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Laser-tuned whispering gallery modes in silica micro-
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A 473-nm-laser-tuned whispering gallery mode (WGM) silica microbubble resonator integrated with iron oxide parti-

cles is demonstrated in this paper. Owing to the photo-induced thermal effect, the WGM resonance wavelength could 

be tuned by adjusting laser power density of the illuminating light absorbed by the iron oxide particles. A wavelength 

tuning sensitivity of 0.03 nm/(mW·mm-2) and a tuning range of 0.18 nm are experimentally achieved. Moreover, the 

influence of ambient temperature on the WGM spectral characteristics is experimentally studied, and a sil-

ica-microbubble-based reference scheme is demonstrated to compensate for the temperature-caused resonance wave-

length variation. The proposed laser-tuned microresonator has great potential in optical modulation and high-precision 

optical filtering applications. 
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Due to their desirable advantages such as highquality fac-

tor, small mode volume and compact size, whispering 

gallery mode (WGM) microresonators have been investi-

gated in numerous studies and applications, such as optical 

tuning[1-3], bio-sensing[4-6], and microcavity laser[7,8]. 

WGM resonance wavelength could be tuned by control-

ling optical properties of the microcavity, and several tun-

ing methods have been studied in the recent years[9-11]. 

Particularly, all-optical tuning of WGMs is highly attrac-

tive in optical switching and optical filtering applications 

despite the weak Kerr effect and absence of plasma dis-

persion effect in silica-based microresonators. To over-

come these disadvantages, functional materials such as 

magnetic fluids (MFs) could be integrated with the mi-

croresonators to improve the WGM tunability. In 2014, an 

all-optical control scheme based on optofluidic ring reso-

nator is firstly demonstrated by Liu et al[12]. By infiltrating 

MFs into the microcapillary, the illuminating light could 

be strongly absorbed, leading to wavelength shift of WGM 

resonance dips. And a few years later, Deng et al achieved 

broadband laser tuning based on a micro-structured optical 

fiber microresonator embedded with iron oxide nanoparti-

cles[13]. As solid state iron oxide nanoparticles serve as 

functional materials, the influence of the liquid flow on 

device performances could be avoided. Apart from the 

tuning methods based on photothermal effect, in 2017, Li 

et al developed a laser-tuned microsphere resonator inte-

grated with ethyl-orange-doped coating[10] by exploiting 

the reversible photo-isomerization effect of ethyl orange 

molecules. However, in their schemes, the Q-factors of the 

microresonators are less than 105, which may be relatively 

insufficient for specific applications. 

In this paper, we propose and experimentally demon-

strate a laser-tuned silica microbubble WGM resonator 

integrated with iron oxide particles. The iron oxide parti-

cles serve as the thermal absorption medium, and their 

photo-induced thermal effect would cause thermal expan-

sion and refractive index (RI) variations of silica materials 

to change optical properties of the microresonator. WGM 

resonance wavelength dependence on 473 nm laser power 

density has been experimentally investigated, and a wave-

length tuning sensitivity of 0.03 nm/(mW·mm-2) is 

achieved. Besides, experimental results indicate that the 

influence of ambient temperature on the WGM resonance 

wavelength is not negligible, which may undermine the 

tuning performances of the proposed microresonator. To 

overcome this issue, a hollow microbubble is employed as 

a dynamic reference to compensate for the variation of 

ambient temperature. Our proposed microbubble resonator 

integrated with iron oxide particles (MIIOP) possesses 
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such desirable features as high Q-factor and ease of fab-

rication, which makes it a good candidate for applica-

tions in tunable optical filtering and optical modulation. 

Fig.1(a) shows the micrograph of the microbubble 

employed in our experiment. The microbubble is fabri-

cated from a silica microcapillary, whose inner and outer 

diameters are 50 μm and 125 μm, respectively. To pro-

duce a microbubble, one end of the microcapillary is 

sealed while an air pump is employed at the other end to 

apply certain pressure on the inner wall. Then electric 

arcs are applied at the middle point of the microcapillary 

by using a fusion splicer (S178A, produced by Furukawa 

Electric Co., Ltd., Japan). By changing arc charge and air 

pressure, microbubbles of different sizes could be fabri-

cated. Iron oxide particles are embedded on the inner 

wall of the microbubble by drying the magnetic fluids 

filled in the microbubble. After the evaporation of the 

base solution, a film of iron oxide particles is formed, as 

shown in Fig.1(b). 

