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Abstract

In this contribution we are analyzing and comparing the impact of two different alkali-fluorine post deposition
treatments (KF and RbF) on the growth of chemical-bath-deposited CdS buffer layers on Cu(In, Ga)Ses; absorber
layers for thin film solar cells. By combining Raman scattering, scanning electron microscopy, current-voltage
analysis and measurements of the internal quantum efficiency we provide a comprehensive picture of this issue on
the material and device level. We find that both PDTs lead to a better CdS-coverage of the surface of the CIGS,
which leads to an improved junction quality at early growth stages compared to untreated devices. Furthermore the
growth rate of the CdS is enhanced on KF-treated absorber layers while it is decreased on those treated with RbF
(compared to the reference). This leads to a more stable behavior of RbF-treated devices after longer duration of the
CdS deposition, while the KF-treated devices suffer from reduced fill factor and open circuit voltage. Furthermore
we show that not only both PDTs but also the growth of the CdS lead to a reduction of the amount of the so called
ordered defect compound, which is initially present at the surface of our absorber layers. This behavior indicates
either the formation of Cdcy,-anti-sites or of a secondary phase at the interface.

Keywords: CdS growth, CIGS solar cells, post deposition treatment, alkali fluorides, Raman scattering, ordered
defect compound

1. Introduction

Since most of the latest progress in increasing the efficiency of solar cells based on Cu(In, Ga)(Se, S)2 (CIGSSe)
absorber layers was achieved by application of an alkali-fluoride post deposition treatment (PDT) using KF, RbF
or CsF [1][2][3], a lot of recent studies are focusing on the mechanisms involved during the PDTs [4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14]. While the main effects of these PDTs are enhancement of the open-circuit voltage (Voc)
and fill factor (F'F), it was also reported that they provide the opportunity to grow the commonly used CdS
buffer layer thinner than on untreated samples without losing performance [1, 4]. Since the bandgap of CdS is
rather narrow (EJ = 2.4V [15]), a thinner buffer layer leads to reduced absorption losses in the buffer layer
and therefore to a gain in short-circuit current density (jsc). There is one study in which the authors could show
that an alkali-PDT leads to a better coverage of the Cu(In, Ga)Ses (CIGS) by the subsequently deposited CdS in
early growth stages as well as to a faster growth rate of the CdS [16]. The latter result was already mentioned in
another study investigating the impact of a KF-PDT on CIGS grown on flexible substrates [1]. However, to the
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best of our knowledge no publication systematically investigating and comparing the effect of different PDTs on
the growth of the CdS is published so far. Targeting this issue, we present a comparison of the impact of an RbF-
PDT and a KF-PDT on the CdS growth. To do so, we carried out a combinatory Raman scattering and scanning
electron microscopy (SEM) study to investigate the PDT-induced changes on a fundamental level. Furthermore
the interplay of the typically Cu-depleted surface of CIGS absorber layers (with and without alkali-PDTs) with the
subsequently deposited CdS-buffer layer is examined using Raman scattering. Finally we prepared devices with
different thicknesses of the CdS layer to combine those results with the optoelectronic properties of the finished
solar cells.

2. Material and Methods

In order to investigate the impact of both a KF- and an RbF-PDT on the growth of the CdS buffer layer as well
as on the device performance in dependence of the thickness of the CdS, we prepared two sample sets consisting
a KF-, an RbF-treated as well as an untreated reference sample each: Set 1 for the growth study and Set 2 for
the device study. Therefore in total six CIGS thin film samples were deposited using a three stage co-evaporation
process [17] on 1 mm thick glass substrates coated with 400 nm thick DC-sputtered molybdenum. All samples
were prepared without diffusion barriers, so that Na could diffuse from the glass substrates into the films during
growth. The maximum substrate temperature during the second and third stage of the process was 580°C, the
integral composition as measured by X-Ray Fluorescence spectroscopy (XRF) exhibits %—&1 = CGI =~ 0.8 and
ﬁ = GGI = 0.35, x; denoting the molar fraction of element i. For additional details of the CIGS deposition
process the reader is referred to Ref. [18]. After the CIGS deposition samples were taken out of the system, i.e.
exposed to air, and on two samples each a KF-PDT or RbF-PDT was performed respectively. The details of the
KF-PDT are published in Ref. [8]. The RbF-PDT was performed at a substrate temperature of 280°C with an

