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In thispaperwereportonthemorphologyand�eld emissionfrom nanotubespreparedby AC
CVD (Alcohol CatalyticChemicalVapourDeposition)technique. Sampleswereprepared
by growing of carbonnanotubes(CNTs) on Ni andFe supportingwires. The vapoursof
alcohol were usedas a sourceof carbonatoms. A heat from halogenbulbs boostedthe
growth up. Ramanspectroscopy wasusedfor the detectionof the presenceof nanotubes.
Themorphologyof creatednanotubeswasinvestigatedby high resolutionscanningelectron
microscopy. Cold electronemissionproperties(emissioncurrentdensityvs. electric �eld
characteristics)in dependenceon thematerialof wiresandthealcoholvapourpressurehave
beendeterminedfrom I-V measurements.

PACS: 73.63.Fg,79.70.+q,81.07.De,85.45.0b

1 Intr oduction

In the last two decadesof the previous centurya lot of articleshave beenpublisheddevoted
to carbontechnologies.Beforetheyear1970only two of carbonallotropemodi�cations were
known. Theseweregraphiteanddiamond.Then,afterdiscoveringfullerenesandinvestigating
their interestingproperties(biochemicalactivity, photo-inducedelectrontransfer, gasocclusion,
superconductivity), many researchersstartedtheir formationby varioustechnologies.In thelast
decadeof the century, whenS. Iijima [1] found nanotubes,a further boomin this branchhas
beennoticed.It wasfoundthatcarbonnanotubescouldbeusedin electronicdevicesbecauseof
very easyelectronemission.Of course,otherinterestingpropertieswerefound for application
alsoin medicine,biologyor asfuel cells.Saitoetal. [2] reportedin 2000anapplicationof CNTs
to electronsourcesfor lighting elements.Also, Bonardet al. [3] demonstratedthat nanotubes
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Fig. 1. Ramanspectraof samples(a) Ni wire in dependenceonpressure,and(b) Ni andFewires.

depositedon a cylindrical elementcouldbeusedascold electronemittersin a cylindrical �eld
emissiondiode.Theexcellentemissionpropertiesof thecathodeallow realizationof amercury-
free luminescenttube. Nowadays,thegrowth of carbonnanotubeson planarsubstratesis well
described[4] but depositionof carbonnanotubesonnon-planarsurfaceslikecylindrical elements
is lessusual.

In our laboratory, the diamondtechnologytrendswerepartially capturedat the endof the
nineties.Wegrew diamondlayersonvarioussubstratematerialsby hot�lament chemicalvapour
deposition(HF CVD). Rathergood resultswere reachedin productionof diamondlayerson
suchsubstratesasW, Mo, Cu, Si, andWC/Co. After that we pointedour interestto electron
emissionpropertiesof thediamondsurface[5]. In thispaperwepresentthemorphologyand�eld
emissionof the carbonnanotubes�lms obtainedby alcoholcatalyticCVD. Carbonnanotubes
weredirectlydepositedonNi andFewires.

2 Method and experimentaldetails

For the growth of CNTs we useda similar methodaspresentedin the article of Maruyamaet
al. [6]. A conventionalCVD apparatususesheatfrom afurnaceto activategasmolecules.In our
casehalogenbulbsreplacethefurnaceandwe donot usea quartztube.This allowsvaryingthe
temperaturevery quickly. Our experimentswerefocusedon thein�uence of thealcoholvapour
pressureandthematerialof thesubstratesuponthemorphologyandelectronemissionproperties
of carbonnanotubes.The depositiontemperaturewas maintainedat 700	 C. Ni or Fe wires
wereusedassubstrates.Beforethedepositionthesupportingwireswereultrasonicallycleaned
in acetone.After depositionfour differentanalyticaltechniqueswereusedto characterizethe
samples:Ramanspectroscopy, cold electronemissioncharacteristicsmeasurement,SEM and
TEM. Ramanspectroscopy was performedin a conventionalmicro-RamanspectrometerISA
Labram(JobinYvon/Spex/Dilor, HoribaGroup)equippedwith a He-Nelaser(632.817nmline)
in backscatteringgeometry. For measuringthe cold electronemissioncharacteristicswe used
a cylindrical coaxialelectrodecon�guration [7]. Themorphologyof CNTswasinvestigatedby
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Fig. 2. Cold electronemissionmeasurementsof (a) nanotubesdepositedon Ni at differentpressures,and
(b) comparisonof coldelectronemissionof nanotubesgrown onNi andFewires.

thehigh-resolutionscanningelectronmicroscopeLEO 1550usingin-lensdetectorof secondary
electrons.

