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Effect of nitric oxide annealing on the interface trap density near
the conduction bandedge of 4H-SIC at the oxide /(1120) 4H-SIC interface
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Nitric oxide postoxidation anneal results in a significant decrease of defect state déngitpdar

the conduction bandedge af4H-SiC at the oxide/(11®) 4H-SiC interface. Comparison with
measurements on the conventiof@001) Si-terminated face shows a similar interface state density
following passivation. Medium energy ion scattering provides a quantitative measure of nitrogen
incorporation at the SiQYSiC interface. ©2004 American Institute of Physics.
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The 4H polytype of silicon carbid4H-SIQ is one of  of the (0001 Si face (~10" cm 2eV?) at~0.2 eV below
the most promising materials for power electronics applicathe conduction band. NO annealing results in a substantial
tions. The ability to grow a thermal oxide has lead to thejmprovement, reducing the value te 102 cm 2eVv !,

development of SiC metal oxide semiconductor field effeciyhich is comparable to the best values obtained for the Si
transistorMOSFET). Although this oxide is similar to SiQ  f5ce.

grown on Sit the SiG,/SiC interface results in much poorer The main feature distinguishing t{8002 and (11_2))
elec_tromc properties thqn the§|L'B| interface. MO_SFETS crystal faces is the polar structure. The first monolayer of the
fabricated on th€0001) Si-terminated face of 4H-SiC have Si face is 100% Si. while that of the (TQ)Z face is 50% C

icall h | i i h | iliti . . .
?;Elcawg 13_ 20%’\/ r::rﬁ\;(\e/r)sl) C(])L\JA; t:?\t/r? (;Sr:ci)gh g eigirt]; ofrirllotgflgses and 50% Si. Interface studies of these structurally different
Inv .

states present within the bandgap of SiC. The fact that 4|_|Tsurfaces is imp_ortant not. only_for fabricating devices utiliz-
SiC MOSEETs show lower mobilities than 6H devices isiN9 wafers of d|fferergt orientation, but_ also for the deyelop—
attributed to a broad distribution of interface states lyingMment Of UMOSFETé' where the gate is “U” shaped. Since
~2.9 eV above the valence bahdhese states fall within the_inversion channel formation takes place along the
the bandgap of 4H-SiCE,=3.26 eV), but lie in the con- (1120)/oxide interface, it is critical to realize high inversion
duction band for 6H-SiCE,=3.02 eV). Thus, the channel layer mobility and low interface state density on this face.
mobility is reduced in 4H-SiC by field termination, carrier (1120) n-type 4H-SIC substrate wafers N{=5
trapping, and Coulomb scattering associated with this high< 10 cm™2) supplied by CREE, Inc. were used to grow
density of interface states. thin lightly dopedn-epilayers(5 um, Ng~10* cm™3). Af-
Recent studies have reported an order of magnitude reer a standard RCA clean, the samples were oxidized at
duction of Dj; on the (0001 Si terminated face near the 1150°C in dry oxygen to yield an oxide thickness of about
conduction bandedge of 4H-SIiC by using a nitric oxide30 nm. For the sample subjected to the NO POA process, the
(NO) postoxidation annealPOA).>"® Reports by other temperature was ramped up to 1175 °C in flowing Ar, and the
groups have indicated improved properties of MOS strucNO anneal was performed for 2 h. The NO POA process is
tures built on the (112) oriented substrates using wet completed by ramping down the temperature from 1150 to
oxidatiorf ° and suggested an intrinsic low density of accep-900 °C at a ramp rate of 4 °C/min in flowing Ar and unload-
tor like interface states near the conduction band éddth-  ing the samples under these conditions. A standard sample
ers have indicated good (10p properties after passivation was made by annealing in Ar at the oxidation temperature for
of these interface states by hydrogen.this letter, we report 30 min after oxidation. Gate metallization was performed by
the effects of the NO POA on the interface state density fosputtering Mo and Au in succession and colloidal Ag paste
dry oxides on (11@) 4H-SIC. Our results indicate that dry was used for a large area backside ohmic contact. Simulta-
oxidation of the (11@) face results in comparabl®, to that neous hi—lo capacitance—voltageC{V) measurements
(high frequency-100 kHz and quasistaticere performed at

aE|ectronic mail: sarit.dhar@vanderbilt.edu room temperature, _vvi'Fh the gate bias swept from accumula-
DAlso at: Oak Ridge National Laboratory, Oak Ridge, TN 37831. tion to depletion. Similar sets of samples were prepared on
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FIG. 1. Interface state density profi,(E) nearE. measured for (112
(circles and(000)) (squareswith (solid symbol$ and without(open sym-
bols) NO postoxidation anneal The NO POA significantly reducesDhe 75 80

near the conduction band for both the orientations. Energy(keV)

