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Siliconnitride Ims arewidely usedin VLSI fabricationdueto their high breakdavn strength
andresistiity. A majortopic of interestin this materialis the origin of Poole-Fren&l emis-
sion which is frequentlyobsered, andtypically attributedto centresassociatedvith Si-N
bonds.However, in Ims with aluminiumelectrodespreparedy RF magnetrorsputtering
and using nitrogenasthe sputteringgasto ensurestoichiometry Poole-Frenkl conductv-
ity wasabsent. In the presentwork similar Ims were preparedput with gold electrodes.
Capacitanceneasurementsuggestedhat the Au electrodegrovide ohmic contactsto the

siliconnitride Ims, andthattherelative permittivity 6.8, slightly higherthanis thecase
with Al electrodes At low DC voltagesOhm's law wasobeyed, followed by Poole-Frenkl
conductvity with coefcient 195 10 evm V , in contrastto Ims with

Al electrodesFor voltagesexceedin@? V electroforminganddifferentialnegative resistance
behaiour were obsered, asin mary thin Im insulatorshaving certainnoble metal elec-
trodes.The AC conductvity wasfrequeny dependentvith index in therange0.83- 1.31.
Frequeng andtemperaturevariationsweretypical of a carrierhoppingprocesswith anesti-
mateddensityof localisedstates 10 m . Carrieractivationenegieswerein therange
0.006- 0.1 eV, furtherindicatingthe presencef hoppingconductvity. The dependencesf
capacitancandlosstangentwere consistentith an existing modelof dielectricbehaiour
in sandwichsamplesaving ohmiccontactslt wasconcludedhatthe Poole-Frenkl conduc-
tivity wasassociatedvith centresoriginatingfrom the Au electrodesandnot from the Si-N
bonds.

PACS: 73.40.Rw;73.50.Fq;73.61.NQ;77.55.+f

1 Intr oduction

Dielectric Ims playanintegralrdlein nearlyevery semiconductodevice andintegratedcircuit.
Siliconnitride (Si N if stoichiometricor SiN if non-stoichiometricjs usedparticularlyin the
areasof diffusion masking,isoplanarprocessinggatedielectricsand, mostimportantly asan
active chage storageinsulatorfor non-wlatile memorytransistorq1]. Silicon nitride hasbeen
usedin integratedcircuits for severaldecadeg2], is animportantmaterialin silicon andlIll-V

device technology[3,4], canbe usedin antire ecting (AR) coatingsin solarcells [5,6], is an
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effective alkali barrierandalso protectsgermaniumsurfacesfrom harshenvironmentalcondi-
tions.Si N coatingsenhancenfrared(IR) transmissiorin germaniunin thelower wavelength
range[7] andSiN Ims depositeddy plasma-enhancechemicalvapourdeposition(PECVD)
attemperaturebelov 400 C arewidely usedfor encapsulatiopurposesn integratedcircuits
[8].

Thin Ims of silicon nitride areusedasgatedielectricsin hydrogenateéimorphoussilicon
thin Im transistor§TFTs)[3], andareimportantin metal-insulatoisemiconductofMIS) inver
sionlayersolarcellsasAR andpassvationcoatingg9,10]. Its useis alsobecomingncreasingly
importantfor the passvationof compoundsemiconductomaterialssuchasinSbhandGaAs[11].
Its high relative permittivity andresistancegainstmigrationof alkalineionsrepresensomeof
its mostsigni cant advantage®verSiO [12]. It is anattractive candidateasanadwancedlielec-
tric in future generation®f ultra-laige-scalantegration(ULSI) devices[13] andalsohasmary
otherapplicationan microelectronicspptoelectronicspptics,andhardsurfacecoatingg14].

