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Abstract: A broadband optical frequency comb with a flexible frequency spacing and a
center wavelength is proposed and experimentally demonstrated. The proposed scheme
consists of a single continuous-wave laser, cascaded Mach—-Zehnder modulator (MZM) and
phase modulator (PM), two-stage dispersion-flattened highly nonlinear fibers (DF-HNLFs),
and a single-mode fiber in between. A narrow-band frequency comb is generated in the
MZM and PM, and a broadband frequency comb is achieved by a self-phase modulation
based spectral broadening in the DF-HNLFs. Since the DF-HNLF has low dispersion over
a wide wavelength range, the central wavelength of the generated frequency comb can be
tuned from 1535 to 1564 nm. In addition, the central wavelength of frequency comb has a
potential to be extended to L-band according to the dispersion profile of the DF-HNLF and
the operation bandwidths of the MZM and PM. By tuning the driving radio-frequency signal,
the frequency spacing of the generated frequency comb can be tuned. In the experiment,
the frequency spacing of 25 and 40 GHz has been achieved.

Index Terms: Fiber non-linear optics, frequency combs, fiber optics systems.

1. Introduction

The past several years have witnessed a phenomenon that optical frequency combs have been
investigated in numerous applications such as metrology [1], [2], spectroscopy [3], optical commu-
nications [4] and terahertz (THz) wireless technology [5] and the chaotic systems [6]. In particular,
high-quality frequency comb has recently become promising for coherent communications, offering
a large number of optical carriers for wavelength-division multiplexing (WDM) transmission system
[71-[10]. The tones of a frequency comb are intrinsically equally-spaced in frequency. In addition,
the mutual carrier coherence from the same source can also facilitate efficient mitigation of fiber
nonlinearity in the transmission [11].

A typical technique to generate broad-band frequency comb is based on mode-locked lasers
(MLL) [12], [13], however, the tunability in terms of center wavelength and frequency spacing
is severely limited. Another approach for frequency comb generation is based on electro-optic
modulators, which has been demonstrated with flexibility and tunability of frequency spacing and
center wavelength [14]-[16]. Although these demonstrations show the tunability of frequency comb
without compromising the complexity of the system, one common disadvantage is the generated
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Fig. 1. Experimental setup of generating broad-band optical frequency comb with tunable center wave-
length and frequency spacing. CW-laser: continuous-wave laser, RF: radio frequency, PM: phase mod-
ulator, MZM: Mach-Zehnder modulator, ODL: optical delay line, EDFA: erbium-doped fiber amplifier,
PC: polarization controller, Amp.: Amplifier, SMF: single mode fiber, HP-EDFA: high-power erbium-
doped fiber amplifier, OBPF: optical bandpass filter, DF-HNLF: dispersion-flattened highly nonlinear
fiber, OSA: optical spectrum analyzer.

comb has a rather narrow bandwidth. To achieve a broad-band frequency comb, nonlinear spectral
broadening based on self-phase modulation in a highly nonlinear fiber (HNLF) is usually needed
[171-[19]. However, this usually leads to limited tunability of the center wavelength of the frequency
comb, since the center wavelength of the input pulse is usually required to be close to the zero-
dispersion wavelength of the HNLF. So far, a broadband frequency comb with widely tunable center
wavelength and frequency spacing has not been demonstrated yet.

In this paper, we experimentally demonstrate a broad-band frequency comb with widely tunable
center wavelength and frequency spacing, using cascaded electro-optic modulators and dispersion-
flattened (DF)-HNLFs. In our scheme, a continuous-wave (CW) light is modulated by a Mach-
Zehnder modulator (MZM) and a phase modulator (PM), which is compressed into a short pulse by
passing through a dispersive element, and then launched into two-stage DF-HNLFs for frequency
comb spectral broadening. Since the DF-HNLF used in the experiment has a low dispersion over a
broad wavelength range, it allows for the tunability of the center wavelength. Frequency spacing can
be tuned by changing radio-frequency (RF) signal. In this experiment, the broad-band frequency
comb with the wavelength tunability from 1535 nm to 1564 nm and frequency spacing of 25 GHz
and 40 GHz has been achieved. For the 25-GHz frequency spacing, the generated frequency comb
has a 30-dB bandwidth of 125 nm, 132 nm and 132 nm at the central wavelength of 1535 nm,
1550 nm and 1564 nm, respectively; for the 40-GHz frequency spacing, the generated frequency
comb has a 30-dB bandwidth of 155 nm, 155 nm and 164 nm at the central wavelength of 1535 nm,
1550 nm and 1564 nm. Furthermore, we also investigate the bandwidth of the broadened frequency
comb for different launched powers into the DF-HNLFs.

