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Abstract

Galn nanoparticle materials combine low melting point, compositional tunability, and composite
characteristic radiation output, and therefore show potential application value as target materials
for transmission microfocus X-ray sources. In this work, Galn nanoparticle targets controllably
deposited on SiNx membranes were investigated by electron microscopy imaging, CASINO simula-
tion, and a self-designed X-ray microscopic imaging system. The microscopy results confirm strong
overlap of Ga and In signals within representative particles. Under 20 keV electron irradiation, the
main regions of energy deposition and characteristic X-ray generation are confined to a near-surface
micrometer-scale zone, where Ga K-series and In L-series characteristic radiation can be produced
simultaneously. Imaging experiments based on Galn particle targets with differentlateral dimensions
yielded clear and stable transmission projection images of a Ni-Cr solenoid sample, and the quantita-
tive results indicate that the system geometry remains stable, while the ability to maintain fringe mod-
ulation varies with the lateral dimension of the particles. Structural characterization, simulation anal-
ysis, and imaging statistics form a systematic correspondence within the same composition window.
These results indicate that Galn nanoparticle materials can stably form a near-surface composite ra-
diation emission zone and are promising candidate target materials for transmission microfocus X-
ray sources.
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Figure 1. Microstructural characterization of the 80 nm Galn nanoparticle material. (a) SEM image, 20 pm. (b) HAADF-STEM
image and EDS elemental distribution maps of Ga and In, 200 nm; (c) EDS line profile curve across a representative particle;
(d) Particle-size distribution histogram
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Figure 2. Overlapped Ga-In EDS elemental distribution maps of Galn nanoparticles with different In contents. (a) 10.57 wt%
In, 50 nm; (b) 13.00 wt% In, 50 nm; (c) 46.54 wt% In, 100 nm; (d) 47.25 wt% In, 100 nm; (¢) Composition window map of the
Galn targets
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Figure 3. Electron transport, energy deposition, and characteristic X-ray generation-depth distribution for 20 keV electrons nor-
mally incident on the GassInis target. (a) Electron trajectory distribution map; (b) Two-dimensional distribution map of energy
deposition in the central section; (c) Normalized depth profile of deposited energy; (d) Depth profiles of absorbed characteristic
X-ray intensities for In Lin and Ga K; (¢) Absorbed characteristic-radiation intensity spectrum
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Figure 4. Imaging geometry of the transmission microfocus X-ray system and representative line-profile analysis of the Ni-
Cr solenoid sample. (a) System structure diagram; (b) Geometric magnification relation; (c) Representative X-ray projection
image and selected line-scan region; (d) Gray-value profile extracted from (c)
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Figure 5. X-ray projection images of the Ni-Cr solenoid sample obtained with six Galn particle targets of different lateral
sizes. (a) 900 nm; (b) 1.0 um; (¢) 1.5 um; (d) 1.9 pm; (e) 2.0 um; (f) 2.5 um
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pm; (e) 2.0 um; (f) 2.5 um
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Figure 6. Rectified mid-section solenoid projections and axis-averaged gray-value profiles for six Galn particle targets of different
lateral sizes. The blue curves are the averaged gray-value profiles and the orange curves indicate the low-frequency trend. (a) 900 nm;
(b) 1.0 um; (c) 1.5 pm; (d) 1.9 um; (e) 2.0 um; (f) 2.5 pm
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Table 1. Statistical results of stripe metrics extracted from the solenoid projection images of six Galn particle targets with different
lateral sizes

1. 6 HREREER T Galn FAERIRLERF R LU GITER

*ﬁ WRTJ“/ pm Crurn At Arms Wil px Pl px Wiurn! Purn
0.9 0.274 8.39 0.0817 6.06 13.00 0.466
1.0 0.238 8.43 0.0748 6.51 13.00 0.501
1.5 0.306 11.97 0.0909 5.87 12.00 0.489
1.9 0.295 11.24 0.0880 5.92 13.00 0.455
2.0 0.116 4.29 0.0437 5.97 12.00 0.498
2.5 0.080 4.14 0.0395 5.66 12.00 0.472
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Figure 7. Statistical results of solenoid stripe metrics extracted from six Galn particle targets with different lateral sizes D. (a)
Statistical results of the contrast Cusm of the striped Michelson, the dotted line represents the overall average value; (b) Statistical
results of the dominant modulation amplitude 4«., the dotted line represents the overall average value. Error bars represent the
standard deviation estimated from the gray-value fluctuations (4-s) and the variation among multiple line-scan profiles across
adjacent periods
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