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Abstract: We demonstrate efficient cladding light extracting through cascaded strippers for
high-power fiber lasers and amplifiers. A selected part of the fiber is divided into five seg-
ments, and the fluoroacrylate jackets of three interval segments are gradually removed and
replaced with different higher index polymers. It is shown that such cascaded strippers can
overcome the challenging problems of localized heating and thermal degradation of the
recoating materials, which are limiting factors for the conventional high power cladding light
strippers. The power-handling capability of the device is tested up to cladding light of power
up to 150 W. A high attenuation of 18 dB has been achieved, whereas the maximum local
temperature is less than 64 �C. We anticipate that this simple configuration offers a practical
solution for cladding light extracting in high power fiber lasers and amplifiers.

Index Terms: Cladding light stripper, double-cladding fiber, fiber lasers and amplifiers.

1. Introduction
Fiber lasers have attracted enormous attention in recent years due to their rich advantages, such as
high beam quality, high efficiency, low cost, high power, and so on [1]–[7]. In high power double-
cladding all-fiber lasers and amplifiers, there are many splice loss sources of fiber and leakages of
light from the core to the cladding [8], [9]. The main source of the cladding light is unabsorbed pump
light at the end of the gain fiber, which can reach hundreds of watts in the kilowatt-class systems
[10], [11]. If the cladding light is not filtered properly, it will not only degrade the laser beam quality,
but also increase the risk of damage of different components, e.g., collimators. In order to improve
the quality of the systems and the output beam, it is important to filter all of the cladding light
efficiently.

In the design of a cladding light stripper, there are three points that should be considered. Initially,
to avoid localized heating, the stripper should have the capacity to remove the cladding light within a
reasonable length. In addition, the signal light must not be affected while traveling through the core.
Furthermore, several parameters are of importance to have impacts, including refractive index and
thickness of the recoating layers, the fiber diameter, and geometrical, thermal, and optical features
of the whole package [12]. To achieve this goal, several methods have been presented to remove
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the cladding light. Conventional method is to use different recoat gels, of which the refraction
indexed are larger than that of the inner cladding [13]. However, this kind of stripper always leads to
heat localization, which further worsens as the cladding light increases. In another method, the
inner cladding is eroded from 400 �m to 125 �m to strip the cladding light [14]. In [12], they
managed to extract the unwanted cladding light uniformly by tapering the fiber and corroding its
surface using HF acid and HF acid vapor, respectively, and then used a low-index polymer to make
the most uniform light stripping possible. However, the fabrication of this stripper is time-consuming
and very complicated.

In this paper, a simple method for cascaded extracting for cladding light from the fiber is pre-
sented. A selected section of the fiber is divided into five segments and the original fluoroacrylate
jackets of three interval segments were removed, which utilizes the high indexes of polymers to
make the uniform light stripping possible. The power-handling capability of the device is tested for
cladding light power up to 150 W, and attenuation of 18 dB has been achieved with the maximum
local temperature less than 64 �C in any region. We also emphasize that the fabrication of this
stripper is very simple.

2. Experiments and Results of the Cladding Light Strippers
The first thing to do to strip cladding light in the double cladding fiber is to recoat the fiber with a high
index coating. An important step is to remove the original fluoroacrylate jacket and to choose the
index of the recoat. There are two kinds of designs for cascaded cladding light extracting strippers,
just as follows. In order to evaluate the performance of the two kinds of strippers, the experimental
setup is described as follows: three 55 W laser diodes are coupled into a 3 � 1 combiner (input
fibers: 105/125 �m, NA0.15; and output fiber: 200/220 �m, NA0.22), and the output fiber is spliced
to the cladding light stripper (double-cladding fiber: 30/250 �m, NA0.06). A 90 � 30 � 10 mm
copper slab is used to cool down the stripper. The copper slab is water cooled and water tem-
perature is kept constant at 16 �C. The setup of the experiments is shown in Fig. 1.

2.1. Conventional Method of Cladding Light Strippers
As a first step, we chose the cladding light strippers recoated with one or two kinds of polymers of

different refractive indexes. First, 5 cm area of a fiber, stripped continuously, is prepared to be a
stripper, as shown in Fig. 2(a). In the first experiment, a fiber is chosen to be recoated with polymer,
the refractive indexes of which is 1.46 or 1.56, alternatively, as shown in Fig. 2(b-i) and (c-i). In
experiment two, the polymers with 1.46 and 1.56 refractive indexes were equally recoated in the
preparation area simultaneously, as shown in Fig. 3(a).

In experiment one [see Fig. 2(b)], the results of 1.46-refractive-index polymer are as follows: 83 W
power of diode laser light was launched into the fiber and attenuated by 16.73 dB, and the highest
temperature of the hot region reaches 95.2 �C. For the configuration of the polymer with 1.56
refractive index [see Fig. 2(c)], 83 W power of diode laser light was launched into the fiber and
attenuated by 17.43 dB, and the highest temperature of the hot region reaches 86.3 �C. A hot spot
could be formed by the accumulative heat and observed by thermal camera (Fluke Ti32, which
range is �20 �C � þ600 �C and the resolution is � 0:045 �C.), as shown in Fig. 2(b-iii) and (c-iii).

