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Growth of a SiC layer on Si (100) from adsorbed propene by laser melting
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Carbon is incorporated into @00 to form a thin polycrystalline layer of SiC by laser melting the

Si surface after adsorption of propene in ultrahigh vacuum. The SiC layer of thickness up to 25 nm
is polycrystalline. Crystallites of sizec100 nm are oriented with respect to the Si substrate and
exhibit a diffraction pattern in low energy electron diffractidtEED). The evolution of the surface

is monitored in real time by recording the Si transient reflectivity at 675 nm at each laser pulse, and
after exposure to the laser by LEED, IR spectroscopy, and atomic force microscopy. The formation
of the SiC layer is accompanied by very strong variations of both the static and transient
reflectivities, by the growth and narrowing of the IR peak assigneg#l$iC, and by the increase of

the C incorporation rate. The SiC overlayer is very stable against photodesorption, while initially
small amounts of C on Si are photodesorbed in a few laser pulses. Recording the transient
reflectivity during processing allows one to evidence that the laser absorption increases drastically
as the SiC layer grows, resulting iundesired larger melting depth and duration that favor
incorporation of C in Si below the SiC layer. SiC layers of improved quality might be obtained by
active control of the laser fluence by means of the reflectivity transient20@L American Institute

of Physics. [DOI: 10.1063/1.1379054

I. INTRODUCTION by PLIE, operated in UHV conditions, C being incorporated
from propene adsorbed on the silicon surface.

Carbon incorporation in silicon and silicon germaniumis  SiC is a promising material for high power, high tem-
of major interest for the realization of silicon based elec-perature, and high frequency microelectronics, provided that
tronic and optoelectronic components based on band gap amgliable and efficient methods can be found to incorporate it
strain engineering in IV-IV alloy ($L-yGe&Cy) hetero-  in devices. SiC has a large band gap, a high thermal stability,
structures. Addition of carbon in substitutional sites in Si orand very good thermal conductivity and electron mobility.
SiGe is used mainly to tailor the lattice parameters and thjowever, the deposition of thin layers on top of Si is diffi-
strain in the heterostructures. However, carbon solubility incyit. The large lattice mismatch of 20% and the differences
silicon, at thermal equilibrium, is much Iowep(10‘5) than iy thermal expansion between Si and 3C-Si@@ 8 SiC)
necessary for this purpose. Actually, Sj,GeC, epilayers  regyits in misfit dislocations and stacking fadiBC-SiC has
with y~1% may be formed by out of equilibrium grO\{vth been grown on Si by different techniques such as MBE,
techniques such as UHV-chemical vapor depositiowD), CVD,? supersonic jet epitaxd?L! or laser ablatiof? Con-

. 2 .
molecular beam epitaxfMBE),” or pulsed laser induced ep- 45 1 these techniques which need high substrate tempera-
itaxy (PLIE). In preceding papers, we have shown that PLIEtures (from 600 to 1400 °C, depending on the technigue

gl]owzth? mcor.pt)r(l) ratgn_ ofIC "t1 Sdufl;)lstgtlo?al sites thl andSiC growth by PLIE may operate at room temperature.
'1i;]x r(r?( trr?nr]w el nedr ; 'm%gn ?hi ! rr?1 ,ﬂ?rdrom gat?t pti ar?el Moreover, the SiC growth is localized to the laser irradiated
using methane and propencly this method, substiutiona area, allowing one to realize directly two-dimensional SiC/Si
C concentrations up to 0.8% have been obtained in &, "
heterostructures on a silicon wafer.

or Sll_x_y(_S_eny f||ms_. La_rger do.s?s of C _result n t_he UV laser melting has been known for a long time to
growth of silicon carbid€SiC) precipitates, which are quite . . :
allow various types of surface modification, depending on

undesirable in Si,_,Ge&C,/Si heterostructurek® In fact, ; )
these SiC precipitates may be considered as precursors fg}e Ch_em'ca_llg ?}ure of the adsorbate and/or_ the gas interact-
ng with Si*>*" Several processes are induced and/or

the growth of a silicon carbide top layer on silicon. In this !

