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Abstract: We demonstrate a novel approach in the implementation of a broadband Optical Network Unit
using a Semiconductor Optical Amplifier-based Optical Loop Mirror, both experimentally and via
simulations for up to 50 km and 2.5 Gb/s.
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1. Introduction

The rapidly increasing bandwidth demand per costumer sets the need for Passive Optical Networks (PONs)
imperative. The advantages of PONs such as low cost, transparency and reliability make them one of the most
promising solutions for future networks [1]. In order for PONs to become commercially viable, there is a need for
decreasing their cost and complexity as much as possible. This, in turn, is translated to a requirement for a simple
and low-cost implementation of the Optical Network Unit (ONU), which is the most critical part of PONs [2]. A lot
of research groups currently work towards this direction and many approaches have been proposed to provide a low-
cost solution, the most dominant being the use of a Reflective Semiconductor Optical Amplifier (RSOA) [3,4].
RSOAs are colorless, due to their large optical bandwidth. However, they present a trade-off between high gain and
their needed short length.

In this paper, we propose a novel and simple implementation of a broadband ONU that uses a 50:50 coupler and
a Semiconductor Optical Amplifier (SOA) symmetrically placed in a loop to form an optical mirror. The proposed
design resembles a reflective optical loop, which offers wide bandwidth (due to the SOA’s broad gain spectrum) and
high-speed operation. The benefits of using SOAs instead of RSOAs are the following: 1) SOAs are currently
commercially available while offering the same functionality as RSOAs; and 2) SOAs are longer than RSOAs, i.e.,
they exhibit higher gain and electro-optical bandwidth, which leads to higher remodulation data rates at the ONUs.
We have evaluated the performance of the proposed scheme theoretically by simulation, for fiber links up to 50 km
using 2.5 Gb/s NRZ data, as well as experimentally, for fiber links up to 25 km using 150 Mb/s NRZ data.

2. Experimental configuration

The experimental set-up depicting the network’s topology and the proposed ONU’s implementation is shown in Fig.
1. The light source is a continuous wave (CW) laser beam that is sent from the transmitter (Tx) of the Central Office
(CO) through a circulator to the ONU, passing through several km of standard single mode fiber (SMF). An arrayed
waveguide gratings demultiplexer (AWG DMUX) routes the wavelength into the desired ONU. The ONU consists
of'a 50:50 coupler and a SOA, Corning S.A. [5], which is symmetrically placed in the loop mirror.
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Fig. 1. Experimental set-up for measuring the performance of the proposed ONU’s scheme. The downstream CW enters the desired ONU after
transmission and splits at the 50:50 coupler’s output ports. The two beams cross the SOA travelling in opposite directions while being modulated
inside it with the user’s data. Finally, they counter propagate in the loop mirror and interfere again in the coupler to travel upstream through the
SMF fiber back to the CO.

978-1-55752-865-0/09/$25.00 ©2009 IEEE



© 2009 OSA/OFC/NFOEC 2009
JWAS0.pdf

After reaching the desired ONU, the CW enters the coupler and it splits equally at the two coupler’s output ports.
The created beams propagate in opposite directions inside the loop and they enter the SOA through its two facets,
crossing the SOA while they are being modulated with the user’s data. The two modulated signals leave the SOA in
opposite directions, they counter-propagate in the loop and interfere constructively at one of the coupler’s outputs.
The generated signal travels upstream through the SMF fiber back to the CO, where it is routed and detected in the
receiver (Rx) with the use of the circulator.

The SOA used is a MQW device of 1.5 mm length. Its optical gain spectrum is centered at 1510 nm, with a
peak gain of 22 dB, a 3-dB bandwidth of 90 nm and a low (<1 dB) polarization dependent gain (PDG). The SOA is
being electrically modulated with the end-user’s data. During operation, the wavelength of the end-user’s data was
tuned from 1530 to 1565, while the SOA’s input power was kept constant at -10 dBm.

The dominant reason for the degradation of the signal and the deterioration of system’s transmission
performance that limits the maximum reachable distance between the costumer and the CO in access networks, is
due to Rayleigh backscattering and the nonlinearities of the SMF fiber [6,7]. The proposed scheme maintains the
advantages of wide bandwidth and high-speed operation, as well as low-cost implementation using off-the-shelf
components. In addition, the scheme is stable in operation and requires no integration, primarily due to the balanced
loop configuration.

3. Results and Discussion

In order to evaluate the performance of the upstream transmission, we have performed simulation studies (using
VPITransmissionMaker) and evaluated the bit error rate (BER) as a function of the received power for different
transmission spans from 0 to 50 km. Fig. 2 shows the degradation in the BER performance in the back-to-back case,
as well as for 10, 20 and 50 km transmission distance. From Fig. 2, it can be seen that the power penalty decreases
with the increase of the transmission span and the responsible degradation effects saturate for distances longer than
50 km. This is also clear from Fig. 3, where the power penalty versus transmission span length for three different
BER values is illustrated. The power penalty for error free operation is about 2.5 dB for 10 km distance, 4.4 dB for
20 km and 6.4 dB for 50 km upstream transmission distance.
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Fig. 2. Simulated upstream transmission performance. Fig. 3. Simulated power penalty vs. fiber length for different BERs.

