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Abstract: A high power Ho:YAP laser in-band pumped by a home-constructed Tm doped
all fiber master oscillator power amplifier (MOPA) is reported. The optically polished and
uncoated Ho:YAP laser yielded over 107 W of output power at ∼2117.1 nm with 215.4 W
of absorbed pump power, corresponding to a slope efficiency of 50.6% with respect to the
absorbed pump power. The beam quality M2 parameter was measured at 80 W of output
power to be ∼3.2 and ∼2.6 in x- and y-directions, respectively.

Index Terms: Solid-state laser, high power, Tm doped MOPA system, Ho:YAP.

1. Introduction
Laser sources operating in ∼2.1 μm wavelength regime have a wide range of applications in fields
of medical treatment, photoelectric countermeasure, laser range finder and laser radar as well as
3–5 μm mid-infrared laser generation via pumping optical parametrical oscillators, amplifiers and
Raman lasers [1]–[3]. Several methods, such as rare-earth ions Tm, Ho co-doped solid-state lasers,
Ho doped solid-state lasers and optical parametrical oscillators are proposed to obtain the ∼2.1 μm
lasers. Among them, diode pumped Tm, Ho co-doped solid-state lasers are effective methods to
generate ∼2.1 μm lasers directly, but this kind of system experiences serious thermal effects due to
high up-conversion rate and energy transferring effects between Tm3+ ions and Ho3+ ions, making
it require more critical working conditions when operating at high output power, e.g., low working
temperature (77 K) [4]–[6]. The optical parametrical oscillators transferring from ∼1 μm to ∼2 μm
need a high energy pump source, and besides, it still faces the problem of low conversion efficiency
[7]. For the past few years, in-band pumped Ho doped solid-state lasers have drawn more attention
with the rapid development of ∼1.9 μm lasers. In-band pumping Ho doped materials between 5I8
and 5I7 levels has minimal thermal loading due to the inherent high quantum efficiency, making it
attractive approach to obtain ∼2.1 μm lasers. So far, high power and efficient laser operation of
Ho3+-doped Ho:YAG [8]–[10], Ho:LuYAG [11], [12], Ho:LuAG [13]–[15], Ho:YLF [16] and Ho:LLF
[17] lasers have been successfully demonstrated. Employing four high power Tm:YLF laser pump
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Fig. 1. Experimental setup of the Ho:YAP laser pumped by a 1930.5 nm TDFA. The components are
as follows: CL- collimated lens. FL- focus lens. M1- input coupler. M2- output coupler. M3, M4- dichroic
mirrors. PM- optical power meter.

sources and an oscillator containing two pieces of Ho:YAG in tandem, over 100 W of CW output
has been generated with a slope efficiency of ∼68% [9].

Yttrium aluminum oxide (YAP, YAlO) is another promising material owing to its high thermal
conductivities (∼11 W/m·K), low maximum phonon energies (∼570 cm−1) and high laser damage
threshold [18]. The orthorhombic symmetry and a perovskite structure make the YAP crystal
birefringence character, resulting in linearly polarized output and free of depolarization degradation
when operating at high power level. For 3–5 μm nonlinear frequency conversion lasers such as
optical parametrical oscillators and Raman lasers, high peak power or high average power linearly
polarized laser sources are demanded for pumping the nonlinear optical materials, hence the highly
robust Ho:YAP laser is quite a suitable choice as the pump source. To date, several studies have
been carried out to investigate the performance of Ho:YAP laser in-band pumped by Tm-doped
solid-state lasers or all-fiber lasers, showing great potential of Ho:YAP as a gain material for high
power and efficient ∼2.1 μm lasers [19]–[23]. So far, generation of over 20.2 W of CW output
power at 2118 nm has been demonstrated from a Ho:YAP laser with a slope efficiency of 72% with
respect to absorbed pump power [24].

In this letter, we report on power scaling of Ho:YAP laser in-band pumped by a home-constructed
high power Tm-doped all fiber MOPA system generating over 107 W of linearly polarized output
power at ∼2117 nm. The Ho:YAP is optically polished but uncoated, and lasing slope efficiency with
respect to absorbed power is ∼ 50.6%. The beam quality factor M2 was measured at 80 W of output
power to be ∼3.2 and ∼2.6, respectively in x- and y-directions. To the best of our knowledge, this is
the highest output power so far obtained from Ho:YAP laser operating in the ∼2.1 μm wavelength
regime.