RbF-deposition rate of around 0.2‘&; in Se atmosphere. The Se-atmosphere was provided using two Se-sources
aiming onto the substrate from a distance of about 50 cm. The evaporation rates of the Se-sources were set to
values lower than 0.1 é The base pressure of the used system in stand-by is about 10~% mbar. After depositing an
approximately 10nm thick RbF film, both the RbF and the Se-fluxes were cut off and the substrate was annealed
for another 5 minutes before cooling it down. To avoid cross contamination KF- and RbF-PDTs were performed in
different evaporation chambers with slightly different setups. However, since the KF-PDT and the CIGS-deposition
are performed in the same chamber cross-contamination could not be ruled out entirely, and indeed, we found
small traces of K in the bulk of all samples (see supporting information). Nevertheless, since the amount of K
in the untreated and RbF-treated samples is about an order of magnitude lower than in the KF-treated samples
and was not detected at the very surface of those samples, we assume that our results are not impaired by this
cross-contamination. These K-traces could either be due to cross-contamination in the chamber or out-diffusion of
K from the glass substrates.

One set of samples consisting of an untreated reference sample, a KF-PDT sample and an RbF-PDT sample was
used to investigate the impact of the PDTs on a materials basis (Set 1), while the other set was used to compare
their impact on the opto-electronical device properties (Set 2).

The samples of Set 1 were cut in 11 approx. 1 x 1 cm? sized pieces each, of which ten were dipped into an aequeuos
chemical bath consisting of the followingly concentrated chemical solutions: Cd-acetate [2.6 mM], thiourea [0.1 M],
and ammonia [1 M] (chemical purity of all used chemicals: > 0.99). In order to ensure reproducible conditions
a water bath was heated to 58°C and a glass beaker was dipped in it. After the temperature was stabilized, the
solutions, which were prepared at room temperature, are poured into the glass beaker and the samples are added
immediately. Starting after one minute one sample was taken out of the bath per minute resulting in a variation of
the CBD-duration from 0 min to 10 min. To avoid cross contamination the untreated, KF-treated, and RbF-treated
samples were dipped separately. The samples of Set 2 were cut in 4 pieces each, which were dipped in a similar CdS
bath for 3 min, 4.5 min, 7 min, and 9 min respectively. Details of the CBD-process as well as a literature overview
about the CdS growth mechanism have already been recently reported in a previous study [19]. Afterwards these
samples were coated with a bi-layer of intrinsic and Al-doped ZnO, which were both deposited by RF sputtering.
A Ni-Al-Ni front contact grid was subsequently deposited using a electron beam evaporation.

SEM-images were taken with a Jeol JSM-7600F microscope using a 5kV acceleration voltage and j-V curves were
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Figure 1: Examples for the fitting routine used to analyze the recorded Raman spectra. a) Spectrum after 0 min CBD showing no CdS
contributions. b) Spectrum after 5 min CBD showing contributions of CIGS, ODC and CdS.

measured under AM 1.5 standard test conditions. The internal quantum efficiency (IQFE) was calculated from
external QQF measurements performed in a self-built setup. The latter were corrected by reflection measurements
in a UV-Vis spectrometer by Perkin Elmer. Raman spectra were recorded in back-scattering configuration on a
Jobin-Yvon T64000 spectrometer coupled to a microscope (spot surface 5 pum?) at 514.5 nm excitation wavelength.
We recorded five spectra on different spots of each piece of Set 1 to take lateral inhomogeneities into account.
Subsequently we removed the background from the recorded spectra using the software fityk [20] and fitted all
spectra with a combination of 6 peaks (samples with no CdS signature visible) or 8 peaks respectively (samples
with visible CdS contributions). In Figure 1 representative examples of a spectrum with (1 a)) and without CdS-
contributions (Figure 1 b)) including the respective fits are shown. We attributed one peak each to the CIGS A;
(CIGS-1) |21], and the B- and E- contributions (CIGS-2, -3), three to the respective contributions of the so called
ordered defect compound (ODC-1, -2, -3), a compound with reduced Cu-content, [22] as well as two peaks to the
longitudinal optical (LO) phonon scattering in the CdS (CdS-1, -2) [23]. Being aware that more Raman active
modes are reported for each of these materials [21, 22, 23], we chose this fitting routine in order to maintain stable
fitting conditions. All spectra were then normalized to the maximum of the CIGS A1l mode.
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Figure 2: Examples of how the “Al-region” of the three different sample sets evolves during the CdS deposition in case of untreated
CIGS (a), KF-treated CIGS (b) and RbF-treated CIGS (c). The deposition time of the CdS is indicated by tcgp. The initial reduction
of the ODC-feature as well as the steady vanishing of its residuals during the CBD are clearly visible.

