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The conductance of SiC MOSFETSis currently limited by trapping of electrons in inversion
layers at the SiC/Si02 interface. This trapping causes both a reduction in the numberof free

electrons and a reduction in the mobility of the remaining free electrons due to increased

coulombic scattering. Trap profiles are currently characterized using capacitance-voltage (C-V)
measurementsusing MOScapacitors on n-type SiC substrates (as opposedto p-type substrates

used for n-channel MOSFETS),which makes C-V analysis more diffrcult and somewhat
questionable.

Herewepresent a Hall effect technique for measuring the trap density without the drawbacksof
C-Vanalysis. This technique has a major advantage in that the measurementis performed on the

SiC MOSinversion layer and therefore the traps characterized are those which directly affect

electron trapping and transport. Similar Hall effect analysis of interface traps wasfirst discussed
early in the development of silicon MOSdevices [l] but wasnot widely adopted because the

technique is too insensitive for accurate measurementof the low trap densities typical in silicon

devices. The technique requires fabrication of an MOSHall bar, which is basically a MOSFET
with extra voltage taps.

In this technique [1], the Hall mobility u= and inversion layer electron density ninv are measured
as a function ofthe gate voltage V,xp. For each experimental value of ni*+, the surface potential

cs(V.*p) required to induce that value ofninv is calculated. Then, for any two values of cs(V**p), it

is also possible to calculate the theoretical change in gate voltage AV,at* required to cause this

changein cs. Thechangein the numberof trapped electrons Ant is then calculated from AV*xp=
AV**1* + q*Ant /Cox where q= I.6xl0~19 Cand Cox is the gate oxide capacitance. The trap

density DIT is obtained from DIT(cs) = Ant/Acs.

Results for DIT(ETRAP)for trap energy ETRAPreferenced to the conduction band edge Ec are
shownin Fig. I for a 6H-SiC sample. DIT(ETRAP)was calculated using Fermi-Dirac statistics

which is more accurate than Maxwell-Boltzmann close to Ec. Previous measurementsusing
10w-frequency C-Vanalysis ofa similar sample from a different wafer from the sameprocess lot

are shownfor comparison [2]. Below Ec, the trap densities increase with increasing trap energy,
consistent with previously reported results [2,3]. At or aboveEc, DIT(E) appears to flatten out or

even decrease. Correlation with C-Vresults is reasonable. TheHall measurementsclearly show
far less scatter than the C-Vresults and are moreaccurate.

Trap profiles for 4H-SiC and 6H-SiC samples are comparedin Fig. 2. Both samples showan
increasing DIT(ETRAP)with increasing trap energy below Ec. DIT(ETRAP)is significantly higher (a

factor of 4-5) in 4Hcomparedto 6H-SiC, consistent with manyprevious results [4].
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In Fig. 3, wereport an exampleofthe use of these Hall DIT measurements. Results are obtained

on a single 6H-SiCMOSHall bar (A) before stress, or (B) after stressing by high-field constant-

current injection ofelectrons into the gate oxide. Fig. 3Ashowsthe increase in DIT after stress.

Fig. 3B shows the accompanying reduction in electron mobility, plotted as a function of
inversion layer effective field. The mobility reduction presumably arises due to increased

scattering from the higher density of trapped electrons. It is apparent that this methodshould be
useful in studying similar behavior, such as the long-term reliability of SiC MOSFETSunder
operating conditions.

In summary,wehave reported on the initial use of Hall effect measurementsto characterize the

Dit profile in SiC MOSFETS.This approach is found to be accurate, straightforward to

implement, consistent with knownbehavior and previous results, and is promising for future

experiments. Control experiments have also been performed on silicon MOSdevices and the

results will be presented at the conference.
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Abstract: Current progress in the developmentof MOSFETSon 4HSiC is seriously hindered by high
levels of interface traps that degrade channel mobility. However, it has beenestablished that thermally

grownoxides annealed in nitric oxide (NO) ambient provide critical improvementsof the oxide-SiC
interface: reduction of interface traps density rl-4], increased channel-carrier mobility [5], and
increased reliability [6]

.
Chunget al [3] reported that the interface-trap density near the valence-band

edge increases by about a factor of two following NOannealing. They speculated that a possible

passivation of carbon atomsandcarbon clusters by nitrogen causes shifts of interface-trap levels from
the upper half of the energy gap to just above the top of the valence band. However, past [6] and
present studies by our group have consistently demonstrated that NOannealing of dry oxide results in

significant reduction of interface-trap density in the case of both N-type andP-type substrates. Figures

1and 2showthat this reduction is especially pronouncedaround the midgap, in a direct analogy with
the passivating effect of hydrogen in the case of Si02-Si interface. The main aim of this paper is to

analyze and clarify the passivating role of nitrogen at the Si02-SiC interface.

