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Abstract: Carbon nanotubes (CNTs) are synthesized from methane and hydrogen gas mixture directly on stainless
steel plates by microwave plasma chemical vapor deposition (MWPCVD). By varying pretreatment conditions of
the substrates such as mechanically polishing and acid washing, it is found the polishing and acid washing can lower
the turn-on field and improve the emission current density. T he current density of the un-pretreated sample attains

1. 2mA/em’. but the polished sample and polished acidly washed sample attain 3.2 and 2. 7SmA /em’, respectively,

at the electric field of 6.25V /pm.
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1 Introduction

Carbon nanotubes ( CNTs) have attracted
much attention because of their unique structure
and properties since their discovery'". One impor—
tant potential application for CNTs is as electron
field emission sources in flat panel displays and
electron guns'”™ "' The high aspect ratios and small
tip radius of curvature together with high chemical
stability and high mechanical strength of the CNTs
are outstanding advantages for electron field emis—
sion. Two basic types of methods are presently
available to prepare CNTs field emission cathode.
The first one is screen printing method by using
CNTs paste'™®. The large screen cathode can be
made, but it is difficult to control the uniform dis—

tribution of CNTs. The CVD method is the second

one that is ideally suited to grow film of nanotubes
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on pre-coating substrates with a metallic catalyst
layer, which has been reported by many au-
thors'™ "', In this paper. we reported the CNTs
films synthesized directly on stainless steel sub-
strates by MWPCVD without pre—coating of cata-
lyst layer, and especially investigated the influence
of pretreatment conditions of substrates on field e-
mission from such deposited carbon nanotubes

films.

2 Experiment

Stainless steel plates were used to be sub-
strates as the combined catalyst and supporting
material for the synthesis of CNTs, the diameter of
stainless steel plates is 6mm. The CNTs were pre-
pared in a microwave plasma chemical vapor depo-

sition ( MWPCVD) system. The source gas for

Fan Zhigin  female, was born in 1970, PhD candidate. She is engaged in research on field emission of carbon-hased films.

Zhang Binglin  male, was born in 1937, professor. His research activities are in solid thin films, laser physies, laser spectroscopy, and laser

tech nn|ngy.

Received 24 February 2004, revised manuscript received 29 A pril 2004

©2004 The Chinese Institute of Electronics



1350 oo &

¥

25 4

growing the CNTs was a mixture of H2 and CHu,
the hydrogen gas serves as both etching reagent for
the formation of catalyst nanoparticles issued from
the substrate and diluted gas. T he typical gas flow
rates of H2 and CH4 were 100 and 8scem, respec—
tively, with total pressure of 6. 5X 10'Pa. Substrate
temperature was maintained at 700°C. The deposi-
tion time was kept for 10min. Three various exam-
ples of A, B, and C were prepared, which corre-
spond to different pretreatment conditions of sub-
strates. The substrate of sample A was a un—pre—
treated stainless steel plates; the substrate of sam-
ple B was mechanically polished by various SiC
polishing powders (the diameters are 20, 10, and
Sum respectively); the substrate of sample C was
mechanically polished and then acidly washed to
further etch the surface, following a rinse with dis—
tilled water, then cleaned in an ultrasonic bath with
acetone and methanol for all of them.
Scanning electron microscopy ( SEM ) was
used to determine the morphology of carbon nan-
otubes. Raman spectroscopy was used to analyze
the structure of carbon nanotubes directly on the
stainless steel substrates. A Renishaw system 2000
micro-Raman spectrometer was utilized at excita—
tion wavelength of 632.8nm. The line shift was
calibrated by comparing the spectra with that of
silicon. Using a 30um slit, the spectral resolution
was better than lem™ '. Laser intensity on the sam—
ple was about 3mW. The field emission characteris—
tics of the samples were measured by using a diode
structure. The transparent anode was made of an
ITO coated glass plate. The CNT samples as the
cathode were separated from the anode by a mica
sheet with a suitable hole as the emission area. T he
gap between the anode and the cathode was

120um. The measurement was conducted under

pressure of 3. 6X 10" "Pa.

3 Results and discussion

Figure 1(a) shows the typical current versus

electric voltage for CNT emitters of samples A, B,

and C. The bias voltage sweeps were conducted
several times and Figure 1(a) shows the forth
sweep. After the fourth measurement, the current
is well stabilized. A relatively large amount of cur-

rent at higher voltage in each sweep probably caus-
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Fig. 1
(b) FowlerNordheim (F-N) plots obtained from

(a) Current versus voltage (/) curves:
the samples A, B, C

es some annealing''"”', and after a few sweeps, the
structure of the nanotubes seem to reach a stable
configuration. CNTs on untreated steel begin to
emit electrons at a higher electric field level than
CNTs on pretreated steel substrates, indicating
that the emission property of CNTs depends on the
pretreated condition of substrate. The turn-on ap-
plied electric fields ( corresponding to the current
density of 10uA/em’) of samples A, B, and C are
2.92, 1.67, and 2.5V /um, respectively, and emis—
sion current density of samples A, B, and C reaches
value of 1.2,3.2,and 2. 75m A/em’ at electric field
of 6.25V/um, respectively. Figure 1(b) shows the
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corresponding Fowler-Nordheim (F-N) plots [In
(1/V?) versus 1/V]. The F-N plots of the three
samples almost follow a linear relationship over the
measuring range, which indicates that the electron
emission from these samples complies with a con-
ventional tunneling mechanism, described by
Fowler-Nordheim theory. The slope S of the F-N
plot is S= — BP”d/B, where d is the interelectrode
distance, B= 6.83X10°eV""? * m™ ', ®is the work
function, and B is the field enhancement factor de-
fined as E\= BE. where E\is local electric field, E is
macroscopic field between two electrodes. Deter—
mining the value of the slope from F-N plot and as-
suming ®= 4.7eV for CNTs, as for graphite, it is
possible to derive the field enhancement factor B.
The field enhancement factors B of samples A, B,
and C are 2467, 10583, 3249, respectively. Accord-
ing to the F-N equation I o< ( Ei/® exp(- BF?/

