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Á� |^�Nf[+X���¬àßºéÓÚË�X��?1à�, ²ßº¬à�����»3

10µmþ?, �� �?�õÇ�ÝOÃ3103 þ?. 35.5—11.5keVUþ��S, ßº���»d

38µmC�29µm, ßºDÑ�Çd26.1%C�20.5%, ���¥% �£Ä
3µm; ßº�Ñ��å

Cz
155µm. 3þãßº5UïÄ�Ä:þ, ïÄ
T���ÓÚË�3�«EXAFS(Extended

X-ray Absorption Fine Structure)©ÛEâ¥�A^.

'�c f[+X��1Æì� ÓÚË� �«EXAFS

1 Úó

f[+X��1Æì�éX��à�¤�â�Ä

��n´X��3+SL¡õg����A. §�`

:´��ó²{ü!«aà�!Ed$í, �±é�

Åã�X��?1à�. �Nf[+X���¬àß

º�ü��!vk| Ü��õ�Àæ�N, SÜ´

d20—30��S»�3—15µm�üf[+�¤, �k

�üf[+�Ñ�à¡�{�Ú���ßº�Ñ��

� �, ¤±, Tßº�±ò?Û/G1uÑ�X

��¬à��/���.

�Xf[+X��ßºï�Eâ�? �Ú J

p
[1—3]

, §3X��©ÛEâ+��A^��5�2

�
[4—13]

. ISþ|^f[+X��1Æì�¬àÓÚ

Ë��A^ïÄ®²?1
�
&¢
[14—21]

, Ù¥�

Ü©´|^üf[+½ö´|Cf[+X��ßº¬

àÓÚË�
[14, 15, 17, 18, 20, 21]

, |^�Nf[+X�

��¬àßº5¬àÓÚË�?1�«EXAFS©Û

�
[16, 19]

, é¬à����ÓÚË��5�"y�[�

ÿ½Ú?Ø, �Xßº��� �9Ñ��å�Uþ

�'X�. þãù
5�´l¯�«XAFS©Û�

�ï<
¤AO'%�, Ï�?1EXAFS©Û�, I

���31keV�Uþ��S?1×£, ùÒ�¦3×

£L§¥, ²f[+X���¬àßº¬à����

ÓÚË�� ��½â1.

�©�[ÿþ©Û
�Nf[+X���¬àß

º¬àÓÚË��5�, ¿�ïÄ
Tßº3�«Ó

ÚË�EXAFS©ÛEâ¥�A^.

2 ¢�

2.1 ¢�C�

¢�3¥I�ÆEâ�ÆI[ÓÚË�¢�¿

X��áÂ°[(�1å�Õ�¤. ¢�C�Xã1

¤«. ¢�¥æ^��Nf[+X���¬àßº

d�®���Æ$UØÔnïÄ¤ï�, ÙAÛëê

XL1¤«. 5gV¬üÚì�ÓÚË�å��º�

�10mm×1mm, Uþ���4.1—12.5keV, d¿�º

��5mm×2mm, |^7á�×£��{ÿþ��

�».
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ã 1 |^X��ßº¬àÓÚË��«¿ã

a. 5gV¬üÚì�ÓÚË�; b. d¿; c. c>l

¿; d. �Nf[+X���¬àßº; e. �¬; f. �

>l¿.

L 1 �Nf[+X���¬àßº�AÛëê

�Ý/mm 49.2

\��»/mm 5.0

Ñ��»/mm 3.0

�¤ßº�üf[+êþ 289000

2.2 ¢�(J�©Û

2.2.1 �Nf[+X���¬àßºDÑ�ÇÚU

þ�'X

�Nf[+X��ßº�DÑ�Ç´�lßº

Ñ5�X��rÝÚ?\ßº�X��rÝ�'�.

ã2w«
�Nf[+X��ßº�DÑ�Ç�Uþ

�Cz'X. duX��u)�����.��XU

þ�O\~�, ù¦pUX��u)���ÏL

ßº��U5~�, ¤±ßºDÑ�Ç�XUþ�O

\ü$.