3. Analysis of the ODC-Signature
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Figure 3: Evolution of the area ratio of the ODC-1 and the CIGS-1 peak for all three sets during the CdS deposition. Dashed lines are
shown as guidance for the eye only. Error bars show the standard deviation calculated from the five measurements which were done on
each sample.

In Figure 2 one example fit of the Al-region of the Raman spectra of each sample from Set 1 is shown. In
order to analyze the impact of both PDTs as well as the CdS growth on the ODC signature, the area ratio of the
ODC-1 contribution over CIGS-1 was calculated for all five measurements of each sample. The average of these five
measurements is plotted versus the CdS deposition duration (tcpp) in Figure 3. It is evident that both PDTs lead
to a significant reduction of the ODC mode.

To quantify this reduction a linear fit of all three curves was performed. Due to the fact that there are barely
any traces of the ODC-1 detectable on the KF treated samples after 8 min, we restricted the fit of this set to
the range 0-8 min and did not include the points at 9 and 10 min in the fit. According to the fit results, the
initial reduction due to KF is stronger pronounced (reduction of (48 & 5) %, while RbF-PDT leads to a reduction
of (16 £5) % compared to the untreated reference). However, with longer CBD duration the ODC-contribution is
(further) reduced in all three cases with indistinguishable rates: the slope of the linear fit is (—0.009 + 0.001) per
minute for the untreated samples and (—0.011 + 0.001) per minute for both the KF-treated and the RbF treated
ones. Note again, that Figure 3 shows the ratio of the ODC-1 and the CIGS-1 contribution, meaning that this
is not an attenuation effect of CdS covering the surface of the CIGS. Moreover this is an indicator for a direct
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Figure 4: Raman spectra of one measurement per sample of each set. The plotted region only shows the combined contributions CdS-1
and CdS-2 - still all spectra are normalized to the respective CIGS-1 contribution. a) shows the reference set, b) the KF-treated set
and c¢) the RbF-treated set.

consumption of the ODC phase during the CBD. Due to the different initial offsets depending on the nature of the
PDT, the final values differ too. While there is no trace of the ODC left on the KF-treated samples already after
8 min CBD, there are still clear contributions detectable after 10 min CBD duration on the RbF treated and the
untreated samples.

4. Impact of the PDTs on the CdS-growth

4.1. Raman and SEM study (Set 1)

In this section the impact of both PDTs on the growth morphology (analyzed by SEM) as well as on the growth
dynamics (analyzed by Raman scattering) of the CdS are investigated using the samples of Set 1. Starting with
the latter, Figure 4 shows the spectra in the range of the CdS LO-contributions of one example measurement on
each sample. As it can be seen there are no traces of the CdS-contributions during the first 2 minutes of the CBD.
Starting from 3 min the CdS-signals are steadily increasing with longer duration for all three sets. After longer
duration the increase of the CdS-signals is no longer steady but becomes discontinuous. This can also be seen from
the area ratio plot in Figure 5, which again includes data from all five measurements per sample: Starting from 7
min (KF-PDT) or 8 min (RbF-PDT and untreated samples) the error bars at each point increase and the overall
evolution becomes unsteady. We attribute the phase of steady increase to the ion-by-ion growth of the CdS layer,
while the unsteady behavior is due to the formation of CdS clusters on the surface of the CdS film [24]. Since the
measurement spot of the Raman setup used is in the range of the size of these clusters (about 200 nm in diameter,
not shown), these can influence the results strongly.

To investigate the impact of the different PDTs on the actual growth of the CdS layer, we separately interpolated
the steady growth region using a linear function as it is shown in the inset of Figure 5. It can be seen from these
fits that the growth rate k of the CdS is higher on surfaces treated with KF (k = (0.98 £ 0.11) min~!) than on
untreated surfaces (k = (0.86 £ 0.04) min—1). On the other hand RbF-PDT (k = (0.72 4 0.03) min~!) leads to a
lower growth rate compared to the one on the untreated surface. Hence it is evident that the CdS growth rate is
slower on RbF-treated surfaces compared to the one on both KF-treated and untreated surfaces. However, the error
bars of the growth rate on the KF-treated surface and the one of the reference overlap, but taking into account the
appearance of the CdS-clusters, which can be qualitatively derived from Figures 4 and 5, it is nevertheless likely
that the CdS growth is indeed accelerated by the KF-PDT.

