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Abstract—We report for the first time on study of a passively
mode-locked Er-doped fibre laser with ultra-wide tuning (from
1524 to 1602 nm) of the central wavelength of its femtosecond out-
put (503–940 fs). The recently proposed drop-shaped cavity topol-
ogy for fibre lasers enabled a compact widely tuneable femtosecond
laser with a single discrete element, a reflective diffraction grating
used for wavelength tuning of the output radiation. The key fea-
tures of the proposed laser are: spectral tuning does not require
adjustment of any other cavity elements; stable generation with a
single pulse per round trip is provided over the entire wavelength
tuning range; and the output pulses are close to transform limited
and feature relatively high (>58 dB) signal-to-noise ratio of laser
inter-mode beats indicating high quality of mode locking across
the entire wavelength tuning range. The proposed laser configu-
ration relying on the new drop-shaped cavity topology simultane-
ously delivers stability and reliability of mode locking, possibility
of broad-range wavelength tunability, and adjustability of the out-
put pulse repetition rate of the laser (which is important in various
metrological and other applications).

Index Terms—Fibre lasers, laser cavity resonators, laser mode
locking, laser tuning.

I. INTRODUCTION

WAVELENGTH tuning of laser radiation considerably
widens its functional capabilities, enabling research and

industrial laser applications requiring spectral selectivity. Active
media using optical fibres doped with rare-earth elements fea-
ture gain profile widths of 100 nm and even wider [1], thus
enabling tunability of laser radiation over these ranges [2]–[4].
Unfortunately, implementation of broad tuning of the fibre laser
output wavelength is often constrained by cavity elements with

Manuscript received April 15, 2018; revised October 12, 2018 and December
26, 2018; accepted January 9, 2019. Date of publication January 16, 2019; date
of current version February 22, 2019. This work was supported in part by the
Russian Science Foundation under Grant 17-12-01281. (Corresponding author:
Sergey Kobtsev.)

B. Nyushkov is with the Novosibirsk State University, Novosibirsk 630090,
Russia, on leave from the Institute of Laser Physics, Siberian Branch of the
Russian Academy of Sciences, Novosibirsk, Russia (e-mail:,nyushkov@laser.
nsc.ru).

S. Kobtsev and D. Kolker are with the Novosibirsk State University, Novosi-
birsk 630090, Russia (e-mail:,s.kobtsev@nsu.ru; dkolker@mail.ru).

A. Antropov is with the Institute of Automation and Electrometry, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk 630090, Russia
(e-mail:,antropov.ilp@gmail.com).

V. Pivtsov is with the Novosibirsk State Technical University, Novosibirsk
630073, Russia, and also with the Institute of Laser Physics, Siberian Branch
of the Russian Academy of Sciences, Novosibirsk 630090, Russia (e-mail:,
pivtsov@mail.ru).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/JLT.2019.2893291

relatively narrow spectral working range (pump combiner, out-
put coupler, etc.). Moreover, in mode-locked lasers, additional
limitation may be imposed by spectral dependence of cavity pa-
rameters affecting mode locking (dispersion and nonlinearity of
the fibres, parameters of the saturable absorber, either natural or
artificial, and the fraction of radiation coupled out of the cavity).
Therefore, the wavelength tuning range of a mode-locked fibre
laser is usually inferior to that of the same laser in continuous-
wave (CW) mode. For example, the broadest demonstrated
range of central wavelength tuning in a femtosecond Er:fibre
laser did not hitherto exceed 75 nm [5], even though spectral
tuning led to variation of the pulse duration from femtosecond
up to picosecond range. Additionally, during wavelength tun-
ing it was always necessary to manually adjust two fibre-based
polarisation controllers in order to restart mode-locked lasing,
and each time this led to unstable multi-pulse generation with a
different number of pulses over the cavity round trip. Because
of significant difficulty in achieving broad wavelength tuning in
mode-locked fibre lasers, this term is sometimes used to refer
to tuning ranges as narrow as ∼30–40 nm [6]–[9]. Identifica-
tion of methods for broadening output wavelength tuning in
mode-locked fibre lasers is further complicated by the general
requirement that they should be compatible as much as possible
with the fibre laser concept, that is ideally they should not use
discrete optics or at least limit such use to a minimum.