2. Experimental Setup
The configuration of the Ho:YAP laser pumped by a Tm-doped all fiber MOPA is illustrated in
Fig. 1. A simple two-mirror resonator was employed which comprised a plane input mirror (M1)
with high reflectivity (HR>99.8%) at 2050–2160 nm and high transmission (HT>99.5%) at 1800–
1940 nm, and an output coupler (M2) with a transmission of 20% or 50% at 2050–2160 nm and
high transmission (HT>95%) at 1880–1950 nm. The M3 and M4 are dichroic mirrors with high
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Fig. 2. Absorption efficiency of Ho:YAP crystal under lasing (T = 20%, T = 50%) and non-lasing
conditions.

reflectivity (HR>99.8%) at 2050–2160 nm and high transmission (HT>95%) at 1880–1950 nm
coated at 45° angle of incident. A Ho:YAP rod with a relatively low doping concentration of 0.5 at.%
grown by the Czochralski technique was cut along the b-axis in a diameter of 3 mm and a length
of 50 mm, both end faces were polished plane and parallel, but with no antireflection coating at
either the pump or the oscillating wavelength. The plane input mirror M1 was positioned as close
as possible to the rod and the total physical length of the resonator was about 68 mm. The Ho:YAP
rod was water cooled at a temperature of 20 °C.

The pump source was a home-constructed high power and wavelength stabilized Tm-doped
all fiber MOPA that can deliver over 280 W of output power with M2≈1.2. The output wavelength
of the TDFA was stabilized by a femtosecond laser direct write fiber Bragg grating in the seed
oscillator to be 1930.5 nm with a linewidth (FWHM) of <0.2 nm. The pump beam from the TDFA
was collimated by a plano-convex lens with focal length of 20 mm and then focused to a beam
radius of ∼310 μm in the center of the Ho:YAP rod by a plano-convex lens with focal length of
500 mm. The confocal parameter of the pump beam inside the Ho:YAP crystal was estimated to
be ∼480 mm. A relatively large pump beam size was deliberately chosen for power scaling and
alleviating ground state bleaching effects at very high power levels. In this fiber-bulk laser system,
the weak reflection from each surface of mirrors and crystal may couple back into the core of the
fiber laser, and then can be amplified in reverse by the gain fiber and hence causing unfavorable
effects on the TDFA. Therefore, an aperture was placed behind the focus lens and the resonator
axis was misaligned from the pump axis by approximately 1.5° to prevent feedback to the TDFA
pump source.

3. Experimental Results and Discussion
Single-pass pump absorption of the Ho:YAP crystal was measured with a pump beam of ∼620 μm
diameter under both lasing and non-lasing conditions, as shown in Fig. 2. Under non-lasing
condition, by measuring the incident pump power in front of the input coupling mirror (M1) and
unabsorbed pump power behind the crystal, small-signal pump absorption (with no ground state
bleaching) was estimated to be ∼97% under non-lasing condition, and drops to ∼62% as the
incident pump power increased to higher than 150 W due to ground state bleaching. It can be seen

Vol. 12, No. 2, April 2020 1501107



IEEE Photonics Journal High Power Ho:YAP Laser With 107 W of Output Power

Fig. 3. CW output power of Ho:YAP laser versus absorbed pump power at various radius of curvature
of OCs.

from Fig. 2 that pump absorption under lasing condition is very close to that of the small-signal
absorption at all pump power levels for output couplers of both 50% and 20% transmission, this
is mainly attributed to the relatively long crystal length and large pump beam which can ensure a
high absorption rate and provide sufficient gain at high power levels.

Lasing characteristics of the Ho:YAP were first examined employing a simple two-mirror res-
onator design with output couplers of 50% transmittance and different radius of curvature (R =
300 mm, 500 mm and R→�), and the result is presented in Fig. 3. The absorbed pump power is
estimated under lasing condition, by taking the same incident pump power of non-lasing condition
and measuring the unabsorbed pump power behind the dichroic mirror (M3). Lasing thresholds
with output couplers of 300 mm, 500 mm and � radius of curvature are ∼4.5 W, 5.1 W and 5.6 W,
respectively. Lasing slope efficiency with the plane-plane resonator design reaches 50.6% owing
to better pump-resonator mode matching.

Figure 4 shows output power as a function of absorbed pump power using a plane-plane
resonator design and output couplers of 20% and 50% transmittance. The laser reached threshold
at a pump power of 4.6 W for T = 20% and 5.6 W for T = 50%, respectively. The laser can
generate a maximum CW output power of 107.3 W with absorbed pump power of 215.4 W for the
output coupler with a reflectivity of 50%, corresponding to an optical conversion efficiency of 49.9%.
Output slope efficiency with respect to the absorbed pump power was 50.6%. As depicted in Fig. 4,
the output power shows a nearly linear dependence on the pump power, even at the highest pump
power, suggesting that there is scope for further power scaling by simply increasing the incident
pump power. Because of the birefringence nature of Ho:YAP crystals, the laser was operating at
linear polarization along c-axis of the crystal rod and the polarization extinction ratio (PER) was
estimated to be ∼20.8 dB at 10 W of output power using a Glan-laser calcite polarizer.

