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Abstract

This paper presents the synthesis and selective growth of carbon nanotube film.
The HFCVD at atmospheric pressure was used in this work. The vapor source was
ethanol mixed with hydrogen gas at appropriated ratio. The filament was heated up to
around 2000°C. The two kinds of substrate were silicon and copper substrates. By this
system CNTs can be grown at the condition substrate temperature in the range 550 -
750°C, 105-140 watt, 25-40 minute and 8-12 vol% of the ratio of H, gas passed
through ethanol (for bubbling) to total H, gas. The results showed that CNTs film can
be synthesized on all substrates and they were multi-walled.

The selective growth of carbon nanotube has been studied by patterning on
substréte fc;r controlling the growth of carbon‘nal-lotube by Ni as. catalyst and synthesis
by HFCVD. The research studies some techniques for selective growth which were
shadow mask, photolithography and electroplating. Substrates for this studies were
silicon and copper. CNTs can be selectively grown well. Finally, the resistive chemical

sensor from CNTs film was applied for detecting ethanol vapor.
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2.1.1 Single Walled Carbon Nanotubes (SWCNTs) [5]
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2.1.2 Multiple Walled Carbon Nanotubes (MWCNTs) [6]
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Material Conductivity (w/mk)
Carbon nanotubes 3,000 - 6,000
Diamond (Type II) 2,000
Boron nitride (theory) 1,300
Beryllium oxide 370-590
Water 561
Silicon earbide 490
Silver 418
Copper 380
Aluminum nitride 370
Gold 311
Aluminum 238
Tungsten 170
Silicon 150
Oil, Transformer 136
Iron 182
Graphite 80 -250
Palladium 70
Platinum 69
Tin 65
Gallium arsenide 46
Germanium 28
Titantum 20
Quartz 7-14
Indium arsenide 7
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NMANUIN Y

M99 ¥ -1 uFaInsSeuReUA1 Young’s modulus

Material Value (N/m?)
Carbon nanotubes 1x1,012
Diamond 1000
Tungsten 340x
Steel 172 — 205
Ferrites (most) 150
Platinum 147
Cast iron 138
Copper 124
Silicon 113
Quartz 79 — 107
Gold 74 — 80
Silver 71-78
Aluminum 69
Tin 41-45
Lead 14
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jllﬁ A-2 SEM (Scanning Electron Microscope)
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patterns on a Cu background was obtained as shown in Fig. 1.
Although the line-width and spacing of these preliminary Ni
electrodes are quite large compared to the size of CNT, they
can be scaled down to submicron range later when we study
CNT synthesis across the gaps between electrodes in future
work. Fig. 2 shows the closed-up surface of Ni electrodes on
which CNT will be deposited.
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Figure 2. SEM image showing surface of Ni electrodes.

III. CNT SYNTHESIS

CNT films were grown on the Ni/Cu substrates by HFCVD
at atmospheric pressure [14] using apparatus setup as shown in
Fig. 3. This self-contraction system uses ethanol vapor and H,
gas as starting sources. H, gas supply was splitted in two paths,
90% of which directly flows to the Pyrex™ glass chamber
while another 10% passes through bubbling container to carry
ethanol vapor before joining the first path. Gas flow rate in
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each path was separately controlled by a flow meter. The
substrate was heated to temperature 700-850 °C by a tungsten
filament hanging 3 mm above the substrate. The same system
can also be used in diamond thin film deposition [14].

Valve
[ ] W filament
& Substrate
—'\,W";iﬁ/f Substrate holder
4 7_"1Applied Voltage
! [ )
C,H,OH

[ Waste in air
I

Soie H,0
..n. a2

Figure 3. Schematic diagram of HFCVD apparatus.

