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The chemical etch of CdTe surfaces with a mixture of phosphoric and nitric acids is used in research labs in
order to enhance the back-contact formation in CdS/CdTe solar cells. However, the possible passivation effect
of this approach has not been studied. In this work we report an investigation about the etching effect of
nitric/phosphoric acid mixtures with different etching times (0, 30, 40 and 50 s) and variable concentrations
of the nitric acid upon the surface recombination velocity of CdTe films deposited by close space vapor
transport. Surface recombination velocities with values as low as 93 cm/s were achieved.
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1. Introduction

In recent years, great efforts have been made toward the
improvement in the cell open-circuit voltage and fill factor on CdS/
CdTe-based devices. A known approach to achieve these goals consists
on reducing the back surface recombination velocity by means of
surface treatments [1,2]. Wet chemical etching of CdTe is generally
accepted to create a Te-rich region on the CdTe surface, improving
back-contact formation. Usually, contact pre-deposition etching
treatments are made on CdTe by using either a dilute solution of
bromine in methanol (Br2-MeOH) or a mixture of nitric and
phosphoric acids in water, known as NP etching. These etchings
allow CdTe surface smoothening, cleaning it from oxides and other
contaminations. At the same time, wet chemical etch creates a Te-rich
surface layer on CdTe which effectively results in a p+-doped zone
that produces a back surface field. It has been demonstrated that NP
etching is more effective than that using Br2-MeOH, considering the
formation of the Te-rich region on CdTe [3]. However, the study of
surface passivation achieved by means of a chemical etching has not
been reported on CdTe. It is well known that the surface recombina-
tion velocity (SRV) has a significant influence on the device's
performance [4]. Particularly, low values of SRV are required at the
back contact of CdTe-based solar cells in order to prevent degradation
in quantum efficiency, electrical properties and therefore in the final
conversion efficiency of the device.
Photoacoustic (PA) measurements allow quantitative SRV deter-
mination in semiconductor samples [5–7]. The PA technique is based
on the generation of heat inside the sample as a consequence of the
absorption of periodically modulated light, and the subsequent non-
radiative recombination processes, which are connected (among
other physical parameters) to the SRV. The contribution from non-
radiative recombination at the surface of the material to the total
recombination is reduced as a consequence of the surface passivation
process. Another indirect measurement of the SRV can be obtained by
photoluminescence (PL), which is related to the radiative recombi-
nation from the sample. It has been well established that the PL
technique is a straightforward method which accounts qualitatively
for SRV, since the PL signal depends directly on the photogenerated
minority carrier distribution near the surface [8,9].

In this work, the influence of different NP chemical etching
conditions on the CSVT-CdTe samples grown by closed space vapour
transport (CSVT) are analysed using PA and PL and the results are
discussed.
2. Materials and methods

CdTe thin films were deposited on 3 mm thick commercial
conducting glass (SnO2:F) substrates by the CSVT-HW (Hot Wall)
method, using CdTe powders (6N purity). Further details of this
deposition technique have been presented in [10]. The substrate and
source temperatures were 550 and 650 °C, respectively. The deposi-
tion time was adjusted in order to obtain samples with similar
thickness of about 4 μm. For thermal treatment, a 200 nm CdCl2 layer
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Fig. 1. PA signal phase vs. light modulation frequency for sample with 30 s of etching
time in solution A. The solid symbols are the experimental data and the solid line is the
best fitting of Eq. (1) to the experimental data.
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was deposited by CSVT over the CdTe films and then annealed at
450 °C during 30 min in Ar atmosphere.

Two NP solutions with identical concentration of phosphoric acid
(10.70 mol/L) were used through this study; the main difference
between them was the concentration of nitric acid which was
0.13 mol/L for solution A and 0.17 mol/L for solution B. The CdTe
surfaces were etched with solution A at three different times: 30, 40
and 50 s while solution Bwas used for an etching time of 30 s, in order
to comparewith solution A. The sampleswere namedA-30, A-40, A-50
and B-30, respectively.