Thecomparison of interface-trap distributions for dry, wet, andnitrided oxides (Figs. I and 2) Ieads to

the following conclusions. DRYOXIDES: there are a high density of weakand strained bonds
betweentrivalent silicon atoms from SiC and atoms in the oxide, resulting in energy levels around the

midgap. WETOXIDES:Si-H and Si-OH bonds replace strained bonds, shifting the energy levels

awayfrom the midgap, however, not sufficiently to removethem from the wide energy gap of SiC
(the shift is sufficient for the case of narrower energy gap of Si). NrrRIDEDOXIDES:muchstronger

Si~N bonds are formed, their energy levels are muchfurther from the midgap, and as a result, the
levels appearing in the energy gap (interface traps) is significantly reduced. Wehave confirmed the

existence of SisN bonds at the Si02-SiC interface by XPSanalysis [7]. This analysis also revealed a
small amount of C-N bonds, but they appear near the interface and could not be assigned a
passivating role as assumedby Chunget al. r3]• In fact, we identified a numberof experimental
results indicating that C-Nbonds are more likely to be associated with the nitrogen-assisted removal
of carbon from the interface [8]

.
Therefore, weconclude that the Si=Nbondsplay the passivating role

at the Si02-SiC interface.
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Muchhigher density of interface traps is commonlyobserved on P-type SiC substrates (also obvious
in Figs. I and 2). Webelieve this is due to the inferior quality of these substrates, rather than strongly

asymmetric distribution of the interface traps. This view is supported by the very large shifts of the

C-Vcurves for MOScapacitors on P-type SiC (Fig.3a). Although this shift is probably due to both
interface and near-interface trapped charge, the fact is that such large shifts are not observed with N-
type substrates (Fig. 3b). The large reduction of the C-Vcurve shift in the case of nitrided oxides is

probably, to a large extent, due to the nitrogen-assisted carbon removal. Nonetheless, Figs. I and 2
clearly reveal analogous and complementary interface-trap reduction for both P-type and N-type
substrate, which can be explained by the passivating effect of Si=Nbonds.
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I. Introduction
Lowchannel mobility is knownto be a major obstacle in commercialization of enhancement-mode4H-SiC
MOSFETS.Extensive studies have attributed the low channel mobility to high density of interface traps (Dit)

near conduction bandedge[IJ.
Recent studies have suggested that nitrogen incorporation in the Si02/4H-SiC

systemmayhave a significant impact on the interface properties [2]. In this study, wedeposited an ultra-thin

silicon nitride layer directly on 4H-SiCsubstrate prior to formation of Si02 and annealing, and found much
reduced interface-trap density and oxide charge density. Our lowest Dit values are on the order of lxl012 /cm2

-
eVor below at energies near the conduction bandedge. XPSspectra confirm the presence of nitrogen at the

Si021SiC interface and suggest possible bonding betweenNand C.
II. Experimental
Weuse research grade n+-4H-SiCwith a 10 umepi-layer dopedn-type to 2.6xl015/cm3. Following the standard

RCAcleaning, SiC wafers were loaded into jet vapor deposition (JVD) chamber. Details of the JVDsystemand
its operation can be found elsewhere [3]• Thecontrol samplesare MIScapacitors with aONOdielectric stack
consisting of a 20nm-thick JVDsilicon nitride sandwichedbetweentwolOnm-thick JVDSi02 Iayers. The
ONOnsamples are basically the sameas the control, except that they have an ultra-thin silicon nitride (~2.0nm)
layer deposited on SiC before the ONOstack deposition. Thelower-case n in ONOnsignifies an ultra-thin

nitride layer, which wasdeposited in the samewayas the thick nitride layer of the ONOstack [4], but with the

SiH4 follow rate adjusted to obtain optimized interface properties. Thepost-deposition-anneal (PDA)process
consists of two steps: a 900 'C anneal in N2followed by a 950 'C anneal in a water vapor ambient, with each

one lasting 1.5 hr. Al wasused as the contacts. Nopost-metal-anneal wasperformed before electrical

measurements.ACconductance measurementswere carried out at roomtemperature to obtain Dit distribution.

