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Abstract

Carbon nanotubes (CNTs) were grown on Ni-
coated TiN/Si substrate by microwave plasma
chemical vapor deposition using mixture gas of
Hy/CH; at low temperature of 500 C.  Average
diameter of CNTs could be easily controlled by H,
plasma pretreatment time before CNTs growth. The
turn-on voltages of CNT emitters were varied from 3.5
Viim to 9 V/um according to the hydrogen
pretreatment conditions.  The close relationship
between electron emission characteristics and
pretreatment time indicates that pretreatment
condition can be a key process parameter in CNTs
growth for field emission displays..

1. Introduction

Since the discovery of carbon nanotubes (CNTs)[1],
CNTs have drawn much attention owing to their
unique physical properties and wide variety of
applications. One potential application is the electron
source i field emission display (FED)[2]. The
advantages of CNTs as field emitters include a small
radius of curvature, high aspect ratio, high chemical
inertness and mechanical strength[3,4]. Two different
approaches can be applied to fabricate CNTs as FED
cathode. One is the CNTs deposited in thick film
pastes, and the other 1s the selective growth of CNTs
onto patterned catalyst layers. While the former is
simple and economical process, it requires post-
activation process to kick off uniform and efficient
electron emission and has some demerits in view of
resolution and contamination. The latter can be highly
selective and allow high resolution integration of
CNTs. In addition, the selective CNTs growth is
favorably the last step of the field emitter array (FEA)
fabrication process with gate, leaving the CNTs free

of any surface contamination due to post-processing.
Among various methods for selective CNTs growth,
chemical vapor deposition (CVD) method is
eminently suitable for preparing CNTs as electron
sources in FED owing to 1its controllability and
reliability. However, more detailed understanding of
growth mechanism and process parameters affecting
the CNTs structure and electron emission properties 1s
needed for the practical use of the method. In
particular, small diameter CNTs with several micro-
meters long are essential to achieve a low switching
voltage and a high current density at HDTV resolutions.

In this paper, we study the CNTs grown on Ni-
coated TiN/Si substrate at a low temperature of 500 C
using microwave plasma CVD (MPCVD). The influence
of H, plasma pretreatment on the structural properties
and field emission characteristics of CNTs 1s
mmvestigated.

2. Experimental

The starting material 1s a 120 nm-thick Ni coated
TiN/Si substrate. N1 was deposited by rf magnetron
sputtering process under a chamber pressure of 3.7
mTorr and substrate temperature of 183 C. The
process for CNTs growth consists of two steps: (1)
formation of metal catalyst in H, (100%) plasma
pretreatment and (2) growth of CNTs in H; (20%) and
CH, (80%). The H, pretreatment and the CNTs
growth were carried out at microwave power, pressure
and substrate temperature of 400 W, 10 Torr and
500 T, respectively. The pretreatment time was
varied from 5 min to 15 min and the growth time was
fixed at 30 min. Fig. 1 shows the schematic diagram
of the MPCVD system. The growth temperature can
be detected by two thermometers of pyrometer and
thermocouple.
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Fig. 1. Schematic diagram of MPCVD system used
for CNTs growth.

3. Results and discussion

The growth morphology was observed by scanning
electron microscope (SEM). Fig. 2 shows the typical
SEM 1mages of CNTs which are uniformly grown on
substrate. Although the vertical alignment of CNTs
has much room to improvement, the CNTs seem to be
quite uniform in length. We measured TEM images
of the CNTs to evaluate the wall structure and the
CNTs diameter. As shown in Fig. 3, the TEM
observation shows that these nanotubes have
multiwalled structure with graphitic sheets and the tips
of the CNTs are closed with cone-shaped catalytic
metal particles. Fig. 4 shows the CNTs diameter
versus H, pretreatment time. The diameter of CNTs
linearly decreases with increasing pretreatment time,
which 1s due to the reduction of Ni grain size caused
by higher 1on bombardment. As pretreatment time

increases from 5 min to 15 min, the CNTs diameter
decreases from 36 nm to 26 nm and thus CNTs with
higher aspect ratio can be obtained at longer
pretreatment time However, CNTs were rarely grown
after longer H, plasma pretreatment than 25 min. This

indicates that the optimum pretreatment time exists for
the growth of CNTs. |
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Fi. 2. Crossectioal SEM images f MPCVD-CNT
film with different pretreatment times of (a) 5 min, (b)
10 min, and (c¢) 15 min.
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Fig. 3. HR-TEM images of multiwalled CNTs taken at

(a) the middle and (b) the tip of the CNTs with the
pretreatment time of 10 min.
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Fig. 4. Averaged diameter of CNTs as a function of H;
pretreatment time.

Carbon nanotube films were also characterized by
Raman spectroscopy. Fig. 5 is the typical Raman
spectrum for the CNTs observed in Fig. 2(b). The
difference in the spectra according to the pretreatment
time variation was neghgible. Only two peaks were
observed in Raman spectrum. The strong peak at
1598 cm” (G-band) signifies the formation of
graphitic CNTs. Another peak at 1350 cm™'(D-band)
indicates the carbonaceous particles adhered to walls
of CNTs and the defective structure in the walls due to
low growth temperature{5]. Larger intensity of D-
band than that of G-band reveals that a large amount
of carbonaceous particle and defects or imperfection
in crystalline are contained in the CNTs.