We have also experimentally evaluated the proposed design with a 2’-1 Pseudo-Random Binary Sequence (PRBS)
at 150 Mb/s NRZ user’s data. The low bit rate selected was due to the limited printed circuit board (PCB) design
that the SOA was mounted on. Clearly, a SOA with an optimized electrical interface could be modulated at higher
speeds as with RSOAs [3]. Fig. 4 illustrates the eye diagram at (i) the output of the SOA (with an open loop), (ii) the
output of the ONU (coupler’s output port) and (iii) the receiver Rx in CO after 25 km of transmission distance.
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Fig. 4. Experimental eye diagrams at (i) the output of the SOA, (ii) the output of the ONU (coupler output port) and (iii) at the CO Rx after 25 km
transmission. The wavelength that was used is A= 1550.00 nm and the SOA’s input power was kept constant at -10 dBm.
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The system’s performance, shown through the eye degradation in Fig. 4, is mainly impaired by the SOA’s and
EDFASs’ noise accumulation as well as the Rayleigh backscattering effect, which is the most important signal's
disturbance when transmitting over a single fibre on both directions using the same wavelength [8,9]. The BER
performance was decreasing with the increase of fiber length and, more precisely, the power penalty for error-free
operation was measured to be about 2.8 dB for 25 km transmission distance.

In order to assess the wavelength tuning range of the proposed scheme (which is important for ensuring
ONU’s colorless functionality), eye opening was measured for different wavelengths, as shown in Fig. 5. It is clear
that the proposed ONU design possesses an operating spectrum range of 35 nm, while it could be further increased
with the use of an S-band EDFA at the CO, since the SOA’s gain spectrum was measured to be 90 nm. Performance
across the tuning range was almost constant with the tendency to slightly improve at the blue side of the spectrum.
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Fig. 5. Broadband operation of the proposed ONU’s scheme measured experimentally back-to-back.

4. Conclusions

In this paper, we have presented and evaluated the performance of a new design of a broadband ONU to be used in
PONSs, utilizing a SOA-based optical loop mirror to encode upstream data. The transmission performance was
demonstrated with respect to BER, power penalty and eye diagram. It was shown that the proposed scheme could
achieve error free operation up to 50 km taking into account the SOA’s characteristics and especially its electro-
optical bandwidth. The proposed ONU design encompasses broadband, colorless functionality that is necessary for
implementing cost effective and simple ONU’s for future passive optical networks.

Acknowledgement

The work described in this paper was carried out with the support of the BONE-project (“Building the Future
Optical Network in Europe”), a Network of Excellence and the DICONET-project, funded by the European
Commission through the 7" ICT-Framework Program.

5. References

[1] C. H. Lee, “Fiber to the home using a PON infrastructure”, J. Lightw. Technol., vol. 24, no. 12, pp. 4568c-4583, Dec. 2006.

[2]J. Prat, C. Arellano, V. Polo and C. Bock, “Optical network unit based on a bidirectional reflective semiconductor optical amplifier for fiber-
to-the-home networks”, IEEE Photon. Technol. Lett., vol. 17, no. 1, pp. 250-252, Jan. 2005.

[31K.Y. Cho, Y. Takushima and Y. C. Chung, “10-Gb/s Operation of RSOA for WDM PON”, [EEE Photon. Technol. Lett., vol. 20, no. 18, pp.
1533-1535, Sept. 2008.

[4] W. Lee, M. Y. Park, S. H. Cho, J. Lee, Kim C., G. Jeong and B. W. Kim, “Bidirectional WDM-PON based on gain-saturated reflective
semiconductor optical amplifiers”, IEEE Photon. Technol. Lett., vol. 17, no. 11, pp. 2460-2462, Nov. 2005.

[5S]M. Sauer, R. Hemenway, R. Grzybowski, D. Peters, J. Dickens and R. Karfelt, “A scaleable optical interconnect for low-latency cell
switching in high-performance computing systems”, in Proceedings of SPIE, the International Society for Optical Engineering, Vol. 6124,
pp. 61240N.1-61240N.12.

[6] P. S. Henry, “Lightwave primer”, IEEE J. of Quantum Electronics, vol. QE-21, No. 12, Dec. 1985.

[71]. Ko, S. Kim, J. Lee, S. Won, Y. S. Kim, and J. Jeong, “Estimation of Performance Degradation of Bidirectional WDM Transmission
Systems Due to Rayleigh Backscattering and ASE Noises Using Numerical and Analytical Models”, J. Lightw. Technol., vol. 21, no. 21, Apr.
2003.

[8] T. H. Wood, R. A. Linke, B. L. Kasper, and E. C. Carr, “Observation of coherent Rayleigh noise in single-source bidirectional optical fiber
systems”, J. Lightw. Technol., vol. 6, no. 2, pp. 346-352, Feb. 1988.

[9]1 P. Gysel and R. K. Staubli, “Spectral properties of Rayleigh backscattered light from single-mode fibres caused by a modulated probe signal”,
J. Lightw. Technol., vol. 8, no. 12, pp. 1792-1798, Dec. 1990.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