Fig. 1. Schematic setup of the experiments. Three laser diodes are coupled into a 3 � 1 combiner and
the output fiber is spliced to the cladding light stripper and observed by a thermal camera.
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In experiment two [see Fig. 3(a)], 83 W pump power was launched into the fiber and attenuated
by 18.78 dB, the temperature of the hot region reaches 74.9 �C. Figs. 2(b-ii) and (c-ii) and 3(b)
show the relationship between the temperature and the attenuation, both of which increased
linearly as the pump power rose up. As we can see from the thermal images in the two
experiments, the high-temperature areas were gathering around the forepart of the strippers.

We use the temperature of 80 �C as standard [15]. The fiber burns easily and thus ruins the laser
when the temperature exceeds this point. Comparing experiment one and two, we found that when
83 W power of diode laser light was launched into the fiber, only the stripper in experiment two did
not exceed 80 �C. However, when improved the pump power, that is, 106 W power was launched
into, the temperature came to 92.5 �C. As can be seen from the thermal images in Fig. 3(c), the
temperature severely increased in some points which have exceeded 80 �C. As a consequence, it
is not promising for applications in high power fiber laser.

2.2. Cascaded Extract Cladding Light Strippers
To address the problem of high temperature beyond the standard in some local points, we design

a new stripper to extract cladding light, that is, cascaded cladding light extracting shown in Fig. 4.

Fig. 2. (a) Schematic illustration of the stripped fiber. (b-i) Schematic illustration of the stripper consisting
of a polymer with refractive index of 1.46. (b-ii) Graph of relationship between the temperature and the
attenuation consisting of a polymer with refractive index of 1.46. (b-iii) Thermal image of the stripper
consisting of a polymer with refractive index of 1.46, tested with 83 W of pump power. (c-i) Schematic
illustration of the stripper consisting of a polymer with refractive index of 1.56. (c-ii) Graph of relationship
between the temperature and the attenuation consisting of a polymer with refractive index of 1.56.
(c-iii) Thermal image of the stripper consisting of a polymer with refractive index of 1.56, tested with 83 W
of pump power.
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In this experiment, we selected 50 mm-length fiber as the section of the stripper. The selected
fiber is divided into five segments with every one of 10 mm length and they are along the trans-
mission direction of fiber laser, which can be called the first segment to the fifth segment. The
quartered coating of the first segment, the half coating of the third segment and the full coating of
the fifth segment are implemented. Fig. 4(b) illustrates the transverse section of the stripping
segment. Fig. 4(b-i)–(b-iii) shows the transverse section of the first segment, the third segment, and
the fifth segment, respectively. By using this method, the gradual dissipation of local temperature
can be obtained with increasing stripped areas. The control of the stripping area can only be kept at
a appropriate level of precision rather than accurate due to the limited diameter, which is less than
400 �m. The three segments of the removed jacket fiber are recoated along the stripper by three
different polymer glues with the refractive indexes of 1.42, 1.46, and 1.56, respectively. Fig. 4(a)
shows the schematic illustration of the stripper recoated with three different polymers.

In this experiment, 154 W power of diode laser light was launched into the fiber and attenuated by
17.45 dB. Fig. 4(d) shows the thermal images of the stripper recoated with three different polymers
with refractive index of 1.42, 1.46, and 1.56 at the different pump powers. In the beginning of the
experiment, about 9 W power of diode laser light was launched into the fiber, only in the third
section shows the temperature rise. With the increase of the pump power, the first and fifth section
shows the rise of temperature, respectively. Fig. 4(d) shows the temperature rise at 39 W and 74 W
power of diode laser light which was launched into the fiber. When 154 W power of diode laser light
was launched into the fiber, the temperature of the hot region in the third section reaches 63.2 �C,
which is much lower than the former configurations. The relationship between the highest temper-
ature and the attenuation is shown in Fig. 4(c). From this picture we can know that the temperature

Fig. 3. (a) Schematic illustration of the stripper consisting of different polymers with refractive index of
1.46 and 1.56. (b) Graph of relationship between the temperature and the attenuation consisting of
polymers with refractive index of 1.46 and 1.56. (c) Thermal image of the stripper consisting of a polymer
with refractive index of 1.46 on left and 1.56 on right, tested with 83 W of pump power.
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increases slowly and smoothly. The level of attenuation was close to 18 dB when the pump power
increases from 50 W to 160 W.

In the conventional method, the attenuation is very low if we use the refractive index of 1.42
because it could not stripe the low NA cladding light. In order to compare the effect of the different
methods, the distances in all three different configurations are roughly the same, 5 cm.

