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Abstract: A DWDM self-seeded source achieves transmissiagharO-band up to 90km SSMF at
2.5Ghps. Moreover, a “face-to-face” self-seedathitgcture permits to realize transmissions at

2.5Gbps with extra-long optical cavities reachifgm of SSMF.
OCIS codes:(060. 4510) Optical communications; (250.5980) 8enductor optical amplifiers;

1. Introduction

Dense Wavelength Division Multiplexing (WDM) is fag high technical and economical challenges to be
implemented in the optical access networks. Itlmgical architecture need to remains simple, usigglic
multiplexers and de-multiplexers with the objectteeshare a maximum of fiber resources in the nekwits cost
need to be maintained low as many terminationdcabe considered for access networks such as mibiiehaul
or business services networks [1]. There, colofiesssmitters come as an evidence to reduce prioducbsts and
avoid a large amount of sparing items in the netwdmong several existing colorless technologietf seeded
DWDM sources based on RSOAs have shown a certgnaapvith the advantage to provide an automatic and
passive establishment of the wavelength [2]. lbdsisimplicity to use DWDM in the access netwoliksds with
operational savings realized and external contotie adjust the wavelength avoided.

Transmissions performances of those sources wenersto be mainly limited by the chromatic dispersiaf
the fiber, therefore, for the first time to our kviedge, we propose in this paper to experimentfasseded DWDM
architecture with RSOAs in the O-band. Firstly, iogans of a simple and shared mirror after the pieker to
close the external cavity, a regular self seedetitacture is presented to point out its perforneasnat 2.5Gbit/s.
Then, contra-data cancellation is optimized [3]ngsa RSOA in saturation regime in a new architectuhere the
mirroring function is moved to the network termioat[4].

2. “Regular” self-seeded architectures performance

Figure 1 depicts the experimental setup of a trasson with an O-band RSOA exhibiting a high pdaation
dependent 1330nm gain equal to 25dB for small $igpeaut optical power (for 100mA bias current). Achannels
flattop AWG with 3dB of insertion losses is usedtwa channel spacing and a 3dB bandwidth of 280@iktz
200GHz respectively. The experiment was perfornrethe channel centered at 1325nm. The common paiso
multiplexer is connected to a 90%/10% splitterdaled by a reflective mirror on the low loss arnmtlod splitter.
This results in an optical cavity, which concerdgsathe amplifier emission in the very narrow barithiw the
chosen AWG channel. This operation provides artzse optical source called “self-seeded”.

The Standard Single Mode drop Fiber (SSMF) betwiherRSOA and the AWG leads to a long external gavit
acting as the transmission system'’s optical soufoe.experimental purposes, the drop fiber mayeptaced by a
Variable Optical Attenuator VOAL. The receptiontgys consists in a VOA (VOA2) followed by an APD aad
BER tester (BERT). At the output of the AWG, a feefiber will be inserted to estimate the maximuensmission
reach of our experiments. The RSOA, biased witB@niA current, is directly modulated by a 2.5Gbpa-neturn
to zero, 31 pseudo-random bit sequence from a pulse pajerarator with a 3.8V peak to peak electrical digna
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Fig. 1: Experimental setup of the “regular” seléded Fig. 2: BER transmission performances veesteived power at

2.5Gbps, for standart self-seeded with differenttgdength and their
equivalent attenuation using a VOA (dashed cu



Fig 2 presents the measured BER, when varying tbp fiber length or the attenuation of VOAL, insite
cavity and comparing equivalent attenuations (cairwethe same color). No feeder fiber is addedazition
controllers are required in order to tune the ppddion into the high gain axis of both RSOA simankously (O-
band Faraday mirror were not available for our eixpent [4]).

BER below 10 (compatible with error-free transmission when &H& used) can be obtained for cavity length
as long as 26km corresponding to a total insettbgs in the cavity of 13.9dB divided in 8,5dB fteet SMF and
5.4dB for the AWG and the partial mirror. Since tirop fiber consists in a SSMF whose dispersiagruisaround
1300nm, there should be no degradation when usiclg @ fiber as compared to the equivalent atteomas can be
observed in fig G when comparing the experimenhwitfiber and with the VOAL set at an equal attéonaWe
believe that the case of the blue curve showinggratled VOA1 measurement may be due to a bad patian
tuning.

In addition, some more BER versus received powesmement were performed in the same conditiomgey T
led to “BER versus cavity attenuation” curve (dfdger or VOAL attenuation) for a given APD receivpdwer.
These results, presented in figure 3, show thabfitanum performance does not require necessaiitymmzing
cavity internal losses, those being compensatethdyRSOA gain. When the attenuation in the cavitgdmes too
high, BER impairment appears. This effect has baeserved before and corresponds to the situaticgrevthe
RSOA gain stop compensating internal loss and gaggionance is lost.

