Raman study of luminescent spark processed porous GaAs
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We have analyzed spark-processed porous Gsgys-GaAs samples prepared by the application of
high-voltage discharges at low repetition rat@® Hz) in different ambients, ranging from pure
nitrogen to pure oxygen flow, using a microRaman probe and a scanning electron microscope in
combination with an energy dispersive spectroscopy syssM-EDS. We found that for samples
prepared in pure nitrogen, the resulting material is basically amorphous material, with
amorphous-GaAs with some cubic phase of@galso present. For samples prepared under even a
low concentration of oxygen, 20:1, we find that the cubic phase gDA$s substituted by the
monoclinic phase of A©®; “claudetite.” SEM micrographs show the resultant morphologies
obtained that exhibit a porous, granular, agglomerated granular appearance. EDS and Raman
suggest that the claudetite phase ob@sand AsOg play a contributing role in the green-blue
photoluminescence emitted by spp-GaAs. 2601 American Vacuum Society.
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[. INTRODUCTION GaAs(spp-GaAs prepared at low-frequency sparking shows
_ ~ reproducible photoluminescen€EL) in two main bands: a
In recent years, porous materials have attracted Cons'deé'reen-blue band between2.2 to 2.6 eV and a blue-violet

able interest because of the discovery that porougp<) band centered at 3.1 é¥.In both works, the green-blue PL

photoluminescesin the visible spectrum and because th's.is attributed to luminescence from oxygen compounds; x-ray

phenomenon_ may be producgd by. conflned. electrons Irp‘)htololuminescent spectroscoXPS) spectra reveal the
nanometer-sized granules or pillars in the F-Sipark pro-

cessing(SP is a useful alternative for preparing new photo- presence of Af;, As,05 and GgOg and the assignment

luminescent semiconductor porous materia®P has some of the PL to the arsenic oxides is mat&his assignment is

potentially desirable features compared to the electrochemfonfirmed by some preliminary Raman work included in that

silicon~® For example,(a) it is a non-wet approach that Sion at 3.1 eV may be due to confinement effects. In Ref. 10,
could be used to prepare optoelectronic devi¢esthe lu- the PL in eep-GaAs that appears in two bands centered at
minescent area affected can be chosen at Yallthe emis- 2.02 and 2.26 eV is directly correlated to similar emissions
sion can be tuned in some materials by changing the paranfrom As,O; and AsOs, respectively.

eters of preparation (wafer-tip separation, substrate  In this work, we present a more comprehensive Raman
temperature, ambient gas, pressure, spark frequency, curreBgattering and scanning electron microscope in combination
voltage, and exposure timand,(d) the same equipment and ith an energy dispersive spectroscopy syst&EM-EDS
procedures can be used for the preparation of any type Qfyqdy that reconfirms the presence of both types of arsenic
semiconductor material. oxides (As,0; and AsO:) in all samples under study,
r}:{nd the fundamental role that they play as the source of

u o .
are: Si, Ge, GaAs, Sb. Bi, Sn. As. and T this list, the tRe green-blue PL in air-processed spp-GaAs. Additionally,

semiconductors CdTe, GaSbh, InSh, and InP have recentl}ye obtain results that suggest that in nitrogen-prepared
been included® ’ ' ’ spp-GaA$, the emissions centered at 2.45-2.55 and at

Recently, several reports have been published on tha-l €V seem to have their source in material now in an
light-emission properties of porous GaAs prepared by théMorphous states as suggested by Raman specti@s As
spark proces§;® as well as of the electrochemically etched also detected in the Raman experiments in the N-spp-GaAs,

porous GaAs(eep-GaAs'® The spark-processed porous appears to be formed during the spark processing by
incorporation of some oxygen residual in the sample

3Electronic mail: hnavarro@cactus.iico.uaslp.mx preparation chamber.

properties have been observed and reported in the literat
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