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Á� ¦^�glf�Ì¤©Û
N\�� ."�éü¬Si¥5\B�f9*Ñ�K�. Si¥B�

f´ÏL30keV Blf¿§5\Ú\�, 5\Jþ�2×1014cm−2. Si¥N\�� ."�ÏLü«

�ª�): �´æ^40½160keV Helf5\ü¬Si�Jþ5×1016cm−2, ¿²800℃ò»1h; �´æ

^0.5MeV F½OlfËìü¬Si�Jþ5×1015cm−2. (Jw«, ØÓ�ª�)�N\�� ."�

þU³�5\�B�f3��9-¹ò»¥u)]mOr*Ñ�A, ¿�³���J�6ulf�«

aÚlf�Uþ. (Üß�>fw�ºÚ©Ù4�Ñ�©Û(Jé±þ³��A?1
½5�?Ø.

'�c ü¬Si � ."� B*Ñ �glf�Ì¤ ß�>fw�º

1 Úó

3y��5�Ú��5�8¤>´Eâ¥, $U

�,lf, XB, P�5\n.½p.ü¬Si´/¤p-n

(�Ì��å»��, �´, æ^~5�$Ulf�

,5\éJ��(�Ý�u100nm��fp-n(, Ù

�ÏÌ�´: 1) 3�,5\L§¥lf¬u)���

A; 2) lf�,5\¤�)�"�¬Úå�,�f3

���9-¹ò»L§¥u)�~�*Ñ, =]mO

r*Ñ�A(TED)
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Lý5\�)��¬L¡�½5\�ÏL^=�¬5

k�/;�; ,ÒTED�Aó, du§�u)�

5\��Úå�"����', ~5�¢�EâJ±

�Ñ. 8c5\�,�f39-¹L§¥u)�TED

�A®²¤��5�Ú��5�Si8¤>´Eâ¥

�äk]Ô5�¯K��. Ïd, �
÷vy�Si8

¤>´Eâ��uÐ�I�, 7LÏé�Siì�ó²

L§�oN�³��,�fTED�A�k�å».

®k�ïÄ(J®²¿©w«
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, Si¥5\�
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�TED�A
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Helf5\Si3���p§ò»¥¬/¤�n
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�
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A:, He5\�n3�5Siì�ó²¥äk�©2
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Û
HelfýËìé�¬¥�,5\B�f9*Ñ

�K�, ¿�æ^0.5MeV O½Flf�ý5\¤�

��(J?1
'�.

2 ¢�L§

¢�¦^��¬´n.ü¬Si(100) (P�f�,,

�,ßÝ��1015cm−3). Äk|^He, OÚFlf

é�¬?1ýËì, ±B3Si¥�)ØÓ«a�"

�. HelfËì�Uþ©O�40Ú160keV, Jþ�

5× 1016cm−2; O ÚFlf5\�Uþ�0.5MeV, J

þ�5×1015cm−2. Ëì�.�, éHe5\��¬?

1p§ò»?n, ò»§ÝÚ�m©O�800℃Ú1h.

ù
²ý?n��¬,�2�É30keV Blf¿§5

\, 5\Jþ�2×1014cm−2.

¦^ß�>fw�º(TEM)*ÿ
HelfËì

¿²800℃ò»1h3Si�¬¥�)��ú/m. �

¬���æ^DÚ�î�¡Á�{, >º©Û´3

JEOL 200CX.>fw�ºþ?1�, ÿÁó�>Ø

�120kV. æ^©Ù4�Ñ�Ì¤(RBS)é0.5MeV F

ÚOlfËì3Si�¬¥�)�"�?1
©Û, ¿

|^DICADA(Defects in Crystal Analyzed by Dis-

placed Atoms)§Sé¤ÿ��RBSÌ?1
)Ì,

dd��
 £"���Ý�©Ù, RBS©Ûæ^

�lfå�1.4MeV�He lf, �Ñ�lfdpX

ÝGe&ÿì5P¹. æ^�glf�Ì¤(SIMS)©

Û
�«^�eB�f��Ý©Ù±9p§9*Ñ

1�, SIMS©Û´3>fó�oúiU946¤?1

�, ©Ûæ^�Ð?lfå�2.5keV O+
2 , ×£¡È

250µm×250µm, uÿ��glf�Blf, Blf�

ÚÑUþ�450eV, uÿæ^�´pXÝ�Ge &ÿ

ì. B�f�9*Ñò»´3\9¬¥?1, ò»§

ÝÚ�m©O�800℃Ú30min.

