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uÐ, IS½�I�,ï­lf�åËìC�. ¥

I�Æ�C�ÔnïÄ¤ (IMP)�3=²­lf\

�ì (HIRFL)XÚ¥ï�¥U­lf�åªà, é

­lf?1O(½ Ú°(Oê. TC�Ì��é

¥U­lf¿o�$U­lfå6 (ClfUþl

7MeV/u—100MeV/u), |^n|Üo4ßºrà�

/¤��å. �IS	ÓaC��', å6Uþp!

Uþ��°!âf«aõ, ¿�3YR��Ëì�¬,
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, î­K��åC��¬�, ¤±I�ÀJ

Ü·�(�!á��þÝ�ý�I.
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á��5�9 IMP�å

C�g��A:, ÐÚ(½ IMP�åËìC�ý�I

æ^ü«�O(�: �/(�Úµe(�; INá�

l�z7!à%�| (PC)ÚMylar¥ÀJ; q �¦

�U/�Cý�I, �Ä�¢S�U���SC°Ý,

ÐÚ(½3ý�I�150—500µm?.

IMP ¥ U ­ l f � å Ë ì C � � ý � Ý �

5× 10−5Pa, 3S	Ør��^eý�Iu)é�

�C/, IN�ý�¿S]�. A^�.k��Éå

©Û^��[O�IN���/C9��Von Mises

Aå, $^rÝnØ
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L 1 �/(�A«;.IN���Von MisesAåÚ�� £

���» þÝ �5�þ �� £þ ��Von Mises 4�rÝ½¯
á�

/mm /µm /GPa
Ñt'

/µm Aå/MPa ÑrÝ/MPa

�z7 0.25 2 300 0.27 5.36 464 750 (600)

0.5 4 10.625 466

à%�|(PC) 0.25 5 2.415 0.38 19.6 47.7 72 (57.6)

1 20 78.354 47.7

Mylar 0.25 5 3.8 0.4 16.507 55.7 80 (64)

1 20 66.153 62.9

5: �� £þ��´�INR���þá����C/; ��Von MisesAå�é�´ý�I¤ká�; 4�rÝ½¯ÑrÝ��¥)

ÒSê���ArÝ��0.8�.

µ e ( � æ ^ � ´ 	 µ 5mm×5mm, S µ

1mm×1mm, þÝ�200µm�7�, �½þÝ�ý�

Iá�^V|©���Ê37�þ. T(��`:

´7�©ú
�Ü©�íØå, ¦�ý�I�þÝ

�±��. ©Û��200nm��z7��� £�

0.47µm, ��Von MisesAå�273MPa; 500nm�à

%�|��� £�11.3nm, ��Von MisesAå�

5.15MPa; 500nm�Mylar��� £�0.8µm, ��

Von MisesAå�5.03MPa.
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�[lf�;,��

ý�¥å�º��1µm. å63²Lý��lI�,

duÉ0�¥�fØ>|��^, lfu)õg�

�ÝÑ�, �¦å��º�Ð°. ��ÝÑ�Cq�

pd©Ù. æ^SRIM§S
[9]

�[lf�Ô���p

�^, ÏLJllf3Ô�¥�DÑ��lf�>

fU�!ØU�!�§±9�A�Ül. �ÅÀ�

1000�lf?1�l, é �©Ù�pd[Ü, O�

lfî�Ñ���p°. ���í¥å��ªº�:

1µm-width∼1 µm+width, Ù¥width��´å6î

�Ñ���p°.

L 2 A«INá�#N���þÝ

��þÝ/µm
0�

7MeV/u Clf 50MeV/u Clf

�z7+500µm�í 1.5 40

�z7+200µm�í 6 130

�z7+150µm�í 10 170

à%�|+500µm�í 5 150

à%�|+200µm�í 25 340

à%�|+150µm�í 35 400

Mylar+500µm�í 5 150

Mylar+200µm�í 20 300

Mylar+150µm�í 30 340

INá�9þÝ�ÀJé�í¥å6��m©E

Ç9ý��S�5K�é�, �â�åC���O�

I——�í¥å��º��u2µm(FWHM), ��L

2A«INá�#N���þÝ. L3�Ñ;.�$U

C lf3A«ÿÀý�IÚ�í¥�DÑ�¹. Ù¥

�î��§��´lf30��Ñ�¡y!z ���

ÝK. (½Âlf�\����x¶, ¡��p�;�\

���R���I¶�y ¶!z ¶, ¡��î�. )ã2

�7MeV/u�C lfBLý�IÚ�í�¿¡ã.

L 3 7MeV/u�ClfBLý�IÚ�í0�

��î��§�p°

IN(� þÝ î��§ î��§

t/µm y/nm z/nm

�z7+�í 2+400 986.58 988.72

2+200 496.33 466.26

6+200 964.06 1063.30

0.2+200 131.33 127.01

à%�|+�í 5+500 843.51 963.07

5+200 345.49 330.72

20+200 789.59 856.93

0.5+200 84.56 89.94

Mylar+�í 5+500 966.14 952.46

5+200 380.95 414.90

20+200 978.78 983.26

0.5+200 91.56 99.70

ã 2 7MeV/u � C l f B L 5µm � z 7 Ú

200µm�í�x-y ¿¡ã
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ÏLéý�I�S�59å�Ð°©Û��: l

f�Uþ�p, å�Ð°��; INÚ�í��þÝ

��, å�Ð°��. �z7áy5á�, MÝ�
>

Ý�, ^µe(�'�Ü·, ����AåÑy37

�>�. à%�|ÚMylarákÅàÜÔá�, N´

u)/C, ^�/(�'�Ü·, ����AåÑy

3��>�; à����ý�I�±Ó����¬�

����zIN��¬��ål.
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5 (Ø

$^k��©Û^�ÚSRIM§S�[©Û�

�ü«ØÓa.�ÿÀý�I. 1) þÝ�200nm�

�z7µe(�ý�I (µe�þÝ 200µm, 	µ

5mm×5mm, Sµ1mm×1mm�7�á�). 2) þÝ

�5µm− 20µm�»�0.25mm− 1mm�/(��à

���. �í�þÝ200µm�¨.
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Vacuum Window of Intermediate Energy Heavy-Ion

Microbeam Irradiation Facility *
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Abstract The beam must be extracted into the air through the vacuum window to irradiate the living cell. In the

window design, the material and thickness must be chosen to compromise the beam spot size broadening and the

window safety. The structure-static analysis on the window of different structures and materials is done with the finite

element analysis method, and the deformation and the equivalent stress are simulated. The safety of these candidates

is investigated using the intensity theory. In addition, the small angle scattering and the transverse range of ions are

simulated using SRIM code, including all the effects on the beam spot size broadening, such as the incident ion energy,

the material and the thickness of the window and the air composing. At last, the appropriate vacuum windows are

presented, including the structure, material and thickness.
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