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Optical band gap studies on Cu-doped Zinc-Borate glassy

thin films
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In this study, optical properties of Cu-doped Zinc-Borate glassy thin films (GTFZs) were investigated. The glassy thin films
of bulk glasses were grown onto SiO- substrates with argon gas plasma under vacuum with RF sputtering technique. As a
result of XRD analysis of obtained glassy thin films, they are observed to have amorphous structure. From absorbance and
transmission data obtained from Uv-Vis spectra of thin films, optical band gaps for direct and indirect transitions and also
Urbach energies were calculated. Not only the fundamental absorption edge and cut-off wavelength shift towards red with
the increase in V,0s content, but also ZnO narrows the optical band gaps.
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1. Introduction

The physical properties, electrical, optical mechanical
and magnetic properties of pure and various transition and
rare earth metal ions doped borate glasses have been under
investigation in recent years. Semiconducting glasses can
be generally divided into two groups, chalcogenide glasses
and oxide glasses, containing transition metal ions. Oxide
glasses containing transition metals such as vanadium,
copper, etc. exhibit semiconducting properties [1-8]. These
glasses are potential candidates for electrical memory and
optical switching devices [9-11], cathode materials for
making solid devices and optical fiber [12-14]. Very few
studies have been carried out on glasses containing both
B,O; and V,0s [15]. Glasses containing high
concentration of transition metal ions are electronic
conductors [16-18]. This classifies them as a form of
amorphous semiconductors.

We report here some significant structural results
obtained from x-ray diffraction analysis and optical
properties of semiconducting glassy thin films that were
prepared from borate-based glasses.

2. Experimental

Glass samples of compositions as presented in Table
1, were prepared from the reagent grade chemicals. These
chemicals in the appropriate amounts were thoroughly
mixed. The mixtures were then melted in a platinum
crucible in an electrical furnace at 1400 °C for one hour.
The melts were occasionally stirred for homogenization
and were finally poured into a graphite mould for giving a
cylindrical shape. The sample was taken out of the mould
and put in an annealing oven that has been adjusted to 350
°C. This process is applied to avoid the cracking, breaking
of the sample and also to provide the internal tension. The

sample kept in 350 °C for an hour was left to cool down at
room temperature.

Glassy thin films were grown onto SiO, glasses by
using these glass samples as raw material with RF
sputtering technique in 100% Argon environment. The
thicknesses of the glassy thin films, produced under 4.10?
Torr pressure in approximately 180 minutes are about 400
nm. X-ray diffraction (XRD) patterns of the glassy thin
film samples were recorded in an X-ray diffractometer
(Shimadzu XRD-6000). The optical absorption and
transmission spectra of the glassy thin films were recorded
in the wavelength range 300-1200 nm at room temperature
using UV-vis spectrophotometer (Hitachi 150-20).

Table 1. Structures of glassy thin film samples.

Code Glassy thin film structure
GleF 80 B,0O3+15 Na,0+4 ZnO+1 V,05 : 0.5 Cu
GTF .

72 80 B,03+15 Na,0+4.5 ZnO+0.5 V,05: 0.5 Cu

3. Results and discussion
3.1. X-ray diffraction spectra

X-ray diffraction (XRD) patterns were recorded with
CuK,, radiation at a scanning step of 0.1 in the 20 range 0-
70. Fig. 1 shows XRD patterns for two of the glassy thin
film samples. Each pattern exhibits a broad diffuse
scattering especially at low angles, instead of crystalline
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peaks, confirming a long range structural disorder
characteristic of amorphous network [19]. Two humps at
20=22° and 20=45° were also observed in previous studies
of borate glass samples [20].
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Fig. 1. X-ray diffractograms of prepared glassy thin
film samples.
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Fig. 2. Transmittance spectra of glassy thin film samples.

3.2. Optical absorption spectra

The optical absorption and transmission spectra of the
glassy thin film samples including Cu*" ions are recorded
at room temperature. Similar studies on alumino borate
glasses, the absorption spectra show a single broad band
centered at 784 nm [21]. It is well known that this band is
attributed to the #3; g = ;E;& transition of Cu®’ ions in
the distorted octahedral sites. The transmission, the
absorption spectra of both samples are shown in Figs. 2
and 3, respectively. The absorption spectra of the two
samples show a slightly narrow peak at about 784 nm.
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Fig. 3. Absorbance spectra of glassy thin film samples.

