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High-Dynamic-Range Optical Cross-Connect
Device using Fiber Bragg Gratings

Shien-Kuei Liaw, Keang-Po Ho, Lian K. Chen, Frank Tong, and Sien Chi

Abstract—Using in optical networks, a reconfigurable and low- Adoda.
cost 2x 2 optical cross-connect device based on fiber Bragg grat- {77 Space Division | i
ings and optical limiting amplifiers is investigated and demon- Switch '
strated. The input dynamic range is over 20 dB for both crossing 1o
and passing channels. Small power penalty of 0.6—1.0 dB is found :

Aohs A
for a two-channel 2.5 Gb/s over a 100-km system demonstration. :

Index Terms—Fiber Bragg grating, optical cross-connect, op- .,
tical limiting amplifier, optical networks, wavelength-division
multiplexing.

I. INTRODUCTION (a) (b)

N OPTICAL networks using wavelength-division-Fig. 1. Schematic diagrams of (a) the conventionad 2 OXC and (b) the
mu|tip|exed (WDM) techno|ogy, an Optica] Cross_conne(ﬁl’opose_d FBG ba'SEdQ 2 OXC: OC: O_ptical CiI’Cl.J|:T;ItOT..FBG Fiber Bragg
device (OXC) is essential equipment for wavelength add/dra)[ittilgagl 7svﬁt,\élr'1: Single-mode fiber. Bi-EDFA: Bidirectional EDFA. OSW:
and routing. Transparent to signal format to a certain extent,
the OXC's allows the optical network to be reconfigured on a
wavelength-by-wavelength basis to interchange and optimig\gitches. Among channels, the in-line loss is nonuniform since
traffic patterns, provide the routing function, facilitate networthe shortest path length needs round-trip 1 XC unit and the
growth, and enhance network survivability [1]. OXC’s cafongest path length needs round-trig — 1 XC units. In
be used to replace digital XC systems in high-speed transpi¥§ paper, the OXC device is integrated with optical limiting
networks [2], or to be utilized as switching core of ultrahighamplifiers (OLA’s) to provide a large input dynamic range
Speed ATM cross-connects [3] F|g 1(a) shows a Conventiodé] and function as a Self'equalizer for the erbium—doped fiber
reconfigurable 2« 2 OXC. A space division switch is inserted@mplifier (EDFA). System demonstration of two-channel 2.5
in between two WDM multiplexer and demultiplexer pair§>b/s over a 100-km of single-mode fiber (SMF) using the
to select, interchange, and rearrange WDM channels. T§XC is provided to confirm its feasibility.
sets of WDM channels\;, A, ---, Ay and A}, AL, - Ny
are the same wavelengths for the upper and lower fiber links, Il. OPERATION MECHANISM

respectively. Though shown as a single block, the spaceFig. 1(b) shows the schematic diagram of the proposed
division switch can be realized by a number of switches, , "> oxc. Large M x M OXC can use the device in

gach switching for a particular wavelength. Large power Iosﬁg_ 1(b) as a building block [6]. There are two input ports
induced by the OXC can be compensated by the pre- and/gT|1 5nd 12 as well as two output ports of O1 and O2 in
postamplifiers. However, the architecture may be expensiyR, oxc. The OXC also consists &f numbers of XC units

and complicated due to the requirement of additional spaggy two sets of bidirectional EDFA’s (Bi-EDFA's). Each XC
division switch components. The drawbacks of complicate it includes one OSW. one short piece of SMF and one
designs and controls of these elements have to be resol% (i = 1,2---, N) ,The FBG is designed to match
. . - ) ) .
to broaden the appll_catlon of OXC. . to the WDM-channel signals of; and )\; transmitted in the
R_ecently, a reco_nﬂgurable ,Wavelength-selegnve OXC ba?ﬁﬂper and lower fiber link. Without wavelength interchange,
on fiber Bragg gratings (FBG's) and opt_lcal_swnches Oswg signals are reflected by the FBG’s due to the bar-state
was proposed by us [4]. In genergl, this k'm_j 0k2 OXC  giatus of all the OSW's and then travel back to port 3 of the
for IV channels WDM system requiréé XC units andN +1 - resnonding OC1/0C2. In that case, all wavelength channels
are called the passing channels. If wavelength interchange is
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Fig. 2. Experimental setup to demonstrate the 2 OXC. TLS: Tunable
laser source. MOD: 2.5-Gb/s external modulator. VA: Variable optical atten- €)
uator. OBPF: Optical bandpass filter. BERT: Bit-error-rate test set.
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in the XC units and pass through via port 11 to O1 and [

port 12 to 02, respectively. Even if; and X;, for example, LR RLLENDTH
appear simultaneously, because the interaction distance is very
short and other reflections are small, Rayleigh back-scattering
may induce negligible degradation. All WDM channels are
amplified twice by the Bi-EDFA(s). The passing channels \7 ——— |
travel round-trip and are amplified twice by the same Bi- \

EDFA while the crossing channels are amplified once by each

Bi-EDFA. For both cases, two Bi-EDFA'’s act as the OLA’s
to improve the input dynamic range and increase the link
budget. The laser pump can be shared by two Bi-EDFA’s

for cost saving. In the above implementation of the OXC, all CENTER (538,00 nn SPRN 28.86 nn
passing channels are reflected by the corresponding FBG's. *h8 8.2 vBEdH S ST=t.4 sec
In another implementation, the label of O1 and O2 can be (b)

interchanged and all passing channels (i.e., signals from Flimd- (35) gptical spectra Olf (?) th% passing Sign%lzof %\55_7-1 nm altt portf?]l