Lasing emission spectrum of the Ho:YAP laser was monitored with an optical spectrum analyzer
(AQ6375, Yokogawa) with a resolution of 0.05 nm and a typical output spectrum is shown in Fig. 5.
It can be seen that the Ho:YAP laser emits in most cases multiple wavelengths with a wavelength
span of a few nanometers. Lasing center wavelength and spectral width at 20 mW and 50 W of
output power were 2116.6 nm, 3.0 nm and 2117.9 nm, 3.1 nm for the 20% output coupler, and
2116.9 nm, 0.8 nm and 2118.0 nm, 2.4 nm for the 50% output coupler, respectively. When the
output coupler was 50%, the laser spectral width at 20 mW was 0.8 nm, which was much narrower
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Fig. 4. CW output power of Ho:YAP laser versus absorbed pump power with transmittance of 20% and
50%.

Fig. 5. Output spectrum of the Ho:YAP laser. Inset: gain cross sections of 0.5 at.% Ho:YAP with different
population inversion (β = N2/(N1 + N2), where N1, N2 represent the populations of 5I8 and 5I7 levels,
respectively).

due to less oscillating wavelengths at lower output power and a sharp gain peak at high population
inversion level (see the inset of Fig. 5). And a small wavelength shift with increased output power
may be attributed to the elevated crystal temperature and hence increased reabsorption at high
power levels.

Behind the second 45° dichroic mirror (M4), a plano-convex lens with focal length of 200 mm
was placed and the laser beam was focused. A beam profiler (Nanoscan, Photo Inc.) was utilized
to measure the 1/e2 beam radius at different positions and the M2 parameter of the laser beam
was Gaussian-fitted to be ∼1.4 at output power of 20 W, and increased to ∼3.2 when the output
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Fig. 6. Beam radius versus positions of the Ho:YAP laser at 80 W of output power. Inset: 3D profile of
laser beam near the focus.

power was 80 W, as shown in Fig. 6. A small beam quality degradation with increased power level
is induced mainly by the thermal induced phase aberration at high power levels. The difference of
M2 factor between x- and y-directions can be explained by the misalignment of the pump axis and
oscillation axis in the horizontal dimension, which will cause more high-order transverse modes in
x-direction.

4. Conclusions
In conclusion, we have experimentally demonstrated power scaling of Ho:YAP laser end pumped
by a home-constructed 1930.5 nm Tm-doped all fiber MOPA. Maximum output power of 107.3 W
at ∼2117 nm with optical conversion efficiency of 49.9% have been achieved. Lasing slope
efficiency with respect to the absorbed pump power was 50.6%. The polarization extinction ratio
was ∼20.8 dB and the M2 parameter was measured at 80 W of output power to be ∼3.2 and ∼2.6,
respectively in horizontal and vertical directions. Further improvement of the lasing efficiency and
power scaling should be possible by AR-coating the crystals and simply improving the pump power.

References
[1] T. M. Taczak and D. K. Killinger, “Development of a tunable, narrow-linewidth, CW 2.066-μm Ho:YLF laser for remote

sensing of atmospheric CO2 and H2O,” Appl. Opt., vol. 37, no. 36, pp. 8460–8476, 1998.
[2] H. Kang, H. Lee, J. Petersen, J. H. Teichman, and A. J. Welch, “Investigation of stone retropulsion as a function

of Ho:YAG laser pulse duration,” Photon. Therapeutics Diagnostics II, Int. Soc. Opt. Photon., vol. 6078, 2006,
Art no. 607815.

[3] P. A. Budni et al., “Mid-IR laser based on ZnGeP2 and unsensitized Ho:YAG,” in Proc. Adv. Solid State Lasers, Opt.
Soc. Amer., 1999. Presentation number: PD10, doi: 10.1364/ASSL.1999.PD10.

[4] T. Fan, G. Huber, R. L. Byer, and P. Mitzscherlich, “Spectroscopy and diode laser-pumped operation of Tm, Ho:YAG,”
IEEE J. Quantum Elect., vol. 24, no. 6, pp. 924–933, Jun. 1988.

[5] I. F. Elder and M. J. P. Panyne, “Lasing in diode-pumped Tm:YAP, Tm, Ho:YAP and Tm, Ho:YLF,” Opt. Commun.,
vol. 145, no. 1–6, pp. 329–339, 1998.

[6] V. Sundesh and K. Asai, “Spectroscopic and diode-pumped-laser properties of Tm, Ho:YLF; Tm, Ho:LuLF; and Tm,
Ho:LuAG crystals: A comparative study,” J. Opt. Soc. Amer. B., vol. 20, no. 9, pp. 1829–1837, 2003.

