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Abstract:

This work reports on SiO, thin films co-doped with ZnO nanoparticles and Er** ions prepared by
sol- gel method and spin- coating process. After growth, heat treatment processes in the air at the annealing
temperatures of 600 °C, 700 °C, 800 °C, 900 °C and 1000 °C for 3h have been applied for calcination.
Scanning electron microscopic images showed that ZnO nanoparticles dispersed in a thin layer of SiO, are
formed with diameter in the range of about 20-30 nm. The characteristic emission band at 1540 nm from
intra-4f electronic shell of Er** ions can be observed. We found that these PL spectra depend on annealing
temperature, Er doping concentration and ZnO content. It can explained by the energy transfer from ZnO
nanocrystals to Er** dopants.
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L. INTRODUCTION

Erbium (Er)- doped silica materrials have
been extensively investigated for application
in fiber amplification [1]. The reason for that is
the wavelength 1540 nm emission by radiative
transition in the intra- 4f electonic shell of trivalent
erbium Er** lying low-loss window (C band) in
silica optical fiber. The disadvantages of the Er-
doped silica is the small excitation absorption
cross- section of Er** ions [2] and the solubility of
Er** in the silica host matrix is low [3] results in low
emission efficiency. Co- doping of the materials
is often applied to improve the excitation csoss-
section. This includes SiO, co- doped with Er*
ions and ZnO nanocrytals. In suchthe case, ZnO
nanocrystals are intermediate materials that help to
enhanced photoluminescence (PL) intensity of Er**
by a energy transfer process from ZnO nanocrystals
to Er** dopants [4, 5]. Thus, enhance the Er- related
PL intesity- with band gaps ~ 3.4 ¢V at room
temperature and a large excitation- binding energy
60 meV [6], ZnO is an idea intermediate material
that cam reduce the back transfer process, in is also
enviromentally friendly material.

In this work, we report our recent
development of sol- gel and spin- coating methods
to prepare thin films ZnO- SiO,: Er*’. The
characteristic PL spectra Er** ions are presented.
The effect of temperature, doping concentration on
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the optical properties of the materials are annalyzed
and discussed. The efficient energy transfer from
ZnO nanoparticles to Er*" ions involves to efficient
PL emission is also observed.

II. EXPERIMENTS

The sol-gel and spin- coating method was
used to prepare the ZnO and Er** co- doped SiO,
thin films.

A SiO, sol was prepared by mixing
tetraethylorthosilicate (TEOS) solution with
ethanol with ratio 1:1, and pH was adjusted to 2 by
adding HNO,. As prepared solution of a mixture
was prehydrolyzed at 70 °C for 4 h. Then it was
cooled down to room temperature.

A ZnO sol was prepared for the ZnO precusor
part, zinc acetate was dissolved in ethanol. For the
total dissolution of the acetate, the molar ratio of
diethanolamine (DEA), ethanol and zinc acetate
was added into the sol Zn(CH,COO), : C,H,OH :
DEA =1:50: 1. The mixture was stirred at 70 °C
for 4h and down to temperature.

The ZnO sol was added into the SiO, sol
slowly and the mixture sol was stirred for another 1h
to obtain a homogeneous sol. Then Er(NO,),.5H,0
dissolved in ethanol was added and stirred at room
temperature for 20h. the solution was dropped onto
Si or SiO, subtrates by spin- coating, which were
rolated at 2500 rpm for 30 s. After depositing by
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spin- coating, the films were anealed at 600 °C for
2 min. Finally, 25- layer films were obtained and
the films were anealed from 600 °C to 1000 °C in
air for 3 h.

Morphologies of the nanocomposites on the
substrates were investigated by FESEM-JEOL JSM-
7600F field emission scanning electron microscope
(FESEM). Photo emission and excitation spectra
were recorded and analyzed by using Horiba Nano
Log spectroscopic system. The excitation source
utilizes a 450 watt intense broadband continuous
wave (cw) xenon lamp for bright excitation
from ultra-violet (UV) to near infrared (NIR) in
combination with a double-grating monochromator.

II1. RESULTS AND DISCUSSION

Figure la shows a FESEM image of the
sample with ZnO:SiO, ratio of 5:95 and 0.3 mol %
Er** co-doped annealed at 700 °C for 3 h. We can
see ZnO nanoparticles with size around 20- 30 nm
are formed and distributed homogeneously in SiO,
host matrix. In figure 1b, the thichness of the films
is equally and it were the size of about 3.32 pm.