2. Experimental Details

The block diagram of the experimental setup for broad-band frequency comb generation with tunable
center wavelength and frequency spacing is shown in Fig. 1. A CW light emitted from a tunable laser
is modulated by cascaded MZM and PM, which are driven by a RF sinusoidal signal. By changing
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Fig. 2. Dispersion profile for the dispersion-flattened highly nonlinear fiber (DF-HNLF).

the frequency of the driving RF signal, the frequency spacing of the generated frequency comb
can be adjusted. By adjusting the delay line in between the MZM and the PM, the positive chirp
generated in the PM is reserved and the negative chirp is removed due to pulse carving in the IM
[20]. The positive chirp is then compensated by passing through a 400 m single mode fiber (SMF)
and the pulse is compressed into a short pulse with a full width at half maximum of 2.5 ps. The short
pulse is amplified by a high-power EDFA (HP-EDFA) and filtered by a 5-nm bandpass filter before
launching into DF-HNLFs. Based on the self-phase modulation (SPM), broad-band frequency comb
is generated in the DF-HNLFs. In this experiment, two-stage DF-HNLFs with the same physical
property but different lengths of 200 m and 400 m are used. A single mode fiber (SMF) is inserted in
between two DF-HNLFs in order to compensate the dispersion of the DF-HNLF1. The pulses at the
output of the DF-HNLF1 are further compressed in time domain after the dispersion compensation
and the peak power of the pulses is increased, therefore the spectral broadening in the DF-HNLF2
is enhanced. It is noted that, as shown in Fig. 2, the DF-HNLF is designed to have low normal
dispersion over a broad wavelength range, making it possible to achieve SPM based frequency
comb broadening at tunable center wavelengths within C and L band. In the experiment, we have
demonstrated center wavelength tunability from 1535 nm to 1564 nm for the generated broad-band
frequency comb.

3. Results and Discussion
3.1 Broadband Optical Frequency Comb Generation With Flexible Central Wavelength

We first investigate the tunability of center wavelength for the generated frequency comb with
25-GHz frequency spacing. Since the DF-HNLF used in the experiment has low dispersion in
a wide wavelength range, the central wavelength of the frequency comb can be tuned flexibly.
By tuning the wavelength of the CW laser and center wavelength of the optical bandpass fil-
ter, the broad-band frequency comb can be generated at the center wavelengths of 1535 nm,
1550 nm and 1564 nm, respectively, as shown in Figs. 3—-5. For the launched power of 30 dBm, the
30-dB bandwidths of the generated frequency combs are 125 nm, 132 nm and 132 nm for the center
wavelengths of 1535 nm, 1550 nm and 1564 nm, respectively. The bandwidth of the frequency comb
is slightly larger for the longer wavelength since the DF-HNLF has lower dispersion at the longer
wavelength.
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Fig. 3. Broad-band frequency comb generation with the center wavelength of 1535 nm and the frequency
spacing of 25-GHz. (a) with 24 dBm launched power; (b) with 27 dBm launched power; (c) with 30 dBm
launched power.
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Fig. 4. Broad-band frequency comb generation with the center wavelength of 1550 nm and the frequency
spacing of 25-GHz. (a) with 24 dBm launched power; (b) with 27 dBm launched power; (c) with 30 dBm
launched power.
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Fig. 5. Broad-band frequency comb generation with the center wavelength of 1564 nm and the frequency
spacing of 25-GHz. (a) with 24 dBm launched power; (b) with 27 dBm launched power; (c) with 30 dBm
launched power. Inset is the zoom-in of measured frequency comb with 30 dBm launched power.

