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Densesilicon nitride (SiN) films weredepositecat roomtemperaturdy a sputteringtechniqueusinganelectroncyclotron
resonanc€ECR) plasma.Film propertiesverestudiedusingellipsometry chemicaletching,Fourier transforminfraredspec-
troscopy, andthermaldesorptiorspectroscop A SiN film depositedinderthe optimumconditionof nitrogengas flow ratehad
arefractive index of 2.03andshavedalarge Si—N bondnumber The SiN film hada high barrieragainstmoisturepenetration
relative to SiN films preparedy chemicalvapordepositionat 900°C. This indicateghatthefilm depositedisinga sputtering-
type ECR plasmahasthe potentialto be utilized asa passvationlayer of devicessuchasorganic electroluminescenceyhich

requirelow temperatur@rocessing.
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1. Intr oduction

Organic electroluminescencéEL) devices have receved
muchinterestin the lasttwo decadessa new kind of lumi-
nescentdevice. However, longevity is one of difficult prob-
lemsfacing EL devices. Moisture penetrationis known to
be the main factor which influencesthe lifetime of EL de-
vices. Hence,it is necessaryo protectthe organic EL cells
from moistureby using a passvation layer. In organic EL
device fabricationsparticularlyhigh requirementsreplaced
onfinal passvationlayers becaus®rganicEL cellsareeasily
deggradedif they aredirectly exposedto temperaturesigher
than 100°C. Therefore,the passvation layers have to be

formedat a very low temperaturearoundroomtemperature.

Also, the passvation layersmusthave high electricalresis-
tance.

Silicon nitride (SiN)films arenow widely usedaspassva-
tion films to protectsemiconductodevicesfrom moistureand
alkaline metalsbecausef their characteristic®f high den-
sity and high electricalresistancé) From the view point of
physicaland chemicalstructure high quality SiN films have
beenusually fabricatedusing thermalchemicalvapor depo-
sition (CVD) at high temperatureanging700-1000C 2 As
statedabove, sucha high depositiortemperaturés obviously
undesirabldor organic EL device fabrications.By contrast,
plasma-enhancedPE) CVD, usingsilane(SiH;) andammo-
nia(NHs),>* hastheadwantagethatthe substrateanbeheld
at a relatively low temperatureof around20-400C. How-
ever, thePECVDprocessisingSiH, generallysuffer from the
problemof hydrogenincorporationinto depositedfiims,>6)
which causegjuality degradationand large residualstress?
In particular it hasbeenrecognizedhat SiN:H films arenot
applicablefor final device passvation whenprocessingem-
peraturesare lessthan 150°C becausehe film porosity be-
comesxcessvely large® In orderto satisfythestrictrequire-
mentsof passiation layersfor organic EL devices,analter
native depositionis stronglydesired by which a film having
high barrieragainstmoisturepenetratiorcanbe depositecat
aroundroom temperature.

A novel sputteringtechniqueusing an electroncyclotron

resonanc¢ECR)plasmahasbeendevelopedrecently® 1 We
have reportecthat Si oxide andoxynitride films having good
electricalpropertiescanbe depositediy this ECR sputtering
techniqueat low temperaturé?-14

In this study we report the depositionof high density
SiN films atroomtemperaturaisingthe sputtering-typdeCR
plasma. The quality of the depositedilms was studiedasa
function of the gas flow rateof nitrogen. It is shavn thatthe
SiN films depositedat the optimumgas flow ratehave a high
barrier against moisturepenetrationrand are superiorin this
characteristi¢o thermalCVD SiN films deposited a@00C.

2. Experiment

All depositionswvere performedin a sputtering-typeECR
plasmasystem.A detaileddescriptionof this systemis given
elsavhere®14 Microwave power (P,) of 500W at an fre-
queny of 2.45GHz was introducedinto the plasmachamber
for generatinghe Ar andN; plasmas.A cylindrical single-
crystalSi tamgetwas placedjust outsidethe ECR plasmaand
surroundedthe plasmastream. A radio frequeny power
(Prp) of 500W was appliedto the sputtertarget. The pro-
cessgas usedwas a mixture of Ar andN,. The depositions
were carried out at room temperature. The gas flow rate
of Ar was kept at 16sccmfor all depositionswhile the gas
flow rate of N, (Fy2) was changedfrom 1 to 7sccm. The
chambepressuresluringthe depositionwerein therangeof
1.23-146x 102 Torr. Sincewe justfocusedour attentionon
theinvestigation of the barrierstrengthagainstmoisturepen-
etrationfor the depositedilms, silicon wafersinsteadof EL
deviceswereusedassubstrates this study

Thethicknessesndtherefractive indicesof the deposited
films were measuredising standarcellipsometry Chemical
etchratesof the films were measuredising 0.5% HF solu-
tion. Fourier transforminfrared (FTIR) transmissionmea-
surementsvereperformedn therangeof 400-400@&m.

