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Transmission Bandwidth Tunability of a Liquid-Filled Photonic Bandgap Fiber *
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A temperature tunable photonic bandgap fiber (PBGF) is demonstrated by an index-guiding photonic crystal
fiber filled with high-index liquid. The temperature tunable characteristics of the fiber are experimentally and
numerically investigated. Compression of transmission bandwidth of the PBGF is demonstrated by changing the
temperature of part of the fiber. The tunable transmission bandwidth with a range of 250 nm is achieved by
changing the temperature from 30∘C to 90∘C.

PACS: 42. 81.−i, 42. 70. Qs

Photonic crystal fibers (PCFs),[1,2] a special kind
of optical fibers with air holes running along the length
of the fibers, have many new characteristics compared
to conventional optical fibers. The presence of air
holes in PCFs has given the possibility of filling the
fiber with liquids. Hence, some functional materials
which have special properties could find novel and im-
proved applications when they are brought into air-
holes of PBGFs and this has opened up the possibil-
ity of creating tunable fibers and tunable fiber based
devices.[3−8]

We notice that filling PCFs with materials has
been intensively studied in recent years. Tunable
devices based on air-silica PCFs, such as fiber fil-
ters and fiber gratings, have been proposed by fill-
ing their air-holes with active materials.[9,10] What
is more, PBGFs can be implemented by filling the
index-guided air-silica PCFs with high-index materi-
als, whose bandgaps can be shifted by varying the in-
dex of the material. For instance, by filling single-core
air-silica PCFs’ air-holes with liquid polymer or liquid
crystal (LC), tunable PBGFs and PBGF devices have
been demonstrated.[3−10] Not only can the position of
the bandgaps of the PBGFs be tuned but also the
bandwidth of the bandgaps can be tuned.[11,12] Sco-
lari et al.[11] have achieved 130 nm bandwidth tunabil-
ity by changing the temperature from 30∘C to 90∘C
based on PCF filled with two different liquid crys-
tals. In Ref. [12], an all-in-fiber tunable bandpass filter
has been demonstrated by applying a thermal gradi-
ent to a PCF filled with a high index fluid.[12] In this
Letter, a tunable photonic bandgap fiber (PBGF) is
firstly demonstrated by filling an index-guiding pho-
tonic crystal fiber (PCF) with high-index liquid poly-
mer. Then we demonstrate a simple bandwidth tun-
able technology by changing the temperature of part
of the liquid-filled PBGF. We have achieved 250 nm
bandwidth tunability by changing the temperature

from 30∘C to 90∘C. Compared with Refs. [11,12], the
proposed bandwidth tunable technology has advan-
tages of easy realization and wide tunable range.

The PCF we adopted in the experiment is pre-
sented in Fig. 1, where the pitch Λ (hole-to-hole dis-
tance) is about 6.36µm, the average air-hole’s diame-
ter 𝐷 is 3.67µm. The air holes are arranged in a reg-
ular hexagonal pattern, and the periodic arrangement
makes the PCF a good choice to achieve a liquid-filled
PBGF. The PCF was fabricated by Yangtze Optical
Fibre and Cable Company Ltd, China. The liquid
polymer we used is certified refractive index liquid
(produced by Cargille Labs), whose index is 1.5143
at 25∘C, and with negative temperature coefficients
𝑑𝑛/𝑑𝑡 = −0.000393∘C−1.

Fig. 1. Microscope image of the PCF’s section structure.