[7] R. Wu et al., “Compact 21-W 2-μm intracavity optical parametric oscillator,” Opt. Lett., vol. 25, no. 19, pp. 1460–1462,
2000.

Vol. 12, No. 2, April 2020 1501107

https://dx.doi.org/10.1364/ASSL.1999.PD10


IEEE Photonics Journal High Power Ho:YAP Laser With 107 W of Output Power

[8] W. Yao et al., “A 142 W Ho:YAG laser single-end-pumped by a Tm-doped fiber laser at 1931 nm,” Laser Phys. Lett.,
vol. 16, no. 11, 2019, Art no. 115001.

[9] Y. Shen et al., “103 W in-band dual-end-pumped Ho:YAG laser,” Opt. Lett., vol. 37, no. 17, pp. 3558–3560, 2012.
[10] X. Duan, Y. Shen, B. Yao, and Y. Wang, “A 106 W Q-switched Ho:YAG laser with single crystal,” Optik, vol. 169,

pp. 224–227, 2018.
[11] D. Zhou et al., “Laser performance of holmium-doped Lu3Al5O12 and (Lu, Y)3Al5O12 crystals pumped by Tm: Fiber

laser,” Laser Phys., vol. 21, no. 11, pp. 1876–1879, 2011.
[12] H. Chen et al., “High-power 2.1 μm Ho:Lu1. 5Y1. 5Al5O12 laser in-band pumped by a Tm fiber laser,” Laser Phys.

Lett., vol. 9, no. 1, pp. 26–29, 2011.
[13] T. Zhao, Y. Wang, D. Shen, J. Zhang, D. Tang, and H. Chen, “Continuous-wave and Q-switched operation of a

resonantly pumped polycrystalline ceramic Ho:LuAG laser,” Opt. Express, vol. 22, no. 16, pp. 19014–19020, 2014.
[14] T. Zhao et al., “Tm: fiber laser in-band pumped Ho:LuAG laser with over 18 W output at 2124.5 nm,” Laser Phys.,

vol. 21, no. 11, pp. 1851–1854, 2011.
[15] Y. Shen, B. Yao, X. Duan, Y. Ju, and Y. Wang, “The output characteristics of double-end-pumped Ho:LuAG laser at

room temperature,” Laser Phys., vol. 22, no. 5, pp. 858–861, 2012.
[16] A. Dergachev, P. F. Moulton, and T. E. Drake, “High-power, high-energy Ho:YLF laser pumped with Tm: Fiber laser,” in

Proc. Adv. Solid-State Photon., Opt. Soc. Amer., 2005, pp. 608–612.
[17] M. Schellhorn, “A comparison of resonantly pumped Ho:YLF and Ho:LLF lasers in CW and Q-switched operation

under identical pump conditions,” Appl. Phys. B, vol. 103, no. 4, pp. 777–788, 2011.
[18] H. Kawase and R. Yasuhara, “2.92-μm high-efficiency continuous-wave laser operation of diode-pumped Er:YAP

crystal at room temperature,” Opt. Express, vol. 27, no. 9, pp. 12213–12220, 2019.
[19] B. Yao et al., “Continuous-wave and Q-switched operation of a resonantly pumped Ho:YAlO3 laser,” Opt. Express,

vol. 16, no. 19, pp. 14668–14674, 2008.
[20] X. Duan, C. Yang, Y. Shen, B. Yao, Y. Ju, and Y. Wang, “High-power in-band pumped a-cut Ho:YAP laser,” J. Russ.

Laser Res., vol. 35, no. 3, pp. 239–243, 2014.
[21] X. Duan et al., “Room temperature efficient actively Q-switched Ho:YAP laser,” Opt. Express, vol. 17, no. 6, pp. 4427–

4432, 2009.
[22] B. Yao, X. Yang, X. Duan, T. Wang, Y. Ju, and Y. Wang, “Continuous-wave operation of a Ho:YAlO3 laser pumped by

a Tm-doped silicon fiber laser,” Laser Phys. Lett., vol. 6, no. 7, pp. 509–512, 2009.
[23] X. Duan, W. Lin, Z. Cui, B. Yao, H. Li, and T. Dai, “Resonantly pumped continuous-wave mode-locked Ho:YAP laser,”

Appl. Phys. B, vol. 122, no. 4, pp. 88–92, 2016.
[24] T. Yu, G. Bai, Z. Yang, and W. Chen, “20.2 W CW 2.118 μm Ho:YAlO3 laser pumped by 1.915 nm Tm-doped fiber

laser” in Proc. Laser Technol. Defense Secu. XI, Int. Soc. Opt. Photon., 2015, vol. 9466, Art no. 94660U.

Vol. 12, No. 2, April 2020 1501107



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


