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Chemical bath deposition of CdS thin films doped with Zn and Cu

ATOLIVA*, JE CORONA,R PATINO and A I OLIVA-AVILES
Departamento de Fisica Aplicada, Centro de Investigacion y de Estudios Avanzados del IPN Unidad Mérida, Km 6
Antigua Carretera a Progreso A.P. 73-Cordemex, 97310 Mérida Yucatdn, Mexico

MS received 12 June 2012; revised 25 January 2013

Abstract. Zn- and Cu-doped CdS thin films were deposited onto glass substrates by the chemical bath technique.
ZnCl; and CuCl, were incorporated as dopant agents into the conventional CdS chemical bath in order to promote
the CdS doping process. The effect of the deposition time and the doping concentration on the physical properties
of CdS films were investigated. The morphology, thickness, bandgap energy, crystalline structure and elemental
composition of Zn- and Cu-doped CdS films were investigated and compared to the undoped CdS films properties.
Both Zn- and Cu-doped CdS films presented a cubic crystalline structure with (1 1 1) as the preferential orientation.
Lower values of the bandgap energy were observed for the doped CdS films as compared to those of the undoped
CdS films. Zn-doped CdS films presented higher thickness and roughness values than those of Cu-doped CdS films.
From the photoluminescence results, it is suggested that the inclusion of Zn and Cu into CdS crystalline structure
promotes the formation of acceptor levels above the CdS valence band, resulting in lower bandgap energy values for

the doped CdS films.
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1. Introduction

Due to its suitable optical, electrical and morphological prop-
erties, cadmium sulfide (CdS) has been widely recognized as
a key component of the thin film-based solar cells technol-
ogy (Wu 2004; Kazmerski 2006). A semiconducting direct
energy bandgap value of 2-42 eV and the ease of fabrica-
tion in thin film geometry make the CdS an ideal candidate
to be used as a buffer layer on the solar cell thin film het-
erostructures. CdS thin films are commonly used as optical
barriers for the solar radiation with the wavelength below
515 nm (Paudel et al 2012; Rios-Flores et al 2012). High
solar cell efficiencies have been recently reported using CdS
thin films as a part of the complex solar cell heterostruc-
tures (Romeo et al 2006; Repins et al 2008; Jackson et al
2011). Among the different methods for CdS thin films fab-
rication, the chemical bath deposition (CBD) arises as an
attractive option due to its low cost, simple processing and
high potential for scalability, the latter highly required for
commercial applications. High film homogeneity, low elec-
trical resistivity and high transparency in the visible region
are required characteristics for the materials that are intended
to be used as window layers for solar cell applications
(Kim et al 2012). These properties are strongly dependent
on film characteristics determined by the deposition pro-
cess such as the grain size and the surface roughness. For
example, low grain size values are commonly associated
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with low thickness, low roughness and high transparency.
For solar cells applications, a large grain size is required in
the buffer layer in order to decrease the electrical resistance
that as a consequence would increase the cell’s efficiency
(Romeo et al 2006). Large grain sizes can be achieved from
the deposition process or by the application of a thermal
treatment after the deposition. Although, CdS is commonly
reported to grow as a n-type semiconductor (Moualkia et al
2009), some reports have demonstrated p-type growth of CdS
(Sebastian 1993). Furthermore, doping CdS films with other
chemical elements during CBD process has shown to affect
the resulting physicochemical properties of the doped CdS
films, such as the electrical resistivity, bandgap energy and
crystalline structure. Sebastian (1993) reported a decrease
on CdS bandgap energy, as low as 2-0 eV, by using Cu
as a doping element during CBD process. Similar results
for the bandgap energy were reported by Portillo-Moreno
et al (2006), but using different chemical reagents for CdS
doping with Cu. Lee et al (2000) used boron as CdS dop-
ing element and reported an increase on the electrical resis-
tance of the boron-doped CdS films. Authors also reported
changes on the crystalline structure of the boron-doped CdS
after carrying out an annealing process under different gas
environments. To date, several elements such as aluminum
(Khallaf et al 2008), tin (Roy and Srivastava 2006) and
erbium (Déavila-Pintle et al 2007), have been reported to
decrease the bandgap energy and electrical resistivity of CdS
when they are used as doping elements. Furthermore, low tin
concentrations have shown to increase the optical transmit-
tance of tin-doped CdS films, which is desirable for optical
applications (Jafari et al 2011).
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Thus, the capability of controlling CdS physical proper-
ties with the doping process becomes an important issue to
address in order to optimize CdS performance on the wide
range of potential optical and solar applications. Here, we
report on the physical properties of doped CdS thin films fab-
ricated by CBD technique when Zn and Cu are used as dop-
ing elements. The morphology, thickness, bandgap energy,
crystalline structure and elemental composition of Zn- and
Cu-doped CdS thin films are investigated and correlated to
Zn and Cu concentrations, respectively. The proximity of Zn
and Cu to Cd in the periodic table (similar atomic radius)
along with their potential doping effects on the CdS are the
main drivers of the research herein presented.