work, we study the laser induced growth of SiC of18D) SF“’”Q'V gnhancgd _by UV laser meltipg of Si des.orptio_n,
diffusion in the liquid phase, segregation at the solid/liquid

interface, and epitaxy from the unmelted solid during cool-

dpresent address: Dept. of Chemistry, Indiana University at Bloomington; ; ; ; ; [P PNl
Chemistry Bldg. C125, Bloomington, IN 47405-7102. ing. While diffusion in the liquid phase does not vary sig
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the chemical nature of adsorbates. The fraction of adsorbate&seaning is by heating at 350 °C for 12 h followed by a short
undersorbed by the laser pulse may be located at the surfae@neal to 1100 °C. It is checked by LEED and AES. Sharp
or in the bulk, depending on segregation. This has a strongEED patterns are observed before laser processing. The in-
influence on both the final state of the substrate in a singléensity d a s polarized, cw probe laser diode at 675 nm is
pulse, and on the desorbed fraction at the next pulse. Cleanecorded with a time resolution of 2 ns after its reflection on
ing, etching, doping, and dopant profile redistribution maythe silicon sample. The reflected beam is passed through an
occur. Cleanindin a clean environment, ideally UHVand interference filter and detected by a fast semiconductor de-
etching(in the presence of halogenare favored by strong tector, the linearity of which is carefully checked. Melting is
desorption and segregation, while doping is favored by smalihduced by a pump XeCl laser at 308 nm. The angles of
desorption and segregation. incidence are 0° and 12° for the pump and probe lasers,
In the literature, the melting dynamics has been mearespectively. The pump beam passes through a lens array
sured through time resolved measurements of the Si refle¢qtomogenizer. The plane where the energy distribution is ho-
tivity at wavelength€$633 or 675 nmwhere solid and liquid mogeneous is optically conjugated with the sample, the size
Si have very different reflectivitieS 1" Numerical simula- of the uniformly irradiated area being2x3 mn?. The
tions assume the instantaneous conversion of electronic esize of the probe laser spot on the sample is 0.12mm
citation into heat, and calculate the temperature depth an@harges photoemitted by the excimer pulse are collected at 5
time profiles as a result of laser absorption and heat ffow. mm from the sample on a filament electrgdenm diameter,
They can be compared to transient reflectiViiR), transient  biased+90 V to the sample At 308 nm only electrons of
conductancF as well as to time unresolved measurementsthe conduction band can be photoemitted by absorption of
like impurity depth profilé®=2® time of flight mass one single photon. The photoelectron current thus reflects the
spectrometry? and Auger electron spectroscoES).2*  conduction band electron density. The time resolution of
The competition between desorption and diffusion to the=50 ns does not allow the investigation of the time depen-
bulk was studied in the case of Cl experimentdlland  dence of photoemission. However, at “long” timés70 n3
numerically?® showing that the branching ratio between de-a slow signal is observed that corresponds to the laser in-
sorption and diffusion to the bulk is “decided” in the first duced desorption of ions. All signals are recorded on a digi-
nanosecond of melting. The surface remains depleted frortal oscilloscope(500 MHz bandwidth in one single laser
adsorbates during melting. The influence of impurities at theshot. Adsorption is made by continuous exposure to propene
surface on the melting dynamics has been evidenced recentligrough a capillary directed towards the sample. The propene
under conditions of ultrahigh vacuum and single pulse senpressure in the UHV chamber is tuned in the range
sitivity, and found to be correlated with changes of the yield10~8—10® mbar, but the local pressure is larger by a factor
of photoemitted conduction electroffsMoreover, numerical  of ~8. This value is estimated by monitoring the evolution
analysis of the TR shows that heat diffusion is reduced neaof the C incorporation rate as a function of pressure and/or
the surface during the time of photoexcitation of solic?’Si. laser repetition rate: saturation of the rate indicates saturation
These results suggest that while the melting dynamics is e®f the surface by propene between two laser shots. Since the
sentially controlled by the temporal profile of the laser pulsesticking coefficient of molecules similar to propene 481,
and by heat diffusion, the density of conduction electrons ighis allows to calibrate the local pressure. Introduction of
large enough to modify the thermal properties of Si, presumpropene in the UHV chamber is controlled by means of a
ably by weakening the Si—Si bonéfs?’ quadrupole mass spectrometer. Fourier-transform infrared
In this work, we report on the formation of a SiC layer (FTIR) spectroscopy and atomic force microsco@FM)
on top of Si induced by laser melting under UHV conditions. measurements are performexd situ FTIR absorption spec-
This is obtained in a few thousand laser pulses at chambéra are obtained by difference between spectra of laser pro-
pressures in the range 19-10"° mbar. We observe the cessed and nonprocessed areas of the sample. The measured
formation of a SiC layer of thickness up to 25 nm, charac-integrated absorption peak gfSiC at 798 cm? is used to
terized by a small IR bandwidth of the SiC vibration and  derive the thickness of the SiC layer following the calibra-
thec2X 2 low energy electron diffractiofLEED) pattern of  tion of Ref. 29.
B SiC. The layer is polycrystalline. Crystallites have a size of
~100 nm and they are oriented with respect to the substrate.
Monitoring the TR as a function of pulse count allows one tol!l- RESULTS