Thebarrierstrengthagainstmoisturepenetratiorwas eval-
uatedby a thermaldesorptiorspectroscop (TDS) apparatus
equippedwith a quadrupolemassspectrometer The cham-
berwas evacuatedusinga 261l /s turbomoleculapumpand
the ultimate basepressureof this systemwas 3 x 10-2 Torr.
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All depositedsampleshaving almostthe samethicknessof
5000A andareaof 3.75cn?, werefirst treatedfor 240h ex-
posedto atmospheret a constantemperatureof 80°C and
humidity of 80%. The samplesverethenplacedin thecham-
ber, evacuatedand externally heatedwith aninfrared radia-
tion lamp, which was controlledat a linear heatingrate of
0.55C/s and were heatedfrom room temperature¢o 900°C
without significantincreasen the temperaturef the cham-
berwall. The detectednassnumberwas 18, corresponding
to thatof H,O. Final waterdesorbingfluxeswere evaluated
by subtractinghe backgroundrom the measuredvaterdes-
orbing flux.

3. Resultsand Discussion

The refractive indicesandthe chemicaletch ratesfor the
depositedilms areshowvn in Fig. 1 as afunctionof Fy,. For
comparisonthechemicaletchrateof a SiN film depositedy
thermalCVD at 900°C (hereaftereferredasthermalCVD
SiN ) is alsoshavn, by a brokenline, in Fig. 1. When Fy»
were 1 and 2 sccm,the refractive indexes were3.2 and 2.3,
respectiely, suggestinghatthefilms weresilicon rich. The
refractve index shoved a value of 2.03 at Fy, of 3sccm,
which equalsthat of stoichimetricSizN4. The chemicaletch
ratesdecreasedith increasingry, upto 3sccmandreached
a minimum value of 4.45nm/min at Fy, of 3sccm,imply-
ing anincreasen the densityof the film. The etchrate of
the film depositedat 3sccmwas very closeto that of ther
mal CVD SiN films, suggestinghatthe densityis alsoclose
to that of thermalCVD SiN films. This resultdemonstrates
that denseSiN films can be depositedat room temperature
by usingthis ECR sputteringtechnique.On the otherhand,
thechemicaletchratesincreasedapidly with increasingFy;
from 3.5 to 7sccm. The fact suggestghat N = N triple
bondswere formed and trappedinside the films.2® These
N, moleculesform mary voids and defectsand createdis-
orderin the network, which seemto causethe lower density
andhigherchemicaletchrates.In the rangeabore 3.5sccm,
therefractive indicesdecreasedlowly to 1.98,which some-
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Fig. 1. Refractieindex andetchrateasafunctionof N, gasflow rateata
constantAr gas flow rateof 16sccm. P,: 500W; Prr: 500W; gas pres-
sure: 1.23-1.46 x 1073 Torr; depositiontemperatureroom temperature;

etchingsolution: HF : H,O = 1 : 7. Thebrokenline shavs the etchrate
for the SiN film depositedby thermalCVD at900°C.
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whatdeviatesfrom therefractive index (2.03)of stoichiomet-
ric SizN4. This factis probablydueto the incorporationof
gaseousN; in thefilms.

The depositionratesare shavn in Fig. 2 as a function of
Fn2. The maximumdepositionrate of 7.8nm/min was ob-
tainedat Fy, of 2sccmanddecreasegraduallyin therange
abore 2sccm. Thedecreasén depositionratesis understood
by consideringthe thin SiN film which is formed on the Si
tamget surface becauseof the large numberof nitrogenions
hitting the surface. In generalthe sputteringyield for SiN is
known to bemuchlower thanthatfor Si. Thus,the numberof
Si atomsand SiN moleculesbeing sputteredrom the target
becomesmallandconsequentlyhedepositiorratesdecrease.

In orderto understandhe structuralpropertiesof these
depositedSiN films, IR absorptionmeasurementa/ere car
ried out asa function of Fy,. The IR absorptioncoeficient
per unit (absorptioncoeficient/thickness)or the films de-
positedat Fy, of 1, 3, 5, 7sccmareshavn in Fig. 3, where
the pealed signalsare attributed to the main Si—N stretch-
ing vibration mode. Accordingto the Lambert-Beerule 16)
the IR integratedintensity is proportionalto numberof Si—
N bondsin the film. Thus,it is a usefulmethodto evaluate
the densitiesof the films by comparingthe numberof Si—
N bondsin the films.%) We calculatedthe integratedintensi-
ties per unit (=integratedintensity/thicknesspf the respec-
tive signals.Theresults areshovn in Fig. 4. For comparison,
theintegratedintensityperunit for thethermalCVD SiN film
is alsoshown, by a brokenline, in Fig. 4. Theincreasein
the integratedintensitieswith increasingFy, up to 3sccmis
causedy theincreasef thenumberof Si—-N oscillators.The
film depositedat Fy, of 3sccmshaved a maximumvalue
which is the sameasthat of the thermalCVD SiN film, im-
plying that the film hasthe largestnumberof Si—-N bonds
amongthe ECR depositedilms. By contrastthe intensities
decreasedvith theincreaseof Fy, above 3scecm. Thesere-
sults are well understoodby the fact that voids and defects
increasedand consequentlythe numberof Si—N oscillators
decreasetecausef the formationof gaseousN, molecules
in the depositedSiN film, asdiscussedbove. Theseresults
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Fig. 2. Depositionrateasa function of N, gas flow rateat a constantAr
flow rateof 16sccm.Plasma conditionseeFig. 1.
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Fig. 3. IR absorptiorspectrdor theSiN films depositecht N, gasflow rate
of 1, 3,5, 7 sccmanda constantAr gas flow rateof 16sccm. The spectra
have been correctefbr thefilm thicknesses.
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Fig. 4. Integratedintensityperunit asa functionof N flow rateata con-
stantAr flow rateof 16sccm. Plasmaconditions:seeFig. 1. The broken
line shaws that for the integratedintensity per unit for the SiN film de-
posited by thermal CV&t900°C.