ã 2 ßºDÑ�Ç�Uþ�Cz'X�

2.2.2 �Nf[+X���¬àßº����ÚU

þ�'X

dã3��, Tßº����»�XUþ�,p

~�. ù´Ï�, éX��ßº5`, ���»�±

L«¤eª:

φ = 2r+2f2 tanθ
c
, (1)

Ù¥r �ßºÑ�àf�+�S�», f2 �ßºÑ�

�å. X���Uþ�p, f2 ��, �f2 �Uþ�ØÓ

Cz�ÌÝØ� (�ã5), �.�θ
c

�

θ
c
=

30

E(keV)
(mrad), (2)

Ù¥E �X���Uþ, d±þ©Û��, ���»

Ì�û½u�.�ÚUþ�''X, ¤±, ßº��

��»���XUþ�,p�~�.

ã 3 ßº���»�Uþ�Cz'X�

2.2.3 �Nf[+X���¬àßº��¥% ��

XUþ�Cz'X

ã4w«
�Nf[+X��ßº��¥%�p

� ��Uþ�Cz'X. 35.5—11.5keVUþ��

S, dV¬üÚìÑ5�3ßº\�?�ÓÚË�å

�3ç���£Ä
80µm, ßº��¥% �3

p�£Ä
3µm, `²�Nf[+X��ßºé1å

äk½�^. ù´du�Nf[+X��ßº´

�¤�1Æ��, §��� �ØÉ\�1å ��

�å.

ã 4 ßº��p� ��Uþ�Cz'X�

2.2.4 �Nf[+X���¬àßºÑ��å�U

þ�Cz'X

�Nf[+X���¬àßºÑ��å´�ßº

Ñ�à�ßº���m�ål. ã5w«
�Nf[

+X���¬àßº�Ñ��å�Uþ�Cz'X.

�Nf[+X��ßº�Ñ��åÌ�û½ußº�

AÛ(�, �3ßºAÛ(��½��¹e, ßº�

Ñ��å��X��u)�����.�k�f�'

X. dã5��, ßº�Ñ��å�Uþ�,p��

C�, ù´duX��u)�����.��XUþ

�O\~���Ï.
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ã 5 ßºÑ��å�Uþ�Cz'X�

2.2.5 38.5keVUþ:, ÷ßº¥%¶���, å�

���lmßºÑ�àål�'X

ã6w«
38.5keVUþ:, lmßºÑ�àØ

Ó �?�å��». Ù¥, ��å�=�ßº3T

Uþ:���. dTã�±�ä²ßº¬à�1å3

�� �c��uÑ�¹.

ã 6 lmßºÑ�àØÓ �?�å��»

2.2.6 ßº�� �?�õÇ�ÝOÃÚUþ�

'X

õÇ�ÝOÃ�½Â�: kßºÚvßº�, ß

º�� �?ü ¡Èþ�rÝ'. õÇ�ÝOÃ�

UeªO��Ñ:

Gain= transmission efficiency×sinput/(π×r2), (3)

ª¥sinput=5mm×1mm´\��ßº\�à�ÓÚ

Ë�1å�¡È, r ´ßº����».

ã7w«
ßº�� �?�õÇ�ÝOÃÚU

þ�'X.

ã 7 ßº���ê�Uþ�Cz'X�

2.3 ���ÓÚË�3�«EXAFS©ÛEâ¥�

A^

2.3.1 ÔÊ�EXAFSÌ

|^þãßº¬à����ÓÚË�ÿþ
Ô

Ê�ß�EXAFSÌ,Xã8¤«. ã8¥�“p¸”é

²w, `²TC��Uþ©EÇ÷vEXAFS©Û�

�¦.

