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Resonant Ring Fiber Filters

Liang Dong, George E. Berkey, Paul Chen, and David L. Weidman

Abstract—We have studied structures where a concentric ring W
with an index higher than that of the cladding index is added to T
a conventional fiber core. The structure supports at least one ad-
ditional symmetric mode with substantial power in the ring, be-
sides the normal mode in the core. Within certain designed param-
eter regime, the propagation constants of the lowest two symmetric
modes cross at certain wavelength. This is equivalent to saying

that LPO1 mode can change from having more power in core to 20 Anring
having more power in ring at certain wavelength or vice versa. At —

this resonance, each of the two modes has substantial power in the AR

core and the ring. This resonant nature of the structure creates a “

strong wavelength dependent mode field for LPO1 and LP02 modes
near the resonance wavelength. Filters based on this principle are

demonstrated for the first time. ) ) ) ) o
Fig. 1. lllustration of index profile of a resonant ring fiber.

|. INTRODUCTION ) o ) )
for all fiber fabrication today. In this paper, we report the first

M ISMATCHED twin-core fiber filters have been studieg,yerimental implementations of this type of filters.

by various authors [1]-{3], and [4]. The design principle |, 5 mismatched twin core fiber consisting two adjacent cores
of the filters is to make the two core modes phase-matched gty gifferent designs, the fiber can support at least two modes
certain wavelength, so that coupling between the two cores Ggfh most power of each mode mainly concentrated over each
happen at this wavelength, while no coupling happen elsewh@ie and the propagation constants of the two modes can be ma-
in the wavelength spectrum. In addition to the high spectruiyjated independently. Similarly in RRF, there can exist two
quality of the filters demonstrated [3], [4], there are a nUMbEY mmetric modes with most power concentrated mainly over
of advantages of this type filters comparing to grating basgth core and ring respectively. The two modes will be referred as
filters. There are I_iterally fibers, so they Iengl themselves t0 B® .« mode and ring mode. The propagation constants of the core
mass-produced; filter wavelength can be adjusted over few hupyy ring modes can be manipulated independently to certain ex-
dred of nanometers from the same fiber; they are as reliable,ag; py varying the parameters of the core and ring respectively,
fibers and they can be made truly distributive. Although Mishq can therefore be designed to cross at certain wavelength,
matched twin core fiber filters can have low polarization dexo_ This resonance aY, is intrinsically the same as where the
pendence when coupling is weak, however polarization depgfaamental mode of the structure changes from one mode to
dence can be a problem due to their intrinsic noncircular symaqsther (ring mode to core mode or vice versa). At this reso-

metry where stronger coupling or much longer device lengthiSnce strong periodic power transfer between core and ring can

rquirgd. . . L ) happen. An illustration of the index profile of a RRF is shown
Similar filters can also be implemented in fibers with an addjp Fig. 1, where a high index ring is added to a lower index

tional ring some distance away from the core. The outer ring ap@er core. Definition of key parameters used in this paper is
the central core play the parts of the two cores in the mismatchgd, shownAn.. is the core index difference; is core radius
fiber filters case, when properly designed. The basic concepis the distance from the center of the core to the edge of the
was touched upon by Cozeetal.in a theoretical paperin 1981 iNg; Anxing is the ring index differencei¥ is the ring width.

[5]. The same principle was also used by Boucouvalaslin - the | po1 and LPO2 modes of the structure will be the coupling
their attempts to make tapered couplers [6]. The fiber will Bg)re and fing modes.

referred as resonant ring fiber (RRF) in this paper. This config-
uration essentially solved the polarization dependence problem
associated with mismatched twin-core fiber filters by having a
circularly symmetric configuration and is especially appropriate Consider a structure with a thin high index ring and a large
for loss filters where no access to the optical power in the outekver index core (the reverse will also work, i.e., a small higher
ring is required. This circular configuration also lends itself tédex core and a wide low index ring), with appropriate design