Siliconnitride Ims areusuallydepositeceitherby low-pressurehemicalvapourdeposition
(LPCVD) [15] for Si N or by plasma-enhancechemicalvapourdeposition(PECVD)[16] for
SiN . Theseprocessesook placeat temperaturesf 800 C and300 C respectrely [15,16].
Thus LPCVD is usedwhen the stoichiometricnitride Si N is essentialwhereasPECVD is
generallypreferredor passvationwhenthehightemperaturesf LPCVD would leadto damage
of the substrate.

RF magnetrorsputteringhassomeadwantagesover methodssuchas PECVD. In PECVD
the gasesn the reactionnormally containwatervapourand hydrogenwhich canadwerselyaf-
fectthequality of the Ims [17]. Recentlythe presentuthorshave investigatedadiofrequeny
(RF) magnetrornsputteredSi N Ims in the Al-Si N -Al sandwichcon guration [18] where
stoichiometrywaspreseredby theuseof astoichiometricSi N targetandN asthesputtering
gas.Trapdensityvaluesweresimilar to thosefor samplegpreparedy the CVD techniquesand
the mobility and conductvity valueswerevery low, indicatingthat magnetronsputteringmay
beaviabletechniqudn device fabrication.However, theselms exhibited space-chaye-limited
conductvity (SCLC)ratherthanthe Poole-Frenkl conductiity normally obsened[16,19-22],
suggestinghat Poole-Frenkl conductvity is not associatedolely with the presenceof Si-N
bonds.In the presentvork thesemeasurementwereextendedto sampleshaving Au electrodes
in orderto probethe effect of the electrodematerialon the conductvity; furthermorein addition
to directcurrent(DC) measurement® determinghe permittivity andthe natureof the contact,
currentdensity-wltagemeasurementsave beenperformedto determineghe dominantconduc-
tion processSincethedielectricpropertieof thismaterialarerarelyreported14], in thepresent
work alternatingcurrent(AC) measurementisave alsobeenmade,including measurementsf
theconductvity, capacitancandlosstangentasfunctionsof frequeng andtemperature.

2 Experimental details

The Ims weredepositedy RF magnetrorsputteringatafrequeng of 13.56MHz in aCVC 601
sputteringsystenusingN asthesputteringgas.Depositiontook placeata dischagepowerand
pressuref 100W and0.53Parespectiely. TheSi N target(Testbourneyvasof purity 99.9%;
it wascircular, of diameter76 mm andthickness mm, andwaslocated51 mm vertically belov
the cleanedCorning 7059 glasssubstratesThe bottomAu electrode of thicknesstypically 60
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nm, wasthermallyevaporatedrom a Mo boat. The sputteredlms werethendepositedn the
sputteringsystem,beforeevaporatedop Au electrodespf typical thickness40 nm, were de-
posited.Sampleactive areasverel.2 10 m , allowing depositiorof six individual samples
oneachsubstrateAfter depositiorthe Im thicknessesveremeasure@ccuratelyusingaPlaner
SurfometerSF200stylusinstrumentandwerein the range40 - 160 nm, with depositionrates
typically 0.055nm's

Electricalmeasurementaere performedin a separatevacuatedcryostatsystem. For AC
measurementemperatureserecontrolledin therangel43- 373K, andweremonitoredusing
a Fluke 52 K/J digital thermometerFor permittivity measurementsndto investigatehe class
of contactscapacitancavasmeasuredta x edstandardrequeng of 1 kHz usinga Hewlett-
Packard4276ALCZ meterequippedwith aninternal 40V DC power supply AC measure-
mentsof conductanceg¢apacitanceand losstangentof the sampleswere also madeusingthe
LCZ meteroverthefrequeng rangel00Hz - 20 kHz.

3 Resultsand discussion

3.1 Permitti vity and classof electrodes

Thevalueof therelative permittivity andthetypeof contactsaareimportantconsideration ary
metal/insulatostructure. The meanvalueof the relative permittivity is likely to dependon the
depositionandsubstratgparametersaswell ason the sourceof the materialandthe electrodes.
Thetypeof contactwill depenchotonly onwork-functiondifferencedetweertheelectrodeand
insulatormaterial,but alsoon the presencef andconcentratiorof surfacestates.Capacitance
measurementasfunctionsof voltagelevel andpolarity aswell asthe thicknessdependencef
capacitancevereusedto investigateheseproperties.

