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Synthetic opals infilled with silicofopal-S) and with Si and Ptopal-Pt-S) have been irradiated in

a scanning electron microscope under high excitation conditions. Electron irradiation-induced
changes in the morphology and luminescent defect structure of both types of nanocomposites were
assessed by scanning electron microscopy and by cathodolumineg€ncenicroscopy and
spectroscopy. Irradiation causes strong morphological changes in the ordered structure of the matrix
and quenching of the nanocrystals-related CL emission in the opal-Si samples. On the contrary, such
effects are not observed in the opal-Pt-Si nanocomposites. In both types of samples, electron
irradiation induces the appearance of a CL band centered at 2.95 eV, attributed to complex centers
involving oxygen vacancies in the silica spheres forming the matrix2@®1 American Institute of
Physics. [DOI: 10.1063/1.1390307

Due to continuous scaling of solid-state electronics techgrown monodispersed spherical $i@lobules’ The silica
nology towards smaller and faster devices, three-dimensiongpheres consist of several closed-packed spheres of smaller
(3D) assemblies of semiconductor nanostructures with a higliameter(~ 40 nm), which in turn are made of particles of
volume density of active elements could be used in the neagbout 10 nm in siz& After sedimentation, the opals are hard-
future. Synthetic opal has a regular sublattice of channelgned by hydrothermal annealing. During this process most of
and voids that can be infilled with different materials in orderthe smaller globules become partially coagulated, and a po-
to create 3D nanostructures which can form the basis of obrous disordered structure appears inside the silica spheres.
jects for microelectronics, e.g., solid state devices Bith  About 26% of the total matrix volume is accessible for filling
junctions or Schottky diode's> Opal matrices infilled with  with other substances. Incorporation of silicon into opal by a
semiconducting materials are also a subject of interest ithermal chemical vapor deposition technique and the proce-
optoelectronics due to the application of these composites afure for embedding Pt in the opal matrix have been previ-
photonic crystals:* ously described:!® Opal-Pt-Si composites were prepared

Opals are made of closed-packed amorphous submicragimbedding the opals first with platinum and then with sili-
silica spheres forming a face centered cubic lattice. It iscon. These treatments lead to opal structures with the inter-
known that the defect structure of Si® sensitive to ioniz-  stitial region partially filled, due to coating of the spheres,
ing radiation>® Many SiO-based devices must be operatedwith Si or both Pt and Si, respectively. Irradiation was per-
in radiation environments. Therefore the characterization oformed in the SEM at room temperature with an accelerating
the radiation sensitive defect structure of opals is of greayoltage of 30 kV and a beam current ofx@0 ’A. The
importance to optimize device performance and applicationssamples were irradiated until a final saturation condition, re-
In this work, synthetic opals infilled with silicofopal-S)  ferred to as morphological, total CL intensity, and CL spec-
and opals infilled with Si and Rbpal-Pt-Sj have been irra- tral changes, was reached. The morphology of the samples
diated in a scanning electron microscoi®=M) under high  after irradiation was investigated in a Leica Stereoscan 440
excitation conditions. Electron beam irradiation effects onSEM. CL observations were carried out in the 300—-1800 nm
the morphology and luminescence properties of the samplespectral range using a Hitachi S-2500 SEM. Details of the
have been assessed by SEM in the secondary electron modgperimental setup used for CL images and spectra acquisi-
and by cathodoluminescen¢8L) microscopy and spectros- tion have been reported elsewhéteL measurements pre-
copy. In particular, we have investigated the influence ofsented in this work were performed at 80 K with an acceler-
electron irradiation on the luminescent defect structure of thating voltage of 20 kV and a beam current of 20 nA. No
opal matrix as well as on the emission related to Si nanocinfrared CL was observed in both types of samples after
rystals which are present in the nonirradiated samples. Luiradiation.
minescence of Si-based heterostructures and Si nanocrystals Scanning electron microscopy observations of the in-
are subjects of increasing interest due to potential integratiofilled opals before irradiation revealed compact and well-
of this material in optoelectronic devices. ordered layers of SiQspheres of about 250 nm of diameter.

