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ABSTRACT

Due to rapid increases of the on-demand servidadieectional DWDM transport system employing SOida
RSOA is proposed and demonstrated. Brilliant penforces of BER were achieved for both down/up-lnakgmissions
over a 100-km SMF.
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1. INTRODUCTION

Due to rapid increases of on demand services lideovconferencing on demand game, movie etc. Dense-
wavelength-division-multiplexing (DWDM) transporystems can fully employ very high bandwidth in ditgctional
single mode fiber by taking advantage of advancetical technology that is able to launch and midsipmultiple
wavelengths in one fiber [1-3]. A DWDM transporsm is envisioned to have a multiple number dfithisted feedback
laser diodes (DFB LDs) which are wavelength-setbébe each channel and controlled to operate aeaific wavelength;
but this process is complex and not economy. Rurcaessful implementation of DWDM transport systeitris necessary
to develop feasible and low complexity light sourte design economy system using SOA based broad ASE light
source, and optical band pass filters are feas#iglenique in which narrow wavelength is picked nguf a broadband light
source and externally modulated by the Mach-Zehnaetulator (MZM) to transmit resultant modulatedveas a optical
signals. It is smart because it avoids the neethuafiple DFB LDs with well-defined wavelengths. tacent studies,
reflective semiconductor optical amplifier (RSOA)widely used in the light wave transport systenms i its wavelength
reuse and remodulation characteristics [4-6]. RS@Rhich has broad and flat amplified spontaneousssiom (ASE)
spectrum, is expected to replace multiple DFB LDBWDM systems by spectral sliced technique usiptical band pass
filter. In this paper, architecture of bidirectior@WDM transport systems based on SOA and RSOArapgsed and
demonstrated. SOA is used as a broadband lightspir which the bandwidth of the SOA-ASE spectisras wide as
80 nm. And the RSOA is used to reuse a multiple bemof wavelengths and remodulate the upstreamdigtal with
data rate is 1.5Gbps. Impressive performancest@riir rate (BER) and clear eye diagram were abthover a 100-km

bidirectional single-mode fiber (BSMF) down-linkdanp-link transmissions
2. EXPERIMENTAL SETUP

Figure 1 shows the experimental configuration af proposed bidirectional DWDM transport systemseblasn
SOA and RSOA. The broadband SOA based -ASE lightcgois amplified by erbium-doped fiber amplifi@FA-1),
externally modulated with 2.5 Gbps data signaliceffitly split into two optical channels by a 1xtical splitter and
passes through two optical band-pass filters (ORRE&l multiplexed back into the EDFA-2 by a 2xicgd combiner.
The 2.5 Gbps data signal has a pseudorandom bieapyence (PRBS) length of*2. All EDFAs have similar optical
characteristics, with an output power of 17 dBm andobise figure of 4.5 dB, at an input power ofBrd The spectral
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sliced two wavelengths @f andi, are externally modulated with 2.5 Gbps downstreata signal by MZM modulator.
An optical circulator (OC1) was placed after theFA32, to
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Figure 1: Experimental Setup for Bidirectional DWDM Proposed System

Divide both downstream and upstream data signaler @ 100-km BSMF transmission, the downstreancapti
signals were split by a 1x2 optical splitter. Oradf lof the signals pass through a variable optatéénuator (VOA),
wavelength picked up by an optical BPF (OBPF), detkcted by an Avalanche photodiode (APD). Therdth# of the
signals were circulated and reused by the OC2 &@AR For up-link transmission, the downstream @ptgignals are
directly modulated through the RSOA by 1.5 Gbpsingsn data signal, with a PRBS length 82 The optical signals
are circulated and amplified by the OC2 and the Ef3Fbefore coupled into the same 100 km BSMF ligice both of
the downstream and upstream signals are transnaittbk same BSMF, an optical isolator is placeerahe EDFA-3 to
avoid the downstream data signals. BER values werasured and analyzed at both sites by BER testkithe eye
diagrams were observed by Eye-Analyzers.

