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A microfiber loop resonator (MLR) is fabricated by coiling a microfiber which is fabricated using a flame heating technique, into itself. A
temperature response on a comb spectrum of a fabricated MLR, which is embedded in a low refractive index polymer, is investigated.
The spacing of the transmission comb spectrum of the MLR is observed to be unchanged with the temperature. However, the extinction
ratio of the spectrum is observed to be linearly decreased with the temperature. The slope of the extinction ratio reduction against
temperature was about 0.043dB/°C. The dependence of the extinction ratio on temperature is due to the change in the material’s re-

fractive index. [DOI: 10.2971/j€05.2011.11026]
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1 INTRODUCTION

Optical micro-ring resonators have attracted considerable
attention owing to their simple structure, compact size, and
many applications in communication, optical signal pro-
cessing and optical devices [1]-[2]. Planar waveguide micro-
ring resonators have been well developed, but suffer from
larger connection-losses with fibers and higher cost. Recent-
ly, research on low-loss microfibers has opened up new op-
portunities for developing micro-photonic devices such as
resonators [3], couplers [4], and sensors [5]. As one of the
basic functional elements, microfiber resonators, in forms of
loops, knots, or coils, have shown high intrinsic optical quali-
ty and have exhibited promising applications such as filters
and lasers [6].

Fiber-optic sensors have found increasing applications in
different technological fields. Various types of fiber sensors
have been proposed and demonstrated [7]-[9]. Microfiber-
based sensors are amongst the simplest of such devices, as
they do not require expensive and complex fabrication pro-
cedures. In contrast, fiber Bragg grating sensors, for example,
require expensive phase-masks. Recently, strain, high tem-
perature and refractive index sensing using tapered micro-
structured optical fiber have been reported [10]-[12]. Howev-
er, the authors used tapered micro-structured fiber which is
expensive and difficult to work with in term of getting low
loss splicing with standard optical fiber.

In this paper, a temperature sensor is demonstrated using a
microfiber loop resonator (MLR), which is fabricated using a
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microfiber with a few micrometers in diameter. The microfi-
ber is fabricated by heating and stretching a piece of stand-
ard silica single-mode fiber (SMF), after the polymer protec-
tive cladding has been removed. The MLR is formed by coil-
ing the microfiber onto itself and the device is embedded in a
low refractive index material for robustness. The proposed
temperature sensor device has a low loss splicing with a
standard SMF.

2 EXPERIMENT

A tapered fiber is fabricated using an experimental set-up
shown in Figure 1. A coating removed standard SMF was
held by two fiber holders which were fixed on two transla-
tion stages. One stage is fixed and another stage is a motor-
ized stage that can be moved in one dimensional direction
and the speed of the motor can be controlled. The fiber ends
were connected to an amplified spontaneous emission (ASE)
source and an optical spectrum analyzer (OSA). The tapered
fiber was fabricated by heating the fiber to its softening tem-
perature, and then pulling the ends apart to reduce the fi-
ber’s diameter down to a around 1-3 um. A high tempera-
ture and stable micro-burner fueled by clean butane gas is
used in the tapering. Mounted on the movable stand, the
micro-burner can be swung vertically to flame brush the ta-
pered fiber. The flame should be clean and the burning gas

ISSN 1990-2573



Journal of the European Optical Society - Rapid Publications 6, 11026 (2011)

S. W. Harun, et al.

EDFA

Fiber without

1 —/ Coating

/

Convention
SMF

03A

Translation Stages

Butane Burner

FIG. 1 Schematic diagram of the microfiber fabrication set-up.
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FIG. 2 Packaging of the MLR a) schematic diagram b) snapshot.

flow should be controlled carefully so that the air convection
does not break the fiber during the drawing process. During
the tapering process, we monitored both the inter-modal
interference and the insertion loss of the fiber using the ASE
source in conjunction with the OSA. The flame is applied to
the fiber in an optimized angle to make sure the heat distri-
bution is homogeneous.

The MLR is fabricated by coiling the microfiber onto itself
using two surface attractions, Van der Waals force and elec-
trostatic force, which kept the loop stable since the forces
overcame the elastic force to make the fiber straight. The fab-
ricated MLR is laid on an earlier prepared glass plate with a
thin and flat layer of low refractive index material to address
the temporal stability of the device as shown in Figure 2. A
bare MLR may be exposed to dust and moisture that can
cause temporal loss instability to the device. The thickness of
the low refractive index material is approximately 0.5 mm
which is thick enough to prevent leakage of optical power
from the microfiber to the glass plate. Some uncured resin is

b) snapshot

also applied on surrounding the MLR before it is sand-
wiched by another glass plate with the same low refractive
index resin layer from the top. It is essentially important to
ensure that minimum air bubbles and impurity are trapped
around the fiber area between the two plates. This is to pre-
vent refractive index non-uniformity in the surrounding of
microfiber that may introduce loss to the system. The un-
cured resin is solidified by the UV light exposure for 3~7
minutes and the optical properties of the MLR are stabilized.
The packaged MLR is located in an oven with temperature
control to investigate how the comb spectrum changes with
the temperature.