Field emission properties of the grown CNTs were
characterized using a diode-type configuration in a
vacuum test station at a base pressure of 4.7x10° Torr.
The distance between the anode and the CNT emutters
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Fig. 5. Raman spectra of grown CNTs.

was kept at 160 gm throughout the measurement and
the rectangular emission area was about 1 cm’. Fig. 6
shows the anode current as a function of the
macroscopic electric field for CNTs emitters observed
in Fig. 2. The macroscopic electric field for the diode-
type configuration 1s V,/d, where V, is the voltage
between the anode and the CNTs emitter and d 1s the
distance between the anode and the emitter surface.
The turn-on field decreases from 9 V/um to 3.5 V/um
with increasing pretreatment time from 5 min to 15
min, which suggests that the field emission
characteristics of CNTs can be controlled via CNTs
diameter by the pretreatment time because the CNT
diameter affects the field enhancement factors B[6].
In fact, it is well known that the emission current is
primarily dependent on the field enhancement factor,
namely aspect ratio, of CNTs. Consequently, a slight
vanation of few tens percent of CNTs diameter causes
a significant variation of the emitted current by several
hundreds of percent.

Fowler-Nordheim (F-N) plots corresponding to the
I-V curves of Fig. 6 are presented in Fig. 7. The
experimental data are fitted well with a straight F-N
lines. To gain a better understanding of electron field
emission, field emission parameters can be extracted
from the F-N plots by the simple slope-and-intercept
method[7]. The emission current density J in A/cm” is
generally expressed as the F-N equation[8] -
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Fig. 6. Anode current as a function of macroscopic

electric field for diode-type CNTs emuitter structure
with different hydrogen pretreatment time.
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Fig. 7. Fowler-Nordheim plots corresponding to field
emission curves of Fig. 6.

where ¢ is work function in eV, Ej,. the microscopic
local electric field near the CNT emitters in V/cm
which can be given as E;,. = fE. [and E are the field
enhancement factor and macroscopic electric field,
respectively. From Eq., (1) and J = [ /a where «

denotes the emission area in c¢m’, a linear relation of
In(J/E®) and 1/E can be obtained as
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where C and § correspond to the intercept on I/E2-axis
and the absolute value of slope of the F-N plot,
respectively.  With a work function given, field
emission area and field enhancement factor can be
calculated as

¢3/2
b= 284 x10" —
S 3
10C¢ ( )’
a = ~6 2
14x107°p

The field emission parameters obtained from the
simple F-N analysis and the assumption of ¢= 5
eV[9] are listed in Table 1. The calculated field
enhancement factors in Table 1 are something like the
experimental results in previous results[10]. For
example, if applied macroscopic electric field is 10
V/um, then the field across the CNT emitter is
9.9x107 ~ 3.8x10° V/cm, which is sufficient to cause
the field emission. Larger field enhancement factor of
CNTs with 15 min pretreatment time than that with 5
or 10 min mainly results from larger aspect ratio due
to smaller CNT diameter. Several reasons may
account for very small emission areas including
randomly aligned CNTs. Very high CNT density in
our film may decrease the enhancement factor by
field-shielding effect and also contribute smaller
emission areas[11]. Large scale of well-dispersed and
vertically-aligned CNTs will helpful to improve field
emission characteristics.

Table 1. Field enhancement factor #and emission area
a extracted from F-N plots for CNTs emitters with

different pretreatment time of 5, 10, 15 min,
respectively.
10 min 15 min
1443 3826
0.34 0.0024
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4. Conclusion

We have successfully grown CNTs on N1 coated
TiN/Si substrate at 500 C by MPCVD with mixed gas
of CH, and H; after plasma pretreatment with H, gas.
The CNTs were uniformly grown in high density.
The increase of pretreatment time caused the decrease
of CNTs diameter and thus improvement of electron
emission characteristics owing to the higher aspect
ratio. These results indicate that the optimization of
the growth conditions for electron emitters 1s also
necessary in the field of plasma pretreatment and still
under way. We believe that the CNTs grown by the
low temperature MPCVD process can be a promising
candidate for the electron sources in the FEDs.

Acknowledgment

This research was supported by a grant(M1-02-KR-
01-0001-02 -K18-01-016-1-1) from Information
Display R&D Center, one of the 21st Century Frontier
R&D Program funded by the Ministry of Science and
Technology of Korean Government.

References

[1] S. Lijima, Nature. 354, 56 (1991)

[2] J. M. Bonard, J. P. Salvetat, T. stockhh, W. A.
de Heer, L. Forro, A. Chatelain, Appl. Phys. Lett.
73, 918 (1998)

[3] K. A. Dean and B. R. Chalamala, J. Appl. Phys.

Vol. 85, 3832 (1999)

[4] P. G. Collins and A. Zetttl, Phys. Rev. B, Vol. 55,

9391 (1997)

[5]C.J. Lee, D. W. Kim, T. J. Lee, Y. C. Choy, Y. S.
Park, Y. H. Lee, W. B. Choi, N. S. Lee, K. S. Park,
J. M. Kim, Chem. Phys. Lett (1999)

6] R. Gomer, “Field Emission and Field Ionization”,
(Harvard Univ. Press 1961)

71 H. S. Uh, N. S. Park, J. D. Lee, J. Korean Appl.
Phys., Vol. 7, 333 (1994).

8] R. H. Fowler and L. W. Nordheim, Proc. Roy. Soc.
Ser. Vol. A 119, 173 (1928).

9] Y. Chen, S. Patel, Y. Ye, D. T. Shaw, Appl. Phys.
Lett., Vol. 73, 2119 (1998).

[10] Y-M. Shyu and F. C-N. Hong, Matenals
Chemistry and Physics, Vol. 72, 223 (2001).

[11] O. Groning, O. M. Kuttel, C. Emmenegger, P.
Groning, and L. Schlapbch, J. Vac. Sci. Technol. B,
Vol. 18, 665 (2000).