2. Chemical formation

Conventional (undoped) CdS films deposition by CBD have
been previously explored and a more detailed description of
the methodology can be found in Herrera er al (2006) and
Oliva-Aviles et al (2010). The chemical reagents used for
the conventional CdS chemical bath deposition are CdCl,,
NH4NO3;, KOH and CS(NH;), (thiourea), where the pH of
the bath is controlled by the KOH concentration (Hubert ez al
2007). The chemical process involved in CdS formation can
be described by the following chemical reactions:

NH} + OH™ — NH; + H,0, (D)
Cd>* 4 4NH; — [CA(NH3),]"", )
CS(NH,), + 20H™ — S>~ + CN,H, + 2H,0, 3)
[CA(NH;),]*" + %~ — CdS(s) + 4NH. 4)

In general, the formation of CdS films is promoted by the
reaction of a cadmium salt dissolved in a basic ammonium
solution, see (2). According to the chemical reactions, com-
plex ion [CA(NH3)4]*t is deposited onto glass substrates as
Cd(OH), and further reacts with the thiourea. The addition
of thiourea (3) along with controlled heating and mechani-
cal stirring, initiates the CdS deposition onto the surface of
substrates immersed within the chemical solution. For the
CdS doping process, the addition of ZnCl, (Zn doping) and
CuCl, (Cu doping) salts are proposed as additional steps to
the conventional CdS formation process. The atomic radii of
metallic Cu (0-128 nm) and Zn (0-134 nm) are very similar
and lower than the radius of Cd (0-151 nm) (Greenwood and
Earnshaw 1997), rendering good conditions for CdS doping
process. It is then suggested that Cu>* and Zn>* ions would
partially substitute Cd>* ions into the crystalline structure of
CdS, therefore promoting the CdS doping.

Thus, the additional reactions corresponding to Zn, (5) and
(6), and Cu, (7) and (8), doping processes would also take
place as described below:

]2+

Zn*" + 4NH; — [Zn (NH3),] ™", (5)

[Zn (NH3),]*" + S? — ZnS(s) + 4NH;, (6)
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Cu®* +4NH; — [Cu(NH3)4]*t, (7

[Cu (NH3),]*" + 8> — CuS(s) + 4NH;. (8)

3. Experimental

In separate experiments, Zn- and Cu-doped CdS films were
deposited by the CBD technique onto Corning glass sub-
strates. The substrates were vertically immersed within the
chemical bath using custom-made Teflon substrate holders,
see figure 1. The chemical bath was composed of 80 ml of
CdCl, (0-02 M), 200 ml of KOH (0-5 M), 80 ml of NH4sNO;
(1-5 M) and 80 ml of CS(NH;); (0-2 M). The chemical solu-
tion was magnetically stirred and fixed to a temperature of
75 °C throughout the whole deposition process. ZnCl, and
CuCl, solutions, both of them at a concentration of 4 mM,
were used as doping agents for the CdS. The volume and
ionic concentration of Zn>* and Cu®* along with Cd** ionic
concentration used on this work are presented in table 1.
The selection of the highest molar concentrations for Zn>*
(0-333 mM) and Cu?t (0-140 mM), see table 1, was made
based on preliminary experiments carried out to correlate the
doping agent concentration with the degree of precipitation
of Zn and Cu. It was observed that concentrations of Zn>*
and Cu* above 0-333 and 0-140 mM, respectively, led to
an excess of doping agent precipitates, and, consequently,
no further doped-CdS film deposition on the substrates. For
simplicity, we will refer to the different doped-CdS sam-
ples according to the doping agent/Cd ratio shown at the last
column in table 1.