3. RESULT
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Figure 2: Shows that the Optical Spectrum of SOA-AE Source

The optical spectrum for the SOA-ASE and two seléavavelengths is present in Figure. 2. The bantiwod
the SOA-ASE spectrum is as wide as 80 nm (1505-168fF with a flatness of 3 dB. We select the wangiks ofi;
(1546.26 nm) and, (1554.26 nm) using spectrum-sliced technique Jatige channel spacing of 8 nm to avoid the
crosstalk that arises from the incomplete isolatbrthe adjacent channels. When an ASE is usetieaight source of
DWDM systems, the signal-to-noise ratio (SNR) dfteyns is given by [7]:

SNR:B)p(,/BeIec )

Where By is the optical bandwidth ar...is the electrical bandwidth. The SNR is proporticwathe optical
bandwidth, and inverse proportional to the eleatrisandwidth. They are small electrical bandwidtbsnpared to the
optical bandwidth. Thereby, the SNR value is imgebwn which causing systems with better performandée gain
model of RSOA which explains the gain saturatioarmenon can be stated as [8]:

Impact Factor (JCC): 3.8326 NAAS Ratj 3.06



SOA And RSOA Based Full-Duplex DWDM Transmission Sgtem 13

Gs= Psat, out/ Pat Jin (2)

Where Ry outiS the output saturation power,Pi, is the input saturation power, a@dis the saturation gain at,
Psat, out The input saturation powd? o , iis defined as the optical power injected into tHeCRA where optical gain
decreases by 3 dB. It is obvious that; B:andGs depend on thegR i,; higher Ry ileads to higher &  ,,and lower G.
Due to long haul transmission over a BSMF usingsttuime wavelengths in both directions; it may happah Rayleigh
backscattering noise limits the systems seriouBhe Rayleigh backscattering noise is generatedtaumth the back-
reflection of downstream signal and that of remathd upstream signal in a RSOA. To reduce the Ryyle
backscattering noise caused by the remodulatia,RBOA is operated in the saturation region. FigBrshows the
measured BER values for up-link transmission byyivar the RSOA injection power level -10 and -20 dBm other
words, from the linear region to the saturation.dfee eye diagrams corresponding to the RSOA iigjegiower levels of
-10 and -20 dBm are demonstrated in Figure. 4(d)(Bjy respectively. Amplitude and jitter fluctuzts in the signal are
clearly observed in Figure. 4(a). Originally, thewshstream data signals should be erased by the R¥0Oi the
elimination of the downstream data signals, thetrepsn data signal is remodulated by the RSOA. Nbegkss, the
downstream data signals are not sufficiently suggeé since the RSOA is operated in the linear nedeading to
fluctuations for eye diagram. However in Figureb)@mplitude and jitter fluctuations in the sigmaaé clearly reduced
due to the sufficient suppression of the downstre@ta signals. The measured down/up-link BER cufeed00 Km
BSMF and B-t-B as RSOA with -10 dBm injection poveexr a function of the received optical power lear& plotted in
the Figure. 5. For down-link transmission and BER of 10°, the received optical power level is -24.1 dBmt Bp-link
transmission and at a BER of ¥@he received optical power level is -26.6 dBm. G&ER performances are achieved
over a 100-km BSMF transport for both down/up-lirdnsmissions. At a BER of Ppthere exist large power penalties of
8.7 dB (down-link) and 7.3 dB (up-link) between tB&B and over 100-km BSMF transmission. These lgygeer
penalties are owing to fiber dispersion-inducedafttas. BER performances might be affected by tlesstalk from the
adjacent channels (linear crosstalk) and the stitedl Raman scattering (SRS)-induced crosstalk ifrean crosstalk).
However, linear crosstalk can be avoided if setbetavelengths with large channel spacing and SR8eed crosstalk
can be reduced if channel powers are made so éggiaBRS-induced amplification is negligible. AIDEAs used in
systems have flat amplifier gain (with a flat gaiithin 3 dB over entire C-band); flat amplifier gah a wavelength range
of a few tens of nanometers can be very usefidducing the Raman-induced crosstalk. No effectafstalk is observed
between optical channels because of large chamaeirgy and equal channel powers; i.e., BER perfoo@s are not

degraded by the crosstalk.
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Figure 3: The Measured BER Values for Up-Link Transnission by Varying the RSOA
Injection Power Level of -20dBm and -10dBm
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Figure 5: The Measured Down/Uplink BER Graph as RS@
Injection Power Level of -10dBm with Received Optial Power

4. CONCLUSIONS

This study presents a two-wavelength bidirectid®alDM transport system based on SOA and RSOA. Tha SO
are taken on the role is used as a broadband dighice, and the RSOA is used to reuse the multplenstream
wavelengths and remodulate the upstream data si§irade our proposed systems do not use multiplB DBs with
well-defined wavelengths, it reveals a prominent amith simpler and more economic advantages thah dh the

traditional bidirectional DWDM transport systems
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