To investigate the nature of these different growth rates, we examined the morphology of the growth at different
stages using SEM. In Figure 6 we exemplary show top view images of all three samples after 3 minutes of the growth
(additional images are shown in the Supplementary Information). Note that these SEM images were measured on
a third sample set due to logistical difficulties. The samples of this third set, however, were treated exactly as the
ones from the first set. The untreated CIGS at this early growth stage is just partly covered by a thin layer. While
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Figure 5: a) Area ratio of the combined CdS-contributions and the CIGS-1 contribution for all three sample sets in dependence of
the CBD duration. Each point marks the corresponding middle value of five measurements, the error bars are given by the standard
deviation. Dashed lines are guidance for the eye only.

b) Region of steady increase of the CdS/CIGS-area ratios contribution for all three sample sets. The solid lines show the result of a
linear fit of the correspondingly colored measurement points.
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Figure 6: Top view SEM images of a reference sample (a), a KF-treated sample (b) and an RbF treated sample (c) after 3 min CBD
duration.

some CIGS grains seem to be fully covered by this thin layer, others appear to be still completely blank. Both the
KF- and RbF-treated surfaces appear much better covered by the CdS. There are no blank CIGS grains visible on
either sample even at this early stage of the growth - so both surfaces are already completely covered by a thin film.
The fact that there is already a film deposited on the CIGS after 2 and 3 min (cf. Supporting Information), but no
to little CdS detectable via Raman scattering is not contradictory. It was already shown in literature [25, 19] that
in the very early stages of the CdS growth there is an “induction/coalescence” mechanism taking place consisting in
the adsorption of only Cd(OH)2 onto the substrate. Choubrac et al. [19] also reported the beginning of the actual
CdS-growth detectable by Raman to start after about 3 min.

4.2. Study of the device parameters (Set 2)

Figure 7 shows the combined j-V-parameters of two representative cells of each sample from Set 2. The solid
lines are the result of interpolating the results using third degree polynomial functions (exponential function in case
of jsc of the untreated samples) to provide guidance for the eye only. A Figure showing a close-up to the “high-
efficiencyregion of these graphs is shown in the Supplementary Information. As one can clearly see, both PDTs
result in much higher values for all four parameters after 3 min, meaning they provide a higher junction quality
after very short CBD duration, e.g. with a rather thin CdS layer. With longer CBD duration Vo of all three
sample sets is increasing and stabilizing after 7 to 9 min. This increase is slower for the reference samples, while it
shows almost the same behavior for both treated samples. However, the KF-treated samples show an overall higher
Voc compared to the RbF treated ones. On the other hand the FF' of the KF-treated samples appears to be very
sensitive to the CBD duration. While the RbF-treated samples show an overall higher F'F' and a steadier behavior
after long PDTs, KF-PDT leads to a strong deterioration of the F'F' after 7 to 9 min. Again the reference samples
show a much slower increase and seem to reach its maximum FF' after 9 min CBD duration. While jsc shows
slightly lower values for KF-treated samples compared to the other two sets (compare IQFE results), the efficiency
mostly follows the trend of the Voc and F'F. The KF-PDT provides high initial values, but shows decreased 7
already after 7 min; RbF-PDT shows similarly high initial values but more stable values after longer CBD duration;
the reference samples show much lower performance after short treatments but show the most stable behavior after
longer CBDs.

To be able to analyze the behavior of jsc¢ in more detail, plots of the internal quantum efficiency (IQFE) are shown
in Figure 8. In all three cases (No PDT, KF-PDT and RbF-PDT) one can clearly see how the increasing absorption
in the CdS layer with longer CBD duration leads to lower quantum efficiencies in the wavelength region between
400nm and 500 nm. Furthermore it becomes obvious that this effect is stronger pronounced in case of KF-treated
samples, since the IQF in this wavelength region shows the lowest values after 4.5 min, 7 min and 9 min compared
to the other two sample sets. There is no clear trend visible regarding RbF treated and untreated samples: after 7
min the IQF in that range is lower for the RbF-treated sample but after 9 min it is slightly lower in case of the
untreated sample.

