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/ In the present work we study the optical, struc- \

tural and morphological properties of CdS-doped glass
films, deposited by Pulsed Laser Deposition (PLD) method.
The glass target used for ablation was prepared by
conventional = melt-quenching technique and the
semiconductor dopant, CdS powder, was embedded in the
borosilicate melt glass host by continuous stirring. In order
to improve the properties of the films, the laser wavelength
was modified. Photoluminescence emission (PL) of CdS-
doped glass films revealed a broad band located in the
visible range. The structural analysis was carried out by
micro-Raman spectroscopy, pointing out specific vibration
modes for Si-O-Si bonds as well as for CdS dopant. The
morphology and the chemical characterization of the films
were investigated by Scanning Electron Microscopy (SEM),
Energy Dispersive X-ray spectroscopy (EDX) and Atomic

/ In prezenta lucrare au fost studiate proprieté;ile\

optice, structurale si morfologice ale filmelor vitroase
dopate cu CdS, obtinute prin tehnica de depunere cu laser
pulsat. Tinta de sticla utilizata pentru ablatie a fost obtinuta
prin metoda conventionald de topire-rdcire iar dopantul
semiconductor, pulberea de CdS, a fost introdusa in
topitura vitroasa borosilicatica prin omogenizare continua.
In scopul imbundtatirii proprietatilor filmelor, a fost
modificata lungimea de unda a laserului folosit la ablatie.
Emisia fotoluminescenta a filmelor vitroase dopate cu CdS
a prezentat o banda larga localizata in domeniul vizibil.
Analiza structurala a fost efectuata prin spectroscopie
Raman, evidentiindu-se moduri de vibratie specifice
legaturilor Si-O-Si precum si cele ale dopantului, CdS.
Morfologia si caracterizarea chimica a filmelor au fost
investigate prin Microscopie Electronica de Baleiaj (SEM),

Force Microscopy (AFM).

Spectroscopie de Energie Dispersd de Raze X (EDS) si
licroscopie Atomica de Forta (AFM).
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1. Introduction

Cadmium sulfide (CdS) is an important
II-VI semiconductor with many excellent physical
and chemical properties, being a promising material
for applications in optoelectronic devices, such as
lasers, detectors for lasers, solar cells, photo-
sensors, optical wave-guides and non-linear
integrated optical devices [1-8]. An extension of the
application range of 1I-VI  semiconductor
nanoparticles is reported in previous articles [9-12],
where optical transparent matrices are used as
vitreous host or organic polymer host.

The pulsed laser deposition (PLD) has
become an appealing growth technique of thin films
of wide band gap materials with high PL efficiency
[13]. There are several gains of PLD method
related to the deposition of high quality thin films,
such as: relatively low substrate temperature, the
preserved stoichiometry of the deposited layers and
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the possibility of controlling the growth rate through
adjusting the pulses repetition rate and fluency of
the laser beam [14]. Nanotwinning and structural
phase transition in CdS quantum dots deposited on
different substrates as a result of different
annealing temperatures were recently reported
[15,16].

In particular, evidence of near band gap
emission at room temperature from CdS films
deposited by PLD has been reported [13].

A study on the effect of substrate
temperature on the formation of CdO composite in
CdS-doped SiO: fiims deposited by PLD was
reported [17].

In the present paper, optical, structural and
morphological properties of CdS-doped glass films
were investigated in dependency on PLD
deposition parameters. These doped films have
application in temperature sensing based on
luminescence characteristics.
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2. Experimental

The CdS-doped glass was prepared by a
wet non-conventional melting-quenching method,
using powder analytical grade reagents and
providing a continuous mechanical stirring of the
melt in order to improve the chemical and optical
homogeneity of the final material. The CdS-doped
silicate glass was mechanically processed to
obtain a target of 50.8 mm diameter and 5 mm
thickness, the deposition being made on P-type Si
(100) substrate of 1 cm? area. In the case of the
film from experiment 1, the deposition was also
made on quartz substrate in order to measure the
optical absorption in transmission mode.