3 ¢�(J

40Ú160keV HelfËìü¬Si¿²800℃ò»

1h�æ^TEM*ÿ��;.�ú/mL«3ã1¥.

éu40keV HelfËì, ���p§ò»3Si�¬¥

�)
��°Ý��200nm�n�(ã1(a)), T�n

��¥% u�¬L¡e�320nm�Ý?, Ù�n�

�»©Ù34—25nm, �A�²þ�»��11.0nm.

d	, *ÿ(J�w«, 3�n���¬L¡�m

�©Ù
�þº�����n(�u3nm), 3�n

��e�«�¥, A�Ø�3?Û/ª�"�, =�n

ã 1 ØÓUþ� Helf5\ Si¿² 800℃ ò»

1h��)��n/mTEMì¡

(a) 40keV; (b) 160keV.

ã 2 0.5MeV OÚFlfËìL�ü¬Siþ©Û

���RBSÌã

a��©Si �¬���Ì; b�0.5MeV O lfËì

L�ü¬Siþÿ����Ì; c�0.5MeV FlfË

ìL�ü¬Siþÿ����Ì; d��©Si�¬�Ã

5Ì.

��e�>.¥yb|��. 160keV HelfËì¿

²p§ò»�Ó�3Si�¬¥/¤
��°Ý��

150nm��n�(ã1(b)), §�¥% u�¬L¡e

�0.9µm��Ý?, T�Ý�TRIM§SO����

Helf�²þÝK�§(Rp ≈ 1.0µm)'��C
[15]
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¥�n��»©Ù34—26nm�m, Ù²þ�»��

11.0nm. Ó�3�¬�L¡��ú��m�«�¥�

*ÿ��þ��»�u3nm��n. ,	3�n�S

9Ùe�«�¥�*ÿ�
 ��!{311}�G"�

�mYf."�. ��, HelfËìü¬Si�¬, ²
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p§9ò»��)�Ì�´� ."�, =�n, �

n�/mÚ©Ù ��6uHelf�Uþ, Uþ�

$, �)��n���C�¬�L¡.

ã2�Ñ
30.5MeV FÚOlfËì�Si�¬

þÿþ���RBSÌã, æ^DICADAO�Å§S

éRBSÌã?1)Ì����A� £"���Ý

©ÙKL«3ã3¥. (Üã2Úã3�±�Ù/w

�, �ÓUþ�OÚFlfËìü¬Si��Ó�Jþ,

¤�)� £"�ßÝÚ©ÙA��Ó, ¿��� 

£"�ßÝ©Ù3ù
lf�²þÝK�§Rp NC

(Rp ≈ 0.9µm).

ã 3 � â ã 2 ( J æ ^ DICADA § S © Û Ñ

0.5MeV O Ú F lfËì3 Si�¬¥�)� 

£"��éßÝ��Ý©Ù

æ^SIMSÿþ���HelfýËìé5\B�

f*Ñ�(JL«3ã4¥. ��, 30keV Blf5\

¿²800℃ò»30min��
B�f�©Ùu)4�

�Ð°('�ã4¥©Ù�aÚb), ²HelfýËì

�, B�f�9*Ñ�²w/³�, ¿�³���J�

6uHelf�Uþ, Helf�Uþ�$, éB�f�

9*Ñ³��JÒ�wÍ(�ã¥�cÚd).

ã 4 SIMSÿþ(Jw«HelfýËìéB�f

9*Ñ�K�

a�5\��B�f��Ý�©Ù; b�800℃ò»Ú

å�B�fOr*Ñ; c�40keV HelfýËìéB

�f9*Ñ�K�; d�160keV HelfýËìé5

\B�f9*Ñ�K�.