ã 8 ÔÊ�EXAFSÌ

2.3.2 �«EXAFSÌ�)l

| ^ ¥ I � Æ E â � Æ I [ Ó Ú ¢ � ¿

XAFS ó � | ? � � NSRLXAFS ^ � � é Cu �

� � � « EXAFS Ì ? 1 
 ) Ì. Cu Ê � 1 1 �

  � � � [ Ü ê â X ã 9 ¤ «. Ù [ Ü � ( �

ë ê ( J �: R =0.253±0.003nm; Debye-Waller Ï

f σ2 � 0.000077±0.000006nm2; N =11.9±0.5; e0 =

2.8±0.3eV, ��[ÜL§��éØ��1.9%. é�Ó

CuÊ�¬, |^��:ÓÚË�ÿþ�Ì, Ù[Ü�

(�ëê(J�: R=0.254±0.002nm; Debye-Waller

Ïfσ2 �0.000075±0.000008nm2; N =11.9±0.4; e0

=2.7±0.5eV, ��[ÜL§��éØ��2.0%.

ã 9 11� ���χ(k)-k ¢��Ú[Ü�

3 ?Ø

Xã1¤«, 3ÿþEXAFSÌ�, c>l¿ u

ßº�c, ù�¬E¤¤ÿ�Ìk�
ÆC: duØ

ÓUþ�X��ÏLßº�DÑ�ÇØ��, ¤±ù



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

����EXFAS&ÒÉ�ßºDÑ�Ç�N�. ØL

ßº�DÑ�Ç�UþCzé�ú, ���D(3?

nEXAFS&Ò�Fp�C�L§¥Ò�ÈK
, Ï

dØK����(J.

Ï�ßº´��51Æì�, Ù¥
Ü©�DÑ

�Ç�p, ¤±Ac[à�N!ßº±B¿©|^ß

º�¥%Ü©. ã10w«
�Nf[+X��ßº�

\�àì¡, ÓÚË���mì��Nf[+X��

ßº�, ¤ì�Ü C��ãÚ (ïÄL², ùØK�

ßº�DÑ5U), �âãÚÜ©´Ä3ßº¥
, �

±�äßºà�N!L§´Ä¿©, dã10��, T

¢�¥éßº�à�N!´¿©�.

ã 10 ßº\�ì¡

d(1)ª��, �Nf[+X���¬àßº��

��»�Xßº�å�~�~�, �X�¤ßº

üf[+Ñ��»�~�~�, ¤±��âI�ï

����»?�Ú~���Nf[+X���¬à

ßº.

4 (Ø�Ð"

�Nf[+X���¬àßº¬à�ÓÚË��

������»ÚõÇ�ÝOÃ©O310µmÚ103

þ?; �Nf[+X���¬à1ßºéÓÚË�1

åäk½�^; ßº�Ñ��å�XUþ�Cz

u)��Cz; ßº����»ÚDÑ�Ç�XUþ

�CzCz.

|^�Nf[+X���¬àßº¬àÓÚË

�, du¬à�����»310µmþ?, ¤±�|^

T���?1�«EXAFS!�«X��F1±9Ù

¦�«X��©Û.

a�º%�ïÄ
(¥I�Æ�ÔnïÄ¤)é�

¢��'%Ú�Ï; a�Üûù�P�éÓÚË�^

r9�±���Ï; a�¥I�ÆEâ�ÆI[ÓÚ

Ë�¢�¿�·�Jø
p�þ�ÓÚË�±9Ú�

�¢��¸.

ë�©z(References)

1 SUN Tian-Xi, DING Xun-Liang. J. Appl. Phys., 2005, 97:

124904(-1)—124904(-7)

2 SUN Tian-Xi, DING Xun-Liang. Nucl. Instrum. Methods,

2004, B226: 651—658

3 SUN Tian-Xi, DING Xun-Liang, LIU Zhi-Guo et al. Acta

Optica Sinica, 2005, 25(10): 1436—1440 (in Chinese)

(�UF, ¶Ôû, 4�I�. 1ÆÆ�, 2005, 25(10): 1436—

1440)

4 DING Xun-Liang, HE Ye-Jun, YAN Yi-Ming. J. Beijing

Normal University (Natural Science), 1995, 31(Supp.):

