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Abstract. We investigate the possibility of using laser for the synthesis of Ge nanocystals in the
co-sputtered Ge + SiO, samples. The laser annealed samples, that were sputtered with > 4 cm?
of Ge attached to the target, exhibited a Raman peak at ~ 290 cm*. The peak sharpened as the
laser beam exposure time increased. However, the peak position was significantly lower than
the position of bulk Ge (300 cmt) peak. It is possible that a structural change in the Ge nanocrystals
or stress in the films has caused the peak position to be lower than the bulk Ge value. The
photoluminescence (PL) intensity of the laser annealed samples was also considerably weaker
as compared to samples that were synthesized by rapid thermal annealing.

1. INTRODUCTION

The discovery of luminescence from porous silicon
in 1990s has created tremendous interests in
nanocrystals synthesized from Group IV semicon-
ductors such as Si and Ge. The quantum confine-
ment effect enables indirect bandgap semiconduc-
tors to become more efficient light emitters. It is
basically due to the potentials in optoelectronic ap-
plications that research on Ge nanocrystals em-
bedded in a silicon oxide matrix was originated [1].
It should be pointed out that, however, there are also
reports of using Ge nanocrystals in silicon oxide as
non-volatile memories [2,3].

Ge nanocrystals may be synthesized by anodic
etching, ion implantation, co-sputtering and cluster
beam methods. The synthesis of Ge nanocrystals
often involves annealing at elevated temperatures
for more than 30 minutes [4,5]. We have synthe-
sized Ge nanocrystals using rapid thermal anneal-
ing (RTA) by changing the RTA temperature (T ) from
600 to 1000 °C or RTA duration (tp) from0to 300 s
[6-8]. We have shown recentlythe Raman results of
as-prepared and rapid thermal annealed co-sputtered
Ge+SiO, films with different Ge concentrations [9].
For films that were sputtered with ~1 cm? of Ge

attached to the sputtering target, the Ge peak (at
~300 cm?) was absent regardless of the different
RTA conditions used in the synthesis of Ge
nanocrystals. For films sputtered with 3 cm? of Ge,
Raman peak can be observed when T, was in-
creased from 600 to 900 °C for 300 s. When the Ge
attached to the sputtering target was further in-
creased to =4 cm?, a Raman peaks was observed
even from the as-prepared samples at ~290 cm™.
This seems to suggest that Ge nanocrystals were
present even in the as-prepared films. Note that for
samples sputtered with >4 cm? of Ge, the oxide
films became unstable when annealed. This is mani-
fested either as bubbling at the film surface, peeling
off or discoloration of film. Thus, a critical Ge con-
centration (i.e. 3 cm? of Ge attached to the sputter-
ing target) exists in the synthesis of Ge nanocrystals
in SiO, matrix under the present RTA conditions.

Note that with 3 cm? of Ge attached to the sput-
tering target and with the present RTA conditions,
the maximum Ge nanocrystal size with good crys-
tallinity that we obtained was approximately 6 nm
in diameter (&). Using transmission electron micros-
copy, the nanocrystals were found to be evenly dis-
tributed in the SiO, matrix [8].
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Fig. 1. Raman spectra of as-prepared Ge+SiO,
samples co-sputtered with 3, 4 and 6 cm? of Ge.

As pointed out above, a Raman peak was ob-
served from the as-prepared samples sputtered with
more than 3 cm? of Ge. We suspect that localized
thermal heating from the laser beam used in the
Raman experiments might have given rise to the
peak. In this paper, we investigate the possibility of
using laser for the synthesis of Ge nanocystals in
our samples. We also characterize the photolumi-
nescence (PL) response of the Ge nanocrystals
synthesized by laser annealing.

2. EXPERIMENT

The samples were prepared by co-sputtering a 4”
SiO, (99.99% pure) target with Ge (<111> in orien-
tation) pieces attached. We have sputtered samples
with 3, 4 and 6 cm? of Ge attached to the sputtering
targetin Ar at ambient temperature using an Anelva
sputtering system (SPH210H). The thickness of the
samples was fixed at about 5000 A.

Raman characterization at room temperature
was carried out using a Reinshaw Spectrum 2000
machine with the 633 nm line of a He-Ne laser (power
20 mW) as an excitation source. The PL experi-
ments were carried out using a 369 nm laser source
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Fig. 2. Effect of laser exposure time on the
Raman spectrum of the sample sputtered with 6
cm? of Ge.

(power 50 mW) with a 1 nm resolution and a photo-
multiplier detector.

3. RESULTS AND DISCUSSION

Fig. 1 shows the Raman spectra of the as-prepared
samples sputtered with 3, 4 and 6 cm? of Ge at-
tached to the sputtering target. Note that each spec-
trum required ~60 s to complete and there may be
laser annealing on the three samples during the
Raman experiment. This will be discussed later
when we investigate the effect of laser exposure time.

Fig. 1 shows that the peak of the sample sput-
tered with 4 cm? of Ge is rather broad and located
at ~287 cm. The peak becomes sharper when the
Ge concentration increases to 6 cm? and is located
at ~292 cm™. Note that the peak position of the
high concentration samples is generally located
between 285 to 295 cm. This is significantly lower
than the Ge peak position (~300 cm?) quoted in the
literature [10]. This suggests that Ge nanocrystals
can be formed in samples sputtered with = 4 cm? of
Ge and with a laser exposure time of ~60 s. This is
clearly shown in Fig. 1 that no peak is observed in
sample sputtered with 3 cm? of Ge. The Ge
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nanocrystal size was determined using the phonon
confinement model [6] and was found to be ~2.2
nm in diameter for the samples sputtered with 6
cm? of Ge.