It is pertinent to point out that along with the methods allowing
direct leveraging of the spectral potential of a fibre laser active
medium (we will call them “active-medium-based methods”),
other approaches are being developed that broaden the out-
put wavelength tunability in mode-locked fibre lasers owing to
nonlinear transformation: harmonic generation [10], parametric
conversion [11], self-phase modulation [12]/super-continuum
generation [13], Cherenkov radiation [14], or cascaded Raman
conversion [15]. These approaches lead to dramatic (sometimes,
more than by an order of magnitude) enhancement of the output
wavelength tuning range in mode-locked fibre lasers in compari-
son with the performance of the active-medium-based methods.
Nevertheless, the development of these latter methods is also
of significant interest, since they often happen to be simpler
and less demanding than those based upon nonlinear conver-
sion, meanwhile delivering higher output power in many imple-
mentations. It is also important that the tuning range available
through some nonlinear methods depends on the initial range
obtained through an active-medium-based method and can be
further broadened thereby.
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Fig. 1. Layout of the studied tuneable Er:fibre laser based on drop-shaped
resonator topology: SESA–semiconductor saturable absorber, PC–in-line po-
larisation controller, DFOC–dual-fibre optical collimator, WDM–wavelength
division multiplexer, DG–diffraction grating.

This work for the first time presents the results of research
into an active-media-based method of central wavelength tun-
ing in a mode-locked fibre laser featuring the recently developed
drop-shaped cavity topology [16]. The single discrete element
used in the studied laser, a diffraction grating, was adjusted to
achieve a record-setting broad spectral tunability of the gener-
ated femtosecond pulses within a 78-nm range, from 1524 to
1602 nm, while maintaining the pulse duration between 503 fs
and 940 fs without additional adjustment of any other cavity ele-
ments in the process of wavelength tuning and delivering stable
generation with a single pulse per round-trip over the totality of
the ultra-broad wavelength tuning range.

II. EXPERIMENT

The proposed laser layout is presented in Fig. 1. The laser’s
ring cavity contains Er-doped fibre pumped into the core through
a wavelength-division multiplexor (WDM), semiconductor sat-
urable absorber (SESA), two optical isolators (one of them hav-
ing a 5% port for coupling the radiation out of the cavity), a
dual-fibre optical collimator (DFOC) allowing a discrete reflec-
tor (diffraction grating) within the cavity, and a radiation polari-
sation controller used to maximise reflection from the diffraction
grating.

The active section of the laser used commercial highly doped
erbium fibre (LIEKKI Er40-4/125) pumped with a fibre-coupled
semiconductor laser at ∼980 nm. Active fibre with high con-
centration of erbium ions (in our case, the Er-doped fibre had
absorption of 40 dB/m @ 1530 nm) allows efficient amplifica-
tion and generation within the L-band [17], [18] at sufficient
fibre length (2.7 m in the proposed laser).

The pump radiation was guided into the active fibre core
through the WDM in the direction opposite to that of the gen-
eration radiation. The lasing wave circulation direction within
the cavity was set by two optical isolators completely block-
ing amplification of the intra-cavity radiation in the opposite
direction.

For passive mode locking, we used a commercial fibre-
pigtailed semiconductor saturable absorber by Batop Co.

Fig. 2. Output pulse spectra of the proposed laser at different wavelengths
within the tuning range of 1524–1602 nm.

(SA-1550-58-2ps). In the vicinity of 1.55 µm, this material had
absorption of 58%, non-saturable loss of 23%, and relaxation
time of 2 ps.

The special feature of this laser, which forms the drop-shaped
cavity and makes it unusual, is utilisation of DFOC. This type of
collimators is available from different manufacturers. We used
a DFOC from Opneti Communications Co, which is based upon
two closely-spaced optical fibre ends with a short-focus (2 mm)
lens in front of them. Therefore, it is possible to redirect radi-
ation emitted from one of the DFOC ports into the other with
a reflector positioned in the vicinity of the lens’ focal plane.
The spectrally selective reflector used in the present work was
a rifled aluminium diffraction grating (300 lines/mm, 1300 nm
blaze wavelength) with reflectivity 70–65% corresponding to
wavelength tuning from 1500 to 1600 nm. This diffraction grat-
ing was set in a Littrow configuration [19] and could be rotated
via a high-precision manual actuator Thorlabs PR01/M with res-
olution of 0.7 mrad/div and spectral precision of grating rotation
of 2.2 nm/div.

