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Abstract— A point-by-point dip coating method has been
proposed and demonstrated for fabricating long-period gratings
(LPGs) in microfibers. Using a high precision 3D translation
stage, the grating structure is formed by periodically immersing
the microfiber into a miniature polydimethylsiloxane droplet
suspended at the end-tip of the single mode fiber. A 10-period
LPG with a grating period of about 143 µm fabricated in the
7.6 µm diameter microfiber demonstrates a resonant dip of
19 dB. Investigations of the strain and temperature response
characteristics of the fabricated devices show that the devices
have great potential for tunable filter and sensor applications
with the merits of flexibility and compactness.
Index Terms— Optical fiber sensor, long-period gratings, dip
coating, polydimethylsiloxane.

I. I NTRODUCTION

M

ICRO/NANOFIBERS (MNFs) have attracted enormous
attentions in recent years, because they possess the
characteristics of large evanescent fields and great configurability, which lead to a strong interaction with the surrounding
medium and a good mechanical property of the MNFs. MNFs
have been used to fabricate many micro devices, such as fiber
interferometers [1], resonators [2], fiber gratings [3], [4] and
waveguide couplers [5]. Among them, long-period gratings
(LPGs) in microfibers (MFs), which are based on the coupling
between the fundamental mode and the high-order modes, are
of particular interests. Compared to the conventional LPGs
fabricated in single mode fibers (SMFs) [6], [7], photonic
crystal fibers [8] and hollow core optical fiber [9], the LPGs in
MFs have ultra-compact size, which can play more important
roles in photonic integrated systems for fiber communications and optical sensing. So far, the LPGs in MFs have
been realized mainly by the methods including femtosecond
IR laser surface modifying [10], CO2 laser tapering and
heating [11], [12], and structural LPGs by helically
coiling [13]. With these methods, a variety of smart structures
of LPGs in MFs have been demonstrated and employed for
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the sensing applications. These works are however mainly
dedicated to the fabrication of LPGs based on silica material. Because polymer materials can be artificially synthesized with various novel characteristics, such as optical and
biochemical characteristics, how to introduce the polymer
materials to modulate the spectra of the MFs is an interesting
issue.
As a widely-used approach to deposit films on the substrates
of glasses, plastics and metals, the dip coating method has been
used to fabricate many useful and interesting optical devices,
such as fiber Fabry–Pérot interferometer [14], polymer solar
cells [15], optical filters [16] and microlens arrays [17], which
owns the merits of versatility, high fabrication efficiency and
the flexibility to control the structures and performances of the
fabricated devices. Therefore, it is expected that this approach
can be applied to fabricate mode-coupling devices in MNFs,
such as the fiber gratings, because of the high fractional
evanescent field of the MNFs.
In this letter, the point-by-point (PbP) dip coating method
is modified to fabricate novel LPGs in MFs. In this method,
after a single coating procedure, a tiny polydimethylsiloxane
(PDMS) ellipsoid ring is formed on the MF because of the
surface tension and the high viscosity of PDMS. With the help
of the high precision 3D translation stage, the grating period
and period numbers can be controlled. With only 10 periods,
a LPG having a period of 143 μm exhibits a resonant dip of
19 dB in the MF with a diameter of ∼7.6 μm. For sensing
applications, the fabricated devices present a strain sensitivity
of −6.2 pm/με and a temperature sensitivity of −30.6 pm/°C.
The PbP dip coating method provides a new opportunity for
making fiber integrated devices in MNFs and the proposed
LPGs reveal the advantages of simple fabrication, low cost
and compact size.
II. E XPERIMENTS
The schematic of the experimental setup for fabricating
the LPG is illustrated in Fig. 1(a). First of all, a MF is
fabricated by tapering a commercial SMF (SMF-28e, Corning)
with the flame brushing technique [10]. The core mode of the
un-tapered fiber will be coupled to the fundamental mode
of the MF with an efficiency of nearly 100% due to the
adiabatic taper transition, and the intermodal coupling can be
suppressed [13].
Then the fabricated MF is mounted on the 3D translation stage, and its two SMF pigtails are connected to an
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Fig. 1. (a) Schematic of the experimental setup for fabricating the LPGs in
MFs with the PbP dip coating method. (b) Schematic diagram of the proposed
LPG.

