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Abstract The paper reports the preliminary study of an electron gun based on the field emission of carbon

nanotubes. The result of the field emission experiment shows that the carbon nanotubes are excellent field

emitters, yielding current densities higher than 0.5mA/cm2 with operating field about 2.7MV /m.
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1 Introduction

Since the first report of carbon nanotube in
1991[1], carbon nanotubes have attracted much at-
tention as field electron emission materials because
of their good emission stability, long emitting life-
time and the potential to operate at low voltage. The
potential of carbon nanotubes as electron field emit-
ters was already apparent from the first articles re-
porting extremely low turn-on field and high current
densities in 19952 . And in 2001, J.M.Bonard"”
had summarized the first five years’ field emission of
carbon nanotubes. During this period, there were
many scientists working in this field and their work
prompted the application of carbon nanotube as the
field emitter. In 2000, Y.Saito!® et al. reported the
field emission from carbon nanotubes and its appli-
cation to the electron source also reported. In 2004
and 2005, Y.Hozumi'™ ® reported the development of
a pulsed electron gun with carbon nanotube cath-
ode which produced an electron pulse with the pulse
length of 8ns and the peak current of 480mA.

In this paper, we report the preliminary experi-

mental study on a continuous DC electron gun for ac-

Received 7 June 2006, Revised 18 September 2006

celerator with carbon nanotubes field emission cath-
ode. The experimental setup for electron gun based
on field emission of carbon nanotubes is introduced
in Section 2, the preliminary experimental results and
discussions are reported in Section 3, and a conclusion

is finally given in Section 4.

2 Experimental setup

The experiment was carried out in the laboratory
of the electron gun test platform shown in Fig. 1 and
Fig. 2, which consists of an electron gun assembly,
a focus lens, focus coil, fluorescent screen, and Fara-
day cup. Here, a Pierce girded type electron gun

]

structure” was used. The structure of the electron

gun assembly is shown in Fig. 3.
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Fig. 1. Layout of the electron gun test platform.
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not uniform on the surface of the stainless steel.
Fig. 2. Photo of the experimental setup. i R
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Fig. 3. Structure of the electron gun assembly.

The distance from the anode to the cathode may
be changed from 1.45cm to 2cm, and a maximum
voltage between the anode and cathode is —50kV.
The radius of anode aperture is about 4mm, while
the effective emission area used in the experiment is
about 0.5cm?. In the experiment, the vacuum pres-
sure of the electron gun is below 10~ %Pa.

Figure 4 shows the carbon nanotubes cathode
used in the experiment, which is fabricated by the
Key Laboratory of Nuclear Analysis Techniques of
SINAP. First, the stainless steel was washed in the
acetone by the ultrasonic wave for half an hour, and
then the surface of the stainless steel was covered with
a film of nickel of about 20nm, after that the nickel
film was disposed by the H* plasma under the tem-
perature of 450° for twenty minutes to form the nickel
grain as the catalyst for carbon nanotubes growth.
The carbon nanotubes were grown by the thermal
chemical vapor depositions (TCVD) for 30 minutes.
During the growing period of the carbon nanotubes,
the acetylene (C,H,) gas was used as a precursor of
nanotube synthesis.

Figure 5 is the scanning electron microscope
From the

SEM picture, we can see that carbon nanotubes were

(SEM) image of the carbon nanotubes.

Fig. 4. The carbon nanotube grown on the
stainless steel.

Signal
Mag= 2000KX WD= 4mm
R I A R SR L.

Fig. 5. The SEM picture of the carbon nanotubes.

3 Preliminary experimental results

and discussion

The emission current and applied voltage were
measured in the experiment. Fig. 6 shows the
emission current versus the applied electric field, in
which the distance between the anode and the cath-
ode is about 1.45cm, the emission area is about
0.5cm?.
sion current density of the carbon nanotubes was
about 0.2mA /cm? with the operation field at about

3.8MV/m.

From Fig. 6, we may see that the emis-
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Fig. 6. Comparison between the analytical val-
ues and the experiment achieved data.
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Conventional field emission analysis usually uses
the Fowler-Nordheim (F-N) equation™.

In Eq. (1), J(A/m?) is the emission current den-
sity, E(V/m) is the average electric field applied be-
tween the cathode and the anode, A and B are
the constants related to the cathode material and
the shape of the cathode, usually, in our experi-
ment, Ais 1.56x107% A(eV)~3/2V, and B is 6.83x10°
V(eV)~*/2m~!, 3 is the enhancement factor, ¢ is the
work function of the cathode material. The Fowler-
Nordheim equation can thus be written in terms of

experimentally measured quantities as

w(L)mas(D). @

Here I is the total emission current, V' is the ap-
plied voltage between the cathode and the anode,
while a and b are the constants which are related
to the material and the experimental status. From
the equation, a line of the In(I/V?) vs the 1/V can
indicate the field emission of the material.

From Fig. 6, we can see that the experimental
data are consistent with the anaylital value.

Figure 7 is usually called F-N plot of the experi-
ment data. From the plot of the experiment data, the
value of a and b of Eq. (2) can be obtained through
the analysis. In our experiment date, the value of a
is 84.6x1071!, b is 18167. And (3 is about 670.
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Fig. 7. F-N plot of the experiment data.

During the electron gun test experiment, we also
got the profile of electron beam from the electron gun
on the fluorescent screen installed after a focus coil.
In this experiment, we had achieved a higher emission

current of 0.27mA which corresponds to the current

density of 0.54mA /cm? at the operation field of about
2.TMV/m. Fig. 8 shows the electron beam profile
on the fluorescent screen produced by field emission
from the electron gun with carbon nanotubes cath-

ode, where electron beam energy is about 50keV.

Fig. 8. The emission profile of the carbon nanotube.

Since October 2005, we have also conducted an
experiment to test the lifetime of carbon nanotubes
cathodes. The electron gun was operating continu-
ously for two weeks after the emission current was
stable. However, we could not conduct this experi-
ment further, because of the power supply and some

other reasons.

4 Conclusions

We have performed a preliminary experimental
study on the carbon nanotubes cathode electron gun.
It shows that the carbon nanotubes are excellent field
emission materials. In the preliminary experiments,
0.27mA field corresponds to the emission current den-
sity of 0.54mA /cm? when the applied field of emission
current is achieved, which 2.7MV/m. The maximum
current is limited by the power supplies, which can-
not suffer the larger current. In the next phase, we
will change the power supply to achieve much higher

current carbon nanotubes cathode electron gun.
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