Opals consisting of amorphous silica spheres of abouFigure 1 shows a SEM image of an opal-Si sample irradiated
250 nm diameter have been investigated in the present workor 50 s. The image shows bending and the formation of
The opals were prepared by sedimentation of syntheticallgracks in the surface layers, while the opal layers underneath
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FIG. 1. Secondary electron SEM micrograph of an irradiated opal-Si
sample. The inset image (¥® wm?), taken inside the central crack, shows
the original ordered structure of the composite.

retained their original ordered structure, as shown in the inset
of Fig. 1. Similar structural changes have been previously
observed in opal samples after ion implantation and
annealing’” Both electrical and thermal stresses, respectivelyg 3. (a) SEM image of an irradiated opal-Si composite. The arrow marks
associated to electron beam-induced charge trapping aridnonirradiated region of the sampl@) Corresponding panchromatic CL
heating, are considered to be responsible of these morphﬁnage.(c) Monochromatic CL image, acquired at 2.95 eV, of the same area.
logical alterations. Our results agree with previous observa-
tions of permanent volume changes induced by electric fields
related to electron irradiation in amorphous and crystallinehas shown that this intensity increase is due both to a slight
SiO, sample€:®® On the other side, the role of thermal enhancement of the 3.4 eV band, assigned to twofold coor-
stresses is enhanced by the low thermal conductivity andinated Si defects located at the interface between Si nanoc-
density of the opal samples, as compared with bulk silicorrystals and the silica spherfsand the appearance of a new
oxide® We have previously reported the CL properties of theemission band centered at 2.95 eV. The CL emission related
samples used in this work before electron irradiafibn. to Si nanocrystals that was observed centered between 1.57
Emission bands observed at about 1.9 eV, 2.2—-2.4 eV, anahd 1.59 eV in some regions of the opal-Si compobttis
2.7 eV are related to the defect structure of the silica spherasot detected after electron irradiation. Figur@3shows a
forming the opal matrix, while bands near 3.4 eV and in thesecondary electron SEM image of an opal-Si composite irra-
1.50-1.75 eV range were proposed to be related to Si nanodiated for 55 s. The lower part of the image corresponds to a
rystals. Representative CL spectra from the opal-Si samplasonirradiated region. A panchromatic CL image of the same
before and after electron irradiation are presented in Fig. 2area and a monochromatic CL image acquired at 2.95 eV are,
Besides an overall CL intensity increase, irradiation inducesespectively, shown in Figs.(8) and 3c). Both CL images
a significant decrease of the relative intensity of the 1.9 eMvere recorded under the same excitation parameters in the
band, attributed to nonbridging oxygen hole centersSEM and signal amplification electronic settings. The spec-
(NBOHC) defects>*®In addition, a clear enhancement of the tral width of the monochromatic image is about 15 nm. The
CL output can be appreciated on the high energy side of th€L intensity shows an inhomogeneous spatial distribution,
visible spectrum. Gaussian deconvolution of the spectrunbut a luminescence enhancement can be observed in the ir-
radiated region. The monochromatic micrograph reveals the
appearance of the 2.95 eV emission only in the irradiated
material, in agreement with the results presented in Fig. 2.
Contrary to the opal-Si case, irradiation does not alter
the opal-Pt-Si nanocomposites’ morphology. Actually, no to-
pographical changes have been observed after irradiating the
samples for times up to 2 h, which can be explained by the
higher electrical and thermal conductivity of these samples,
due to the presence of Pt, as compared with that of the
opal-Si sample$.CL spectra recorded after irradiation sub-
stantially differ from those obtained in nonirradiated areas
. ‘ , . - (Fig. 4). Electron irradiation also induces in the opal-Pt-Si
L5 20 25 30 35 40 samples the appearance of the 2.95 eV CL band, which be-
PHOTON ENERGY (€V) comes the dominant emission. Due to the contribution of the
FIG. 2. CL spectra of opal-Si nanocomposites befokeshed lingand after ~ 3-4 €V emission the spectra in this region show a peak at
(solid line) electron irradiation. about 3.0 eV. Besides, irradiation induces a strong decrease,

CL INTENSITY (arb.units)
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- - - Nonirradicted In summary, electron irradiation in the SEM induces dif-
— Tradiated ferent changes in the morphology and luminescent defect
structure of opal-Si and opal-Pt-Si nanocomposites. CL re-
lated to Si nanocrystals observed near 1.70 eV is preserved
in the irradiated opal-Pt-Si samples, which also retains the
ordered structure of the opal matrix. On the contrary, irradia-
tion causes strong morphological changes and quenching of
the nanocrystals-related emission in the opal-Si samples. In
both types of nanocomposites electron irradiation induces the
appearance of an intense CL emission band centered at 2.95
15 20 25 30 35 40 eV, probably related to complex centers involving oxygen
PHOTONENERGY (V) vacancies in the silica spheres forming the opal matrix.

CL INTENSITY (arb.units)

FIG. 4. CL spectra of an opal-Pt-Si sample beftdashed lingand after This work was supported by MCYT(Project No.
(solid lin) electron irradiation. MAT2000-2119 and the Russian R&D program “Nano-
structures”(Grant No. 97-2016
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