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Introduction

In this work we present the first stand—alone X-ray source made in MEMS (micro- | |z«
electro-mechanical system) technology, which is able to operate outside a
vacuum chamber. This source operates in transmission mode and generates
radiation up to 30keV. Due to the technological compatibility with other MEMS | |
structures and possibility of adjusting its parameters, this source can be easily
applied in different X-ray experiments performed in micro scale. We havel|l==
overcome the existing problems with hermetic sealing, high vacuum stabilization

Transmission target
15 um silicon membrane is used as a substrate for the
target. Additional metallization is applied to silicon to
improve the intensity of the radiation generated. Nickel
~|and tantalum were tested. The use of metallization on
silicon improved the intensity of the emitted radiation.
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Field electron source

We have developed completely new field electron sources in the form of spatially
formed threads made of a composite of carbon nanotubes and cross-linked PVP.
Such sources exhibited emission currents on the order of several hundred
microamperes and, importantly, were not damaged and their emission properties
did not deteriorate after the anodic bonding process, which distinguishes them
from other field electron sources made of carbon nanotubes.
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All silicon and glass elements were connected using the anodic bonding method,
with the last bonding performed under vacuum conditions (10> mbar). The ion-

wibd' 500
JER i sorption pump is only switched on to ensure that the pressure inside the structure
400 / reached 107 mbar. During source operation the ion-sorption pump was switched
. off. In order to protect the structure against external breakdowns between the
2:;300' electrodes, the whole chip was covered with an epoxy resin, creating a complete
Z)ZOO_ y stand-alone MEMS device. Preliminary imaging tests were performed with this X-
/ ray source, examining a silicon mesh, a leaf and a printed circuit board. The spectra
100 - /_/' of the emitted X-rays in the air atmosphere were recorded.
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SEM image of the CNT+PVP tip Dependence of emission current on gate voltage

for the CNT+PVP tip.
Magnetic focusing of an electron beam

. Electrostatic focusin Electrostatic + magnetic focusing
Both focusing methods . .~~~ " 5

gives  strongly  focused |
electron beam on the |
screen. However, using N
magnetic focusing we lose
only ~5% of emitted
current, thus electron beam
spot on the screen is
brighter.

Particle trajectories

Conclusions

This work represents a breakthrough achievement in the field of MEMS and
vacuum technology - the development of the first fully integrated MEMS-based X-
ray source. This X-ray source has been designed to allow precise control of electron
emission, electrostatic focusing and electron energy without significantly affecting
the other parameters for energies up to 30keV, resulting in efficient

X-ray generation. The technology used opens up new possibilities
Foous w0 | owo | for applications - particularly in MEMS systems used for biological,
V] medical and analytical research at the micro-scale. Additionally,
without _ _ _ the monochromatic nature of the radiation enables precise
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