observe strong variations of the melting dynamics during the 11 shape of the TR as a function of laser fluence is
formation of the SiC layer, which are related to the evolutiongegcribed in detail in Ref. 27. Briefly, the reflectivity of solid

of the optical and thermal properties as the layer grows. Th&;j \aries between 0.33 at room temperature and 0.40 at the
results show that the pulse energy shou.ld be opt!mlzed in _ttheIting temperaturél683 K), while the reflectivity of liquid
course of processing to keep appropriate melting duratio; is 0.7, During melting, the substrate can be described as a

and depth. multilayered optical systertiiquid Si on top of heated layers
on top of room temperature )Siand the reflectivity depends
on the resulting interference effects. In the case of Si, the
reflectivity increases smoothly from 0.33 to 0.70 when the
Experiments are carried out under a base pressure of 2elted depth varies from 0 t&«20 nm with an experimen-
%101 mbar on B-doped 1.3)m Si(100 surfaces. Si tally observable but small maximum due to the multiple in-

Il. EXPERIMENT
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08 local pressure of 810~/ mbar and a repetition rate of 1 Hz.
LASER COUNT Note that the experiments corresponding to Fig. 2 were done
7 | —1 (stage?) i
07 T 200 Gasen at different pressures.
----- 375 (stage 3)
Eos| —med50 "
e L HD Ty kot A. Stage 1: Pulses 1-8
P~ 1000 "
2051 T e (stage The TRs for this stage are not shown in the figutasy
2 —2850 - can be found in Ref. 26 At the first shot, melting is deeper
£04r \ and lasts longer than on clean R {,=0.67 andAT=19
2 Y ’ ®1000 ns, to be compared to 0.66 and 17).nAt the next pulses,
e r “.%‘:*“f:v:mw*woo Rmax decrease to reach 0.63 at pulse 8. These small changes
"';223 are attributed in Ref. 26 to variations of the conduction band
ezr laser pulse electron density induced by propene and/or SiC point de-
o1 TN o fects, that affect the thermal properties. On clean Si, the in-
' 0 5 100 150 200 corporated C dose is calculated to 46.02 ML per pulse,
Time (ns) using a numerical simulation of the desorption-diffusion-

FIG. 1. Evolution with pulse count of the transient reflectivity at 675 nm segrega’uo_n kineticdsee dlscus_;smns Iai)erTh_ue_“,, a_t thls
induced by a laser pulse of 630 mJcinat 308 nm on a $100 surface  Stage the incorporated C dose<i9.16 ML and it is distrib-
with ~0.5 ML of propene adsorbed in UHV at each pulse. The transientuted over~8 nm (calculated width at half maximum
reflectivity is recorded in a single pulse.

