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Structural characterization of rapid thermal oxidized Si 1-x—yGexC,, alloy
films grown by rapid thermal chemical vapor deposition
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The structural properties of as-grown and rapid thermal oxidized,S{GgC, epitaxial layers

have been examined using a combination of infrared, x-ray photoelectron, x-ray diffraction,
secondary ion mass spectroscopy, and Raman spectroscopy techniques. Carbon incorporation into
the Si_, ,GgC, system can lead to compressive or tensile strain in the film. The structural
properties of the oxidized §i,_,GgC, film depend on the type of strairi.e., carbon
concentratiohp of the as-prepared film. For compressive or fully compensated films, the oxidation
process drastically reduces the carbon content so that the oxidized films closely resemble to
Si; _,Ge, films. For tensile films, two broad regions, one with carbon content higher and the other
lower than that required for full strain compensation, coexist in the oxidized films20@0
American Institute of Physic§S0021-897@0)08201-3

I. INTRODUCTION conductor device&! For a thin Sj_,Ge, strained layer, a

It has been demonstrated that epitaxial SGe,/Si het- short high-temperature process may be desirable as it creates
Igss misfit dislocation&? For this reason, there are reports

erostructures have provided impressive results for Si-base |\ rapid thermal oxidatidi™4 or annealind® of strained
band-gap engineeringThe heterostructures have created a°on fap ermal oxioa or annea of straine

great deal of interest as it can be readily incorporated intoS'kXGq‘ Iayer;. SO far,. no.repo'rt IS avallaple in the Tap'd
standard integrated circuit fabrication processes. For in'ghermal oxidation of epitaxial $i_,GeCy films. In this
stance, high spee?5 GH2 electronic circuits have been wor_k, we preser_lt _the st_ructural results O.f as-prepared and
fabricated with heterostructure ;SiGe/Si bipolar rapid thermal _OX|d|zed $Lx—yGeLy alloy films grown by
transistorg. Other devices fabricated using;SiGe, /Si het- RTCVD technique.
erojunction technology include infrared detectdrand high
electron mobiIity_structure%_. Il EXPERIMENT

The electronic properties of the heterostructure devices
are very sensitive to the band alignment at the heterointer- The Si_, ,GgC, samples were epitaxially grown on
face and the band gap of;SiGeg, which in turn depends on n-type (100) Si substrates by RTCVD. Details of the growth
the elastic strain in the epilayers. The strain is metastable argtocedure can be found elsewhé&t@®efore epitaxy growth,
high-temperature processing steps can cause the strain relaqin situ hydrogen bake at 1050 °C for 30 s was performed
ation. This will create misfit dislocations and can degrade théo remove the native oxide and other impurities from the Si
electronic properties of the heterostructure devfces. surface. During growth, the substrate was heated with a bank

The incorporation of carbofC) in Si;_,Ge, layers al- of halogen lamps and the growth temperature and pressure of
lows the growth of heterostructures with well-controlled mis-the alloy layers were 550—600 °C and 1.5 Torr, respectively.
fit strain. Si,x,yGe;(% epilayers have been formed by The process gases were silane (JiHjermane (GekJ, me-
molecular-beam epitafy and rapid thermal chemical vapor thylsilane (SiCH), and hydrogen (b. A Si buffer layer
deposition (RTCVD)!® techniques. The growth of (200 nm was grown at 900°C, followed by the growth of
C-containing epitaxial alloy layers is, however, difficult due the alloy layer. In this work, we report mostly the structural
to the high mismatch between the C and Si lattices, lowesults of Sjggr ,G& 11, (i.e., 11.3 at.% of Ge and O
solubility of C in Si, and the tendency of silicon carbide <y=<0.0184) samples. The results of two 20 at.% Ge
(SIC) precipitation. samples (SigGey, and Sh 7556 ,Co 019 have also been in-

Rapid thermal processing as a low thermal budget techeluded for comparison. The alloy thickness was in the range
nique is widely used in the manufacturing of advanced semief 95-130 nm.

