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Densesilicon nitride (SiN) films weredepositedat roomtemperatureby a sputteringtechniqueusinganelectroncyclotron
resonance(ECR)plasma.Film propertieswerestudiedusingellipsometry, chemicaletching,Fouriertransforminfraredspec-
troscopy, andthermaldesorptionspectroscopy. A SiN film depositedundertheoptimumconditionof nitrogengasflow ratehad
a refractive index of 2.03andshoweda largeSi–N bondnumber. TheSiN film hada high barrieragainstmoisturepenetration
relative to SiN films preparedby chemicalvapordepositionat900◦C. This indicatesthatthefilm depositedusingasputtering-
typeECRplasmahasthepotentialto beutilized asa passivation layerof devicessuchasorganicelectroluminescence,which
requirelow temperatureprocessing.
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1. Intr oduction

Organic electroluminescence(EL) devices have received
muchinterestin the last two decadesasa new kind of lumi-
nescentdevice. However, longevity is oneof difficult prob-
lems facing EL devices. Moisture penetrationis known to
be the main factor which influencesthe lifetime of EL de-
vices. Hence,it is necessaryto protectthe organic EL cells
from moistureby using a passivation layer. In organic EL
device fabrications,particularlyhigh requirementsareplaced
onfinal passivationlayers,becauseorganicEL cellsareeasily
degradedif they aredirectly exposedto temperatureshigher
than 100◦C. Therefore,the passivation layers have to be
formedat a very low temperature,aroundroomtemperature.
Also, the passivation layersmusthave high electricalresis-
tance.

Siliconnitride (SiN)films arenow widely usedaspassiva-
tion films to protectsemiconductordevicesfrom moistureand
alkalinemetalsbecauseof their characteristicsof high den-
sity andhigh electricalresistance.1) From the view point of
physicalandchemicalstructure,high quality SiN films have
beenusually fabricatedusingthermalchemicalvapordepo-
sition (CVD) at high temperatureranging700–1000◦C.2) As
statedabove, suchahighdepositiontemperatureis obviously
undesirablefor organic EL device fabrications.By contrast,
plasma-enhanced(PE)CVD, usingsilane(SiH4) andammo-
nia(NH3),3,4) hastheadvantagethatthesubstratecanbeheld
at a relatively low temperatureof around20–400◦C. How-
ever, thePECVDprocessusingSiH4 generallysuffer from the
problemof hydrogenincorporationinto depositedfilms,5,6)

which causesquality degradationandlarge residualstress.7)

In particular, it hasbeenrecognizedthatSiN:H films arenot
applicablefor final device passivationwhenprocessingtem-
peraturesare lessthan150◦C becausethe film porosity be-
comesexcessively large.8) In orderto satisfythestrictrequire-
mentsof passivation layersfor organic EL devices,an alter-
native depositionis stronglydesired,by which a film having
high barrieragainstmoisturepenetrationcanbedepositedat
aroundroom temperature.

A novel sputteringtechniqueusing an electroncyclotron

were carried out at room temperature. The gas flow rate
of Ar was kept at 16sccmfor all depositionswhile the gas
flow rate of N2 (FN2) was changedfrom 1 to 7sccm. The
chamberpressuresduringthedepositionwerein therangeof
1.23–1.46×10−3 Torr. Sincewejust focusedourattentionon
theinvestigationof thebarrierstrengthagainstmoisturepen-
etrationfor thedepositedfilms, silicon wafersinsteadof EL
deviceswereusedassubstratesin thisstudy.

Thethicknessesandtherefractive indicesof thedeposited
films weremeasuredusingstandardellipsometry. Chemical
etch ratesof the films weremeasuredusing0.5% HF solu-
tion. Fourier transforminfrared (FTIR) transmissionmea-
surementswereperformedin therangeof 400–4000cm−1.