B. Stage 2: Pulses 9— =200

Rmax @nd AT exhibit large variationsincreasingup to
terferences. The TR heigR},odepends on the melted depth 0.70 and 30 ns. Assuming that the incorporated dose per
while the width AT (measured aR=0.4) is the melting laser pulse remains constant with pulse count, this stage cor-
duration. Both height and width increase with laser fluenceresponds to the transition from a weakly carbondte@.16
but the height saturates at the value of liquid Si reflectivity,ML) to a heavily carbonated overlayer4 ML of C distrib-
which is reached when the melted depth equals the liquid Sited near the surfageThe FTIR spectruniFig. 2(a)] at the
absorption length at 675 nr=20 nm). In this work, the end of this stage exhibits essentially a band at the frequency
pulse energy is~600 mJ/cm, resulting on clean Si in a of B SiC (798 cm'!) with a width of 53 cm!. A peak at
melted depth of=17 nm and in a maximum reflectivifg,., ~~600 cm ! corresponding to C in interstitial sites of Si is
of ~0.65. Single-shot TR records of a Si surface with ad-hardly visible. The integrated peak absorbance corresponds
sorbed propene are shown in Fig. 1. As can be seen in the a thickness of 6 A, in reasonable agreement with the esti-
figure, the formation of the SiC layer on top of Si modifies mation of 4 ML of incorporated C. In a previous PLIE study
both the static reflectivity of the solid amRl,,xandAT. The at 1.17 Jcm?, C was found only in interstitial sites of Si
evolution of the TR with pulse count shows four successivgband at 600 cm') after 100 laser pulses, and mainly
stages(Table ). The transition from one stage to the next (=94%) in precipitates of3 SiC after 300 pulses. Thus, stage
one depends on the parameters that determines the propeheorresponds to a transition from substitutional C in Si to
dose between two laser shdi®., propene pressure and laser SiC. SiC may form either a layer or three-dimensiofgiD)
repetition rate In what follows, we indicate the pulse counts islands on top of Si. There is no indication of order of the
(counted from start of growth, not individually for each SiC overlayer by LEED. Only the2 1 pattern of Si100) is
stage corresponding to the conditions of Fig. 1, namely aobserved, and it becomes more and more diffuse.

TABLE I. Successive stages of laser induced C incorporation as observed by transient reflectivity.

Stage Number of Melting C dose at the end Chemical Static
No. laser pulseés duration(ns) of the stage nature of ¢ reflectivity
1 1-8 19-17 0.16 ML of C Interstitiaf 0.33
2 9-200 1730 6 A of g SiC Interstitial— 8 SiC 0.33
3 201-1000 3695 45 A of B SIC° B SiC+interstitial 0.33-0.31
below SiC
4 >1000 95-80 250 A of g SiC>® B SiC+interstitial 0.31-0.20
below SiC

@The number of laser pulses is only indicative: it is valid for a local pressurexof®’ mbar at a laser
repetition rate of 1 Hz.

bFrom FTIR measurements.

°Estimated from numerical simulation of melting and desorption.

9From Ref. 4.

®For 2850 laser pulses.
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Wavenumber (cm") FIG. 3. Deconvolution of the absorption band of Figd)2corresponding to

the stage 4 of SiC layer formation.
FIG. 2. FTIR absorption spectra of Si processed by PLIE in the presence of
propene at 630 mJ cm (a) at the end of stage 2b) during stage 3(c) at
the gnd of stage 3, and) durl_ng_stage 4. For c!arlty, a sensitivity factor is peak intensity of the 8b SiC peak and its shouldecrease
applied to(b), (c), and(d) as indicated on the figure. The local pressure is . .
2%10°5 6X10-% 2x10-7 and 5¢10-7 mbar. and the number of laser 202iN between stages 3 and 4 by another factor of 2. Since
pulses is 400, 4000, 3000, and 2850 far—(d), respectively. the lattice mismatch between Si and SiC is large, disloca-
tions are expected in the SiC layer. In agreement with this
expectation, AFM images of the surface show that SiC is

