Compound clusters in silicon dioxide obtained by
N*, €* and B* high-dose ion implantation:
nature of the blue cathodoluminescence emission
and relationship with the embedded phases
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Abstract: SiO, films on Si substrates have been implanted at 800°C by N*+C*, N*+B* and N*+C+B* fons at two different doses, and subsequently thermal
annealed. Cathodoluminescence measurements of the samples have shown three bands at 3.45, 2.7 and 2.1 eV. The 2.7 eV band, observed in all the samples
and more intensely in N+B annealed samples, is due to oxygen deficiency centers, while the 3.45 eV one, only present in N+B and N+C+B samples, seems to be
related to BN or B associated centers. Infrared spectra of the implanted films showed Si-O-B and h-BN bands in samples containing B, as well as a contribution
about 1200 cm* assigned to a ternary compound in the N+C+B implant. No modes different than those of Si-O bond have been found in samples without B.
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CL shiows I all cases a main band centered at 460 nm (2.7 eV), thus ot related to the nature of the Implants nor the phases farmed-dunng the Implantation process. A similar bard
has been assoctated with trapsitians from the lowest tripiet state to the singlet state in oxygen deficient centers (ODCs)
- Intensity of this band Is higher for annealed N+B implanted samples.
= That probably means that around the BN clusters, ODICs density would mcrease during the anmealing,
« |n low dose implants the iftensity of this band is'similar for the different samples, as can be cbserved I N+B and N+C+B'samples'speclra.
Twa other contributions can be observed in the spectra:
= A shoulder at 530 nm (2.1 eV), whose ongin is hot clear
+A band at 360 nm (3.45 eV), observed after thermal annealing
It is.especially intense in‘the, N+B.implanted samples, weaker In the N+C+8'samples; and negligible in N+C implants,
A peak:at 3.2:eV/ has been reported in Ge-implanted SiO, layers, related to ODCs created during annezling when Si etoms are replaced by Ge.
« Imour case, 3.45 eV band could be similarly assigned 16 ceriters created by the replacerient of Siiby Batarns, o to BN centers.
» € atorms seem to Inhibit this replacement.

Fourier Transforin Infrared (FTIR): o 5
- . + A common feature to all the sample spectra.is the area decrease of the §i-0-Si
A Bruker IF|S.-66\/ spectrometer was used for FTIR analysis main band, placed at 1080 cm, asa consequence of the Si-0 band breaking
using 6 cm resolution, during implantation
= Samples implanted with N+G show fio'shape differeénces with regard ta the

Teference sample.

= Asthe 2.7 eV peak-has been observed also in N+C samples, the Si-0 area
decrease could be the result of the ODCs generation

« For the N+B Implanted ones, bands around 1375cm:! (amarphats or
hexagonal BN phase) and 820cm (B-O-Sj stretching mocie) appear, more
intensely for the highest implanted dose.

_| P i R = N+C+E spectrum shows before annealing an additional contribution placed
[ = aeremsi0, 0t BB i s between that of BN and the shaulder of the SI-O band, that could be related to
a2l | i . e B-C bonds (1090-1200 cm'f) and to.a B-C-N tefnary phase placed between the
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+We suggest that the B-O-Si band may be related to the 3.45 eV CL emission.

Conclusions:

N+B, N+C and N+C+B implanted SiO, layers show three main luminescence features:

+ A main emission band at 460 nm associated to oxygen deficiency centers caused by the breaking of §i-O-Si bonds during the implant process.

» Increase of the density of this kind of centers is enhanced by thermal annealing of N+B high dose implanted samples.

+ A second contribution at 360 nm that has been mostly observed in N+B annealed samples and has been related to B or BN associated emission centers.
+ Presence of C atoms seems to inhibit this emission.

= Centers responsible of these two emissions have been identified by FTIR as 8i-O-Si bond breaking and B replacing Si, respectively. :
» Finally, a shoulder of the first peak at 590 nm, which origin is unknown. )
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