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Abstract. Photoluminescence (PL) of stain-etched crystalline Ge and aSiGe:H thin films is observed at room temperature. Scanning electron
microscopy reveals that the etched materials have a rough surface morphology which depends on the chemical systems used. The position of the
PL peaks depends both on the chemical systems used and the resistivity
of the Ge crystalline wafers. Raman spectra suggest that trigonal Ge0 2
(which contains hydrogen and OH groups) is present on the treated Ge
surface. It is assumed that a chemical compound based on Ge is obtained
as a result of the stain-etched Ge and it is responsible for the visible PL
observed.

1. Introduction
Visible photoluminescence of crystalline silicon wafers after electrochemical anodic
or chemical etching (1, 2), anodized amorphous hydrogenated silicon [3] and molecular beam epitaxial SiGe thin films (4, 5] have been recently observed at room
temperature. PL of Si [6] and Ge (7, 8] nanocrystals embedded in a SiOx matrix
and of quantized planar Ge structures (9] have been reported as well. However,
porous Ge, obtained by stain etching (5], has not shown PL.
The photoluminescence of these materials is generally attributed to the spatial
confinement of photoexcited carriers in small semiconductor crystallites of a few
nanometers in size. However, the physical quantum confinement size model [1] has
been recently challenged by the chemical quantum confinement model which emphasized the similarity of the luminescent and vibrational properties of porous Si
with those of longtime known siloxene derivates [10].
In this paper we report for the first time the visible room temperature photoliminescence of stain-etched crystalline Ge. We also demonstrate the possibility
of exciting PL of a-SiGe:H films after chemical treatment.
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In our experiment we used p-type Ge of resistivity 20- 100 st.cm and undoped 1 µm
thick a-Sii-xGex :H films with resistivity of about 1x10 st.cm. Amorphous alloy
thin films were deposited by the reactive magnetron sputtering [11].
Ge monocrystalline wafers with (100) orientation were etched using different
chemical systems: 100 % acetic acid glacial (CH3COOH), 30 % hydrogen peroxide (H 20 2), 40 % .hydrofluoric acid (HF) , a mixture of 48 % HF:30 %H202 = 1 :50
weight parts (wt. p.) and a solution of 48 % HF:H20 = 1:1 wt. p. The etching was
performed by dripping out one or a few drops on the sample surface and subsiquently dried at room temperature. Some of the samples have been prepared by
immersion of the Ge wafer into 100 %ClhCOOH or into a solution of 48 % HF:H 20
= 1:1 wt.p. The a-Si1-xGex:H films were treated by dripping of 30%H202 and
48 % HF:30 % lh0 2
1.50 wt. p. The layers obtained on the surface of Ge wafers
after etching by chemical systems containing H 20 2 were whitish in colour while
the others were brownish-yellow. We attribute this to the different thickness of the
layers and because H 202 is a faster oxidizer. Photoliminescence and Raman spectra
measurements were performed on a double monochromator SPEX 1403 with a photomultiplier in a photon counting mode. The excitation was made by 488 nm Ar+
laser radiation. The spectral resolution was 7 cm- 1. The morphology of the stainetched surfaces was studied on scanning electron microscope SEM 515 "Philips".

=

etched crystalline Ge and aperature. Scanning electron
ls have a rough surface morems used. The position of the
terns used and the resis ti vi ty
suggest that trigonal Ge0 2
is present on the treated Ge
und based on Ge is obtained
esponsible for the visible PL

fter electrochemical anodic
ated silicon [3] and molecrecently observed at room
bedded in a SiOx matrix
eported as well. However,
PL.

y attributed to the spatial
uctor crystallites of a few
nement size model (1] has
nement model which emal properties of porous Si
e room temperature phoemonstrate the possibility
t.

