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Tunable Wavelength Filter Using a Bragg Grating
Fiber Thinned by Plasma Etching

Hironori Kumazaki, Yoshihisa Yamada, Hidetoshi Nakamura, Seiki Inaba, and Kazuhiro Hane

Abstract—in this letter, we studied a tunable wavelength filter 3 00 Pyt e W)
using a single-mode fiber Bragg grating with a cladding thinned by L |
reactive plasma etching. Reflection wavelength shifts were demon- e i
strated by controlling the effective refractive index or the period of
the grating. When liquid paraffin was used for additional cladding ~ “Pii=al It SiFx+O0

on a thinned grating fiber of 19-um diameter, the shift rate of 5121 %,
0.055 nmy°C was obtained. In the case of applying the tension to /™ ~———
the grating region, the shift rate was 3.4 nm/100 V for the fiber of | L
41-ppm diameter. oWl | I

Index Terms—Fiber Bragg grating, plasma etching, tunable-
wavelength filter, wavelength-division multiplexing.
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. INTRODUCTION

IGH-DENSITY wavelength-division-multiplexed (WDM) ——
multichannel optical communication systems are be- _ . . .
. . . . . . Fig. 1. Schematic of the experimental system used for reactive plasma etching
coming increasingly important due to their ability to transmif¢a, optical fiber.
a vast amount of information through optical fiber networks.
Various optical functional devices must be realized in order to . . ) ) )
achieve flexible optical fiber networks. In particular, tunable@Ptical fiber with various microstructures can be fabricated
wavelength filters with a narrow bandwidth and a wide tuninfyith precisely the same pattern as the mask patterning on it
range are useful devices for retrieving the desired informati#{thout making undercuts. In this study, single-mode Bragg
with a specific wavelength among the propagating wDgrating fibers (10/12%m _core/clgd d|ameter, 155_0-nm_grat|ng
signals [1]. Fiber Bragg grating (FBG) devices have receivé¢pvelength, 10-mm grating region) with a cladding thinned by
significant attention as key devices in WDM technologyactive plasma etching .have been demonstrated to be useful
because the filter provides a narrow bandwidth, low crosstalRl tunable-wavelength filters. The center wavelength of the
and a flat-top passband compared to other filters. Bragg reflector has been shifted by two methods; changing the
Recently, in order to make the FBG tunable, some methogifective refractive index by introducing additional cladding
have been proposed [2], [3], in which the effective period of tNd applying tension to the grating region.
grating is changed by applying tension, heat, or changing the
index for the evanescent wave. Il. REACTIVE PLASMA ETCHING OF OPTICAL FIBER
In those methods, the interaction between the external opera- ) )
tion and lightwaves in the core is increased with decreasing clad™i9- 1 shows a schematic of the experimental system used
diameter. Previously, the fabrication of optical fibers by wdPr reactive plasma etching of an optical fiber. A Cplasma
chemical etching in a buffered HF solution has been reporté@s Pproduced by two RF-powered (13.56-MHz frequency,
[4]. However, it is unsuitable for the wet chemical etching t§90-W maximum power ) parallel-plate electrodes in a vacuum
fabricate in a specified region of an optical fiber with higtghamber pumped by a rotary vacuum pump. The cathode
accuracy into various configurations, because the etching§§S water cooled and covered with a quartz plate in order to
isotropic. We have shown that reactive plasma etching enabfé§vent the sputtering of nonvolatile compounds.. déns
the fabrication of optical fibers [5]. With this method, theVere accelerated by an electric field in a plasma sheath and
collided with the cathode perpendicularly. The etching ofSiO
M ) ) o ) V\Proceeds in the direction of motion of accelerated, Géns
anuscript received June 10, 2001; revised August 6, 2001. This work was . . .
supported in part by Grants-in-Aid under Grant 11650258 for General Scientiﬁ@cause silicon (Si) and fluorine (F), and oxygen (O), and
Research and Developmental Scientific Research from the Japanese Ministgafbon (C) react upon gasification into Si@nd Cq. on the
E‘:‘:ﬁzﬁé’{;’c fr‘gg‘c%‘?oslgg;tz-faé‘ﬁugﬁft“rev and in part by the Research Foundagjpn,, surface. If a rotating optical fiber is placed in the plasma
gheath during the etching, thinning of the optical fiber becomes
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Fig. 2. Side view of an optical fiber thinned by plasma etching. Fig. 3. Structure of the tunable wavelength filter with a thinned single-mode

grating fiber. (a) Method 1: By changing refractive index of the surrounding
material. (b) Method 2: By applying tension to the grating region.