C. Stage 3: Pulses =~200-~1000 polycrystalline. The size of crystallites {8100 nm and the

The TR changes dramaticallk,,,, how decreaseslown roughness was found in the range 10-20 A at stages 3 and 4
to 0.60, whileAT increases considerablyp to 95 ns(Fig.  (Fig. 4. The relationship between roughness and experimen-
1). In addition, the SiC layer becomes thick enough total conditions was not systematically studied. However, it
modify slightly the static reflectivity which decreases from seems that the surface is rougher when larger doses of pro-
0.33 to 0.31 at pulse 1000. The FTIR absorption spectrunp€ne are used between laser pulses. In addition, the longer
still exhibits mainly the peak of frequency 798 ch How-  Melting at the end of stage 3 seems to result in a rougher
ever, two other features appear in the Spectrum_ One is ti‘@]fface, the smallest roughness being obtained in the middle
peak at 607 le Corresponding to C atoms occupying in- of stage 3. Although the SiC Iayer is polycrystalline, it ex-
terstitial sites in the Si lattice, whicfie)appears to reach an hibits at stage 4 the(2x2) LEED pattern ofg SiC,*%%
intensity of 0.07 relative to the main peak at the transitionshowing that the surface is ordered, and that the crystallites
between stages 3 and 4. The second is a shoulder on tf@e€ oriented by the substrate.
higher frequency side of the peak BfSiC. The deconvolu-
tion of the band shows that the amplitude of the shouldelV. DISCUSSION
relative to the main peak is rather large0.77). The satellite
peak is at 836 cm'. Its bandwidth is considerably larger
(=3 timeg than that of the main peakvhich decrease with
pulse count down to 42 cht at the end of stage)3The We have used a code initially developed for Cl orfSi.
overall intensity of the bandmain peaid_sateiiite corre- The C depth profile is calculated as a function of time during
sponds to an SiC thickness of 48 A at the end of stage 3,
showing that the C uptake per laser pulse has significantly
increased during stage 3 by a factor=e2. If 3D SiC islands
were formed initially, it may be expected that they have now
coalesced, yielding a better ordered surface. However the
LEED pattern at this stage is still a diffusex2.

A. Numerical simulation of the C concentration depth
profile on clean Si

D. Stage 4: Pulses =1000-2850 00

The static reflectivity changes considerably, going down
to 0.20. In additionR,, and AT now both decrease§ig. 200
1). However,AT remains as large as 80 (igable |). The
FTIR spectrum still exhibits the same features. The band of
the Si—C vibration ofg SiC at 798 cm! continues to in-
crease and narrowdown to 36 cm?l). The peak of C at
interstitial sites of Si and the shoulder of tB&SIC peak keep
on increasing faster than th&SiC peak, reaching intensities

of 0.11 and 1.8, respectively, after _2850 pU!SE@- 3. The  Fig. 4. AFM image of the SiC layer at the beginning of stagés&8me
rate of C uptake(as measured using the integrated FTIRsample as in Fig. ®)]. The measured rms roughness is 9.9 A.

00

0 04 08 12 1.6 pm
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AN 11t tallization). Calculated C depletion in a surface layer~0f0
10 HERS A (insert of Fig. 5 does not fit available experimental depth
- o6 profiles3 It is due to the small desorption energy of propene,
08| ) §’4 E 10”73-’; which at this stage of the process should be replaced in the
% . ! B2 ] calculation by the presumably larger desorption energy of C
Qos | ' §0 i 10% atoms. This, however, does not influence significantly the
g iy g0 2°°De;°r?(A‘;°° 500 803 %  time integrated desorbed C, since C desorbs essentially at the
Coal e e Desarption rate 6_§_ very beginning of heating: as can be seen in Fig. 5, the de-
é ; o Surface coverage |3 1¢ £ sorption rate falls by=3 orders of magnitude after1 ns.
a : : § The second desorption peak of Fig. 5 appears at the end of
02r ‘ 410° melting (after 24 n$ when segregation brings back under-
| ] sorbed C to the surface. Although this second peak is large
0.0
30

enough to influence the final C depth profile, it is very small
Time (ns) with respect to the first desorption peak.