0021-8979/2000/87(1)/192/6/$17.00 192 © 2000 American Institute of Physics
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Rapid th_ermal_oxidatior(RTO) was ca_rried out in dry (a) as grown sample
oxygen ambient with an AST SHS 10 rapid thermal proces-
sor. The system consists of double-sided tungsten halogen Aj@eGeo.11acoo1s4
lamp heater with independent top and bottom lamp bank
control. A quartz reactor chamber is installed in a highly Sig57265€0113C0012
reflecting, gold-plated reactor plock. The 1S,g,ng(Qy R Siga5::C€011:Cooss
samples were placed on top @ 4 in. wafer. The oxidation {E’
temperature control was obtained with the help of a pyrom- = S Ge
eter. RTO was performed at 1000 °C for 270 s in dry oxygen £ o7 oM
ambient. The oxide thickness was found to be between 10 &
and 16 nm. ‘é (b) oxidized sample

The infrared(IR) measurements were carried outusinga £ Sio 5665201130018
Fourier transform infrared spectrometéNicolet Magna 2 s Be ¢
IR750. The x-ray photoelectron spectroscof¥PS mea- < WMWMWWWW\“W
surements were performed using a VG ESCALAB MKII Siy 551188 0115Co0ase
spectrometer. A M¢l« source was used with the analyzer
mode set at a constant analyzer energy of 20 eV. The x-ray S50 113
source was run at 120 W and a takeoff angle of 75°. All the . ' v ' l :
XPS spectra were fitted with Gaussian functions and the 600 700 800 900
background was removed by the Shirley subtraction method. Wavenumber (cm”')

The x-ray diffraction(XRD) measurements were carried
out on a Philips high-resolution x-ray diffraction system. TheFIG. 1. Infrared absorption spectra @ as-prepared an() rapid thermal
system is equipped with optical coding and Bartel's crystallXdi26d Sbasr-yG&.11Ly and She ,G&, Ly layers formed by rapid ther-
. . .. . mal chemical vapor deposition technique.
[Ge(220)] which ensures fine precisiof®.00019 and high
monochromatic beartpeak broadening of 12 arcgdor the

rocking curve scans. The&)—20 scans were _performed Siy gs Gy 113 Shifts to — 86, indicating compressive perpen-
around the symmetrical planes @04 with the silicon sub-  gicylar strain in the layer. The incorporation of C atoms into
strate giving a peak at a Bragg angle of 34.5959°. The Rame sj ...Gq, ,;5layer decreases the average lattice constant
man measurement was performed at room temperature in thg,q relaxes the strain. This is clearly shown by the shift of
backscattering configuration at thE00) face using a 488 Nm  ne diffraction peak towards the substrate Si peak in
line from an Ar" laser. The spectra were recorded using 3Si) 8815611 00050 Table 1 lists the strain of the samples

SPEX Raman spectrometer equipped with a double mongsz|cylated from the lattice constant obtained from the XRD
chromator and observed with a multichannel detector.

Ill. RESULTS AND DISCUSSION

A. As-prepared samples

Figure Xa) shows the IR absorption spectra of all the
as-prepared $pgr yG& 114L, samples. the carbon absorp-
tion peak at 607 cm® was absent for sample kG 113
as no carbon was introduced into the film during growth.
The spectra of Gigg1 G114 0.00502Nd Sh.g7365€ 118 0.0132
show sharp carbon peak. This means that carbon is in-
corporated substitutionally into the films. The carbon peak
of Siygs10& 1100184 IS shifted to 616 cm® and is
broader than that of samples (8i1Ge) 1100050 and
Sio g735& 11L0.0132- We believe the shift and the broaden-
ing of the peak is closely related to the carbon concentration A £
in the film. This will be discussed in the next paragraph. It is
important to note that we observed no SiC precipitate forma- o sl
tion in all the as-prepared samples as the SiC stretching
mode is absent in all the spectra in Figa)l The XPS analy-
sis on the as-prepared samples gave the silicon, germanium
concentrations agreed with that obtained from secondary ion
mass spectroscop§SIMS) experiments® The XPS mea-
surements, however, cannot provide accurate estimation for
the rather low carbon concentration in the films.