Thebarrierstrengthagainstmoisturepenetrationwaseval-
uatedby a thermaldesorptionspectroscopy (TDS) apparatus
equippedwith a quadrupolemassspectrometer. The cham-
berwas evacuatedusinga 261l/s turbomolecularpumpand
theultimatebasepressureof this systemwas 3× 10−8 Torr.

resonance(ECR)plasmahasbeendevelopedrecently.9–11) We
have reportedthatSi oxideandoxynitridefilms having good
electricalpropertiescanbedepositedby this ECRsputtering
techniqueat low temperature.12–14)

In this study, we report the depositionof high density
SiN films at roomtemperatureusingthesputtering-typeECR
plasma.The quality of the depositedfilms was studiedasa
functionof thegas flow rateof nitrogen.It is shown that the
SiN films depositedat theoptimumgas flow ratehave a high
barrieragainstmoisturepenetrationandaresuperiorin this
characteristicto thermalCVD SiN films deposited at900◦C.

2. Experiment

All depositionswereperformedin a sputtering-typeECR
plasmasystem.A detaileddescriptionof this systemis given
elsewhere.9–14) Microwave power (Pµ) of 500W at an fre-
quency of 2.45GHz was introducedinto theplasmachamber
for generatingthe Ar andN2 plasmas.A cylindrical single-
crystalSi targetwas placedjust outsidetheECRplasmaand
surroundedthe plasmastream. A radio frequency power
(PRF) of 500W wasappliedto the sputtertarget. The pro-
cessgas usedwas a mixture of Ar andN2. The depositions
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All depositedsamples,having almostthe samethicknessof
5000Å andareaof 3.75cm2, werefirst treatedfor 240h ex-
posedto atmosphereat a constanttemperatureof 80◦C and
humidityof 80%.Thesampleswerethenplacedin thecham-
ber, evacuatedandexternally heatedwith an infraredradia-
tion lamp, which was controlledat a linear heatingrate of
0.55◦C/s andwereheatedfrom room temperatureto 900◦C
without significantincreasein the temperatureof the cham-
ber wall. The detectedmassnumberwas 18, corresponding
to thatof H2O. Final waterdesorbingfluxeswereevaluated
by subtractingthebackgroundfrom themeasuredwaterdes-
orbing flux.

3. Resultsand Discussion

The refractive indicesandthe chemicaletchratesfor the
depositedfilms areshown in Fig. 1 as a functionof FN2. For
comparison,thechemicaletchrateof aSiN film depositedby
thermalCVD at 900◦C (hereafterreferredas thermalCVD
SiN ) is alsoshown, by a broken line, in Fig. 1. When FN2

were1 and2sccm,the refractive indexes were3.2 and2.3,
respectively, suggestingthat thefilms weresilicon rich. The
refractive index showed a value of 2.03 at FN2 of 3sccm,
which equalsthatof stoichimetricSi3N4. Thechemicaletch
ratesdecreasedwith increasingFN2 up to 3sccmandreached
a minimum value of 4.45nm/min at FN2 of 3sccm,imply-
ing an increasein the densityof the film. The etch rateof
the film depositedat 3sccmwas very closeto that of ther-
mal CVD SiN films, suggestingthat thedensityis alsoclose
to that of thermalCVD SiN films. This resultdemonstrates
that denseSiN films can be depositedat room temperature
by usingthis ECR sputteringtechnique.On the otherhand,
thechemicaletchratesincreasedrapidly with increasingFN2

from 3.5 to 7sccm. The fact suggeststhat N ≡ N triple
bondswere formed and trappedinside the films.15) These
N2 moleculesform many voids and defectsand createdis-
orderin thenetwork, which seemto causethe lower density
andhigherchemicaletchrates.In therangeabove 3.5sccm,
the refractive indicesdecreasedslowly to 1.98,which some-

whatdeviatesfrom therefractive index (2.03)of stoichiomet-
ric Si3N4. This fact is probablydueto the incorporationof
gaseousN2 in thefilms.

The depositionratesareshown in Fig. 2 as a function of
FN2. The maximumdepositionrateof 7.8nm/min was ob-
tainedat FN2 of 2sccmanddecreasedgraduallyin therange
above 2sccm.Thedecreasein depositionratesis understood
by consideringthe thin SiN film which is formedon the Si
target surfacebecauseof the large numberof nitrogenions
hitting thesurface.In general,thesputteringyield for SiN is
known to bemuchlower thanthatfor Si. Thus,thenumberof
Si atomsandSiN moleculesbeingsputteredfrom the target
becomesmallandconsequentlythedepositionratesdecrease.

