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Á� ��Xlfå)ÔEâ�2�A^, ISNõü mÐ
$Ulf5\�Ô«f�¢�ïÄ. Ù

¥'u$Ulf5\�Ô«fpC�ÔnÅn, 8¥3lf5\��Ý–ßÝ©Ùþ. �
ü ��¦

^p��·� (LSS)nØÚTRIM§S5O�$Ulf5\�Ô«f��Ý–ßÝ©Ù, %uyO�(

J�¢�ÿþ(J��$�. ¤±3é�Ô«fqá�?1?nÚéLSSnØ?1?��Ä:þ, 3

��Cq�¹e, ^�AkÛ�{©O�[O�
200keV V+ Ú20keV Ti+ 5\s)Ú�s«f��

§©Ù, ��
�¢�(J�ÎÜ�­�. 3d�.Ä:þ, O�
Ó�Ð©^�ÚnØO��.eÃ

{l¢�þÿþ�N+ 5\�Ô«f��§©Ù, ÐÚ/�$UN+ 5\�Ô«f�§©ÙJø
�«

nØO��{.

'�c lf5\ LSSnØ �AkÛ�[ �§©Ù

1 Úó

lfå)ÔEâ´20­V80c�¥Ï,å��

«#�pCEâ. 1987c, {O��<ÇkmÐ
$

UN+ 5\Y�puCÉ¼�¤õ, �m
lfå)

Ôó§�ïÄS4
[1, 2]

. y3, ISk'N+ 5\�Ô

«f�¢�ïÄ®��
�½�¤J, cÙ´3N+

5\)ÔN��)��«)Ô�A�ïÄþ��
�

U�¤1. �´, k'N+ 5\�Ô«f��§©Ù�

Ã{l¢�þÿþ��. ¤±�©��â�Ô«f�

A:ÐÚ/ïá$UN+ 5\�Ô«f�§©Ù�n

ØO��{.

2 nØ�.�ïá

�
O��B, 3©z [3]¥, ·�®²é�Ô«

fqá�?1
©�?nÚ©Ñ��É8¥?n, 3

TïÄ�Ä:þ, �©éLSSnØ
[4]

�?Cq¥�>

fU�Sn0 (�©z [5])?1?�, ¦^TRIM§S©

OO�V+, Ti+ ÚN+ 5\s)«fÚ�s«f�Ø

-EUþ��êâ, ÏLÀJpdéê¼êéO�ê

â?1[Ü, �(½�ZëêµÚσ �� (þ�~ê),

§�éuØÓ�qá�ê�ØÓ. dd��§��Ø

-EUþ��

(

dE

dx

)

n

�5\lfUþE Cz�¼ê

'XXe:

1) V+ 5\s)

(

dE

dx

)

n

=ρ(L)×109
{

−0.513+1.54×104/

(

(2π)1/2σ(0.74E +0.65)
)

×

exp
[

−(lg(0.74E+0.65)−µ)2/(2σ2)
]

}

,

(1)

2) Ti+ 5\�s

(

dE

dx

)

n

=ρ(L)×109
{

−0.6885+1.51×104/

(

(2π)1/2σ(0.795E+0.8)
)

×

exp
[

−(lg(0.795E+0.8)−µ)2/(2σ2)
]

}

,

(2)

2006 – 04 – 23 Âv

* #õ�Æ21­V�ï�8(20030106)]Ï

1) E-mail:wanglinxiang23@126.com

311 — 315



312 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

3) N+ 5\s)
(

dE

dx

)

n

=ρ(L)×107
{

0.84+1.2×104/

(

(2π)1/2σ(0.74E +2.65)
)

×

exp
[

−(lg(76.9E+0.65)−µ)2/(2σ2)
]

}

,

(3)

4) N+ 5\�s
(

dE

dx

)

n

=ρ(L)×107
×5×0.889

{

0.62×104/

(

(2π)1/2
×σ(0.68E +1.7)

)

×

exp
[

−(lg(12.9E+4.15)−µ)2/(2σ2)
]

}

,

(4)

ª¥ρ(L)L«qá���Ý, E L«lf�Uþ. >

f-EÚåUþ���\�lfUþ�'XªØC,

�©z [5].

Ùg, du^LSSnØO�lf�qá�o-E

Uþ��
dE

dx
�, uy-EAglfÒÊ�
, �¢�

(J����, �
ÎÜ¢�(J, ·�é
dE

dx
?1?

�, ?��
dE

dx
=

(

dE

dx

)

0

•w, ÏL�¢�(J�'�,

�ª(½�Zw ��, w éuØÓ\�lfÚØÓq

á�´ØÓ�.

