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Formation of cobalt disilicide films on (1/3X /3) 6H-SiC(0001)
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This paper presents a detailed study of thin Co films grown directly, sequentially, and by codeposition with
Si on the ¢3xv3)-R30° surface of 61-SiC(000). The structure, chemistry, and morphology of the films
were determined using x-ray absorption fine structure, x-ray photoelectron spectroscopy, Auger electron spec-
troscopy, and atomic force microscopy. For directly deposited Co film8 nnj graphite layers form on top
of the film surface during annealing, whereas Co stays mainly unreacted over a temperature range of 300—
1000 °C. The formation of Cogis achieved by sequential and codeposition of Co and Si. Films annealed at
550 °C are polycrystalline and further annealing to 650 °C causes no C segregation, but there is islanding of the
films. Attempts to improve film morphology and homogeneity including applying a template method and
varying growth temperature are also reported.
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[. INTRODUCTION sorption in ultahigh vacuuniUHV) and prior to deposition
of Co films, showing a (X 1) surface reconstructichtHow-

The physical and electronic properties of silicon carbideever, directly deposited Co film&.5 and 10 nmannealed at
(SiC) make it an important semiconductor material for short-500 and 800 °C contain unreacted cobalt metal.
wavelength optoelectronic, high-temperature, radiation- In this work we focus on the Si-terminaté@d001) surface
resistant, and high-power/high-frequency electronic devicesof 6H-SiC with the ¢/3xv3)-R30° surface reconstruction.
Cobalt disilicide (CoS)) is considered a promising electrical When carefully prepared, this surface is clean, and contains
contact material to SiC due to its low resistivity and goodno surface contamination such as oxygen. It is well ordered,
thermal stability. Recent Co/SiC thin-film studies investi- with  atomic layer of additional Si atom$j.e., it is slightly
gated their electricar® and structural properti€s. Mostly,  Si rich, and accumulates no Si islands. As will be shown in
directly deposited Co film$2~?but also thick Si/Co/SiC bi- Sec. Ill, formation of thin CoSifilms can be achieved by
layers(126.5 nm Si/50 nm Cop were studied:* For directly ~ sequential and codeposition of Co and Si followed by an-
deposited Co films the formation of cobalt monosilicide nealing at 550 °C. We describe in detail the effects of higher
(CoSi and graphite was observ@nd unreacted Co metal annealing temperatures, variation of growth temperature, and
was reportel for annealing at temperatures up to 800 °C.use of template layers.

Sequentially deposited thick Si/Co bilayers annealed at
900 °C are reported to form columnar grains of Goith
no graphite segregation.

The properties of Ohmic contacts and the electrical char- The Co films were directly, sequentially, and codeposited
acteristics of Schottky barrier diodes are very sensitive tavith Si on 6H-SiC(000) wafers in an UHV system that has
surface preparation techniques and can depend strongly @nbase pressure in the 1§ Torr range, allowingin situ
the surface cleaning procedure used prior to forming the contransfer between facilities for molecular beam epitaxy, low-
tact. Relatively little attention has been paid to the differentenergy electron diffraction, Auger electron spectroscopy
SiC surface reconstructions before depositing the metal flmgAES), and x-ray photoelectron spectroscopyPS). The
although these may affect the nucleation process during théH-SiC(0001) wafers (silicon face were n type and pur-
formation of CoSj as well as the uniformity, flatness, and chased from CREE Research Inc. A tungsten film of several
stoichiometry of the interface. Most studies of the electricalmicrometers thickness was sputtered onto the back side of
behavior of cobalt and cobalt silicide contacts to SiC haveeach wafer to facilitatén situ heating by absorption of in-
reported using only a wet chemical cleaning procedure priofrared radiation. After exposure to UV/ozone irradiation for
to doing metallizatiorf.® Results have established that the 10 min the wafers were chemically etched with a HfEoH
(1x 1) surface obtained after wet chemical cleaning proceethanol(1:1:10 solution for another 10 min. This procedure
dures contains oxygefl,which can decrease the metal adhe-was repeated with exposure and etching times of 5 min. The
sion, enhance the specific contact resistance, affect Schottkyafer was then mounted on a molybdenum sample holder
barrier heights, and create electrically active defects that magnd loaded into the vacuum system. The surface was pre-
change the transport of electrons or holes through the corpared byin situ thermal desorption at 1200 °C for 15 min
tact. On the other hand, the Si-rich X3) surface recon- under Si flux of 0.003 nm/s, resulting in &3Xv3)-R30°
struction obtained byn situ chemical vapor cleaning results SiC surface reconstruction as determined by LEED. Co
in the formation of 0.3zm-high Si islands and therefore (1-8 nm and Si(3.6—29.2 nm films were then deposited
may create inhomogeneities at the interface to the metal corusing a Si:Co weight ratio of 3.64, which is the stoichio-
tact. In a previous study by our group, low-energy electrormetric ratio for CoSi. The films were subsequently annealed
diffraction (LEED) patterns were measured after thermal de-at various temperatures in the range of 300—1200 °C for 20