3 RESULT AND DISCUSSION

A MLR has a comb transmission spectrum similar to that of a
Fabry—Perot filter. The resonant wavelength must satisfy
Am = 2mRn/m, where R is the radius of the ring, n is the
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FIG. 3 Transmission spectrum of the fabricated MLR.
-8.0 ; ' . ' y
——27deg ——-31deg -==-40deg [
-8.5 — - -48deg — B0deg
dy M
-9.0 JX L o 5 - g
F\\‘ !|'r.r\_|.‘| ™ | r r-. 1’1{\ f‘\l“dl,-\ " _::r\l'\ :I.-.:ﬂ!_(‘- l:" ,
@ - YA UG W TRYIAN7A I A
954,40 1 f rr\ [ LY e ] |i
% ol N 1'I b H" [r \.1‘] ) | A I‘nj\\,ﬂ J|I~'HI
=100 {0 ¥ i\ ‘ﬁ i N ? ANy H' it
= 3 le...L Pl W |'||I \ r,lf- LY J_I= A S
TR My lu.'“ ' &% o) ”‘i‘.' ‘p‘ﬂ I 'J WLl
n 1 ||lJJ‘ Wier® (i) l',"J ||'|I ™ W f'|, |
3 ela o . R 1 il | - b
g ¥ WAL Y VS A b '1.‘ B L '.I'ur WL |
—11.5 1477 . Mew L 1 \\fj ""r‘ Y ,'_11 Il llt]'
e A L. | {1 \ il W,
2.0 I'., ."J o YA | J[ o '.1 :I W VAY, \/ v l]_l f
254 ‘ ) 3
-13.0
1529.5 1529.7 1529.9 15301 1530.3 1530.5

Wavelength (nm)

FIG. 4 Transmission spectra of the fabricated MLR obtained at various temperatures.

effective index of the ring, m is the resonant mode number.
The resonant frequency spacing, i.e. Free Spectral Range
(FSR), is given by [13];
12
Avegp = 27Rn,, 1)
where c is the velocity of light in vacuum. The quality factor
of a ring resonator can be expressed as

j’m

Q A/,i’FWHM (2)
where AApwnm is the 3 dB bandwidth of the resonant peak.
The lower the coupling coefficient between the ring and
straight waveguide, the higher the Q is. If the radius and the
coupling coefficient of the ring are chose properly, the de-
sired resonant frequency spacing and bandwidth of the reso-
nant peak can be obtained. The coupling coefficient depends
on the overlapping area, effective refractive index and the
diameter of tapered fiber. The measured comb transmission
spectrum of the MLR is shown in Figure 3, which was ob-
tained by using the ASE source in conjunction with OSA.
The resonant response of the MLR is obvious. The extinction
ratio is about 4.0 dB, and the FSR is 0.08 nm. The actual radi-
us of MLR is around 3 mm.
The temperature response of the packaged MLR is then in-
vestigated. Figure 4 shows the transmission spectrum of an-
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FIG. 5 Extinction ratio of the MLR as a function of the temperature.

other packaged MLR at various temperatures. As shown in
this figure, the spacing of the transmission comb spectrum is
unchanged with the temperature. However, we observed a
linear dependence of the extinction ratio of the MLR on tem-
perature; higher temperature MLRs had a smaller extinction
ratio. Figure 5 shows an extinction ratio against the tempera-
ture. As seen, the slope of the extinction ratio reduction
against temperature was about 0.043 dB/°C. The dependence
of the extinction ratio on temperature is due to the change in
the material’s refractive index, which increase the loss at
higher temperature and thus reduces the coupling coefficient
of the loop. This affects the quality of the resonator, which in
turn reduces the extinction ratio. In the proposed sensor, the
optical path length is not much changed with the tempera-
ture and therefore, the comb spacing is unchanged as shown
in Figure 4.

4 CONCLUSION

A MLR has been fabricated and packaged to investigate the
temperature response on the transmission spectrum of the
device for sensor application. A flame heating method has
been used to fabricate microfiber, which is then coiled to
form a loop resonator device. The device is embedded into
low refractive index polymer for robustness. The spacing of
the transmission comb spectrum of the MLR is observed to
be unchanged with the temperature. However, the extinc-
tion ratio of the spectrum is observed to be linearly de-
creased with the temperature. The slope of the extinction
ratio reduction against temperature was about 0.043 dB/°C.
The dependence of the extinction ratio on temperature is
due to the change in the material’s refractive index.
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