For the 25-GHz frequency comb with 1564 nm center wavelength and 30 dBm launched power,
there are totally ~660 comb lines within the 30-dB bandwidth, therefore the average power per
comb line is ~1 dBm taking into account of ~1 dB of insertion loss of the DF-HNLFs. The linewidth
of the generated frequency comb is supposed to be preserved compared to the seed laser, as
expected given the correlated phase of the seed laser [21]. In addition, we also investigate the
impact of the launched power on the bandwidth of frequency comb. When the launched power
is higher, the bandwidth of the frequency comb becomes larger. As shown in Fig. 3, the 30-dB
bandwidth of the generated frequency comb with 25-GHz spacing is 55 nm, 94 nm and 125 nm,
respectively, for the launched power of 24 dBm, 27 dBm and 30 dBm.

3.2 Broadband Optical Frequency Comb Generation With Frequency Spacing

Furthermore, the tunability of frequency spacing is also investigated for the generated frequency
comb. In order to tune the frequency spacing of the frequency comb from 25 GHz to 40 GHz, the
driving RF signal is adjusted to 40 GHz and the driving narrow-band RF amplifier is replaced by
the one with a center frequency of 40 GHz. As shown in Fig. 6, the frequency comb with 40-GHz
frequency spacing is generated with center wavelengths of 1535 nm, 1550 nm and 1564 nm. For
the launched power of 30 dBm, the generated frequency comb with 40-GHz frequency spacing has
a 30-dB bandwidth of 155 nm, 155 nm and 164 nm at the central wavelength of 1535 nm, 1550 nm
and 1564 nm, respectively. The dispersion profile of the DF-HNLF is not uniform along the fiber and
there are dispersion variations over a broad wavelength range, which causes the varying spectral
envelope of the generated comb.
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Fig. 6. Broad-band frequency comb generation with the frequency spacing of 40-GHz and 30 dBm
launched power. (a) with the central wavelength of 1535 nm; (b) with the central wavelength of 1550 nm;
(c) with the central wavelength of 1564 nm.

4. Conclusion

In summary, we have experimentally demonstrated a broad-band frequency comb with flexible cen-
ter wavelength and frequency spacing. Broad-band frequency comb is achieved by using cascaded
intensity modulator and phase modulator followed by two-stage DF-HNLFs. By adjusting the seed
laser wavelength, the center wavelength of the broad-band frequency comb can be tuned, since
the DF-HNLFs have a low dispersion over a broad wavelength range. By adjusting the driving RF
signal, the frequency spacing the frequency comb can be adjusted. For the launched power of
30 dBm, the generated 25-GHz frequency comb has a 30-dB bandwidth of 125 nm, 132 nm and
132 nm and the 40-GHz frequency comb has a 30-dB bandwidth of 155 nm, 155 nm and 164 nm
at the wavelength of 1535 nm, 1550 nm and 1564 nm, respectively.

Acknowledgment

The authors would like to thank the Centre for Excellence Silicon Photonics for Optical Commu-
nications of the Technical University of Denmark.

References

[1] T. Udem, R. Holzwarth, and T. W. Hansch, “Optical frequency metrology,” Nature, vol. 416, no. 6877, pp. 233-237,
2002.

[2] F. C. Cruz, “Optical frequency combs generated by four-wave mixing in optical fibers for astrophysical spectrometer
calibration and metrology,” Opt. Express, vol. 16, no. 17, pp. 13267—13275, 2008.

[3] A.Cingoz et al., “Direct frequency comb spectroscopy in the extreme ultraviolet,” Nature, vol. 482, no. 7383, pp. 68-71,
2012.

[4] S. Bennett, B. Cai, E. Burr, O. Gough, and A. J. Seeds, “1.8-THz bandwidth, zero-frequency error, tunable optical comb
generator for DWDM applications,” IEEE Photon. Technol. Lett., vol. 11, no. 5, pp. 551-553, May 1999.

Vol. 10, No. 3, June 2018 7202107



IEEE Photonics Journal Broadband Optical Frequency Comb Generation

(5]
[6
[7]
(8]
19]
[10]

(1]

[12]

[13]
[14]
(18]
[16]

(171
(18]
[19]
(20]

(21]

S. Jia et al., “THz photonic wireless links with 16-QAM modulation in the 375-450 GHz band,” Opt. Express, vol. 24,
no. 21, pp. 23777-23783, 2016.

