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The effect of depositiontemperatureandN gaspartial pressureon the morphology struc-

ture, compositionandelectricalpropertiesof CN thin Ims wasstudiedby HRTEM, EDS,
STM andSTS.Morphologyrangingfrom homogeneoukayersthroughsphericalor cylindri-
cal particlesembeddednto the Ims to low densityglobular depositof CN wasobsenred
asafunctionof theappliedN gaspressureThe N-compositiorwasfound betweenl-20%
andthe structurevaried from amorphoughroughfulleren-like to nanocrystallinediamond
composedvith amorphousCN  dependingn thetemperatur@ndthe plasmaparameters.

PACS: 73.61.-r68.55.-a68.60.-p,73.50.-n

1 Intr oduction

ThepredictedC N compoundf highhardnesandtoughnes$§l] canbeapromisingcandidate
for hard coatingsandtribological applications. Either the stochiometricform or variouscom-
positionsof CN thin Ims might be of high technologicalandscienti ¢ interest. These Ims
werefoundto have distortedgraphite-like structureconstitutedof buckledsp2-hybridizedCN
planescross-linked by sp3-hybridizeonds[2]. Thebuckling is attributedto theincorporation
of pentagonsn the basalplanesof the graphite-like structure,dueto the presencef N atoms.
In ourexperimentsCN Ims werepreparedy theinteractionof carbonvaporandthenitrogen
plasmageneratedby a DC arcbetweertwo graphiterods.

2 Experimental

CN thin Ims werepreparedn highvacuumby evaporatiorof C from apairof graphiterodsin a
DCarckeptin N pressurespto 1 mbaronto(100)Si,NaCl,HOPGandquartzplateletshetween
room temperatureand 800 C. An additionalDC plasmawas ignited above the substratesn
someexperiments Thesamplesverecharacterizety transmissiorandhigh resolutionelectron
microscoyy (TEM andHREM), X-ray microanalysifEDS)[3], scanningunnelingmicroscoyy-
andspectroscop (STEM andSTS)andelectricalresistanceneasurements.
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3 Resultsand discussion

3.1 Inuence ofthe N pressue

Depositionat ambienttemperatureand below 0.05 mbarrevealeda homogeneousamorphous
structure At 0.1mbarN pressurénhomogenitiemppearedh theform of acolumnarstructure.
The columndiameterwas around10 nm. Insidethe columnsa fringe like contrastof curved
graphitelike platesappeared.The estimateddistancebetweenthesefringesis around0.5 nm.
The size of the orderedregionsis smalleror the sameas the column diameter At 0.3 mbar
N pressuresmall (around10 nm in diameter)balls and cylinders of CN formed alreadyin
the atmospherandfell ontothe substrateembeddingnto the forming layer, creatinga further
morphologicainhomogenity

3.2 Inuence of the depositiontemperature

The Ims formedatroomtemperaturarehomogeneougxhibit amorphoustructurewhile they
have a transitionalstructurein the rangeof 200-600 C substrateemperatureand a structure
containing ber-like nanocrystalof 1 nm in diameterand about10 nm in length formed at
about800 C. In thelastcasethe SAED patternshaved crystallinerings, correspondingo 111
and220re ections of diamond. The temperaturelependencef the structuredoesnot change
stronglywith thecompositiorof theresidualatmosphereuringdepositionN or air). The Ims
preparecit0.1 mbarN pressureontained at.% N, 1.5at.% N and1 at.% N whenprepared
atambientabout600 C andabout800 C substratéemperaturerespectiely.

Fig. 1 representst HREM imageof a fulleren-like CN cylinder consistingof concentric
multiwall tubesof bentgraphiteplaneswhich aretypical besidebucky onionsin Ims prepared
at elevatedN pressures.The STM imagein Fig. 2a showvs spheresandcylindersof CN  of
variousheightsassemble@longa straightline. Theseobjectsareassumedo beresponsibldor
the enhanceclectronemissionof CN Ims measuredy STS.I-V measurementsvealeda
bandgapof 1 eVin a-CN layerscomparedo 0.6 eV characteristiof thea-C Ims [4].