XPSspectra were taken on a samplewith an optimized ultra-thin nitride layer at the interface anda IOnmSi02

on top. This sample resembles the ONOnISiC interface but without the top O- and N-layers.
III. Results andDiscussion
Figure I showsmulti-frequency C-Vcurves measuredon a capacitor with an ONOgate stack (right) and one
with an ONOnstack (left)

.
Onecan see that the addition of an ultra-thin nitride layer prior to ONOdeposition

sharpens significantly the slopes of these CVcurves, even though the ultra-thin layer wasnot optimized in this

sample. It seemsmoreinteresting that, comparedto the control, the location where the strongest frequency
dispersion occurs has shifted downward,suggesting that the energy of the peakDit has shifted awayfrom the

conduction bandedge, which should be beneficial for n-channel mobility. Encouragedby such results, we
started a systematic study to optimize the effect of the ultra-thin interfacial nitride layer. Figure 2comparesthe

multi-frequency C-Vcurves of a set of sampleswhoseinterfacial silicon nitride layers were deposited with
different SiH4 flow rates. It is clearly seen that the frequency dispersion decreases systematically with
decreasing SiH4flow rate, from 2to 0.6 sccm, and the nitride layer deposited with a SiH4 flow rate of 0.6sccm
results in the best Dit data. Further decrease of the SiH4 flow rate causes the C-Vcurves to degrade again, as
manifested in the increased stretch-out and larger frequency dispersion near strong accumulation. Thetrend

shownin Fig.2 suggests that a finite amountof Si is necessary at the interface to realize the beneficial effect, but
excessive amountsof Si tend to reduce the beneficial nitrogen effect. Shownin Fig.3 are the Dit distributions of

our JVDONOandONOnsamplesalong with somepublished Dit data for comparison. As indicated by the solid

triangles in Fig.3, our previous JVDONOstack yielded Dit values no better than those samplesmadeof
conventional thermal Si02• However,with an ultra-thin silicon nitride layer addedat the Si02/SiC interface, the
Dit values in the energy range of O. I - 0.2 eVbelow the 4H-SiCconduction bandare decreased over an order of
magnitude, to lxl012/cm2-eV or bellow. Toour knowledge, these are the lowest Dit values in this energy range
that have ever been reported for 4H-SiC. Figure 4showsthe XPSspectra of, (a) Nls, (b) Cls, (c) Si2p, and (d)

Ols, respectively, for a sampledescribed in the Experimental Section. Despite its noisy appearance, Fig. 4(a)
clearly showsthe presence of nitrogen at the Si021SiC interface for the ONOnsample. Thebinding energy of
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398.3eV for Nls (-0.5eV higher than that for Si3N4) suggests that the ultra-thin silicon nitride layer mayhave
evolved to an oxynitride other than a stoichiometric Si3N4during the subsequent oxide deposition andPDA
processes. It is also possible that someof the nitrogen atomshavebondedto Cand/or Si atomson the SiC
surface, as the binding energies of the Nls peakalso overlap the range for Nls in Cyanides (397.5-400.3eV).
This latter possibility is supported by the broad tail on the higher energy side of the main C1speak in Fig.4 (b).

Comparingto rest of Cls spectra taken at shallower angles (not shown), this broad tail showsup only at the
interface and the energy range of this tail overlaps that indicating C-Nbonds. Themainpeakcorresponds to

absorbed carbon that exists throughout the depth of the film, which most likely originates from the pumpoil

vapor during the entire process of film deposition. Both the binding energies and the sharp, symmetric shapeof
the Si2p and Ols spectra shownin Figs. 4(c) and (d), respectively, demonstrate aquality Si02 With unnoticeable

amountsof sub-oxides at the interface. Thefitted Si2p spectrum in Fig. 4(c) reveals the contribution from the

ultra-thin silicon nitride layer (represented by the small peakat 100.83eV) at the Si021SiC interface, which is

consistent with the information provided by the Nls spectrum in Fig. 4(a)
.
However,possible contribution from

