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5þ31.0×1011—1.0×1016p/cm2 ���gCz�110keV�fËìÚå�§�æ

�915U�Cz, ¿¦^XPSÌ¤©Û
Ëì�¬zÆ��Cz. ¢�(JL², �f5þØpu

1.0×1014p/cm2 �, Ó«á��§�æ��¬��é1��ÇCzé�, Ó�Ó«á��¬�L¡zÆ

(�XzÆ £Ú���'~Czé�. �5þpu1.0×1014p/cm2 �, �¬��é1��ÇCz²

w, �¬L¡��fzÆ(�Cz�, zÆ £²wO\, ��'~CzwÍ, ¤k�¬L¡�C��

'~²wO�
O��'~²w~�. �½5þ�$U�fËìU
¦,
$��áÂÇαs �§�æ

����áÂÇC��$, äkUõ915U��J. �fËì��§�æ��¬L¡zÆ(��C

z��¬�Ôn5U�Cz�3���'é.
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ÓË�5þ�$U�fËìÚå�§�æ�91

5 U � C z, Ï L X � � 1 > f U Ì XPS © Û �

{©Û�fËìÚå§�æ�L¡zÆ(��U

C, ïÄØÓ5þ��fËìE¤§� æ� Ôn

5UCz�§�æ�L¡zÆ(�Cz���é

X, &?�fËìÚå§�æ�915 UC z�

Å�.

§�æ��¬��fËì¢�|^¥I�Æ�

C�ÔnïÄ¤�220kVlf5\Å�¤, å6Uþ

�110keV, Ñ�¿�ý��10−3Pa. �âÊUìá

3���$1�m�á, ¢�¥��f5þ(½�

1011—1016p/cm2 ��. ù�5þCz���¦å6r

Ý7L��30.01—50µA��S�N. ¢�¥ÏLn

ÜN!lf
!O�XÚ!^cXÚ�, ¢y
�f

å6r30.01—50µA���N.

§�æ��¬�O6«, =k�>.F46ÛÕ�

gL¡º!�>.àzæXÛ¾L¡º!xÖ!�=

ÀæÛÕ�gL¡º!¾Ê1��4�zL¡ºÚç

Ö��¬.

2 (J�©Û

dul ÿÁäk¤x�A, §�æ��¬�Ë

ì±9Ëìc�Ôn5U�©ÛÿÁÑAT3Ó�p

ý��¸¥�¤. 8cIS�vk3Ó�ý�G�e

Ó�¢y�pUþ��fËì�§�æ��¬5U�
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�¬915U
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¦^PerkinElmer Lambda 9 Spectrometer ÿþ, ÿ

þ � Å � � � � 200—2500nm. ¢ � ( J L ²,

1.0× 1011p/cm2 5þe100keV��fËìé6 «§

�æ�á���é1��ÇÄ�vkK�. �=À

æÛÕ�gL¡º!¾Ê1��4�zL¡º9ç

Ö�¬�|�fËìUå�é�r, 31.0× 1012—

1.0× 1014p/cm2 Ë�5þ��S, Ëìc���é

1 � � Ç C z é �; � 5 þ � � 1.0 × 1015p/cm2

�1.0× 1016p/cm2 �, Ëì��¬��é1��Ç

�Cz'�²w, �¬�915Ueü. ��f5þ

l1.0×1012 O\1.0×1016p/cm2 �, �>.F46ÛÕ

�gL¡º!�>.àzæXÛ¾L¡ºÚxÖ�¬

��é1��Ç3��1Åã9Cù	ÅãkO�,

5þ���½þ��q~�; �A���áÂÇαs �

�X�f5þO\
C�, 
�qC�. �fËì¦

¾Ê1��4�zL¡º�çÖ�¬�915U�ú

§ÝØ�, �oNþ�C���uÐ. ��5¿�´

3�½5þe$U�fU
¦,
$��áÂÇαs

�§�æ����áÂÇC��$, �
¦915U

k¤Uõ. �±&?ù«�Aéu���$��áÂ

Ç�§�æ��¢^5
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ã 1 §�æ��¬1��Ç��fË�5þ�C

z

(a) �>.F46ÛÕ�gL¡º, (b) �>.àzæX

Û¾L¡º, (c) xÖ�¬, (d) ¾Ê1��4�zL

¡º�¬, (e) çÖ�¬, (f) �=ÀæÛÕ�gL¡

º (d�¬��5þ=�1.0×1014p/cm2).

2.2 Ëì��¬L*Cz

3ØÓ5þ�fËì��, §�æ��¬�ôÚ

u)
ØÓ§Ý�UC, �¬L*ôÚ3©ÛÿÁ�

mS���±­½. ØÓá���¬31.0× 1011—

1.0×1013p/cm2 �5þËì�, �ÑySú�±*	

��L¡ôÚUC. 31.0×1014—1.0×1017p/cm2 5þ

��, �¬ôÚÑyCz. xÖæ��¬�fËì�

�ôÚCz�L1. �>.àzæXÛ¾L¡º�¬

31.0×1011—1.0×1014p/cm2 5þ��ôÚ�±��

Ú(7�), 31.0×1016p/cm2 5þeC���. �>.