ã5�Ñ
N\�0.5MeV O½FlfËìé5

\B�f9*Ñ�K�, dã¥(J�±wÑ, N\

�0.5MeV O½Flf�ËìÓ��±k�/³�9

-¹ò»¥5\B�f�Or*Ñ. '�OlfÚF

lfËì�J, ��FlfËì�³��J�'Ol

fËì�Ð.

ã 5 SIMS ÿþ(Jw« O ½ F lféÜËìé

5\B�f*Ñ�K�

a�5\�B�f�©Ù; b�800℃ò»Úå�B�

fOr*Ñ; c�0.5MeV FlfýËìéB�f9*

Ñ�K�; d�0.5MeV OlfýËìé5\B�f

9*Ñ�K�.

4 ?Ø

±þ(J�Ù/w«, 30keV Blf5\3��

�9-¹p§ò»¥¬u)²w�TED�A, ù«

TED�AÌ�´dB5\�)�LþmYfE¤�,

duLþmYf��), 39-¹ò»¥, §�¬�

B�fu)EÜ, l�)
�±£Ä�mYf�B

�f�EÜN, �´T«�$Ä�EÜN�3, ��


B�f39-¹ò»¥�*Ñ�²w/Or
[4]

. �

Blf5\ØÓ�´, keV Helf5\Si�)�Lþ

"�´� ."�(Ì�´V� )
[16]

. duHeíN

�f��3, §�¬ÏL[£*Ñ��ª?\� .

"�¥¿å�½ù
� ."���^, He�� 

."��EÜN�±ÏLÓ¼�õ�� ÚHe�f

)�¤Heí�, ���p§ò»K��¡��He

íNlí�¥)ÛÑ5, ¿ÏL�¬�L¡<º,

,��¡, Heí�¬)�¤���½��n, ù


�n�/¤®�TEMÿÁ(J¤y¢(�ã1(a)Ú

1(b)). ��� ."�, 3p§ò»¥�n¬�$Ä

�mYfu)�p�^, l¦�mYf�k�/Ó

¼3�nS. �n�±k�/Ó¼mYfù�A5®

²�Nõ¢�(J¤y¢
[14, 17, 18]

. �´duHe5\

�né$Ä�mYf�ù«Ó¼�A, ��
ë�B
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�fOr*Ñ�mYf�êþ~�, Ï����


B�f39-¹ò»¥�TED�A�³�. d	, d

uHelf5\Úp§ò»�)��n/mÚ�Ý©

Ù�6uHelf�Uþ(ã1(a)Ú1(b)), �$Uþ�

HelfËì�)��n��CuBlf5\«�, Ï

d, �n�±�\¿©/�Blf5\�)�Lþm

Yfu)�p�^, Ù(J7,¬��$UHelfË

ìéB�f�9*Ñ³��A�\²w.

¦+RBSÿþ(Jw«, OlfÚFlfËì3

ü¬Si¥�±�) £"�, ù
"�Ì�©Ù3

lf�²þÝK�§NC. ,ÏLÙ¦ÿÁ©Û

�{(X�>f�«Ì¤!ù	1áÂÌ¤�)®y

¢
[19, 20]

, MeVlfËìü¬SiÓ�¬�)� .

"�(Ì�´V� ), �ù
� ."���§"

à�mYf."�3�mþ´²w©m�, =� .

"�Ì�©Ù31/2²þÝK�§Rp ?. duù


� ."�©Ù�«����Cu30keV Blf5\

«(=LþmYf�)«), §�3��p§ò»¥©

)Ñ�� ¬�Blf5\�)�LþmYfu)�

«EÜ, dd��
Blf5\«�¥LþmYfê

8�~�, �A/, B�f�TED�A�Ò��
�

½�³�. ØL, du3Olf½Flf��§"à?