3 O�ëê�À�

¢ � ÿ � � s ) « f � ² þ � Ý ρ�

1.1002g/cm3, ds)�|©�©fª
[6]

O����

�C, H, OÚN��f�þ'©O´0.3175, 0.5940,

0.0125Ú0.0759, dd��s)«f�²þ�fSê

Z2�3.19, ²þ�þêM2�5.79u, 
V+ ��fS

êZ1�23, �þêM1�50.94u. Ón, ¢�ÿ��

s�«f��Ý ρ̄�1.4838g/cm3, d�s�|©�

©fª
[6], O�����C, H, OÚN��f�þ'

©O´0.3076, 0.5864, 0.0765Ú0.0295, dd���

s«f�²þ�fSêZ2�3.25, ²þ�þêM2�

5.0u, 
Ti+ ��fSê�22, �þê�47.95u. V+ Ú

N+ 5\s)«f�Ð©UþE0�200keV, Ð© �

X=0µm. Ti+ ÚN+ 5\�s«f�Ð©UþE0�

20keV, Ð© �X=0µm. N+ ��fSêZ1�7, �

þêM1�14u. 3O�¥, F (I)´'uqá��Ýë

þ���ê| (���¹e, s)«f�ÝëêF (I):

3.1, 2.17, 1×10−6, 0.2758, 0.01621, 1×10−6, 0.00822,

0.006, 0.005105, 1 × 10−6, 0.00485, 0.0045, 0.004,

0.0038, 1.5, 0.5, 1.4, 1.0, 0.1, 1× 10−6, 1.4, 1.0, 0.5,

2.0, 3.9; �s«f�ÝëêF (I): 2.82, 1.8, 1.7, 1.42,

1×10−6, 0.029, 1×10−6, 0.0115, 1×10−6, 0.008, 0.007,

0.006, 0.005, 0.004, 0.0033, 0.0029, 1×10−6, 0.0018,

1.5, 2.8, 2.5, 3.0, 2.5, 1.2, 3.9), P (L) = F (I)∗P0, P0 ´

s)«f½�s«f�²þ�Ý�, P (L)´z��q

á���Ý. ��[¢�^�, O�¥V+, Ti+ ÚN+

±�½�Ð©UþR�\�s)�¬L¡, Jl\�

�lfoê�10000�. �â«f¥�ÉÓoNÈ�

16%
[7]

, ·�3O�¥�«f�¬�þÝ�25µm, ò

Ù©�25�, z�þ�1µm, Ù¥�ÉÓ4�.

4 Ä�b�9O�

4.1 Ä�b�

1) b�lf�s)¥�f-E�Ä�þ�c$

Ä, ��3��Ø��� =�θ (lf-E��$Ä

���Ð©���Y�), b�zg-E�lf� =

�θ3

(

−

π

2
,
π

2

)

��S´�Å�, ��-EL§�C

q@�´��-EL§.

2) b½zg-E�lf¤r�Ú»∆l3À½�

(0—0.01µm)��S´�Å�.

3) O�¥��Ä\�lf�Uþ��, �Uþ�

�´�Å�.

4.2 O�6§

ã1�Ñ
O�6§µã. O�¥�O
3�Ì

�, Äk´lfÄ�, §L«10000�lf�Ì�; Ù

g´lf3qá�¥��Ì�, Ù¥3��b�¥�

)lf$Ä�½Ú��Ú»Ì�, 3��Ú��b�

¥Ñ´ÏL�älf´ÄÏLT�
?1��Ì�;

�ªÏL�älf�Uþ´Ä�", (½âf� �

¿?1z���lfê�ÚO. �â�AkÛ�{¥

�ê��ÅL§
[8]

, 3,�qá�¥Uþ�EJ(XJ)�

5\lf3XJ :�q�f-E���XJ+1 :, ÙU

þEJ+1(XJ+1)Ú�ÝXJ+1 �L«¤±e/ª:

EJ+1(XJ+1) = EJ(XJ)−∆E(XJ), (5)

XJ+1 = XJ +∆XJ , (6)

3��Cqe:

∆E(XJ) =

[(

dE

dx

)

J

•∆l

]

•fa1,

∆XJ = (∆l •fa2) •cos
(

π

2
fa3

)

,

(7)
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þ ª ¥ ∆l=0.01µm, fa, fa1, fa2, fa3 þ�N ^

ran1(idum)
[9]

�9§S�)��Åê, ran1(idum)�

)��Åê30—1þ!©Ù.

ã 1 O�6§µã

5 �[(J�©Û

5.1 (J'�

±þ3��b�e, ©O�[O�
200keV V+

5\s)Ú20keV Ti+ 5\�s«f��§©Ù, �

�
�¢�(J�ÎÜ�­� (�ã2). �
òO�

êâ�¢�êâ?1'�, ã2¥¤k�­�þUì

¸�?1
8� (=: ^¤��z��lf�êØ±

¸�?�lf�ê).

ã 2 ��b�O�Ú¢�©O���$Ulf5

\�Ô«f��§©Ù

(a) 200keV V+ 5\s)«f��§©Ù, (b) 20keV

Ti+ 5\�s«f��§©Ù, (c) 200keV�N+ 5

\s)«f��§©Ù, (d) 20keV�N+ 5\�s

«f��§©Ù. ­�CÚE´��b�e�[O�

�(J, ­�DÚF©O´©z [10,11]�¢�(J.

