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Bidirectional Wavelength Add—-Drop Multiplexer
Using Multiport Optical Circulators and Fiber Bragg
Gratings
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Abstract—We propose and experimentally demonstrate a new
structure of bidirectional wavelength add—drop multiplexer using

}
multiport optical circulators and fiber Bragg gratings. It has the Mdnhs \3 FBG1 FBG3 a;'x’é"';;l] N 1x4 Coupler
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I. INTRODUCTION VA droph, mﬁi'x %Em{t}cz
HE EXPLOSIVE growth of data traffic drives the de- Light absorber FBGG FBG4 FBG2
ployment of wavelength-division-multiplexing (WDM) ()
technology. Single fiber bidirectional ring networks (SFBRN's)
attract a great deal of attention due to their cost-effective’ o J4—— « +  ——fH{—— Light absorber
enhanced capacity and possibility of self-healing charactt FBG1 FBG3 FBG 2n-1
istic [1]. A bidirectional wavelength add—drop multiplexer .5, ) o8 drop}, l__f__] addd,
(B-WADM) is one of the important components to implemen HOP—— FBGi oc
SFBRN’s. Several different structures of B-WADM USING ¢ bk ™ /2 1\ mrt. FBGK b ?"<3 —
WDM multiplexer/demultiplexer or an arrayed-waveguidt [ﬁ] e N
grating (AWG) have been proposed and demonstrated [2]- 2 05w
In this paper, we propose a reconfigurable B-WADM usin Light absorber —f—— + ++ —H #
multiport optical circulators (OC’s) and fiber Bragg grating: FBG 2n FBG4  FBG2
(FBG’s). The proposed B-WADM has a good filtering shape (b)

and sufficiently suppresses the relative intensity noise (RIN
Y bp y ( ? 1. (a) Schematic diagram of the proposed B-WADM that can switch three

caused by Rayleigh backscattering and optical reﬂeCt'Q)Hgtlcal channels in each direction. (VA: variable attenuator.) (b) Schematic
owing to the filtering characteristic of FBG’s. In addition, it isdiagram of the proposed B-WADM that can switch only one optical channel

cost-effective because it makes an effective use of multipdteach direction.
OC's.
dispersion compensation for the reflected optical channels.
Because only two FBG's are connected to port 4 of the OC,
one optical channel passes through two FBG’s and enters a
Fig. 1(a) shows the schematic diagram of the proposedx 2 optical switch (OSW). The other two optical channels
B-WADM that can switch three optical channels in eaclre reflected again by their respective FBG’s and sent to the
direction. The reflective center wavelength of the FBGext port of the OC. In the same manner, other optical channels
i(i = 1,2, N)) is designed to match the optical channedre separated and enter ax22 OSW, respectively. A X 2
Xi. Three optlcal channels in each direction enter port 2 gfSw decides the operation state between “pass through” and
each six-port OC, and they are reflected by their correspondifgid—drop” of each optical channel. Optical channels leaving
FBG's that are connected to port 3 of the SiX-port OC. 6ach 2% 2 OSW (“pass through” or “added” Channe|s) are
these gratings are chirped, they can simultaneously proviggmbined by a 1x N' coupler and exit the B-WADM through
the other six-port OC. If a wavelength multiplexer (MUX)
Manuscript received December 14, 1999; revised February 1, 2000. TH%Olaces akN coupler, it reduces the insertion loss but adds
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Fig. 2. Experimental setup of the proposed B-WADM. (TLS: Tunable light DO_ 4or
source.) — -60f
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In a general bidirectional transmission system, the RIN O 0
induced by Rayleigh backscattering and optical reflection may w0l (c)
degrade the receiver sensitivity. In addition, the maximum gain 50
of the optical amplifier used in a bidirectional transmission 50

system is limited by the multiple path reflection noise caused
by Rayleigh backscattering and optical reflection. However,
in our proposed B-WADM, these effects can be suppressed
suff|C|entIy by using !:BG_,S- When the counterpropagatingig 3. optical spectra obtained at port OUT. The resolution bandwidth of
optical channels are in different wavelengths, the unwantee optical spectrum analyzer is 0.1 nm. (a) When all optical channels pass
optical signals induced by Rayleigh backscattering and 0ptié'%(l‘i’:ghéh(;)]r‘]“ége”a;hdiof’at'r‘éaér%hargéﬂ is dropped, and (c) when both the
reflection pass through the FGB'’s that are connected to por?% ’ ’ ppec.
of a six-port OC and are filtered out by a light absorber. . .
In thep proposed B-WADM, the si)>/<-p0?t oC with Corre_0pt|cal channels. The reflective center wavelengths of FBG’s
sponding FBG's can be regarded as a wavelength demultiple%‘?’\1 = 1554.24 nm, A, = 1555.84 nm, andX; = 1557.44

(DEMUX). Compared with conventional DEMUX such ag)" with 1.6-nm channel spacing. The 3-dB bandwidth and re-
an AWG and a multilayer interference-filter-based filter, thigect|V|ty of the FBG's are 0.4 nm and 25 dB, respeciively. We

DEMUX has the good filtering shape that is ascribed to thee© an FC{APC conne_ctor as a light absorbe_r to prevent optical
filtering characteristics of FBG. Furthermore, because tv\%gnals arriving at the light absorber from being reflected.