II. EXPERIMENTAL DETAILS
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min. The temperature was measured using an optical pyrom- T Tt
eter. The deposition was controlled with quartz crystal thick- f‘T A
S

ness monitors calibrated with profilometry and atomic force e (272eV) (a)
microscopy(AFM). No surface contamination was found for
the (V3 Xv3) SiC surface reconstruction and after film depo-
sition within the AES and XPS detection linfitc& mono-
layer (ML)]. The XPS system consists of a Clam Il hemi-
spherical electron energy analyzer with a radius of 100 mm.
The Al Ka (1486.6 eV x-ray source was operated at 13 kV -
with an emission-controlled current of 20 mA.

The annealed films were characterizedsituwith x-ray
absorption fine structurgXAFS) and atomic force microsco-
py. XAFS data were collected at room temperature in the M ‘aame 2
fluorescence mode with a Canberra 13-element Ge detector
at the CoK edge (7709 eV at beamline X-11A at the Na- G (2726V)
tional Synchrotron Light Source. The incident photon beam AV

1

i (92eV)

—

(b)

Co (53eV
¢ ) Co (775eV)

dN/dE

was monochromatized with a double-crystal180) mono- e
chromator detuned 30% to suppress higher harmonics. En-
ergy calibration was set to 7709 eV at the Co fdiledge

inflection point. XAFS data analysis was performed with E— E—
the MACXAFS 4.1 packagée® Fourier transforms of 0 200 400 600 800 1000
k,-weighted XAFS data were done over the wave-vector
rangek=3.5-10.3 A" after preedge subtraction, normal- E(eV)
ization, background removal, and conversipn f(om energy s 1 Ags spectra ofa) the (/3xv3) SIC surface(b) after
scale to.Wave Vemd{'. A.F.M data were acq_UIred In Con_taCt deposition of 8 nm Co, and after annealing@t300, (d) 500, and
mode with a Park Scientific Autoprobe M5 instrumétypi- (e) 700 °C.
cal radius of curvature of the AFM silicon nitride tips is
about 10 nm The formation of graphitic carbon is confirmed by XPS
measurementsf@ 1 nm Co film on {3 xXv3) SiC annealed
stepwise up to 1200 °C. These measurements are depicted in
Ill. RESULTS AND DISCUSSION Fig. 2. The C 5 peak of the uncoated Si{FFig. 2(a)] dis-
played only a Si-bonded state located at 283.4 eV. The depo-
sition of 1 nm Co causes a peak shift to 283.1 eV resulting
The annealing dependence of AES spectra for 8 nm Cérom the Schottky barrier at the Co/SiC interface. After an-
directly deposited ontov3 Xv3) SiC together with the data nealing at 630 °C, a shoulder appears at 284.5 eV attributed
for the clean {3xv3)-R30°6H-SiC(0001) surface are de- to C-C bondd? This is in agreement with the literature,
picted in Fig. 1. All scans were obtained with the sample awhich also reports the formation of carbon or graphite on the
room temperature, and the annealing steps were for 10 min atirface of Co on Si€®?° After annealing at 1200 °C, the
temperatures up to 700°C. The/3(xv3) reconstruction XPS signal of the Co and the C shoulder vanish. This indi-
[Fig. 1(a)] is oxygen free within the AES detection limit and cates that the Co has evaporated from the surface and appar-
gives a peak-to-peak intensity Si/C ratio of 2.48 that is comently the graphitic carbon is removed during this process
parable to the ratio of 2.21 given by Starke, Schardt, andFig. 2(b)].
Franke for the same reconstructithOur measurements The most remarkable feature of Figb2is that the Co p
show that this ratio can vary up to 3.0 depending on the Speaks(the 2p,, is located at 778.4 eMdo not shift to higher
flux during the thermal desorption. This is in agreement withenergies even after annealing at 1000 °C, suggesting that the
other studie¥~1’in which silicon-rich as well as carbon-rich film still consists mostly of unreacted Co metal reference
stoichiometries have been observed for this surface. spectrum for CoSiis given in Fig. 5 below However, a
For the as-deposited 8 nm Co filfrig. 1(b)] a diffuse  small shoulder on the lower-binding-energy side of the ($i 2
(1x 1) LEED pattern was observed, which sharpens slightlypeak of SiC in Fig. &) indicates that a small amount of
prior to annealing at 300 °{Fig. 1(c)], indicating that the Co cobalt silicide does form after annealing at 630 °C. Whether
film grows epitaxially on the SiC substrate. The chemicalit is Co,Si, CoSi, or CoSiis not clear. This shoulder also
composition of the surface of the film starts to chafigig.  vanishes after evaporation of the Co film at 1200 °C.
1(d)] during annealing at 500°C. Si and C peaks appear The local structure of the directly deposited Co films was
and the characteristic feature of the latter indicates graphitistudied by XAFS. The Fourier transform of the XAFS data
bonding®® This structure shows a/8xv3) LEED pattern.  for 8 and 2 nm Co films om(3 X v3) SiC annealed at 700 °C
After annealing at 700 °C a completely diffuse LEED patternas well as standard spectra for Co metal and €a® shown
as well as a significant increase of the C péklg. 1(e)] in Fig. 3. These spectra indicate mainly Co-Co bonds for the
were observed. This suggests that graphitic carbon is forndirectly deposited Co films onm/fxv3) SiC in agreement
ing on the surface of the film. with the XPS measurements. From a fit of the x-ray absorp-