First, all the air holes of the PCF were filled
with the liquid, which was achieved by using a de-
compression device. The length of the liquid-filled
PCF is about 10 cm. We measured the transmission
spectrum (shown in Fig. 2) of the Liquid-filled PBGF
with a fiber based supercontinuum source. In Fig. 2,
the transmission spectrum of the PBGF at 30∘C is
recorded by a black line. The transmission spectrum
in Fig. 2 presents two bandgaps. The bandwidths
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of the bandgaps are about 350 nm from 1300 nm to
1650 nm (bandgap 1) and 200 nm from 900 nm to
1100 nm (bandgap 2), respectively. The bandgap
edges shown in Fig. 2 in the dashed line are calculated
by the plane-wave-expansion method (PWEM).[13]

The simulation matches well with the experimental
results. The index-guiding PCF is transformed into
a PBGF, and the two bandgaps in Fig. 2 correspond
to gaps between band 6 and band 7 (bandgap 1) and
between band 12 and band 13 (bandgap 2) respec-
tively. The insertion loss for our results in this study
is generally larger than 15 dB (for typical wavelengths
in bandgap 1). This large insertion loss is contributed
mostly to the butt splicing and mode mismatch be-
tween single-mode fibers and the PCF, which was ex-
perimentally estimated to be about 10 dB. Thus the
loss of the PBGF is about 5 dB. However, by using
better splicing technology and mode match fibers, we
believe that the insertion loss can be significantly re-
duced.

Fig. 2. Transmission spectrum of the liquid-filled PCF.
The dash lines are the numerical results calculated by
PWEM.
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Fig. 3. Experimental setup for temperature tuning.

Then the liquid-filled PBGF is put into a temper-
ature controller for temperature tuning. The exper-
imental setup for temperature tuning is presented in
Fig. 3. Temperature is changed from 30∘C to 90∘C
and the transmission spectrums at the temperature of
30∘C, 50∘C, 70∘C and 90∘C are shown in Fig. 4(a).
As the temperature increases, the bandgaps shift to-
ward a short wavelength. For bandgap 1, the blue-
shift speed is averaged to be 6 nm/∘C and for bandgap
2, the blue-shift speed is averaged to be 3 nm/∘C,
as shown in Fig. 4(a). When temperature rises to
90∘C, bandgap-1 bandwidth is about 300 nm from
920 nm to 1220 nm, which means a blue-shift of about

400 nm and a compression of about 50 nm compared
with that under temperature of 30∘C. For the liquid
we adopted in this study, changing the temperature
leads to a large change of the refractive index for
the liquid (𝑑𝑛/𝑑𝑡 = −0.000393∘C−1). Therefore, the
drop of the liquid’s refractive index, which is resulted
from rising temperature, will decrease the index con-
trast between the liquid and silica. According to the
ARROW regime described by Litchinitser et al.,[14]

the transmission spectrum of the PBG structure is
largely determined by the index contrast: when the
index contrast decreases, there are obvious blue-shift
of bandgaps and compression of the bandgaps’ width,
as seen in Fig. 4(a). The numerical results calculated
by PWEM have also been demonstrated, which are
shown in Fig. 4(b). The shifts and the decrease of the
bandgaps can also be found in the simulation results,
which is in good agreement with the experiment.

Fig. 4. (a) Rise of temperature changes the bandgap of
the liquid-filled PCF. (b) Simulation of the bandgaps of
the liquid-filled PCF at different temperature.
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Fig. 5. Schematic illustration of the setup for bandwidth
tuning.

In order to achieve a wider range of tunable trans-
mission bandwidth of the PBGF, We put part of the
liquid-filled PBGF in the temperature controller and
the residual part is outside of the temperature con-
troller, as shown in Fig. 5. The transmission spec-
trum is the overlap of the two parts of the PBGF.
The bandgaps of the heated part of the PBGF move
towards short wavelength, but the bandgaps of the
unheated part of the PBGF outside the temperature
controller are fixed. Consequently, the overlap of the
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two parts is narrowed. The transmission spectra of the
PBGF for different temperatures are shown in Fig. 6.
Figure 6(a) shows the changes of bandgap 1. Figure
6(b) shows the changes of bandgap 2. Bandgap 1 is
compressed from about 350 nm to about 100 nm from
30∘C to 90∘C. A tunable transmission bandwidth with
a range of 250 nm is achieved by changing the tem-
perature of bandgap 1 from 30∘C to 90∘C. Bandgap
2 at 30∘C does not overlap bandgap 2 at 90∘C, which
makes bandgap 2 vanish at 90∘C. These processes are
reversible, which means that the bandwidth of the
bandgaps will be wider when the temperature rises.
These allow the fabrication of a tunable switch or a
tunable passband filter.

