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Abstract—A simple and economical method for manufacturing a cold cathode (electron generator) for a min-
iature and low-power X-ray emitter is described. The autoelectronic generator contains an assembly of two
microchannel plates (MCPs) of the chevron type with an emissive carbon layer of Graphite 33 conductive
glue, which contains carbon nanostructures (CNSs). The operating voltage does not exceed 2000 V. The
dependence of the electron-generator output current on the distance between the MCPs in the assembly is
determined. Thus, when the gap is increased from 0.2 to 0.63 mm the maximum DC current value increases
from 0.65 to 4 YA; when the gap is further increased to 1.4 mm, the current increases to 4.5 HA. It is estab-
lished that the maximum current of the electron generator in the pulsed mode of 53 pA is achieved if the first
MCP in the assembly with a CNS layer at the input end is supplied with a pulse voltage of 800 V, a frequency
of 2.3 kHz, and an off-duty ratio of 28, while a constant voltage of 1200 V is fed to the second MCP. In this
case, the gap between the MCPs in the assembly is 1.4 mm.
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Much attention is paid to the study of field-emis-
sion (cold) cathodes due to the prospects of their use
in X-ray tubes. The authors of [ 1] proposed a design of
a low-power X-ray tube, in which one or several
series-connected microchannel plates (MCPs) are
used as an electron-beam generator. A glass MCP is an
electron amplifier that contains a large number of
cylindrical channels with identical geometric dimen-
sions and secondary-emission properties. The con-
stant operating voltage of a standard MCP is 400—
1200 V; the gain of the electron flow is 100—10000.
The MCP channels have the unique property of self-
saturation; i.e., when the input current increases the
output current increases and reaches the limiting
value. When a voltage is applied to the ends of a single
plate or an MCP assembly on a stationary metal elec-
trode, which is pressed close to the end of the MCP,
due to the field electron emission, a comparatively
weak electric current occurs. The emission current is
multiplied in the MCP volume, and the electron flow
from the MCP output surface then arrives at the
anode.

In order to operate such a field-emission electron
generator, a voltage of up to 3000 V must be applied to
the MCP at a current of several microamperes, so that
the generator-dissipated power is only a few milli-
watts. At the same time, unlike traditional X-ray tubes
with a heated cathode, in which the filament is heated
using a separate current source, only a voltage source
is required and no special requirements are imposed
on the source cooling. However, the device described
in [1] has a significant drawback: the voltage at the sta-
tionary electrode is rather high, since the work func-
tion of electrons from the smooth inner surface of the
electrodes inside the MCP is quite high (from 2 to
5¢eV). This imposes restrictions on the use of cold
cathodes in X-ray tubes.

In contrast to the electron generator described in
[1], an MCP-based cold-cathode design was proposed
in [2, 3]. An emissive carbon film that contains carbon
nanostructures (CNSs), which are emission centers, is
deposited on the end surface of the MCP; thus, a car-
bon film with a CNS but not a metal electrode is the
electron emitter. Due to the low work function for
electrons (<1 eV), carbon nanostructures (graphene,
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Fig. 1. A schematic diagram of the cathode based on an
MCP with a luminescent screen.

carbon nanotubes, nanographites, and nanodia-
monds) are more promising materials for creating cold
emission cathodes. Their use provides a significant
decrease in the cathode supply voltage. The maximum
cathode current depends mainly on the quantity and
quality of CNSs that are formed in the carbon film.
However, preparing a carbon medium with high emis-
sion properties is a complex scientific and technologi-
cal task.

The objective of this research was to study the possi-
bility of creating a simple and cost-effective source of
cold cathodes for low-power X-ray tubes based on MCPs
with an emissive medium of carbon nanostructures,
which operate at low currents and voltages. We have pro-
posed and describe below a cold cathode based on
MCPs with an emission film made of Graphite 33
conductive glue (produced in Belgium), which is
widely used to create contacts on solid substrates [4].

We used MCP plates with chromium contacts with
a working-surface diameter of 18 mm and a thickness
of 0.3 mm (RSO-Alaniya, Vladikavkaz, LLC VTTs
Baspik). The diameter of the channels in the MCPs
was 6 um, while the angle of inclination of the chan-
nels was 5°. A solid carbon layer with a diameter of
7 mm and a thickness of ~20 um was applied to the
end surface of the MCP using Graphite 33 aerosol
glue. To anneal the varnish component, the film was
heated to 90°C in air at atmospheric pressure for 1 h.
The diagram of the cathode on the basis of an MCP
with a fluorescent screen is shown in Fig. 1.
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Fig. 2. (a) A photograph of a carbon film at the center of
the MCP and (b) its field-emission image.