the SiC substrate to this peakcannot be ruled out becausethe Si2p binding energies for Si bonding in SiC are
coincident with energies for Si bonding in SiN. (e,g., one silicon atombondedto two nitrogen atoms).
In summary,wehavedemonstrated significant reduction of interface-trap density near the conduction bandedge
by adding an ultra-thin layer of silicon nitride before gate oxide deposition. This reduction is possibly related to

the presence of nitrogen at the Si021SiC interface. Moredetailed and careful XPSstudy is necessary to correlate

the electrical improvementto possible nitrogen passivation of Si and/or Cdangling bonds at the interface.
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The great potential of silicon carbide MOSdevices for high power and high temperature
applications has thus far beenharnpered by insufficient quality of the oxide grownon SiC.

Amajor concern in MOSFETSiC devices is the low electron channel mobility observed [1,

2]. Oneof the possible reasons is considered to be charge trapping in shallow interface

states whosedensity is in general higher in 4H- than in 6H-SiC [2, 3].

In this work westudy interface traps near 30the conduction band in n type 4H- and
a) n= 20 K/min 4H-SiCn type reox6H-SiCmetal-oxide-semiconductor (MOS) t.^ = 54 nm

structures usin the thermall stimulated -
vd=-3 v 20v

g y ~ 20
current (TSC) technique. Wefind that ~ 16v
:iffa:raecnt:lrYlst~lrcefPeaarteudreMs ~St~:pTascSosr~eSchtroaw, ~~)'~'~

IO
12v

which cannot be ascribed to traps located 8v
immediately at the interface, and we as-

4vsign these features to energetically shal- O
low traps distributed in the oxide. The b) ~= 20 K/min 6H-SiCn type reox

t.* = 52 nmO*main difference between the TSCspectra
v=-lv ~d _ 13v .~observed for 4H- and 6H-SiC MOSstruc- ~~20 ~~>~

tures is the manifestation ofthe oxide traps
~~

(x 1/2) ~
lov Qq~~ -~oin a different temperature range. ,~ n ll u~ ~o~*~ F**~ 10 I 7 _'~Our MOScapacitors were fabricated on l 7v 5vcommercially available nitrogen doped4H- 5v c

ro 20 30 40 503vand 6H-SiC epitaxial layers grown on the T(K)

O Iv
Si-face of SiC substrates and wecompare 1OO 150 200 25050
oxides madeusing several oxidation proce- T(K)
dures.

In the TSCtechnique, occupied trap levels Fig. 1: TSCspectra for n type (a) 4H-SiC
thermally ernit carriers which are detected and (b) 6H-SiC MOSstructures, measured

for several charging voltages.as a displacement current. At a tempera-
ture To, the MOSstructure is biased with the charging voltage Vo while the temperature
is lowered to T1' The bias is then changed to the discharging voltage Vd, which usually
corresponds to depletion at the interface, and the temperature is raised with a linear

heating rate ~~vhile the current is measured. The volume and interface componentsof

IElectronic mail: handor@ic.chalmers.se, Telephone: +46 31 772 18 65
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the TSCspectrum are identified by comparing measurementswith various charging and
discharging voltages. In addition, MOSstructures were characterized using high- and
low-frequency capacitance-voltage analysis.

The oxides of the MOScapacitors used for the measurementsin Fig. I were madeby
dry thermal oxidation at 1150'C for 4h, irnmediately followed by a reoxidation anneal
at 950'C in pyrogenic steam for 3h. The resulting oxide thickness was t.*. Fig. 1(a)

shows TSCspectra from a 4H-SiC MOScapacitor, measured for several values of the

charging voltage. The signal below 50 K is mostly due to volume states, namely the

nitrogen donor in the cubic lattice site. Above50 K the observed TSCsignal comesfrom
interface states. Whenthe charging voltage corresponds to depletion at the SiCISi02
interface, no current is measuredin this temperature range. However, whenthe charging
voltage allows accumulation at the interface, a signal appears which grows as the charging
voltage increases. Furthermore, wedid not observe the saturation of the interface-related

TSCsignal. This indicates, that the traps responsible for this part of the spectrum are

most likely distributed in the oxide. In this case, it is natural to assumethat the capture

cross section should be very small and dependent on the electric fleld in the oxide. Thus,
the energy levels of these traps could be expected to be close to the 4H-SiC conduction
band, in spite of the fact that they are displayed in the TSCmeasurementsat rather

high temperatures. It should be emphasizedthat the typical features of the TSCspectra
for our 4H-SiC samples was sirnilar for differently prepared oxides. The observed border

traps are possibly a signature of the native oxide defect described by Afanas'ev et al. [3, 4].

