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In thispapemwereportonthemorphologyand eld emissiorfrom nanotubegreparedy AC
CVD (Alcohol Catalytic ChemicalVapourDeposition)technique. Sampleswere prepared
by growing of carbonnanotubegCNTs) on Ni and Fe supportingwires. The vapoursof
alcohol were usedas a sourceof carbonatoms. A heatfrom halogenbulbs boostedthe
growth up. Ramanspectroscop was usedfor the detectionof the presenceof nanotubes.
The morphologyof createchanotubesvasinvestigatedy high resolutionscanningelectron
microscop. Cold electronemissionproperties(emissioncurrentdensityvs. electric eld
characteristicsin dependencen the materialof wiresandthe alcoholvapourpressurénave
beendeterminedrom I-V measurements.

PACS: 73.63.Fg,79.70.+q81.07.De85.45.0b

1 Intr oduction

In the last two decade®f the previous centurya lot of articleshave beenpublisheddevoted
to carbontechnologies.Beforethe year19700nly two of carbonallotropemodi cations were
known. Theseweregraphiteanddiamond. Then,after discoveringfullerenesandinvestigating
theirinterestingpropertiegbiochemicakctuity, photo-induceclectrontransfer gasocclusion,
superconductity), mary researcherstartectheir formationby varioustechnologiesin thelast
decadeof the century whenS. lijima [1] found nanotubesa further boomin this branchhas
beennoticed.It wasfoundthatcarbonnanotubegouldbe usedin electronicdevicesbecausef
very easyelectronemission.Of course otherinterestingpropertieswerefound for application
alsoin medicine biology or asfuel cells. Saitoetal. [2] reportedn 2000anapplicationof CNTs
to electronsourcedor lighting elements.Also, Bonardet al. [3] demonstratedhat nanotubes
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Fig. 1. Ramanspectreof samplega) Ni wire in dependencen pressureand(b) Ni andFewires.

depositedn a cylindrical elementcould be usedascold electronemittersin a cylindrical eld
emissiordiode. Theexcellentemissionpropertiesof the cathodeallow realizationof amercury-
free luminescentube. Nowadaysthe growth of carbonnanotube®n planarsubstratess well
described4] butdepositiorof carbonnanotubesnnon-planasurfacedik e cylindrical elements
is lessusual.

In our laboratory the diamondtechnologytrendswere partially capturedat the end of the
nineties.We grew diamondayerson varioussubstratenaterialdy hot lament chemicalvapour
deposition(HF CVD). Rathergood resultswere reachedn productionof diamondlayerson
suchsubstratesasW, Mo, Cu, Si, and WC/Co. After thatwe pointedour interestto electron
emissiorpropertieof thediamondsurface[5]. In this papemwe presenthemorphologyand eld
emissionof the carbonnanotubesims obtainedby alcohol catalyticCVD. Carbonnanotubes
weredirectly depositecbn Ni andFewires.

2 Method and experimental details

For the growth of CNTs we useda similar methodas presentedn the article of Maruyamaet
al.[6]. A corventionalCVD apparatusisesheatfrom afurnaceto activategasmoleculesln our
casehalogenbulbsreplacethe furnaceandwe do not usea quartztube. This allows varyingthe
temperaturevery quickly. Our experimentsverefocusedon thein uence of the alcoholvapour
pressure@ndthe materialof the substratesponthe morphologyandelectronemissiorproperties
of carbonnanotubes.The depositiontemperaturavas maintainedat 700 C. Ni or Fe wires
wereusedassubstratesBeforethe depositionthe supportingwires wereultrasonicallycleaned
in acetone.After depositionfour differentanalyticaltechniquesvere usedto characterizeéhe
samples:Ramanspectroscop cold electronemissioncharacteristicsneasurementSEM and
TEM. Ramanspectroscop was performedin a corventionalmicro-RamanspectrometetSA
Labram(JobinYvon/Spe/Dilor, HoribaGroup)equippedvith a He-Nelaser(632.817nmline)
in backscatteringgeometry For measuringhe cold electronemissioncharacteristicsve used
acylindrical coaxialelectrodecon guration[7]. The morphologyof CNTswasinvestigatedy
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Fig. 2. Cold electronemissionmeasurementsf (a) nanotubeslepositecbn Ni at differentpressuresand
(b) comparisorof cold electronemissionof nanotubegronvn on Ni andFewires.

the high-resolutiorscanningelectronmicroscopd.EO 1550usingin-lensdetectorof secondary
electrons.

