��{Ò´|^­�,½ö
´éÙ?1L¡?n�Ú]!�. ,
­�,�U
¬��,�»�B���5�¬N(�, l
��
7B���k�>f(�A�. ,	��¡, kï
ÄL²�©fL¡áN�±�Ð�)û�,��
�¯K. �©|^ SO2 �©fé B �,� SiNWs

L¡ DB "�?1�Ú, ÏL1�5�nO�, �
�Xã 4 ¤«�U�(�ãÚÜ©>Ö�Ýã.

ã 4(a) ¥�U�(�L²: SO2 �áNÖ�
 DB

]!�¤��>Ö, ¦�¤�U?Ú"�U?e£,

LyÑ��;.� p .�A�, l
�� p .� B

,��-¹. �
?�Ú`² SO2 ©fU
-¹ p

.,�, ¤�U?NC�Ü©>Ö�Ý�O�. X
ã 5(b) ¥�±uy¤�U?NC�>ÖÌ�Û�
3áN� SO2 ©fÚ B ,��±�, ù`²3áN
NX¥ SO2 ©f�áNU
­#-¹ B ,�. ¿
�, ù�(J`² SO2 ©f¦+��ØUJø�
Ç, �´§U
-¹ p . B ,�. �é{`, SO2 ©
f¤äk�>K5U
áÂL¡]!��5��
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á>f, �´Øv±ME�Ç, �´§Uå�­#
-¹ p .,���^.

ã 4 SiNWs@H+DB+B+SO2 �U�(�±9Ü©>Ö�
Ýã (a) U�(�; (b) Ü©>Ö�Ýã (Ù¥J�L«¤�
U?)

4 ( Ø

ÏL1�5�n�{ïÄ
L¡]!��
� SiNWs � p/n .�,���ÅnÚL¡�©f
ðz­-¹,���*å». ÏLO� H ðz
� SiNWs, H ðz©O�, B, N �f� SiNWs, ¹
k��]!�� H ðz� SiNWs, ¹k��]!
�©O�, B, N �f� SiNWs, �©f (SO2) á
N3 DB ?� H ðz� SiNWs, �©f (SO2)áN
3 DB ?� H ðz©O�, B, N �f� SiNWs

� 10 ��., ©ÛU�(�L², DB �Ñy¬�
�ü�f�,��, |^�©fáN�±å��,
Ú-¹,���^. O�w«L¡]!��±é�
Ç�Ð¼Uå, l
¤����,�Ä:5Ï�,

l
��
�,��. L¡ðz�@�U³�L¡
]!���). �©�ïÄòéïÄ7ÄB�(�
Úì�kX�½���¿Â.
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Abstract

First-principles calculations are employed to investigate total energies and electronic structures of the B/N doped silicon

nanowires, the B/N doped silicon nanowires with and without dangling bond (DB). And the calculation indicates that the DB would

lead to the doping failure. Band-structure calculations indicate that B/N doped silicon nanowires without dangling bond show regular

p/n type of the charge carrier, while the dangling bond would cause signal atom doping failure, which is not due to the transfer of elec-

trons, but results from the capturing of the electron (hole) by the defect energy level induced by the surface dangling bond. Moreover,

the small molecule adsorption can reactivate impurities doping p/n characteristics. The reactivation mechanism is not the transfer of

the electrons, thus it can hold the doping characteristics.

Keywords: doping failure, first principle, silicon nanowires, dangling bond
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