Fig. I (b) shows typical TSCspectra of 6H-SiC MOScapacitors measuredfor different

charging voltages. Thebehavior of the spectra is essentially different from that presented
in Fig. 1(a). Here weobserve a peak at 55 Kwhich weassign to the nitrogen donor at the

cubic lattice sites. Above60 K the TSCsignal is featureless and grows only slightly with
increasing charging voltage. Weattribute this signal to traps located immediately at the

SiC/Si02 interface, since it vanishes if the charging voltage corresponds to depletion at

the interface and its magnitude saturates as the charging voltage increases.

Weexpect that due to the bandgapdifference between 4H- and 6H-SiC, traps observed
in the temperature range from 50 to 250 K for 4H-SiC MOScapacitors, should be dis-

played at lower temperatures in 6H-SiC MOSstructures. The inset in Fig. 1(b) shows

measurementson a 6H-SiCMOScapacitor but for a lower temperature range. Weassign

the peaks at 30 Kand 45 Kto the nitrogen donor at the hexagonal and cubic lattice sites,

respectively. For temperatures below 25 K we see a similar feature to the one found in

Fig. l(a). TheTSCsignal grows sharply with increasing charging voltage, while no cur-

rent is measuredif accumulation at the SiCISi02 mterface is not reached. Weassign this

signal to interfacial oxide traps and propose that it is associated with the sameinterfacial

traps found in 4H-SiC samples at higher temperatures.

[1] R. Sch6rner, P. Friedrichs, D. Peters, and D. Stephani, IEEE Electr. Dev. Lett. 20, 241
(1999).
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l .
Introduction

Interface states in the semiconductor band-gapplay an Si0= sic

important role in the determination of electrical

characteristics of metal-oxide-semiconductor (MOS)devices.
~e

E
Becauseof the wide band-gap energy of SiC, interface states

:) ~1.05v
-0.95v

~ ~ _o 58vonly in the limited energy region are observable by meansof -o 38v
-o 2velectrical technique such as capacitance-voltage (C-V) [l] ~~ oov

and conductance-voltage (G-V) [2] measurements. In the o18v"c o58vo o85v
present study, the nob]e spectroscopic method, i,e., x-ray ~ 17vc

2 iv
photoelectron spectroscopy measurementsunder bias [3-5],

recently developed by our group, is applied to the l06 I05 I04 I03 I02 Iol loo 99

observation of interface states in the SiC band-gap. It is Binding Energy (ev)

found that a sharp interface state peak is present for Fig. I xpS spectra in the Si 2p region tor the
dry-oxidation, while it is not observed for wet-oxidation, and MoSstructure observed

the peak is attributed to graphitic carbon at the interface. under various bias voltages applied to SiC with
respect to Pt.

2. Experiments
By the application of a positive bias to SiC, the peaks

An SiC wafer consisted of a nitrogen-doped n-type
were shifted in the higher energy direction, while uponSiC epitaxial layer of - IOpmthickness with the donor
application of a negative bias, the peaks were shifted toward

density of6xl015 cm~3and a 6H-SiC(OOOl)substrate. After the lower energy. The shifts were completely reversible in
cleanig the wafer using the RCAmethod, an Si02 Iayer was contrast to chemical shifts, and they were attributed to
formed by the heat treatments at 1050 "C either in charges accumulated in interface states by biasing. Namely,
wet-oxygen or dry-oxygen. Then, a 3 nm-thick platinum by the application ofa positive (or negative) bias to SiC, the
(Pt) Iayer wasdeposited using a thermal evaporation method, SiC Fermi level deviates downward(or upward) from the Pt
resulting in the )> MOSstructure. Fermi level, and consequently interface states betweenthe Pt