Theelectricalresistanceneasurementsf theCN Ims show Arrheniustypeof temperature
dependenceln Fig. 4 the TEM imageand plot of a purecarbon Im is
shavn. As wecanseeonthe TEM imagethe Im is homogeneousio remarkablalefectgelated
to the morphologywere obsered which meansthat zone of localized statesmust be narrov
insidebandgapThis assumptions supportedy thefactthatonly two regionsonthe Arrhenius
plot canbe separated the rst correspondingo the high- andthe secondcorrespondingo the
low-temperatur@rocessewith activationenegies0.37and0.01- 0.03eV respectiely. The rst
regionis relatecto theexcitationof chagecarriersin zoneof highmobility. Thesecondegionis
relatedto theconductiorby carriersin thelocalizedstatesandcharacterisetly activationenegy
of jumpingfrom onedefectto anothelin the nearesheighborhood.

In Fig. 5theCN Im depositecht roomtemperatureand0.05mbarN pressurds shovn.
TheN contentof the Im measuredy XPSwasabout5 at. %. The structureis amorphousut
differentfrom purecarbon Im. In this Im, ascanbe seenonthe TEM image,large number
of defectswere obsened dueto columnargrowth which meanshatlocalizedstateswith wide
rangeof enegiesmustexist in the bandgap.Thereforethe low-temperatureegion cannot be
interpretedsoclearly Thehigh-temperatureangeasin thecaseof purecarbonlm isrelatedto



AMmaorpnouscaroonnitrige ims bol

Fig. 1. HRTEM imageof CN Im, deposited Fig. 2. STM imageof CN Im depositedonto
onto NaCl substrateat 0.1 mbarpartial pressure HOPG substrateat ambienttemperatureat 0.1
of N atambienttemperature. mbarN partialpressure.
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Fig. 3. STSI-V measurementf the Im.

the conductancéy carrierswith enegiesin the high mobility zone. The activationenegy 0.75
eV obtainedfrom the plot in this caseshows the mobility bandgapf the Im whichis different
from densityof states.



Dol G Kaaroczietal

MOTE =002ev = 1mA
1059 _

E =00leV+ 2mA

100} 0 —
9'5,Eg:0.03er 3mA, |
9,0} :
85}
80}
75}
70}
65} Eg:0.37eV
6,0k, . .

| " " o » * *
1
1000/T, K

Fig. 4. Planview bright eld TEM imageof 30 nm thick C Im on NaCl substratedepositedat room
temperaturandtemperaturelependencef the electricalresistancef the Im.
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Fig. 5. Planview bright eld TEM imageof 30 nm thick CN Im on Si substratedepositedat room
temperaturandN pressurd.05mbarandtemperaturelependencef theelectricalresistancef the Im.
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Fig. 6. Planview bright eld TEM imageof 60 nm thick CN Im on Si substratedepositedat tem-
peratureB00 C andN pressurd.05mbarandtemperaturelependencef the electricalresistancef the
Im.
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In Fig.6theCN Im depositecittemperaturd00 Cand0.05mbarpressurés shavn. The
N contentof the Im measuredy XPSwasaboutl at. %. The Im hasa structurecontaining
ber-like nanocrystal®f 1 nm in diameterandabout10 nm in length. In this casethe SAED
patternshavs sharperings, correspondingo 111 and220re ections of diamond.Two regions
canbe separatean the plot of - the rst betweernroomtemperatureand
230 C with activationenegy 0.11- 0.16eV andthe seconcbeetwer230 C and550 C with
activationenegy 0.77 eV. The activation enegy in high temperaturgangeasin previous two
samplesorrespondso the mobility bandgap. Thactivationenegy measureét lower tempera-
turesis sumof two values:enegie of excitationof chaigecarriersin localizedstatesandenegy
of jumping carriersbetweerlocalizedstates.The lastmustbe aroundkT which s in this range
0.02- 0.04eV. Thereforezoneof localizedstateds about0.1eV.

4 Conclusions

Structuresrangingfrom homogenousC Ims to isolatedsmall spheresand cylinders of CN
weredetectedn thedepositspbtainedatroomtemperatureonditionsandat differentpressures
of N . Upto 20 at. % N could be incorporatednto these Ims. With increasingN pressure
during depositionthe Ims becomedifferentfrom graphitelike, andarelight yellow, optically
transparentyhile their nanoscalestructurebecomesnore ordered.We assumehat multi-wall
fullereneparticlesembeddednto the CN Ims canresultin an enhancectlectronemission
comparedo purea-carborayers.
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Increasinghesubstratéemperaturédeadgo furtherorderingandformingdiamondnanocrys-
tals of whisker like shape.The electricalresistancaneasuremenesultssuggestshe semicon-
ductorlik e electronicstructurewith high densityof localizedstatesn CN  Ims.
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