M. I. Afzal, K. Alameh, and Y. T. Lee, “Symmetry breaking of frequency comb in varying normal dispersion fiber ring
cavity,” arXiv:1610.05130, 2016.

E. Temprana, V. Ataie, B. P-P. Kuo, E. Myslivets, N. Alic, and S. Radic, “Low-noise parametric frequency comb for
continuous C-plus-L-band 16-QAM channels generation,” Opt. Express, vol. 22, no. 6, pp. 6822-6828, 2014.

H. Hu et al., “Single-source AlGaAs frequency comb transmitter for 661 Tbit/s data transmission in a 30-core Fiber,” in
Proc. Int. Conf. Lasers Electro-Opt., 2016, Paper JTh4C.1.

P. Marin et al., “Microresonator-based solitons for massively parallel coherent optical communications,” Nature, vol. 546,
no. 7657, pp. 274-279, 2017.

A. Fulop et al., “Long-haul coherent transmission using a silicon nitride microresonator-based frequency comb as WDM
source,” in Proc. Int. Conf. Lasers Electro-Opt., 2016, Paper SM4F.2.

E. Temprana et al., “Overcoming Kerr-induced capacity limit in optical fiber transmission,” Science, vol. 348, no. 6242,
pp. 1445-1448, 2015.

V. Corral, R. Guzman, C. Gorddn, X. J. M. Leijtens, and G. Carpintero, “Optical frequency comb generator based on
a monolithically integrated passive mode-locked ring laser with a Mach—Zehnder interferometer,” Opt. Lett., vol. 41,
no. 9, pp. 1937-1940, 2016.

A. Bartels, D. Heinecke, and S. A. Diddams, “Passively mode-locked 10 GHz femtosecond Ti:sapphire laser,” Opt.
Lett., vol. 33, no. 16, pp. 1905-1907, 2008.

C. He, S. Pan, R. Guo, Y. Zhao, and M. Pan, “Ultraflat optical frequency comb generated based on cascaded polarization
modulators,” Opt. Lett., vol. 37, no. 18, pp. 3834—-3836, 2012.

Y. Dou, H. Zhang, and M. Yao, “Generation of flat optical-frequency comb using cascaded intensity and phase modu-
lators,” IEEE Photon. Technol. Lett., vol. 24, no. 9, pp. 727-729, May 2012.

R. Wu, V. R. Supradeepa, C. M. Long, D. E. Leaird, and A. M. Weiner, “Generation of very flat optical frequency
combs from continuous-wave lasers using cascaded intensity and phase modulators driven by tailored radio frequency
waveforms,” Opt. Lett., vol. 35, no. 19, pp. 3234-3236, 2010.

R. Wu, V. Torres-Company, D. E. Leaird, and A. M. Weiner, “Supercontinuum-based 10-GHz flat-topped optical fre-
quency comb generation,” Opt. Express, vol. 21, no. 5, pp. 6045-6052, 2013.

V. Ataie, B. P.-P. Kuo, E. Myslivets, and S. Radic, “Generation of 1500-tone, 120nm-wide ultraflat frequency comb by
single CW source,” in Proc. Int. Conf. Opt. Fiber Commun., 2013, Paper PDP5C.1.

E. Myslivets, B. P. P. Kuo, N. Alic, and S. Radic, “Generation of wideband frequency combs by continuous-wave seeding
of multistage mixers with synthesized dispersion,” Opt. Express, vol. 20, no. 3, pp. 3331-3334, 2012.

H. Hu et al., “10 GHz pulse source for 640 Gbit/s OTDM based on phase modulator and self-phase modulation,” Opt.
Express, vol. 19, no. 26, pp. B343-B349, 2011.

Z.Tong, A. O. J. Wiberg, E. Myslivets, B. P. P. Kuo, N. Alic, and S. Radic, “Spectral linewidth preservation in parametric
frequency combs seeded by dual pumps,” Opt. Express, vol. 20, no. 16, pp. 17610-17619, 2012.

Vol. 10, No. 3, June 2018 7202107




<<
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 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 <<
    /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


