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现代应用光学  

X射线单色成像用透射式对数螺线晶体分析器

毋玉芬1, 肖沙里1, 鲁建1, 钱家渝1, 阳庆国2, 黄显斌2

1. 重庆大学 光电技术及系统教育部重点实验室,重庆400030; 
2. 中国工程物理研究院 流体物理研究中心,四川 绵阳 621900

摘要： 利用对数螺线晶体在大视场范围内的保角特性,研究了一种用于等离子体X射线单色成像的透射式对数螺线晶体分析器。与反射式弯晶成

像谱仪相比,该分析器具有单能成像视场更大,实现相同放大倍数时的空间排布简单等优点。根据晶体衍射成像原理及对数螺线晶体的表面方程,
分析了透射式对数螺线晶体分析器的成像原理以及成像性能,包括子午、弧矢放大倍数以及视场大小等。以铜靶X射线源为背光源,用研制石英晶

体透射对数螺线分析器对网丝直径为100 μm的金属网格进行了单色背光成像实验。实验结果表明,晶体分析器的空间分辨力约为30 μm,子午

和弧矢方向视场分别达到15.938 7 mm和5.900 6 mm。
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Transmission type logarithmic spiral crystal analyzer for monochromatic X-ray imaging
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Abstract: On the basis of the conformal characteristics of a logarithmic spiral crystal in a large field of view (FOV), a 
new type of transmission crystal analyzer used for X-ray monochromatic imaging was investigated. Compared with a 
reflection type of crystal analyzer, the logarithmic spiral crystal analyzer has a wider FOV for catching the 
monochromatic X-ray image and a simple space arrangement for achieving the same magnification. According to the 
diffraction theory of the crystal and the surface equation of log spiral, the imaging principles and characteristics of the 
transmission type logarithmic spiral crystal analyzer were researched, including the magnifications in horizontal and 
vertical directions as well as the FOV sizes. A logarithmic spiral analyzer with a quartz crystal was developed. Then 
with the proposed analyzer, the monochromatic backlighting experiment for the mesh grid with a diameter of 100 μm 
was carried out by taking an X-ray source of Cu target as the backlighter. The experimental results show that the 
FOVs of the transmission type logarithmic spiral crystal analyzer are 15.938 7 mm and 5.900 6 mm in horizontal and 
vertical directions, respectively. Furthermore, the spatial resolution of the analyzer is at least 30 μm under a source 
diameter of 110 μm.

Keywords: plasma X-ray   transmission type crystal analyzer   logarithmic spiral   monochromatic imaging   

收稿日期 2012-05-11 修回日期 2012-06-18 网络版发布日期  

基金项目: 

国家自然科学基金委员会-中国工程物理研究院联合基金资助项目(No.10976033) 

通讯作者: 毋玉芬

作者简介: 毋玉芬 (1982-),女,河南焦作人,博士,2005年、2008年于重庆大学分别获得学士、硕士学位,主要从事X射线光学及弯晶成像谱学

方面的研究。E-mail:youyuanff@sina.com 
作者Email: youyuanff@sina.com 

参考文献：

[1] XIAO D L, DING N, NING CH, et al.. Numerical investigation on the X-ray production of aluminum-wire-array Z-pinch 
implosion [J]. IEEE Transactions on Plasma Science, 2011,39(2):686-694. [2] GLENZER S H, FOURNIER K B, DECKER C, et 
al.. Accuracy of K-shell spectra modeling in high-density plasmas [J]. Physical Review E, 2000,62(2):2728-2738. [3] 施军, 
肖沙里, 王洪建, 等. 氩气Z箍缩内爆等离子体温度诊断 [J]. 光学精密工程, 2009, 17(8):1819-1824. SHI J, XIAO SH L, WANG H J, et 
al.. Argon-puff Z-pinch implosion plasma temperature diagnosis [J]. Opt. Precision Eng., 2009,17(8):1819-1824.(in 
Chinese) [4] 刘利锋, 肖沙里, 毋玉芬,等. 球面弯曲晶体在X射线背光成像的应用 [J]. 光学精密工程, 2011, 19(9):2023-2028. LIU L F, 
XIAO SH L, WU Y F, et al.. Application of spherically bent crystal to X-ray backlight imaging experiment [J]. Opt. Precision 
Eng., 2011, 19(9):2023-2028.(in Chinese) [5] SINARS D B, BENNETT G R, WENGER D F, et al.. Monochromatic x-ray 
imaging experiments on the Sandia National Laboratories Z facility (invited) [J]. Rev. Sci. Instrum., 2004, 75(10):3672-
3677. [6] WITTRY D B, BARBI N C. X-ray crystal spectrometers and monochromators in microanalysis [J]. Microsc. and 
Microanal., 2001, 7:124-141. [7] GAMBOA E J, MONTGOMERY D S, HALL I M, et al.. Imaging X-ray crystal spectrometer for 
laser-produced plasmas [J]. JINST, 2011,6(P04004):1-13. [8] YANG Q G, LI Z R, PENG Q X, et al.. K-shell emission x-ray 
imaging of z-pinch plasmas with a pinhole and a logarithmic spiral crystal [J]. Rev. Sci. Instrum., 2011,82
(093301):093301-1-093301-5. [9] 毋玉芬, 肖沙里, 阳庆国, 等. 基于对数螺线晶体Z箍缩铝等离子体单色成像研究 [J]. 中国激光, 
2012,39(2):0215003-1-0215003-5. WU Y F, XIAO SH L, YANG Q G, et al.. Monochromatic imaging of Z-pinch Al plasma 
based on the logarithmic spiral crystal [J]. Chinese Journal of Lasers, 2012,39(2): 0215003-1-0215003-5.(in Chinese) 
[10] WITTRY D B, CHANG W Z, LI R Y. X-ray optics of diffractors curved to a logarithmic spiral [J]. Journal of Applied 
Physics, 1993, 74(5):3534-3540. [11] KUJALA N G, KARANFIL C, BARREA R A. High resolution short focal distance bent 



crystal Laue analyzer for copper K edge x-ray absorption spectroscopy [J]. Rev. Sci. Instrum., 2011, 82(063106): 
063106-1-063106-7.
本刊中的类似文章

1．HStiel;HLegall;MSchnürer.用热解石墨晶体作色散和聚焦光学元件的 激光等离子体源的超快X射线光谱仪[J]. 光学精密工程, 2007,15
(12): 1908-1914

Copyright by 光学精密工程