A. Direct deposition
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FIG. 2. XPS(a) C 1s, (b) Co 2p, and(c) Si 2p photoelectron peaks from th&3xv3) SiC surface, after deposition of 1 nm Co at room
temperature and after annealing at 630, 800, 1000, and 1200 °C.

tion near edge specti&XANES), we estimate that the flms and 22. The root-mean-squaréms) roughness measured
consist of 70% Co metal and 30% CeSBimilar results from the image is 2.15 nm. Since these polishing scratches
were obtained by our group for Co films directly depositedwere also observed for the as-suppligd-&iC(0001) cov-
on (1x1)6H-SiC(0001).” For 2.5 and 10 nm Co films an- ered by native oxides and other contaminants, it can be con-
nealed at 800 °C, only Co-Co bonds due to unreacted Coluded that the UHV Si molecular beam etching does not
metal were identified. It might be possible that an interfacialaffect this mechanical damage, which is in agreement with
silicide layer forms, which could act as a barrier for further Cprior studies® The 8 nm Co film deposited on this surface
surface diffusion and thus stop the supply of Si atoms. replicates the polishing scratches of the underlying
Shown in Fig. 4 arex situAFM data collected from the 6H-SiC(000J), giving a rms roughness of 1.6 nm.
Si-etched 61-SiC(0001) and from an 8 nm Co film depos- Nathan and Aheafrstudied Co films5—-20 nm directly
ited on this surface and annealed at 700°C. Theleposited on amorphous SiC0 nm thick. Rapid thermal
6H-SiC(000) surface showed an orderee3(xv3)-R30° annealing revealed the formation of CoSi after annealing at
LEED pattern before it was taken out of the UHV system.temperatures above 600°C. Lundberg, Zetterling, and
Mechanical scratches, typical of polishing, can be §éém  Ostling’ found that 180 nm Co directly deposited on 6H-SiC
4(a)] running irregularly across the surfae also Refs. 21 started to form CgSi at 600 °C, CoSi at 900 °C, and Cg&t
1100 °C. On the other hand, Portetal® reported the for-
— T T T mation of CoSi for 100 nm Colé-SiC annealed at 1000 °C
for 2 min. In a more recent study by Pagkal.® 25 nm of
cobalt deposited on amorphous SZD0 nn) were annealed
over a temperature range from 600 to 1000 °C. The authors
found that CgSi and CoSi formed at 600 and 800 °C, respec-
tively.