Fig. 6. (a) Compression of bandgap 1 at different tem-
peratures. (b) Compression of bandgap 2 at different tem-
peratures.

In conclusion, we have experimentally demon-
strated a liquid-filled PBGF by filling a PCF with
a temperature-responsive liquid. The experimental
and numerical investigations indicate that transmis-
sion spectrum of the liquid-filled PBGF is temperature
tunable. The bandgaps of the liquid-filled photonic
crystal fiber can be changed by adjusting tempera-
ture: compression of bandwidth and blueshift. Fur-
thermore, we have demonstrated temperature tunable
compression for bandgaps, which can be used as a con-

tinuously tunable passband filter by changing the tem-
perature of some section of the fiber. This filter offers
flexible bandwidth tunability. In particular, 250 nm
bandwidth tunability is achieved in the temperature
range from 30∘C to 90∘C. The proposed method to
achieve the temperature tunable bandwidth has ad-
vantages of easy realization and wide tunable range.
Considering the large number of PCFs and available
temperature tunable liquids, we can choose the wave-
length and the tunability as we want. We believe that
temperature tunable devices based on the liquid-filled
PBGFs can be a promising candidate for applications
as fiber sensors and optical communication devices.

We thank Yangtze Optical Fibre and Cable Com-
pany Ltd. for providing us with the fiber.

References

[1] Birks T A, Knight J C and Russell P J 1997 Opt. Lett. 22
961

[2] Eggleton B J, Kerbage C, Westbrook P S, Windeler R S
and Hale A 2001 Opt. Express 9 698

[3] Bise R T, Windeler R S, Kranz K S, Kerbage C, Eggle-
ton B J and Trevor D J 2002 Optical Fiber Communication
Conference and Exhibit (Anaheim, California, USA 17–22
March 2002) p 466

[4] Larsen T, Bjarklev A, Hermann D and Broeng J 2003 Opt.
Express 11 2589

[5] Du F, Lu Y and Wu S 2004 Appl. Phys. Lett. 85 2181
[6] Haakestad M W, Alkeskjold T T, Nielsen M D, Scolari L,

Riishede J, Engan H E and Bjarklev A 2005 IEEE Photon.
Technol. Lett. 17 819

[7] Alkeskjold T T, Lægsgaard J, Bjarklev A, Hermann D,
Anawati, Broeng J, Li J and Wu S 2004 Opt. Express 12
5857

[8] Du J B, Liu Y G, Wang Z, Liu Z Y, Zou B, Jin L, Liu B,
Kai G Y and Dong X Y 2008 Opt. Express 16 4263

[9] Abramov A A, Eggleton B J, Rogers J A, Espindola R P,
Hale A, Windeler R S and Strasser T A 1999 IEEE Pho-
ton.Technol. Lett. 11 445

[10] Westbrook P S, Eggleton B J, Windeler R S, Hale A,
Strasser T A and Burdge G L 2000 IEEE Photon. Technol.
Lett. 12 495

[11] Scolari L, Tartarini G, Borelli E, Alkeskjold T T, Hansen
Mulvad H C, Bassi P and Bjarklev A 2007 LEOS (Lake
Buena Vista, Florida, USA 21–25 October 2007) p 319

[12] Steinvurzel P, Eggleton B J, Sterke C M and Steel M J 2005
Electron. Lett. 41 463

[13] Johnson S G and Joannopoulos J D 2001 Opt. Express 8
173

[14] White T P, McPhedran R C, Sterke C M, Litchinitser N M
and Eggleton B J 2002 Opt. Lett. 27 1977

044210-3

http://cpl.iphy.ac.cn

