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Fig. 1. Modulation principle of multi-grating modulation: (a) Optical schematic diagram of multi-grating modulation; (b) two-

dimensional structure of multi-grating modulation screen.
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Fig. 2. Simulation results of the evolution of the intensity distribution of the spot in the process of beam propagation behind the

modulation screen: (a) Three-dimensional diagram of the intensity distribution of spot at different positions z from the modulation

screen; (b) two-dimensional diagram of the intensity distribution of the pattern in Fig.(a) at z = 0.19 m; (c) cross section curve of

the intensity distribution of Fig.(b).
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Fig. 3. Simulation results under different normalized grating sizes R): (a) The intensity distribution of the spot when R; = 0.5;

(b) the intensity distribution of the spot when R; = 1; (c) the intensity distribution of the spot when R; = 2.4; (d) the curve of

the FWHM of the spot changing with the normalized grating size; (e) the curve of the uniformity of the spot with the change of the

normalized grating size.
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Fig. 4. Simulation results of diffraction characteristics of multi-grating modulation screen: (a) Diffraction efficiency curves of multi-

grating modulation screens made of different materials as a function of thickness at a wavelength of 1 nm ; (b) maximum diffraction

efficiency and optimal grating thickness for different source wavelengths.
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Abstract

The desktop X-ray system has limitations such as low flux and poor coherence. It faces great challenges in
application scenarios such as microscopic imaging and high-precision measurement. Fourier-transform ghost
imaging (FGI) has low requirements for the coherence of the light source. Using this principle, multi-angle FGI
based on spatial correlation can effectively improve the imaging efficiency and is suitable for desktop X-ray
systems. However, this technology is still in the theoretical stage, and there is a lack of effective devices to
modulate X-rays and form focused multiple beams. To this end, a multi-grating modulation method is proposed
in this work. The partially coherent radiation of the X-ray source is modulated by arranging multiple sub-
gratings in a specific direction. The X-ray emitted by a single sub-grating is spatially coherent light, and the X-
rays between the sub-gratings are incoherently superimposed at the sample position to form a focused multi-
angle beam. This effectively improves the flux utilization of the desktop system. The modulation principle of
multi-grating is described theoretically, and the key design parameters and their selection basis are clarified.
Through numerical simulation, the modulation characteristics of partially coherent X-rays in the propagation
process behind the modulation screen are systematically analyzed. By optimizing the parameters such as the
size, material and thickness of the sub-grating, the influences of the sub-grating on the size, uniformity and
diffraction efficiency of the focused spot are investigated. The results show that when the sub-grating size
matches the spatial coherence size of the X-ray source, the focusing effect of the beam can be significantly
improved, and a smaller and uniform focal spot can be obtained. Based on the theoretical and simulation
results, a gold multi-grating modulation screen is designed and fabricated for the liquid target X-ray source. The
simulation and theoretical predictions will be validated experimentally, once the experimental conditions are
met. The design and implementation of the modulation screen provide effective support and a feasible way for

multi-angle diffraction imaging and related applications in miniaturized X-ray systems.
Keywords: tabletop X-ray system, multi-grating modulation screen, spatial modulation, diffraction imaging
PACS: 41.50.+h, 07.85.Fv, 42.30.Lr, 61.05.cp DOI: 10.7498/aps.74.20250512

CSTR: 32037.14.aps.74.20250512

* Project supported by the National Natural Science Foundation of China (Grant No. 11627811).

1 Corresponding author. E-mail: tanzj@siom.ac.cn

174101-10


http://doi.org/10.7498/aps.74.20250512
https://cstr.cn/32037.14.aps.74.20250512
mailto:tanzj@siom.ac.cn
mailto:tanzj@siom.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

£ XL R R L ICHHRR R &t 51tk
iR REX FWTF i HP A

Design and characteristics of multi—grating modulation screen for desktop X—ray system
WANG De  TAN Zhiie LIQingyu YUHong HAN Shensheng

5| {5 B, Citation: Acta Physica Sinica, 74, 174101 (2025) DOI: 10.7498/aps.74.20250512
CSTR: 32037.14.aps.74.20250512

TELR T2 View online: https://doi.org/10.7498/aps.74.20250512

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

LMY D)2 (W] R PRAA R S A E AR ER

Dynamic calibration of linear shear spatial modulation snapshot imaging polarimeter

PFEEEAR. 2022, 71(15): 154205 hitps:/doi.ore/10.7498/aps.71.20220229

T ORI 23 AR ) B DGR IR 75 1 585 vk 05
Algorithms for calculating polarization direction based on spatial modulation of vector optical field

YrE2E 4. 2023, 72(1): 010201 https:/doi.org/10.7498/aps.72.20221745

BT PRIEO G TR T A AN RD K X 2 2 SR
Nanosecond pulse X-ray emission source based on ultrafast laser modulation

WIFRZEAR. 2024, 73(4): 040701  https://doi.org/10.7498/aps.73.20231505

BT R UGB O O GIR Y = e AR AR TS R AR

Three—dimensional nano—coherent diffraction imaging technology based on high order harmonic X-ray sources

YIER2A 4. 2022, 71(16): 164205  hitps://doi.org/10.7498/aps.71.20220976

LR 9 RO o R S 5 5
Design and implementation of timing system for single—shot imaging at Shanghai soft X—ray free—electron laser

WAL 2024, 73(12): 120701 https://doi.org/10.7498/aps.73.20240383

AR ST JE AT S R RIS
Beam splitting characteristics of crystal X-ray Laue diffraction

Y2, 2022, 71(4): 046101 https://doi.org/10.7498/aps.71.20211674


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250512
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220229
https://doi.org/10.7498/aps.71.20220229
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221745
https://doi.org/10.7498/aps.72.20221745
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231505
https://doi.org/10.7498/aps.73.20231505
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220976
https://doi.org/10.7498/aps.71.20220976
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240383
https://doi.org/10.7498/aps.73.20240383
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211674
https://doi.org/10.7498/aps.71.20211674

	1 引　言
	2 X射线多光栅调制屏原理
	3 多光栅调制屏的特性分析及参数设计
	4 结　论
	参考文献