Capacitancavasmeasure@sa function of appliedvoltagefor both polaritiesup to 6 V for
a seriesof sampleswith thicknessesn the range50 - 160 nm. For Schottly barrier (block-
ing) contactsa depletionregion forms at the metal/insulatointerface,andthe depletionregion
capacitance dependsensitvely onthevoltagedrop  acrosshejunction[23]. In our mea-
surementsherewasvery little dependencef the capacitancen the voltageapplied,exceptfor
very minor effectsfor higherelectric elds with lower Im thicknessandhigherappliedvolt-
ages.Sincethe capacitancevasessentiallyindependenof the appliedvoltage,no appreciable
depletiorregionappeareattheAu electrodeswhichthenactasohmiccontactsThisbehaiour
is similar to thatobsenedpreviously for the caseof Al electrode$18].

For ohmic contactsthe overall capacitancef the structure is determineddy the permit-
tivity of theinsulatorandby geometricfactors.A plot of the capacitance asafunctionof the

reciprocalthicknessl/ shouldbe linearwith slope , Where is the active area. Fig. 1
shaws sucha plot of the zerobias capacitancdor eachof the samples.The gradientyields a
valueof thepermittivity of 6 10 Fm (relative permittivity = 6.8). Thisvalueis in

reasonablagreementith valuesfoundpreviously by variousworkerson materialsdepositedy
differentmethodsin CVD Ims valuesof 6.8[24] and7-10[25] werefound,thelatterdepend-
ing onthesilane/ammoniaatio used.Valuesof 7.5 weredeterminedusingPECVD[26] and6.0
usingelectron-gclotronPECVD atroomtemperaturg20], while valuesin therange7-11were
foundfor Ims preparedusinga glow-dischage[27]. For sputteredlms usingAl electrodes
a lower value of 6.3 hasheendeterminecby the presentauthors[18]. Clearly the value of
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Fig. 1. Dependenceof capacitanceon reciprocal Fig. 2. Dependencef currentdensityon applied

thickness. The linear dependencémplies that the voltagefor asampleof thicknessti0nm. TheVCNR

capacitancdollows the geometricrelationship = behaiour indicatesthat the samplehasundegone
/ . Thegradientyieldsavalueof permittivity anelectroformingprocess.

of6.0 10 Fm (relative permittiity 6.8).

dependssigni cantly on the depositionconditions,usually giving a value which is lower than
thatin the bulk. In sputteredims thetype of electrodecanalsoin uence the measured/alue
of , andin thepresentasethisis probablyrelatedto the presencef Au in the silicon nitride
asdiscussedn thefollowing section. Thevalueof = 6.8 determinedabose wasusedin the
calculationgollowing.

3.2 DC conductivity

A logarithmicplot of the currentdensity asa function of the appliedvoltage is shown in
Fig. 2for a Im of thicknessA0 nm atroomtemperatureandclearlyimpliesthatthe conduction
is ohmic up to about0.1 V. Above this voltagethe currentincreasednorerapidly, andabove
2 V the currentdecreasedshoving current uctuations, particularlyabove 10 V. This type of
behaiour is typical of sampleswvhich have undegonean electioforming process after which
voltage-controlledlifferentialnegative resistanc€VCNR) behaiour is obsened. Similar char
acteristicshave also beenobsered in otherinsulators[28], andin particularin Au-SiO -Au
sandwichsampleq29]. A low valueof the forming voltage 2-5V wasearlierquotedfor
someoxidesand uorides [28]. Electroformingbehaiour is widely thoughtto involve the eld-
assistedliffusion of the metal electrodematerialinto the insulator andthe VCNR behaiour
is thoughtto be the resultof non-uniformconductionthroughlower resistvity regions,which
progressiely ceaseo conductasthe voltagein increasedwing to the effectsof Jouleheating.
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It is clearfrom this behaiour thatelectroformings obsenedin thepresensystemasin similar
SiO sampleswhich alsoshov Poole-Frenkl conductvity beforeelectroforming29].