In order to improve the properties of the
films, some PLD parameters were modified: pulse
number and laser wavelength (see Table 1). The
chemical composition of CdS-doped glass (wt. %)
was investigated by X-Ray Fluorescence (XRF)
analysis, with PANalytical XRF-WDS 4 kW AXIOS
sequential spectrometer (Rh X-ray tube) under He
flow. Optical absorption was recorded by UV-Vis-
NIR spectrophotometry (PerkinElmer Lambda
1050). The structural analysis was carried out by
Raman spectroscopy (micro-Raman LabRAM HR
800, Horiba Jobin-Yvon). Photoluminescence
behavior of the deposited film was investigated by
Nanolog 3 spectrofluorometer, Horiba Jobin-Yvon.
The morphology and elemental composition of the
films were evaluated using an EVO 50XVP Carl
Zeiss Scanning Electron Microscope (SEM),
equipped with Energy-Dispersive X-ray (EDX)
Quantax Bruker 200 analyzer, as well as by Atomic
Force Microscopy (AFM), XE100 Park System. The
thickness of the deposited films was measured
using a surface profilometer (Dektak 150).

The films were deposited using 15 rpm
substrate rotation speed, 20 rpm target rotation
speed and target to substrate distance 6 cm.

3. Results and discussion
3.1. XRF analysis

The oxide composition (wt. %) of CdS-
doped glass target provided by XRF analysis is
presented in the Table 2. The vitreous network
formers are SiO2 and B:20s and the vitreous
network modifiers are Na20O, K:O and CaO. The
amount of CdS dopant from the starting glass
target was analyzed in connection with amount of
CdO and SOs compounds.

3.2. UV-VIS absorbance

Figure 1 shows the absorbance spectrum
(UV-Vis-NIR) of CdS-doped film deposited on
quartz substrate (experiment 1) compared with the
absorption spectrum of quartz substrate and that of
the undoped borosilicate glass target. It was found
that the absorption edge of the deposited film is
shifted toward higher wavelength due to the the
semiconductor dopant particles embedded in the

of CdS-doped glass films obtained by pulser laser deposition
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Fig. 1 - The UV-Vis absorption spectrum of CdS-doped film on
quartz substrate (experiment 1) compared with the
absorption spectrum of undoped glass and quartz
substrate / Spectrul de absorbtie UV-Vis al filmului
dopat cu CdS depus pe substrat de cuart
(experimentul 1) comparativ cu spectrul de absorbtie
al sticlei nedopate si cel al substratului de cuart.

250000 undoped borosilicate glass a)
Eg =4.45eV
200000
N/-\
E 150000
>
L
. 100000
£
&
50000
0
1 1 4 1 1
4,0 4,2 4,4 4,6 4.8 50
hv (eV)
A
6,00E+008
CdS-doped borosilicate thin film (exp. 1) b)
5,00E+008 | Eg=3.51 eV
«~ 4,00E+008
P
£
(5]
< 3,00E+008 |
©
e
Z 2,00E+008
g
1,00E+008 |
0,00E+000
1 1 L 1 1
1 2 3 4 5 6
hv (eV)
B

Fig. 2 - (ahv)? versus hv of a) undoped borosilicate glass and b)
CdS-doped glass deposited on quartz, in experiment 1.
(ahv)? in functie de hv pentru: a) sticla borosilicatica
nedopaté si b) sticla dopata cu CdS depuséa pe cuart, in

experimentul 1.

glass matrix, according to the literature data [18].
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The absorbance of the quartz substrate is
very low, almost constant with wavelength change,
suggesting that the substrate has an insignificant
influence on the optical absorbance of the film.

The thickness of the deposited film from
experiment 1 is 1.75 pym and that from experiment
2 is 1.27 ym, measured by profilometry method.

The CdS-doped film bandgap was
calculated by plotting (ahv)? vs. hv (hv is the
photon energy) as described in literature [19] and
presented in Figure 2. The linear part of the plot
was extrapolated for (ahv)? = 0, resulting a band
gap value, E,® = 3.51 eV, corresponding to
353 nm. Similarly, the band gap of the undoped
borosilicate glass was calculated, being 4.45 eV
corresponding to a lower wavelength, 278 nm. So,
the absorption edge is shifted toward higher
wavelength, lower energy, in the case of CdS-
doped film.

The energy band gap dependency on the
sizeé of semiconductor  nanoparticles is
approximated using the equation (1) [20]:

Egfe = Eqfouh) + h2/2m-cP (1)

where, Es¢M is the energy band gap of the
nanoparticles, E X is the energy band gap of a
bulk semiconductor, h is the Planck constant, m*
is the reduced mass of exciton, calculated based
on the effective mass of electrons and holes
(0.19m, and 0.8m, respectively, where m, is the
free electron mass) [21], d is the nanocrystal size,
the energy band gap of the bulk semiconductor
Eglbul = 2.42 eV. It was found that the diameter of
the nanoparticles is about 3.8 nm.

