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Abstract—In this demonstration, a stable and wavelength-tunable erbium-doped fiber (EDF) ring laser using
dual-saturable-absorber-based (DSAB) filter inside loop cavity is proposed and experimentally investigated.
The proposed DSAB filter not only can filter the side-mode in single-frequency output, but also can obtain
the flattened output power spectrum within 1 dB variation in the effectively range of 1529 to 1563 nm. In
addition, the output stabilities of wavelength and power are also measured experimentally and discussed.
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1. INTRODUCTION

Stable and wavelength-tunable single-longitudi-
nal-mode (SLM) operations were required for
erbium-doped fiber (EDF) ring lasers for the applica-
tions of wavelength-division-multiplexing (WDM)
communication systems and fiber-optic sensor sys-
tems [1—4]. Generally, the tunable bandpass filter
(TBF), fiber Fabry—Perot tunable filters (FFP-TF)
and fiber Bragg grating (FBG) could be employed
inside the fiber cavity to generate wavelength-tuning
[5—7]. However, it was insufficient to stabilize the las-
ing wavelength and output power of a EDF ring laser
due to the mode-hopping and gain competition
effects. In order to solve the unstable optical output,
several methods were used to obtain a SLM operation,
such as integrating two cascaded FFP-TF of widely
different free spectral ranges (FSRs) inside ring cavity,
using a compound ring resonator composed of a dual-
coupler fiber ring and dual-ring scheme, and adding
an extra I'TU-grid periodic filter in the ring loop [8—
10]. Moreover, utilizing a unpumped EDF inside fiber
loop to serve as a saturable-absorbor-based filter to
achieve SLM output, have been proposed and investi-
gated [11, 12]. However, these past researches could
not be flattened outputs due to homogeneous broad-
ening effect. In such wavelength-tunable fiber laser,
the flattened output performance is also important
issue for WDM networks and sensor systems. Hence,
the past EDF ring laser schemes, which were pro-
posed, with flatter output spectrum could be achieved

! The article is published in the original.

by varying the pumping power [13, 14]. But the lasing
wavelengths of above studies were not SLM. In addi-
tion, using Sagnac loop mirror, Mach—Zehnder inter-
ferometer and all-polarization-maintaining loop
methods inside fiber ring cavity also could generate the
single- and multi-wavelength output in single-mode
operations [15—19].

In this study, we propose and experimentally inves-
tigate an erbium-doped fiber (EDF) ring laser scheme
using a dual-saturable-absorber-based (DSAB) filter
inside gain cavity for the stable single-frequency oper-
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Fig. 1. Experimental setup of proposed stable and wave-
length-tunable EDF ring laser configuration.
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Fig. 2. Output amplified spontaneous emission (ASE) spectra of the EDFA used without the ring structure since the 980 nm
pumping laser diode is operated at different power levels between 18 and 66 mW.

ation. The DSAB filter only can obtain the flattened
output spectrum within dB power variation among
1529 to 1563 nm by the DSAB filter scheme, but also
can achieve the side-mode suppression ratio (SMSR)
of >38 dB/0.01 nm. In addition, the output character-
istics of the proposed fiber laser have also been ana-
lyzed and discussed.

2. EXPERIMENT AND RESULTS

Figure 1 presents the experimental setup of pro-
posed stable and wavelength-tunable EDF ring laser
configuration. The proposed fiber laser was consisted
of an erbium-doped fiber amplifier (EDFA), a tun-
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Fig. 3. Output power under different pumping powers of 18
to 66 mW at the lasing wavelength of 1550 nm.
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able-bandpass filter (TBF), a 2 x 2 and 50:50 optical
coupler (OCP), a1 x 2 and 50:50 OCP, a polarization
controllers (PC), and two unpumped EDFs with 1.5 m
long. Two unpumped EDFs and two OCPs were used
to act as the DSAB filter for filtering the side-mode of
lasing lightwave. The PC in the experiment was
employed to control and adjust the polarization status
and maintain the maximum output power. The TBE
having a 3-dB bandwidth of 0.4 nm, which can be
operated in the tuning range of 1525 and 1560 nm,
inside the EDF ring cavity, was employed to filter ASE
spectrum and generate lasing-wavelength. Here, the
EDFA was constructed by an optical isolator (ISO), a
980/1550 nm WDM coupler, a 980 nm pumping laser
diode, and a 10 m long EDF (Produced by FiberCore
DC-1550F). In this measurement, the output wave-
lengths and powers could be measured by an optical-
spectrum analyzer (OSA) with a 0.01 nm resolution
and a power meter (PM).