ity Press All rights reserved

3. Results and Discussion
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As shown in Fig. 1, SEM micrographs of the 20 st.cm p-Ge sample indicate that Ge
surface becomes microscopically rough after stain-etching. The samples treated by
different chemical systems show different surface morphology. The micrograph of
Ge wafer treated by 30 % H 20 2 displays large crystals whose surfaces consist of a
large number of small regularly oriented pyramids with different size - from 0. l to
about 2µm (Fig. la and b). Crystals with tetrahedral shape appear on the surface
of Ge wafer etched by 40 % HF acid (Fig. le). The surface of these crystals is pimply
(Fig. ld). The surface morphology of the sample treated by dripping of a mixture of
48 % HF:30 % lh0 2 = 1:50 wt. p. (Fig. le) consists of big rough crystals similarly as
in the case of H 20 2 treatment and tetrahedral formations as it is in the case of HF
etching. The treatment by dripping of 100 % CH3COOH brings to a rough surface
with oval formations with a size below 10 µm (Fig . lf). The surface morphology of
the samples treted by dipping in 48 % HF:H 20 = 1: 1 (Fig. lg) consists of formations
of different shapes and sizes. Figures lh and li show micrographs of stain-etched
a-Si 0 .18 Ge 0 . 22 :H films. The effect after etching is apparent surface roughening with
fractal (Fig. lh) and coral (Fig. 1i) like structure.
Each of the stain-etched samples gives a broad PL covering a spectral range from
NIR to visible. Figure 2 shows PL spectra at room temperature for stain-etched
Ge using different chemical systems. The PL peak (full width at half maximum
180- 220 nm) was observed at different wavelengths: 550, 580 , 600 and 640 nm for
different samples. Note that the position of the PL peak changes not only with the
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chemical system used but also with the resistivity of Ge: 20 fl .cm (Fig. 2a, curve
4) and 50 fl.cm (Fig. 2b, curve 1) and with the technique of treatment - dripping
(Fig. 2b, curve 1) and dipping (Fig. 2b, curves 2, 3 and 4). It was observed that
the intensity of PL fell after laser exposure, but the spectral distribution remained
unchanged.
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Fig. 2. PL spectra of stain-etched Ge:
(a) by dripping of different chemical systems on 20 O.cm Ge: curve 1
- 30 3 H202, curve 2 - 48 3 HF:30 3 H202 = 1:50 wt. p. , curve 3 483HF:H20 = 1:1 wt.p., curve 4 - lOO%CH3COOH, curve 5 - 403HF ,
(b) curve 1 - 100 3 CH3COOH on 50 O.cm Ge and (b) by dipping: curves 2
and 3 - 100 and 50 O.cm Ge into 100 3 CH3COOH, curve 4 - 65 O.cm Ge
into 48 3 HF:H20 = 1:1 wt. p.
The measurements of the PL spectra at different temperatures (not presented
here) show that the position of the PL maximum for stain-etched Ge shifts to
lower wavelengths from 575 nm to 560 nm with decreasing temperature from 300 K
to 40 K for the 20 fl.cm Ge wafer etched by 30 % H 2 0 2 and from 585 nm to 555 nm
for the 20 fl.cm Ge wafer treated by dripping of glacial CH 3 COOH on it . The
observed blue shift with temperature decreasing (0.06 and 0.11 eV) contradicts the
view that quantum confinement in crystalline microstructures causes the visible
luminescence. According to theoretical calculations based on spherical and cubic
symmetries [12] the PL at these wavelengths does not depend on the temp erature.
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Figure 3 shows PL spectra of stain-etched a-Si1-xGex :H films. The as deposited
films do not show any PL but after etching, a broad asymmetric band consisting
of a peak at 560 nm and a shoulder in the low energy side of this peak appears .
The position and intensity of PL are different for the films etched with different
chemical systems (curves 1 and 2) . The intensity of PL peak decreases (curves 2
and 3) but its position shows no significant variation with Ge content. This result
resembles that of Ksendzov et al. [5] and according to their reasonings it contradicts
with the model which attributes the visible PL to quantum confinement.
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Fig. 3. PL spectra of etched a-Si1-xGex thin films with different
Ge content by different chemical systems:
curve 1 (x = 0.22) 303H202, curve 2 (x = 0.21)
- 483HF:303H202 = 1:50 wt.p., curve 3 (x = 0.5) 48 3 HF:30 3 H202 = 1:50 wt. p.

The Raman spectrum of the sample obtained by etching of the 20 n.cm p-Ge
wafer by 30 % H202 is shown in Fig. 4a, curve 1. This spectrum is very similar to
that of trigonal Ge0 2 [13]. The peaks are sharp and the measurements for different
polarization do not show any difference in their intensity. The sample treated by
100 % CH 3 COOH shows an identical Raman spectrum whereas the one treated by
48 % HF:30 % H202 = 1:50 wt. p. shows a Raman spectrum with peaks that are not
expressed so well (Fig. 4a, curve 2). The Raman spectrum shown in Fig. 4b exhibits
features which are due to the OH group (the band about 3500 cm- 1). The additional
band around 770 cm- 1 in the spectrum (Fig. 4a, curve 2) which is not seen neither
in the Raman spectra of the trigonal and tetragonal [13] nor in the vitreous Ge0 2
[14], could be related to the presence of H in the stain-etched Ge. SIMS study
shows that the different configurations like GeH, GeO, GeOH, Ge 20, OH, H 20,
C, CH, C2H2, C2H, 0, Cl are present in the stain-etched Ge [15] . The presence of
these configurations could be a reason for excitation of the photoliminescence of
the prepared material at lower energy (2.54eV) than in the Ge0 2 crystal (6.3 and
7.7 eV) [16] reported by Trukhin.
We suggest that the formation of chemical compounds on the base of Ge, 0
and H, as in the case of siloxene and its derivates in porous Si, are responsible
for the PL of stain-etched crystalline Ge. More extended PL band of stain-etched
a-Si1-xGex :H films could be explained not only by the contribution of the porous
Ge (the peak of curve 1 in Fig. 3), but alsa- by the presence of porous Si (the
shoulder of curve 1 in Fig. 3). Our arguments for the origin of PL are based on the
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following results: the presence of Ge02 with Hand OH group on the stain-etched Ge
surface: the possibility to obtain PL peak at different wavelengths (similar to the PL
spectra of porous Si and siloxene [17]) by etching Ge with different resistivity and by
different chemical systems. The observed blue shift of the PL peak with decreasing
the temperature of stain-etched Ge and the independence of PL peak position on
the Ge content of stain-etched a-Si1-xGex :H films could not be explained by the
quantum confinement size model.
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Fig. 4. Raman spectra of etched by 30 3 H202 ((a) curve 1 and (b)) and by
48 3 HF:30 3 Ih02 = 1:50 wt. p. ((a) curve 2) 20 O.cm p-Ge wafers

4. Conclusion
In summary we have observed visible photoliminescence of stain-etched crystalline
Ge and a-Si1-xGex:H thin films. Raman spectra show that the layers of trigonal
Ge02 with hydrogen and OH groups are present on the surface of the stain-etched
Ge. We cannot propose a detailed model for the origin of the PL, and our data
contradict with the view that quantum confinement causes visible PL. Our results
imply that a chemical compound on the base of Ge, similar to the siloxene in porous
Si, is responsible for the visible photoliminescence of stain-etched Ge.
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