FIG. 5. Calculated propene coverage and desorption rate as a function ¢ | 55er desorption of propene and C from SiC
time during a laser pulse of 500 mJ cfa The laser pulse starts at 0 ns and

it has a temporal profile similar to that of Fig. 1. Melting occurs between 7.5 The results of the calculation shown in Fig. 5 fit well the
and 24 ns. The inset shows the final C depth profile. incorporation rate of C into Si during stages 1 and 2, as
measured by FTIR. However, as the surface evolves into a

) o ) . €2X2 B SIC, the incorporation rate of C increases by a
one single laser pulse, taking into account desorption, diffuzgcior of ~2 between stages 2 and 3, and agai between

sion in the liquid phase, and segregation at the solid/liquidsiages 3 and 4. Since C incorporation is strongly limited by
interface during heating and melting. 1 ML of propene iSihe gesorption of a large fraction of adsorbed propene, this is
initially adsorbed on Si. The temporal evolution of the tem'probably related to a decrease of the desorption rate of pro-
perature and melted depth are calculated separately, COfane perhaps propene dissociates on SiC, the fragments be-
pared with the experimental transient reflectivity, and used afhg more strongly bound than propene, or the desorption en-
inqu into the cer. The code has begn tested with data Co'é'rgy of propene is simply larger on SiC than on Si. Laser
cerning Cl on Si, which have been fitted to AES results Ofdesorption of C is also much stronger on clean Si than on
the Cl remaining on the surface, etch rate measurements, arRge-. ¢ stages 1 and 2 the TR retumns to that of clean Si in a
secondary ion mass spectroscopy depth profile. In the case gfa)| number of laser pulses as soon as propene is not read-
Cl, the calculation has shown that thel0% fraction of un- gqpeq Similarly, cleaning of Si from native(@s monitored
desorbed CI spend the time of the laser pulse inside thBy AES), is obtained in a few pulsé4.However, it is no
melted layer, but are f(_)é’f{:g mostly at the surface after thg,qer the case during stages 3 and 4: laser desorption of the
pulse, due to segregatioh:> Cl is a case where the final gjc jayer is inefficient. The lower desorption rate of propene
bulk contamination is small, if not negl|g_|ble. A dlf_ference of and its fragments on SiC is also confirmed by the desorbed
0.5 eV was found between the desorption energies from lidjoy signal induced by the laser at 308 nm, which is observed

uid and solid Si, corresponding to the Si latent heat of melty, yecrease by nearly one order of magnitude between stages
ing: we assume that it also applies to propene desorption. 54 4.

Propene chemisorbs on Si without dissociafidowever,
at the high temperature achieved in the present experiment
CH and CC bonds are broken and all H atoms desorb: n
signal from CH or CC is observed by FTIR. The unknown The bandwidth of vibrational transitions in solids is well
desorption energy of propene is assumed to be equal to thekhown to have homogeneous and inhomogeneous compo-
of ethylene(1.7 e\),* significantly smaller than that of chlo- nents. The homogeneous part of the bandwidth is due to the
rine (3.7 eV). First order desorption with a preexponential finite lifetime of the excited vibrational state, while the inho-
factor of 13 s ! is used as for Cl. C experiences a segre-mogeneous part is due to the fact that the central frequency
gation of 0.07 at the liquid/solid interface of 8ito be com-  of a vibrational transition varies with the environment of the
pared to an upper limit of 0.02 for &¥. vibrator. If vibrators are dispersed in an inhomogeneous me-
The calculated C concentration depth profile results frondium, the bandwidth may increase beyond the homogeneous
the desorption of 98% of the propene ML, 90% being al-width. A value of 28 cm* was reported for the SiC vibra-
ready desorbed when the surface starts melting: propene istian bandwidth in solid SiG® We find larger values, that are
case where bulk contamination is limited by desorption. Figprobably related to the inhomogeneous broadening which
ure 5 shows that the surface is depleted very quickly from Cmay be induced in our case by several factors: the distribu-
mainly by desorption, but also for a minor part by diffusion tion of crystallite size, the chemical inhomogeneity in the
into the liquid layer, which results in the presence of C be-polycrystalline SiC layer, or even inside crystallit@sclud-
low the surface after meltingshown in the insejt The final  ing the presence of SiC vibrators at the surface of crystal-
C concentration depth profile exhibits a decay with dépth  lites). It follows that the narrowing of the peak ¢ SiC
expected in a case where segregation at the liquid solid induring laser processing down to 36 chafter 2850 laser
terface “pushes” C atoms towards the surface during recryspulses most probably suggests that the SiC layer is more and