Figure 2 shows théd04) reflectiqn X-ray rocking curves g 2. (004 x-ray rocking curves of Sz ,Ge114C, and Shg_,GeyC,
of the Spggr (G&11Ly alloy films. The peak of layers formed by rapid thermal chemical vapor deposition technique.

Si ...Ge C

0.270016

Sy 46065€4 115C,

08686 Q1137700184

Intensity (arb.unit)

Kl
Ge,...C

0113700132

o

i 5811C€112C:

08811 0113

00059

-0.4 -0.2 0.0 0.2
Rocking Angle (Rel. Deg.)
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TABLE |. The lattice mismatch strain of the as-prepared and rapid thermal |- 6000
(@) Depth profile of Ge2p3 distribution in Si, ,,G8, 4sCooes

oxidized Sjggr (Gey 11y and Shg ,G&,,Cy layers calculated from the
x-ray diffraction results. The Ge and C concentrations of the as-prepared
samples were estimated using the Vegard's rule.

[~ 5000

|- 4000

I 3000 %

Mismatch strain of films Concentration

as-prepared  oxidized Ge c [0
Sample (%) (%) (%) (%) [ o0
Siy 855 113 0.46 0.41 11.14 0.00 ro
Sy 8158.11L0.0059 0.25 0.41 11.14 0.60 o0
Sip g72838.11C0 0132 0.017 0.41 11.14  1.30 &
Sio.86865€.114C0.0184 -0.23 0.51 11.14 2.04 Q&\o
Sip G& 2 0.83 0.82 19.92 0.00
Sip 78456 5Co.016 0.23 0.82 19.92 1.74 1226 1224 12227 1220 1218 1216 1214 1212

Binding energy (eV)

® (b)  Depth profile of Si; 0 Ge, 11:Coorss
results. The Ge and C concentrations in Table | were also x|
estimated from the XRD measurements using Vegard’s law.
Table | clearly shows that the strain of the as-prepared
samples decrease with increase in the C concentration. Simi-
lar results are observed for samples,&e), and i
Sig. 78656 Co 016 1N that a 1.6 at. % C has partially compen- 0
sated the strain of the 20 at. % Ge film. »h
Note that in Fig. 2 there is only one single peak for
Sig.g7385.11L0.0132 @nd this peak coincides with the sub-
strate peak. The means that almost full strain compensation
is obtained in this sample. Our calculation shows that the ) 500 wo ez 2500
mismatch strain in this case is 0.017%. Ostzral® have Etching time {s)
calculated the amount of Ge to C for complete compensatiofg. 3. (3 Montage of oxidized SisaGe, 11:Cooies SAMples,(b) XPS
in Si;_,,GgC, system. According to their calculation, ap- depth profiles of rapid thermal oxidized ;Sisd3€11Co 0154 Sample. The
proximately 1.2 at. % C is required for full compensation of carbon concentration is not shown here as it cannot be determined accu-
strain in a 11.3 at. % Ge sample. This is in good agreemerfgte! from XPS measurements.
with our XRD result of sample k7356 1100132

FOr Sp gesd>€.1140.0184 hOwever, the peak appears at  \yg have carried out electrical characterizatfoof rapid
the rlgh_t S|qe of the §ubs_trate peak. This is due to the iNthermal oxidized SiQISi,_,_,GeC, interface and found
crease in C incorporation into the layer above complete comgo e segregation results in degradation of electrical prop-

pensation. This would result in tensile strain in the M. orties of AIISIQ/Si;__,Ge,C, capacitors. The fixed oxide
The mismatch strain is estimated to b&®.23%. Note that narqe and interface trap densities were found to be in the

large amount of C incorporation leads to a Crystallographicrange of 1.5 10" cm2 and 2x 102 cm 2eV~!, respec-
degradation of the layer. This may account for the shift anqively. These values are very similar to that reported by
the broadening of the carbon peak in the IR spectrum Of\layak etal’s and LeGouesetal’® on SiQ/Si, ,Ge,

