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Field emission properties of carbon nanohorn films
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Self-supporting carbon films were prepared from a carbonaceous material, nanohorns. Nanohorns
are spherical particles built of sharp cones of a single graphene sheet. The films show good field
emission characteristics due to the sharp horn-like structures, in particular a low turn-on field and

good long-term stability. ©2002 American Institute of Physic§DOI: 10.1063/1.1481200

I. INTRODUCTION graphene is surrounded by amorphous carbon. Sonication of
the soot in ethanol breaks up the agglomerates and a dark

Since the discovery of th€4, molecule! the family of : . ) . )
carbon nanostructures has been steadily growing. Afte?us’penSIon of dahlia particles is formétiese do not frag

o . . ment up during sonicatignA thick deposit of nanohorns can
multi-> and single-walled nanotubéscarbon onior and . . .
be prepared by drawing the suspension through a ceramic
carbon cones,the latest members are carbon nanoh8rns. . T .
. : TR filter of 200 nm pore size. The thick film can be easily de-
There is a ever growing activity in the development of

carbon-based field emitter&liamond-like carbonta-C,’ tached from the filter after drying overnight,

. The field emission experiments were performed in an
nanostructured carbdhand carbon nanotub&sust to name .
: e UHV chamber with a base pressure of I0mbar. The coun-
a few). Of all of these materials, the application of carbon

. tegelect highl lish tainl teel sph f1
nanotubes has been the most successful, since prototypes gge ectrode was a highly polished stainless steel sphere o

; cm diameter, which corresponds to an emission area of
nanotube-based flat panel displays have been P

- 7=220.007 cm according to electrostatic calculations. The
demonstrated® Among the numerous tasks for optimization . )
. S S L nanohorn samples were mounted on a linear manipulator and
of the field emission, simplification of the fabrication proce-

- _the interelectrode distanc#, was fixed to 125um. The

dure as well as the development of large scale/low price . . . .
. . emission current was measured with a Keithley 6517A elec-

production methods remain open problems. Carbon nanQ. - cter capable of sourcing up to 1000 V and 1 mA

horns can be synthesized in large quantitigs g/h, and the P gup '

product, unlike nanotubes, does not need any further purifiy,. RESULTS AND DISCUSSION

cation. These two key factors make them promising candi-

dates for large scale applications. In this article, we report ont F'gur?. ZdSFOIVC\i/s ?;yglcakv_cr:rl;lrve. The em53|or'1:set|s on
the field emission properties of thick films of carbon nano-2 an appiie t{? of 2.6 im. The corresponding rowler=
horns. Nordheim plot,” where thel-V curve is displayed by plot-

ting In(I/V?) vs 1N, is given in the inset of Fig. 2. The plot
shows a straight line up to emitted currents of 48/cm?,
Il. EXPERIMENTAL DETAILS which indicates that the nanohorn films follow Fowler—

) Nordheim like behavior. The slope in a Fowler—Nordheim
Nanohorns were prepared by an intense,@8er abla- 1o+ qenends on the work function, the field amplification

tion of graphite, as described in Ref. 6. The powder of highlyt,ctor 5 and the interelectrode distantewe can estimatg@
dispersed carbon soot consists of spherical graphitic partiCl§is, the hypothesis that the work function is similar to that
with an almost uniform size distribution peaking around 800fgraphite(~5 eV), and found@= 930 for the film shown in

nm, as shown in the scanning electron microsc¢®gM) Fig. 2.

image in Fig. 1a). The transmission electron microscopy = A marked flattening of thé-V curve was observed at
(TEM) image of Fig. 1b) reveals that irregular and horn- pigher currents. Such behavior has been noted in nanotube
shaped graphene sheets assemble to_forrr_l what resembleaﬁh nanocarbon films by several authBd The phenom-
dahlia flower at the nanoscale. In the interior of these ballsgp4 that underlie this deviation from the Fowler—Nordheim
model are not clear but are probably linked to the presence of
aE|ectronic mail: jean-marc.bonard@epfl.ch adsorbates such as water molecules on the emittéftip.
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FIG. 3. Low current field emission of nanohorns compared with arc dis-
charge single wall and multiwall nanotubes, as well as with CVD-grown
fibers.

significantly higher for SWNT than for MWNT films, which
is most probably due to the smaller tip radius of SWNTs. The
tip radius is also responsible for the low field amplification
and high emission fields obtained with the catalytic fibers.
Interestingly, the small diameter of SWNTs should lead to
very low emission fields, while the SWNT films show
“only” comparable performance to that of MWNTs. We sur-
mise that this is due to a low emitter density, since most
SWNTs are bundled into ropes and only a few SWNTs tips
FIG. 1. () Scanning electron microscopy arid) transmission electron are detected. . . .
microscopy images of carbon nanohorns characterized at different scales. ~ 1he values given in the second section of Table | were
measured on patterned nanotube fithhese films were
realized by CVD of acetylene over Si substrates with catalyst
In Fig. 3 and Table | we compare the performance ofpatterns deposited by microcontact printiigrhis method
nanohorns with other carbon-based emitters. The sampleglows one to produce films with a nanotube density that can
mentioned in the upper section of Table | and displayed in
Fig. 3 are continuous films prepared by the same film trans-
fer method as that used for nanohdfom arc discharge TABLE I. Emission characteristics of nanohorn, nanotube and nanocarbon
multiwall nanotubes (MWNTSs), single wall nanotubes films. MWNT gnd SWNT stand for mu!tiwall and single yvall carbon nano-
(SWNTQ and 30 nm diam carbon fibers grown by Chemicaltubes, respectively, prepared by arc discharge or chemical vapor deposition

" 13 . e . . (CVD). The interelectrode distance was 12 for all samplesE,, andE,
vapor deposmor(CVD). The field ampllflcatlon faCtOB 1S are the turn-on and threshold fields needed to produce current densities of 10

uAcm 2 and 10 mA cm?. An asterisk means that the value indicated was
extrapolatedg is the field amplification factor extracted from the low cur-
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FIG. 2. Typical field emission characteristics of a carbon nanohorn film withcarbon
a corresponding Fowler—Nordheim plot in the inset.
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be varied from a low density of very short tubes, to a me-terms of spatial distribution of the emission and density of
dium density of long nanotubes that protrude over the filmemitting sites than some nanotube and nanocarbon films.
surface, and to walls of densely packed nanotubes that grow The only marked difference with respect to nanotube
perpendicular to the substrate. The emission fields of the loilms is that we were not able to extract current densities
density films are high because only a few short emitters arkigher than 1 mA/crwithout inflicting permanent damage
available. The medium density films show the lowest emisto the sample, whereas nanotubes can withstand densities
sion fields and highB, because the nanotubes are long andhat are higher by at least two orders of magnitude. This
screening effects are minimized due to the large distancagain may be due to the very peculiar structure and high
between nanotubes. Conversely, the high density films havessistivity of nanohorns. Since their long-term stability is
high emission fields and loy8 because of shielding between comparable to that of nanotub@®t shown herg nanohorns
the densely packed nanotubes. could represent an enticing alternative for field emission ap-
In the lowermost section we list parameters of other conplications that do not require high current densities.
tinuous nanocarbon films used for field emission, namely,
nanostructured carbon deposited tayC,” as well as a ca- ACKNOWLEDGMENTS
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