
Chinese Physics C (HEP & NP) Vol. 32, Or.,Mar., 2008

lf
ÚÑXÚïÄ

�áu
1)

w�+ ö¡) oO 

(¥I�fU�ÆïÄ� �® 102413)

Á� *ÐPiercenØ�A^��, ÏL)Û¦)Ñt�§Ú.¼�§, 3�½u�¡��¹e, ��


3�½å6rÝ�Ýe�G²1å	�m> ©Ù����{, ��ÚÑXÚ��OJø�½�

ë�.

'�c lf
 ÚÑXÚ ²1å

1 Úó

lf
ÚÑXÚ´û½ÚÑå65U�'�Ü

©. 3ØÓ�¦^|Ü, éÚÑå65UkXØÓ�

�¦. 3Nõlfå9\�ì��¥, ²1ÚÑå±

Ù3�Y����¥�Bu?n5, ��±5�É<

��'5. �Ä��m>Ö�A, lfå¬uÑ, 7L

^�½(��^|½>|éå6?1¬à, âU�y

å65U÷v�¦
[1]. PierceJÑ�±ÏL3å6±

�\þ·�(��>4, ¦§�)�>|�±Ö�l

få��m>Ö�A
[2, 3]

. PierceJÑù«�n, ¿3

�m>Ö��6
[3]

e, ��
²1�Gå�)Û)
[4]

,

��Daykin�Ñ
¶é¡ÎG²1å�)Û)
[5]

, 3

1957c, Radley3êÆþéù
)���5?1
©

Û
[6]

. ��5¿�´, ù
O�Ñ3�m>Ö��6

e?1¦)�, 
¢S¥duÙ¦Ï����, lf


��Ø´ó�3�m>Ö��6. �Xå6rÝ�

Cz, ÚÑ²1åNC�> ©Ù¬��Cz. �


�OÑ(�Ün�ÚÑ>4XÚ, I�
)ØÓå6

rÝÚÑ²1å±��> Cz�¹.

2 nØ©Û

�
��ØÓå6rÝ²1åNC> �Cz�

¹, ·��±æ^ù��Ônã�µ�â�m>Ö6

���A5
[3]

, éu>fl, u�¡L¡�>|rÝ

Ì��ûuü�Ï�: 1) �Cu�>4��m> ©

Ù; 2) u�>6¤NyÑ��m>Ö¤�)�> ©

Ù¶�ö�p�^, �ªû½u�¡þ�>|rÝ.

u�>6�ÅìO\, ò¬¦�Cu�>4�> Å

Úü$. ���u�>4L¡þ�|r~��", ù

��u�>6=��m>Ö��6. 
3¢S¦^¥,

  du
�u�Uå���, =¦�����u�

Uå, u�>6�ØU���m>Ö��6, ù�Ò

ØU¦u�>4L¡�>|rÝ�", u�¡þò�

3“�{>|rÝ”E0. ´�, �X>6l"O\��

m>Ö��6, E0 l���Åìü$�".

3lf
¥, u�¡�/¤Ú/G  '�E,.

du·�'%�´ØÓÚÑå6rÝé±�> ©Ù

�K�, ¿Ø´u�¡�/¤9/G, �
{üå�,

�±æ^�>flaq�b�, b½lf
�3��

b��“�½”u�¡, Ùþ|r�E0.

�
�B, 3e©��ã¥, òØ«©lfÚ>

f, Ú¡�“lf”.

3 Ì�O�L§

3.1 å6¶þ�> ©Ù

�â±þ©Û, �±b½lfu�¡��I�

z=0,lfÂ8¡��I�z0, ü�²¡ÑÃ��. U

ù��½�AÛü�, >|�A5��R�uùü�

²¡��Iz k'. Ó�b½lfu�¡¤?�> 

�V =0, Ùþ��{>|rÝ�E0, lfÂ8¡�>

 �Va. ÚÑlf�Ö�'^η L«, ε0�ý�e0

>~ê.

u´, d�m> ©Ù�Ñt�§, �±��Ã

��²¡m, å6�Ý�J ¤÷v��§:

d2V

dz2
=− J

ε0

√
2ηV

1

2

. (1)

2008 – 01 – 07 Âv

1) E-mail: lihuachen@ciae.ac.cn

304 — 306



Or. �áu�µlf
ÚÑXÚïÄ 305

I�÷v�>.^�






V |z=0 = 0,
dV

dz

∣

∣

∣

z=0
= E0

V |z=z0
= Va

. (2)

3>.^� (2)e¦) (1)�§, ���V ÷v�

�§ªXe:
(

−ε0

√
2η

3J
V

1

2 − ηε2
0E

2
0

3J2

)

×
√

− 4J

ε0

√
2η

V
1

2 +E2
0 −

ηε2
0E

3
0

3J2
= z . (3)

�z = z0 �, �±���½J ��E0 �.

