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Abstract: In this work, biomaterial based microlasers were successfully fabricated by a cost
effective, simple and environmental friendly method. The as-fabricated microlasers were made of
biocompatible material including ovalbumin doped Rhodamine B at low weight percentage. The
lasers are shaped as solid-state spheres with various diameters ranging from 20 pm to over 100 pm.
It was shown that inside the spherical cavity which supported whispering gallery mode, a lasing
emission was generated with a low threshold of 17.5 p/mm?, and a high Q-factor of approximately
3000. The remarkable lasing properties of the dye doped ovalbumin microlasers are considered as
important bases for their future biological and medical applications.
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1. Introduction

Recently, microlasers have drawn tremendous attention due to their wide range applications in
biology and medicine [1,2]. For biological and medical applications, biomaterials are preferably used
fore both gain and laser cavity due to their biodegradable, bioresorbable, biocompatible, and typically
environmentally friendly properties [3-5]. Ovalbumin (OVA) is the major protein from egg white,
containing 54% (m/m) of the total protein content [6]. OV A has been used in numerous optical, electrical
and medical applications. For example, OVA is used in immunological studies as a carrier protein in
vaccines and a model protein in egg sensitivity allergy tests [7]. In optical applications, OVA is also a
promising material due to its high solubility in aqueous media, good optical transparency. Despite these
excellent properties, ovalbumin has been rarely investigated as an appropriate material for a laser cavity.
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To date, there has been variety of cavity structures which were successfully implemented in
microlasers such as whispering gallery mode, distributed feedback, Fabry-Perot, and random cavity
structures [8-10], [11], [12]. Among numerous cavity structures, the whispering gallery mode (WGM)
cavity structure has shown outstanding performances in bio-sensing [13,14] and cell tracking [15,16]
due to its remarkable properties of low lasing threshold, high Q-factor, small volume and simple
fabrication.

In this work, ovalbumin microlaser based whispering gallery mode cavity structure were fabricated in a
novel way using a simple and effective technique. The obtained ovalbumin microspheres can serve as high
Q factor resonators. By doping organic dye molecules to these structures, a lasing emission was obtained
under optical pumping. The lasing mechanism and lasing characteristics are also studied in this work.

2. Experiment
2.1. Reagents and Chemicals

Ovalbumin, Rohdamin B (RhB), and ethyl acetate (CH3COOC:Hs) were purchased from Sigma-
Aldrich. Polydimethylsiloxane (PDMS) was purchased from Sylgard 184 Silicon Elastomer.

The 5 wt% OVA solution was prepared by dissolving in deionized water at room temperature.
Afterward a proper volume of OVA solution was mixed with 1 wt% RhB solution to obtain dye-doped
OVA solution. This solution was then used for microsphere laser fabrication. The ratio of OVA and
RhB in a microsphere laser is of 99.5 wt% and 0.5 wt%.

2.2. Fabrication Process

The fabrication process of micro-biolaser based on dye-doped OVA solution is shown in Figure 1.
A droplet of dye-doped OVA solution was drop cast into PDMS resin. A micro needle was used to split
the former droplet in to smaller micro-size droplets. Since the dye-doped solution are undissolved in
PDMS, the microspheres were self-assembly formed as a result of surface tension. The microspheres
were then shrinked and solidified by gradually heating the PDMS up to 90°C. Finally, the solid-
microspheres were collected by dissolving PDMS in ethyl acetate solution (CH3COOC:Hs), and kept in
this solution for further optical measurements.
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Figure 1. Schematic diagram of dye doped OVVA microspheres fabrication process.
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Figure 2. Schematic of the optical characterization setup.
2.3. Optical characterization

The lasing emission from each microsphere was investigated by a micro-photoluminescent setup at
room temperature (Figure 2). The setup includes a 532 nm nanosecond Q-switch Nd:YAG laser (pulse
width of 8ns) operated as an excitation source, a microscope for light collimation, a spectrometer
(AvaSpec-2048L from Avantes), and a camera. The OVA microspheres, placed on a highly transparent
slide of glass, were excited under different energy with repetition rate of 10 Hz. Lasing emission was
the collected by the objective lens (10X of magnification, NA=0.25) of the microscope, guided to the
camera for top view image capture, and to the spectrometer for spectral analysis. The spectrometer’s
resolution is of approx. 0.2 nm.