" Assignment of the FTIR peaks
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more homogeneous as laser processing evolves. However,at R .7
the same time, the peak of C at interstitial sites of Si also A=308 nm
grows. This may be due to the considerable increase of the
melting duration at stages 3 and 4 with respect to stages 1
and 2, and the related larger melted depth: diffusion of C
atoms inside Si during melting is easier and easier as the
melting duration increases, resulting in a deep, weekly car- 0.2
bonated layer below the SiC layer, where C is most probably
a_\t inFerstitiaI si_tes. Clearly, the increase of the melting dura- 0 0 200 400 600 800 1000
tion is not desirable and the laser fluence should be lowered
at stages 3 and 4, with the expectation of a strong reduction Thickness of the SiC layer (A)
of C diffusion to deep interstitial sites of Si: the FTIR spec-
trum at the beginning of stage 3 shows that under appropriat'@G- 6._ Calculated_refle_ctiviw of a layer ¢f SiC on top of Si at 308 nm as
.. . . . . a function of the SiC thickness.

conditions the C concentration at interstitial sites may be
very small.

The shoulder of the8 SiC band might have the same
origin. Under the conditions of larger temperature and longe
and deeper melting, epitaxy in the liquid phase is expected t

0.4

prease of the melting duration until the end of stage 3, and its
gecrease during stage 4, are due to optical effects that couple

occur under a larger heat flow, and more and more out ofeY strongly the SiC/Si system with the laser beam for a

equilibrium. This is known to reduce segregation and wouldCertaln SIC thickness. As pointed out earlier, this suggests

increase the height and width of the tail of the C depth pro_that an active control of the process of SiC growth would be

file. This may result in the formation of small crystallites of to use the duration of the TR signal to adjust the laser energy
SiC disconnected from the main SiC layer. Such precipitategt the next laser pulses.

might be very small, have a broad distribution of size, and be

strongly coupled to the Si lattice, which would broaden andy symMARY AND CONCLUSION

presumably shift the Si—C band. Based on the decomposition

of the FTIR SiC peaks$Sec. Ill D and Fig. 3and assuming PLIE is applied to the formation of a SiC layer on Si. A
a similar vibrational transition probability for SiC in both Polycrystalline layer of thickness up to 25 nm forms with
carbide and substitutional forms, there would be 16 time$rystallites of size~100 nm oriented with respect to the
more carbon in the form of carbide precipitates than in thesurface and exhibiting 2x2 LEED pattern. In the condi-
form of substitutional carbon. As for interstitial C, reducing tions used heré.e., constant laser energy during processing
the laser energy during the PLIE process to keep the meltingie SiC crystallites are more and more ordered, but much C
duration around 20 ns should allow to lower significantly theiS also incorporated beneath the SiC layer, presumably in

amounts of this unwanted form of SiC. substitutional sites for Si for a minor part, and in very small
SiC precipitates for the main part. TR allows to identify the

D. Variation of the optical parameters various stages of the formation of the SiC layer, showing that

during the growth of the SiC layer the melting duration (and presumably depthincrease

. . . strongly with SiC thickness. This suggests to use the TR
The static optical properties of the surface depend on . . . : .
. . width as an input signal in an active controller of the laser
multiple interferences between the reflected beams at the

vacuum-SiC and SiC-Si interfaces. The onset of decrease epergy. Keeping the melting duration-a20 ns might allow

the static reflectivity at 675 nm at the end of stage 3 implieso. 'mprove the quality and _usefulness of the SIC layer by
) ) . minimizing the C concentration below the SiC layer.

that both the permanent and transient optical properties

change at 308 nm. The permanent change may explain the

observed variations of the melting dynamics. Since the theracKNOWLEDGMENT
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