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l.Introduction
It is well rccognized ttrat even a small amourfi of oxygen

atoms on Si subshates causes defects in epitaxial Si layers.
Thus, in-situ native oxide removal step, such as I{2 bake at high
temperatures, has to be performcd.') Otherwise, careful
attentions have to Qe paid in order to prevent the reoxidation
prior to ttre epita<y.'/

In this paper, a new low temperatr.ue epitalrial technique is
proposed, which makes use of the native oxide on the Si surface.
An epitanial Si layer hurrittg good quallty can be obtained using
SPE (solid phase epitaxy), mediated by an intentionalty gown
native oxide layer on the Si subshate. Mechanism and
applications of this nerv epitaxial technique will also be shown.

2. Experiment
Experimental procedure is shown in Fig.l. (001) Si

subsfiates were dipped in the IIF solution. Then the native
oxide was intentionally grown by exposing the substates to the
atnosphere. Exposure time between IIF dipping and the
loading into tlre chamber was changed for the various thickness
of native oxide. Amorphous Si films were deposited without
any in-situ cleaning. Undoped amorphous films with the
thickness of 200 nm were deposited using Slrtl6 as a source gas,
at 480oC with the pressrlre of 0.3 Ton. The deposited samples
were then annealed in a nifogen arnbient at 600t for 3 hours,
which is sufficient for the crystallization by SpE. The
crystallinity of the films was examined by TEM. The oxygen
concentation at the interface between the si subsfate and the
deposited film was measured by SIMS.

hterfacial oxygen concentration could be confrolled by the
exposure time as shown in Fig.2. Oxygen coverage is also
shown, defining that IML is equivalent to l.36El5cm-'which is
the nunrber of back-bonds on the surface of (001) si subshates.

3. Epitaxial Growth Mediated by Oxide
The crystallinity of the films, deposited in amorphous phase

with the adequate native oxide and crystallized by SpE, showed
quite interesting features. Figure 3 strows a cross-sectional
TEM image of the sample with the intedacial oxygen
concentation of 3.3E14crf". No defect was observed in the
deposited layer, even though the oxygen atoms were detected at
the interface.

In case of the usual epitarial growt[ VPE (vapor phase
epitaxy) in which the fihn is deposited in crystalline phase, just a
small amount of oxygen carffi€s defects such as twins, as shown
in Fig.4, wtrere the oxygen concentration was only 3El3cmt.
As is shown in Fig.4, it is natural that ttre epitaxial layer has
defects due to the interfacial oxygen. Higher oxygen
concentation always induces higher defect concentation.

On the conhary, single crystal without defects could be
grown using SPE in spite of the high oxygen concentration, as
shown in Fig.3. This suggests that the interfacial oxygen has
an important role on the epitarial growth, like the oxide
mediated epitaxy (OI\4E) of cobalt silicide3). Thus, it was
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named as oxide mediated SPE (OMSPE) of Si.
The crystallinity dependence on the int€rfacial orygen

concenftation indicates that adequate oxygen concentration is
required for OMSPE. Tpical TEM images of the samples
with smaller amount (l.7Bl4cm') and larger amount
(5.8814cmt) of oxygen are shown in Fig.5 t"l and (b),
respectively. Defects were obsenred in bottt cases, but the
structures were different. Dislocations with rough surface were
seen in Fig.5 (a), and twins were observed in Fig.5 (b).

4. Mechanism of OMSPE
The detailed investigation in case of the small amount of

interfacial oxygen suggests the mechanism of OMSPE. Figure
6 shows the TEM image for the^ as-deposited sample with
oxygen concentration of 1.7 El4cm'. It can be shown that the
deposited layer was partly crystaltized epitru<ially and the rest
was amorphous. This was due to the local disfiibution of the
too small amount of oxygen which inhibited the epitaxial
growth. Dislocations originated from the sites where the
oxygen atoms were localized. Partial crystallization during the
deposition also brought about the surface roughness because of
the difference of the deposition rate on the single crystal region
and onthe amorphous region.