In orderto further investigatethe behaiour of the presentsamplesbefore electroforming
the maximumvoltageappliedwasrestrictedto 1.5-2.0V, below the forming voltage. For four
different Im thicknessesf 50, 70,90 and 160 nm, the slopesof all logarithmic curves
were approximatelyunity, and thereforeohmic conductionwas followed. In this low voltage
region, beforethe onsetof high- eld conductioneffects,the conductionprocesswvastherefore
dueto thermally-generatedarriers wherethe currentdensity-\oltagerelationfollows a form of
Ohm'slaw givenby

_ 1)

where is the concentratiorof thermallygeneratealectronsn the conductionband, is the
mobility and is the silicon nitride thickness.Using =5 10 m V s obtainedfor
sputteredsilicon nitride Ims [18], valuesof of1.80 10 m ,450 10 m ,8.75
10 m ,and3.13 10 m werefoundfrom Eqn. (1) for the samplesf thicknessLl60nm,
90 nm, 70 nm and50 nm, respectiely. The meanvalueof for thesefour sampleds 1.6
10 m , whichis nearlytwo ordersof magnitudehigherthanthe valueobtainedin sputtered
Al-Si N -Al structure$18]. Thisdifferenceas probablyrelatedto theuseof the Au electrodesn
thepresentasewhich areexpectedo shav somepenetrationnto theinsulatorevenatvoltages
belov . The highercarrierconcentration®btainedabove for the thinner samplesendsto
supporthis view.

In orderto explore the conductionmechanisntaking placebeforeelectroformingthe previ-
ouslymentioneddataareplottedin Fig. 3, with log asafunctionof . Thereis aclearlinear
relationshipbetweerthesevariablesvhichis consistentvith eld-assistedcarrierexcitationinto
theconductiorband(the Poole-Frenkl effect). In thiscasehe characteristishouldfollow
arelationshipof theform [30]

(2)

where is Boltzmannsconstant, istheabsolutedemperature, isthe Im thicknessand is
thelow- eld currentdensity is calledthe Poole-Frenkl eld-lo weringcoefcient, whose
theoreticalvaluedepend®only onthe permittivity, andis givenby [30]

— ®3)

Schottky emissionat the electrodesvhich shavs similar characteristic§30] is precluded
in thepresentasesinceSchottky barriersattheelectroddnterfacesareruledoutby the capaci-
tancemeasurementdescribedn Section3.1. An averagevalueof the eld-lo weringcoefcient
=19 10 eVvm V wasdeterminedrom the dataof Fig. 3, whereasa theoretical
valueof =29 10 evm V is obtainedusing = 6.8. Howeverthis calculated
valuemaybeinappropriatén thepresentase sincethehigh-frequeng dynamicrelative permit-
tivity valueof 4-7 shouldbe used[31]. It shouldalsobe notedthat Yadar andJoshi[32] found
experimentalvaluesof the eld-lo wering coefcient considerablysmallerthanthe theoretical
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Fig. 3. Dependencef currentdensityon thesquare Fig.4. Dependencef AC conductvity onfrequeny

rootof appliedvoltagefor sample®f differentthick- attemperaturesf 173- 373K for asampleof thick-

nessbeforeelectroforming. The linear dependenceness160 nm. The slope wasin therange0.83

indicateghatthe conductvity is via a eld-lowering 1.31, andis consistentwith Elliott's hopping

processwhichwasidenti ed with thePoole-Fren&l modelin thelow frequeng range wherethe density

effect. of localisedstatesvasestimatedo beapproximately
10 m

Poole-Frenkl valuein ion-beam-synthesizesli N Ims, andthatthereare several modi ed
versionsof Eqn. (2) in theliteratureto accountfor the currentdensityvariationsin the presence
of variouscombinationf centresjncluding donorsandtraps. It wasthereforeconcludedhat
a form of Poole-Frenkl emissionis obsenedin these Ims ashasbeenobsened previously