Note that the overall lower jgc of the KF-treated samples is not due to a shift of the bandgap and therefore not an
effect of lateral compositional gradients.
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Figure 7: Electrical parameters of two cells of each sample from Set 2. The solid lines are obtained by fitting the correspondingly
colored data points using a 3. degree polynomial function in all cases but the jsc of the reference set, where an exponential function
was chosen. These fits are used as guide to the eye only, not to interpolate the trends.

5. Discussion

5.1. Impact of the two PDTs and the CdS growth on the ODC

The fact that a KF-PDT can lead to a reduction of the ODC-signature in Raman spectra was already published
before [8], while no similar behavior was reported after RbF-PDT so far. From our data, however, it becomes obvious
that a comparable effect occurs in the latter case, too. We interpret these results as follows: Due to the final Cu-poor
composition of the films (CGI = 0.8) a pronounced ODC phase is present on the untreated CIGS absorber layers.
During the PDTs K and Rb atoms respectively occupy free Cu-vacancies in this surface layer reducing the amount
of ODC being detectable by Raman scattering. Whether this is due to the formation of K-In-Se and Rb-In-Se
phases accompanied by a Cu-diffusion deeper into the bulk as it is assumed in the literature [7, 8, 9, 11, 13, 26] or
simply due to the formation of A, anti-sites (A = K, Rb) from Cu-vacancies in the chalcopyrite lattice, which was
also modeled in the literature [4], cannot directly be concluded from our data.

It was reported for both KF- and RbF-PDTs that the respective alkali-atoms are hardly incorporated into the
lattice of the CIGS [27, 10, 12, 11]. Furthermore, theoretical investigations conclude that the formation of an
alkali-containing non-chalcopyrite compound (as e.g. monoclinical AlnSe;; A = K, Rb) at the surface would be
energetically favorable [28, 29]. Additionally there is experimental evidence that a non-chalcopyrite phase is forming
at the surface during these PDTs [5, 7, 8, 9, 26, 11, 13|, which could be even identified as RbInSe; in two separate
studies [14, 30].

On the other hand some of these candidates as e.g. InySes : K [31] and RbInSes [29] have been proven to be Raman
active, but we don’t see any traces of either in the respective sample sets. However, the latter could be due to the
fact that these interface phases are probably just a few nm thick [14] indicating that their Raman signal might be
rather small compared to the ones of CIGS and CdS — especially since they might grow amorphous. Furthermore
the most prominent Raman peaks of both phases are either overlapping with the CIGS A1 or the CdS LO-modes
and would therefore not be distinguishable in our measurements.

Based on this literature data we conclude that the initial reduction of the ODC is likely to be due to the formation
of alkali-In,Se, secondary phases. The fact that the reduction is stronger in case of the KF-PDT could be a hint for
a different formation speed of the potassium containing phase or a faster in-diffusion of potassium into the CIGS
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Figure 8: Internal quantum efficiencies of the best cell of each sample. IQFE was obtained from measuring Reflectance and external
quantum efficiency on the same cell. The image shows the results for a) the untreated reference sample, b) the KF treated sample, ¢)
the RbF treated sample as well as combined views of all three curves of the devices with CBD-duration of d) 4.5 min, e) 7 min, and f)
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compared to the rubidium case. It can also not be ruled out that there is more K deposited during the KF-PDT than
RDb during the RbF-PDT enhancing the effect in the former case, since the PDTs were done in different chambers
and we are not able to quantify the amount of either in the samples. Please note that the presence and amount
of the ODC are dependent on the final CGI of the samples [8] and therefore all results discussed above and in the
following are likely to be dependent on the CGI as well.

The further reduction of the ODC signal during the CBD shows no dependence on the PDT performed. Generally
this linear reduction could be attributed to Cd-atoms diffusing into the chalcopyrite structure creating Cdc, anti-
sites from the available V,. However, it could also be due to the formation of a mixed phase like e.g. CdIns (S, Se)4
as it was already proposed by Barreau et al [32]. From our data it is not discernible whether this effect is amplified
by the PDTs, since we cannot determine whether the amount of the ODC consumed during PDT, is further altered
during the CBD growth. However, taking into account data from literature in which it was proven that the overall
Cd diffusion into the CIGS is enhanced by heavy alkali-PDTs [4, 33], one can draw another conclusion from our
data. Assuming that the reduction of the ODC-signal observed in our study is due to this Cd-diffusion into the
absorber layer, Cd is not only occupying residual Cu-vacancies in the ODC but is additionally either occupying
Acy anti-sites (A = K, Rb) in the CIGS or creating Cda anti-sites in the secondary phases, i.e. an ion-exchange
between Cd and the alkali-atoms must go on.

