This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:48

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,

UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.
Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Effects of Microparticle
Dispersion on Laser Emission

from Dye-Doped Microspheres
Hideo Ohtaka ? , Toshiki Koyama ? & Yoshio Taniguchi

a

# Faculty of Textile Science and Technology, Shinshu
University, Ueda, Nagano, 386-8567, JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Hideo Ohtaka, Toshiki Koyama & Yoshio Taniguchi (2000): Effects
of Microparticle Dispersion on Laser Emission from Dye-Doped Microspheres, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and

Liquid Crystals, 349:1, 395-398

To link to this article: http://dx.doi.org/10.1080/10587250008024946

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-

and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008024946
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 12:48 16 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 12:48 16 August 2012

Mol. Cryst. and Lig. Cryst., 2000, Vol. 349, pp. 395-398 © 2000 OPA (O Publishers Association) N.V.

Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.
Printed in Malaysia

Effects of Microparticle Dispersion on Laser
Emission from Dye-Doped Microspheres

HIDEO OHTAKA, TOSHIKI KOYAMA and YOSHIO TANIGUCHI

Faculty of Textile Science and Technology, Shinshu University, Ueda,
Nagano 386-8567, JAPAN

Effects of dispersion of S$iO, microparticles (SOP, 5.8 um in diameter) into Rhodamine
6G-doped microsphere on photo-pumped laser emission have been investigated. The micro-
particles with different refractive index dispersed in the microsphere scattered pump laser
(337 nm) in the microsphere cavity. In the microsphere including SOP, emission peaks of las-
ing in whispering gallery mode (WGM) afpeared when it was pumped at the energy density
above the threshold of 0.6 meulse‘lcm_ . And their full widths at half maximum (FWHM)
of the peaks were about 0.5 nm. Threshold for laser emission in WGM from
R6G/pH-Si0,/SOP was lower than that from the microsphere without SOP. It was demon-
strated that microparticles dispersion into the microsphere cavity is clearly effective on
reduction of the threshold for the WGM laser emission.

Keywords: laser emission; microsphere cavity; microparticle; scattering pumping light;
dye-doped laser; whispering gallery mode

INTRODUCTION

Microsphere lasers are expected for novel laser devices such as a submicron-
sized illuminant, a dot laser array, and so on. Photo-pumped laser emission from
dye-doped phenyl hybridized-SiO, (pH-Si0,) microspheres with a micrometer-
sized diameter prepared in the sol-gel technique was previously reported [1].
Lower threshold and higher efficiency of the dye-doped microsphere laser are
achieved by lower reabsorption of dye and higher excitation probability in a
resonarnce cavity. As one method for improvement of excitation probability, the
scattering of pumping light by dispersion of microparticles into a micro-
spherical cavity formed by a laser dye solution was reported (2} In addition,
strongly scattering media that formed of a colloidal suspension of titanium
dioxide microparticles in a dye solution was used as a pseudo-cavity for the
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muiti-mode laser oscillation without any extemal cavity [3, 4]. As another effect
of dispersion of microparticles into laser dye solution, the single-mode laser
oscillation by the distributed feedback using a layer of microparticles which
have the same diameter in the dye solution cell was observed [5].

The present paper describes the demonstration of effects of dispersion of
SiO, microparticles into Rhodamine 6G-doped pH-SiO, microspheres
on lasing behavior.