under the conditions of 13-Pa pressure, 150-W RF power, and
3-rpm rotational speed. Fig. 2 shows a side view of an optical

fiber of which some cladding in a specified region was remove 0 - ISR 5
by reactive plasma etching for 10 h. The diameter of the etch g e il
region was reduced from 128m to approximately 4xm. :{"-n. )

I1l. STRUCTURE OF THETUNABLE FILTER AND EXPERIMENTAL
PROCEDURE

Fiber sretcho

An FBG is a periodic refractive index perturbation, which i
formed in the core of an optical fiber by exposure to an inten: | “smamb
UV interference pattern. The periodic perturbation in the co - [ 2=+T
index acts as a stopband filter. The grating selectively refle¢  tikas piie B i Laciaadl 8
light in a narrow bandwidth centered around | C I Bt NS A

Fig. 4. Experimental apparatus for tunable-wavelength filter consisting of
thinned single-mode grating fiber.

A= 2nA 1)

Here, X is the reflection wavelengthy is the effective re- method in which tension was applied to the grating region. This
fractive index of the fiber, and is the period of the grating. is equivalent to changing the period of the gratingn (1).
If the effective refractive index. or the period of the grating Fig. 4 shows the experimental setup for the tunable-wave-
A is controlled, the desired reflection wavelength can be olength filter consisting of the thinned single-mode grating
tained. Fig. 3(a) schematically shows the first method in whidtber. Light from the halogen lamp (250 W) was focused on
the effective refractive index is changed by introducing addihe input side of the thinned grating fiber. In the first method,
tional cladding for the thinned fiber. In this method, the refleche thinned grating region was surrounded by glycerine or
tion wavelength can be controlled by changing the refractiViguid paraffin, the temperature of which was controlled by a
index of the material surrounding the thinned grating regiosilicon rubber heater, a thermocouple, and a thermometer. The
This is equivalent to changing the effective refractive indéx  reflection wavelength shift was measured as a function of the
(1). As the additional cladding layer, glycerine or liquid paraffitemperature of the surrounding material. In the second method,
was used because they have refractive indexes close to thathef reflection wavelength was shifted by applying tension to
the fiber cladding, and relatively large thermooptic coefficienthie grating region. A rectangular fiber stretcher manufactured
—2.2 x 107*/°C and -3.5 x 10=*/°C permitting efficient from high-carbon tool steel was glued on both sides of the
thermal tuning of the reflection wavelength. thinned grating region and driven by a piezoelectric actuator.

On the other hand, the thinned grating fiber is also consideréde reflection wavelength was measured as a function of the
to be more advantageous in reflection wavelength shifts inducealtage applied to the fiber stretcher. In all experiments, the
by applying tension to the grating region, because changes of tteater wavelength of the reflection bands was determined
period of the grating are efficiently induced in the case of a fibétom the transmitted light spectrum measured using an optical
with a small diameter. Fig. 3(b) schematically shows the secogpectrum analyzer at the output of the fiber.
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Fig. 5. Reflection wavelength as a function of surrounding material
temperature. Fig. 6. Reflection wavelength shift as a function of voltage applied to fiber
stretcher. (diameter 126E,,,, 98 fE..., 58 fE..., 41 fE.,,).