To enhance the DWDM sources transmission perforemne tradeoff needs to be found between its reache
output power and its cavity losses. Indeed, bothdtop fiber and the splitter realizing the mirparticipate to the
internal loss of the cavity [2]. Matching the spfig ratio to the drop fiber length can achieve aatimization
process.
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Fig. 3: Comparison of the BER transmission perforces versus Fig. 4: 2.5Gbps BER transmission performances gamstceived

introduced cavity attenuation for a given receigedier at 2.5Gbps power, for 10m cavity (blue), 10km cavity (red/ogej and 26km
cavity (green) for various feeder fiber length

Figure 4 presents BER curves versus received pasig the previous optimization. Several desigrs a
analyzed varying splitting ratio, drop fiber lengthd transmission fiber length. Error free trarssioins when a
Forward Error Correction (FEC) is used (BERZL6an be obtained for various structures such as:

» a cavity of a few meters using a 50/50 splitter an@lOkm transmission fiber (equivalent to a 32dB
optical budget) , reaching BER lower than®10

» a 26km self-seeded cavity, followed by 40km trarssioin fiber using a 90%/10% splitter allowing a
BER of 3.5x10 for a received power of -22.3dBm

The “regular” self-seeded solution in O-band hasved its interest, record breaking long cavitiesu@6 km.
Nevertheless, this architecture may cause opesdtisgues: the presence of a mirror between theAW& does
not allow flexibility in case of a multiple PON tegologies convergence. Moreover, it has been shinanthe
optical cavity was saturated if the signal comiglbto the RSOA was high enough. In that way, datapression
has been optimized, using RSOA saturation in a amhitecture where the mirroring function is mouedthe
network termination as described in the followiragtp

3. RSOAs “face-to-face” self-seeded architecturegpformances

This second experimental setup is shown on figur€he NRZ modulated O-band RSOA, called RSOAlhés t
same as in the previous experimental setup anddstly connected to the same O-band flattop AWGS3MF
“feeder fiber” having lengths up to 70km which miag replaced for experimental purpose by a VOA (VDAL
connects the common port of the AWG to the commort pf a second identical AWG. The second AWG is
followed by a 90/10 splitter. The major part of thgtical power is launched into a second RSOA daRSOA2,



similar to RSOA1, which is not modulated and onlgyides amplification and reflection of the lighto the cavity.
In addition, the RSOAZ2 in saturation regime perniterase the data from the optical signal ancetorn a clean
carrier [5]. Thus, the two “face-to-face” RSOAs ate an optical cavity able to concentrate opticakgr on the
multiplexer channel. A first VOA (VOAL) was insettdetween the two multiplexers to estimate maxiniternal
losses inside the cavity. The other arm of thetteplis chosen to be the output of the DWDM sousod is
connected to a VOA (VOA2), followed by the APD-CDiBlock (Clock and Data Recovery) for BER
measurements.

The RSOAL current has been chosen through optimikia extinction ratio of the signal reaching theDA and
was finally set to 100mA. RSOA2 current was se2@0mA, verifying that the data coming out from RSDvere
erased (Fig. 5) and that the signal was powerfolugh to reach RSOAL, in order to create a retroadi the
cavity.
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Fig 5: Experimental setup of the RSOAs “face—tefarelf-seeded Fig. 6: BER transmission performances versus redgpower at

2.5Gbps, for RSOAs “face-to-face” self-seeded wlifferent
cavity length and their equivalent attenuation g3#®©A (dashed)

Figure 6 shows the measured BER versus the opiaaér received by the APD for different fiber leingand
their equivalent VOAL attenuation. As expected exbzlispersion wavelength, introduction of a cerfength of
fiber make the optical source behaves as if onlgguivalent attenuation were introduced. For cesishorter than
40km (red and green curves), an error free BERetawan 16° is measured at the receiver when VOA?2 is set to
0dB. Finally, considering FEC applied afterwardsearor free transmission is reachable with a BER.8x10* at -
27.3dBm of received power with a 70km cavity (or@ngro the best of our knowledge this represerdgddhgest
external cavity DWDM source capable to carry ofbimation at 2.5Gbit/s.

4. Conclusion

We successfully created an external cavity souasedh on an O-band RSOA self-seeded solution. Amattion

of the cavity insertion losses permitted to extémeloptical budget to reach a 90km transmissich&Ebps with a
few meter of drop fiber. We demonstrated for thetftime to the best of our knowledge, that a 28&nyg self-

seeded cavity was possible in addition with a 40&eder fiber. These results led us to design andype of self-
seeded solution, which uses two “face-to-face” RSO®ne of these is strongly saturated and the atherused
directly modulated. The proposed architecture pirmi70km long optical cavity (140km round tripaving the
first advantage to be colorless in self-accorditsgamitted wavelength on the AWG channel, and #orsd
advantage to not require any components otherftbanbetween the two multiplexers of the WDM POjdtem.
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