arein goodagreementvith those ofrefractive index andetch
ratemeasurements.

In orderto investicatethe waterabsorptioncharacteristics
in thefilms, the SiN films depositedat Fy; of 1, 3,5, 7sccm
weremeasuredisingthe TDS system.The waterdesorption
spectraareshavn in Fig. 5. All the samplesexhibited a wa-
ter desorptionpeakat around430°C. The films depositecht
higherFy, suchas5 and7 sccm,shavedlargewaterdesorb-
ing intensities because tfeir porousstructure.Onthe other
hand,thefilm depositedat 3sccmexhibitedthe lowestwater
desorbingintensity The film depositedat 1 sccmshaved a
waterdesorbingntensityaslow as thatof thefilm of 3sccm.
However, this is not usefulasa final passvationlayerfor or-
ganic EL devicesbecausehe film is Si rich which leadsto
poor electricalresistance. This was clarified by measuring
the resistvities for respectie films. The electricalresisti/-
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Fig. 5. Waterdesorbingflux for the SiN films depositecat N, = 1, 3, 5,
7sccmand aconstant Amgas flow rateof 16sccm.

ities were obtainedby current-wltage characteristicsn the
rangeof lessthan3V usingMIS structure. The resistvities
were7 x 108, 3 x 1013, 1 x 102 and6 x 10 Qcm for the
films depositedat Fy, of 1, 3,5, 7sccm respectiely. Thus,it
was concludedhatthe N, gas Fy; of 3sccmis the optimum
depositioncondition.

SiN films preparedy thermalCVD at a high temperature
areknown to have compactstructurein comparisorwith that
of SiO, film. Thus,the comparisorof the waterabsorption
amongthe ECR SiN film, the CVD SiN film andthe ECR
Si0, film*?) gives us usefulinformation. Therefore the des-
orptioncharacteristicfor the ECR SiN film depositedunder
the optimumconditionof 3sccm,thethermalCVD SiN film
andthe ECR SiO, film depositedat 130°C, were also mea-
suredby the TDS system. The resultsare shovn in Fig. 6.
The ECRSIN film shovedthe lowestwaterdesorbingnten-
sity, while the ECR SiO, film shaved the largestintensity
Thefactthatthe ECR SIN film hascharacteristicsuperiorto
thoseof thermalCVD SiN films demonstrategs suitability
asapassvationlayerof organicEL devices.

Theintegratedintensity of the waterdesorbingsignal cor-
respondsto the water quantity containedin the film. We
calculatedthe signalintegratedintensitiesfor the respectre
films from Fig. 6. Theresultsareshavn in Fig. 7. It canbe
seenthatthe thermalCVD SiN film andthe ECR deposited
SiO, film containedabout2 and5 timesmorewaterrelative
to that of ECR depositedSiN film, respectiely. Thusit is
concludedthat the SiN film depositecby ECR sputteringat
room temperaturéhasa very compactstructurewith a high
barrier aginstmoisturepenetration.

4. Conclusion

This work demonstratedhat it is possibleto depositSiN
films suitablefor passvationof organicEL devicesby usinga
roomtemperatursputteringechniquausinganECRplasma.
Theresultsof ellipsometrychemicaletching,FTIR, andTDS
measurementshaved that the density of the SiN films de-
positedat high Fy; is low, which causechigh moisturepen-
etration. The formation of gaseoudN, moleculesin the de-
positedfilms is consideredto be the main problem which
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increased the moisture penetration because of their porous
_ structure. By contrast, the film deposited at the optimum con-
ECR SIG, dition of Fy, had a refractive index of 2.03, which equals that
of stoichimetric S§N4. From the result of chemical etching
and FTIR measurements, the film showed a lower etching rate
and the largest Si—N bond number, indicating that the film has
Thermal CVD SiN a}dense. structure. The results.of TDS_aIso sho_vyed a high bar-
rier against moisture penetration. This deposition technique
is believed to be applicable to EL device fabrications.
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