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Dual ring laser emission of conducting polymers
in microcapillary structures

Y. Yoshida, T. Nishimura, A. Fujii, M. Ozaki, and K. Yoshino
Department of Electronic Engineering, Graduate School of Engineering, Osaka University,
2-1 Yamada-oka, Suita, Osaka 565-0871, Japan
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We have demonstrated photopumped multimode laser emission from cylindrical microcavities of
conducting polymer thin films, which were formed by deposition on the inside surface of the glass
microcapillary with capillary action. The laser emission was characterized by narrow emission lines
and a well-defined excitation threshold. We also fabricated dual ring cavities on inner and outer
surfaces of microcapillaries, and laser emission from both sides of capillaries was observed by
photopumping with one excitation source. Fabricating two cylindrical microcavities on inner and
outer surfaces of the microcapillary by utilizing a different sort of conducting polymers, dual laser
emissions, blue and red in color, were obtained concurrently. ©2005 American Institute of Physics.
fDOI: 10.1063/1.1899229g

Rapid progress has been made in the synthesis and the
investigation of conjugated polymers over the last two de-
cades. Their intrinsic emissive properties make them prom-
ising materials for light-emitting devices,1–3 and solid-state
lasers. Among various conducting polymers, alkyl- or
alkoxy-substituted polymers, such as
polys3-alkylthiophened,2 polys9,9-dialkylfluorened,3,4 and
polys2,5-dialkoxy-p-phenylene vinylened5,6 are the most at-
tractive materials, because of their fusibility at relatively low
temperatures, solubility in common solvents, and their high
luminescent quantum efficiency. Furthermore, stimulated
emission has been observed in photopumped thin films, re-
sulting in spectral narrowing of the emission from conduct-
ing polymers.7,8

Polymer lasers with microcavity structures have at-
tracted much attention because of simple preparation proce-
dure, low cost, and low laser threshold. Among various types
of microcavities, we have demonstrated microring and mi-
crodisk lasers previously.8–10 In microring laser structures,
the conducting polymer film is formed on the surface of a
glass fiber.

In this letter, we demonstrate multimode laser emission
from the conducting polymer film in microcapillary geom-
etry.

Two kinds of conducting polymers, polys2-methoxy-5-
dodecyloxy-p-phenylenevinylened sMDDOPPVd, and
polys9,9-dioctylfluorened sPDAF8d, were used in the present
work. These polymers have the high photoluminescencesPLd
efficiencies; therefore, they are suitable for emission devices
and laser application.3–6

The microcapillaries with diameters of around
30–200mm could be obtained by drawing glass tubes in a
high-temperature flame. To form a microcavity structure of
conducting polymer, the microcapillaries were dipped into a
chloroform solution of these conducting polymers, and poly-
mer neat films were deposited on the inside surface of the
microcapillaries with capillary action spontaneously.

For the PL measurements at high excitation intensities,
we used a Nd: yttrium aluminum garnetsYAGd regenerative
laser amplifier producing 100 ps pulses with a repetition rate
of 1 kHz. This laser light was frequency doubleds532 nmd

and tripleds355 nmd. The pump laser beam was focused by
a round lens onto the microcapillaries with polymer films,
and the emission from the microcapillaries was detected by a
spectrometer and a charge-coupled device array with spectral
resolution of approximately 0.2 nm. The samples were held
in a vacuum cell to avoid degradation by irradiation and
oxidation.