E\), it is reasonable to conclude that the emission

Fig.2 TEM images of carbon nanotubes films

properties of sample B with lower turn-on electric
field and largest emission current density are relat-
ed to the largest field enhancement factor B. The
polishing pretreatment of substrate probably leads
to B increasing. Therefore, it is necessary to do pol-
ishing pretreatment for substrate for the successful
synthesis of CNTs in MWPCVD system.

TEM was employed to characterize the struc—
ture of three samples. To prepare TEM samples,
the samples were transferred to a carbon coated
copper grid. The specimens for TEM were first
peeled off by a pair of tweezers from the stainless
steel plate and dispersed in alcohol by ultrasonic
treatment, then dropped onto holey grids. The typi-
cal TEM image of three samples is shown in Fig.
2. TEM images show that the asformed products
contained abundance of nanotubes. Most of the

nanotubes are bent and a multi-walled structure.

(a) Low magnification TEM image of CNTs: (b) High reso-

lution TEM image of a CNT with graphite wall layers and a hollow tube structure

Figure 3 shows the SEM picture of stainless
steel in conditions A and B. It is seen that the pol-
ishing roughens the surface and produces many ir-
regular protrusions (shown in Fig. 3(b) ). the size
of which is about several micrometers.

Figure 4 shows the SEM pictures of CNTs
films. It can be seen that there are CNTs with high
density grown in conditions A, B, C. It means that
hydrogen plasma should transform a part of Fe and
Ni in the stainless steel substrate into catalyst
nanoparticles for the growth of CNTs before CHa

was introduced in the case of metallic substrates, in
contrast to metallic catalyst thin films coated sub-
strates, which transform into particles or islands.
But mechanisms for the formation of nano-sized
catalyst particles are not well understood.

Figure 4(b) shows the surface morphology of
the CNTs films in the case of condition B. It is ob-
viously seen that the CNTs of sample B are uni-
form with the highest density and lest quantity
amorphous carbon. In contrast, in conditions A and

C, the CNTs do not show the uniform (shown in
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Fig.3 SEM pictures of stainless steel in conditions

A and B (a) Un-polished: (b) Polished

Figs. 4(a) and (c¢)). and especially there are more
metal clusters in condition C, which is probably due
to a increasing active of the catalyst particles with
the decrease of its size. T he gathered metal clusters
as catalyst lose active for formation of CNTs and
cause the electric field screening effect on those ad-
jacent carbon nanotubes, which is subject to lower
field enhancement factors than that of sample B.

In condition B, the possible reason for the high
field enhancement factor ( f= 10583) is suggested.
In experimental situation B, the polishing pretreat—
ment of substrates were carried out by micro pow-
ders, so that irregular protrusions were formed
(shown in Fig. 3(b)) on the surface of the sub-
strates, which would cause a field enhancement fac—
tor Bion the top of the protrusions, and the CNTs
deposited on the protrusions produce another field
enhancement factor f2, therefore the overall en-
hancement factor f= BiB: leads to a high field en—
hancement.

Figure 5 gives the Raman spectra of CNTs

Fig.4 SEM images of carbon nanotube films (a)
Sample A:(b) Sample B:(¢) Sample C

films grown in conditions A, B and C. The D peak
(disordered line) has been known to be due to the
carbonaceous particles, defects in the curved gra-
phieic sheet, tube ends, and finite size of crystalline
domains of the tubes'""". The strength of the Ddine
relative to the Gdine (/v/l¢) is a measure of the
amount of disorder in the nanotube material. The
GHine peak arising from zone—center E2 mode of
highly oriented pyrolytic graphitic (HOPG) is lo-
cated at 1582cm™'. The Gine peak position for the
CNTs films exists a blue shift, which probably
comes from catalytic particles inside nanotubes'".

The deviation of Gdine relative to 1582em™ ' and



11 3] Fan Zhiqin et al.:  Influence of Pretreatment Conditions of Stainless Steel *** 1353

3000 1331
1585 A
1000 2667 2916
0 N

3000f 1333
2000 1596

2665 B
1000 2991

Intensity/a.u.
=

3000} 1325
2000 1591 c
1000 2649 2891
[1] i
0 1000 2000 3000 4000

Raman shift/em™!

Fig. 5 Raman spectra corresponding to samples
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corresponding In/Ic are listed in Table 1. The shift
of Gine of sample B is the largest one among the
three samples, which means more catalyst particles
in nanotube walls for sample B, so that an in-
creased defect density occurred in sample B. Proba-
bly, this is another reason leading to large emission

current density in sample B.

Table 1 Iv/Ic and shift of Gdine ( relative to
1582¢m™ ") of samples A, B,and C

Sample A B C

In/Ic 2. 1826 1.6371 1. 6766
Shift of GHine/em™ ! 3 14 | 9

4 Conclusion

In summary, CNTs film on stainless steel
plates by MWPCVD without pre-coating of cata-
lyst are fabricated. It is found the various pretreat—
ed condition of substrates influence the field emis-
sion characteristics of CNTs film. The mechanically
polishing and acid washing can lower the turn-on
voltage and improve the emission current. T he pol—
ished sample shows the best field emission proper—

ties.
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