Figure 2a shows a photograph of the carbon film at
the center of the MCP, while Fig. 2b shows its field-
emission image.

As shown by measurements of the current—voltage
characteristics of the cathode, when applying voltages
in a range of 600—1200 V, a weak electric current of up
to tenths of microamperes occurs at the cathode output.
The maximum cathode current was 0.2 UA at a voltage
of 1200 V. It was natural to assume that carbon nano-
structures in the graphite layer of the Graphite 33 glue
are the source of field-emission electrons.

We proposed to use an assembly of two chevron-
type MCPs to increase the cold-cathode output cur-
rent. In the chevron assembly, the mutual arrange-
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Fig. 3. The assembly of two chevron-type MCPs.
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Fig. 4. The design of the device of two MCPs intended for
research: (/) MCP1; (2) MCP2; (3) nickel contact ring;
(4) insulators; (5) anode; and (6) carbon film.

ment of channels in the MCP has a V-type shape, as
shown in Fig. 3. When a voltage is applied to the plates
of the assembly, the electron flow that occurs in the
first plate (MCP1) with an emission graphite-glue
carbon film is amplified in the second plate (MCP2)
of the assembly and then fed to the anode.

The design of the cathode device, which consists of
two MCPs with CNSs at the input of the MCPI, is
shown schematically in Fig. 4.

Figure 5 shows photographs of the device in a fluo-
roplastic housing (Fig. 5a) and a 0.2-mm-thick nickel
contact ring (Fig. 5b). A schematic diagram of the
installation for measuring the emission current of the
cathode that consists of two MCPs is shown in Fig. 6.

The current measurements were performed in a vac-
uum chamber at a pressure of ~10~° Torr. The anode
was a plate of Kh20N80 stainless steel with a diameter of
18 mm and a thickness of 0.3 mm. The distance d
between the MCPs at the first stage of the current mea-
surement was 0.2 mm; the voltage at the MCP2 was
1200 V. The results of measuring the dependence of
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the cathode current /, on the voltage U, at MCP1 are
presented below:
U,V 655 667 677 689 700 710 740 750 764 774 786 800

I, 1A 0.09 0.09 0.1 0.12 0.13 0.15 0.350.39 0.45 0.53 0.55 0.65

According to these data, the cathode current
reaches /7, = 0.65 UA for a voltage of U, = 800 V.

It was further revealed that for the above-men-
tioned voltages at MCP1 and MCP2, an increase in
the distance between these plates to 0.63 mm leads to
a current rise to 4 HA; when the distance increases fur-
ther to 1.4 mm, the current rises to 4.5 pA.

The maximum current of the electron generator
was also measured when operating in the pulsed mode
under the following conditions: voltage pulses with an
amplitude of 800 V, a frequency of 2.3 kHz, and an
off-duty ratio of 28 were fed to MCP1, while a DC
voltage of 1200 V was fed to MCP2. The gap width
between the plates was 1.4 mm. The maximum current
in the pulsed mode was 53 uA.

Thus, a simple and cost-effective method for man-
ufacturing a cold cathode (electron generator), which
is based on the assembly of two chevron-type MCPs
with an emissive carbon layer of Graphite 33 conduc-
tive glue, is proposed. The electron generator can be
used to power a miniature low-power X-ray emitter
and does not require a high-voltage source (an operat-
ing voltage of up to 2000 V is sufficient).

Using a layer of Graphite 33 graphite glue as a
field-emission source of the cold cathode allows one
to significantly reduce the cost of an MCP-based cold
cathode and simplify its manufacturing technology,
while the use of an assembly of two MCPs makes it
possible to significantly increase the cathode output
current. If a solid carbon layer that is deposited on the
MCP end is thicker than the channel diameter, it will
block the MCP channels. In this case, the depth of the
film penetration into the channel is approximately
equal to the channel diameter. When a thin film is
deposited the channels do not close. An electrical con-

Fig. 5. Photographs of (a) the cathode composed of two MCPs and (b) the nickel contact ring.
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Fig. 6. A diagram of the setup for measuring the emission current.

tact was created via deposition of a copper layer on a
solid carbon film in [3], since the carbon diffusion
coefficient in copper is extremely low. In our experi-
ment, the carbon layer does not contact directly with
the contact, i.e., with the nickel ring electrode.
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