[16,19-22,31]but that the low experimentalvaluesof obtainedarerelatedto aninexact
knowledgeof the trappingand donor levels present,and the appropriatevalue of the relative
permittivity.

The useof Au ratherthanAl electrodesn the presensampleds seento in uence the con-
ductiity in severalways,all of which may be accountedor in termsof the penetratiorof Au
atomsinto the insulator At low voltagesthe ohmic conductvity is increasedat intermediate
voltageshehigh elds stimulatePoole-Frenkl emissioratthe centresandathigh voltage<ull
electroformingoccurs. Thusthe Poole-Frenkl conductvity may be associatedvith the eld-
assistedliffusion of Au into theinsulator andnot with the existenceof Si-N bonds,which are
alsopresenin samplesvith Al electrodesvherePoole-Frenkl conductvity is absent.

3.3 AC conductivity

Fig. 4 shovsthedependencef AC conductvity onfrequeng for different x edtemperatures
in therangel73- 373K for a Im of thicknessl60nm. It is clearfrom the gure that is very
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Frequencyrange | 173K | 223K | 273K | 313K | 343K | 373K
100Hz - 1 kHz 1.04 | 0.99 | 0.98 091 | 0.87 0.83
1-10kHz 1.07 1.03 1.00 | 096 | 0.95 | 0.92
10- 20kHz 1.31 1.28 1.16 1.07 1.06 1.04

Tah 1. Dependencef theindex ontemperatur@ndfrequeny rangedeterminedrom thedataof Fig.
4 for asampleof thicknessl60nm.

sensitve to frequeng andincreasesvith increasingemperaturealthoughat higherfrequencies
the dependencen temperatures lessmarked andthereis atendeng for the curvesto merge.
Therelationshipbetweerconductvity andangularfrequeny  maybedescribedy [33]

(4)

where is a proportionalityconstaniand is atemperature-dependeimidex. Theindex
canbe determinedrom the slopeof alogarithmicconductvity-frequeng curve[34], i.e.

_ (5)

Meanvaluesof overthree x edfrequeng rangesascalculatedfrom the dataof Fig. 4, are
presentedn Tablelfor eachtemperature Fromthetableit is evidentthat is relatively close
to unity, lying in the range0.83 1.31. Furthermorehereis a generaltendeny for to
decreasavith increasingemperaturendto increasewith increasingrequeng, asobsenedin
otherdielectric Ims, notablyCeO [35] andSiO [36]. Theseresultswereinterpretedusingthe
hoppingmodelof Elliott [34], wherethe carriersareconsideredo hop over a potentialbarrier
betweeradjacensites,andthe AC conductvity is givenby

— — — ©®)

where representthedensityof localisedstates, (= isthepermittivity, istheeffective
relaxationtime (approximatelyl0  s)[34], and =1- atlow temperaturewhere =
6kT/W and is theopticalbandgap.Sincethemaximumvalueof permittedby this model
is unity it cannotbefully applicablein the presentase.Howeverin therelateddielectricSiO
hoppingconductiontakesplacein which a sublineardependencef on is followed at low
frequenciestendingtowardsa square-lav athigherfrequencie$33,36,37]anda similar process
occursin silicon nitride. An estimateof the densityof localisedstatesvasobtainedfrom Eqn.
(6) usingthevaluesof =0.99and 3.7 10 Sm at =223Kand =1KkHz. Values
of =6 10 Fm (Section3.1)and =5.3eVfor amorphousSi N [38], yield avalue
of 10 m . Thisin goodagreementvith thevalueof =2 10 m for thetrap
concentratiombtainedrom DC measuremen{d.8]; thusthe DC trapconcentratiortorresponds
to the AC densityof localisedstatespffering additionalevidencefor this type of conductvity.