be easily fabricated by vapor phase deposition techniques ufe@ifundamental mode of the structure can be the ring mode and
the conventional core mode being LP02 mode. As the wave-
_ _ length is increased, the propagation constant of the ring mode
Manuscript received January 20, 2000. , (LPO1 at this wavelength) decreases much faster than the core
The authors are with Corning Incorporated, Corning, NY 14831 USA (e-mall; . ..
DongL@Corning.com). mode (LP02 mode at this wavelength). Af, a transition be-
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Fig. 2. Crossover of the propagation constants of the core and ring modes. Fiber paramefers are:0.0054, p = 3.83 um,d = 15 pm, An,;,, = 0.025
andW = 0.53 um. The fiber design gived, = 1.205 pum.
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Fig. 3. LPO1 modal fields at various wavelength arowgd= 1.205 pm. Fiber parameters are the same as in Fig. 2.

mode (LPO1 mode) becomes the core mode, which now hamesmatched twin core fiber. A corresponding strong waveguide
higher propagation constant. Fig. 2 shows the behavior of thispersion is expected aroung as a result of the transition.
normalized propagation constants of the LP01 and LP02 modess is shown for LPO1 mode in Fig. 5. Similarly to a typical
during such a transition. Fiber parameters ae;, = 0.0054, resonant behavior, this dispersion peak can be increased with a
p=3.83 pm,d = 15 um, An,iyg = 0.025 andW = 0.53 um.  reduction of bandwidth or vice versa.

The fiber design give&, = 1.205 pym. The LPO1 mode’s tran-  In Fig. 6, a loss filter constructed from a RRF is illustrated. A
sition from ring mode to core mode at aroukglis also captured section of the RRF is spliced between two conventional single
in Fig. 3, where the normalized modal fields of LPO1 mode armaode fibers. At the entrance to the RRF, both the LPO1 (even
plotted for five different wavelengths with a step of 25 nm. Aode) and LP02 (odd mode) of the RRF are equally excited to
A < Ao, the LPO1 mode has most of its power in the ring while aatisfy the boundary condition that there is no power in the ring
A > Ao, LPO1 mode has most of its power in the coreAjtthe at the entrance to the RRF. The phase walk off between the two
LPO1 and LP02 modes are plotted together in Fig. 4, showingpdes causes power to couple between the core and ring over a
that each mode has a substantial amount of power over the cowapling lengthl.... If RRF of L., long is used as in Fig. 6. There
and ring. In fact, the amplitude distribution of the fields is verwill be significant transmission loss A and low transmission
similar both over the core and ring, with the LPO1 mode maitess elsewhere as illustrated in Fig. 6.

taining a same phase whilst LP0O2 mode an opposite phase ovdn another configuration, ring can be made to have high loss
the two regions. This is very similar to the two supper-modes irtacause a continuous loss for light aroud but not elsewhere.
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Fig. 4. LPO1 and LP02 modes &% = 1.205 pm. Fiber parameters are the same as in Fig. 2.
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Fig. 5. LP01 mode waveguide dispersion aroud= 1.205 zm. Fiber parameters are the same as in Fig. 2.
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Fig. 6. lllustration of a loss filter constructed with a section of RRF.

Distributed spectral loss filter of tens of meters long can be made
this way. The peak loss can be controlled by the amount of loss
caused by the ring.

Tuning of RRF filter can be done similarly to what has been
demonstrated in mismatched twin-core fiber filter [3]. The reso-
nance peak can be changed by varying the fiber diameter with its
relative internal structure unchanged [3]. This diameter change
can be done on a fiber drawing tower by drawing the same pre-
form into a fiber with a new desired diameter or using a set-up
similar to that of a coupler rig to obtain a constant diameter re-
duction over a length of fiber [3]. The bandwidth of filters can
be varied from few nanometers to over few tens of nanometers
by suitable fiber designs.

I1l. EXPERIMENTS

A. Filter Spectral Response

Several RRF’s have been made with designs of both high
index ring/low index core and high index core/low index ring.
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Fig. 7. Measured filter response with a section of RRF1 spliced between two SMF-28 fiber. Fiber parameters,are0.0047, p = 4.85 um,d = 16 pm,
Anying = 0.01535 andW = 1.02 pm. The length of RRF1 is 90 mm.
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Fig. 8. Measured filter response with sections of RRF2 spliced between two SMF-28 fibers. RRERhasaf 0.0047 p of 4.85um, d of 14.2um, Anying
of 0.021 andV" of 0.82m., but with~4 wt% B doped in the ring. The lengths of RRF2 are shown next to each curve.