XPS measurements were performed using a VG and SiC Fermi levels are newly unoccupied (or occupied).
SCIENTIFIC ESCALAB220i-XL spectrometer with a The interface state charges induce a change in the potential
monochromaticAl Ka radiation source. During the XPS drop across the Si02 Iayer, resulting in the shift of the SiC
measurements, the front Pt layer was grounded and a bias substrate Si 2p peak by the samemagnitude. Therefore, by
voltage wasapplied to the rear SiC surface. analyzing the shift of the substrate Si 2p peak measuredat

3. Results and discussion
various bias voltages [3-5], the energy distribution of

Figure I showsthe XPSspectra in the Si 2p region for
interface states can be obtained, as shownin Fig. 2. For the

the MOS structure.
wet-oxidation, a broad interface state peak is presentThe

asymrnetric peak in the lower energy region is due to Si 2p3/2
centered at 2. I eVabove the valence bandmaximum(VBM).

and 2pl/2 Peaks of the SiC substrate, and the broad peak in
For the dry-oxidation, an additional sharp peak was

the higher energy region is attributable to the Si02 Iayer.
observed at I.8 eV above VBM. Asimilar sharp peak was

Fromthe ratio in the area intensity ofthese peaks, the Si02
also observed when the wet-oxidation temperature was

thickness wasestimated to be 3.1 nm,
increased to I150 'C, and in this case, the intensity of aCIs
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Fig. 2 Interface state spectra for the

MOSstructure with the ultrathin thermal Si02 Iayer

formed in the following atmospheres: ~) wet-oxygen; b)

dry-oxygen.

peak due to graphitic carbon at the interface increased.

Therefore, the sharp I .7 eV-peak is attributable to interfacial

graphitic carbon. It is previously reported that loss of Si

occurs during high temperature thermal oxidation, resulting

in the formation ofgraphitic carbon [6].

Figure 3 shows the current-voltage (1-V) curves for

the MOSstructure measuredin the

dark (solid lines) and under x-ray irradiation (dotted lines).

Dueto the ultrathin Si02 Iayers, the photo- and dark currents

easily flowed. The I-V curve in the dark for the wet-oxide

layer (curve a) was shifted in the negative bias direction

from that for the dry-oxide layer (curve b). This shift is

mainly attributable to the variation of the interfacial Fermi
level, i.e., I .6 eV above VBMfor the wet-oxide layer and

l .9 eV for the dry-oxide layer. For the dry-oxide layer, the

interfacial Fermi level is elevated because of the higher

interface state density.

The l-V curve under x-ray irradiation for the

wet-oxide layer was close to the ideal I-V curve shownby
the dashed line [7]. This result is consistent with the

relatively low interface state density. The I-V curve for the

dry-oxide layer, on the other hand, deviated largely from the

ideal curve. In Fig. 3, the points at the same SiC
band-bending are denoted by A to C. The bias voltage at

the same band-bending was determined from XPS
measurementsunder bias. It is seen that the photocurrent

densities for the MOSdiodes with the dry- and wet-oxide

3

2 - - - ~ ~ ~;v'*---
.' A ."A

o
"B "'B

1 ! (a)f (b)!'

= j ,'c ..jc
,1)

o
=o

-1

a) (b)

-2
-1 o 21

Bias Voltage (V)

Fig. 3 I-V curves for the MOS
structure in the dark (solid lines) and under x-ray
irradiation (dotted lines) for the

MOSstructure with the ultrathin thermal Si02 Iayer

formed in the following atmospheres: a) wet-oxygen; b)

dry-oxygen.

layers are the samewhenthe SiC band-bending is identical

to each other. For the dry-oxide layer, the density of the

interface state charges induced by the bias is high, resulting

in a large potential drop across the Si02 Iayer, and
consequently the net bias voltage applied to SiC is reduced.

Namely, the deviation of the I-V curve from the ideal l-V

curve is due to the charges accumulated in the interface

states, but not due to the electron-hole recombination at the

interface states.