The DFOC and the diffraction grating formed a tuneable
spectral filter. We measured this filter’s transmission band with
an ASE light source. Around 1.55 µm, it amounted to approx-
imately 10 nm (FWHM). The measured filter pass band is suf-
ficient to avoid spectral deformation of pulses over ∼400-fs
long. Such filter can be used for output wavelength tuning of the
studied laser, because earlier [16] it was shown that this laser
generated pulses with duration within 450–630 fs.

In order to ensure the widest possible tuning range of the
pulsed lasing spectrum, all the cavity elements were chosen
for as broad as possible working spectral range. According to
the specifications, the narrowest working bandwidth was that
of the isolators (1530–1570 nm). Nevertheless, in our experi-
ments the isolators operated normally at wavelengths of up to
1610 nm. The specified working spectral range of the WDM
pump combiner was somewhat broader, 1530–1580 nm. The
semiconductor saturable absorber featured a very broad work-
ing range (1.4–1.6 µm), albeit exhibiting significant variation
of absorption (61–48%) and transmittance (34–45%) across the
range of 1520–1600 nm. The parameters of the saturable ab-
sorber and the gain of the active fibre in the developed laser
configuration experienced the most significant changes across
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Fig. 3. Parameters of mode-locked generation in the studied laser at different wavelengths: left—optical output spectra with the central wavelength and average
output power indicated; center—corresponding interferometric auto-correlation functions of the output pulses with their duration indicated in the approximation
of sech2 shape; right—respective RF spectra of the output pulse trains measured in a broad frequency band.

the wavelength tuning range. Spectral variation of dispersion
and nonlinearity of the passive fibre were comparatively small
within the 1520–1600-nm range.

The length of all fibre components of the laser cavity totalled
about 11.5 m, of which the length of passive SMF-28e fibre was
approximately 8.5 m. Factoring in the dispersion of the active
and passive fibres used in the cavity, the total group velocity
dispersion of the laser resonator was anomalous over the en-
tire wavelength tunability range and changed from −0.102 ps2

(1524 nm) to −0.167 ps2 (1602 nm).
In order to study the optical parameters of mode-locked laser

output, we used the following measurement equipment: optical
spectrum analyser Avesta ASP-IRF along with interferometric
autocorrelator Avesta AA-10DDM. We also used a fast InGaAs
PIN photodetector connected to an RF spectrum analyser Rohde
& Schwarz FSP, and a Keysight DSO-X 3052T oscilloscope
with a 1-ns time resolution.

III. RESULTS AND DISCUSSION

Rotation of the diffraction grating allowed continuous tun-
ing of the central wavelength of output pulses within the range
of 1524–1602 nm. It is important to emphasise that this tun-
ing could be consistently done without disturbing mode-locked
generation over the entire indicated range. Another key point is
that no additional adjustment of any cavity elements (other than
the grating) was necessary in the tuning process. Only the pump
level had to be raised at the very long-wavelength edge of the
tuning range (around 1600 nm). Within the output wavelength
range of 1524 to 1595 nm, the most stable mode locking was
observed at the pump power of 270 mW, the average output
power ranging from 2.4 to 3.1 mW in the process of wavelength
tuning. In order to maintain this level and quality of output at
the long-wavelength extremity of the tuning range, the pump
power had to be increased to 370 mW.

Fig. 2 shows the registered output pulse spectra at different
wavelengths within the tuning range of 1524–1602 nm.

The spectra shown in Fig. 2 were measured 5–6 nm apart, and
it follows from this Figure that the pulse spectrum evolves in the
process of wavelength tuning, its FWHM breathing between 3
and 6 nm. The spectral pedestals visible in Fig. 2 below –20 dB
arise from ASE contribution to the output.

