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Abstract

We investigated a field emission property of CNTs
grown on pre-treated substrates by H, plasma

etching method in vacuum chamber (<107 Torr). To

improve the various

used. The
morphology and density of catalyst layer was

emission characteristics,

catalysts and buffer layers were

controlled by the different plasma pre-treatment
conditions, resulting in the control of the growth

characteristics of CNTs.
Introduction

Carbon nanotubes (CNTs) have been extensively
investigated in past few years because of their
potentials in science and applications in many fields
[1-5]. Up to now, many methods to synthesize the
CNTs have been reported, which are arc discharge
[6], laser vaporization [7], pyrolysis [8], plasma
enhanced chemical vapor deposition (PECVD) [9].
Especially, PECVD method has been reported as a
promising candidate for the synthesis of CNTs
owing to its several advantages such as low
temperature

growth, easy

scale up, vertical

alignment.

To control the density and diameter of CNTs, we
changed plasma etching parameters such as plasma
power, pre-treatment time. It was founded that

plasma etching conditions and buffer layers changed

the morphology and density of CNTs.
Experiment

We have grown CNTs on the coming glass
substrate with various catalysts and buffer layers
using microwave plasma enhanced chemical vapor
deposition (MPECVD). A buffer layer of 1500A
thick was coated on a glass substrate. Subsequently,
various catalyst layer of 10A in thickness was
deposited by using electron beam evaporation. The
CNTs were grown on different catalysts using gas
mixtures of H, and CH, with given H, flow rate wof
80 sccm and CHy flow rate of 10 sccm. The CNTs
grown on the substrates were investigated by Field
emission scanning electron microscopy (FESEM).
Electron emission from CNTs was measured as a
function of current density via applied voltage using
a phosphor coated anode in a vacuum below 107

Torr.

Results and Discussion

In our previous work, we observed that plasma pre-
treatment not only etched but also conglomerated
the catalyst layer. Because the conglomeration effect
was dominant due to the heating below a certain
plasma power, catalyst film was transformed into
large particles. As plasma power, pre-treatment time
and thickness of catalytic layer were changed, the
IMID ‘03 DIGEST - 845



P4.1

size and distribution of nanoparticles were varied
[10].

Figure 1. FESEM images shows the cross
sections of the CNT's grown on different
thickness of catalyst layer: (a) 10 A, (b) 100
A, (c) 300 A.All other conditions were

identical.

Fig. 1(a) shows the cross section of the CNTs
grown on a Ni catalyst layer of 10 A thick. There
was no CNTs growth. But amorphous carbon was
deposited on Cr buffer layer. Because the Ni catalyst
layer was very thin film, the plasma of H, and CH,
gas mixture etched the Ni catalyst layer before the
CNTs growth started. However, the CNTs were
grown on Ni catalyst layers of 100 A thick and 300
A (Fig. 1(b) and Fig. 1(c)). As the thickness of
846 - IMID ‘03 DIGEST

catalyst layer increased, the density of CNTs
increased. In the same plasma power of CH, and H,
gas mixtures, a Ni catalyst layer of 100 A thick was
more etched than a Ni catalyst layer of 300 A thick.
And has a little amount of Ni nanopaticle on surface

of substrate. Thus, the density of CNTs was

controlled by the thickness of catalyst layer.

Figure 2. FESEM image shows change in the
morphology of Ni catalyst layer (a), (b) and
CNTs (¢), (d) with H, plasma pre-treatment

time.

Fig. 2 shows the FESEM image of the morphology
of the Ni film and CNTs grown on treated Ni layer
with H, plasma pre-treatment time. The thickness of
Ni layer was 100 A and plasma power was 1000
W. As H, plasma pre-treatment time increased from
30 second to 1 minute, an average diameter and a
density of Ni nanopaticles decreased. Subsequently,
CNTs were grown on pre-treated Ni catalyst layer
using a mixture of H, and CH4 gas. We observed
that the size of the grown CNTs was much smaller
than that of the Ni nanoparticles and the density of
the CNT's was not remarkably reduced (Fig. 2(c) and
Fig. 2(d)). The density of CNTs also can be

controlled by H, plasma pre-treatment time through



the control of the size and density of Ni

nanoparticles.
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Figure 3. Field emission images (a), (b) and
current vs. applied electric field (/-V)

curves with H; plasma pre-treatment time

(o).

In Fig. 3(a) and Fig. 3(b) we compare the field
emission property on pre-treated samples with
different densities of CNTs with the corresponding
morphology seen in field emission scanning electron
microscopy. We used a phosphor-coated ITO glass
and applied 1500 voltage. Fig. 3(¢) shows the
emission current as a function of applied voltages
(I/V) of CNTs with different catalysts. The turn-on
electric field, E,,, was defined as the electric field at
10 pA/cm® of the current density. E,, of CNTs with
pre-treatment time for 30 second and 1 minute were

12.1 and 18.4 V/um, respectively.

Conclusion
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The density of CNTs was controlled by the
thickness of catalyst layer and H,; plasma pre-
treatment time. But the CNTs were not vertically
aligned. Thus, the turn-on electric field was
relatively high. We will use the NH3 and C2H?2 gas
aligned CNTs. The

characteristics of CNTs grown on Co and Invar

mixture for vertically
catalyst substrate are on studying.
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