. - ; : x
sample Sjgesd>e.1140.01841N Fig. 1(a). samples.

at. %
3

0

B. Rapid thermal oxidized samples

1. SiO,/Siy_«-,Ge,C, interface The x-ray rocking curves of the rapid thermal oxidized
Figure 3a shows a montage of oxidized samples are shown in Fig. 4. Note that the peak positions of
Sio 86885 11L0.0184 S@aMple. It can be seen from this figure Sij gs/Ge) 113 and S gGey» films remain unchanged after
that at the surface of the SjQayer, there is a thin layer of oxidation. This means that no relaxation of the perpendicular
GeO, (at binding energy 1221.43 @VThe existence of strain was observed in SiGe film. Note that Nayetkal 1
GeO, layer has been reported in the oxidation study ofhave also reported negligible strain relaxation in rapid ther-
Si;_,Ge, with x>50 at. %'° or at low temperature, high mal oxidized Sj Ge, , sample.
pressure oxidation of $i,Ge’ films. Figure 3b) is the The XRD behavior of the oxidized Si,,Gg,C, films
XPS profile of the same sample as Fi¢a)3It is not possible depends on the amount of C in the as-prepared films. For
to see clearly the Ge{n Fig. 3(b) due to the thin layer and films that were partially(i.e., show compressive straior
low concentration. No Ge can be found in the gi&yer and fully compensated, the oxidation process reduces the C con-
there is a Ge pile-up at the Sj(i; ,,GgC, interface. tent in the film such that the oxidized films are similar to
These results are similar to those reported by Nagta&d®*  Si;_,Ge, film. For instance, in Fig. 4, the peaks of oxidized
on rapid thermal oxidized $i,Ge, strained layers. They Siggg1Ge 1100050 @aNd Sk 73856 110 0132 Samples and
reported a rejection of Ge in the oxide and a Ge-rich layer aBiy 75456, ,Cp 016 Shifted close to the &kl 113 and
the SiG/Si; _,Ge, interface. Sig.¢G&y » peaks, respectively. Our calculation in Table | also

2. Structural characterization
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FIG. 5. SIMS profile of carbon in §heedSe 110 0184 SAMple before and
after rapid thermal oxidation.

-0.4 -0.2 0.0 0.2 1 . .
Rocking Angle Omega (Rel. Deg.) (~850 cm *) can be seen in §iegdse 1100184 The
FIG. 4. (004 x-ray rocking curves of rapid thermal oxidized higher strain value of the oxidized 063>, 1180.0184

Sip.gs7-yG& 1148, and Shg,Ge, ,C, samples. The rapid thermal oxidation sgmple may l:?e due tq the SiC prempngtes in t_he film. The
process was carried out at 1000 °C for 270 s in dry oxygen ambient. SiC precipitation can increase the vertical lattice constant

due to the consumption of Si and C atoms during the forma-
tion of SiC precipitates. The increase of the vertical lattice

shows that for oxidized ks ,G& 114y samples withy  constant by 1% of SiC formation in SiGeC is effectively the
<0.0132 and Si-5/5& :Co 016 the strain increases after oxi- same as that by 8.3% of Ge incorporatfén.
dation and reaches a value same as that of the SiGe. Thisis A SIMS experiment was performed on oxidized
reasonable as Badt al? shown that wet oxidation of amor-  Sij gesd3 11C0.0182 SaMple to examine the possible exis-
phous SiGeC at 950°C fd h resulted in the oxidation of tence of the “two regions” suggested in the previous para-
carbon and the out gas of carbon from the bulk. Note thagraph. Figure 5 shows the SIMS resulising CS) of
out-diffusion of carbon by formation of CO or Gdrom  Sij ggsd5& 1100184 S@aMple before and after RTO. It can be
strained Sj_,C, film during wet oxidation is also observed seen from this figure that before RTO, the carbon concentra-
by Garridoet al?* We will further discuss this point when tion is uniform throughout the SkesdS 11Co o1s4layer. Af-
we examine the SIMS results later. ter RTO, the carbon concentration in the film has generally