The surface morphologies of the as-prepared microspheres were investigated by a Scanning electron
microscope (NOVA NANOSEM 450).

3. Results and Discussion

The optical image of the dye doped OVA microspheres demonstrates spherical shapes of the
microlasers. The microspheres’ diameter range from 30 um to 100 um (Figure 3a). The SEM image of a
microsphere shows a smooth, round surface which ensures the WGM lasing emission quality (Figure 3b).

Figure 3. (a) Optical image of the dye-doped OV A microspheres
(b) SEM image of a dye doped OVA microsphere. The scale bars are 100 um.
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Lasing emission was observed from individual dye-doped OVA microsphere under laser pulse
pumping. Figure 4a presents the lasing performance of a microsphere which has a diameter of ~ 44 um.
When the pump pulse energy exceeded 22.3 pJ/mm2, multiple sharp modes can be clearly seen in the
wavelength range of 600 nm to 625 nm. The integrated lasing intensity versus pump pulse energy is
plotted in Figure 4b demonstrating a nonlinear increase of the emission intensity. The lasing threshold
in this case was estimated of 20 pJ/mm?. The best full width at half maximum (FWHM) of the lasing
modes was determined as 0.2 nm. This led to a Q-factor, defined as Q=1/AA, of approximately 3000
which is approximately three times higher of a solid state ring laser [17]. Note that, this value was limited
by the spectrometer resolution.
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Figure 4. (a) Emission spectra of a 44 pum dye-doped OVA microsphere,
(b) the nonlinear increase of the emission intensity with respect to pump pulse energy. The scale bar is 50 pum.

The lasing mechanism of the dye doped OV A microspheres is attributed to the confinement of light
by the total internal reflection at the boundary between the microsphere and the surrounding
environment. Technically speaking, a whispering gallery mode laser emission can be achieved when the
path length of the light trapped inside the cavity equal integer times of its wavelength [18]
(Zaneff = mlm). When the condition is satisfied, the lasing expected to occur at the equator of the
spherical cavity.

In order to better verify the WGM mechanism, the free spectral ranges (FSR), the distance of two
adjacent modes, of the microspheres with different sizes were investigated (Figure 5). As seen from the
figure, the FSR decreases when the microlaser’s dimeter increases. As shown in Figure 5 a-c the FSR
of 22 ym, 44 um, and 67 um diameter microspheres are 3.5, 1.6 nm, and 1.2 nm, respectively. According
to Mie’s scattering theory [19], at the resonant wavelength A of about 615 nm, the calculated FSR =
ManiD (where ny is the refractive index of ovalbumin of ~ 1.55, D is the diameter) for the three above
microspheres are 3.5 nm, 1.6 nm, and 1.3 nm, respectively. The results show a good agreement between
the theory and experimental observations. This again verifies that the lasing mechanism of the dye doped
OVA microspheres are based on the WGM mechanism. Furthermore, as A is similar for different
spheres, the FSR as a function of spherical cavity diameter should follow an o/D function, where o is a
constant. The FRS was well fitted with the function 78.65/D with a is equal to 78.65.
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Figure 5. Spectra of three microspheres with different diameters of (a) 22 um,
(b) 44 um, and (c) 67 um. (d) Free spectral range as a function of diameter.

4. Conclusion

In this research, dye-doped OV A microspheres that generated WGM lasing with a simple heating
process applying surface tension effect was successfully fabricated. The concentration of dye (RhB) was
0.5% in weight ratio to assure the biocompatibility of the microspheres. The micro-dye-doped OVA
microspheres exhibited lasing emission at the threshold of 17.5 pJ/mm? and exhibited high Q-factor of
3000. FSR as a function of the spheres’ diameter were also investigated showing a good agreement
between experiment and theoretical calculation.
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