3.3. Optical band gap and Urbach energy

The study of fundamental absorption edge in the UV
region is a wuseful technique to investigate optical
transitions and electronic band structure in glasses. The
main feature of the absorption edges of amorphous
substances, particularly at lower values of absorption
coefficient, is an exponential increase of absorption
coefficient, &% with photon energy hv in accordance
with the empirical relation.

Gl m greny '\ﬁ. (1)

here, c; is a constant and AE is the Urbach energy which
indicates the width of the band tails of the localized states.
The broadening of the exciton levels at the absorption
edge is dominated by the random electric fields due to
either the lack of long range order or the presence of
defects [21].

For the optical band gap the equation takes the form:

ahv m [dlmy =5 )], )

where r is the index which can have different values; 2, 3,
1/2 and 1/3 corresponding to indirect allowed, indirect
forbidden, direct allowed and direct forbidden transitions,
respectively. This law for amorphous materials the optical
absorption at higher value of &fp] G 10%gm=*T above
the exponential tail given by Davis and Mott [22]. B is a
constant called band tailing parameter, Eqp is the optical
band gap energy hv is the incident photon energy and “A”
is a constant.

In various glass systems, Eq. (2) depicts a straight line
for r = 2 (Fig. 4(b)). Figs. 4(a) and (b) represents the
Tauc’s plot Whwhvi*wa il and {lahel™® vahvl,
respectively, for the glassy thin film samples. Optical band
gaps for direct and indirect transitions obtained according
to the linear regions of the curves in Fig. 3 are seen in
Table 2. Optical band gaps for direct transitions of the
samples are 2.2 eV, 2.5 eV and 1.1 eV, 1.4 eV for indirect
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transitions. In another similar study of ours, optical band Table 2. Optical band gaps of glassy thin films.
gaps were found to be 2.963-3.228 eV and 2.592-2.807 eV
for direct transmissions and indirect transmission,
respectively when the samples were in the form of bulk Code Eg(direct) | Eg(indirect) | Urbach en.
glass [23]. Also in our similar studies on glassy thin films V) (eV) AE (eV)
including MgO, optical band gaps were found to be 2.6-

43.04 eV and 1‘.7—.1.95 eV for direct transmissions and GTFZ1 29 L1 0.82
indirect transmission, respectively.

Fig. 5 shows a plot of linafr} and hv of the glassy
thin film samples. The reciprocal of the slope of the linear GTFZ2 2.5 1.4 0.76
region of the curve gives the Urbach energy of the

corresponding samples. The values of the Urbach energies

also listed in Table 2.
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Fig. 5. lnw {27 as a function of v for the glassy thin
film samples.

4, Conclusions

GTFZ1 and GTFZ2 glassy thin films are observed to
be far from amorphous structure. This situation is
consistent with the literature results of borate based bulk
glasses. When transmission and absorption spectra of both
samples were examined, characteristic peaks of vanadium
doped glass that are seen in the literature could not be
found [24], but the absorption spectra of the two samples
showed a slightly narrow peak at about 784 nm, belonging
to CuO. While the increase in V,Os ratio carries the
transmission margin to the long wavelength, it also
narrows the optical band gap. While direct optical band
gap and indirect optical bad gap of GTFZ1 sample having
1% vanadium ratio were found to be 2.2 eV and 1.1 eV,
respectively, it was calculated to be 2.5 eV and 1.4 eV
respectively for GTFZ2 sample having a vanadium ratio of
0.5%. In our similar study, when magnesium is doped
instead of zinc, the optical band gaps were found to be
wider. Accordingly, the presence of zinc in the structure
instead of magnesium plays an important role in the
narrowing of the optical band gap. Like optical band gaps,
Urbach energies of the glassy thin film samples were
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found to depend on vanadium concentrations. As a result,
both of the samples demonstrate the characteristics of an
amorphous semiconductor. Our studies on different doping
ratios and optical and magnetic works on glassy thin films
of various compositions continue.
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