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Abstract: Because of the imperfect theoretical model and insufficient experimental verification
technologies, the problem of information transmission in the plasma sheath has not yet been resolved. In
this paper, the interaction mechanism between X-ray photons and plasma is studied firstly, and a modified
theoretical model is provided through numerical calculation and theoretical modeling. Different from the
conclusion that X-rays can penetrate plasma without attenuation in the traditional wave model, the
modified theoretical model established in this paper points out that the transmittance of X-rays in plasma is
closely related to plasma electron density and incident X-ray flux. Secondly, an experimental system was
built using a grid-controlled X-ray modulation emission source, a single-photon X-ray detector, and a
dynamic plasma generator. Using this system, the non—uniform plasma which electron density ranges from
10°/em’ to 10"*/cm’ is generated, and the X—ray communication with 1 Mbps communication rante and 10
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bit error rate is also verified. The experimental results indicate that the modified theoretical model can
explain and predict the experimental phenomena, and the experimental system can provide the solution for
solving the communication problems in the plasma sheath.

Key words: X-ray communication; Plasma sheath; Single photon detection; Plasma generation;
Transmission link equation
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Fig.2 Attenuation coefficient variation with different incident X-ray photon number (modified model)
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Table 1 X-ray transmission rate under different anode current and different RF power

3pA 6 pA 12 pA 24 pA 48 pA 120 pA
300 W 67.84% 71.7% 74.82% 84.26% 87.24% 93.74%
500 W 57.41% 60.64% 73.34% 76.88% 86.83% 88.93%
700 W 54.21% 57.43% 70.72% 72.00% 82.88% 85.17%
1000 W 47.78% 54.65% 65.04% 69.81% 78.32% 83.36%
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Table 2 Experimental results of X-ray communication ground verification in the plasma sheath

Conditions Communication rate/Mbps BER
Plasma density: 7 X 10" /cm’ . 80X 107
Anode voltage: 15 kV ’
Plasma density: 1 10%/cm’ . 6.4 10-°
Anode voltage: 20 kV ’
Plasma density: 1.2>X10%/cm’ )
1 7.5X10"

Anode voltage: 30 kV
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