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Fig. 1. The structure diagram of the modulated X-ray

source.
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Table 1. Optimum target thickness of electron beam for different voltages & target materials (in pm).

s HL /kV
10 20 30 40 50 60 70 80 90 100
Cr 030 113 230 354 483 652 815  10.19 1222  13.78
Ni 025 0.83 1.70 275 399 508  6.54 8.00 9.18 11.01
Cu 026 082 1.71 274 416 546  6.80 8.20 9.31 11.13
Mo 028  0.67 1.32 198 295 420 557 6.88 7.89 9.08
Rh 021 053 099 163 251  3.32  4.02 5.14 6.40 7.57
Pd 021 060  1.11 1.70 241 330  4.37 5.31 6.42 7.72
Ag 024 067 1.23 194 280 370  4.70 6.00 7.20 8.48
cd 030 075 1.50 237 360 473  5.80 7.30 8.51 10.39
W 0.15 042 070 099  1.60  2.00 252 3.00 3.55 4.31
Au 014 036 072 101 1.59  2.00 240 2.99 3.64 4.28
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Fig. 2. The simulation result of micro-beam focusing

spot: (a) The optical photograph of simulation dia-
gram; (b)—(f) electron beam trajectories in different

grid electrode voltages.
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Fig. 3. The simulation result of focusing spot: (a) Grid
electrode voltage versus focusing spot diameter of the
modulated X-ray source; (b) the two-dimensional co-

ordinate of focusing spot.
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Fig. 4. Photographs of the modulated X-ray source
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lated X-ray source; (b) photograph of the test plat-

form.
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Abstract

X-ray sources have been extensively penetrated into all aspects in daily life, such as pharmaceutical analysis, X-
ray diagnostics, and radioactive static elimination. Along with the burgeoning field of deep exploration, all kinds of
X-ray sources are fabricated to meet the needs of space applications. Therefore a design proposal of a transmission-type
miniature micro-beam modulated X-ray source, in allusion to the space application of X-ray sources, is proposed and
its theoretical model is constructed. In contrast with the traditional X-ray sources, a grid electrode is added and three
focusing electrodes are chosen and used. Amplitude modulation and pulse modulation of X-rays, by controlling the
voltage value of the grid electrode, are realized. Electrons are restrained to pass when the grid electrode is loaded with
a negative voltage and no X-ray photons are produced. When loaded with a positive voltage, the grid electrode lets
electrons get through and finally reaches up to the anode electrode. Three focusing electrodes, meanwhile, are used to
make the electron beam converge and finally focus on the anode target. The thickness of the transmission-type target
material is considerable, considering it to be a key parameter influencing the conversion efficiency of X-rays. If the target
thickness is too thin, only a part of electrons can convert into X-ray. On the contrary, when the target thickness is too
thick, the produced X-ray intensity is low too. That is because some X-ray photons are absorbed by the anode target
material even though all of the electrons convert into X-ray. And the optimum target thickness, in different anode voltage
values and different target materials, is simulated using charged particle optical simulation software, and the results are
presented in a table. In addition, the influence of grid voltage value on electron beam trajectory is also taken into
account and finally a 150-pum-diameter focusing spot is obtained. The prototype model is fabricated via coating film on
the anode and the single-step brazing process in a vacuum furnace. After the test platform is set up, the spectrum feature
of tungsten target is attained. And it is analyzed that the X-ray intensity is related to the grid electrode voltage value.
The feasibility of grid amplitude modulation and grid pulse modulation are verified in the end. As a multifunctional
modulated X-ray source, it will have more important scientific significance and space application prospects, and be used
in inter-satellite X-ray communication, ionization blackout area communication, planetary science, pulsar simulation and

single event effect simulation of space radiation environment.

Keywords: miniature micro-beam, transmission-type, modulated X-ray source
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