In order to understandthe structuralpropertiesof these
depositedSiN films, IR absorptionmeasurementswerecar-
ried out asa function of FN2. The IR absorptioncoefficient
per unit (absorptioncoefficient/thickness)for the films de-
positedat FN2 of 1, 3, 5, 7sccmareshown in Fig. 3, where
the peaked signalsare attributed to the main Si–N stretch-
ing vibration mode. Accordingto the Lambert-Beerrule,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.5) We calculatedthe integratedintensi-
ties per unit (=integratedintensity/thickness)of the respec-
tivesignals.Theresults areshown in Fig. 4. For comparison,
theintegratedintensityperunit for thethermalCVD SiN film
is also shown, by a broken line, in Fig. 4. The increasein
the integratedintensitieswith increasingFN2 up to 3sccmis
causedby theincreaseof thenumberof Si–Noscillators.The
film depositedat FN2 of 3sccmshowed a maximumvalue
which is the sameasthatof the thermalCVD SiN film, im-
plying that the film has the largestnumberof Si–N bonds
amongthe ECR depositedfilms. By contrast,the intensities
decreasedwith the increaseof FN2 above 3sccm. Thesere-
sultsarewell understoodby the fact that voids anddefects
increasedand consequentlythe numberof Si–N oscillators
decreasedbecauseof theformationof gaseousN2 molecules
in thedepositedSiN film, asdiscussedabove. Theseresults
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Fig. 1. Refractive index andetchrateasa functionof N2 gasflow rateata
constantAr gas flow rateof 16sccm. Pµ: 500W; PRF: 500W; gas pres-
sure:1.23–1.46× 10−3 Torr; depositiontemperature:roomtemperature;
etchingsolution: HF : H2O = 1 : 7. Thebrokenline shows theetchrate
for theSiN film depositedby thermalCVD at900◦C.
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Fig. 2. Depositionrateasa function of N2 gas flow rateat a constantAr

flow rateof 16sccm.Plasma conditions:seeFig. 1.
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arein goodagreementwith those ofrefractive index andetch
ratemeasurements.

In orderto investigatethewaterabsorptioncharacteristics
in thefilms, theSiN films depositedat FN2 of 1, 3, 5, 7sccm
weremeasuredusingtheTDS system.Thewaterdesorption
spectraareshown in Fig. 5. All thesamplesexhibiteda wa-
ter desorptionpeakat around430◦C. Thefilms depositedat
higherFN2, suchas5 and7sccm,showedlargewaterdesorb-
ing intensities because oftheir porousstructure.On theother
hand,thefilm depositedat 3sccmexhibitedthelowestwater
desorbingintensity. The film depositedat 1sccmshowed a
waterdesorbingintensityaslow as thatof thefilm of 3sccm.
However, this is not usefulasa final passivationlayerfor or-
ganic EL devicesbecausethe film is Si rich which leadsto
poor electricalresistance.This was clarified by measuring
the resistivities for respective films. The electricalresistiv-
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Fig. 3. IR absorptionspectrafor theSiN films depositedatN2 gasflow rate
of 1, 3, 5, 7 sccmanda constantAr gas flow rateof 16sccm.Thespectra
have been correctedfor thefilm thicknesses.
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Fig. 5. Waterdesorbingflux for the SiN films depositedat N2 = 1, 3, 5,
7sccmand aconstant Argasflow rateof 16sccm.

ities were obtainedby current-voltagecharacteristicsin the
rangeof lessthan3V usingMIS structure.The resistivities
were7× 108, 3× 1013, 1× 1012 and6× 1011Äcm for the
films depositedat FN2 of 1, 3, 5, 7sccm,respectively. Thus,it
was concludedthat theN2 gas FN2 of 3sccmis theoptimum
depositioncondition.

SiN films preparedby thermalCVD at a high temperature
areknown to have compactstructurein comparisonwith that
of SiO2 film. Thus,the comparisonof the waterabsorption
amongthe ECR SiN film, the CVD SiN film and the ECR
SiO2 film12) gives us usefulinformation. Therefore,thedes-
orptioncharacteristicsfor theECRSiN film depositedunder
theoptimumconditionof 3sccm,thethermalCVD SiN film

etration. The formationof gaseousN2 moleculesin the de-
positedfilms is consideredto be the main problem which

andthe ECR SiO2 film depositedat 130◦C, werealsomea-
suredby the TDS system. The resultsareshown in Fig. 6.
TheECRSiN film showedthelowestwaterdesorbinginten-
sity, while the ECR SiO2 film showed the largestintensity.
ThefactthattheECRSiN film hascharacteristicssuperiorto
thoseof thermalCVD SiN films demonstratesits suitability
asapassivationlayerof organicEL devices.

