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Growth of nickel-catalyzed carbon nanofibers using MPCVD method and
their electrical properties
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Abstract Carbon nanofilaments were formed on silicon substrate via microwave plasma-enhanced chemical vapor
deposition method. The structure of carbon nanofilaments was identified as the carbon nanofibers. The extent of carbon
nanofibers growth and the diameters of carbon nanofibers increased with increasing the total pressure. The growth direction
of carbon nanofibers was horizontal to the substrate. Laterally grown carbon nanofibers showed the semiconductor electrical
characteristics.
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1. Introduction the substrate. Ni thin layer was used to catalyze the car-
bon nanofibers growth. The growth of carbon nanofi-

Carbon nanofilaments (CNFs) have fascinating shap&ers was investigated as a function of total pressure. The
suitable for interconnecting with nanometer diametersurface electrical resistivities of the laterally grown car-
and micrometer lengths were classified as carbon nandson nanofibers were measured as a function of the sub-
tubes (if hollow) and carbon nanofibers (if filled) [1-3]. strate temperature. Finally, we presented and discussed

For the nanowiring applications in nanoelectronic de-the fabrication of the laterally grown carbon nanofibers
vices, the CNFs should show the reproducibility of thehaving the semiconductor electrical properties.
electrical properties. Unfortunately, the electrical proper-
ties of carbon nanotubes are uncontrollable, because
they were known to be varied as metallic, insulating, o2, Experimental
semiconductor characteristics according to their diame-
ter, wrapping angle, or post-growth treatment [4, 5]. The We deposited CNFs films on the nickel layer-coated
formation of carbon nanotubes having the reproduciblel.0x1.0 cm Si substrate in a horizontal-type microwave
single electrical properties is too difficult to achieve. plasma-enhanced chemical vapor deposition (MPECVD)
From the practical point of views, therefore, the nanow-system. Nickel coating could be achieved by radio fre-
iring application of carbon nanotubes has been excludediuency (RF) sputtering system. In RF-sputtering experi-

On the contrary to carbon nanotubes, inside of carboment, we used Ar gas with 30 mTorr total pressure
nanofibers was known to be filled by the stacking ofunder 500 W RF power condition. We obtained around
carbon lattice structure [1, 6]. So the uncontrollable var50 nm film thicknesses after 5 min sputtering reaction.
ied electrical characteristics of CNFs, due to the diame- Before the CNFs deposition reaction, we cleaned the
ter and the wrapping angle, may be excluded. Consesubstrate with Hplasma for a few minutes. Gland H
guently, the possibility to get the reproducible singlewere used as source gases. The substrate surface tem-
electrical properties would be enhanced. This idea imperature during the plasma reaction was measured using
pels us to launch the fabrication of laterally grown car-optical pyrometer. The detailed experimental conditions
bon nanofibers for the nanowiring materials of the nano-of the CNFs formation under MPECVD were shown in
electronic device [7, 8]. Table 1.

We present the growth of lateral carbon nanofibers to The morphologies of CNFs were investigated using
field emission scanning electron microscopy (FESEM).
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Table 1 strate as a function of the total pressure. Figs. la~c
Experimental conditions of carbon nanotubes formation show FESEM images of the nickel layer-coated Si sub-
Microwave Source Flow rates of Sub. — Total ~ Reaction  strates after CNFs deposition reaction under 40 (Fig.
power gases _source gases Temp. pressure time la), 60 (Fig. 1b) and 80 Torr (fig. 1c) experimental con-

600W  CH, H, CH; 2.5 sccm750C, 40 Torr, 5min dition (see Table 1 for the detailed experimental condi-
H,: 47.5 sccm 950°C, 60 Torr, . .
1056C 80 Torr tion). The increase of the substrate surface temperature

with the increase of the total pressure was considered to
be due to the change of plasma density and the chemi-
carbon nanofibers using acetone in an ultrasonic bath. &al species, as the previous reports [9]. Figs. 2a~c show
drop of suspension was placed onto a carbon film supthe magnified image of Figs. la~c, respectively. As
ported by a Cu grid. Then, Cu grid was placed intoshown in Figs. 1 and 2, we could observe the increase
TEM chamber and the detailed morphologies of carborin the number density of CNFs on the substrate with
nanofibers were investigated. increasing the total pressure. Under this condition, we
The surface electrical resistivity measurement of carcould not obtain the vertical-type carbon nanotubes
bon nanofibers was carried out by the two points probalignment onto the substrate surface. On the other hand,
as a function of the substrate temperature. The composSENFs places parallel direction to the substrate surface.
tion of carbon nanofibers was analyzed by electron We measured the variation in the diameter of CNFs as

probe-micro analysis (EPMA). a function of the total pressure. As shown in Fig. 3, the
diameters of CNFs decrease with increasing the total
pressure.

3. Results and Discussion From the combined results of Figs. 1~3, we may sug-

gest that the low total pressure gave rise to the low
We first investigated the surface images of the subnumber density of CNFs with the large diameter. The
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Fig. 2. The magnified FESEM images of Fig. 1.
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. o . . Fig. 5. The high-magnified FESEM images of Fig. 2c.
Fig. 3. The variation in the diameters of CNFs as a function of

the total pressure.

optimal size nickel clusters for CNFs formation, the
cause for these results may be attributed to the lomumber density of CNFs on the substrate would be low.
induced temperature of the substrate caused by the rellmdeed, when we carried out CNFs formation reaction
tively low pressure plasma (see the variation of the subusing around 1,000 nm nickel catalyst layer under the
strate temperature according to the total pressure it5 Torr total pressure (~6%D substrate temperature)
Table 1). It was reported that the diameter of carborcondition, we could obtain merely a few CNFs having
nanofilaments increased with increasing the metal catathe very large size (~70 nm) diameters as shown in Fig.
lyst grain size [10, 11]. Thin layer of metal catalyst was4. The cracked image in Fig. 4 indicates the damaged
known to form the nano size grains by the plasma reamickel layer by the plasma.
tion during the initial plasma reaction [12]. In addition, Figure 5 shows the high-magnified FESEM images of
the nano size grains of metals were known to melt aFig. 2c. In this image, we could find the nickel on the
lower temperature, compared with the melting point ofend position of CNFs. The existence of the nickel on
the bulk metals [13]. Consequently, Low temperaturethe end positions (see the arrow positions of Fig. 5) of
compared with high temperature, may induce relativelfCNFs was found as a result of detecting nickel and car-
large size metal grains. So, relatively large size nickebon using EPMA. It indicates that the CNFs growth
clusters, instead of small size nickel clusters, can bevould follow the tip growth mode [14], instead of base
formed and they tend to participate in the formation ofgrowth mode.
CNFs. Finally, the relatively large size diameters of
CNFs can be produced. Furthermore, due to the lack ¢

10nm

Fig. 4. FESEM images of CNFs on around 1000 nm nickel
catalyst layer coated Si substrate unther 15 Torr total pres- Fig. 6. TEM image for one of the carbon nanofibers under
sure (~656C substrate temperature) condition. 80 Torr total pressure condition.
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growth and the diameters of carbon nanofibers increased
with increasing the total pressure. Laterally grown car-
bon nanofibers showed the semiconductor electrical char-
acteristics.
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