Three fibers will be discussed in this paper. The first fiber hasdmping level of~4 wt% and~1 wt% respectively in the ring.
Ang, 0f 0.0047,p of 4.85um, d of 16 pm, An.in, 0f 0.0155 Ge doping level in the ring is slightly adjusted to give a same
andW of 1.02um. This fiber will be referred to as RRF1. Fromindex in the ring.
each preform, fibers with several different diameters were usu-A filter constructed with 90 mm of RRF1 is shown in Fig. 7.
ally drawn. The second and third fibers both havA®., of The RRFL1 is spliced between two SMF-28™ fiber as described
0.0047,p of 4.85.m, d of 14.2:m, An,ing 0f 0.021 and¥ of inFig. 6. Fig. 7 shows the typical response expected of this type
0.82um. These fibers will be referred to as RRF2 and RRF3.of filter. The FWHM bandwidth in this case 4625 nm. The high

In addition to Ge doping, RRF2 and RRF3 have certainsertion loss of 0.5 dB is mainly splice loss. Response of filters
amount of B doped in the ring. RRF2 and RRF3 ha¥® constructed out of several different lengths of RRF2 is given in
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Fig. 9. Tuning curve of RRF2. The measured data (dots) is plotted together with the expected linear fit.
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Fig. 10. Measured temperature sensitivity of the peak wavelength for RRF2 together with a linear fit with a stép@ofim/° C.

Fig. 8. The length of RRF2 used is given next to the each corminag in the design in Fig. 1. This will lead to higher thermal-optic
sponding curves. Each curve is also displaced by 10 dB to showefficient to the ring mode. One way of achieving athermaliza-
clearly all the curves. Fig. 8 shows the increase of peak losstas is by using appropriate codopants together with Ge doping
the length of RRF2 is increased from 6 mm to 21.5 mm. The ndo- balance out the effect on the thermal dependence of the two
rowing of the filter as the RRF length increases is also expectebpagation constants due to the different levels of Ge doping in

from the theory and is consistent with this type of filters. core and ring of the fiber. One possible dopant is Boron. Since
only a balance needs to be achieved so that only the part (core
B. Filter Tuning Characteristics or ring depending design) with a high Ge content needs to be

. . doped with an appropriate amountB8f RRF2 and RRF3 were
The filter center wavelength can be tuned by varying thl%ade to check out the effect &f doping in the ring of RRF1
fiber diameter, similarly as in mismatched twin-core filter

Fig. 9 gives the tuning curve for RRF2, together with a Iinee?hn the thermal dependence of the RRF. Figs. 10 and 11 show
fit. The tuning curve is linear with a slope of 19.5 nmi. The e thermal response of RRF2 and RRF3, respectively. RRF2

peak wavelength is tuned over 400 nm as the fiber diame?enr{]d RRF3 haye a temperature_dependenc_e(_b_d‘)? and Q.09
varied from 115 to 13%m nm/ C respectively, demonstrating the feasibility of tuning the

temperature dependence Bydoping. P can also be used to
o give a similar effect.
C. Athermalization

Athermalization of the filter can be achieved by equalizing- Teénsion Dependence of the Filter Wavelength
the thermal dependence of the propagation constants of the twé Filter constructed from RRF3 is measured when different
modes involved. If Ge doping is used to give the desired indexnount of tension is applied for testing its dependence on ten-
profile, it will also give a higher thermal-optic coefficient to thesion. The measured peak wavelength is plotted at different ten-
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Fig. 11. Measured temperature sensitivity of the peak wavelength for RRF3 together with a linear fit with a slope of 0QRRK2 has @\ n., of 0.0047,
p of 4.85um, d of 14.2pm, An,;,, 0of 0.021 and¥” of 0.82pm., but with~1 wt% B doped in the ring.
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Fig. 12. Measured tension dependence for RRF3 together with a linear fit with a slefdhm/Kg.
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