3d�.Ä:þ, ·�3Ó�Ð©^�ÚnØO

��.eO�
8cÃ{l¢�þÿþ�N+ 5\�

s«f��§©Ù. �
Bu'�, L1©O�Ñ


V+, Ti+ ÚN+ �5\lfßÝ���¤éA��§,

=��A�§R0, ­���p° (FWHM), lf��

qá�¥����§Rmax. dL1����CqO�

�k'V+ ÚTi+ 5\�Ô«f��A�§R0 Ú��

�§Rmax �¢�ÿþ(JÎÜ�Ð. lã2�±wÑ

�[O����­��¢���­��÷Ä�ÎÜ,

�­�c÷ÎÜ��, ¤±FWHMO�� �. du

¢�þ6��Ã{ÿþ�N+ 5\�Ô«f��§©

Ù, ¤±�©�O�(J´ÐÚ�, O��.�k�

u?�Ú�`z, ±BO�(J�\�Cý¢�¹.

L 1 O�Ú¢�©O���$Ulf5\�Ô«fk'ëþ'�

parameter R0/µm FWHM/µm Rmax/µm

200keV V+ peanut seed computational result 4 6 14

experimental result 4.25 8.6 13.6

20keV Ti+ cotton seed computational result 6 8 20

experimental result 6.0 12.16 21

200keV N+ peanut seed 6 4 12

20keV N+ cotton seed 8 3 20
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5.2 ?Ø

±þO�(JÚ¢�(J���­�c÷ÎÜØ

Ð��Ï�Uk±eA::

1) l¢�ÿþ¥uy, �¬5\¡æÈ
�þ�

5\lf, Ïd^×£>fw�º–UþÚÑX��

UÌ¤ (SEM-EDS)ÿþ5\lf�Ý–ßÝ©Ù�,

ÿþ":��{éÙK�é�, X=0?�êâéJÿ

O,    p.

2) l�[O�L§¥, uyÏLN���ëþ¦

�X=0?Ñylf�È�~(J, N�ØÐòK��

�­��r�Ú¸� �.

3) lO���.5w, éqá�?1©�Ú�É

8¥?n´�«Cq, ddïá�qá��.�¢S

�«f(��´k�É�, ¤±��O���¢��

k�½��O.

4) ,	«f�(�Z��O, «f�ÝëêF (I)

�N�é�[O��(JK���, O�Ú¢�(J

äk�½�AÏ5, ¤±O��.��?�Ú`z,

±BU¦ÙäkÊH�·^5.

d±þA:©ÛØJwÑ, X=0?�lfßÝÿ

þ� p, O�� $, �·��O�qá���.

'�o÷, �ý¢�¹e��Ô«f�3�O, ��

�ü^­��c÷ÎÜ�Ø�Ð, ?
K�
FWHM

�ÎÜ§Ý. XJ=l­��÷�p°5'�, dã2

�±wÑü­��´ÎÜ�'�Ð�.

6 (å�

�©�Ä
�Ô«f�A:, Ó�éLSSnØ?

1
?�, 3��b��.�Ä:þ�O
O�§S,

^Monte Carlo�{�[O�
200keV V+ Ú20keV

Ti+ ©O5\s)Ú�s«f��§©Ù, O�(J

�¢�(JÎÜ�Ð, 3d�.Ä:þO�
¢�þ

6�Ã{ÿþ�N+ 5\�Ô«f��§©Ù, �ï

Ä$UN+ 5\�Ô«f�§©ÙJø
�«ÐÚ�

nØO��{.
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Simulation of the Penetration Range Distribution for Nitrogen Ions

Implanted into the Plant Seed at Low Energy *

WANG Lin-Xiang1;1) ZHU Heng-Jiang1 WANG Shi-Heng2 WANG Xian-Ming1

1 (Department of Physics, Xinjiang Normal University, Urumuqi 830054, China)

2 (Department of Physics, Xinjiang University, Urumuqi 830046, China)

Abstract Following the widespread application of ion beam biological technology, more experimental researches on

low energy ion impletation into plant seeds has been conducted. In the studies of the physical mechanism, the emphasis

are put on the depth and concentration distribution of the ions implanted into the seeds at low energy. The calculations

directly using the LSS theory and the TRIM program for the distribution of ions implanted into seeds at low energy

are not in agreement with the experimental results. With considering targets and correctting LSS theory according to

the distinguishing texture of plant seeds, we calculated the penetration range distribution for vanadium ions implanted

into peanut seed at 200keV and for titanium ions energy implanted into the cotton seed at 20keV in two dimension

approximation by using the Monte-Carlo method. The calculation results are in agreemante with experiments. After

implated into the peanut seed or the cotton seed, the nitrogen ion range distribution, whith coold not be measured

so far, was also calculated with the same initial condition and theory model. This could be a preliminary method for

calculation of the range distribution of nitrogen implated into seeds at low energy.

Key words ion implantation, LSS theory, Monte-Carlo simulation, range distribution
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