Fig.2 shows a schematic diagram of the WGM excita-

tion and test system. The transmission spectral loss 

measurement system consists of a tunable laser (TL, 

8164B produced by Keysight Technologies, US) with an 

operation wavelength range of 1 530 nm to 1 560 nm, a 

polarization controller (PC, N7786B produced by Key-

sight Technologies, US) and an optical power meter 

(OPM, N7744A produced by Keysight Technologies, 

US). In the meanwhile, the above devices are all con-

nected to a laptop for parameter control and data proc-

essing. The MIIOP is placed in contact with a tapered 

fiber with a diameter of 1.5 μm. Due to the mode over-

lapping between the evanescent field of the tapered fiber 

and the WGMs of the microresonator, part of the light 

would be coupled into the WGMs in the microresonator. 

Consequently, resonance dips would emerge in the 

transmission spectrum of the tapered fiber. A 473 nm 

laser (MBL-N-473-1W, produced by Changchun New 

Industries Optoelectronics Tech Co., Ltd., China) and a 

variable optical attenuator (VOA) are employed to pro-

vide lateral laser illumination. 

 

 

Fig.1 Micrographs of the silica microbubble (a) before 
and (b) after being integrated with iron oxide particles 
  

Fig.3 shows the transmission spectrum of the WGM 

system without applying the illuminating light. The reso-

nance dip 1 548.65 nm is selected for monitoring of 

wavelength shift. It could be seen that the free spectrum 

range (FSR) is ~1.93 nm. As shown in Fig.4, Lorentz 

fitting is performed on the resonance dip spectrum, and 

the Q-factor is calculated to be 3.02×105 according to  

Q �
�
�

� ,                                  (1) 

where λ is resonance wavelength and Δλ is the full width 

at half maximum (FWHM). 

  

 

Fig.2 Schematic diagram of the WGM excitation and 
test system (The dashed and solid lines refer to data 
cables and single-mode fibers, respectively.) 
 

 

Fig.3 Transmission spectrum of the MIIOP 

 

 

Fig.4 Enlarged transmission spectrum around the 
resonance dip 

As linearly polarized light from the PC enters the ta-

pered region of the microfiber, WGMs could be excited 

owing to the coupling between evanescent field of the 

tapered fiber and WGMs of the microbubble. WGM 

resonance wavelengths should satisfy the following 

resonance condition: 

mλ=2πneffR,                                (2)
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where λ is resonance wavelength, neff refers to effective 

refractive index, m is an integer, and R represents radius 

of the microbubble. Under laser illumination, the iron 

oxide particles would absorb the incident light to heat up 

the microresonator. Consequently, neff and reff would vary 

due to thermal-optic and thermal expansion effects, as 

described by the following equations: 
0 0

eff eff ff
(1 ) (1 )en n T n p� ��� � � � �  ,              (3) 

0 0

eff eff eff
(1 ) (1 )r r T r p� ��� � � � � ,               (4) 

where ξ and α represent the thermal-optic and thermal 

expansion coefficients of pure silica with their respective 

values of 8.3×10-6 and 5.5×10-7, η refers to the correla-

tion coefficient between temperature and laser power 

density, 0

eff
n  and 0

eff
r  are defined as initial effective re-

fractive index and effective radius without light illumi-

nation, respectively. And therefore, the resonance wave-

length sensitivity could be expressed as: 

  

eff eff

eff eff

( )

1

S
r np

r n
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� �

� �

� �
� �

� �� � �
� �

.               (5) 

Since ξ and α are both positive, as laser with certain 

power density is applied onto the MIIOP, the WGM 

resonance dip would exhibit some red shift with the in-

crement of laser power. 

  Fig.5 shows spectral evolution of the resonance dip 

under different laser power densities. It can be seen that 

with the increment of laser power density, resonance 

wavelength experiences some red shift, which is in ac-

cordance with our theoretical analysis based on Eq.(5). 

The depth of each resonance dip is about 7 dB, and the 

transmission loss fluctuations are smaller than 1.5 dB. 

Resonance wavelength shift as a function of applied laser 

power density for a range of 0 to 5.9 mW/mm2 is shown 

in Fig.6, and error bars acquired through repeated meas-

urements are also given in this figure, which are accept-

able for practical applications. Linear fitting results ac-

cording to the experimental data show that the proposed 

MIIOP possesses a resonance wavelength tuning sensi-

tivity of 0.03 nm/(mW·mm-2) with good linear respon-

sivity. 