V. EXPERIMENTAL RESULTS AND DISCUSSION was caused by the heat produced during etching. It is better to

Fig. 5 shows the shifts of reflection wavelength as a functiampress the grating after thinning the optical fiber to prevent the
of the temperature of different surrounding materials (glycerirtecrease of the rejection rate.
and liquid paraffin). The length and diameter of the thinned
grating region on the fiber were 10 mm and;119, respectively. V. CONCLUSION

In.Flg. 6,the sphd and.dotted Ilngs represent the result; for glyc—A single-mode FBG with a cladding thinned by reactive
erine and liquid paraffin, respectively, and the dashed line repre-

sents the reference value of 0.01 rii@ for the shift rate of fiber \?vgjerzrl]:ne:ﬁr}liﬂtgaralt?(ta?Icht]i:)a:r\;\?a\:glggﬁn ﬂ\:v zﬁ i fE[Jesde(th fc();rostrt;ﬂﬁble
glass at 1550 nm. The shift rate was 0.035 AQ/in glycerine g A gth st y 9
the effective refractive index of the waveguide and/or expanding

and 0.055 nmfC in liquid paraffin. These values are, respec]?_e grating mechanically. The shift rate of 0.055 &/ was

tively, 3.5and 5.5 times Igrger than the refgrence vglug. The ?tébtained when liquid paraffin was used for the additional
ferences between the shift rates of glycerine and liquid para

| . . o .
were caused by the shift rate of the refractive index of the m%‘jaddlng on a thinned grating fiber of }&m diameter. In the

. . . . . ... case of applying the tension to the grating region, the shift
terial. The ratio of the shift rate in glycerine to that in Ilquuf’ ) .
paraffin is 1.00:1.57. This ratio is almost the same as the ra[f’j‘ote was 3.4 nm/_loo v for th_e fiber of 4Im diameter. The_
. - . L . value was approximately 1.7 times larger than that for the fiber
of the thermooptic coefficients of glycerine and liquid parafﬁnwithout etchin
Fig. 6 shows the reflection wavelength shift as a function 9.

of voltage applied to the fiber stretcher in the second method.
The diameters of the thinned grating region were 125 (without

etching), 98, 58, and 4&m. The shift rate was 3.4 nm/100 vV [1 M. C. Oh, H.J. Lee, M. H. Lee, J. H. Ahn, S. G. Han, and H. G. Kim,
when the thinned arating regions were 10 mm lon andmhl Tunable wavelength filters with Bragg grating fiber in polymer waveg-
g greg g uides,” Appl. Phys. Lett.vol. 73, no. 18, pp. 2543-2545, 1998.

in diameter. The value is approximately 1.7 times larger than[2] J. L. Cruz, A. Diez, M. V. Andres, A. Segura, B. Ortega, and L. Dong,

that for the unetched fiber. Although thinning the grating region ~ 'Fiber Bragg gratings tuned and chirped using magnetic fielfi&t-
. . . . tron. Lett, vol. 33, no. 3, pp. 235-236, 1997.
is effective to decrease the force applied to the fiber, the value[3] S. Jin, H. Mavoori, R. P. Espindola, and T. A. Strasser, “Broad-range,

of the wavelength shift is smaller than the theoretical values. latchable reconfiguration of Bragg wavelength in optical gratingpgl.

This was caused by a mechanical loss at the adhesive part of the Phys. Lett.vol. 74, no. 16, pp. 2259-2261,1999. = =
ina fib d the stretcher 4] L. Dong, J. L. Cruz, L. Reekie, and J. A. Tucknott, “Fabrication of
grating fiber an g : . chirped fiber gratings using etched tapeisléctron. Lett, vol. 31, no.
The plasma etching, however, decreases the rejection rate, 11, pp. 908-909, 1995. _ _
namely, the difference in the transmitted light intensity between!(5] H- Kumazaki, Y. Yamada, T. Oshima, S. Inaba, and K. Hane, “Micro-

. machining of optical fiber using reactive ion etching and its applica-
the grating wavelength and other wavelengths was decreased to jon » in Dig. Microprocesses Nanotechnol. 200@l. 12B-5-5, 2000,

be 50%. It is considered that the decrease of the rejection rate pp. 154-155.
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