Figure 1 shows the appearance of the chemical bath when
Zn (figure la) and Cu (figure 1b) ions are introduced into
the chemical bath, after the addition of thiourea. No signif-
icant changes on the chemical bath colour with respect to
the yellowish colouration of the undoped CdS were observed
when Zn ions were added, see figure 1(a). However, the
chemical bath took on a brownish colour when Cu ions were
incorporated, see figure 1(b). Five samples were prepared
for each Zn- and Cu-doped bath with deposition times of
10, 20, 30, 40, 50 and 60 min. Doped CdS films presented
high transparency and adherence. The intensity of the doped
CdS film colour, yellowish for Zn-doped and brownish for
Cu-doped films, was observed to increase with higher dop-
ing agent concentration. The morphology of the deposited
films was investigated with a scanning probe microscopy
(SPM, Ambios Universal) and the thickness was measured
using a profilometer (Dektak 8). The bandgap energy was
estimated using a spectrophotometer (StellarNet EPP-2000)
with an uncertainty of 0-01 eV, in UV-Vis region. The sto-
ichiometry of the doped CdS films was investigated by the
energy dispersive spectroscopy (EDS) technique attached to
a SEM (Philips XL-30). In addition, a photoluminescence
(PL) technique was also carried out to obtain the levels
of energy produced by the doping effect. For this aim, a
405 nm-wavelength laser with a monochromator (Scientech
9040) and a Si-PbS photodetector (Thorlabs) were used.
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Figure 1.
Cu.

Table 1.

4 mM Zn?*t, V (ml) [Cd?T] (mM)

16 3.51
24 3.45
36 3.36
40 3.33

4 mM Cu?t, V (ml) [Cd2T] (mM)

4 3-60
8 3.57
12 3.54
16 3-51

Finally, the crystalline structure of the doped films was stud-
ied with a X-ray diffractometer (Siemens D-5000) opera-
ting at grazing incidence with Cua monochromatic radiation,
A =0-15418 nm.

4. Results

4.1 Morphology

Figures 2 and 3 show atomic force microscopy (AFM) micro-
graphs of Zn- and Cu-doped CdS films respectively, at dif-
ferent doping agent/Cd ratios. Images of Zn- and Cu-doped
CdS films correspond to deposition times of 60 and 50 min,
respectively. For Zn-doped CdS films (figure 2), mean grain
size values ranging from 116 to 185 nm were measured,
being this range slightly lower than the one reported for
undoped CdS films (150-230 nm) (Oliva et al 2003). On the
other hand, lower values for the mean grain size, ranging
from 50 to 150 nm, were observed for Cu-doped CdS films
(figure 3). Figure 4 shows grain size value as a function of
the dopant agent concentration.

The rms-roughness of CdS doped films was further inves-
tigated and the results are presented in figure 5. For Zn-
doped CdS films (figure 5a), a low effect of the deposition

[Zn>*] (mM)

[Cu?*] (mM)

Colour of the chemical bath when CBD-CdS is doped with: (a) Zn and (b)

Volumes and concentrations of Zn and Cu used for doping CdS films by CBD technique.

[Cd*T]/[Zn**] % Zn (molar)
0-140 25 4
0-207 17 6
0-303 11 9
0-333 10 10

[Cd*F]/[Cu®t] % Cu (molar)
0-036 100 1
0-071 50 2
0-106 33 3
0-140 25 4

time on the rms-roughness was observed as noticed from
the close values obtained for all the samples fabricated
at different times. A similar trend was observed for Cu-
doped CdS films (figure 5b), but the rms-roughness values
were significantly lower (~3 times) respect to those of Zn-
doped CdS films. Figure 5(c) shows dependence of the mean
roughness value on the doping agent/CdS ratio for Zn- and
Cu-doped CdS films. For a comparison, the rms-roughness
value for undoped CdS films has been reported as ~25 nm
(Tec-Yam et al 2011) which is close to the mean values
obtained for the Zn-doped CdS and higher than those of
Cu-doped CdS, see figure 5(c). From the results, it can be
observed that doping the CdS with Zn does not importantly
affect the film roughness as compared to the undoped CdS
films whereas Cu-doped films show an important decrease
in their roughness. Roughness values are associated with the
film thickness, which is modified during the film growth pro-
cess. According to the scaling laws (Barabasi and Stanley
1995), the roughness value increases with the increase of
thickness, until reaching a saturation level where no further
film is deposited. This behaviour will be discussed in more
detail in the next section. These results concerning the rms-
roughness are in agreement with the previous discussion of
the grain size results.
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Figure 2. AFM images (1 x 1 ,u,mz) of Zn-doped CdS films at different Zn/Cd ratio: (a) 4%,
(b) 6%, (¢) 9% and (d) 10%. Deposition time: 60 min.

