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Coppemitride films weredepositedy reactve DC magnetrorsputteringontoglassandother
substratesn nitrogenatmosphere.Thicknessdepositionrate, refractive index and optical
bandgapenegy weredeterminedrom reflectionandtransmissiorspectroscop depending
on the depositionpressureandpawer. The crystallographimatureof films wasinvestigated
by x-ray diffraction. The films were further characterizedy photoelectronspectroscop
(XPS) and multiple internal reflection(MIR) infrared spectroscop wherethe presenceof
CwN nanocrystallinestructurewas confirmed. Considerablechangesof DC conductvity
andactivationenepy of thefilms beforeandafterannealingat 500 °C werefound.

PACS: 72.20.-1,78.66.-w 52.75.Rx

1 Intr oduction

Technologicallyimportantbinary nitridesBN, AIN, SisNy4, WN, TiN known ashardandstable
compoundsareratherwell characterizedOn the otherhandcovalentmetalnitridesas SNy,

CusN andNisN arelessknown but potentiallyimportantbecausef their semiconductoproper

tiesandanability to releasenitrogenat highertemperaturgl, 2]. They canbelocally metalized
by alaserbeam[3] which couldbeutilizedin electronicdndustry, printingtechnologyor in other
fields.

CwN hasa cubic anti-ReQ type crystal structurewith a lattice constantof 3.815A. Cu

atomsdo not occupy perfectlythe sitesin (111) plane,sothe crystalstructurehasmary vacant
interstitial sitesthatcanbefilled by contaminantsvith remarkablechangeof the electricaland
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optical propertieg4]. The metastablgphaseof Cu,N wasdescribedoy Blucheret al. [5], and
epitaxialfilms werepreparedn differentsubstratedy rf sputtering4, 6].

ChemicallypreparedCusN (reactingCuF,; with NH,F) hasthedensity5.84g/cn?® andadark
greencolor. Thermaldecompositiorof CusN occursgraduallyabose 350°C. For thefilms [2, 7]
it occursin maximumextentatabout465°C. Electrical,opticalandmechanicatharacteristiof
sputteredCusN films werestudiedin [8, 9].

However, the propertiesof coppernitride films, consideringtheir thermalinstability and
sensitvity to contaminantsare not fully understood.In this study the electricaland optical
propertiesof sputterectcoppernitride films were studiedasa function of nitrogenpressureand
dischage power.

2 Experimental

Coppemitride films weredepositedisinga laboratory-madé®C magnetrorsputteringsystem,
with awatercooledCutarget100mm in diametey 2 mm thick andnominally 99.9%pure. The
target-to-substratspacingwas80 mm andthe sputteringchambemwasevacuatedy oil pumps
with a backgroundpressureof 2.10°2 Pa. Depositionwasconductedn purenitrogenflow up
to 0.6 cm?/s, maintainingconstantpressure(from 0.85 to 4.5 Pa), dischage voltage (280 to
400V) anddischagecurrent(from 0.35upto 2.5 A), Tablel. No externalheatingwasapplied
to the holderwith differentsubstrateg¢Silicon wafers,glass,Al foil andsomethinnerfilms on
polypropylenefoils). Before depositionthe target was sputtercleanedto remove oxidesand
contaminants.

Tablel. Processandmaterialparametersf depositeccoppemitrides.

Sample| N, pressure| N, flow | Pover | Dep.time | Enegy | Thickness| Dep.rate

[Pa] [cm3/s] | [W] [min] [kWs] [nm] [nm/s/kW]
1 0.85 0.42 125 10 75 230 3.1
2 15 0.45 140 9 75 270 3.6
3 2.3 0.47 105 12 75 205 2.7
4 2.3 0.47 210 6 75 160 2.1
5 2.3 0.47 315 4 75 140 1.9
6 3.5 0.54 113 11 75 120 1.6
7 4.5 0.58 300 6 110 155 14
8 4.5 0.58 625 4 150 355 2.4
9 4.5 0.58 1000 2 120 320 2.7

Theamountof depositechitride wasestablishedex situ) by weightingthe coatedspecimens
on a microbalanceand locally measuringthe thicknessby profile-meterDektak 3030, Veeco
Instrumentdnc. and also by interferenceof light in visible region. The reflectionspectraat
two differentanglesof incidentlight (18> and40°) wereusedto determinethe refractive index
n of the nitride films [10] andthenthe spectraat smallincidentangle(18°) for local thickness
determinationReflectionspectraaswell astheabsorptioronesveremeasuredy aPyeUnicam
spectrophotomete800with reflectanceaccessories.