For films with a higher C content which show tensile reduced. The peak indicates the segregation of carbon to-
strain, the explanation of the XRD results of the oxidizedwards the oxide interface. It is also clear from Fig. 5 that the
sample is more complicated. For example, in Fig. 4, twoloss of substitutional carbon is enhanced near the
distinct regions are observed on the left and right sides of th&i0,/SiGeC interface. For depth 50—-100 nm, the carbon
substrate peak for oxidized (ks> 11Lo.0152Sample. The  concentration is constant at1.24 at. %. This layer may ac-
two regions suggest the existence of compressive and tensid®unt for the tensile strain in the RTO film as shown in Fig.
strain in the film. Comparing the “tensileli.e., right sid¢ 4. The carbon concentration at the first 50 nm is character-
peaks of the as-preparedsee Fig. 2 and oxidized ized by a peak followed by a graded region. This rather
Sio.s6865.11L0 0184 SAMples, the peak seems to shift morecomplicated distribution may be responsible for the compres-
towards the Si peak in the oxidized sample in that no cleasive strain in Fig. 4 of RTO Qikgsd>6.114L0.01845ample. The
peak can be observed in this sample. On the left side of theesults in Fig. 5 show clearly that high-temperature oxidation
Si peak of oxidized sample, there appears to be a small peakduces the carbon content in thg Si ,GegC, system, in
at 80~ 0.4° and a broadening region betwe#=—0.1 and good agreement with the suggestions of Beiral?® and
—0.3°. The broadening of x-ray rocking curve may beGarridoet al?!
caused by an increase in defect density in the strained’fayer ~ Note that conventional annealing of partially strain com-
or interdiffusion®?® In Table I, a compressive strain of pensated $i, ,GeC, films at high temperature
0.51% was obtained for igedse 1100184 @nd this is  (>800°C) resulted in a total loss of substitutional C due to
higher than that of the $is/Gey 113- the formation of SiCG*~28 Warrenet al?® reported various

Figure Xb) shows the IR spectra of all the oxidized degree of SiC formation during high-temperature rapid ther-
samples. Note that the substitutional carbon peak is absent mal annealing of SiGeC films in Nambient. This is, how-
all the oxidized samples and a weak SiC stretching peakver, vary different from our case in that our ambient was
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a partial relaxation of the Si—Si bonds towards their geo-
I R ShariCunCaoee metrical arrangement in the bulk .

: It is interesting to note that RTO process reduces
the separation between the two peaks of samples
L Sio.g81£5€.11%C0.00502Nd Sh g73d5€.11LC0.0132t0 that close to
Sioss/G& 113 Note these are partiallfcompressiveor fully
compensated samples, the Raman results are in good agree-
, ment to our discussion of XRD results of Fig. 4. For
stasd Sio.g68d3e.11C0.0184 (tensile sample, the reduction is only

r partial and this is basically due to the higher carbon concen-
i e tration in this sample.

Count (arb. unit)

500 510 520 530 540
Raman shift (cm™)

IV. CONCLUSIONS

FIG. 6. Typical room temperature Raman Spectrum g&SiGe 11Co oos In summary, the structural properties of as-prepared and

sample. The dashed lines are the individual components that correspond fgPid thermal oxidized RTCVD grown §i,_,Gg,C, alloy
the Si—Si vibrations of the substrate and that of the alloy layer. films have been investigated using the XRD, XPS, SIMS,

and Raman spectroscopy techniques. Incorporating C into
the Si_,,GgC, system can either partially, fully or over