Figure 1sad shows the emission spectrum of the
MDDOPPV film with a microring structure formed on the
inside surface of the microcapillary at the pumping intensity
of about 10 nJ/pulse, and the inset shows the molecular
structure of MDDOPPV. The diameter of the microcavity D
was approximately 150mm. The inset of Fig. 1sbd shows a
schematic image of a cross-sectional view of the polymer
capillary structures. The sharp emission lines as shown in
Fig. 1sad appear only above a threshold excitation intensity
I0, which is determined to be approximately 2 nJ/pulse from
the results in Fig. 1sbd. Since the sharp lines were not con-
firmed at low pumping intensity, it is considered that the
origin of the sharp lines is not a quantum electrodynamic
enhancement of PL in a microcavity.11 These sharp lines,
therefore, can be attributed to laser modes associated with
the cylindrical microcavity consisting of the thin polymer
film. The linewidth of the narrow laser lines was about
0.2 nm, which is limited by the spectral resolution. The spec-
tral spacingsDld between the laser lines was described as8–10

Dl = l2/pDneff. s1d

From this equation, we calculated the effective refraction
index to beneff=1.67 with Dl=0.48 nm, which approxi-
mately coincided with that of bulk polymers.

These microcapillaries should have an excellent advan-
tage; that is, inner emissive layers are protected just by clos-
ing the glass tube from ambient gases.

To utilize both the inner and outer surfaces of microcap-
illaries, the MDDOPPV film was also fabricated onto the
outside of the capillary by the conventional method.8 Figure
2 shows the emission spectrum of the dual-microcavity
structure of MDDOPPV at the excitation of 4.4 nJ/pulse.
The spectrum contains differentDl values because of two
microcavities on the inner and outer surfaces. One type of
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sharp lines, with a line separationDl1 of 1.14 nm, corre-
sponds to the laser from the inner cavity. The other set of
lines with Dl2 of 1.03 nm originates from the outer cavity.
The diameters of the inner and outer cavities were 63 and
79 mm, respectively. From Eq.s1d, the effective refraction
indices were calculated to be 1.59–1.81. Such an overlapping
laser emission could be observed at the higher excitation
than 1.4 nJ/pulse, which is the threshold energy estimated
from the result of the inset of Fig. 2.

Using the microcapillary configuration, we also pro-
duced a microcavity with PDAF8 on the outside surface of a

microcapillary, and that with MDDOPPV on the inside sur-
face of the microcapillary. The molecular structure of
PDAF8 and the schematic image of the double microrings
consisting of MDDOPPV and PDAF8 are shown in the inset
of Fig. 3sad. The blue and red laser emissions were observed
from the microcapillary, as shown in Fig. 3sad. Spectral fea-
tures of lasing in the blue and red regions are shown in Figs.
3sbd and 3scd, with higher magnification, respectively. These
spectra indicate the resonant cavity modes and concurrent
laser emissions with blue and red colors.

Although some ring-shaped cavities have already been
known as laser cavities, such structures of two different cavi-
ties with one excitation source have not been reported so far.
It should be emphasized that these cavities could be fabri-
cated by the simple method. It could be a candidate of low-
cost multicolor polymer laser devices.

In summary, we demonstrated multimode lasing from
the microring structure of conducting polymers formed on
the inside surface of microcapillaries by capillary action. The
dual wavelength lasing, which was blue and red lights in
color, was realized with microring structures of heterologous
conducting polymer films formed on the inside and outside
surfaces of the microcapillaries.

This work was partly supported by the Industrial Tech-
nology research Grant Program in ’04 from the New Energy
and Industrial Technology Development Organization

FIG. 1. sad Lasing spectra of MDDOPPV film in the microring structure
formed on the inside surface of the microcapillary. The inset shows the
molecular structure of MDDOPPV.sbd The excitation intensity dependence
of emission intensity from MDDOPPV microcapillary. The inset shows
schematically the microcapillary structure.

FIG. 2. Lasing spectra of MDDOPPV films with microring structure formed
on both the outside and the inside surfaces of the microcapillary. In the inset
is shown the emission intensity dependence on the excitation energy/pulse.

FIG. 3. sad Lasing spectra of PDAF8 film at the outside of the microcapil-
laries and MDDOPPV film in the inside. Insets show the molecular structure
of conducting polymer PDAF8 and schematically the two-microcavity struc-
tures of a microcapillary. The emission spectra under higher magnification
in blue regionsbd and in red regionscd.
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