Figure 3. AFM images (1 x 1 /unz) of Cu-doped CdS films at different Cu/Cd ratio: (a) 1%,
(b) 2%, (¢) 3% and (d) 4%. Deposition time: 50 min.
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Figure 4. Mean grain size of doped-CdS films as a function of the dopant concentration for
the different deposition times: (a) CdS:Zn and (b) CdS:Cu.
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Figure 5. Surface rms-roughness of Zn- and Cu-doped CdS films. Rms-roughness vs deposition time for: (a) Zn-doped, (b) Cu-doped
CdS films and (c¢) mean rms-roughness vs dopant agent/Cd ratio for Zn- and Cu-doped CdS films.
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4.2  Thickness

Figure 6 shows thickness vs deposition time plots of Zn-
and Cu-doped CdS films at different doping agent/Cd ratios.
For Zn-doped CdS films, a continuous increase of the film
thickness with the increase of the deposition time can be
noticed up to 40 min and then the trend is inverted for
longer times, see figure 6(a). The highest thickness value
(~350 nm) was registered for 9% Zn-doped CdS film,
which is very similar to the maximum thickness reported
for undoped CdS films fabricated under similar conditions
(Tec-Yam et al 2011). For Cu-doped CdS films, lower thick-
ness values were observed throughout the deposition pro-
cess, see figure 6(b), being ~90 nm the highest thickness
value, registered for 1% Cu-doped film. It is suggested that
the lower thickness observed for Cu-doped films can be
related to the fast reaction of CuCl, when the concentra-
tion increases, producing more precipitates which results on
a reduction on the film thickness.

According with scaling laws during growth (Barabasi and
Stanley 1995), an increase of thickness is related with an
increase of roughness before saturation, through the relation
w(t) ~ 1P, where w is the roughness, 7 is the deposition time
and g is the growth exponent. Thus, by comparing the effect
of Cu and Zn as doping agents, it is suggested that the lower
thickness observed for Cu-doped films can be related to the
lower solubility of the CuCl, (0-062 g/1) as compared to that
of ZnCl, (4320 g/1). The lower Cu’* reactivity may also
inhibit the formation of CdS onto the substrates by react-
ing with other chemical complexes and forming undesirable
precipitates resulting in a low film thickness.

4.3 Bandgap energy

The direct bandgap energy, E,, was experimentally estimated
from the relation o> = A( hv—E,), where a is the absorption
coefficient, i the Planck’s constant, v the light frequency, hv
is the energy of the incident light and A is a constant. o
vs hv plots were obtained for all the doped CdS films by
the spectrophotometry technique. E, is defined as the energy
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value at the intersection («> = 0) of a line traced at the
absorption edge at o> vs hv plot (Tauc e al 1966). Repre-
sentative plots corresponding to 10% Zn-doped and 4% Cu-
doped CdS films at different fabrication times are shown in
figures 7, respectively.

For Zn-doped CdS films, values of o ranging between
0-5 and 1-2 can be observed at the absorption region with E,
values ranging from 2-31 to 2-39 eV, see figure 7(a). On the
other hand, lower «? values ranging from 0-15 to 0-25 eV
were measured for the Cu-doped CdS films, see figure 7(b),
which is in agreement with the lower thickness observed for
Cu-doped films. Furthermore, for Cu-doped films E, values
decrease with the increase of the deposition time, i.e. with
film thickness from a value of 2-46 eV (10 min) to a value of
2-31 eV (50 min). The effect of increasing E, values with the
decrease of the film thickness can be explained in terms of the
quantum confinement effects, which becomes more relevant
for nanometric film thickness values (Glinka et al 2001).