3.3. Fluorescence analysis

In Figure 3 the photoluminescence (PL)
spectrum of CdS-doped glass target is presented
as compared with the PL spectrum of CdS-doped
film on silicon substrate (experiment 2), both of
them provided by 450 nm excitation, using a
450 nm optical band-pass filter on emission path.

PL spectra of the glass target and the
deposited film from experiment 2 showed broad
bands in the visible range (peaks around 630 nm
and, respectively, 655 nm) specific to the electrons
in the conduction band, excitonic states and trap
states. Luminescence is very sensitive to the
nature of nanoparticle surface due of the presence
of gap surface states arising from surface non-
stoichiometry and unsaturated bonds [19]. In CdS,
defects consists of cadmium vacancies, sulphur
vacancies, interstitial cadmium and sulphur atoms
adsorbed on the surface [22]. The FWHM (Full
Width at Half Maximum) of the glass target is
approximately 160 nm, due to the large range of
semiconductor particles size. The glass target was
previously heat treated at 600 °C for 2h in order to
promote the growth of the dopant particles,

filmelor vitroase dopate cu CdS, obtinute prin depunere cu laser pulsat
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Fig. 3 - PL spectra of glass target and CdS-doped film
(experiment 2) provided by 450 nm excitation.
Spectrele de fotoluminescenta (PL): al tintei de
sticld si al filmului dopat cu CdS (experiment 2),
obtinute prin excitare la 450 nm.

enhancing the visible emission. It was found that
the films deposited in the experiment 1, operating
at 248 nm laser wavelength revealed low intensity
PL bands, not presented in this paper, that are in
agreement with previous articles [23, 24]. In the
case of the film obtained in experiment 2, it was
noticed a PL band with the FWHM of about
119 nm, fitted by Gauss function. Based on FWHM
values, PL band of the film from experiment 2
certifies the presence of CdS dopant particles,
having a reduced size range by comparison with
the glass target, as a consequence of the ablation
deposition process. The intensity of the emission
band in the case of the deposited film is lower than
in the case of the bulk doped glass, taking into
account the reduced amount of phosphors,
meaning CdS particles embedded in the thin
vitreous layer.  With decreasing size of the
nanocrystallites, the density of the surface states
would increase as a result of increase in surface to
volume ratio. Consequently, the luminescence is
found to be dominated by surface state transitions
rather than excitonic transitions [19].

3.4. Raman analysis

Figure 4 presents Raman spectra of the
silicate glass target, silicon substrate and boro-
silicate films doped with CdS (experiments 1 and
2), by 514 nm Ar laser excitation. It can be seen
that the spectrum of the CdS-doped film from
experiment 1 reveals a similar pattern with the
glass target, meaning that the deposition process
preserved the structural features of the starting
vitreous material. There were found rocking,
bending and stretching vibration modes for Si-O-Si
bonds as follows: 350 cm' attributed to non-
bridging silicon-oxygen bonds, 560 cm! assigned
to bending vibration and rocking vibration modes,
680 cm' ascribed to Si-O-Si bending and 1100
cm', related to the asymmetric stretching vibration
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Fig. 4 - Raman spectra of: glass target, silicon substrate and
CdS-doped films from experiments 1 and 2, provided

by 514 nm laser excitation / Spectrele Raman: al tintei

de sticld, al substratului de siliciu si ale filmelor dopate
cu CdS, din experimentele 1 si 2, obtinute prin excitare
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mode [25, 26]. A Raman band at about 260 cm-"
specific to longitudinal optical phonon (LO) of Cd-S
bond, was found for the film from experiment 1, as
reported in [27, 28]. This maximum was not found
in the case of the experiment 2, probably, due to
the lower thickness of the film allowing the silicon
substrate to cover the signal of the CdS vibration
mode. Others peaks noticed in the spectra are
specific to silicon vibration modes [29, 30].

3.5. SEM image

In Figure 5, SEM images of CdS-doped
films deposited on silicon substrate, experiments 1
and 2 are shown. SEM image of CdS-doped film
from experiment 1 shows spherulitic units specific
to PLD films, with size that is varying between
0.5-3 ym. A densification of the spherulitic units is
found in the case of the film from experiment 1,
possibly due to the increasing of the laser energy
(decreasing the laser wavelength — see the Table
1) and, taking into consideration that 248 nm

Fig. 5 - SEM images of CdS-doped films: (a) film experiment 1; (b) film experiment 2.
Imaginile SEM ale filmelor dopate cu CdS: a) experimentul 1; b) experimentul 2.