In our preceding work [16], this laser was studied without
aspectrally selective element (a mirror was installed instead of
a diffraction grating) and exhibited a broader optical spectrum.

It is evident that the greatest limitation of the generation
spectrum in the studied laser comes from the spectral filter
formed by the diffraction grating and DFOC.

A similar output spectrum limitation in passively mode-
locked fibre lasers down to approximately 1/2 FWHM of
the intra-cavity band-pass spectral filter was reported in
[20]–[22].

Fig. 3 presents measurements of various parameters of the
observed mode-locked regime at four different wavelengths:
1530, 1550, 1570, and 1590 nm.

It can be seen that the output radiation spectrum becomes nar-
rower when tuned towards longer wavelengths, whereas, con-
versely, the pulse duration grows. In the centre of the tuning
range within 1530–1590 nm, the output pulse duration varies
between 503 and 770 fs, whereas at its edges, the pulse duration
rises to 850 fs (1524 nm) and 940 fs (1602 nm).

Analysis of the pulse time-bandwidth (TB) product at differ-
ent wavelengths demonstrates that the output is near transform-
limited across the entire tuning range in the sech2 shape approx-
imation. Fig. 4 presents the measured dependence of the pulse
TB product upon the radiation wavelength. As shown, the TB
product swings within 0.35–0.4 range across the totality of the
wavelength tunability domain.

It is essential to point out that the degree of pulse duration
variability in the studied laser (507–940 fs) is lower than that
observed in [5] (within 0.64–1.3 ps) and much lower yet than the
results reported, for instance, in [20] where wavelength detuning
across 34 nm led to a higher than an order of magnitude pulse
duration variability ranging from 545 fs to 6.1 ps.
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Fig. 4. Dependence of the pulse time-bandwidth product upon the radiation
wavelength.

Fig. 5. (а) Typical time trace of the output pulse train generated by the laser
in mode-locked regime; (b, c, d) RF spectra of the output pulse trains measured
at 10-Hz resolution in the vicinity of the fundamental intermode frequency (f0
� 17.5 MHz) at different wavelengths.

The RF spectra shown in Fig. 3 (right) were measured by
means of the aforenamed photodetector and RF spectrum anal-
yser. These spectra are an evidence of almost equally good
quality of mode locking at different output wavelengths.

More detailed studies of RF spectra at different wavelengths
are summarised in Fig. 5. Comparatively high measured signal
to noise ratio (>58 dB) indicates high quality of mode locking
provided by the chosen saturable absorber.

The pulse repetition rate in the studied laser corresponded to
the fundamental value 17.5 MHz at the all demonstrated lasing
wavelengths as indicated by the oscillogram in Fig. 5(a). The
presence of a variable air gap between the DFOC and diffrac-
tion grating enables adjustment of the pulse repetition rate. The
available range of distances between the grating and the DFOC
was around ±0.2 mm, beyond which it was impossible to start
mode-locked operation. This grating displacement corresponds
to the output pulse repetition rate tunability of±0.42 kHz around
the central frequency of 17.5 MHz. The possibility of pulse rep-
etition rate adjustment may be used in a pulse frequency lock-in
system for laser stabilisation.

Very importantly, the proposed laser also features high long-
term stability of the generation parameters. In laboratory con-
ditions, instability of the average output power did not exceed

4% over several hours. High stability and reliability of radia-
tion mode locking is also borne out by reproducibility of the
generation parameters from day to day.

To identify the potential for further broadening the wave-
length tunability of femtosecond pulses generated in the studied
laser, we also measured its wavelength tuning range in CW
operation. We replaced the saturable absorber with a standard
fibre and at the same pump intensities (270 mW across the large
majority of the range and 370 mW around 1600 nm), the CW
tuning range extended to 1522–1610 nm. This means that at the
short-wavelength end, the maximal tuning range is practically
achieved (taking into consideration the spectral width of the
output), whereas at the opposite end, tunability could still be
improved by a few nanometres.