six-port OC’s simultaneously include the function of separatinﬁ_;hrt?]e tungblet_ laser d'tOdeS Wh(l)se \;\;]aveling;[hs IféeG’matched

two unidirectional transmission optical signals from the bid i € retiective -center wavelengins o the Fbi>s are
r\ﬂéunched into port IN. To demonstrate the feasibility of
S

rectional transmission optical signals, we do not need dum . : .
three-port OC's used in the previous structures [3], [4]. ppressing the unwanted signals caused by Rayleigh backscat-

The proposed B-WADM has good design flexibility. Fig. 1(bgring from the counterpropagating light a_md optical reflection
shows the schematic diagram of the proposed B-WADM th fth different wavelengths, another optical chandgl for

can switch only one optical channel in each direction. Ti‘ié
FBG’s and light absorber that are connected to port 4 of

six-port OC suppress the unwanted optical signals induc The input optical f h optical ch i d
by Rayleigh backscattering and optical reflection. If &2 "3 dB?nlg?l;o(r)tplll\(l:a power ot each optical channel IS aroun

OSW is in bar state, all optical ch I th h. Only_. . .
'S In bar state, all optical channe’s pass throlg N Fig. 3(a)—(c) shows the optical spectra obtained at the port

one optical channel whose wavelength matches with the FB . _ \ .
can be dropped or added when &2 OSW is in cross-state. O%T for different connection states of two OSW's. In Fig. 3(a),

Compared with the structures of B-WADM using a WDMthbe ctrozztaélg behtwetehn ghantnled tgncli the otger_ cthhannels IS
multiplexer/demultiplexer or an AWG, it may be the fittest for § 00— when the input optical power & is the same

B-WADM node that switches only one optical channel becau%@a :/T;g[?f/l\)gc/\kzs'cgtrté\rgi.rl:gnigegei(r)iléj thtiz:e;:ef(i:Sg]z(lg dkurg)e(?sby
ithas a low insertion loss and a low cost. about—32 dB [5]. Therefore, the crosstalk 620 dB may

be sufficient for suppressing the RIN caused by Rayleigh
backscattering. Moreover, using narrower reflection spectra
Fig. 2 shows the experimental setup. Since the configuratioh FBG's or larger channel spacing can further enhance the
of the proposed B-WADM is symmetric and there is no mutualuppression ofy;. The crosstalk between channg} and
influence between counterpropagating signals in the system, thre other channels is due to the nonideal rolloff of the FBG
perform experimental demonstration on only one side of ttlspectrums. Even if the center wavelengths of the FBG's are
B-WADM. The average insertion loss of a six-port OC (E-Tekot matched withy;, a small portion ofA; light is reflected
PIFC2610TERO1) is 1.0 dB, and the isolation between adjacdnytthe nonideal rolloff of the FBG’s. As the number thatis
ports of the OC’s is>50 dB, respectively. The 2 OSW’s reflected by the rolloff o fthe FBG's increases, optical channel
used here are optomechanical switches with an insertion loss\gfis more suppressed. Fig. 3(c) shows the optical spectra
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mulating the unwanted back-reflected (copropagating with
, A2, and A3) signal is added. The wavelength af is
% 56.64 nm, which is in the middle of optical chanteland
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Fig. 4. Optical spectra of dropped optical channels at different locations. T.
resolution bandwidth of the optical spectrum analyzer is 0.1 nm. (a) Dropp
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Fig. 4(a)—(c) shows the dropped signals at different locations.
The optical spectrum of the dropped chankgis obtained by
disconnecting port 5 of a six-port OC from the<14 coupler. In
Fig. 4(c), the power level of optical channe] is near the noise
level of OSA. The reason is that the optical sighatthat is re-
flected by the nonideal rolloff of FBG's twice arrives at port 5
of the multiport OC. In Fig. 4, the heterodyne crosstalk between
the dropped channel and the other channels is ab@0t dB.

In WDM systems, less thanr15-dB heterodyne crosstalk may
induce a power penalty less than 0.5 dB at a BER of’17].
Increasing the steepness of the rolloff of the FBG and the reflec-
tivity of the FBG would improve the add—drop performances.

IV. SUMMARY

A new structure of B-WADM using multiport OC’s and
FBG's is proposed. It has good filtering characteristics and
uses multiport OC effectively. In addition, it has good design
ﬂgxibility. In our experiment, the suppression of the unwanted

optical channeh s, (b) dropped optical channel,, and (c) dropped optical light caused by Rayleigh backscattering counterpropagating

channel\;.

signals is more than 20 dB, but this can be further reduced
using the FBG’s of narrower reflective bandwidth or larger

channel\; is about—60 dB because optical channel that is channel spacing.

reflected by the nonideal rolloff FBG’s three times arrives at
the port OUT. Therefore, we cannot skgein Fig. 3(c) because

the power level of optical channel, is lower than the noise 1]
level of the optical spectrum analyzer (OSA).

Since the optical channadl; is reflected by three individual 2l
FBG 1's, the reflective center wavelengths of the FBG’s should
be very identical. Otherwise, the small wavelength misalign- [3]
ment may induce a large power penalty and signal-level degra-
dation. In our experiment, the problem of wavelength misalign- 4
ment does not occur seriously because the 3-dB bandwidth o%
the FBG used in the experiment is as wide as 0.4 nm. In ad-
dition, the reflectivity of three individual FBG 1's should be 5
very high to prevent the problems of the homodyne crosstalk
from the optical channel;. According to the theoretical anal-
ysis of the homodyne crosstalk, a homodyne crosstalk level ofg
less than—30 dB may induce a power penalty less than 1 dB
at a bit error rate (BER) of 1@ [6]. To avoid the problem of
homodyne crosstalk in our system, more than 30-dB reflectivity
of FBG’s should be used.
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