éuå6�Ý�½��¹, =J ÚE0 �½, |^

(4)ªO�÷¶�� (z ��)V (z)��, ¿òV (z)C

q{z�

V (z) = Azb , (4)

ùpA, b©O´�J , E0 k'�~ê, �4/3 > b > 1.

V (z)=´ÚÑå6å6¶þ> ©Ù�L�ª.

3.2 å6NC�> ©Ù

�âPiercenØ, lÃ��²�m�Ñ�½/G

�å6, �±ÏLÀ�·�/GÚ> ¤�)�>|

5��¤�å6	Ülf�K�
[3]

. lÃ��²�m

��G²1å, 3å6	Ü�±ïá.Ê.d�§:

∂2
V

∂y2
+

∂2
V

∂z2
= 0 , (5)

Ù>.^��










V (0,z) = V (z) = Azb

∂V

∂y

∣

∣

∣

y=0
= 0

, (6)

|^EC¼ê5�, O�y > 0� (5)ª�)�

V (y,z) = A(z2+y2)
b

2 cos(barctan
y

z
) . (7)

-V =~ê, Ò�±��� ¡�/G. �ØÓ�

> �, Ó��Ä��Gå�é¡5, B�±��²

1�Gå	�m�> ©Ù.

~X, éu�þêA=2, >ÖêZ=1�lf, �

Va=40kV, z0=10mm�, å6�Ý |J | ≈215mA/cm2

�, |^þã�{�±��±��> ©ÙXã1(�

 �þ�êi�LÚÑ>ØVa ��ê)¤«. e¡�

Ä"> >4�/G. �V =0�, d (7)ª���Ý

β =
π

2b
(2k+1) , (8)

Ù¥k=0�, Ò�±��"> >43 (y,z)²¡�

²¡, §�z ¶¤Ü�

α =
π

2b
, (9)

�k=1�, α =
3π

2b
, �	�ò��1n��. �k >2

�, ª (8)Ã�.

�Xå6�ÝJ 30∼ Jmax (�m>Ö��6)�

mCz�, α ("> � ¡�å6>.¤¤��Ý)

ò390◦ �67.5◦�mCz, �L1.

ã 1 �GlfåNC�> ©Ù

L 1 å6�Ý |J |�α�'X

J/(mA/cm2) α/(◦)

307.756 67.5

285.816 69.528

270.537 70.871

252.015 72.348

214.704 75.236

170.185 78.508

119.202 82.122

62.323 85.961

0 90.0

4 (Ø

�©&?
�«3�½²¡u�¡�n��¹

e, )ÛO��½å6�Ý�²1�Gå	�m> 

©Ù��{. d�{Ø=¦^u�m>Ö6, 
�·

^u6r�u�m>Ö��6��¹. |^T�{�

±
)n��¹e²1å±�> ©Ù�å6rÝ�

Cz�¹, l
�lf
9>fl��OJø�½�

�Ï. ¢Só�¥, 
lf
�u�¡�¹  '�

E,, ,	duå6ÚÑ��»�A!�m>Ö¥Ú

±99Ð��Ù¦Ï��K�, ÿI�?�Ú?1ê

�O�âU��Ü·�ÚÑ>4(�.



306 Chinese Physics C (HEP & NP) Vol. 32

ë�©z(References)

1 ZHANG Yi-Chen. The Technique of Electron Gun and Ion

Beam. Beijing: Metallurgical Industry Press, 2004. 49—57

(in Chinese)

(Ü±�. >fl�lfåEâ. �®: �7ó�Ñ��, 2004.

49—57)

2 YU Qing-Chang. The Theory of High Current Ion Optics.

Beijing: Atomic Energy Press, 1982. 75 (in Chinese)

(���. r6lf1Æ�n. �®: �fUÑ��, 1982. 75)

3 Nagy G A, Szilagyi M (1974). Introduction to the Theory

of Space-Charge Optics. Mo Yun-long et al. Beijing: Sci-

ence Press, 1983. 118—127 (in Chinese)

(G. A. B3, M.Ü.|(1974) . �m>Ö1Æ�Ø. #�9�.

�®: �ÆÑ��, 1983. 84—85 & 118—127)

4 Pierce J R. J. Appl. Phys., 1940, 11: 548—554

5 Daykin P N. Brit. J. Appl. Phys., 1954, 6(7): 248—250

6 Radley D E. J. Electron. Control, 1958, 4(2): 125—148

Calculation of Extraction System of Ion Sources

CHEN Li-Hua1) CUI Bao-Qun JIANG Wei-Sheng LI Ai-Ling

(Department of Nuclear Physics, China Institute of Atomic Energy, Beijing 102413, China)

Abstract In order to extract parallel beam from ion sources, it’s necessary to design suitable electrode configurations

in extraction zone. Taking the effect of the space-charge into account, the electrode configurations should vary with

beam current density. A means of calculating extraction configuration of parallel beam with certain current density has

been evolved from the space-charge limited current. By solving Poisson equation and Laplace equation, the potential

distribution close to the strip beam has been gotten.
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