Figure 1. a) FESEM images of the film with
Zn0:Si0, composition ratio of 5:95 upon annealing
temperature at 700 °C. b) FESEM cross section
surface images
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Figure 2. PL spectra of the films containing 0.5 mol
% Er’* with ZnO compositions varied from 0 mol %
to 15 mol %
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Figure 2 shows PL spectra of the films
containing 0.5 mol % Er** annealed at 700 °C with
different ZnO: SiO, molar % ratio of 0:100; 5:95;
10:90 and 15:85, measured at room temperature
under excitation wavelength at 260 nm. The
characteristic 1538 nm NIR emission due to the
transition of I ,, —*I ., from Er’" ions is exhibited
corresponding to radiative transitions in the 4f
electric shell of Er** ions [5]. The sample with 5 mol
% ZnO gives the highest luminescence intensity.

Figure 3 shows the PLE spectrum monitored
at 1538 nm covers a broad band from 255 to 480
nm and a sharp peak at 260 nm which provides
convincing evidence that efficient energy transfer
from ZnO nanoparticles to Er** ions has been
achieved. Excitation energy is absorbed by the ZnO
nanoparticles in host matrix and transmit for the
rare earth ions and resonant emission of Er** ions
enhances the emission of these ions. Besides a broad
peak at wavelength 380 nm is direct stimulated for
the emission band to band of ZnO nanoparticles
which enhanced emission of Er** ions in the 1538
nm wavelength.
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Figure 3. PLE spectra of the samle 5 %Zn0:95
%8i0,:0.3% Er’* upon annealing temperature at
700 °C

Figure 4 shows PL spectra of the thin
films with Er** compositions varied from 0 mol
% to 0.7 mol % and ZnO: SiO, composition ratio
of 5:95 annealed temperature at 700 °C. The thin
films with 0.3 % of Er*" ions gives the highest
luminescence intensity. When the concentration
of Er** low obtained emission signal is very
weak due to the number of luminescent center is
poor. The concentration doping increase over 0.3
mol % PL intensity decreases due to the effect
concentration quenching [7]. The clusters is formed
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and connected with the other clusters to maked
more than luminescence center. The energy is
tranmitted by intra between the optical centers lead
to fluorescence quenching.
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Figure 4. PL spectra of the sample[8] with range

Er’* concentration from 0 mol % to 0.7 mol %

and containing 5 mol % ZnO upon annealing
temperature of 700 °C

In Figure 5 shows PL of the thin films were
annealed in air at 600 °C, 700 °C, 800 °C, 900 °C
and 1000 °C for 3h. PL intensity increase with
the annealing temperature raising from 600 oC to
700 °C. It is found that 700 °C annealing results in
the strongest band located at 1538 nm. Then PL
intensity decrease when temperrature continued to
rise to 1000 °C. High temperature annealing may be
form Zn-O-Si bonds or Zn_SiO, phase, which is the
cause of Er** PL quenching.
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IV. CONCLUSION

SiO, thin films co- doped with Er’* ions and
ZnO nanoparticles were prepared by sol- gel method
and spin- coating process. The morphologies of the
samples were obtained by FESEM measurements.
The Er** characteristic emission is enhanced with
increasing ZnO concentrations demontrating an
effective energy transfer from ZnO nanopartiles
to Er*" ions. The PL intensity is higest for the thin
films ZnO: SiO, with molar ratio 5: 95 doped 0.3
mol % Er*" and annealing temperature at 700 °C.
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ANH HUONG CUA NHIET PQ, NONG PQ PHA TAP
LEN TINH CHAT QUANG CUA VAT LIEU SILICA
PONG PHA TAP VOI TINH THE ZnO VA ION Er*

Tom tat:

Trong bai bao nay chung toi trinh bay ky thudt ché tao mang mong Sio, dong pha tap véi tinh thé
ZnO va ion Er* bang phicong phdp sol- gel két hop véi ky thudt quay phi. Sau qua trinh quay phu mang
mong duwoc u nhiét ¢ cac nhiét dg 600 °C, 700 °C, 800 °C, 900 °C va 1000 °C trong 3 gio trong mai trueong
khéng khi. Anh hién vi dién tir cho thdy xudt hién tinh thé ZnO trong ma trdn SiO, véi kich thudce co 20-30
nm. Vat liéu cho phat xa o vung budc song 1540 nm ddy la budc song trong lap 4f cua ion nguyén e Er*.
Chiing téi thdy rang pho huynh quang ctia vt liéu phu thudc vao nhiét dg i, nong dé pha tap Er va nong dg
ZnO dd dwoc khao sat. Co ché truyén nang lwong tir tinh thé ZnO sang ion Er** dege xdc nhén.
Tir khéa: Nanocomposite ZnO- SiO,, ion Er’*, huynh quang, co ché truyén nang lwong, dép tdt hupnh
quang do nhiét do.
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