Here, Fig. 2 shows the amplified spontaneous
emission (ASE) spectra of the EDFA used without the
ring structure since the 980 nm pumping laser diode is
operated at different powers between 18 and 66 mW.
As shown in Fig. 2, with increase of pumping power
gradually, die observed ASE power is also increase.
Besides, the measured maximum power level of
around 1533 nm could be observed under different
pumping powers.

In the experiment, we also measure the output
power under different pumping powers of 18 to 66 mW
at the lasing wavelength of 1550 nm, as illustrated in
Fig. 3. The threshold power of 980 nm LD is 26 mW in
the proposed EDF laser scheme. So, with the increase
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Fig. 4. Output spectra of proposed EDF ring laser with dual SABF scheme in the wavelength range of 1522 to 1563 nm, while the

pumping power of 980 nm LD is 66 mW.

of pumping power, the retrieved lasing power is also
increase. When the pumping powers are 26, 41, and
66 mW, respectively, the observed lasing powers are
—7.2,—1.8, and 1.4 dBm, as seen in Fig. 3.

Then, when the TBF was utilized inside cavity
loop, the different lasing wavelengths could be
retrieved by the proposed EDF ring laser scheme.
Thus, Fig. 4 shows the output spectra of proposed
EDF ring laser with DSAB filter scheme in the wave-
length range of 1522 to 1563 nm, while the pumping
power of 980 nm LD is 66 mW. As shown in Fig. 4, we
can observe the larger ASE noise is introduced around
1533 nm, when the lasing wavelength region is shorter
than 1533 nm. It would cause the worse side-mode
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Fig. 5. Output powers and related SMSRs versus the differ-
ent wavelengths for the proposed EDF laser in the operat-
ing range of 1522 to 1563 nm.

suppression ratio (SMSR) in the effective lasing range.
With the drift of lasing wavelength in longer wave-band
gradually, the presented ASE of around 1533 nm could
be suppressed simultaneously, as seen in Fig. 4.
Besides, Fig. 4 also shows the related optical signal to
noise ratios (OSNRs) in the lasing wavelength range of
the proposed EDF laser scheme. Here, the OSNRs are
measured between 47.8 and 54.2 dB in the wavelengths
of 1529 to 1563 nm.

Figure 5 shows the output power and related SMSR
curves under the different wavelengths for the pro-
posed EDF ring laser in 1522 to 1563 nm. Here, the
measured output powers and SMSRs are between
—12.3 and 2.1 dBm and 12.5 and 54.8 dB/0.05 nm,
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Fig. 6. Short-term observation of the proposed fiber laser is
measured at the lasing wavelength of 1550 nm initially.

LASER PHYSICS Vol. 21 No.5 2011



EMPLOYING DUAL-SATURABLE-ABSORBER-BASED FILTER

respectively. Due to the smaller gain region of 1522 to
1530 nm, we could get the smaller output powers
(—12.3 and —1.1 dBm) in the region. Moreover, we can
obtain the flatter output power range in the wave-
lengths of 1529 to 1563 nm (with 34 nm wavelength
bandwidth). Hence, the measured powers and SMSRs
are between 1.1 and 2.1 dBm, and 38.0 and
54.8 dB/0.01 nm, respectively, in the range of 1529 to
1563 nm. Here, the maximum power variation (AP,,,)
of 1 dB can be maintained in the lasing bandwidth of
1529 to 1563 nm. Comparing with the past studies
[3, 14], the proposed EDF ring laser not only can
achieve SLM operation, but also can obtain flatter
output levels.