With the adequate amount of oxygen at the interface, the fast
and local crystallization was suppressed by the mediation of the
native oxide. Thus, the uniform epitaxial growth during SPE
can be realized and no defect was formed. The dependence of
the crystallinity on the interfaciat oxygen,concentration is
summarized in Table I, u*rich was obtained from TEM
observations for the samples with various concentation of
oxygen The adequate amount of oxygen is equivalent to about
0.2-0.3 ML. Figure 7 shows the schematic illustration of (001)
Si surface with 0.25 ML of oxygen. Such amount of oxygen
prevents the epitaxial growttr drning the depositioq but does not
prevent the growth during SPE. This oxygen layer has a role
of uniformly slowing down the SPE rate and of keeping the
growth-front parallel to the (001) surface.

5. Application of OMSPE
OMSPE can be used as one of the low temperaflue selective

epitaxiat technique as shown in Fig.8. s Si film was
conformally deposited and only the region deposited on Si
surface was crystallized by the subsequent annealing.
Amorphous area can he selectively removed by FIFIHNOI acid.

6. Conclusion
OMSPE of Si was developed as one of the lowtemperature

unique epitaxial growth technique. Single crystalline layers
without defects can be grown on Si substates mediated by the
adequate concenfiation of oxygen of about 0.2-0.3 ML. It was
demonstrated for the first time that the native oxide can be
positively used for the epitaxial growth.

l) T.O.Sedgwick et al.: Appl. Phys. I€tt. 54, 2689 (1939).
2) B.S.Meyerson: Appl. Phys. Lett.48, 797 (1956).
3) R.T.Tung: Appl. Phys.I€tt.68, 3461(1996).
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(001) Si substrate

FIF dipping

Exposure to atmosphere for native oxide growth,

Temp : 24oC, Humidity: 45%

Loading to CVD chamber

Deposition of a-Si (SizFIo, 480"C)

Annealing in N2 for crystallization (600oC, 3 hours)

Characterization (TEM, SIMS, etc. )

Fig. 1 Experimental procedure.

AtmGpheric Ambient

Temp€ratur€: 24oC
Humidaty:45%

5101520
Exposure Time (hours)

Fig.Z Dependence of oxygen
concentration at the interface on
the exposure time to the
atmosphere. Oxygen coverage
is also shown. This indicates
that the native oxide can be
controlled intentionally.

Deposited layer

Si sub.

Fig.6 Cross-sectional TEM image of
the as-deposited sample with low
oxygen concentration as shown in
Fig.s(a). Some part of the deposited
amorphous was already crystallized.

Fig.8 Application to selective epitaxy.
Amorphous Si was conformally deposited
and only the area on Si substrate was
crystallized by OMSPE. Then, amorphous
region on SiOz was selectively etched.
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Fig.3 Cross-sectional TEM image
interfacial oxygen concentration of
observed in the OMSPE laver.

Fig.4 Cross-sectional TEM imagg of VPE sample with the
oxygen concentration of 3E13crn-'. In spite of much lower
concentration than that shown in Fig.3, defects are observed in
the deposited layer.

of OMSPF, sample
3.3El4cm-'. No

with the
defect is

Fig.5 Cross-sectional TEM images of OMSPE samples with the (a) lower and (b) higher
interfacial oxygen concentratibn than the sample with adequate oxygen concentration as

shown in Fig.3.

Table'I. Dependence of the crystallinity obtained by OMSPE on the interfacial oxygen
concentration. Critical concentrations were determined by TEM observation for samples
with various interfacial oxygen concentration.

Fig.7 Atomic model
of the (001) Si surface
with 0.25 ML of
oxygen. Such amount
of oxygen prevents the
epitaxial gowth during
deposition, but does not
prevent the growth
during SPE.
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(b) 5.8El4sm l.?E I 4cm{, as-deposited

Interfacial Orygen Concentration

(Coveraee)
-2.7 xl}racm-z

(-0.2 ML)
2.7-4.1xl0racm-z

(0.2-0.3 ML)

4.1 xlOlacm-2-
(0.3 ML -)

Crystallinity in the
deposited laver

dislocation no defect twin

Cross-sectional TEM image of
OMSPE Sample

Fig.5 (a) Fis.3 Fig.5 (b)
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