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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 analy-
zer 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 e-
quation 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 direc-
tions 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 pm was carried out by taking an X-ray source of Cu target as the backlighter. The
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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 pm under a source diameter of 110 pm.
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Fig. 1  Schematic diagram of transmission type log

spiral crystal for X-ray backlighting imaging
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Fig. 2 Schematic diagram of log spiral crystal for X-

ray backlight imaging in sagittal plane
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Tab.1 Parameters of log spiral crystal

analyzer and experiment setup

X-ray source parameters Value
Emission line Cu Ka
Source wavelength/ X 10" ' 1. 54
Source diameters/pm 110

Imaging hardware parameters

Crystal Quartz (1010)
2d/ X101 8.512
Reflection order 1
Bragg angle/ (") 10. 42
Object to pole distance/mm 40
Pole to crystal distance/mm 100
Crystal to image distance/mm 78

Length/mm 40
Crystal aperture Width/mm 15

Pole angle ¢,/rad  0.196 7

Meridian 4.123
System magnification .

Sagittal 4.45

Meridian 15.938 7
FOV/mm .

Sagittal 5.900 6
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Fig.3 Transmission type log spiral crystal analyzer

S5 TR B < J A% 0 22 B B AR 24 R 100
pm B4R SR LUK S8 6 AT B R AR 1R R

[ 4 SRR GRS B 5 RS R R R

Fig. 4 Image of mesh grid by point-projection method
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Fig. 5 Experiment results
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