4. Conclusions
Interface states in almost entire SiC band-gap region

have been observed by meansof XPSmeasurementsunder
bias. For the wet-oxide layer, a broad interface state peak
is present at 2.1 eV above VBM,while for the dry-oxide

layer, an additional sharp peak attributable to graphitic

carbon at the interafce is observed at I.8 eV above VBM.
The I-V curve measuredunder x-ray irradiation shifts in the

positive bias direction from the ideal I-V curve due to the

charges accumulated in the interface states.
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SiC-MOSFETis expected to have two orders of magnitude smaller on-resistance (R..) than
those of Si-MOSFETat the samebreakdownvoltage. However,so far, such a small R.. has not been
reported. For this reason, the electron mobility in the inversion layer is thought to be severely

degraded, probably due to the residual carbon at the Si02/SiC interfaces. Diverse oxidation and
annealing methodshavebeenstudied to improve chamcteristic of Si02/SiC interfaces. Manystudies

have beencarried out to investigate the Si021SiC interfaces by, for example, C-V, X-ray photoelectron

spectroscopy (XPS) and secondary ion massspectroscopy (SIMS) measurements. In the previous

report, we have evaluated, for the first time, the optical constants of oxide films on SiC by
spectroscopic ellipsometry[l]. In this study, wehave measuredthe optical constants of oxide films

on SiC by various oxidation waysby using spectroscopic ellipsometry, and have tried to elucidate the

structure of SiO~SiCinterfaces by comparing their refractive index-profiles.

6H-SiCepilayers, 5umin thickness and 5> I015 em~3in carrier concentration (n-type) (Cree,Inc.),

were used for the measurements. The (OOOI)Si surfaces of SiC epilayers were oxidized by three

processes, dry oxidation, pyrogenic oxidation and low temperature deposition of oxide (LTO) fihns.

Dry oxidation wasdone in a pure 02 flow at IIOOoCfor 16h. Pyrogenic oxidation wasdone in a
hydrogen-oxygen flame at IIOOfor 8h. LTOfilms were deposited by low-pressure chemical vapor
deposition (LPCvo) at 4000C. The SiC substrates with the oxide layers were immersedgradually

into diluted hydrofluoric acid of 8o/o at a constant speed to etch the oxide layers at an angle. Byuse
of the sloped oxide films, wehavemeasuredthe ellipsometric parameters (~/,A) along the slopes in the

wavelength range between250and 850nmat an angle of ineidence of 750. Theoptical constants of
the oxide films, as well as the film thicknesses, assuming an optically single layer structure with

uniform optical properties, were evaluated by the curve fitting of the calculated ellipsometric

parameters to the measuredones. Thewave]ength-dependenceof the apparent refractive indices of

oxide films were assumedto follow Sellmeier's dispersion law, napp={1+((A2-1) ~2)/(~2-B)}1/2 and the

extinction coefficient kwasassumedto be equal to O. Theparameter Aindicates the refractive index at

infinite wavelength, while parameter B indicates the wavelength corresponding to an intrinsic

oscillation.

Figure I shows the thickness distribution of a pyrogenic oxide film along the slope, which

reveals the oxide film wasetched at an angle. Figure 2showsthe thickness dependenceof napp for

the oxide film by pyrogenic oxidation at the wavelength ~f630nm. In the thick region, napp increases

with film thickness and approachs to the reffactive index of bulk Si02 (n=1.465). In the very thin

region, napp decreases steeply with decreasing film thickness, approaching to I .
In the both cases of

dry oxidation and LTOfilms, napp changeswith film thickness as in the case of pyrogenic oxidation.

These results suggest that the refractive indices of the oxide films are not uniform but change with

depth from the surtiaces. Wehaveconsidered that the films consist of two layers, thin interface layer

and Si02 Iayer on it and found the thickness dependenceof nappcanbe explained by the changesof the

thiekness of Si02 Iayers, wherethe thickness of an interface layer is assumedto be Inmand its optical

constants are assumedto follow Sellmeier's dispersion law. Wehave evaluated the values of Aand
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B in the Sellmeier's equation for the rehactive indices of interface layers, as well as the thickness of
the Si02 Iayers by use of curve fitting method. Figure 3shows the thickness dependenceof the

parameter A for various oxide films. All the values of A for three oxide films are higher than the

refractive index of bulk Si02 (n= I.465). This meansthere exists thin interface layers with high

reffactive indices, which suggests the existence of bondswith large polarization, Iike Si-Si bondsat the

interface. The figure reveals the values of Adependon the oxidation process, and the values for

LTOfilms are smaller than those of pyrogenic and dry oxidation. It has been reported that the LTO
films have lower interface state densities and effective oxide charge densities than those of thermally

oxidized films [2]. These results suggest that the values of A of the interface mayrelate to the

electrical properties of SiCMOSstructures in someextent.
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