The experimental set-up used for the PA measurements corre-
sponds to the open photoacoustic cell (OPC) configuration [11,12]. In
this configuration the sample is attached on the front sound inlet of an
electret microphone and its surface is irradiated by an intensity
modulated laser beamwhich is absorbed by the sample and converted
into heat due to the non-radiative de-excitation processes. For this
configuration, the 514 nm line of a 50 mW Ar-ion laser was used as
the light source and its intensity was modulated using a mechanical
optical chopper. Samples were fixed with vacuum grease on the top of
the electret microphone. The PA signal from the microphone was
amplifiedwith the aid of a lock-in amplifier and recorded as a function
of the light modulation frequency, f.

For the PL measurements we used an Ar+ laser tuned at 4880 Å,
(2.54 eV), focused on the sample through a cylindrical lens in order to
avoid overheating. The outgoing radiation was focused on the
entrance slit of a double monochromator. The detection was carried
out by means of a thermoelectrically cooled photomultiplier tube
coupled to a photon counter. The sample was attached to the cold
finger of a He closed-cycle refrigeration system in order to reach low
temperatures (10 K). All PL spectra were corrected for the spectral
response of the system.

Chemical analysis at the samples surface was performed in a
scanning electron microscopy by energy dispersive X-ray (EDX) micro-
analysis system (XL 30 FEG/SIRION with focused ion- and electron-
beam, energy dispersive X-ray spectroscopy, and energy dispersive
angle x-ray GENESIS 4000).

3. Theory

In order to obtain the theoretical PA signal in semiconductor
samples, the heat diffusion equation together with the continuity
equation have been solved for free carriers in semiconductors. Both
equations take into account the heat sources resulting from the light
absorption in semiconductors. If the photon energy of the incident
laser beam is greater than the semiconductor band gap energy it is
possible to identify basically three heat sources: the intraband non-
radiative thermalization, the non-radiative electron-hole pair recom-
bination in the bulk and the recombination at the sample surface. It
has been found that, for optically opaque semiconductors, the
pressure fluctuation in the PA cell for the OPC detection configuration
is given by [5,13]:

δP =
2ε I0 P0

T0 lgσg ksσs

ε−1
ε
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where � is the ratio between the semiconductor band gap energy Eg,
and the incident light photon energy of intensity I0. P0 (T0) is the
ambient pressure (temperature). The parameters li (i=g, s) are the
thickness of the PA cell gas chamber (g), and the sample (s). The
complex thermal diffusion coefficient σi=(1+ j)ai is given in terms of
ai =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
πf =αi

p
, where αi (κi) are the respective thermal diffusivities

(conductivities), j=
ffiffiffiffiffiffiffiffi
−1

p
; D is the carrier diffusion coefficient, τ the

non-radiative carrier recombination time, γ=(1/Dτ)1/2(1+ jωτ)1/2,
with ω=2πf, and f the light modulation frequency. The parameter F
depends on γ and also on the surface recombination velocity (v0) and
the recombination velocity at the glass interface v, explicitly:

F = 1 + r0ð Þ 1 + rð Þeγls− 1− rð Þ 1− r0ð Þe−γls
h i−1 ð2Þ

where r=v/Dγ and r0=v0 /Dγ.
The first term in Eq. (1), scaling exponentially with themodulation

frequency as, 1= fð Þ exp ls
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
πf =αs

p� �
is the thermal diffusion contri-

bution from an instantaneous heat source, as described by the RG
model [14]. The second term in the large square brackets of Eq. (1),
which scales as f−1.5, is the contribution of the nonradiative bulk
recombination. Finally, the last term in Eq. (1) varying as f−1.0 is the
contribution from the nonradiative surface recombination.

4. Results and discussion

Both the amplitude and phase of the PA signal were measured as
functions of the modulated frequency in the range between 80 and
200 Hz. Fig. 1 shows the behavior of the experimental PA signal phase
data (solid circles) on A-30 sample. Eq. (1) was fitted, using GNUPLOT
version 4.2, to the experimental PA phase data in order to obtain the
surface recombination velocity v0 as a fitting parameter. The fixed
parameters used in this fitting were αs=3×10−3 cm2/s and
αg=0.21 cm2/s corresponding to the thermal diffusivities of glass
[15] and air respectively, ls is the measured sample thickness, and the
carrier diffusion coefficient was taken as D=3.8 cm2/s [15]. The best τ
value to fit Eq. (1) to the experimental data was τ=0.1 ms for the
studied samples. This τ value is in the same order of that reported by
Bernal-Alvarado et al., τ=0.35 ms, for a polycrystal CdTe/glass system
studied also by OPC technique [16]. The parameter τ is an effective
time that takes into account non-radiative recombination times. Also
we neglected the recombination velocity at the CdTe-glass interface.
The solid line in Fig. 1 shows the best fit of Eq. (1) to the experimental
data. Similar signal phase fittings were obtained for the other samples.
The values of surface recombination velocity obtained in each case are
reported in Table 1.