F46ÛÕ�gL¡º�¬31.0×1011—1.0×1015p/cm2

5þ��ôÚ�±��Ú(ÕxÚ), 31.0×1016p/cm2

Ë�5þì�e��, 35þpu1.0×1014p/cm2 �

�, �¬L¡�ÑySú�±*	��[�«, 3

1.0×1017p/cm2 �f5þËì���¬�L*ôÚU

C��. §�æ�ôÚ�UC��K�1��Ç. §

�æ�Ëì��L*ôÚ�UC�91ëê�Cz�

m�3���'é.

L 1 xÖ�¬�fËì�L*ôÚCz

5þ/(p·cm−2) 6r/µA Ëì�m æ�ôÚ

1.0×1011 0.01 10s �Ú

1.0×1012 0.01 110s �Ú

1.0×1013 0.1—0.2 ∼ 110s �Ú

1.0×1014
∼ 1 ∼ 110s ��

1.0×1015
∼ 10 ∼ 110s f�

1.0×1016
∼ 10 ∼ 20min ��

1.0×1017 50—60 ∼ 45min j�Ú

²LØÓ5þ��fËì��, §�æ�L¡/

m�u)
�A�UC. du¤^��, ¢�¥�é

�þ�¬¦^�fåw�ºAFM�
/m©ÛÿÁ.

*	�ØÓ5þ��fËì��, �¬L¡/mu)


ØÓ§Ý�UC. oNþ, 5þ31.0× 1014p/cm2

±e�, /mCzØ²w½Cz�, 5þ2p�/m

UC²w. du*ÿ�¬�, J±�ÑXÚ5©Û.

AFMXÚ5/m©ÛkÏuXÚ*	ØÓË�^�

e§�æ�á��/mCz�n)§�æ�915U

Cz�Ån.
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3�½5þ�110keV�fËìe, §�æ��

915U!L*ôÚ!L¡/mÑu)
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*ôÚCz!L¡/mCz±9915UCz�m

�3'é5. Ëì�¤±U
Úå§�æ�Ôn5

U�UC, ´Ï�Ë�¦§�æ��zÆ(�u)
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��'~�u)
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k?�L¡©Û��, AO·ÜuL¡zÆ|�9¤
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. ¢�¥¦^VG ESCALAB210.

XPSÌ¤é�fËìc��Ü©�>.F46ÛÕ�

gL¡º§�æ��¬!�>.àzæXÛ¾L¡

º§�æ��¬�xÖ�¬�X��1>fUÌ©

ÛÿÁ(ã2), z«æ�¤ÿ�4��¬��fË�5

þ©O�0, 1.0× 1012, 1.0× 1014 Ú1.0× 1016p/cm2.

XPSÌ¤�-u
�Mg Kα (1253.6eV)
�Al Kα

(1486.6eV)
, ý�Ý�10−8Pa, 1>fUþÿþ�

��0—1200eV.

XPS©ÛÿÁL²(Xã2�L2¤«), 31.0×

1014p/cm2 �f5þ±e, z«á���¬L¡�«

�f�zÆ|�Cz��, Ù¸ =(ÜUCzé

�, zÆ £�é�, L¡��'~�Cz�Ø�. �

fË�´E¤L¡�¬L¡�«�f|�(ÜUÑ

yzÆ £����Ï. �5þ��1.0×1016p/cm2

�, ¤k�¬¥��«�f|� (AO´C 1s��O

1s�)�(ÜUCz²w, zÆ £O�, �¬L¡�

C��'~wÍO�Ó�O��'~wÍ~�; xÖ

�¬�Si 2p|��Zn 2p3|�Cz²w, �¬L¡

�Si��'~�Zn��'~wÍ~�; �>.F46Û

Õ�gL¡º��>.àzæXÛ¾L¡º�¬L

¡�Si 2p|�Cz²w, Si�f'~O\, �dÓ�

In 3d|��Sn 3d|�CzwÍ, In�f�Sn�f

'~~�.

ã 2 �¬3ØÓ5þ�fËìe�XPSUÌ

(a) �>.F46ÛÕ�gL¡º, (b) �>.àzæX

Û¾L¡º, (c) xÖ.

