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Abstract- A novel and cost-effective 1.3 pm diode laser
amplifier with reshaping capability using main-mode suppression
and injection technique is proposed. 14-dB gain and 10-Gb/s
transmission over 60-km with power penalty < 0.84 dB are
achieved.

1. INTRODUCTION

High-speed transmission system in 1.3 pum operation window
features zero dispersion, but suffers from link-length obstacle due to
the intrinsic attenuation limit of a single-mode fiber (SMF). Such
limitation is expected to be eliminated by all-optical amplification.
Several 1.3 pm amplification techniques have been presented, such as
praseodymium doped-fiber amplifier (PDFA) [1], semiconductor
optical amplifier (SOA) [2], and Raman amplifier (RA) [3], to
provide a supplementary transmission window for the present EDFA-
dominant system. However, owing to the issues of device cost and
stability, it is still doubtful that whether these methods will meet the
requirement for field deployment in local/metropolitan area networks
(LANs/MANSs). Recently, 1.5 pm all-optical 2R regeneration (re-
amplification and re-shaping) modules based on two-mode injection-
locked (TMIL) semiconductor laser diodes [4-6] have been
intensively studied. This type of regenerator usually requires extra
optical amplifiers to re-amplify the signal and to compensate the loss
of re-shaping. However, we find that optical amplifiers are not
necessities since the two mode injection-locked semiconductor laser
itself, in principle, can simultaneously act as a regenerative laser
amplifier and a waveform re-shaper if main-mode suppression and
injection (MMSI) technique is employed. Therefore, in this paper, we
propose and demonstrate the feasibility of a new and cost-effective
1.3 um diode laser amplifier using MMSI technique. This new optical
amplifier with reshaping functionality can offer a promising
alternative for short and middle haul applications.

II. OPERATION PRINCIPLE

Figure 1 depicts the conceptual diagram of the proposed 1.3 pm
diode laser amplifier using MMSI technique. A DFB-LD is initially
side-mode injection-locked (SMIL) by a CW light at A, with its free-
running main mode highly suppressed, which may enhance the
relaxation oscillation frequency (ROF). When a degraded signal Sj, at
wavelength A, which has a power level exceeding the injection-
locking threshold, is injected into this DFB-LD and its wavelength is
fit into the locking range of the main mode, the S;, will be
regeneratively amplified after passing through this DFB-LD. In the
mean time, the mode frequencies of the DFB-LD will be red-shifted
due to the carrier-induced refractive index change, which can help to
pull the CW light out of the locking range and relieve the suppressing
strength. If the S;, has the power level fallen below the injection-
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locking criterion, it will experience nature loss when going through
this DFB-LD. As a result, the DFB-LD by using a MMSI technique
can simultaneously provide signal gain and reduce the accumulated
noise over one and zero levels.
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Fig. 1 Conceptual diagram of the proposed 1.3 um diode laser amplifier using
MMSI technique.
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Fig. 2 The experimental setup for a 10 Gb/s straight line link over 60 km with
the proposed 1.3 pm diode laser amplifier.

III. EXPERIMENTAL SETUP

Figure 2 illustrates the experimental setup for a 10 Gb/s straight
line link with the proposed 1.3 um diode laser amplifier. As shown in
Fig. 2, the proposed laser amplifier was placed between two 30 km
standard single-mode fiber (SSMF) spans. An optical transmitter,
composed of a tunable laser (TL), a PC and a Mach-Zehnder
Modulator (MZM), can emit a 10 Gb/s signal with 2°'~1 PRBS test
pattern at 1307.9 nm. After being transmitted over a 30 km SSMF
span, the degraded signal was then fed into the proposed regenerator.
This regenerator comprises an optical circulator (OC), a 60:40
coupler, a polarization controller (PC), and two DBF-LD,: DFB-LD,,
and DFB-LD,. The DFB-LD, was biased at 23.6 mA and had its
temperature controlled at 13.64 C to generate a main mode
wavelength at 1307.9 nm. In addition, the DFB-LD,, serving as an



external probe light source, was biased at 141 mA and 10.42°C to
generate a CW light of 8 mW at 1300.8 nm. This CW light was
combined with the input signal by a 60:40 coupler and injected into
DFB-LD; through OC. A thin-film CWDM bandpass filter (BPF),
which has a 3 dB bandwidth of 10 nm, a central wavelength of 1311
nm, and an insertion loss of 0.35 dB, was employed at the output port
of the laser amplifier to filter out the wanted signal. After signal
regeneration, the output signal was propagated through another 30
km SSMF span, and transmitted to an optical receiver. To evaluate
the performance of bit error rate (BER), an error detector is used after
the optical receiver.
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Fig. 3 The measured optical spectra of the DFB-LD; at the port 3 of OC in
Figure 2 for free-run, SMIL and TMIL operations.
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Fig. 4 Data-rate transparency up to 10 GHz of the proposed 1.3 um diode
laser amplifier.