The etching time equal to zero corresponds to the sample without
etching treatment in order to compare v0 with the treated samples. It
is possible to see that the minimum of surface recombination velocity
for “A” samples is reached at 30 s of chemical etch. The results also
show that the etching with B-30 produces the highest passivation
effect. The obtained v0 value in this sample (93 cm/s) is lower than
those reported for CdTe polycrystalline films deposited on glass slides
by hot-wall closed-space vapor transport [15,16] and CdTe mono-
crystal [13].



Table 1
Chemical composition and SRV values from EDX and PA measurements, respectively.
The result for the non-etched sample is shown for comparison.

Sample Conc. Cd
(at.%)

Conc. Te
(at.%)

Cd/Te Etching time
(s)

SRV
(cm/s)

Non etched 49.5 50.5 0.98 0 311
A-30 35.2 64.8 0.54 30 207
A-40 33.8 66.2 0.51 40 212
A-50 32.1 67.9 0.47 50 247
B-30 30.7 69.3 0.44 30 93

Fig. 3. Correlation between SRV (from PAmeasurements) and IVCd peak intensity (from
PL measurements) for different NP etching conditions. Solid curve is a simple guide to
the eye.
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The enhancement in the PL intensity was also used to evaluate the
efficiency of the passivation at the surface. The PL spectra of samples
without etching and etched with the solution A are depicted in Fig. 2a.
The non-etched sample spectrum is characterized for the emission
line at 1.589 eV of exciton bounded on acceptor (Ao-X), a wide band
around 1.44 eV region with few phonon replicas separated approx-
imately by 22 meV and the signal emission at 1.55 eV, which in fact
consist of two peaks separated by around 6–8 meV [17], has been
related to Cd vacancies and Te precipitate at the surface of CdTe. It is
observed that the intensity of the Ao-X line decreases and the bands
related with the Cd vacancies increase as the etching time rises. PL
spectra of sample etched with solution B is shown in Fig. 2b. A relative
increase in the peak intensity associate to Te precipitate is observed.
These results are in correspondence with results of EDX measure-
ments (Table 1), where the maximum concentration at 69.3% of Te
was measured in the B-30 sample. This behavior could be associated
to the passivation effect of Te at the CdTe surface. It can be noticed in
Table 1 that the Cd/Te ratio shows a decreasing tendency with the
Fig. 2. (a) PL spectra (10 K) of etched CdTe layers of the samples of group A etching at
20, 30 and 40 s. The non-etched sample is shown for comparison. (b) PL spectra (10 K)
of CdTe sample etched with solution B-30.
increase of the etching time for the A solutions or with the increase of
the nitric acid concentration. These results confirm the selective
removal of Cd atoms by the chemical etch to produce a Te rich (p+)
region near the CdTe surface. In a first stage the NP solution removes
Cd atoms, contributing to surface passivation, but the ulterior increase
of etching time damages the surface and the layers beneath it in a way
that affect the SRV.

The relation of SRV with the PL peak intensity associated with the
cadmium vacancies (IVCd) is shown in Fig. 3. Higher values in the IVCd
peak intensity (with increase in the formation of elemental Te)
corresponds to lower SRV values, meaning an increment in the CdTe
surface passivation.

From the above results the NP etching on the CSVT-CdTe samples
produces an effective surface passivation of the CdTe surface due to
the formation of elemental Te rich region. Aspects related with
possible degradation effect in the physical bulk properties of the
absorber CdTe films, etched with B-30 are in progress.

5. Conclusions

The passivation properties of NP etching on p-type polycrystalline
CdTe layers, deposited by CSVT method have been demonstrated. The
etching reduce surface recombination velocity, calculated from
photoacoustic measurements, but the increase of etching time for
more than 30 s increases again the SRV. A minimum value of 93 cm/s
for the SRV was achieved when the concentration of nitric acid was
increased to 0.17 mol/L. Photoacoustic measurements shown that
passivation in directly related to the vacancies of Cd produces by the
etch of samples.
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