80

70 8nm Co/SIC

annealed @ 700°C

6.0

2nm Co/SiC

(b) annealed @ 700°C

5.0

40

3.0

Magnitude of Fourier Transform

2.0

10 He)

0.0 L

R (&)
FIG. 4. AFM scans of they3xv3) SiC surface@) before and

FIG. 3. Fourier transform ok?-weighted XAFS data fota) 8 (b) after direct deposition of 8 nm Co annealed at 700 °C. The scan
and(b) 2 nm Co on ¢3XV3) SiC after annealing at 700 °C;) Co sizes are 2820 and 5<5 um?, and black-to-white scales are 17
foil, and (d) CoSk. and 11 nm, respectively.
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FIG. 5. XPS(a) C 1s, (b) Co2p, and (c) Si2p photoelectron peaks from sequentially deposited 1 nm Co/3.64 nm Sv®n (
Xv3) SiC annealed at 550 and 650 °C. For comparison, £isSihown.

Co-Si-C ternary phase diagrams proposed by Lundbergbout 20% of the bonds are homopolar Si-Si bonds, which
and Gstling® and Schusté? at 1350 and 1000 °C, respec- are weaker than the heteropolar Si-C bonds present in crys-
tively, show that no ternary phase exists. Tie lines connect @alline SiC?*favoring the formation at lower temperatures of
with Co,Si and CoSi as well as SiC with CoSi and CpSi the cobalt silicides.

Thus, SiC coexists with CoSi and CgSivhereas C does not
coexist with CoSi.

The fact that we found mainly unreacted Co metal even
after annealing at 1000 °C may be due to the thickness of our Several samples were prepared by sequentially depositing
films (1_8 nn), which evaporate at lower temperaturessi and Co with a thickness ratio of 3.64:1 onto the
(1200°Q than thick films, and/or the crystallinity and sur- 6H-SIiC(000]) substrate with ay3xv3) surface reconstruc-
face reconstruction of theks- SiC(0001) substrate. It seems tion. Figure 5 shows the XPS spectra measurethfeol nm
that thinner films limit the reaction, as was also reported byC0/3.64 nm Si bilayer onv3xv3) SiC after annealing at

Porteret al® and Portoet al. In addition, in amorphous SiC 550 and 650 °C. Also included in Fig. 5 is a Co&ference
sample prepared by depositing 1 nm Co o(081) and sub-

sequently annealing at 600 °C. Figur&@)sshows the C &
peak originating from the SiC substrate, which is relatively

B. Sequential deposition, codeposition, and template method

16.0 T T T T T T T

140 Ha) Pl P b smaller than the one for the directly deposited 1 nm Co film
M‘i [Fig. 2@)] due to screening effects of the additional 3.64 nm
120 [(b) 8nm Go/29.2nm SIISIC ] Si. No shoulder on the higher-binding-energy side of this
S A peak appears, i.e., no graphitic bonding is detected. After

e 8ar T annealing at 650 °C the GBiC peak increases by a factor

of 5, suggesting that the film has broken into islands.
1nm Co/3.64nm Si/SiC
annealed @ 650°C

0 1(d)

(=]
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CoSi,

Magnitude of Fourier Transform
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FIG. 6. Fourier transform ok?-weighted XAFS data for 8 nm
Co/29.2 nm Si sequentially deposited of3 & v3) SiC after anneal- FIG. 7. AFM scans of sequentially deposited 8 nm C0/29.2 nm
ing at(a) 550 °C,(b) 650 °C,(c) with reversed sequencannealed Si annealed ata) 550 and(b) 650 °C. The scan size in both cases is
at 650°Q, (d) 1 nm Co/3.64 nm SiABXV3) SiC annealed at 5x5 um?. The black-to-white scales are 178 and 119 nm, respec-
650 °C, (e) CoSi, (f) CoSi, and(g) Co foil. tively.
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120F T T T T T T L a—
co-deposited
8nm Co/29.2nm Si/SiC
10.0 1 annealed @ 550°C

8nm Co/29.2nm Si/SiC |

8.0 annealed @ 650°C

FIG. 9. AFM scans of 8 nm Co0/29.2 nm Si codeposited on
(v3xv3) SiC and annealed &) 550 and(b) 650 °C. The scan size
is 5X 5 um?. The black-to-white scales are 91 and 211 nm, respec-
tively.