3 Resultsand discussion

Figure 1(a) shavs Ramanspectraof samplespreparedat different pressures.Ramanspectra
of all samplescontaintwo sharppeakslocatedat  1330cm ! (D band,D line) andaround
1590cm ! (G band).Both of the peaksaretypical for graphite aswell asfor multi-walledand
single-walled carbonnanotubeg8]. The D bandhasbeenknown in graphitefor 30 yearsand
it hasbeenshavn thatthe peakis inducedby disorder The D line is attributedto the presence
of amorphouscarbonaceouproducts,disorderedcarbonor defectsin graphitesheetq9]. In
Fig. 1(b) a comparisonis shavn of Ramanspectrafor Ni and Fe samplesgpreparedunderthe
samedepositionconditions.Ramarspectraof the samplesontainalsotwo sharppeaks We can
seethatD andG peakdor Ni samplearesharpeiandtheratio betweens andD is muchlower.
Thel-V characteristicsvere measuredindervacuumpressurdessthan4 10 © Pa. The
measured-V characteristicsverethenrecalculatedo draw F i (the electric eld intensity
F vs. emissioncurrentdensityi) curves. TheF i characteristicef nanotubeslepositecon
Ni wires at differentalcohol pressuresre depictedin Fig. 2(a). The highestcurrentdensities
werereachedor the sampledepositedat the highestalcoholpressureof 2500Pa. The reached
emissioncurrentdensityi was2.7 mA/cn? atan electric eld intensityof 6 V/ m. As anice
resultwe also considerthe openvoltagein the rangeof 2 to 3 V/ m. Presentedesultsare
signi cantly betterin comparisorwith our previous obtainedon samplescoveredby diamond
layers. The decreasen depositionpressuraesultedin a lower currentdensityand also pure
CNTsgrowth, which is seenfrom Fig. 3(c). F i characteristicor Ni andFe substratesre
comparedn Fig. 2(b). As canbe seenthe openvoltageis similar for bothsubstratesyut higher
currentdensitiesareobsenredfor the Fewiresatthe sameelectric eld. We have alsomeasured
the electronemissionstability andwe obsenedslight short-termcurrentinstabilitiesduring the
measuremendf samples. Therewere no signi cant changegin percentvaluesonly) in the
electronemissionfrom the samplegiuring obsenationlastedfor 340minutes.
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Fig. 3. SEM micrograph=f carbonnanotubega) grown on Ni wire at 2500Pa, (b) grown on Fe wire at
2500Pa, (c) grown on Ni wiresat 1600Pa.
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SEM micrographof carbonnanotubeslepositecbn Ni andFewires at the sameconditions
arecomparedn Fig. 3(a)and3(b). CNTsarerandomlyalignedandhave differentlengthsand
outerdiametersAs canseenthe CNTsgrown on Fewire areshorterandmoretwistedthanthe
CNTson Ni wire. Additional TEM analysisof samplesasonly con rmed that CNTsgrown on
wiresarehollow andmulti-walled (MWCNT).

4 Conclusions

Under conditionskept in our reactorit is possibleto coat Fe and Ni laments by a Im of
carbonnanotubes.The Im hasgoodelectronemitting properties. We obsened that the type
andemissionpropertiesof carbonnanotubeslepencon the substratamaterial. Also, decreasing
thedepositiorpressureesultedn apuregrowth of CNTsandin aloweremissiorcurrentdensity
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