optical spectrum analyzer (OSA) (AQ6370B, Yokogawa) with
a wavelength resolution of 0.02 nm and to a supercontinuum broadband light source (BBS) (Superk Compact, NKT
Photonics) [18], respectively. Another SMF with a droplet
of PDMS (Sylgard 184, Dow corning) at the fiber endtip, which is formed by dipping the cleaved SMF into the
PDMS solution [19] with a fusion splicer (FSU-975, Ericsson),
is fixed above the MF with another 3D translation stage.
The PDMS solution is prepared with base and curing agents
in the ratio of 10:1, which has a refractive index of 1.4028
at 1321 nm and a viscosity of 3.5 pa · s [20]. The distance
between the MF and the PDMS coated end-tip of the SMF is
ascertained by a charge coupled device (CCD).
With the drive program of the 3D translation stage, the MF
can be immersed into the PDMS droplet along the Z axis
and then drawn out as illustrated in Fig. 1(a). By this way, a
PDMS ellipsoid ring that is much smaller than the droplet on
the end face of the SMF is coated on the MF, forming one
period of the LPG. Then, the MF is moved along the Y axis
with the programmed distance and the above procedure of
the MF immersing and drawing out is repeated. During the
fabrication process, the transmission spectrum is monitored
by the OSA. In this way, the LPG with appropriate grating
period and period numbers can be fabricated by the PbP dip
coating method. The fabricated LPG is then solidified at the
room temperature for two days. However, the cure time could
be greatly reduced by putting the proposed LPG in an oven, for
example, the cure time would be reduced to about 10 minutes
at the temperature of 150 °C [20]. The schematic diagram of
the fabricated LPG is presented in Fig. 1(b), consisting of a
segment of MF surrounded by the periodical PDMS ellipsoid
rings, which has a grating pitch of Λ.
III. R ESULTS AND D ISCUSSIONS
Fig. 2(a) shows the microscope image of the periodical
PDMS ellipsoid rings formed on the MF and Fig. 2(b) presents

Fig. 2.
(a) Microscope image showing the periodical PDMS ellipsoid
rings formed on the MF. (b) Further illustration of the fabricated structure.
(c) The SEM image of a PDMS ellipsoid ring on the MF.

a further illustration of the fabricated structure, which shows
a grating pitch of about 143 μm. The details of an ellipsoid
ring formed on the surface of the MF are shown in Fig. 2(c)
by the scanning electron microscope (SEM) image, from
which it can be seen that the ellipsoid ring has a height of
H ∼ 9.6 μm and a length of L ∼ 25.1 μm. The average
size of the PDMS ellipsoid rings is measured to be 9.2 μm in
height and 24.2 μm in length, therefore, the average maximum
film thickness is about 0.8 μm that is affected by the so-called
capillary number (Ca), which is determined by [21],
Ca = ηV /γ

(1)

where η and γ are the liquid viscosity and surface tension,
respectively, and V is the drawing out velocity. The PDMS
droplet formed at the end-tip of the SMF normally has a
cavity length of about 33 μm, then the volume of the droplet
is calculated to be 0.54 nL. On the other hand, the volume
of a single PDMS ellipsoid ring formed on the surface of
the MF is calculated to be about 0.33 pL, which is thus
about 1600 times smaller than that of the PDMS droplet at
the end-tip of the SMF, indicating that the PDMS droplet is
sufficient to make enough period numbers of the LPG and
that the PDMS ellipsoid rings formed on the surface of the
MF can have similar shapes when the MF is drawn out of
the PDMS droplet. However, because of the difference in the
surface tension of the MF, or because of the vibration in the
dip coating and the PDMS solidification process, the height
and length of the PDMS ellipsoid rings show deviations of
±0.5 μm and ±2 μm, respectively.
The evolution of the transmission spectra during the LPG
fabricating process is shown in Fig. 3. As can be seen, the
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Fig. 3. The evolution of the transmission spectra with the increase of the
dip coating numbers and the spectrum after the solidification of the device.