3. Conclusion
In summary, we demonstrate efficient extracting of cladding light through cascaded strippers for
high power fiber lasers and amplifiers. A selected part of the fiber of 50 mm length is divided into five
segments. Then fluoroacrylate jackets of three interval segments are gradually removed and re-
placed with different higher index polymers. It is shown that such cascaded strippers can overcome

Fig. 4. (a) Schematic illustration of the stripper consisting of a segmented stripped incomplete fiber
recoated with three different polymers with refractive index of 1.42, 1.46, and 1.56. (b) Transverse
section of the stripping segment (b-i), (b-ii), and (b-iii) show the transverse section of the first segment,
the third segment, and the fifth segment, respectively. (c) Graph of relationship between the temperature
and the attenuation consisting of polymers with refractive index of 1.42, 1.46, and 1.56. (d) Thermal
images of the stripper consisting of a segmented stripped incomplete fiber recoated with three different
polymers with refractive index of 1.42, 1.46, and 1.56 at the different pump power.
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the challenging problems of severe localized heating and thermal degradation of the recoating
materials, which are limiting factors for the conventional high power cladding light strippers. The
power-handling capability of the device is tested up to cladding light of power as high as 150 W. A
high attenuation of 18 dB has been achieved while the maximum local temperature is less than
64 �C, which is much better than conventional approaches. We emphasize that this experiment is
only a proof of concept experiment. The configurations shown here of cascaded light strippers
can be possibly further improved through employing more segments, different recoating materials
and recoating areas. We anticipate that this simple configuration offers a practical solution for
cladding light extracting in high power fiber lasers and amplifiers.

Acknowledgment
We would like to thank Dr. W. Liu for critical reading of this manuscript and many useful revision

suggestions.

References
[1] D. J. Richardson, J. Nilsson, and W. A. Clarkson, BHigh power fiber lasers: Current status and future perspectives,[

J. Opt. Soc. Amer. B, Opt. Phys., vol. 27, no. 11, pp. 63–92, Nov. 2010.
[2] J. K. Sahu et al., BRecent advances in high power fiber lasers,[ presented at the Advances Solid-State Photonics OSA

Opt. Soc. Amer., Santa Fe, NM, USA, 2004, Paper MA1.
[3] J. Hecht, BThe highest single-mode powers of Yb-doped fiber Lasers achieved 2 KW CW output,[ presented at the

Lasers and Electro-Optics Europe CLEO Europe, Munich, Germany, 2005, 6, 508.
[4] V. P. Gapontsev, N. S. Platonov, O. Shkurihin, and I. Zaitsev, B400 W low-noise single-mode CW ytterbium fiber laser

with an integrated fiber delivery,[ presented at the CLEO, Baltimore, MD, USA, Jun.1–6, 2003, Paper CThPDB9.
[5] A. Galvanauskas, BHigh power fiber lasers,[ Opt. Photon. News, vol. 15, pp. 42–47, 2004.
[6] F. Gonthier et al., BHigh-Power all-fiber components: The missing link for high power fiber lasers,[ in Proc. SPIE Fiber

Lasers, Technol., Syst. Appl., L. N. Durvasula, Ed., Bellingham, WA, USA, 2004, vol. 5335, pp. 266–276.
[7] F. Gonthier, BAll-fiber pump coupling techniques for double-clad fiber amplifiers and lasers,[ presented at the Eur. Conf.

Lasers Electro-Optics (CLEO/Europe), Munich, Germany, 2005, Paper TFII1-3.
[8] Y. Xiao, B1-kilowatt CW all-fiber laser oscillator pumped with wavelength-beam-combined diode stacks,[ Opt. Exp.,

vol. 20, no. 3, pp. 3296–3301, Jan. 2012.
[9] Z. Sacks, Z. Schiffer, and D. David, BLong wavelength operation of double-clad Tm: Silicafiber lasers,[ in Proc. SPIE,

2007, vol. 6453, pp. 201–209.
[10] A. Wetter, M. Faucher, and B. Sévigny, BHigh power cladding light stripper,[ in Proc. SPIE, 2008, vol. 6873, p. 687327.
[11] M. H. Muendel et al., BFused fiber pump and signal combiners for a 4-kW ytterbium fiber laser,[ in Proc. SPIE, 2011,

vol. 7914, pp. 791431-1–791431-7.
[12] R. Poozesh et al., BA novel method for stripping cladding lights in high power fiber lasers and amplifiers,[ J. Lightwave

Technol., vol. 30, no. 20, pp. 3199–3202, Oct. 2012.
[13] W. Wang et al., BMethod for stripping cladding light in the high power fiber laser,[ Opt. Commun., vol. 287, pp. 187–191,

Jan. 2013.
[14] S. Yin, P. Yan, and M. Gong, BEnd-pumped 300W continuous-wave ytterbium-doped all-fiber laser with master

oscillator multistage power amplifiers configuration,[ Opt. Exp., vol. 16, no. 22, pp. 17 864–17 869, Oct. 2008.
[15] A. Carter et al., BDamage mechanisms in component s for fiber laser and amplifiers,[ in Proc. SPIE, 2005, vol. 5647,

pp. 561–571.

IEEE Photonics Journal Cascaded Cladding Light Extracting Strippers

Vol. 6, No. 3, June 2014 1501106



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