It can be further observed from figures 7 that o> value
is higher for Zn-doped films than for Cd-doped ones, being
the higher values observed for Zn-doped films understood in
terms of their higher film thickness as compared to that of
Cd-doped films, see figure 6, according to the Beer—Lambert
law (Tauc 1976). Figure 8 shows E, values of all the doped-
CdS films studied herein as a function of the deposition time.
Solid and open symbols correspond to E, values of Zn and
Cu-doped CdS films, respectively. The horizontal line cor-
responds to the reported CdS-bulk value, 2-42 eV (Mahdi
et al 2009) which is included as a reference. As can be
observed, Zn-doped CdS films with low values of deposi-
tion time and Zn concentration present an E, value slightly
higher than that of CdS-bulk. On the other hand, in gen-
eral Cu-doped CdS films show lower E, values, as low as
2-25 eV for Cu-2% CdS (AE = 0-17 eV) than that of the
CdS-bulk, except for low deposition times. A decrease of
E, for Cu-doped CdS films suggests the incorporation of Cu
in CdS structure. A slightly higher difference on E, value
(AE = 0-32 eV) has been reported for Cu-doped CdS
films prepared by mechanical alloying (Reyes and Velumani
2012). According to Kato et al (2004), doping CdS with Cu
produces acceptor levels above to CdS band of valence. From
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Figure 6. Thickness vs deposition time of doped CdS films at different dopant agent/Cd ratio.
(a) Zn-doped CdS films and (b) Cu-doped CdS films.
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Figure 7. (colour online) o vs hv curves and energy bandgap values (Eg) for doped CdS
films fabricated at different times of deposition. (a) Zn-10% and (b) Cu-4%.
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Figure 8. Bandgap energy values of Zn- and Cu-doped CdS films
as measured for different deposition times and doping concentra-
tions.

figure 8, by assuming E, mean value for doped CdS films of
2-32 eV, the acceptor levels produced by Zn and Cu doping
can be located at AE = 2-42 — 2.32 eV = 0-1 eV above the
valence band.

4.4 Crystalline structure

Figure 9 shows X-ray diffractograms obtained for Zn- and
Cu-doped CdS films, respectively, deposited with different
concentrations during 40 min. The main (1 1 1) and the two
complementary, (220) and (31 1), diffraction peaks con-
firm the hawleyite-type (cubic) structure of the doped CdS
films. Sharper and thinner peaks with higher intensity were
observed for Zn-doped films (figure 9a) as compared to
those observed for Cu-doped films (figure 9b), suggesting
this fact a larger crystallite size (CS) for Zn-doped films.
According to the Scherrer relation (Cullity 1978), CS can
be estimated from the diffractograms through the equation
CS = 09A/(Bcosh); where A = 0-15418 nm, is the
X-ray wavelength provided from a Cu(wx) radiation, § is the

full-width at half maximum in radians and 6 is the Bragg’s
angle. Table 2 resumes the structural data obtained for the
undoped and doped CdS films. CS values for Zn- and Cu-
doped CdS films obtained from the main peak (11 1) were
estimated within the ranges of 27-7-32-8 and 25-1-28-5 nm,
respectively, with CS maximum values obtained for CdS
films doped with Zn-9% and Cu-2%. Data correspond to
CdS films diffractograms showed in figure 9, deposited dur-
ing 40 min. Reference 42-1411 from JCPDS-2002 (JCPDS-
2002) for cubic CdS, reports values of the lattice parame-
ter a = 0-5818 nm and a planar distance d = 0-3359 nm.
From the previous discussion, it can be concluded that dop-
ing CdS with low concentrations of Zn and Cu (as used
herein) slightly affects the crystalline structure of the CdS
itself, which can be evidenced by the small shift of the main
peaks observed for both Zn- and Cu-doped films respect
to the undoped CdS films (Oliva et al 2001). Significant
changes on the crystalline structure have been reported for
Cu-doped CdS films (Shaha et al 2012) grown by the close
space sublimation (CSS) technique along with an annealing
treatment. Thus, the effect of temperature of the fabrication
process plays an important role in the final crystalline struc-
ture of the doped CdS films as can be noticed by comparing
the effect of CSS technique (high temperature) with the effect
of CBD technique (low temperature) on the doped CdS films.

4.5 Photoluminescence

Photoluminescence (PL) technique was used to further inves-
tigate the doping effect on CdS films. Figure 10 shows
PL intensity vs energy plots obtained for Zn-doped (10%)
and Cu-doped (1%) CdS samples fabricated at a deposi-
tion time of 50 min. PL measurements were carried out at
room temperature by using a laser of 405 nm-wavelength
and 60 mW. It is believed that during the doping process,
Zn and/or Cu atoms can be interstitially located at the crys-
talline lattice, substituting Cd atoms. Both Zn and Cu create
donor stages near the CdS valence band which may mod-
ify the bandgap energy the CdS film. Similar PL plots were
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Figure 9. X-ray diffractograms of CdS films doped with different concentrations of: (a) Zn
and (b) Cu. Deposition time of doped CdS films is 40 min.

Table 2. Data obtained from X-ray analysis.