IV. RESULTS AND DISCUSSIONS

Figure 3 shows the optical spectra of the DFB-LD; at the port 3 of
OC in Figure 2 for free-run, side-mode injection-locked (SMIL) and
two-mode injection-locked (TMIL) operations. As shown in Fig. 3,
the free-running DFB-LD, had an output power of 3.91 dBm at
1307.9 nm, and a side-mode suppression ratio (SMSR) over 46.0 dB.
When the SMIL is operated by injecting a 1300.8 nm CW light,
which has 4.8 dBm power at port 1 of OC, the main mode peak was
highly suppressed by 34.9 dB. When a 1307.9 nm signal with average
power of —20.3 dBm was injected at the port 1 of OC, it was
resonantly amplified up to —6.17 dBm with a reshaped waveform at
port 3 of OC. This small signal gain of 14.13 dB from the port 1 to
the port 3 of OC can compensate the losses of a 30 km SSMF and a
60:40 coupler. A small four-wave mixing spike at 1293.72 nm,
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resulting from the beating of two mode signals, was also observed in
Figure 3 for TMIL operation. Figure 4 demonstrates the data-rate
transparency characteristic of the proposed 1.3 pum diode laser
amplifier. The measured results indicate that the proposed
regenerator can restore the eye patterns to wide-open from seriously
distorted input ones for data rates from 155 MHz to 10 GHz. Figure 5
shows the 10 Gb/s bit error rate (BER) performance of the proposed
1.3 pm diode laser amplifier with reshaping capability for the
experimental setup in Figure 2. The power penalties at BER = 10,
compared with back-to-back case, were 0.47 and 0.84 dB after
transmission over 30 km and 60 km, respectively. The insets illustrate
the measured eye diagrams of the signal for (a) back to back, and (b)
regenerated at 30 km. The inset (b) shows that the regenerated signals
have extinction ratio (ER) of 10.19 dB.
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Fig. 5 BER performance of the proposed 1.3 um diode laser amplifier at 10
Gb/s. The insets are the measured eye diagrams of the signal for (a) back to
back, and (b) regenerated at 30 km.

V. CONCLUSION

This work demonstrates the feasibility of a 1.3 um diode laser
amplifier by using the main-mode suppression and injection locking
(MMSI) technique. 1.3 pm regenerative amplification of 14.13 dB
gain and the data-rate transparency up to 10 Gb/s have been achieved.
In addition, a 10 Gb/s transmission link over 60 km with power
penalty < 0.84 dB has also been demonstrated. This low cost diode
laser amplifier with reshaping capabilities is promising for the future
applications on short and middle haul networks.

REFERENCES

[1] Y. Nishida, M. Yamada, T. Kanamori, K. Kobayashi, J. Temmyo, S.
Sudo, and Y. Ohishi, “Development of an efficient praseodymium-
doped fiber amplifier,” IEEE J. Quantum Electron., vol. 34, no. 8,
pp.1332-1339, Aug. 1998.

[2] B. H. Verbeek, L. H. Spickman, “Semiconductor optical amplifiers for
all transmission wavelength bands,” Conference on Lasers and Electro-
Optics (CLEO), pp. 421, May 2000.

[3] A. G. Okhrimchuk, G. Onishchukov, F. Lederer, “Long-haul soliton
transmission at 1.3 pm using distributed Raman amplification,” J.
Lightwave Technol., vol. 19, no. 6, pp. 837-841, Jun. 2001.

[4] J. Horer and E. Patzak, “Large-signal analysis of all-optical wavelength
conversion using two-mode injection-locking in semiconductor lasers,”
IEEE J. Quantum Electron., vol. 33, pp. 596-608, Apr. 1997.

[5] L.Xu, W. H. Chung, L. Y. Chan, L. F. K. Lui, P. K. A. Wai, and H. Y.
Tam, “Simultaneous all-optical waveform reshaping of two 10-Gb/s
signals using a single injection-locked fabry-pérot laser diode,” IEEE
Photon. Technol. Lett., vol. 16, pp. 1537-1539, June 2004.

[6] S. Yamashita and J. Suzuki, “All-optical 2R regeneration using a two-
mode injection-locked fabry-pérot laser diode,” IEEE Photon. Technol.
Lett., vol. 16, pp. 1176-1178, Apr. 2004.




<<
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