Magnitude of Fourier Transform

deposited Co film$Fig. 4(b)], the surface replicates the pol-
R(A) ishing scratches of the underlying SiC substrate as observed

. 2 .
FIG. 8. Fourier transform ok?-weighted XAFS data for 8 nm in larger-scale 2820 um” images(not shown herg In con-

Co0/29.2 nm Si codeposited om3Xv3) SiC after annealing af) tra_st, the bilayer annealed at 650 fEIg. 7(@] is no longer
550 and(b) 650 °C, (c) CoSh, (d) CoSi, and(e) Co foil. uniform. Islands are observed to form with large substrate

regions not covered by the CgS3ilm. The rms roughness of
i ) this film is significantly increased to 35 nm. The appearance
_ The results ?f Fig. &) show that af_ter annealing of t_he of a (V3 xv3)-R30° LEED pattern measured for this sample
bilayer at 550°C the CoZy, peak shifts to 778.8 €V in ,nfirmg the AFM data, and, in addition, indicates that the

comparison to the as-dep_osited 1 nm Co/$fag. 2Ab)], v3 Xv3) surface reconstruction is in equilibrium with CgSi
which has the same binding energy as measured for th§, ihe surface.

CoSj, reference sample. This observation suggests that the 5q expected, films prepared by codepositing Co and Si in

whole bilayer has transformed to cobalt disilicicee49 nn). a 1:3.64 ratio onto thevB X v3) SiC surface do form CoSi
The decrease of the Cp2peaks after annealing at 650 °C is Tjs is indicated by our XAFS measurements depicted in

also consistent with islanding of the film. The Sipeak  rjg g The spectra of the codeposited films annealed at 550
[Fig. )] confirms the results of the Csland Co 2 peaks. 414 650 °C show the same features as the CrSerence

The main peak for the 550 °C bilayer is at the same binding;a e They break up into islands as well when annealed at
energy position as in the Ccﬁeference_ sample, and the SiC g50°C as shown by AFM data in Fig(9, but, in addition,
peak appears as a shoulder on the higher-energy side. Aflgfing annealed at 550 °C exhibit a slightly degraded surface

annealing at 650 °C exactly the opposite situation is foundm,qrphology, as seen by the formation of pinholes that appear
The silicide peak appears as a small shoulder on the lower-

energy side of the SiC peak. This increase of the Si peak is
because large parts of the substrate surface are exposed to the
x-ray beam due to island formation.

The transformation of bilayers in the thickness range 1 12
nm Co/3.64 nm Si to 8 nm C0/29.2 nm Si int®5-28-nm-
thick CoS;, films during annealing at 550 or 650 °C is unam-
biguously shown by the XAFS data in Fig. 6. The bilayers
show the same features in the Fourier transform as the,CoSi
reference sample, ruling out the possibility that the films
contain significant amounts>5%) of CoSi or Co metal. The
appearance of the higher shells indicates the presence of
long-range order. The LEED pattern of the bilayer annealed
at 550 °C was diffuse, indicating that this film consists of
grains smaller than the correlation length for LEED of 10 oL ]
nm. In addition, Fig. &) shows that changing the deposition
sequence has no effect. 0 LML

As suggested by the XPS and XAFS data, bilayers an- 0 1 2 3 4 5 6 7 8
nealed at 550 °C form smooth CgSilms, but during an-
nealing at 650 °C they break up into islands. AFM images
(Fig. 7) showing the surface morphology of these two cases F|G. 10. Fourier transform d>-weighted XAFS data for 8 nm
confirm these findings. The surface of the bilayer sampleco/29.2 nm Si codeposited on a layered template at 400 °C after
prepared by annealing at 550 °C appears smooth with a smalhnealing aia) 550 and(b) 650 °C, (c) codeposited on a layered
rms roughness of 2 nm. As was the case for the directlyemplate at 550 °C(d) CoSk, (€) CoSi, and(f) Co foil.

14 T T T T T T

templated
8nm Co/29.2nm SI/SiC
annealed @ 550°C

10 8nm Co/29.2nm Si/SiC]
annealed @ 650°C

8nm Co/29.2nm Si/SiC |
grown @ 550°C

Magnitude of Fourier Transform

R(A)
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FIG. 11. AFM scans of 8 nm
Co/29.2 nm Si codeposited on a
layered template at 400 °C and an-
nealed at(a) 550 and(b) 650 °C.
The film in (c) was grown on the
layered template at 550°C. The
scan size is %5 um?. The black-
to-white scales are 32, 155, and 77
nm, respectively.

to penetrate the entire silicide filfFig. 9@]. The rms  ters and that of CoSievaluated from the total of Co and Si
roughness of the Cogiilm annealed at 550 °C is 12 nm, i.e., deposited is 1:4. In addition, no C peak originating from the
a factor of 5 higher than for the sequentially deposited filmsiC substrate was detected with AES for this film. These
[Fig. 7(@]. The rms roughness of the film annealed at 650 “Gacts and Fig. 10 show that the areas between the cluster
[Fig. 9b)] is 48 nm, which is comparable to that of the chaing also consist of CoSiUnfortunately, for films pre-
sequentially deposited film annealed at the same temperatub%red with the template method no LEED was available.