To investigate and realize the optical stabilities of
output power and lasing wavelength, a short-term
observation of the proposed EDF ring laser is mea-
sured as shown in Fig. 6. The lasing wavelength is at
1550 nm initially with 1.4 dBm output power and the
observation time is over 30 min. In Fig. 6, the pro-
posed fiber ring laser can dramatically reduce the
wavelength variation (AL) of 0.01 nm and power fluc-
tuation (AP) of 0.1 dB. During the one hour observa-
tion time, the stabilized output of the proposed ring
laser is still maintained in SLM output.

3. CONCLUSIONS

In summary, we have investigated and demon-
strated a stable and wavelength-tunable EDF ring laser
scheme using DSAB filter inside loop cavity to achieve
SLM output. The proposed DSAB filter not only can
obtain single-frequency output, but also can obtain
the flattened output power spectrum within 1 dB vari-
ation (from 1.1 to 2.1 dBm) in the effectively range of
1529 to 1563 nm. In this region, the SMSR is obtained
between 38.0 and 54.8 dB/0.01 nm. In addition, the
stabilities of output power and wavelength have been
measured within 0.1 dB and 0.01 nm in the observing
time of 30 min in the experiment.

LASER PHYSICS Vol. 21 No. 5 2011

—_

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

927

REFERENCES

S. L. Gilbert, Opt. Lett. 16, 150 (1991).

H. Ahmad, M. Z. Zulkifli, K. Thambiratnam, A. A. La-
tiff, and S. W. Harun, Laser Phys. Lett. 6, 539 (2009).

. Z.H.Fu, Y. X. Wang, D. Z. Yang, and Y. H. Shen, Laser

Phys. Lett. 6, 594 (2009).

. D.-E Liu and C.-H. Wang, Laser Phys. Lett. 7, 153

(2010).

. C. H. Yeh, E Y. Shin, C. H. Wang, C. W. Chow, and

S. Chi, Opt. Express 16, 435 (2008).

. C. H. Yeh and C. W. Chow, in Proceedings of the Confer-

ence on Advanced Solid-State Photonics, San Diego, CA,
USA, Jan. 31—Feb. 3, 2010 (Opt. Soc. of Amer., 2010),
paper AWB12.

. C. H. Yeh, E Y. Shih, S. Wen, C. W. Chow, and S. Chi,

Opt. Commun. 282, 546 (2009).

. C.-H. Yeh, C.-C. Lee, and S. Chi, IEEE Photon. Tech-

nol. Lett. 15, 503 (2003).

. K. K. Chow, C. Shu, M. W. K. Mak, and H. K. Tsang,

IEEE Photon. Technol. Lett. 14, 1445 (2002).

K. J. Vahala, P. Namkyoo, J. Dawson, and S. Sanders,
in Proceedings of the IEEE LEOS’93 Conference (2003),
pp. 708—709.

C. H. Yeh and C. W. Chow, Laser Phys. Lett. 7, 158
(2010).

C.-H. Yeh, C.-T. Chen, C.-N. Lee, E-Y. Shih, and
S. Chi, Laser Phys. Lett. 4, 543 (2007).

C.-H. Yeh, C.-C. Lee, C.-Y. Chen, and S. Chi, IEEE
Photon. Technol. Lett. 15, 1503 (2003).

H.-Y. Tseng, S.-K. Liaw, and S. Chi, Opt. Commun.
170, 292 (1999).

J. E. Im, B. K. Kim, and Y. Chung, Laser Phys. 20,
1918 (2010).

A. P. Luo, Z. C. Luo, and W. C. Xu, Laser Phys. 20,
1814 (2010).

K.J. Zhou and Y. E Ruan, Laser Phys. 20, 1449 (2010).
K. J. Zhou and X. L. Zhang. Laser Phys. 20, 1428
(2010).

M. R. A. Moghaddam, S. W. Harun, S. Shahi, K. S. Lim,
and H. Ahmad, Laser Phys. 20, 516 (2010).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


