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A Wavelength- and Loss-Tunable Band-Rejection
Filter Based on Corrugated Long-Period Fiber
Grating

C. Y. Lin and Lon A. Wang

Abstract—We demonstrate a long-period fiber grating com- L i
posed of an etched corrugated structure that can be used as a 20 mm to opteal
wavelength- and loss-tunable band-rejection filter. The tunabilities il spectrum
are based on the index modulation capable of being varied in the .o ELED lJ, analyzer
corrugated structure under externally applied mechanical forces. ——core m >
The new type of fiber filter enables wavelength and loss tuning cladding U .
ranges of more than 40 nm and 25 dB by adjusting the applied Ak t mmr;;m
amounts of torsion and tensile forces, respectively. T op . &

) . ) fixed point ! stretching and
Index Terms—Corrugated structure, fiber gratings, tunable fil- twisting point

ters.

Fig. 1. Schematic diagram showing our LPFG made of the corrugated
structure and its measurement setup.
|. INTRODUCTION

ECENTLY, long-period fiber gratings (LPFGs) have atloss-tunable band-rejection filter by adjusting the amount of the
tracted much attention because they can be used as gaiplied tensile strain [6]. Here, we experimentally demonstrate
equalizers for broad-band amplifiers and as band-rejection fihat, for the first time to the best of our knowledge, this type
ters [1], [2]. Furthermore, an active control on their transmi®f band-rejection filter is capable of tuning the resonant wave-
sion spectra made it possible to maintain the gain flatnesslength and the loss by adjusting the amounts of applied torsion
the equal output signal level in an optical fiber network eveand tensile forces.
when an input signal varies, thus making LPFG-based tunable
filters of great interest. It is noted that the fabrication method [I. PRINCIPLE OF OPERATION

for most conventional LPFGs is based on the photosensitivity-l-he corrugated LPFG is schematically shown in Fig. 1. It con-

of fiber core to ultraviolet light. Both wavelengths and losses 8lsts of two unit sections. One is the etched region with cladding
the resonance peaks of LPFGs are therefore determined byr usr., and the other is the unetched region with radiys

fabrication process and can hardly be tuned, which may limit ﬂWhen a tensile force is applied along the fiber in an equilibrium

applications of LPFGs. Recently considerable efforts have be(%hdition, each of the two regions will experience different ten-

made to expand the tunabilities of an LPFG. It was reported t@Eilite strain that is inversely proportional to the cross section area

thhe LP(';G could have a Iar_gle.wave.lingth tuning rangl;(el USING the corresponding region. Therefore, by photoelastic effect,
anced temperature sensitivity [3]; however, its peak l0Ss Coull, jitterential strain results in periodic index modulation. Since
not be tuned. Similarly, the resonance loss of the LPFG ba:

on quadratic-dispersion gratings could be varied bY strain [4 creases with the index modulation and the transmission of the
but npt t_he resonance wavelength. Although an all-fiber ACOYSSEG can be expressed as [2]

tooptic filter was shown to have wavelength and loss tunabili-
ties, the need of a silicon horn and the associated control mech- T = cos?(kl) 1)
anisms may be complicated [5].

In this letter, we describe a new type of LPFG made of a cowvherel is the length of the corrugated LPFG, then, the resonant
rugated structure over which periodical strain distributions aless can be tuned by the applied tensile force. The structure,
induced when external torsion or tensile force is applied. Whus, can act as a tunable loss filter.
have shown that such a corrugated LPFG can be served as l& has been shown that the peak resonant waveleagih

which the resonant coupling occurs can be written as [6]:

