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Abstract

In this work, nanostructured tin dioxide films were deposited by closed-field unbalanced dc magnetron
sputtering technique on two sides of quartz cells containing Rhodamine B dye dissolved in ethanol with 105 M
concentration. The preparation conditions were optimized to prepare highly pure SnO2 nanostructures with a
minimum particle size of about 20nm. The effect of SnO2 films as external cavity for the random gain medium
was determined by the laser-induced fluorescence of this medium and an increase of about 200% in intensity
was observed after the deposition of nanostructured SnOz2 thin films on two sides of the dye cell.
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1. Introduction

Improving the active medium of the dye
laser has attracted the interest of many
researches and studies. The first attempts
started in the 1960 and continued up to now.
It involves using polymer solutions that
include organic dyes to form laser dye active
media [1-2]. The dyes, used as a host of the
active media, are generally in the liquid
phase. The control over such active medium
in this state is very difficult and it has many
disadvantages [3,4]. Therefore, many
researches have been done to incorporate it
into a solid host, such as polymers glass, to
obtain a solid active medium [5-8].

Rhodamine B (RB) dye is considered as a
common typical material that belongs to the
xanthene group and operates in the visible
range [9-11]. The lasing emission of RB dye
is also dependent on the type of solvent used
for dissolving this dye to form its solution
[12,13]. For example, the central lasing
wavelength is increased by about 43nm
when changing the solvent from ethanol to
ethylene glycol [14]. In general, the lasing
emission is ranging within 570-682nm
[15,16].

The unique properties of this dye have
attracted the attention of researchers in
several military, medical, and industrial
applications as it will be illustrated in the
random laser application section [17,18].
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The fluorescence lifetime of this dye is about
(4.08x10%), which means that the
possibility of inter-system crossing is very
weak (<107 st) [19]. Using rhodamine dye
as an active media of dye laser, it is possible
to obtain continuous or pulsed laser output
according to the pumping method in which a
wide tunable wavelengths range can be
obtained [20-22].

In this work, nanostructured silicon
dioxide films are deposited by closed-field
unbalanced dc magnetron  sputtering
technique on two sides of quartz cells
containing Rhodamine B dye dissolved in
ethanol with 10° M concentration as a
random gain medium. The preparation
conditions are optimized to prepare highly
pure SnO> nanostructures with as minimum
as possible particle size. The effect of SnO»
films as external cavity for the random gain
medium is studied by the laser-induced
fluorescence of this medium.

2. Experimental Part

A tin sheet of 10cm in diameter and
300um in thickness was used as the target to
be sputtered and maintained carefully on the
cathode. It was cleaned by HF acid, ethanol
and distilled water, dried and then used for
deposition process. Highly-pure argon and
oxygen gases were used as discharge and
reactive gases, respectively. The deposition
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process was performed on quartz cells.
Before using them in  sputtering
experiments, these cells were first cleaned
with ethanol to remove any oil layers or
residuals may exist on their surfaces, rinsed
and washed with distilled water to remove
ethanol, and then dried completely before
being kept in clean case or placed inside
vacuum chamber. More details on the
deposition system can be found in previous
works [23-26].

The Rhodamine B laser dye solutions
were prepared by dissolving the required
amount of the dye in the solvents (ethanol,
acetone, chloroform or ethylene glycol).
This amount of the dye (W) was weighed
using a precise digital balance of 10%g
sensitivity (Matter Company) and can be

calculated using the following equation [24]:
My .V.C
- 1_000 . (l)
where My, is the molecular weight of the dye

(g/mole), V is the volume of the solvent (ml)
and C is the molar concentration (mole/liter)

A high concentration of 102 mole/liter of
RB dye solutions was prepared and then
diluted to different concentrations of 107,
5x1073, 104 5x10“ 10°, 5x10° and 10°
mole/liter.

The operating conditions of the system
were divided into two groups; constant and
variable. The constant operating conditions
include vacuum pressure, current limiting
resistance, discharge voltage, discharge
current, cooling temperature, cooling water
flow rate and deposition time. The variable
operating conditions include gas pressure,
inter-electrode distance, gas mixing ration
and gas flow rate. Varying discharge voltage
was almost possible during the operation. In
addition, turning the cooling system off
would raise the temperature of -either
electrode to 40-45°C with circulating water,
while stopping the circulation of water
would raise electrode temperature more (up
to 150°C).

The quartz cell to be coated is located
where completely immersed in the generated
plasma. Big efforts were made to obtain
uniform spatial distribution of plasma
column in order to ensure homogeneous
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growth of prepared films. This could be done
by controlling operation conditions and
parameters, mainly the inter-electrode
distance, gas flow and discharge current.

The samples prepared in this work were
characterized in order to determine their
structural and spectral characteristics.
Transmission and absorption spectra of the
prepared samples were recorded in the
spectral range 200-800nm with an optical
resolution of about 0.2nm by using a UV-
Visible spectrophotometer (K-MAC
SpectraAcademy SV-2100). The
fluorescence spectra were recorded using
F96  fluorescence spectrophotometer
(Shanghai LengGuang Tech. Co., Ltd.) in
the emission wavelengths range 180-900nm,
with xenon CW lamp as the excitation
source.

The optimum conditions to prepare tin
dioxide nano films on the external walls of
the quartz cell are inter-electrode distance of
4cm, Ar:02 gas mixing ratio of 70:30, total
gas pressure of 0.08torr, discharge voltage of
2.5kV, discharge current of 35mA, anode
temperature of 27°C (room temperature) and
cathode temperature of about 40°C.

3. Results and Discussion

The fluorescence was measured for the
RB dye in the quartz cells, as shown in Fig.
(1), before and after deposition of
nanostructured SnO; thin films on two sides
of these cells. It is clear that the optimum
molar concentration of Rhodamine B dye
dissolved in ethanol is 10° M as the highest
intensity was recorded. It looks that the
behavior of Rhodamine B dye dissolved in
ethanol is very dependent on the dye
concentration.

Certain applications of nanostructures,
such as photodetectors, energy conversion
devices, gas sensing and ultra-hard coatings,
require as high as possible surface area.
Therefore, the prepared samples can be
efficiently used for such applications [27-
29].

In order to introduce the effect of
nanostructured SnO; thin films deposited on
two sides of the dye cell on the fluorescence
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of the dye medium, and hence on the gain
characteristics, the fluorescence was
recorded for the dye sample before and after
the deposition of SnO; films for RB dye, as
shown in Fig. (9) at certain concentration of
10° M. As the SnO; film thickness is
decreased with decreasing deposition time,
the particle density is decreased too.
Accordingly, the role of the deposited SnO;
films as an external cavity, and hence the
increase in the medium gain, is decreased.
However, working at long deposition time
may lead to growth of large particles and
then more agglomeration over the film
surface.
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Fig. (1) Fluorescence spectra of Rhodamine B dye dissolved in
ethanol recorded at different concentrations
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Fig. (9) Laser-induced fluorescence of Rhodamine B dye
before and after the deposition of nanostructured SnO, thin
films on two sides of the dye cell
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4. Conclusion

In concluding remarks, highly-pure
nanostructured tin dioxide films with
particle size of 20nm deposited by closed-
field unbalanced dc magnetron sputtering
technique on two sides of quartz cells
containing Rhodamine B dye dissolved in
ethanol with 10° M concentration act as
external cavity for this random gain medium.
This role was determined by the laser-
induced fluorescence of the dye sample and
an increase of about 200% in intensity was
observed after the  deposition of
nanostructured SnO; thin films.
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