dry oxygen. The carbon atoms in the SiGeC film would reac€OMpensates the strain in the layers. _
with oxygen to form CO or CQ thus reduce the chances of _ The structural properties of the oxidized, Sj-,GeC,
forming SiC. This may account for the fact that we can onlyfims depends on the C content of the as-prepared films. For
observed weak SiC peak in the IR spectrum of oxidizedims with C content equal or below fully compensation,
Sio.8686360.11Co.0184 SAMPlE. RTO reduces the C content s.uch th.at the oxydued_ films re-
The Raman spectra of our samples show a strong gemble close .to that qf the 1$|XGQ( f|Im.'For film with C
substrate peak at 520 crh The weaker peaks at 430, 408, content that gives tensile strain, RTO will reduce the C con-
and 300 cmil are the two Si—Ge and the Ge—Ge modes oft€nt such that two broad regions exist in the film. The region
the alloy. The peak at 610 cr is due to substitutional C in with C _content_higher than th_at_ required for full strain com-
Si. Figure 6 shows a typical Si—Si Raman spectrum of thPensation(albeit Ie§s than or!glnal concentratjoaccounts
Sio 88158 11Co.00s0Samples. Note that the Si—Si line can pbe for _the b_road tensile peaks in the XRD_resuIts. The other
deconvoluted into two components, i.e., from the Si substratg€gion with lower C content is responsible for the broad
and from the Sjgs1G& 11Co 00s0 layer. The peak at lower COMPpressive peaks. '_rhe resu_lts.from Raman spectroscqpy on
energy side corresponds to the Si—Si mode from the a”o)t,he Si—Si strain confirm qualitatively our XRD observation.
layer.
Figure 7 shows the separation between the Si—Si pealéCKNOWLEDGMENTS
of the alloy and Si substrate as a function of the C concen-  The authors wish to thank the National University of
tration in Si_,,GeCy films before and after oxidation. It Singapore for the provision of a research fellowskifH.C.
can be seen for both the 11.3 and 20 at. % Ge samples, thd L.K.B) and scholarshigF.W.). They would also like to
distance between the two Si-Si peaks of the as-prepareskpress their gratitude to the National Science and Technol-

samples increases with increase in C concentration. This isgy Board for a research grant for this wdiko. GR6471.
expected as the addition of C in the, SjGe, layer leads to

s, C. Jain, inAdvances in Electronics and Electron PhysiSsipplement
24, edited by P. W. Hawke@cademic, San Diego, CA, 1994

a0 2G. L. Pattonet al, IEEE Electron Device Lettl1, 171 (1990.
20 (Be=113%)

3 0 05 10 15 3R. Karunasiri, J. S. Park, and K. L. Wang, Appl. Phys. L&8, 2588
_ T T T T (199])
§ 4 ¥ . - 4Y. Rajakarunanayake and T. McGill, J. Vac. Sci. Technol8B8929
‘§ I x - (1990.
£ Sr 5Y. Mii, Y. Xie, E. Fitzgerald, D. Monroe, F. Thiel, B. Weir, and L.
R * Feldman, Appl. Phys. Let69, 1611(1991).
& 8 * 6A. T. Fiory, J. C. Bean, R. Hull, and S. Nakahara, Phys. Re81B4063
é 2 e ° (1985.
3 % Before RTO (Ge%=113%) 7C. A. King, L. J. Hoyt, D. B. Noble, C. M. Gronet, J. F. Gibbons, M. P.
% 8 B After RTO (Ge%-=11.3%) Scott, T. |. Kamins, and S. S. Laderman, IEEE Electron Device 0ét.
b4 o 2 Before RTO (Ge%=20%) 150 (1989
@ gl After RTO (Ge%=20%) .
4 y 8E. Eberl, S. S. lyer, S. Zollner, J. C. Tsang, and F. K. LeGoues, Appl.
o Phys. Lett.60, 3033(1992.
8 9H. J. Osten, E. Bugiel, and P. Zaumseil, Appl. Phys. 16:4.3440(1994).
-1 1 1 1 1 1 1 1 i