5.2. Impact of the PDTs on the CdS growth

Combining the results of the Raman and the SEM study, there are two different effects of the PDTs on the
subsequent growth of the CdS. The Raman study revealed that the overall growth rate is increased by the KF-
PDT while it is decreased by the RbF-PDT. The SEM study on the other hand showed that both PDTs lead to
a better coverage of the CIGS by CdS. It was also already shown in literature that an alkali-PDT can lead to a
better coverage as well as a faster growth rate of the CdS [16]. Since the authors didn’t specify the details of the
PDT used, correlation with our results is impossible. However, it seems to be a general effect of the alkali-PDTs
that the coverage of the CdS is enhanced. It was previously reported that the CdS growth in the early stages is
strongly dependent on the orientation of the underlying CIGS grains [34] and on untreated absorber layers grains
with (221) orientation are likely to not be covered in early growth stages. The authors explained this behavior with
the lower surface energy of (221) oriented grains. In a subsequent contribution they showed that the growth of the
CdS on these grains can be enhanced by increasing the surface energy by oxidation of the surface [35]. Due to the
hydrophilic nature of alkali-salts, alkali-PDTs can lead to a stronger oxidation of the surface of the absorber layer,
too [8]. Therefore the better coverage could be due to an indirect oxidation of the CIGS in between the PDTs and
the CBD due to the presence of the alkali elements. Another possibility is that the orientation of the underlying
CIGS grains does not play a role for the CdS growth after the PDT since all grains are covered with a monoclinic
AlnSes-phase. It was shown by Lincot et al. [25] that a change of the substrate can lead to significantly thicker
CdS-layers under unchanged growth conditions.

The effects of the PDTs on the growth rate of the CdS are independent of the better coverage, i.e. faster on
KF-treated and slower on RbF-treated surfaces. We were not able to identify a possible reason for this difference
with our used methods yet.

5.8. Study of the device parameters

Taking into account the results of the j-V-measurements of corresponding solar cells, it becomes obvious that
the CdS-coverage seems to be the most important factor for establishing a high-quality p-n-junction. Independent
of the CdS-growth rate, both alkali-treatments lead to much higher Vo, FF, and jsc compared to the untreated
reference at early stages of the growth. This effect could additionally be supported by the formation of the alkali-
InySey layers at the surface of the CIGS as discussed above. The formation of such a high bandgap and supposedly
n-type interface layer [29] may strongly reduce the interface recombination velocity, which becomes even more
relevant at early growth stages of the buffer.

The higher CdS-growth rate on the KF-treated samples on the other hand induces a rather narrow process window
for CBD. The maximum F'F, jsc, and efficiency seem to lie in the range of 4.5 to 7 min duration. 7 min CdS
deposition already leads to a rather strong deterioration of the quality of the junction as well as strong absorption
losses in the CdS as can be seen in the IQFE. The IQFE supports the results of Raman study, e.g. shows the
strongest CdS-absorption for KF-treated absorber for all duration. The RbF- and untreated samples show very
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similar IQF in all cases. However, after the longest CBD-duration the IQFE show the same trend as the Raman
study.

6. Conclusions

We compared the impact of both a KF- and an RbF-PDT on the surface of the CIGS absorber layer as well

as the growth of a subsequently deposited CdS buffer layer. We could show that both PDTs are consuming the
Cu-depleted surface phase of the CIGS. Based on previous studies and literature we assume that this is due to the
formation of secondary alkali-In,Sey-phases. Furthermore we could show that the ODC is further reduced by the
CdS-deposition itself. The latter could be a hint for the formation of a mixed phase like e.g. CdInz(Se, S)4 or for
enhanced Cd-diffusion into the CIGS.
Combining the results of the Raman and SEM study with the results obtained from the finished devices, one can
conclude that the quality of the p-n-junction at early growth stages of the CdS is mostly determined by the lateral
homogeneity of the CdS layer. Although the growth rate on the RbF treated absorber layers is lower than on
the untreated ones, RbF-treated samples show much better Vo and FF' after short CBD-duration. The different
growth rates then determine the optimal CBD duration for each sample set, since too thick buffer layers lead to a
reduction of all parameters, as can be seen in case of the KF treated samples. This has to be kept in mind when
analyzing the effect of different alkali-PDTs: one should make sure to individually optimize the CdS deposition for
each sample set instead of comparing differently treated samples with an identical CBD-CdS.
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