[Fig. 7(b)]. However, the featureless areas may be epitaxial silicides.

To suppress the formation of pinholes and to improve th L : :
surface morphology of the codeposited film, the nucleatior;erhus' it might be possible to suppress the agglomeration by

of CoSj on the ¢/3Xv3) SiC surface was controlled through removing the polishing §cratches W'ﬂh. itching prior .tq
the use of CoSitemplate layers. Template layers were suc-Preparing the {3Xv3) SIC reconstruction and the silicide
cessfully used by our group for the formation of smooth ims.

CoSi, films on SiG&001), reducing Ge segregation and 1€ formation of CoSiin the sequentially and codepos-
achieving a rms roughness of 1.5 Amin this work, the ited Co/Si films on &1-SiC(000) as well as in films pre-

same template structure was used, consisting of 2 ML Si/Pared by the template method is consistent with the Co-Si-C
ML Co/2 ML Si deposited at room temperature on thé& ( ternary phase diagrams proposed by Lundberg asting’
xv3) SIC surface, capped with a stoichiometrically code-and Schustéf at 1350 and 1000°C, respectively. These
posited film of 0.2 nm Co and 0.73 nm of Si. The silicide show tie lines between CoSand SiC, i.e., both phases co-
layer was thickened further by codepositing 8 nm Co anceXist at those temperatures.
29.2 nm Si at 400 °C. One sample prepared in this way was
subsequently annealed at 550 °C and another one at 650 °C.
A third sample was prepared by growing the silicide layer by IV. SUMMARY
codepositing 8 nm Co and 29.2 nm Si at 550 °C, i.e., at the . .
maximum temperature before islanding occurs. All three We have studied the structure, chemistry, and morphol-
films were investigated with XAFSFig. 10. These fims 09y of cobalt silicide films on thev(3xv3)-R30° recon-
show the same features as the Gasference sample, indi- struction  of  the  Si-terminated  surface  of
cating the transformation into CgSiThe surface morphol- 6H-SiC(000). Co films in the thickness range of 1-8 nm
ogy of the three films is depicted in Figs.(#l-11(c). The  were directly deposited on the’xv3) SiC surface. Films
surface of the sample prepared by the template method ainealed up to 1000 °C still contain mainly Co metal while
400 °C and subsequently annealed at 550 °C appears rathgmaphitic carbon is detected on the film surface. At 1200 °C
smooth with a rms roughness of 5 nm, which is about ahe Co films evaporate from the SiC surface. Polycrystalline
factor of 2 less than the rms roughness of the surface of thsilicide films in the thickness range of 3.5-28 nm were
directly codeposited film annealed at the same temperaturgrown by sequential and codeposition as well as by codepo-
[Fig. 9a)]. However, in comparison to the sequentially de-sition on template layers. By annealing at 550 °C these films
posited film annealed at 550 9€ig. 7(a)], this surfacdFig. = form CoSj without C segregation. Further annealing at
9(a)] is rougher by more than a factor of 2. Annealing at650 °C leads to the formation of islands leaving large areas
higher temperature$650 °Q again leads to islanding as of the underlying ¢3xXv3) SiC substrate uncovered. The
shown in Fig. 11b). For this surface, morphology and rms smallest rms roughneg® nm) was found for the sequen-
roughnes$42 nm are comparable to those of Figgbyand tially deposited films, mirroring the polishing scratches of
9(b). the SiC substrate. For codeposited films annealed at 550 °C
The surface of the sample prepared by the templateve also observed pinholes. The use of template layers did
method at the maximum temperatfs0 °Q before island-  not improve the overall morphology of the CgSims. We
ing occurs[Fig. 11(c)] shows interesting features. The rms observed agglomeration of CgoSilusters located at the pol-
roughness is 14 nm, somewhat larger than that of the film isshing scratches and large, virtually featureless areas between
Fig. 11(a); however, it appears that Ca3$ agglomerating at these cluster chains. If the polishing scratches can be elimi-
the polishing scratches forming chains of CoS$lusters, nated it may be possible using this template method and
whereas areas between those chains are virtually featurele$sw-temperature annealing to produce high-quality, epitaxial
The ratio between the average volume occupied by the clugontacts on SiC.
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