resonant dip grows deeper as the period number M increases.
When ten PDMS ellipsoid rings are coated on the surface of
the MF, a resonance transmission dip of 19 dB is achieved.
After the solidification of the device, the wavelength of the
resonant dip shows a red-shift by about 8 nm when compared
to the spectrum measured before the solidification, as shown in
Fig. 3. This could be due to the change in the morphology or
the change in the refractive index of the PDMS ellipsoid rings
during the solidification process, both of which would affect
the mode coupling. The central wavelength of the resonant
dip locates around 1400 nm. After the solidification, the 3 dB
bandwidth of the attenuation dip is about 10 nm and the insertion loss of the fabricated device is about 0.8 dB. In addition,
it can be found that there are some small dips around the main
dip in the transmission spectrum. These small dips may result
from the interference between the fundamental mode and highorder modes, in which the excitation of the high-order modes
is caused by the dip coated PDMS ellipsoid rings formed
on the MF [10], [11]. The modal coupling characteristics of
the proposed LPGs can be studied by adopting the two-layer
step-index model [11], [22]. This model is investigated in
detail in [11], and the investigation covers the mode coupling
characteristics in the MFs proposed here. Therefore, no further
details in this regard are presented here. According to the
calculation, with a diameter of 7.6 μm of the MF and a grating
period of 143 μm of the LPG, the HE11 mode couples to
the HE21 mode at a resonant wavelength of around 1400 nm,
which agrees with the experiment results.
To investigate the strain sensing characteristics of the proposed LPG, the strain is applied to the LPG by stretching
both ends of the MF. As shown in Fig. 4(a), with the
increase in the strain applied, the resonant wavelength moves
towards the short wavelength because of the photoelastic
effect [13], [23], [24]; meanwhile, the intensity of the resonant
dip also changes, which might result from the change in the
coupling coefficient. The applied strain is in the range of
0−3870 με. Fig. 4(b) shows the linear fitting of the measured
values, which demonstrates a strain sensitivity of −6.2 pm/με.
The strain sensitivity is similar to that of the LPG in MFs

Fig. 4. (a) The evolution of the transmission spectra when the LPG is
applied to different strains, the red arrow represents the increase of the strain.
(b) Linear fitting of the measurement results.

fabricated by coiling one MF onto another [13]; it is about
14 times larger than that of the conventional LPG [25] and
about 2 times larger than that of the nanoimprinted polymer
Bragg gratings in MF [26].
By placing a fabricated LPG in a digital oven, we measure
the temperature response properties of the LPG. The LPG
investigated has a period of about 147 μm and a period
number of 12 in the MF with a diameter of about 8.1 μm,
which demonstrates a resonant dip at around 1553 nm with an
attenuation notch of 21.6 dB. The transmission spectrum of the
LPG is shown in Fig. 5, the 3 dB bandwidth of the attenuation
dip is about 5 nm and the insertion loss of the device is
about 1.4 dB. The LPG is heated in the temperature range of
25 °C–70 °C. As can be seen in the inset of Fig. 5, with
the increase of the temperature, the resonant wavelength has a
blue-shift [11]. According to the linear fitting of the measurement results, the LPG demonstrates a temperature sensitivity
of −30.6 pm/°C, which falls in between the sensitivities of
the LPGs in MFs fabricated by femtosecond laser [10] and
CO2 laser [11]. Further, it is about 2 times smaller than that
of the LPG fabricated in SMF [27] and about 2 times larger
than that of the tilted fiber Bragg gratings in SMF [18].
IV. C ONCLUSIONS
In conclusion, we have demonstrated the fabrication of
the surface corrugated LPGs in MFs by dipping the MFs
into the PDMS droplet that is suspended on the end face
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Fig. 5. The transmission spectrum of the LPG fabricated in a 8.1 μm diameter
MF with a period of about 147 μm. Inset: the measured wavelength shift
with the increase of the temperature and the linear fitting of the measurement
results.

of a segment of SMF. This provides a low cost and high
efficiency method for fabricating LPGs in MFs. The LPG
with a pitch of 143 μm in a MF with the diameter of
7.6 μm shows an attenuation dip at around 1400 nm. The
strain and temperature sensing characteristics of the LPGs have
also been investigated, which demonstrate the sensitivities of
−6.2 pm/με and −30.6 pm/°C, respectively. The proposed
LPGs may find applications as a tunable band-rejection filter
with a large wavelength tuning range and as a strain or temperature sensor based on wavelength shift. Benefiting from the
large evanescent fields of the MFs, it would be also possible to
realize a gas sensor or biochemical sensor by subsitituting the
PDMS with other funtctional polymer materials. Moreover, as
the polymer coated on the MF has an ellipsoidal shape and a
smooth surface, if the polymer is doped with active materials,
each fabricated PDMS ellipsoid ring could be acted as a micro
cavity laser to realize lasing.
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