 

 

Fig.5 WGM spectral evolution for different applied 
laser power densities 

 

 

Fig.6 WGM resonance wavelength shift as a function 
of applied laser power density 
 

  We have also experimentally investigated the influence 

of ambient temperature on resonance wavelength. To 

control the ambient temperature, a resistor chip is placed 

close to the microbubble resonator and a DC power sup-

ply is applied on the chip. An infrared thermometer is 

employed to monitor the chip temperature in real time 

and ensure that the environmental temperature is stable 

during the experimental process. Experimental results 

indicate that the resonance dip moves toward longer 

wavelength region as ambient temperature increases, and 

the linear fitting result indicates linear correlation be-

tween them, as shown in Fig.7. It should be noted that 

both of light absorption and ambient temperature varia-

tion would affect wavelength tuning performances. Fur-

ther experimental results show that wavelength shift can 

be regarded as the sum of light-caused shift and ambi-

ent-temperature-caused shift. Fig.8 gives WGM reso-

nance shift as a function of applied laser power density 

under different ambient temperatures. It can be seen that 

light tuning sensitivity maintains almost unchanged at 

25 °C and 50 °C. 

 

 

Fig.7 WGM resonance wavelength as a function of 
ambient temperature 

 

However, as the experimental results indicate, the in-

fluence of ambient temperature on resonance wavelength 

is not negligible, which may degrade the wavelength 

tuning performances of the proposed MIIOP. To resolve 
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this problem, wavelength tuning performances of a mi-

crobubble without iron oxide particles have been ex-

perimentally investigated. Resonance wavelength shift as 

functions of laser power density and ambient temperature 

for this kind of microbubble are shown in Fig.9 and 

Fig.10, respectively. From Fig.9, it can be seen that 

without the photothermal effect of iron oxide particles, 

resonance dip of the microbubble resonator exhibits 

some wavelength fluctuation less than 5 pm for different 

applied laser power densities. Thus it can be concluded 

that illuminating light does not have obvious impact on 

the resonance wavelength. However, as presented in 

Fig.10, linear fitting result indicates the wavelength tun-

ing sensitivity is 0.006 8 nm/°C, which is slightly lower 

than that of the MIIOP employed in this study. Therefore, 

the microbubble resonator without iron oxide particles 

could be utilized as a dynamic reference only sensitive to 

ambient temperature. 

 

 

Fig.8 WGM resonance wavelength shift as a function 
of laser power density at different temperatures 

 

 

Fig.9 WGM resonance wavelength shift as a function 
of applied laser power density for the microbubble 
resonator without iron oxide particles 
 

To compensate for the temperature effect, the micro-

bubble without iron oxide particles should be placed 

close to the MIIOP so that ambient temperature is the 

same for the two microbubbles. Resonance wavelength 

shift of the above microbubble resonators as functions of 

laser power density and ambient temperature can be de-

scribed by the following matrix equation: 

1 2 1

3 2
0

S S P
S T

�
�
�� � � �� �

�	 
 	 
	 
 ��� � � �� �
 ,                     (6) 

where Δλ1 and Δλ2 are resonance wavelength shifts of 

MIIOP and the microbubble without iron oxide particles, 

respectively, S2 and S3 refer to their respective wave-

length tuning sensitivities to ambient temperature, S1 

represents wavelength tuning sensitivity to laser power 

density of the MIIOP, P is laser power density and ΔT is 

ambient temperature change. From Eq.(6), it can be de-

duced that Δλ1 can be expressed as: 

2

2

1 1 2

3

0.03 1.31
SS P P
S

� � �� � � � � � �  .          (7) 

 

 

Fig.10 WGM resonance wavelength shift as a function 
of ambient temperature for the microbubble resonator 
without iron oxide particles 

 

As ambient temperature variation occurs, it is possible 

to adjust the light power accordingly to make the reso-

nance wavelength of MIIOP remain unchanged. This 

could be exploited as an effective method to compensate 

for the temperature effect in practical applications. 

In this paper, a laser-tuned WGM tuning approach is 

proposed by employing a microbubble resonator inte-

grated with iron oxide particles. The Q-factor of the mi-

croresonator reaches 3.02×105. Owing to strong absorp-

tion and photothermal effect of iron oxide particles, 

wavelength tunability of the microresonator under light 

illumination has been significantly enhanced, and a 

wavelength tuning sensitivity of 0.03 nm/(mW·mm-2) 

has been experimentally acquired. Further experimental 

results indicate ambient temperature effect on WGM 

resonance wavelength, which is undesirable for practical 

wavelength tuning applications. In this case, another mi-

crobubble without iron oxide particles is employed as a 

reference to compensate for the temperature effect. Our 

proposed MIIOP possesses good tuning linearity, high 

Q-factor, showing a promising potential inhigh-precision 

optical filtering and all-optical wavelength tuning appli-

cations. 
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