Dopant
conc. (%)

Undoped CdS (40 min)

0

CdS:Zn (40 min)
4
6
9

10

CdS:Cu (40 min)
1

2
3
4

20 (%) FWHM (°) d (nm)
26-722 0-2797 0-3336
26-712 0-2908 0-3337
26-734 0-2948 0-3334
26-724 0-2755 0-3335
26-728 0-2486 0-3335
26-713 0-3100 0-3337
26-704 0-2861 0-3338
26-707 0-3048 0-3338
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Figure 10. Room temperature PL measurements for doped CdS films deposited by
chemical bath during 50 min: (a) Zn-doped, 10% and (b) Cu-doped, 1%.
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Table 3. PL results and Cd/S ratio as measured for CdS films doped with Zn and Cu. Results correspond for samples deposited during

50 min.
% Zn PL peak PL peak Cd/S EDS
(molar) (Eg, €V) (red band, eV) ratio

4 2.44 1.74 1-14

6 2-39 1-75 1-10

9 2:46 176 1-20
10 2:32 1-75 0-89

obtained from the films doped with Zn (figure 10a) and Cu
(figure 10b), where two main peaks can be observed. The
peak located within the energy range of 2-30-2.32 eV
corresponds to a band-to-band stage and can be associated
with the bandgap energy of the corresponding film, which is
in good agreement with the absorbance measurements, see
figure 7. The broad peak at 1-75-1-80 eV (720-700 nm) is
associated with a red band related to sulfur vacancies, as a
consequence of the doping effect. Undoped CdS films do not
show such a broad peak observed on the doped films, being
only the bandgap energy peak observed (Osipyonok et al
2008). PL intensity was found to increase with the dop-
ing concentration. Table 3 summarizes PL results obtained
for the different doping concentrations. Aguilar-Herndndez
et al (2006) reported PL results for CdS films deposited by
close-spaced vapour transport with CdCl, annealing treat-
ment. Authors carried out PL measurements on CdS films
at low temperature (10 K), finding similar trends than
those reported herein. However, they found higher inten-
sities on the bandgap peaks and lower intensities for the
red band peaks as compared to PL intensities presented in
figure 10.

4.6 Energy dispersive spectroscopy

Figure 11 shows EDS results for Zn-doped (figure 11a)
and Cu-doped (figure 11b) CdS films at different dopant
agent concentration. Higher amplitudes on EDS intensities
are observed for Zn-doped films, which can be explained

% Cu PL peak PL peak Cd/S EDS
(molar) (Eg, V) (red band, eV) ratio
1 2-30 1-80 0-86
2 235 1.78 1-08
3 2-36 1.77 0-86
4 2-35 1.76 1-00

in terms of their higher thickness as compared to Cu-doped
films thickness, see figure 6. Table 3 summarizes Cd/S ratio
values measured on the doped CdS films. From table 3, it
can be observed that Zn-doped films grow with excess of Cd,
whereas Cu-doped films mainly grow with excess of S. Due
to the low dopant agent concentration, Zn and Cu peaks were
not able to be captured by EDS measurements. Peaks corre-
sponding to the glass substrate elements such as O, Na, Si
and Mg were detected by EDS technique.

5. Conclusions

CdS films were doped with Zn and Cu by the chemical bath
deposition technique. The effect of Zn and Cu doping con-
centration on the physical properties of the doped CdS films
and the differences with respect to the undoped CdS films
properties were investigated. Zn- and Cu-doped films pre-
sented a yellowish and brownish colour, respectively, at the
macroscale. Zn-doped CdS films presented higher thickness
and grain size values as compared to those values of Cu-
doped films. Both Zn- and Cu-doped CdS films showed a
cubic crystalline structure with (1 1 1) as the preferential
orientation. Lower values and a broad range of the energy
bandgap were measured for Cu-doped CdS films (2-26—
2-56 eV), as compared to Zn-doped films values (2-36—
2-46 eV), being the latter values similar to the undoped CdS
bandgap energy value (2-42 eV). Photoluminescence results
on doped CdS films suggested that the inclusion of Zn and
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Cu atoms into CdS crystalline lattice promotes the forma-
tion of acceptor levels above CdS valence band, which is in
agreement with the low bandgap energy values obtained for
the doped-CdS films. Finally, it is suggested that the red band
detected within the range of 1-75-1-80 eV on the doped films
is related to the presence of sulfur vacancies, originated by
the doping process.
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