coupling coefficient between the core and cladding modes
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For the corrugated LPFG, since the Young’s modulus is near 0
uniform in the cross section of a fiber, the resultant tensile stral
is not a strong function of the cross section. As a result, th
index changes induced in both core and cladding over the entigz
cross section in our LPFG are similar. From (2), the differenc%
(6N core — Onc1aa) @S induced in a corrugated LPFG is then muci-% 15
smaller thardn.... as induced in a conventional LPFG, which§
may result in much less wavelength shifting in the corrugate § ¢ |
LPFG [7]. =
Next, we consider the effect caused by twisting the corru 25 |
gated LPFG. For a uniform rod subject to an applied torque
the twist rate (i.e., torsional angle per length) is inverselr -30
proportional to the fourth power of the radius [8]. For the 1575 1600 1625 1650 1675
corrugated structure, the twist rates are different in the etche Wavelength (nm)
and unetched regions due to the difference of the corresponding . o
cladding radii, which involves the analysis of the sirain fieg. % Evolutr of tanamissir spects of e cortigated LPEG when
distribution under torsion. Detailed results will be reported in
the future publication. Apart from that induced by the tensilr ;¢45
strain, another induced periodical index modulation is expecte
Significant excess stresses around the discontinuity areas exg
Since the corresponding strain fields are mainly distribute%
within the cladding rather than the core regions, the contributic §
to the index changén.i.q is much larger. From (2), the peak % 1625 r °
resonant wavelength shifts with the increasing twist rate, whic
forms the basis of wavelength tunability. Some co-related strag 1615 | °
distribution caused by twist have the same periodic variaticg
and will induce additional index modulation; therefore, it mayg 1605 | L
contribute to coupling among core and cladding modes ar®
result in the change of the resonant transmission loss. Owi ;595 ‘ : ‘ : . ®
to the similarity oféncq.e andéng,q induced by the applied 0 5 10 15 20 25 30
tensile strain [6], it is expected that the resonance wavelenc
is almost dominated by torsion even when combined with a
tensile strain. Thus, a loss-tunable band-rejection filter whoEig. 3. Variation of resonant peak wavelength with the applied twist rate.
resonance wavelength can be tuned by twisting is formed.

-10
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than 2 nm for each entire loss tuning range. This characteristic
is unique as compared to the conventional LPFGs made by pho-
toexposure that exhibit a considerable amount of wavelength
A dispersion-shifted fiber (DSF) with an original cladding rashift during the growth of index modulation [7]. As indicated in
dius of 62.5um is used. The corrugated structure is built by2), such a characteristic is attributed to the similarity between
etching a pre-patterned fiber using hydrofluoric acid solutiofv..,. andén.1,q caused by tensile strain. Third, the resonance
[6]. It has a length of 20 mm with an etched radius020 xm wavelength shiftis determined by the twist rate only, and moves
and a period of- 400 xm. The experiment setup for charactertoward the shorter wavelength side with increasing twist rate.
izing wavelength and loss tunabilities of the LPFG is also d&hese phenomena are all consistent with those described in Sec-
picted in Fig. 1. A tensile force and an external torsion torqun 1.
are applied to inducing an average tensile strdiff L and an ~ The variation of resonance wavelength with applied twist rate
average twisting rate = 27 N/ L (rad/m), respectively/L and is shown in Fig. 3. The wavelength can be tured0 nm at a
N are the total elongation and the number of torsional turns owverist rate of~ 30 rad/m. We note that for a conventional LPFG
the distance. between the fixed and the stretching points. Teesulted from photosensitivity, no obvious change in transmis-
facilitate a precise control on the adjustment-ainddL/L, L  sion spectra is measured even when the twist rate is doubled.
is setas long as 1 m owing to the precision limitation of our m&herefore, such a special characteristic is attributed to the cor-
chanical stages. rugated structure of the LPFG. A rigorous analysis in this regard
The evolution of transmission spectra of the LPFG at thrégcurrently being pursued for theoretical verification.
different fixed twist rates for increasing tensile forces is shown Loss tuning at different twist rates is shown in Fig. 4, and the
in Fig. 2. Three noteworthy characteristics are observed. Firsend is consistent with that described in (1). When no twist rate
all transmission losses at the resonance peaks mainly increasstrain is applied, the initial insertion loss is less than 0.5 dB
with induced tensile strain, which indicateincreases with ten- indicating a negligible waveguide effect resulted from the cor-
sile strain as described in (1). Second, for each applied twiggated structure. As the tensile strains increase, the maximum
rate, the shift of their resonance wavelengths is very small, ldesses can exceed 30 dB whéh/L is less than 60@.. Note

I1l. EXPERIMENTAL RESULTS
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sion and tensile forces, respectively, using a simple mechanical
setup. Since the shift of resonant peak wavelength is very small
(< 2 nm) during the overall loss tuning, a specified resonant
peak wavelength and loss can be obtained easily by first ad-
justing the amounts of torsion and then tensile forces. More than
40 nm and 25 dB can be tuned without residual stress. Such a
tunable band-rejection filter is expected to be useful in various
applications in fiber communication.
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