00 05 10 15 20 25 30 35 40 . . 103, Mi, P..Warren, P. Letourneau, M. Judelewicz, M. Gailhanou, M. Dutoit,
Carbon Concentration (y) (Ge=20%) C. Dubois, and J. C. Dupuy, Appl. Phys. L&, 259 (1995.
1R, Singh, J. Appl. Phys53, R59(1988.
FIG. 7. Peak positions of the Si—Si Raman line of as-prepared and oxidizet?J. C. Bean, A. T. Fiory, R. Hull, and R. T. Lynch, Proceedings of the
Siggs7-yG&.11LCy and Shg_,Ge, ,C, samples relative to the Raman line of  1st International Symposium on Silicon Molecular Beam Epitaxijted
pure Si as a function of carbon concentratigh by J. C. Bear(Electrochemical Society, Pennington, NJ, 1985



J. Appl. Phys., Vol. 87, No. 1, 1 January 2000 Choi et al. 197

183D, K. Nayak, K. Kamjoo, J. C. S. Woo, J. S. Park, and K. L. Wang, Appl. ?T. Vreeland and B. M. Paine, J. Vac. Sci. Technol4A3153(1986.
Phys. Lett.56, 66 (1990. 2D, C. Houghton, D. D. Perovic, J.-M. Baribeau, and G. C. Weatherly, J.
“D. K. Nayak, K. Kamjoo, J. S. Park, J. C. S. Woo, and K. L. Wang, Appl.  Appl. Phys.67, 1850(1990.
lsghi'(s"\ll-ztté"izfss";i?ggj S Park 1. C. S Woo. and K. L Wana. IEEE 24C. W. Liu, Y. D. Tseng, M. Y. Chern, C. L. Chang, and J. C. Sturm, J.
Trans. Election Devices9, 56 (1993 Appl. Phys.85, 2124(1999.
: X : 253, W. Strane, S. T. Picraux, H. J. Stein, S. R. Lee, J. Candelaria, D.

6. Eugege, F. K. LeGoues, V. P. Kesan, S. S. lyer, and F. M. d'Heurle,
Appl. Phys. Lett59, 78 (1991). Theodore, and J. W. Mayer, Mater. Res. Soc. Symp. P8ad, 467

D, C. Paine, C. Caragianis, and A. F. Schwartzman, J. Appl. PHys. (1994.
5076(1992. %G. G. Fischer, P. Zaumseil, E. Bugiel, and H. J. Osten, J. Appl. Ftys.
183, Mi, H. Yoong, F. Zhang, C. Y. Yang, J. H. Chen, and W. K. Choi  1934(1995.
ESSDERC’99(submitted. 27K. Pressel, G. G. Fischer, P. Zaumseil, M. Kim, and H. J. Osten, Thin
9F. K. LeGoues, R. Rosenberg, T. Nguyen, F. Himpsel, and B. S. Meyer- Solid Films 294, 133 (1997.
son, J. Appl. Physg5, 1724(1989. ) 28p_Warren, J. Mi, F. Overney, and M. Dutoit, J. Cryst. Growsv, 414
204, E. Bair, Z. Atmon, T. L. Alford, and D. J. Smith, J. Appl. Phy&3, (1995.
2835(1998. 29). Menimdez, P. Gopalan, G. S. Spencer, N. Cave, and J. W. Strane, Appl.

21B, Garrido, J. Morante, M. Franz, K. Pressel, D. ien, P. Zaumseil, and

H. J. Osten, J. Appl. Phy85, 833 (1999. Phys. Lett.66, 1160(1995.



	Santa Clara University
	Scholar Commons
	1-1-2000

	Structural Characterization of Rapid Thermal Oxidized Si1−x−yGexCy Alloy Films Grown by Rapid Thermal Chemical Vapor Deposition
	W. K. Choi
	J. H. Chen
	L. K. Bera
	W. Feng
	K. L. Pey
	See next page for additional authors
	Recommended Citation
	Authors


	Using JPF1 format