L 2 �fËìc�ØÓá��¬L¡zÆ|�∗

(ÜU/eV ��'(%)
�¬ |�

A B C D A B C D

O 1sa 531.84 531.62 531.85 532.69 14.988 13.934 13.293 18.307

O 1s 530.00 529.95 530.08 530.50 16.072 15.396 15.875 5.899

Sn 3d5 486.52 486.51 486.51 487.05 1.704 1.649 1.547 0.481

. In 3d5 444.67 444.67 444.67 445.15 23.357 23.601 22.848 7.065

C 1s 285.00 285.00 285.00 285.00 42.241 44.955 45.161 63.968

Si 2p 102.10 102.16 102.10 102.52 1.639 0.465 1.275 4.280

O 1sa 532.19 529.77 531.91 532.59 15.738 14.724 15.949 20.818

O 1s 530.14 527.84 530.08 530.32 19.426 20.826 19.376 4.778

Sn 3d5 486.58 485.70 486.52 486.87 1.800 1.793 2.002 0.743

/ In 3d5 444.69 444.69 444.73 445.03 16.990 18.089 17.683 4.081

C 1s 285.00 285.00 285.00 285.00 41.657 40.820 42.357 63.759

Si 2p 102.42 102.36 102.16 102.52 4.388 3.749 2.633 5.820

Zn 2p3 1022.20 1022.30 1022.26 1022.44 12.359 11.487 10.606 0.830

O 1s 532.71 532.59 532.65 532.84 29.847 28.657 27.208 22.083

0 O 1sa 530.73 530.65 530.95 531.01 12.158 11.610 13.523 5.435

C 1s 285.00 285.00 285.00 285.00 32.321 34.685 35.664 65.137

Si 2p 102.78 102.48 102.66 103.20 13.316 13.562 13.000 6.515

*�¬., /, 0 ©O��>.F46ÛÕ�gL¡º!�>.àzæXÛ¾L¡º!xÖ�¬. A—D 9©OéAu�f5þ0,

1.0×1012, 1.0×1014, 1.0×1016p/cm2.
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3ØÓ5þ�110keV�fËìe, 6 «§�æ

�á���¬�915UCz�L¡zÆ(��C

zØ¦�Ó. 1.0×1011p/cm2 5þ��fËìe�¤

k�¬�é1��Ç�L*ôÚÄ�vkCz, 3

1.0×1014p/cm2 5þ±e, Ëì��¬��é1��

Ç!L*ôÚ!/m9L¡zÆ(��)zÆ £

���'~Czé�; �5þ��1.0×1015p/cm2 �

1.0×1016p/cm2�, Ëì���¬��é1��Ç!

L*ôÚ!/m9L¡zÆ(�CzwÍ, �¬�9

15Ueü. �X�f5þ�O\, k
§�æ�X

�=ÀæÛÕ�gL¡º!¾Ê1��4�zL¡º

ÚçÖ�¬�915U÷XC���uÐ. ��uy

k
§�æ�, X�>.F46ÛÕ�gL¡º!�>

.àzæXÛ¾L¡ºÚxÖ�¬, 3�f5þO\

�1.0×1014p/cm2 �c, 110keV��fËì�
U


Uõ�¬�915U; 5þpud����¬�91

5UâC�. ù�y�ý«X·�Uþ�5þ��f

Ëì�Uéu���$��áÂÇ�§�æ�kÃ.

3�½5þ�$U�fËìe, §�æ��91

5U!L*ôÚ!L¡/m!L¡zÆ(�Ñ�Au

)Cz. �X�f5þ�O\, ù
Cz�Ñyäk

'é5. Ëì��§�æ�Ôn5U�UC�Ï3u

Ë�¦§�æ��zÆ(�u)
UC, =�¬L¡

�zÆ(��)zÆ¤©!d�(�ÚzÆ £��

'~�u)
UC.

�öa�¥I�Æ�C�ÔnïÄ¤@�²��
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XPS Study of Property Changes of the Themal Control Coatings

with 110keV Proton Irradiation *

WEN Wan-Xin1;1) YANG Sheng-Sheng2 WANG Li2

1 (Department of Radiation Medicine, Soochow University, Suzhou 215007, China)

2 (National Key Lab. of Vacuum & Cryogenics Technology and Physics, Lanzhou 730000, China)

Abstract Irradiation of 110keV proton beam with exposure ranging from 1.0× 1011 to 1.0× 1017p/cm2 onto the

thermal control coatings of 6 different materials was performed, the changes of thermal properties were investigated

and the surface chemical structure was analyzed by X-ray photoelectron spectroscopy XPS. It showed that the thermal

properties of all the specimens was no obvious change and the surface chemical structure such as the chemical shift and

elemental ratios changed little with the proton exposure less than 1.0×1014p/cm2. Nevertheless, the thermal properties

and surface chemical structure changed significantly with the proton exposure over 1.0×1014p/cm2, for all the specimens

the elemental ratio of C increased while the element ration of O decreased on the other hand. It is revealed that the

proton irradiation with proper energy and fluence could improve the thermal properties of some thermal control coating

of low solar absorptance. The changes both of the physics property and the surface chemical structure of the thermal

control coatings resulting from the proton irradiation took place in phase.

Key words thermal control coating, proton irradiation, reflectance, chemical structure
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