75—79

5 DING Xun-Liang, LIANG Wei, YAN Yi-Ming. J. Bei-

jing Normal University (Natural Science), 1995, 31(Supp.):

40—50

6 DING Xun-Liang, LIANG Wei, YAN Yi-Ming. Nucl. Tech-

niques, 1996, 19: 164—169 (in Chinese)

(¶Ôû, ùè, ô�´. ØEâ, 1996, 19: 164—169)

7 DING Xun-Liang, HE Ye-Jun, YAN Yi-Ming. X-Ray Spec-

trom., 1997, 26: 374—379

8 DING Xun-Liang, LIANG Wei, YAN Yi-Ming. J.Trace and

Microprobe Techniques, 1997, 15(4): 647—652

9 DING Xun-Liang, HE Ye-Jun, XIE Jin-Dong et al. Pro-

ceedings of Japan-China Joint Seminar on Atomic Level

Characterization. 1998, 112—117

10 DING Xun-Liang, XIE Jing-Dong, HE Ye-Jun et al. Ta-

lanta, 2000, 53: 17—22

11 DING X, GAO N, Havrilla G. SPIE 4144, 2000, 174—182

12 DING Xun-Liang, LIU Zhi-Guo, YAN Yi-Ming et al. X-

Ray Spectrom., 2004, 33: 67—73

13 Bjeoumikhov A, Bjeoumikhova S, Langhoff N et al. Appl.

Phys. Lett., 2005, 86: 144102—144102(-3)

14 Bartoll J, Rfhrs S, Erko A et al. Spectrochimica Acta Part,

2004, B59: 1587—1592

15 Hofmann F A, Freinberg-Trufas C A, Owens S M et al.

Nucl. Instrum. Methods, 1997, B133: 145—150

16 Kuhbacher M, Weseloh G, Thomzig A et al. X-Ray Spec-

trom., 2005, 34: 112—117

17 Sirenko A A, Kazimirov A, HUANG R et al. J. Appl. Phys.,

2005, 97: 063512—063512(-7)

18 Vincze L, Somogyi A, Osan J et al. Anal. Chem., 2002, 74:

1128—1135

19 Proost K, Vincze L, Janssens K et al. X-Ray Spectrom.,

2003, 32: 215—222

20 Rindby Anders, Engstrom Per, Janssens K et al. Nucl. In-

strum. Methods, 1997, B124: 591—604

21 Vincze L, Janssens K, Adams F et al. Rev. Sci. Instrum.,

1998, 69(10): 3494—3503



1 10 Ï �UF�µ�Nf[+X���¬àßº3�«EXAFS©ÛEâ¥�A^ 971

Application of Monolithic Capillary Half Focusing X-Ray Lens in

Micro-EXAFS Analytical Technology

SUN Tian-Xi1 LIU Zhi-Guo1 WEI Shi-Qiang2 HE Bo2 WEI Zheng2 YANG Jun1

ZENG Yi1 LIN Xiao-Yan1 CHU Xue-Lian1 DING Xun-Liang1;1)

1 (The Key Laboratory of Beam Technology and Materials Modification of Ministry of Education, Beijing Normal University,

Institute of Low Energy Nuclear Physics, Beijing Normal University, Beijing Radiation Center, Beijing 100875, China)

2 (National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029, China)

Abstract A monolithic capillary half focusing X-ray lens (MCHFXRL) is used to focus the synchrotron radiation.

The magnitudes of the focal spot size and gain of the synchrotron radiation microbeam focused by the MCHFXRL are

in the orders of 10µm and 103, respectively. In the energy range from 5.5 to 11.5keV, the focal spot size varies from 38

to 29µm; the transmission efficiency varies from 26.1% to 20.5%; the translation of the vertical position of the focal spot

is 3µm; the change of the output focal distance is 155µm. On the basis of the investigation of the performances of the

MCHFXRL, the application of the synchrotron radiation microbeam in micro-extended-X-ray-absorption-fine-structure

(micro-EXAFS) analysis is studied.

Key words capillary X-ray optics, synchrotron radiation, micro-EXAFS
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