Table 1

PLD experiments developed by varying different parameters (pulse number and laser wavelength) / Experimentele de depunere cu laser
pulsat, desfasurate prin modificarea diferitilor parametri (numdrul de pulsuri si lungimea de undé laser)

The oxide composition (wt. %) of CdS-doped glass target provided by XRF analysis
Compozitia oxidicé (% grav.) a tintei de sticld dopatd cu CdS, obtinuta din analiza de fluorescenta cu raze X (XRF)

Oxide

Na20

SiO;

K0 | CaO | CdO

SO; | B2Os

Composition (wt. %) 1

60

15 16 0.3

0.07 7

EDX analysis using standardless P/B-ZAF quantification method of film from experiment 1
Analiza de energie dispersa de raze X (EDX), utilizdnd metoda de evaluare nestandardizatd P/B-ZAF pentru filmul din experimentul 1.

Experiment no Substrate Frequency (Hz) / Background Substrate Laser
P ’ Pulse number pressure (Torr) temperature (°C) wavelength (nm)
1 Silicon/Quartz 10 Hz/40000 4 x10° Room temperature 248
2 Silicon 10 Hz/128000 4 x 106 Room temperature 1064
Table 2

Table 3

Element Na Si Ca B K S Cd 0
Norm.C 2.43 28.32 11.33 0.00 10.80 0.14 0.95 46.04
(wt. %)

Error 0.2 14 0.4 0.00 0.8 0.00 0.3 6.4
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wavelength laser is situated in the optical
absorption range of CdS-doped glass target. In the
case of the film from experiment 2, it is noticed a
material composed of structural units having very
different shapes and sizes, resulting in a high
roughness, possibly due to the low laser energy
(1064 nm laser wavelength), placed outside the
optical absorption domain of the doped glass.

SEM images show that the morphology of
the deposited films is specific to PLD technique,
presenting structural units with sizes influenced by
the laser energy.

3.6. EDX analysis

The EDX analysis shows in evidence the
expected dopant constituents, Cd and S besides
Ca, K, O, Na, and B, due to the contribution of the
vitreous matrix. The presence of a high amount of
Si is mainly due to the glass matrix as well as the
silicon substrate.

In the Table 3, EDX spectrum of the film
from experiment 1 shows the elemental
composition after the PLD deposition process and
the film from experiments 2 presents the same
elemental composition, not reported in this work.

3.7. AFM analysis

The surface morphology of the deposited
films was investigated by AFM analysis. Figure 6
shows 3D AFM images of CdS-doped films
deposited in the experiments 1 and 2. It is to be
noticed that the surface morphology of the CdS
thin films is strongly dependent on the laser
wavelength in the ablation process. In the case of
the film from experiment 1, it is observed a rough
surface with micron spherulitic units. In the case of
the film from experiment 2, the most obvious
feature is the occurrence of small size units
together with larger size particles, due to 1064 nm
wavelength.

filmelor vitroase dopate cu CdS, obtinute prin depunere cu laser pulsat

The roughness of the film from experiment 1
was estimated at 500 nm and around 220 nm for
the film from experiment 2 as it can be observed in
the AFM images.

4. Conclusions

CdS-doped films have been deposited by
PLD method starting from a CdS-doped glass
target and changing the pulse number and laser
wavelength.

The shift of the optical absorption of the
CdS-doped films deposited on quartz substrate
toward higher wavelength by comparison with the
undoped glass is due to the CdS semiconductor
dopant particles having about 4 nm size.

The PL spectra of the glass target and the
film from the experiment 2, taken by 450 nm
excitation, showed a band in the orange range,
specific to CdS defects consisting of cadmium
vacancies, sulphur vacancies, interstitial cadmium
and sulphur atoms adsorbed on the surface.

Raman spectra revealed that the specific
vibration modes of the structural units from the
glass target were successfully reproduced in the
deposited films.

SEM and AFM images show that the
morphology of the deposited films is specific to
PLD technique, revealing spherulitic structural
units for the films deposited at 248 nm laser
wavelength and significant changes appear in the
case of the film deposited at 1064 nm. EDX
spectra of the films deposited by PLD technique
show a well preserved elemental composition by
comparison with the glass target.
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Fig. 6 - 3D AFM images for CdS-doped films deposited on silicon substrate: a) experiment 1; b) experiment 2.
Imaginile de Microscopie Atomicé de Forta (AFM)-3D ale filmelor dopate cu CdS, depuse pe substrat de siliciu:

a) experimentul 1; b) experimentul 2.
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