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Characterization of porous GaP by photoacoustic spectroscopy:
The relation between band-gap widening and visible photoluminescence
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Photoacoustic and Raman spectroscopy as well as photoluminegBénceeasurements have been used to
investigate the effect of band-gap widening in porous GaP. A correlation between a blueshift of the absorption
edge observed during photoacoustic measurements, accompanied by PL emissions in the blue and ultraviolet
regions, and the occurance of a vibrational mode related to surface phonons is shown. Based on a simple
scattering model, the structure of porous GaP is assumed to have a cylinderlike shape.
[S0163-1828)07727-3

Porous semiconductors prepared using crystalline materB25.0-nm line of a He-Cd laser as an excitation source.
als having an indirect band gap show visible photolumines- Raman spectra obtained from porous and crystalline GaP
cence(PL) emission beyond their band-gap enerdié®- are shown in Fig. 1. In addition to the LO phonon at
rous silicon(Si) is a promising material for the application as 406.2 cni! and the TO phonon at 368.2 crhas observed in
a visible light emitter, and has therefore been extensivelghe spectrum from the crystalline material, a shoulder can be
studied during the last yeatsRecently, similar research seen at about 399 cthin the spectra obtained from porous
work has also been performed on the compound semiconsap sample andB. This shoulder has been attributed to a
ductors GaRRefs. 2-3, GaAs,’ and SiC. Porous GaP, pre- g rface phonon mode observed in microcrystafliaed po-
pared by electrochemical anodization of crystalline bulk mayq s GaP2!! indicating the existence of microcrystals
terial, exhibit PL in the blue and ultraviol¢tJV) regions \yithin the porous layer. A second Raman spectrum was re-
which has been explained by the confinement of chargeglyrded on the porous GaP sampleafter immersing it in

carriers i? crystalline quantum wire®f about 25 A in anilin, i.e., a liquid with a higher dielectric constarg
diametey.” However, the reflectance recorded on porous GaP:2_56) compared to air. As can be seen in Fig. 1, the in-

at energies less than 2.75 eV, corresponding to the dire¢hesse in the dielectric constant of the surrounding medium

optical transition for crystalline GaP,_ was found to be_highercaused a shift of this new peak to lower frequencies. In order
compared to that of a nonporous/virgin sample, which ha

o evaluate the shape of the quantum wire, the shape depen-
been ascribed to the contribution of internal reflecfion. P d b P

_ * dent depolarization factdr was calculated using the follow-
Thus, the reflectance measured on a porous material is

strongly affected by its structure. Therefore, a differentiated
evaluation of the energy states above the bandgap of crystal-
line GaP is important for an understanding of radiative re-
combination mechanisms in porous semiconductors.

In this brief report, the band-gap widening in porous GaP
is investigated by PL, Raman, and photoacoustic spectros-
copy (PAS). It is shown that band-gap widening is accom-
panied by the occurence of PL emission.

The starting material was S-dopédil1) oriented GaP
(carrier concentratiom~ 3.5x 10" cm™3) grown using the
liquid-encapsulated Czochralski technique. Porous layers
were obtained by anodic etching of the GaP crystals im-
mersed in a 50% solution of HF in ethanol. The etching
process was performed in darkness for 3 min using a current
density of 10 mA/crA  PAS spectra were recorded at room
temperaturgRT) at energies between 2.0 and 3.5 eV em-
ploying a standard configuratiénThe PAS technique was
used to detect the appearance of energy gap using a xenon
lamp as an excitation source. The photoacou§ik) signal e ! . L
was detected using a microphone and lock-in amplifier tech- 350 370 390 410 430 450
nigue. Spectra were recorded at 20 Hz applying a scanning WAVE NUMBER [cm™1]
rate of 15 nm/min. Finally, all spectra were normalized
against carbon black standard. Raman spectra were recordedFIG. 1. Raman spectra recorded on porous and crystalline GaP.
at RT in backscattering geometry using 514.5-nm line of arSpectra from samplé were measured before and after immersing
Argon laser. PL spectra were obtained at RT using thehe porous sample in aniline (=2.56).
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L L scattering effects is greatly reduckdThe PAS spectra for
350 400 450 500 550 porous and crystalline GaP are shown in Fig. 3. As can be

WAVELENGTH [nm] seen, there is an abrupt increase at a photon energy of about
2.25 eV in the PA signal of the crystalline material, which
corresponds to the indirect band gap. This means that nonra-
diative processes of excited carriers arising from the absorp-
tion of photons are dominant above this energy. Further-
more, the porous samplésandB have different absorption
properties in comparison to that of crystalline GaP, i.e., the
2; 2y _ _ _ energy position of the absorption edge differs from sample to
(of or)=[eotem(LL =D V/[ex+om(I~1)], (D sample. In the case of the porous samBlethe PA signal

where oy is the frequency of the TO-phonon modeg, increased gradually from 2.25 to 3.5 eV, whereas the signal
(=12.85) ande., (=10.89) are the static and high- from sampleA is almost constant in the energy region 2.25—
frequency dielectric constants, respectively. A factorLof 3.25 eV, but strongly increased at about 3.5 eV. This means
=0.57 is obtained usingws=396.0cm?! and w; thatthe absorption edge of the porous sanfplas shifted
=368.2 cm! as determined from our measurements. Thisto about 3.25 eV, i.e., beyond the edge of crystalline GaP.
value is close to 0.5, which was calculated considering ahis band-gap widening correlates with the occurrence of the
cylindrical shaped wire and a polarization perpendicular tosurface phonon mode in the Raman spectrum as well as with
the rotational axis of this cylindéf. Thus, based on the Ra- the presence of PL emission in the blue and UV regions. In
man scattering model for small sampléghe porous struc- contrast, at energies between 2.25 and 3.25 eV nonradiative
ture is assumed to be of cylinderlike shape. relaxation processes are dominant in sanplewhich did

The PL emission recorded at RT from a porous layemot show PL emission in the energy region. A similar situa-
(sampleA) is shown in Fig. 2 together with a spectrum from tion has been observed in a recent stddyn porous Si.
a GaP crystal. Blue and UV emissions bands were observethus, the effect of band-gap widening is supposed to be
at energies between 2.5 and 3.25 eV from samples exhibitingaused by a quantum confinement of carriers in the porous
a strong surface phonon mode, i.e., a cylinderlike-shapedampleA.
structure. On the other hand, in samples showing a relatively In conclusion, a correlation between band-gap widening
weak surface phonon modsee for example porouB in  in porous GaP observed by PAS, and PL emission in the blue
Fig. 1), efficient PL emissions in this energy region could notand UV regions as well as the occurence of a vibrational
be observed. The presence of surface phonon modes in tieode related to surface phonons has been found. In particu-
Raman spectra correlates with the occurance of blue and UVar, a blueshift of the absorption edge of about 1 eV com-
PL emissions. pared to crystalline GaP was obtained by PAS in the porous

Since the intensity of the PA signal depends only on thematerial. This effect of band-gap widening is attributed to a
absorption properties of the material, the influence of lightquantum confinement of charged carriers.

FIG. 2. RT PL spectrum recorded on porous Gs&mpleA). A
spectrum from crystalline GaP is shown for comparison.

ing expression for the surface phonon frequergy (Ref.
12):
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