The integratedintensityof thewaterdesorbingsignalcor-
respondsto the water quantity containedin the film. We
calculatedthe signal integratedintensitiesfor the respective
films from Fig. 6. Theresultsareshown in Fig. 7. It canbe
seenthat the thermalCVD SiN film andthe ECR deposited
SiO2 film containedabout2 and5 timesmorewaterrelative
to that of ECR depositedSiN film, respectively. Thus it is
concludedthat the SiN film depositedby ECR sputteringat
room temperaturehasa very compactstructurewith a high
barrier againstmoisturepenetration.

4. Conclusion

This work demonstratedthat it is possibleto depositSiN
films suitablefor passivationof organicEL devicesby usinga
roomtemperaturesputteringtechniqueusinganECRplasma.
Theresultsof ellipsometry, chemicaletching,FTIR,andTDS
measurementsshowed that the densityof the SiN films de-
positedat high FN2 is low, which causedhigh moisturepen-

IPR2024-01315 - BOE 
Exhibit 1015 - Page 4



Jpn. J. Appl. Phys. Vol. 38 (1999) Pt. 1, No. 8 D. GAO et al. 4871

0

1

2

3

4

5

6

W
at

er
 D

es
or

bi
ng

 In
te

ns
ity

 (
a.

 u
.)

Thermal
CVD SiN

3 sccm SiO2
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increased the moisture penetration because of their porous
structure. By contrast, the film deposited at the optimum con-
dition of FN2 had a refractive index of 2.03, which equals that
of stoichimetric Si3N4. 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
a dense structure. The results of TDS also showed a high bar-
rier against moisture penetration. This deposition technique
is believed to be applicable to EL device fabrications.

Acknowledgements

We are very grateful to Professors K. Uchino and M. D.
Bowden for valuable discussions. We would like to thank
Nippon Steel Corporation for supplying Si wafers and ther-
mal CVD SiN films. This work was performed using equip-
ment and clean room facilities at the Advanced Science and
Technology Center for Cooperative Research of Kyushu Uni-
versity. This work is supported by the Fukuoka Industry, Sci-
ence and Technology Foundation.

1) A. K.Sinha, H. J.Levinstein, T. E.Smith, G.Quintana and S. E.Haszko:
J. Electrochem. Soc.125(1978) 601.

2) K. Yasui, K. Komaki and S. Kaneda: J. Non-Cryst. Solids127(1991) 1.
3) S. Yokoyama, N. Kajihara, M. Hirose, Y. Osaka, T. Yoshihara and H.

Abe: J. Appl. Phys.51 (1980) 5470.
4) A. Morimoto, Y. Tsujimura, M. Kumeda and T. Shimizu: Jpn. J. Appl.

Phys.24 (1985) 1394.
5) W. Lanford and M. Rand: J. Appl. Phys.49 (1978) 2473.
6) A. Lowe, M. Powell and S. Elliott: J. Appl. Phys.59 (1986) 1251.
7) K. Yasui, H. Katoh, K. Fukuda and S. Kaneda: Trans. Inst. Electron.

Inf. Commun. Eng.J72-C-II (1989) 748.
8) W. S. Liao and S. C. Lee: J. Electrochem. Soc.114(1997) 1477.
9) T. Ono, C. Takahashi and S. Matuo: Jpn. J. Appl. Phys.23 (1984) L534.

10) M. Matsuoka and K. Ono: J. Appl. Phys.64 (1988) 5179.
11) T. Ono, H. Nishimura, M. Shimada and S. Matuo: J. Vac. Sci. &

Technol. A12 (1994) 1281.
12) H. Nakashima, K. Furukawa, Y. C. Liu, D. W. Gao, Y. Kashiwazaki, K.

IPR2024-01315 - BOE 
Exhibit 1015 - Page 5