Fig. 2 shows the Raman spectra of a sample
sputtered with 6 cm? of Ge taken at different laser
exposure times. Each spectrum was taken after
every 30 s of exposure time. Fig. 2 shows that no
peak is observed for the sample that has 0 s of
laser exposure. The peak increases in intensity as
the laser exposure duration is increased from 30 to
180 s. This is accompanied by a reduction in the
full width at half maximum (FWHM) of the peak from
22.7cm? (at 30 s) to 16.8 cm™ (at 180 s). Note that
the intensity and FWHM of the Raman spectra do
not change much when the exposure time is in-
creased beyond 180 s.

We have ascertained the effect of laser anneal-
ing by placing a quartz prism in the path of the laser
source to reduce (> 95%) the laser intensity. We
observed no Ge peak in the Raman spectrum from
a sample prepared in the same run after 180 s of
laser exposure. Itis also important to point out that,
unlike the RTA case, the samples here did not ex-
hibit the bubbling or peeling problems after under-
going prolonged laser exposure. We have, however,
observed localized ‘black mark’ at the film surface
at the center of the laser spot.

Fig. 2 shows that there is a shift in the Ge peak
position from 286 to 290 cm™ as the laser exposure
time increases from 30 to 180 s. This peak, how-
ever, is still significantly lower than the bulk Ge peak
position. It is very unlikely that this arises from in-
termixing between Ge and SiO, [11]. It is possible
that a structural change of the Ge nanocrystals or
stress in the high Ge concentration films has caused
the peak position to be lower than the bulk Ge value.
We are currently carrying out TEM experiments on
these samples to examine the possible structural
changes in the Ge nanocrystals.

Fig. 3 shows the PL spectra of the as-prepared
samples shown in Fig. 1. Note that these samples
were sputtered with 4 and 6 cm? of Ge attached to
the sputtering target, and subjected to 60 s of laser
annealing. Fig. 1 shows that the Raman spectrum
of the sample sputtered with 4 cm? of Ge to be rather
broad. This may indicate the presence of Ge clus-
ters in the film. This may account for the very weak
luminescence of this sample shown in Fig. 3. The
Raman spectrum of the samples sputtered with 6
cm? of Ge exhibited clear Ge peak (see Fig. 1),
which indicates the presence of Ge nanocrystals.
This gives rise to a PL peak centered at 2.84 eV in
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Fig. 3. PL spectra of samples sputtered with 4
and 6 cm? of Ge. Note these samples had been
laser annealed for ~60 s.

Fig. 3. Note that although the PL intensity of the
sample sputtered with 6 cm? of Ge is stronger than
the sample sputtered with 4 cm? of Ge, the PL in-
tensity of the laser annealed samples is significantly
weaker than the RTA samples.

We have reported PL peaks near 3.0 eV from
our RTA samples [7,8] and concluded that the best
PL response was obtained with samples that ex-
hibit uniform nanocrystal size. The origin of the PL
for the RTA samples was suggested to be defect-
related. The defects may be linked to Ge oxide or
suboxides. As the PL peak position of the laser
annealed samples is similar to the RTA samples, it
is possible that the same mechansim is also re-
sponsible for the PL of the laser annealed samples.
However, as the PL intensity of the laser annealed
samples is significantly weaker than the RTA
samples, this may suggest that the species that is
responsible for the PL is significantly lower in the
laser annealed samples. We plan to carry out X-ray
photoelectron spectroscopy (XPS) experiments to
estimate the amount of Ge oxide and suboxides in
the laser annealed samples.

Note that we have observed that the Raman peak
of the laser annealed samples is significantly lower
than the RTA samples. If the Ge nanocrystals syn-
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thesized via laser annealing is structurally different
from that synthesized by RTA, then the weaker PL
response may be due to the different structures of
the nanocrystals in these samples. Note also that
the laser annealed samples were of higher Ge con-
centration; the weaker PL response may also be
due to stress in the higher Ge content in the film. It
is, however, clear that Ge nanocrystals formed via
laser annealing are not suitable for optoelectronic
applications due to the weak PL response.

3. CONCLUSIONS

In this paper, we investigated the possibility of us-
ing laser for the synthesis of Ge nanocystals in our
samples. We also characterized the PL response
of the Ge nanocrystals synthesized by laser an-
nealing. We found that by focusing the laser on the
as-prepared samples sputtered with = 4 cm? of Ge
during Raman characterization, a peak at ~290 cm'?
was observed. The FHWM reduced as the laser
beam exposure time increased. The existence of
the sharp peak suggests possible Ge nanocrystal
formation. However, the peak position is significantly
lower than the position of bulk Ge peak. It is pos-
sible that a structural change of the Ge nanocrystals
or stress in the high Ge concentration films has
caused the peak position to be lower than the bulk
Ge value. The PL intensity of the laser annealed
samples was considerably weaker as compared to
the RTA samples. As the PL peak of the laser an-
nealed and the RTA samples are very similar to each
other, we suggest that defect-related mechanism
may be responsible for the PL. We are, however,
not able to rule out the effect of structural changes
or stress on the PL characteristics of the laser an-
nealed films.
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