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Efficient dual wavelength Random laser based on light emitting
polymers and silver nanowires double cavity structure
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Abstract- double wavelength random lasing attained in multilayer structure based on silver nanowires. The main gain
media contained poly-vinyl-pyrolydone matrix contains silver nanowires as two spacer layers in the multilayer structure.
Our results show efficient blue shift in the lasing properties due to the overlap of surface plasmon resonance of nanowires
in this region and also nonlinearity of silver nanowires. This result is very useful to design and construction of efficient
multi wavelength coherent and in coherent random lasing.

Keywords: random laser, silver nanowires, multilayer, spacer, cavity.

1173
This paper is authentic if it can be found in www.opsi.ir.


mailto:m_hamidi@sbu.ac.ir
http://opsi.ir/article-1-2214-en.html

[ Downloaded from opsi.ir on 2025-07-12 ]

The 26" Iranian Conference on Optics and Photonics (ICOP 2020)
The 12" Iranian Conference on Photonics Engineering and Technology (ICPET 2020)
Kharazmi University, Tehran, Iran, Feb. 4-5, 2020.

1. Introduction

In recent years, the unique properties of the light-
emitting polymers have received considerable
attention as laser materials, due to the novel
characteristics of temperature stability, broad
spectrum, low cost and high quantum efficiency [1-
3]. Based on these light emitting polymers, there is
many kinds of tunable and multi-wavelength
random lasers like as Green Blue Plasmonic
Random Laser [4], red-green-blue (RGB) random
Laser [5], tunable random lasers [6-7] and also
random Fiber laser [8-9]. Moreover, the random
lasers based on light-emitting polymers are focused
for the properties of flexibility and lower lasing
threshold. These type of polymers have opened
wide prospects in the random laser [10], it's
appropriate for the medical and sensing applications
[11-12]. However, impossible to achieve multi-
wavelength lasing oscillation in a single device. The
directionality of the multi wavelengths random
lasing emission can be improved by the waveguide
effect of multilayer structure, so usually inserted
very thick spacer layer between the active layers to
prevent the strong coupling between different
waveguides. For this reason, the spacer layer must
be thinner thicknesses of the active layers.

In this work, a dual wavelength random laser
consisting of three different layers of light-emitting
polymer separated by two layers of poly-vinyl-
pyrrolidone (PVP) spacers are fabricated by spin-
coating method. The PVP layers are doped with
silver nanowires (NWs) to provide plasmonic
enhancement of the pump light.

2. Experimental part

We use three different active materials of light-
emitting polymers the first layer: poly [2-methoxy-
5-(3', 7’-dimethyloctyloxy)-1,4 phenylenevinylene]
(MDMOPPV, Sigma-Aldrich), the second layer
poly[(9, 9-dioctylfluorenyl-2,7-diyl)-alt-co-(1,4-
benzo-(2, 1, 3)-thiadiazole)] (FBBT, American Dye
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Source) and the third poly[9, 9-dioctylfluorenyl-2,
7-diyl] end capped with DMP (PFO, American Dye
Source), all these polymers dissolved in xylene with
concentrations of 3, 8, 4 mg/mL, respectively. And
water solution of spacer layer poly vinyl
pyrrolidone (PVP) with a concentration of 3 mg/mL
mixed with Ag NWs 1.2 mg/ml. Now coating all
light-emitting polymers by spin-coated onto the
glass substrate with a speed of 2000 rpm, the
purpose of forming spacer layers coating the surface
of the first active material (MDMO-PPV) and
second active material (F8PT) with mixed (PVP and
Ag NWs) solution by spin-coat at a speed of 3000
rounds per minutes (rpm). So, a five-layer structure
is obtained to achieve a dual wavelength random
lasing, as shown in Fig. 1. The spacer layers (PVA
and Ag NWs) thickness is expected to be very thin
to avoid exciting the waveguide modes.

We use the second harmonic generation of Nd:
YAG laser to pump the sample from the side of the
glass substrate with the repetition rate of 10 Hz and
a pulse width of 5 ns and collect the lasing by
Avantes spectrometer.

Lasing "

PFO
PVP+Ag NWS

F8PT
PVP+Ag NWS

MDMO-PPV

Glass substrate

Pump I

Fig 1. The green source pumping of the sample is
incident from the side of the glass substrate.
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3. Results and Discussion:

The optical absorption spectra of the multilayer
structure measured by UV-Visible
spectrophotometer is shown in Fig (2). Ag NWs
scatter light more strongly than their dielectric
counterpart within the spectral range of the surface
plasmon resonance (SPR) of it. Note that the
absorbance spectrum of the multilayer structure
with Ag NWs has two peaks are observed at 325 and
465 nm.
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Figure 2. Absorption spectrum of the multilayer
structure.

As shown in this figure, the plasmonic resonance
peak of Ag NWs overlaps with the pump source to
enhance the gain of lasing. So, the Ag NWs mainly
provide enhanced pumping for random lasing.

Fig. 3 shows the measured emission spectrum of a
dual-wavelength random laser on five layers
structure. Two random lasing peaks are present in
the emission spectra the blue wavelength range
from 450 to 470 nm and decrease the width and
enhance the number of spikes with increased energy
pumping, and the red wavelength at 600nm and this
implies that the layer spacers inhibit optical
coupling between the different waveguides.
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Figure 3: Measured emission spectra of the multi
wavelength random lasing.

In addition, we observe that with increase in the
pump energy, the emission intensity increasing with
a lot of number of spikes appear in this range, due
to the SPRs of Ag NWs.

4. Conclusion:

Low-threshold and dual wavelength random lasing
is observed simultaneously with the pump energy
above the threshold of the multi-layer structure as
laser device. This lasing enhances at blue spectral
region because of the influence of SPR of silver
NWs into the PVP layers. Also due to repetition of
this layer twice times in the structure, we have
second lasing region in the multilayer.
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