In Fig. 5 the dependencef the conductivity —on inversetemperaturel/ is shawvn for
the samesampleasin Fig. 4 for variousfrequenciesn the range100 Hz - 20 kHz over the
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Fig. 5. Dependenc®f AC conductvity on inverse Fig.6. Dependencef roomtemperatureapacitance
temperatureat frequenciesof 100 Hz - 20 kHz for on frequeng for samplesof thickness50 - 160 nm.
a sampleof thickness160 nm. Activation enegies The geometricdependenc®f capacitanceas also
were 0.04 - 0.1 eV above room temperatureand evidentin Fig. 1, is the major causeof the capaci-
0.006- 0.01eV belav room temperatureandcon- tancevariation.

sistentwith a hoppingprocess.

temperatureangel143 - 373 K. It is evident from the changein slopeof the gure thatthe
conductvity is moresensitve to temperatur@bose roomtemperaturgl/ 34 10 K
than below room temperature.Discretecarrier activation enegies  may be calculatedfrom
the slopeof aln - 1/ plot suchasFig 5. Although in the presentcasehoppingactivation
enegiesareexpectedo be continuouslydistributed,suchcalculationggive a goodindicationof
the rangeof values. Above room temperaturehe activation enegieswerein the range0.04 -
0.1eV. A hoppingconductionprocesss consistentith this rangeof activation enegies,and
is in agreementvith earlier resultsof Sullivan and Card [39] and of Sze[40]. Below room
temperaturehe calculatedactivation enegieswerelower, in the range0.006- 0.01eV. There
wasno evidenceof higheractivation enegiesof the orderof several tenthsof an electron-\glt
characteristiof a free-bandconductionprocessandthusthis type of mechanisnis absentin
sampleswith Au electrodes.

3.4 Capacitanceand losstangent

Fig. 6 shaws the variationof room temperaturecapacitance with frequeng for samplesof
thicknesss0 - 160 nm. In Fig. 7 the dependencef capacitancen frequeng is shovn for a
sampleof thicknessl60nm at different x edtemperature therangel43- 373K. In general
the capacitancéncreasedvith increasingemperaturebut decreasedith increasingrequeng.
At high frequenciesall the capacitancesendedtowardsa constantvalue of approximately4.1
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nF, irrespectve of temperature.

A similar dependencef capacitancen frequeny andtemperaturdaspreviously beenob-
senedin thedielectricsCeO [35] andSiO [36].Thesewereinterpretedn termsof anequia-
lent circuit modelof Goswami and Goswami [41], in which the sandwichstructureis modelled
by a frequeng-independat capacitve element  in parallelwith atemperature-dependera-
sistance , andbothin seriesvith aconstantow-valueresistance whichrepresentthecontacts
andleads.Theresistance is thermallyactivated,decreasingvith increasingemperatureThis
modelwas developedfrom the model of Simmonset al [42], which appliesto sampleshav-
ing Schottly-barriercontacts.Accordingto the modelof Goswami and Goswami the measured
seriescapacitance s givenby therelationship

_ (7)

The behaiour shovn in Fig. 7 is consistenwith this expressionjn thatthe measuredapaci-
tanceshoulddecreasavith increasingrequeng, reachinga constantvalue  at high frequen-
cies. Similarly, theincreasan capacitancevith increasinggemperatures alsopredicted,as
decreasewith increasingemperatureandthe seconderm on the right-handside of Eqn. (7)
increases.