��3XmYf.�"�(�ã3), ù
"��¬3�

��9-¹p§ò»¥u)©), ©)Ñ�mYf¬

�L¡u)[£, ¿¬K��éB�fOr*Ñ�A

�³��Ç. ù«K¡K�®²�·�±c�¢�(

J¤y¢
[6]

. ,	, ã5¥�(J��Ù/w«
3Ó

��Ëì^�e, ¦+Flf�OlfN\Ëì3Si

�¬¥�)�N\"��ßÝÚ�Ý©Ù'��C,

,¦�éB�fOr*Ñ�A�³��J%²wØ

Ó. ù«�ÉÌ�5uF�fÚO�f�"�mØ

Ó��p�^, F��3���±�Blf5\�)

�mYfu)EÜ, )¤½�FÚmYf�EÜN,

ÏdFlfN\Ëì�±��k�/�ØB5\«�

¥�3�Lþ�mYf."�
[7]

. ��, O�f��3

K¬�� u)�p�^/¤��½�OÚ� 

�EÜN, ù«EÜ�J��
ë��«mYf."

��� ."�ê8�~�.

��, ���J�´, þãïÄ(J®²w«He

lfËì�)��n�±k�/³�5\B�f3�

�9-¹ò»¥u)�TED�A, (Ü®k�ïÄ(

J
[13]

, =He�n�±k�/Ó¼Si¥�3�k³7

á,�, �±��/JpSiì��$15U. Ïd·

��±íÿ, ���«ó²Eâ, HelfËìò¬3

y��5�Ú��5�Si8¤>´Eâ¥u��

��^, §3��Si8¤>´Eâ¤7I�p5U�

�fp-n(þòäk��A^d�.

5 (Ø

nþ¤ã, 30keV Blf5\ü¬Si, 3���p

§9-¹ò»¥5\B�f¬u)wÍ�TED�A.

æ^N\�keV HelfÚ0.5MeV F, OlfËìþ

�±k�/³�5\B�f�TED�A, ù«³��

^Ì��ù
lfN\Ëì�)�Lþ� ."��

'. éuØÓUþ�HelfËì¿²���p§ò»

ó, §��)�� ."�´©Ù3�¬¥ØÓ�

Ý?�n�, du�n39ò»¥�±k�/Ó¼L

þ�mYf, Ï¬³��LþmYf���'�B

�f�TED�A. éuOÚFlfËì, �)��

 ."�Ì�©Ù3Rp/2?�V� , V� 3ò»

L§¥�©)�±�«B5\�)�LþmYf.
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Effects of Additional Vacancy-Like Defects Produced by Ion

Implantations on Boron Thermal Diffusion in Silicon *

LIU Chang-Long1,2;1) LÜ Yi-Ying1 YIN Li-Jun1

1 (Department of Physics, School of Science, Tianjin University, Tianjin 300072, China)

2 (Tianjin Key Laboratory of Low Dimension Materials Physics and Preparing Technology,

Institute of Advanced Materials Physics Faculty of Sciences, Tianjin 300072, China)

Abstract The effects of additional vacancy-like defects on thermal diffusion of B atoms in silicon were investigated

by using secondary ion mass spectroscopy. B atoms were introduced into silicon by 30keV B ion implantation at a

dose of 2×1014cm−2, while the additional vacancy-like defects were produced by two different ways. One was via 40 or

160keV He ion implantation at a dose of 5×1016cm−2 and followed by an annealing at 800℃ for 1h, which produced

a well-defined cavity band near the projected range of He ions. The other was via 0.5MeV F or O ion implantation

at a dose of 5× 1015cm−2, which creates excess vacancy-like defects around the 1/2 projected range of F or O ions.

Our results clearly show that the additional vacancy-like defects could suppress the boron diffusion during subsequent

thermal annealing at 800℃ for 30 min. The suppressing effects were found to depend on both the ion type and ion

energy. The results were qualitatively discussed in combination with the results obtained by using transmission electron

microscopy and Rutherford backscattering spectroscopy.

Key words crystalline silicon, vacancy-like defects, B diffusion, secondary ion mass spectroscopy, transmission electron

microscopy

Received 27 December 2004, Revised 2 February 2005

*Supported by Starting Foundation of Tianjin University (W50301) and Scientific Research Foundation for the Returned

Overseas Chinese Scholars, State Education Ministry (413147)

1)E-mail: liuchanglong@tju.edu.cn