Microstructureof the as-depositediims wasstudiedby x-ray diffractionwith 6 — 26 scans
usingPhilipsPW 1820powderdiffractometewith CuK,, A = 0.1542 nmradiationoperatingat
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Fig. 1. Pressuraependencef the normalizeddepositionratewith the approximationcurve for 100W of
dischage power (solid symbols). Opensymbolsandarrows indicatea changeof the depositionrate with
thepaower.

1.6 kW (40kV, 40mA) with accurag 0.015of 26. In orderto collimatethe beama setof slits
andmaskswereused. The CuK,, radiationwasattenuatedy a Ni foil filter betweerthe x-ray
sourceandthe sample.We useda 0.5° divergenceslit anda 2 mm brassmask,to limit the size
of thex-ray beamonthe sample.In front of thedetectotherewasa 0.2 mm antiscatteslit anda
0.5° divergenceslit followedby a Ge-crystalmonochromatarThis arrangemengliminatesary
K 3 thathaspassedhroughthe Ni-filter andalsoreducedluorescenceffectsfrom thesample.

Chemicalcompositionof the films wasstudiedby multiple attenuatedotal reflection(ATR)
IR technique(alsocalled MIR IR - multiple internal reflection) by spectrophotometePerkin
Elmerusing45° TIJ/TIBr crystal(KRS-5)in MIR accessorandtwo samplesveretestedalso
by x-ray photoelectrorspectroscop (XPS) Microlab 310-Fsystenwith a non-monochromated
MgK,, (1254eV) x-ray source.

DC resistvity of the films was measuredy a two electrodemethodin vacuumwithin the
temperaturescale from 25t0 170°C, to determingheactivationenegy of conduction F,. The
electrodesveredepositentothenitride film by vacuumevaporationof Al, positionedparallel,
with 8 mmdistanceand75 mmlong.

3 Resultsand discussion

The color of as-preparedilms was dark reddish-bravn (influencedby interferencenamelyin
the thinner case)and their thicknessvaried between0.12 and 0.36 um (Tablel). Calculated
depositionrate is normalizedto 1 kW of dischage power (Fig. 1). However, it is not fully
independendf depositionpower as shavn by the arrovs. At 100 W of the dischage power
depositionrate decreasesvith nitrogenpressureabove 2 Pa. Below 1.5 Pa the nitridation is
limited, depositionrateachievesa maximumaroundl.5 Pa becausef increasingncorporation
of nitrogeninto thefilm.

Therefractive index n, wascalculatedrom the shift of interferencepatternextremesof the
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Fig. 2. Wavelengthdependencef the refractive index of coppernitride films depositedon glassat two

differentpressuresTheinsetillustratesthe shift of reflectionspectraat differentangleof incidentlight (for
sampled).
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Fig. 3. Nitrogenpressuradependencef refractive index at 700 nm of the films preparedat 100 W of
dischage power (the curve) andat higherpower (thearrows).

reflectionspectreof nitride films depositen glassandSi substratedy changingthe angleof
incidentlight, Fig. 2. The pointscalculatedfrom the shifts of the extremesare connectedvith
the cubic splineapproximationcurve. Theindex increasesapidly belov 600 nm dueto strong
absorptionof nitride films. The pressureanddischage power dependencef the index around
700nmis shavn in Fig. 3, wherethe experimentalpointsrespondingdo films preparedcat 100W
areconnectedy anapproximationcurve. (The arrowvs andopensymbolsindicatea changeof
the index with the depositionpower) The valuesof R in the insetof Fig. 2 arejust relative
reflectancémeasuredalues).Sothevaluesof R areratherlow, consideringhe highrefractive
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Fig. 4. A plot of Ah'/? vs. photonenegy, for bandgap enegy determination. Inset: Transmission
spectraof sampleset(7, 8, 9) onglass.
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Fig. 5. Opticalbandgapenepgiesof nitridefilms preparedait 100W, for directandindirecttransitiongsolid
symbolsandcunes)vs depositionpressuref nitrogen.Opensymbolsandarraovs indicatethegapchange
with thedepositionpower.

index of thefilm. Absolutevalueswould be approximately2.3timeshighet

Thebandgapenengy E, wasderivedfrom the absorptiorspectreof nitridescoatedon glass
usingthe Taucplot for indirect (Fig. 4) an alsodirecttransitionsin crystallinesemiconductors
[11],

(A(v)hw)™ = const(hv — E,),

wherehv isthephotonenepy, A is theabsorbancandm = 1,/2 and2 for theindirectanddirect
transitions,respectiely. Band gap enegiesfound at different pressureand depositionpower
(in Fig. 5, wherethe points are obtainedfrom Tauc plots, respondingo 100 W of deposition
power are connectedvith the spline approximationcurve) are generallyhigherin comparison
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Fig. 6. IR transmissiorspectraof coppernitride film on Al substratgsample4) takenby MIR technique
with KRS-5crystal. (T is transmitance.)
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Fig. 7. XRD patternof coppemitride film (355nm) on glass.

with valuesreportedfor the CusN phase(in [4] just for directandin [9] for the indirecttransi-
tions). Higher £, canbe causedy a presencef otherphaseghanCuzN, amorphougphases
andimpurities.