IV. CONCLUSION

The proposed passively mode-locked Er-doped fibre laser
with drop-shaped resonator topology delivers broadest tunabil-
ity of the central wavelength of the output femtosecond pulses
within the range of 1524–1602 nm without disturbing the mode-
locked regime in the process of wavelength tuning. During
live wavelength tuning, the laser provides uninterrupted sta-
ble mode-locked generation with a single pulse per round-trip
across the totality of the wavelength tuning range. The output
pulse duration varies between 503 and 940 fs and at all avail-
able wavelengths, the output pulses remain close to transform-
limited, the TB product being measured within 0.35–0.4 over
the entire wavelength tunability range.

The developed mode-locked fibre laser on the basis of a drop-
shaped cavity topology features a simple cavity configuration
with a low optical element count, close to the lowest possible
for lasers of this type. The developed configuration contains
only one discrete element, a diffraction grating, used for output
wavelength tuning. The freedom from additional element ad-
justments and comparatively small variation of the TB product
while tuning make the proposed laser stand out among other
ultra-short pulse tuneable Er-doped fibre lasers.

A discrete reflector used in the laser cavity makes it possi-
ble, as it did in [16], to adjust the pulse repetition rate of the
laser. In combination with the possibility of broad-range wave-
length tunability, this opens new application prospects for the
developed unique radiation source.
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enabled, energy scalable femtosecond source tunable from 1.3 to 1.7 µm,”
Opt. Express, vol. 25, no. 14, pp. 15760–15771, Jul. 2017.

[13] H. Lin and Y.-W. Wang, “Waveband-tunable supercontinuum fiber laser,”
Opt. Commun., vol. 333, no. 15, pp. 22–25, Dec. 2014.

[14] X. Liu, A. S. Svane, J. Laegsgaard, H. Tu, S. Boppart, and D. Turchinovich,
“Tunable femtosecond Cherenkov fiber laser,” in Proc. 7th IEEE/Int. Conf.
Adv. Infocomm Technol., 2014, pp. 218–221.

[15] S. M. Kobtsev, S. Kukarin, S. Smirnov, and Y. Fedotov, “Ultra-wide-
tunable fibre source of femto- and picosecond pulses based on intracavity
Raman conversion,” Proc. SPIE, vol. 7580, Mar. 2010, Art. no. 758023.

[16] B. N. Nyushkov, S. M. Kobtsev, N. А. Koliada, A. A. Antropov, V. S.
Pivtsov, and A. V. Yakovlev, “Mode-locked fibre lasers with an adjustable
drop-shaped cavity,” Laser Phys. Lett., vol. 14, no. 11, Nov. 2017, Art.
no. 115101.

[17] X. Dong, P. Shum, N. Q. Ngo, C. C. Chan, B.-O. Guan, and H.-Y. Tam,
“Effects of active fiber length on the tunability of erbium-doped fiber ring
lasers,” Opt. Express, vol. 11, no. 25, pp. 3622–3627, Dec. 2003.

[18] X. Dong, P. Shum, N. Q. Ngo, H. Y. Tam, and X. Dong, “Output power
characteristics of tunable erbium-doped fiber ring lasers,” J. Lightw. Tech-
nol., vol. 23, no. 3, pp. 1334–1341, Mar. 2005.

[19] E. G. Loewen and E. Popov, Diffraction Gratings and Applications. Boca
Raton, FL, USA: CRC Press, 1997, p. 630.

[20] D. Li et al., “Wavelength and pulse duration tunable ultrafast fiber
laser mode-locked with carbon nanotubes,” Sci. Rep., vol. 8, Feb. 2018,
Art. no. 2738.

[21] K. Tamura, E. P. Ippen, and H. A. Haus, “Optimization of filtering in
soliton fiber lasers,” IEEE Photon. Technol. Lett., vol. 6, no. 12, pp. 1433–
1435, Dec. 1994.

[22] Y. Meng, Y. Li, Y. Xu, and F. Wang, “Carbon nanotube mode-locked
thulium fiber laser with 200 nm tuning range,” Sci. Rep., vol. 7, Mar. 2017,
Art. no. 45109.