The dependencef losstangenttan , on frequeny andtemperaturas shovn in Fig.8 for
a sampleof thickness160 nm. In generaltan initially decreasedvith increasingfrequeng,
beforepassinghrougha minimumandincreasingagainat higherfrequenciesThe minimumis
notapparenfor thelowesttemperaturealthoughthetheorybelowv suggestshatit shouldappear
at a lower frequeng thancoveredexperimentally Accordingto the model,the losstangentis
givenby [41]

(8)

Thepositionof thelossminimum is givenhby

— (9)

The rst termontheright-handsideof Eqn. (8) dominatestlow frequenciesotan is predicted
to decreasavith increasingfrequeng. At higherfrequencieghe secondterm dominatesand
thereforetan shouldincreasewith increasingrequeng. This behaiour is clearly apparenin
Fig.8. Furthermorethe position of appeargo shift to higherfrequenciedor increasing
temperaturesgsalsopredictedby Eqn. (9), since decreasewith increasingemperature.

4 Summary and conclusions

Capacitance-altage-thicknessmeasuremeniadicatethatthe Au/silicon nitride contactis ohmic
andthat 6.8,exceedinghevalueof 6.3foundin similar sampleshaving Al electrodesThe
differing valueswererelatedto the possiblepresencef the Au electrodematerialin the silicon
nitride layers.Samplesnitially shaovedohmicconductvity with ameancarrierconcentratiorof
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Fig. 7. Dependencef capacitancen frequeng at Fig. 8. Dependencef loss tangenton frequeng
temperaturesf 143 - 373K for a sampleof thick- at temperatureof 143 - 373 K for a sampleof
ness160 nm. At higher frequenciesthe capaci- thickness160 nm. The obsened minimum, which
tancetendstowards 4.1 nF irrespectve of tempef shifts to higherfrequenciesat highertemperatures,
ature, consistentwith the model of Goswami and is also consistentwith the model of Goswami and
Goswami. Goswami.

aboutl.6 10 m whichis higherthanin samplesvith Al electrodeste ecting thepresence
of additionalcentreswithin the silicon nitride layers. At highervoltagesPoole-Frenkl conduc-
tivity wasidenti ed having a typical value for the Poole-Frenkl eld-lo wering coefcient of

=19 10 evm V , Whichis signi cantly lower thanthetheoreticalvalue. This
mayberelatedto thefactthattheexactnatureof theenegy levelsappearingvithin theband-gap
of thesilicon nitride Ims is undeterminedndthatthe high frequeng optical relative permit-
tivity is morelikely to be applicablethanthe low frequeng value. Furtherwork onidentifying
thedonorandtraplevelspresentusingfor instanceghermallystimulatedcurrentmeasurements,
is probablynecessaryo resole this question. At voltagesabove 2 V therewas evidenceof
VCNR andelectroformingoehaiour aspreviously obsenedin otherinsulating Ims having Au
electrodesAC activationenegieswerelow andconsistentvith a hoppingconductionprocess.
The valueof the exponent derived from conductvity-frequeny datawasalwayslessthan2,
andthereforealso consistentwith a hoppingprocess.Valuesof the densityof localisedstates
estimatedfrom Elliott's modelin its region of applicability, were consistentwith earlier DC
measurementsf trap concentrationsThe dependencef the dielectricpropertieson frequeny
andtemperatureverein agreementvith themodelof GoswamiandGoswamifor dielectric Ims
with ohmiccontactsandtypical of thatshovn by someotheramorphousnaterials.

It hasbeenshawn that althoughsputteredsilicon nitride Ims sharesomefeaturesof their
electricalconductvity with PECVDandLPCVD Ims therearealsosigni cant differencesThe
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principal novelty of the resultsreportedis that such Ims exhibit Poole-Frenkl conductvity
with Au electrodesput not with Al electrodes. This suggestdhat the Poole-Frenkl centres
areassociatedvith penetratiorof Au into the insulator andnot with Si-N bondsashasbeen
recentlyreportedin hydrogenatedmorphoussilicon nitride and oxynitride Ims preparedoy
PECVD[43].
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