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Synthesis of Carbon Nanomaterials Using Pulse Microplasma
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Synthesis of carbon nanomaterials by pulse microplasma in a scanning electron microscope (SEM)

chamber equipped with a special discharge cell was illustrated. The peak current density of the CHy
microplasma was higher than 5 kA/em® and the pulse width was almost 10 ns. There were some carbon

nanomaterials deposited besides source-melted spots on the cathode of platimum film after 5 s operation. :
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L.INTRODUCTION

Recently, microplasma has been intensively studied
because of its interesting characteristics of small volume,
low energy consumption and high density, and application
on flat panel displays in various fields such as analytical
instrumentation and materials processing [1]. Study on
microplasma discharges operated in a SEM chamber is
reported in this paper. It was found that the discharges
pulsed automatically when a DC high voltage was applied
through a high resistance to electrodes with a gap from 10
to 100 pm at near atmospheric pressure. When the peak
current density of the pulse discharge reached 5 kA/cm?,
the electrodes were not seriously damaged due to short
duration of pulse width, i.e. 10 ns. In this work, it is
demonstrated that carbon nanomaterials appear on the
cathode when the pulse microplasma is operated in the

presence of CH, gas.

2.EXPERIMENTAL DETAILS

Microplasma discharges were carried out in a
removable gas cell installed in a SEM (Hitachi, S-3000N)
chamber, as shown in Fig.1. A platinum film (about 600
nm thick) deposited on an n-Si (100) Wafer was used as
the cathode and a palladium alloy needle of 12 um tip
curve rate was used as the anode. The gap between the

anode and cathode was adjusted while observing the SEM

image, as shown in Fig.2. After setting the electrodes, the
gas cell was closed and was filled with CH, gas up to 100
kPa.
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Fig.1 Microplasma discharge cell in SEM
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Fig.2 SEM image of the anode and cathode
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To avoid serious damage of the electrode, a relatively 6 ®
high resistor was inserted in the circuit to provide a sk
high voltage to the anode, as shown in Fig.3. The high .
voltage power source was operated in pulse <
modulation at 10 Hz frequencies and 0.6% duty ratio. g )
The anode voltage and the cathode current were § 2r
monitored by a digital oscilloscope (Lecroy LT364) of 1k
a 500 Ms/s and a 400 MHz bandwidth. o} L
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Fig.3 Circuit of experiment 202 [
A FESEM (JEOL, JSM-7400F) and a SEM were used 200} L L L
to observe the surface of electrodes before and after 600 -400 200 0 200 400 80O
discharge. Energy dispersive X-ray spectroscopy (EDX) 15¢
was used to determine the components of the material. ©
10+
3.RESULTS AND DISCUSSION <
Fig.4 shows typical waveforms of voltage and current g
when the gap was 50 pm and CH, pressure was 100 kPa. © oor
An initial discharge of a large current and about 16 times
of repeating discharges occurred during each pulse, as 00 L l | HI Ll
shown in Fig.4. The peak current was higher than 1.5 A 0 460 _260 S 260 460 GJOO
and the pulse width was almost 10 ns during the initial Time( 1 8)
discharge. Because the current was terminated by a 50 Q tor @
terminator, current higher than 1.5 A was beyond the
range of oscilloscope. = or
Fig.5 shows FESEM images of the discharge area on E o5l
the cathode surface after 5 s of operation at 50 um gap 3
and 100 kPa pressure. There weré nearly 40 spots in the ook
area, as shown in Fig.5 (a). Eleven spots are clustered in
the center. Fig.5 (b) shows a high magnification image of 05 , ; \ . L
the square area in Fig.5 (a). The platinum cathode surface w4 200 0 0 40 60

Time (ns)
melted locally in the center and at the spots. During the 5 Fig.4 Voltage and current waveforms for the

s 10 Hz operation, 50 large current discharges and nearly CH, 100 kPa pressure and 50 um gap gas discharge

1000 small current discharges were observed in the (a)Applied pulse high voltage, (b) Anode monitored

current waveform. The number of melted spots voltage, (¢) Cathode current, (d) Current of the

approximately coincides with the number of large current initial discharge in a pulse on the expanded time
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Fig.5 FESEM images of cathode surface after 5 s deposition of discharge when gap was 50 pm and pressure was 100 kPa

(a) Low magnification image of discharge area, (b) High magnification of square area in (a)
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Fig.6 FESEM images of cathode surfaces after different time operation discharge when
gap was 50 um and pressure was 100 kPa (@) 1s,(b)3s,(c)5sand(d)10s

discharges. pm and pressure was 100 kPa. All the images were taken
Fig.6 shows FESEM images of some products found in the area (the circle area) near the center area, as shown
on the cathode after CH, discharge when the gap was 50 in Fig.5 (a). The images show that there were two kinds

of materials on the surfaces of cathode after operation.
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Fig.7 EDX of cathode surface after 5 s operation of discharge when gap was 50 um and pressure was 100 kPa

(a) FESEM image of the measured spots, (b) 001 spot- nanomaterial spot and (c) 002- non-nanomaterial spot

One is platinum with most grains almost 30 nm in
diameter, and the other is a carbon nanomaterial. Fig6 (a)
shows the FESEM image of 1 s. The typical length and
diameter of these nanomaterials were 100 nm and 30 nm,
respectively. Fig.6 (b) shows the FESEM image of 3 s.
The typical length of the nanomaterial were almost 300
nm, which is longer than that obtained at 1 s. In Fig.6 (¢)
the FESEM image of 5 s is shown. Here the typical length
and diameter of the nanomaterial was approximately 800
nm and 30 nm, respectively. When the deposit time was
longer than 5 s, the nanomaterials melted, as shown in
Fig.6 (d).

Fig.7 shows the EDX results of the cathode surface
after a 5 s operation at 50 pm gap and 100 kPa pressure.
The measured spots are shown in Fig.7 (a). It is clear that
the carbon content of the nanomaterial spot was higher
than that of the non-nanomaterial spot.

It is estimated, from the initial discharge current
waveform shown in Fig4 (d) and the discharge area
shown in Fig.5, that the current density is approximately
5 kA/em® when the gap was 50 pm and pressure was 100
kPa. Fig.6 suggests that the length of the nanomaterial
increases with the operation time increasing up to 800 nm

at 5 s when the gap was 50 um and pressure was 100kPa.

CONCLUSIONS

Pulse microplasma discharges were operated with CH,
at near atmospheric pressure using a thick (about 600 nm)
polycrystalline platinum film cathode and a palladium
alloy needle anode. No serious thermal damage on the
surface of polycrystalline platinum film occurred after
discharge for 5 s. Carbon nanomaterials were found on
the cathode. The diameter of the carbon nanomaterials
was approximately 30 nm and the length increased when

the operating time increased upto 800 nm at 5 s.
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