. . n the crossing signal of 1559.4 nm at port O2. The insertion loss of the
to new Ollor from 12 to new 02) do no.t Interact Wlth th XC for both the passing and crossing signals is about 2.5 dB. No Bi-EDFA
corresponding FBG'’s, but rather the crossing channels inter@gt used during spectra measurement.

with the corresponding FBG’s.

at O1 and Fig. 3(b) is the crossing signal of 1559.4 nm
I1l. EXPERIMENTAL SETUP observed at O2. The insertion loss of the OXC for both the

The functionality of the OXC was demonstrated using tH&ASSINg and crossing signals is about 2.5 dB. No Bi-EDFA
experimental setup in Fig. 2. Two tunable laser sources (TL&@S used during measurement to estimate the insertion loss
and TLS?2) with the central wavelengths of 1557.1 and 155924 OXC. Fig. 4 shows that the input dynamic range for the
nm were connected to a 50/50 directional coupler and th&+A integrated OXC is over 20 dB both for the dual-pass
externally modulated by a LiNbO3 intensity modulator usinf" Passing signal) and cascaded (for crossing signal) Bi-
2.5-Gb/s 23 —1 PRBS. Two spools of SMF, each having 10 DFA’s. T_he out_put power variation bet\_Neen passing and
km in length, were located after the OXC. Two EDFA’s have §0SSiNg signals is less than 2.5 dB ranging from-@b to
saturated output power of 9-10 dBm were used to compensatdBm. The feature makes the OXC act as a self-equalizer
for the fiber loss. The optical bandpass filters (OBPF's) wiflp" WDM channels. The dynamic range of a conventional
3-dB bandwidth of 1.3 nm were used to filter out the amplifiedi"9/€-pass EDFA is only 8.5 dB as shown in Fig. 4. Fig. 5
spontaneous emission (ASE) noise. The interport insertion IGROWS the bit-error rate (BER) as a function of the received
and isolation of each OC is 1.0 and 47 dB. The FBG1 arfPtical power for the baseline (0 km) at 1557.1 nm, passing
FBG2 have a 3-dB bandwidth of 0.2 nm, reflectivity of ovefignal (100 km) at 1557.1 nm and crossing signal (100 km)

99.95% and central reflective wavelengths matched to thdde1559-4 nm. The power penalties are 1.0 and 0.6 dB for
of TLS1 and TLS2. passing and crossing signals, respectively. Power penalty of

the crossing and passing signals may be attributed to the
accumulated ASE from two EDFA’s and the reflection of
IV. RESULTS AND DISCUSSION ASE/signals from FC/PC connectors inside the OXC. The
When A; and A; from TLS1 and TLS2 are launched fromangled-physical-connected (APC) connectors can be used to
11, Fig. 3(a) shows the passing signal of 1557.1 nm observedppress the unwanted back reflections.
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wavelength of 1559.4 nm is fed from port 12, homodyne
crosstalk of —25 dB is induced and may generate a power
penalty of about 0.5 dB [7]. This power penalty can be reduced
further by eliminate reflection from optical connectors and
components. However, homodyne crosstalk may limit the abil-
ity to cascade many OXC’s simultaneously. If the maximum
tolerable homodyne crosstalk i&7,,,, and the homodyne
crosstalk in each stage §7ox¢, the maximum number of
cascaded OXC'’s iSX T ax/XToxc)?, corresponding to 10
for the proposed OXC.

V. CONCLUSION
By integrated with OLA’s, a 2x 2 OXC based on FBG'’s

Fig. 4. The output power versus input power for the dual-pass Bi-EDFfs investigated and demonstrated. The OXC has 20-dB input

cascaded two Bi-EDFA's, and one conventional EDFA, respectively.

dynamic range and small power penalty of 0.6 and 1.0 dB for
the crossing and passing channels in a two-channel 2.5-Gb/s
100-km system demonstration. With the advantages of low
channel crosstalk, high dynamic range, uniform loss spectrum
for WDM channels, simple operation mechanism and low cost,
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Fig. 5. Measured BER performance of the back-to-back signal at 1557.1
nm, passing signal (100 km) at 1557.1 nm and crossing signal (100 km) Ef|
1559.4 nm using OXC.

[2]
Homodyne crosstalk, having the same wavelength as the
signal, will cause severe system performance degradation
in optical networks by beating with the desire channel [7]3]
Fig. 3(a) shows optical spectrum measured at O1 port when
there are no other optical signals fed from the 12 portjs
there is about-25-dB heterodyne crosstalk from 1559.4 nm
to the passing channel of 1557.1 nm due to the reflectiom
from connectors and Rayleigh backscattering. For a crossing
channel of 1559.4 nm, the heterodyne crosstalk level induced
from 1557.1 nm is lower then the ASE floor. On the otherg)
hand, when two other signals from TL'Sand TLS2 are
launched into the 12 port, the OXC will introduce33 dB,
corresponding to 0.05%H = 99.95%) relative power, of
homodyne crosstalk to contaminate the passing channel Bﬁ
1557.1 nm generates by the TLS1. The tolerable homodyne
and heterodyne crosstalk level is much larger thab dB [7]
and —33 dB [8], respectively. However, homodyne crosstalk[g]
may limit the usable bandwidth of FBG [9]. If another channel

(7]

the OXC could provide more reconfiguration flexibility and
network survivability for WDM networks.
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