IV. RESULTS AND DISCUSSIONS

The CNT films were grown on Ni/Cu substrate by HFCVD
apparatus as described. We observed that CNT films were
grown in the areas with Ni catalyst only. No CNT film was
obtained at all in an area of Cu background. Fig. 4a shows an
SEM image of a CNT film which is selectively grown on a
surface of Ni electrodes. CNT films at some edge areas of Ni
electrodes were unintentionally removed mechanically during
sample handling. This image clearly shows that Cu layer can
be used as a masking material for selective CNT deposition the
same way as Pt masking layer reported by [15].

Fig. 4b shows the boundary between Ni electrode and Cu
background. It can be seen that area-selective quality of CNT
growth depends on patterning quality of Ni electrodes.
Therefore, high area-selective quality of this growing
technique can be improved by scaling the pattern size down to
the limit of photolithography process. A closed-up view of
resulting CNT film after synthesis for 45 minutes is shown in
Fig. 4c. In this photo, the sizes of CNT are mixed between
small and large diameters. When CNT film was grown using
higher ethanol flow rate and lower substrate temperature, CNT
films of smaller diameters were obtained as shown in Fig. 5.
Comparing CNT films in Fig. 4c and Fig. 5, differences in
diameter, uniformity and density are clearly observed.

In order to confirm the resulting CNT film, it was analyzed
through Raman spectrum measurement. Fig. 6 shows a
spectrum of CNT shown in Fig 5. According to the Raman
spectrum, only two peaks were observed at wave numbers of
1,600 cm™ (G-band) and 1,360 cm™ (D-band). The peaks
indicate presence of graphitic CNTs and defective structures,



respectively. Higher intensity of G-band compared to that of
D-band implies high quality and low defective properties of
obtained CNT film. This confirms the quality of HFCVD used
in this work.
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Figure 4. SEM images showing (a) CNT on Ni pattern at low resolution,
(b) at electrode boundary, and (c) a closed-up view of CNT film.

In addition to Raman spectrum, EDX analysis was also
performed on the substrate before and after CNT synthesis.
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The results of EDX analysis shown in Fig 7(a) confirm
presence of both Ni and Cu on the substrate before CNT
synthesis. The peaks of Ni and Cu in this photo are almost
superimposed. After CNT deposition, a high peak of carbon
was observed along with the existing Ni and Cu peaks as
shown in Figure 7(b). This also confirms the presence of CNT
films.

Figure 5. SEM image of CNT film grown at higher ethanol flow rate and
lower substrate temperature, (a) at electrode boundary, (b) at the middle
of electrode.

Since CNT synthesis cannot be grown on a copper surface,
one can use this finding to selectively grow CNT films in
predefined non-conductive areas by scarcely sputter-deposits
Ni catalyst atoms on such substrate followed by deposition and
patterning of Cu layer. The area not covered by Cu can be then
used for selective growth of CNT films. Since masking
conductive substrate with Cu layer has been demonstrated in
this paper, Cu masking on non-conductive substrates will be
done in future work along with growing CNT across the gaps
between 3D high-aspect-ratio Ni microstructures fabricated by
LIGA processes as shown in Fig. 8. Considering CNT
synthesis on such 3D microstructures, Cu masking layer can
also be used to protect the bonding pads of Ni electrodes from
being covered by CNT during synthesis step. This will ease
wire bonding process when devices are packaged.
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Figure 6. Raman spectrum of CNT film.
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Figure 7. EDX spectrum of the substrate, (a) before and (b) after CNT
synthesis.

V. CONCLUSION

A method for selective growth of CNT on Ni/Cu con-
ductive substrates has been demonstrated. Experiment results
lead to a finding that CNT cannot be grown on copper surface.

Hence, Cu can be used as a masking material similar to the
case of Pt reported by other researchers. Based on experiments
done in this paper, CNT selective growing will be tested on
both 2D and 3D microstructures in the near future.

Figure 8. photo of high-aspect-ratio 3D Ni electrodes made of electroplated
Ni which was fabricated using the Thai LIGA processes developed at the
National Synchrotron Research Center, Thailand. These microstructures was
prepared for study of CNT synthesis across the gaps between Ni electrodes
which will be done in future work.
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