The presencef the CusN phasein our coppernitride films wasconfirmedby IR and XRD
spectroscop An absorptiorbandaround640cm—! wasclearly foundin the IR spectraof all
films exceptthoseof samplesl and7 (Fig. 6). It is in agreementvith andvery closeto a value
of 643cm~! of C;N singlebandreportedby L. Maya[1]. In thespectrunof sample7? theband
wassmall,andtherewasno bandobsenedin samplel.

The XRD patterngFig. 7) clearlyexhibited (100)and(200)peaksf CusN structurereported
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Fig. 8. XRD patternof coppemitride films (samples7, 8, 9) on glass.
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Fig. 9. XPSspectrunof coppemitride on glass(sample3)

in [4,7] (d-spacing3.815,&. and1.905A., resp.). The narrov singularpeakswould indicate
highly texturedfilms. However, the peak100 lies on a muchbroaderpeak(up to 35°) thatis
relatively higherin the caseof films preparecdat lower pressuresnd powers. This may imply
that the crystallinity of the films is far from perfectthat could be expectedwhen the growth
occurrecdbnanamorphouglasssubstrat@atlow depositiortemperatured-ilms arecomposeaf
crystallitesn nanometescale.High pressure@ndhighdepositiorratecauseahighertemperature
of substrateindcleanemrocessothefilms of samples8 and9 aremoreorderedFig. 8).

The XPSspectrunof sample3 (Fig. 9) onglasssubstraténdicates gxceptCu, alow content
of N andalsoaconsiderabl@resencef O,andC. Thespectrunis takenfrom averythin surface
layer (about6 nm) of the nitride. This canbe causedy the instability of coppernitride or by
contaminatiorof films by pumpoils andresidualoxygen.
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Fig. 10. Electricalconductvity of sample8 beforeandafterannealingasafunctionof inversetemperature.
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Fig. 11. DC resistvity of thefilms at 25 °C asafunctionof depositionpressurebeforeandafterannealing
(upto 500°C). (Solid symbolsandcurvesbelongto 100W of depositionpower, opensymbolsandarrons
to higherpower.)

Thenitride films wereratherstablemeasuringhe DC conductvity in thetemperaturgange
(25°C-170°C). Theplotoflog o(1/T) is almostinear(seetheline in Fig. 10), sotheactivation
enegy of conduction(FE,) can be calculatedby the Arrheniusequation. The sampleswere
annealedn anair furnacefor 20 minutesat 500° C to causehermaldecompositiorof films and
to releasenitrogen. The changef the conductvity andits activation enegy after annealing
wereexpressve. DC resistiity at the roomtemperaturéhasfallen down by several ordersof
magnitude. The activation enegy decreasealso remarkably however, it remainedat a low
positive value. It meangthe films did not changecompletelyto a metal. Somefilms, prepared
atlower pressuresindhigherpower (samplel, 4, 5) wereallittle destructedafterannealingpy
internalstresdn thefilms.
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The changesf DC resistvity (Fig. 11) at roomtemperaturédeforeand after annealingof
thefilms shav thatfrom the point of view of insulator/conductotransformatiorandof internal
stressthe optimal films arethe onespreparedabore 3 Pa. (The splineapproximationcurve in
Fig. 11 connectghe experimentalpointsrespondingo depositiondischage power of 100 W.
The arrows and opensymbolsindicatethe resistvity of films preparedat higher powersthan
100W.)

4 Conclusion

Coppemitride films weredepositecoy DC magnetrorsputteringn purenitrogenontoglass,Si
Al andpolypropylenesubstratesvithout any externalheating. The thickness,depositionrate,
refractiveindex andopticalbandgapeneny, determinedy weightingandopticalreflectionand
transmissiorspectroscop dependsensitvely on the depositionpressureandpower. Sufficient
nitridationoccursin our conditionsabove 2 Pa. Thefilms werecharacterize@lsoby XRD, and
MIR IR spectroscop wherethe presencef CusN nanocrystallinestructurewasconfirmed. X
ray diffraction measurementshoved a texture dominated100) orientedgrains. However, XPS
patternof one sampleindicatesthe presencef oxygen,carbonandotherphases Considerable
changesof DC conductvity and activation enegy of the films before and after annealingat
500°C werefound. Thebestresults(thehighesttonductvity changesndcompacfilms without
stressalso after annealing)were achieved above 3 Pa. The conductvity is very sensitve to
plasmadischageandgasflow conditionsduring preparatiorthatmustbe furtherprecisioned.
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