3 Resultsand discussion

Figure1(a) shows Ramanspectraof samplespreparedat differentpressures.Ramanspectra
of all samplescontaintwo sharppeakslocatedat � 1330cm� 1 (D band,D line) andaround
1590cm� 1 (G band).Both of thepeaksaretypical for graphite,aswell asfor multi-walledand
single-walledcarbonnanotubes[8]. The D bandhasbeenknown in graphitefor 30 yearsand
it hasbeenshown that thepeakis inducedby disorder. TheD line is attributedto thepresence
of amorphouscarbonaceousproducts,disorderedcarbonor defectsin graphitesheets[9]. In
Fig. 1(b) a comparisonis shown of Ramanspectrafor Ni andFe samplespreparedunderthe
samedepositionconditions.Ramanspectraof thesamplescontainalsotwo sharppeaks.Wecan
seethatD andG peaksfor Ni samplearesharperandtheratiobetweenG andD is muchlower.

The I-V characteristicsweremeasuredundervacuumpressurelessthan4 � 10� 6 Pa. The
measuredI-V characteristicswerethenrecalculatedto draw F � i (the electric �eld intensity
F vs. emissioncurrentdensityi ) curves. TheF � i characteristicsof nanotubesdepositedon
Ni wires at differentalcoholpressuresaredepictedin Fig. 2(a). The highestcurrentdensities
werereachedfor thesampledepositedat thehighestalcoholpressureof 2500Pa. Thereached
emissioncurrentdensityi was2.7 mA/cm2 at an electric�eld intensityof 6 V/� m. As a nice
result we also considerthe openvoltagein the rangeof 2 to 3 V/� m. Presentedresultsare
signi�cantly betterin comparisonwith our previous obtainedon samplescoveredby diamond
layers. The decreasein depositionpressureresultedin a lower currentdensityandalso pure
CNTsgrowth, which is seenfrom Fig. 3(c). F � i characteristicsfor Ni andFesubstratesare
comparedin Fig. 2(b). As canbeseen,theopenvoltageis similar for bothsubstrates,but higher
currentdensitiesareobservedfor theFewiresat thesameelectric�eld. We havealsomeasured
theelectronemissionstability andwe observedslight short-termcurrentinstabilitiesduringthe
measurementof samples. Therewere no signi�cant changes(in percentvaluesonly) in the
electronemissionfrom thesamplesduringobservationlastedfor 340minutes.
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Fig. 3. SEM micrographsof carbonnanotubes(a) grown on Ni wire at 2500Pa, (b) grown on Fewire at
2500Pa,(c) grown onNi wiresat 1600Pa.
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SEM micrographsof carbonnanotubesdepositedon Ni andFewiresat thesameconditions
arecomparedin Fig. 3(a)and3(b). CNTsarerandomlyalignedandhave differentlengthsand
outerdiameters.As canseen,theCNTsgrown on Fewire areshorterandmoretwistedthanthe
CNTsonNi wire. AdditionalTEM analysisof sampleshasonly con�rmed thatCNTsgrown on
wiresarehollow andmulti-walled(MWCNT).

4 Conclusions

Under conditionskept in our reactorit is possibleto coat Fe and Ni �laments by a �lm of
carbonnanotubes.The �lm hasgoodelectronemitting properties.We observed that the type
andemissionpropertiesof carbonnanotubesdependon thesubstratematerial.Also, decreasing
thedepositionpressureresultedin apuregrowthof CNTsandin aloweremissioncurrentdensity.
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