EXPERIMENT

The preparation of Rhodamine 6G-doped pH-SiO, microspheres including
SiO, microparticles (R6G/pH-SiOySOP) was referred to the Shibata’s
method [1]. A mixture of Rhodamine 6G (R6G) (0.02 g), phenyl-
triethoxysilane (2 ml), and pH 3 HC] aqueous solution (3.2 ml) was stirred for 24
hours at room temperature followed by addition of SiO, microparticles (SOP)
of 5.8 um in diameter (0.1 g). Then the mixture was added dropwise to a
100 ml NaOH aqueous solution (pH 12.8) with stirring, and was kept for 6 hours.
The resultant solution containing R6G/pH-SiQ/SOP was dialyzed for 2 days in
pure water, followed by filtration to remove smaller microspheres than 6 pm in
diameter and non-reacted SOP. The amount of doping of the dye was
determined by measuring of absorbance of R6G EtOH solutions extracted from
R6G/pH-SiO/SOP. For measurment of fluorescence and emission spectra, the
microspheres were mounted on a non-fluorescent glass substrate in mono-
dispersion. Emission light obtained by pumping with an N, gas laser (A, = 337
nm) was detected by an image intensified CCD camera (DHS520-18U-01
ANDOR) attached to a monochrometer (MS127i™ ORIEL Inst.) .

RESULT AND DISCUSSION

A SEM image of R6G/pH-SiO/SOP was shown in Figure 1. In spite of
embedding SOP, sphericity of R6G/pH-SiO/SOP was kept. The diameter of

30 um
FIGURE 1 SEM image of R6G/pH-SiO,/SOP.
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MICROPARTICLE-DISPERSED MICROSPHERE LASER

R6G/pH-Si0,/SOP distributed from 6 um to 80 um, and was averaged to 30 pm.
If the reaction solution was not mixed with SOP, the diameter of R6G/pH-SiO,
was averaged to 15 um. Because of SOP acted as a nucleus for formation of the

micropsphere, larger micropsphere could be obtained than that in the absence of
SOP. R6G was doped into R6G/pH-SiO/SOP at content of about 1.00 x 10°
molg’, and mainly maintained monomeric state more than dimeric state in which
fluoresoence is quenched.

Figure 2 showed the typical emission spectrum from R6G/pH SxOZ/SOP
pumped with an N, gas laser at energy density of 1.4 mJ pulse' cm?. Several
sharp emission peaks with a full width at half maximum (FWHM) of
about 0.5 nm were appeared at around 600 nm. The peak-intervals were
2.3 - 2.4 nm. When supposing that the diameter of the micropsphere is
33.9 um, the calculated values of the oscillation wavelength agreed
with the observed values in Figure 2, and were supported that the lasing
is in the whispering gallery mode (WGM). Input-output properties of a
lasing peak at 600 nm were showed in Flgure 3. The threshold of pumping
energy for the WGM lasing was 0.6 mlpulse’am?, Above the threshold, the
intensity of the emission remarkably increased with increasing the pumping
energy. But FWHM was constant at about 05 nm. When comparing with
R6G/pH-Si0, which not included SOP, FWHM for R6G/pH- SIO:/SOP was the
same but the lasing threshold was reduced from 1.4 t0 0.6 mJ pulse” cm™. From
the reduction of the threshold for the WGM lasing, it could be demonstrated that
the excitation probability of the laser dye in R6G/pH-SiO /SOP increased with
scattering of the pumping light on the embedded microparticles.

B e e T I A e s e Ty T

1.4 mJpulse 'em™

400 450 00 550 600 650 700
Wavelength / nm

Emission intensity / a.u.

AA —_—

| T S U " " 4 1 SO S S G
500 520 540 560 580 600 620 640
Wavelength / nm

FIGURE2 Emission spectrum of R6G/pH-SiO/SOP microsphere pumped
by N, gas laser at 1.4 mipulse'an? Inset: Absorption and photoluminescence
(PL.) spectra of R6G/pH-SiO,/SOP
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FIGURE 3 D?duuofFWHMandanmmmmty of WGM
peaks for R6G/pH-Si0,/SOP (open) and R6G/pH-SiO, (close).
Conclusion

Dispersion of the SiO, microparticles into the microsphere cavity for
the WGM lasing brought clearly effects on the reduction of threshold
and the improvement of the emission efficiency. Further improvements
will be achieved by optimization of diameter, refractive mdex, and arrangement
of the embedding mxctopamdes into the mlaosptme cavity.
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