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implies that samples grown under a bias less
negative than —80V cause little carbon
materials on the Pt films, Increasing the bias
to —120V, it generates the high-density
carbon nanotips.

Figure 1

Fig. 2 shows these well-aligned carbon
nanotips grown upward to 5.4 um length and
64 nm in diameter under -120V. Sharper

nanotips have a  higher-aspect-ratio,
indicating good characteristics for field
emission. Fig. 1{b, however indicates that
tips will grow to a sub-micrometer diameter
under a higher bias (more negative

than —120V), revealing that bias can enhance
the growth of carbon nanotips on Pt films.
Hence, the optimal bias for growing carbon
nanotips on Pt films is —120V.

Figure 2

Figure 3 also shows good results of carbon
nanotips grown on Si under —120V, but the
deposition time is shorter than those grown
on Pt films. This is due to the fact that it is
easier to form carbon materials on Si than on
Pt [9].

Figure 3

Figure 4 (a) displays the TEM images of
an end section of an individual nanotip
grown under —120V. Unlike hollow carbon
nanotubes, carbon nanotips are solid. The
main feature of note is the tip’s somewhat
irregular shape, with one primary protrusion.
The diffraction pattern (DP) indicates that
the end section is graphite. Moreover, Fig. 4
(b) displays the lateral section of the same
tip, showing well-organized microcrystalline
graphite section. The DP of Fig. 4 (b) also
confirms the existence of well-organized
microcrystalline graphite, proveing that the
carbon nanotips are made of graphite.

Figure 4

Figure5 exhibits the Raman spectra of
cartbon nanotips grown under various bias
and substrates. All of them have two sharp
peaks located on about 1345 cm™ and 1580
cm™, respectively. The first-order Raman
spectrum of aligned carbon nanotips shows




strong sharp peaks at 1581 cm™ (G line),
which is the hlgh-frequency E,; first-order
mode and 1350 cm™ (roughly corresponding
to the D-line associated with
disorder-allowed zone-edge modes of
graphite). The peaks imply that the nanotips
are characteristic of microcrystalline graphite.
The relative intensities of the two peaks
depend on the type of graphitic material.
Normally, the intensity of the 1350cm™ peak
increases (i) with an increase in the amount
of unorganized carbon in the samples and (ii)
with a decrease in the graphite crystal size
[10].

The most conspicuous feature of carbon
nanotips (grown under —120V) is that their
Raman spectra show an additional weak peak
at about 1618 cm™ (D’ line). The origin of
the D and D’ lines in other forms of carbon
materials has been  explained as
disorder-induced features, caused by the
finite particle size effect or lattice distortion
[11-13]. Besides, a sample grown under —120
V with a narrow bandwidth of the G-line and
the D-line has well-organized carbon. The
previous TEM image clearly displays the
existence of well-organized graphite in the
sample.

A
4
1 H J'n'\I
i f‘ "‘w/ 1-150V0nPt
= i é
2 "'/ f *“\”:qo::m
el f‘. g 120VonEr
S 4 i
f' \ /T -120Von Si
1(‘”) " 1500 ' 14m ' 1ouo 1m Zﬂlﬂ I
‘Wave number
Figure §

The field emission tests are performed on
a diode structure, in which the carbon
nanotips are separated from the anode,
indium-tin-oxide glass, using 500 pum glass
as spacers. The voltage-current ( 7-V )
properties are measured and analyzed
through the Fowler-Nordheim (FN) model,
viz the In ( IV7 ) VS. 1
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characterizes cartbon nanotips grown
under -120V on Si and Pt. The current
densities at  2.2V/ pm of nanotips
under —120V grown on Si and Pt are 761 and
617 pA/cm’, respectively. The threshold
voltage { Vr)is defined as the intersection
of the slope of F-N plots with abscissa.
According to the F-N analysis, the emission
behavior of the sample grown on the Pt films
1s befter than that grown on Si. (lower
tum-on field = 1.5 V/um). It is attributed to
the presence of Pt layers, which provide a
good conduction path for electrons to
transport from the cathode to the emission
sites [14].
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