Boris Nyushkov received the B.S. and M.S. degrees in physics from Novosibirsk
State Technical University, Novosibirsk, Russia, in 1998 and 2000, respectively,
and the Ph.D. degree in applied physics from the University of Pisa, Pisa, Italy,
in 2005.

In 1998, he joined the Institute of Laser Physics, Siberian Branch of the Rus-
sian Academy of Sciences, Novosibirsk. Since 2008, he has been an Associate
Professor with the Physical-Technical Department, Novosibirsk State Techni-
cal University. Since 2010, he has been a Research Fellow with the Division
of Laser Physics and Innovation Technologies, Novosibirsk State University,
Novosibirsk. His research interests include fiber optics, fiber lasers, and metro-
logical laser systems.

Dr. Nyushkov’s awards and honors include the Galileo Galilei Ph.D. School
Fellowship (the University of Pisa), the Russian Presidential Scholarship (Rus-
sian Academy of Sciences), and the title of the Honored Veteran of Siberian
Branch of the Russian Academy of Sciences.

Sergey Kobtsev (M’00) received the joint B.S./M.S. degree in physics (quan-
tum optics) from Novosibirsk State University, Novosibirsk, Russia, in 1982,
and the Ph.D. and D.Sc. degrees in optics from the Institute of Automation and
Electrometry, Siberian Branch of the Russian Academy of Sciences, Novosi-
birska, in 1992 and 2010, respectively.

He is currently the Head of the Division of Laser Physics and Innovative Tech-
nologies, Novosibirsk State University. He is also the Director of the Quantum
Centre with the Physics Department, Novosibirsk State University. His research
interests include fiber and nonlinear optics, tunable laser systems, and hi-tech
photonics research and development.

Prof. Kobtsev is a Member of the SPIE and APS, and a Senior Member of
the OSA. He was honored with the OSA’s Outstanding Reviewer Recognition
in 2015.

Aleksandr Antropov received the B.S. and M.S. degrees in physics from
Novosibirsk State University, Novosibirsk, Russia, in 2015 and 2017, respec-
tively. He is currently working toward the Ph.D. degree in physics and mathe-
matics with the Institute of Automation and Electrometry, Siberian Branch of
the Russian Academy of Sciences, Novosibirsk.

From 2017 to 2018, he was a Junior Research Fellow with the Institute of
Laser Physics, Siberian Branch of the Russian Academy of Sciences. His re-
search interests include fiber optics and fiber lasers.

Dmitry Kolker received the joint B.S./M.S. degree in physics from Novosibirsk
State Technical University, Novosibirsk, Russia, in 1995, the Ph.D. degree in
physics and mathematics from the Institute of Laser Physics, Siberian Branch of
the Russian Academy of Sciences, Novosibirsk, in 2001, and the D.Sc. degree
in physics and mathematics from the Institute of Atmospheric Optics, Siberian
Branch of the Russian Academy of Science, Tomsk, Russia, in 2011.

From 2007 to 2012, he was an Associate Professor with the Physical-
Technical Department, Novosibirsk State Technical University, where since
2012, he has been a Full Professor. Since 2015, he has been the Head of the
Quantum Optics Technology Lab with the Physics Department, Novosibirsk
State University, Novosibirsk. His research interests include quantum electron-
ics, nonlinear optics, and precision spectroscopy.

Viktor Pivtsov received the joint B.S./M.S. degree in physics from Novosibirsk
State University, Novosibirsk, Russia, in 1969, and the Ph.D. degree in physics
and mathematics from the Institute of Automation and Electrometry, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk, in 1982.

From 1970 to 1992, he was a Research Fellow with the Institute of Automa-
tion and Electrometry, Siberian Branch of the Russian Academy of Sciences.
Since 1992, he has been a Scientific Associate with the Institute of Laser Physics,
Siberian Branch of the Russian Academy of Sciences. Since 1996, he has been
an Associate Professor with the Physical-Technical Department, Novosibirsk
State Technical University, Novosibirsk. His research interests include nonlin-
ear optics and high-precision solid-state metrological laser systems.

Dr. Pivtsov was honored with the title of the Honored Veteran of Siberian
Branch of the Russian Academy of Sciences.



<<
  /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