85

. . FIG. 3. MEIS spectra of (fm 4H-SIiC: Sample as-oxidized at 1150 °C
the (0001 oriented samples for comparison between thesgop) compared to a sample that underwent a NO POA at 1175 °C for 2 h
two crystal faces. after the oxidatior(bottom). Nitrogen incorporation at or near the interface
Medium energy ion scatterin@\/IEIS)ll using 100 keV can be observed from the spectra. The difference in amount of oxygen in the
+ - L ° - two samples is due to different thickness resulting from etching of the oxide.
H™ ions at normal incidence and 125° scattering geometry
was performed on the (102 4H-SiC samples to determine
nitrogen incorporation at the interface. Two sets of samples — _
were made with and without the NO anneal as describetvhere the (11@) interface was ;‘%UHO_' to have a lowy; in
before. The oxide layer was carefully etched with HF to thincomparison to th€0001) Si face.” This could be due to the
the layer in order to preserve the interface resolution fowvet oxidation bringing about somi situ passivation of
MEIS analysis. traps during the wet oxidation process—a process that is as-
Interface state density profiles for the 5@1150) 4H—  sociated with hydrogen. It should be noted that a significant

SiC interface are shown in Fig. 1. The NO POA process2nisotropy exists in the oxidation kinetics among the differ-
the conduction band edge. &,—E=~0.1 eV, the density chemistry is different for these two faces. However our ob-

of defects traps is reduced from~10"® to servations indicate that the electrically active trap density
~10" cm 2eVv~1. Reduction ofD; also occurs further behavior of dry oxides is similar for the two faces. Figure 2

from the conduction band, but the effect is most pronounce§hows the high frequency and quasistafieV curves for
near the conduction band edge. This reduction is similar t@s-oxidized and NO passivated (D)2MOS capacitors. The
that observed for the nitric oxide anneal for tt@001) Si nitridation process leads to a shift of the flat-band voltage
face MOS capacitors, as shown on the same plot. The resultgwards less positive voltages. This can be attributed to the
also show that the interface state density before passivatio#ecrease in effective negative charge at the interface due to
by NO for the (11B) face is of the same order of magnitude the NO anneal. A similar effect has been observed for the
as for the(0001) Si face, at least in the case of dry oxides. (0001 capacitors(not shown in this work and in previous

o . : 3
This is contrary to the observations made for wet oxided€POrts: o o
Previous studies indicate the possibility of carbon clus-

ters, suboxides or oxycarbides at the interface, and Si and C

101 o as(DyoxsNO POR) dangling bonds have also been considéredi****Further-

094 O Hi(Dryox+NOPOA) 4 more, it has been suggested that the NO POA may not physi-

0.8 cally remove these defects but may instead shift the energies

0.7] of these defects in the band gap, thereby removing their det-
5 061 rimental effects:'® Prior studies have also indicated that pas-

05 sivation depends only on the amount of nitrogen incorpo-

' rated at the interface and is independent of anneal

0.4+ ® Qs (Dry ox only) temperature and time>*®

031 " HiOyoxony Figure 3 shows the MEIS spectrum of (_IJ])25ampIe

0.2 —————————— oxidized and subjected to the NO POA process and a sample

6 -4 -2 0 2 4 6 8 10

V. (Volts) without the NO treatment. We observe incorporation of ni-
oils
9

trogen at or near the interface from the MEIS measurement.
FIG. 2. High frequencysquarepand quasistati¢circles C—V curves for It _'S p(_)S_SIble tha_t the NO anneal leads to the_ formation of a
as-oxidized(solid symbols and NO annealetopen symbols(1120) 4H— thin nitride at this interface. The areal density of N atoms

SiC capacitors. was found to be 0.6610' and 1.16<10*® atoms/cm for
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TABLE I. Areal densities of Si, O, C, and N atoms obtained experimentally from MEIS. Theoretical values of
the Si and C areal densities are shown for comparison.

SiintrinsicJr Cintrinsic
Oxide Si (0] C N SiSiOZ (calculatedl
thickness ~ 10% 10'° 10'° 10'° (calculatedl 101
Sample (A) atoms/c@ atoms/crd atoms/cri atoms/cmd  10'° atoms/crd  atoms/crd
(110) =67 3.77 3.01 3.84 1.6+1.51 2.7
as-oxidized +0.19 +0.15 +0.19 =3.11
(1120) =22 2.79 0.97 4.27 0.66 1.6+0.485 2.7
With NO +0.14 +0.05 +0.21 +0.03 =2.09
(0001 =9.7 4.24 4.36 3.39 2.9+2.18= 2.4
as-oxidized +0.21 +0.22 +0.17 5.08
(0001 =7.4 3.96 3.33 3.58 1.16 2.9+1.67 2.4
With NO +0.2 +0.17 +0.18 +0.06 =457

the (11D) and (0001 surfaces, respectivelyspectrum for  cussions. This work was supported by DARPA Contract
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of Si and C obtained from MEIS have been compared with

theoretically calculated values for botB001) and (11).
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dimensional vibrational amplitudes for carbon and silicon respectively at
6p=1200 K (Debye temperature for 4H-SjC
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