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Abstract Laser operation near 1.06 um by a diode-pumped
Nd:(Lu,Gd;—y)3Ga5012 (Nd:LGGG) disordered crystal
has been investigated. Cw oscillation, with a slope efficiency
as high as 61% and 230 mW output power, was achieved
with 400 mW absorbed power from a 1-W laser diode. Sta-
ble passive mode locking with single- or multi-banded spec-
trum was obtained with a semiconductor saturable absorber
mirror (SAM) and a single-prism, dispersion-compensated
cavity. Fourier limited pulses with duration ~3-9 ps and
output power ~40 mW were generated at three well-defined
laser transitions in the range 1062—-1067 nm.

PACS 42.70.Hj - 42.55.Xi - 42.65.Re

1 Introduction

Diode-pumped Nd-doped lasers based on disordered crys-
talline hosts, such as Nd:CNGG [1-3], Nd:CNLGG [4],
and Nd:CTGG [5], have attracted significant attention lately
because of their simultaneous multi-wavelength emission
in Q-switching and mode-locking regimes, within a spec-
tral range of few nanometers. Such laser pulses at different

A. Agnesi (X)) - F. Pirzio - G. Reali

INFN Sez. di Pavia and Dipartimento di Elettronica,
dell’Universita di Pavia, Via Ferrata 1, 27100 Pavia, Italy
e-mail: antonio.agnesi @unipv.it

A. Arcangeli - M. Tonelli
CNR NEST and Dipartimento di Fisica, dell’Universita di Pisa,
Largo B. Pontecorvo, 3, 56127 Pisa, Italy

Z. Jia - X. Tao
State Key Laboratory of Crystal Materials, Shandong University,
Ji’nan 250100, PR China

wavelengths can be properly synchronized, allowing for po-
tential THz generation by difference frequency mixing in
suitable nonlinear optical media [6, 7]. Optical generation
of THz beams is an extremely active research field [8], with
many important applications, such as bio-diagnostics and se-
curity.

Compared with optical parametric oscillators, that be-
come increasingly unstable as nearly-degenerate signal and
idler frequencies are approached, disordered laser crystals
present closely spaced, yet well defined, emission wave-
lengths arising from laser transitions of Nd>* ions in spe-
cific sites. It is worth noticing that such a relatively sparse
distribution of transition frequencies seems to prevent suc-
cessful mode locking over bandwidths of several nanome-
ters, contrary to what fluorescence spectra would suggest
at first sight. Indeed, the shortest pulse generated by pas-
sive mode locking was reported for Nd:CNLGG to be 900-fs
long [2], corresponding to a spectral band of 1.8 nm, against
a reported ~15-nm emission band of the laser material [9].
This contrasts solid-state laser materials with significant in-
homogeneous broadening and a more continuous distribu-
tion of laser transition frequencies, such as Nd:glass, that
allow instead for almost complete locking of resonant longi-
tudinal modes within the gain bandwidth, producing fem-
tosecond pulses with spectral width comparable with the
whole fluorescence emission range [10].

However, multi-wavelength pulse operation of few pi-
cosecond duration is very attractive for THz generation ow-
ing to a more favorable damage threshold of nonlinear crys-
tals used for this peculiar difference mixing application with
respect to nanosecond Q-switched lasers.

We report on a diode-pumped mode-locked Nd:LGGG
laser oscillator that generates either a single 9-ps pulse at
1062.2 nm, or synchronized pulses at 1062.2, 1066.6, and
1067.1 nm, with the shortest pulse width being estimated
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~3.0-4.3 ps. Difference frequencies at 0.13, 1.2, 1.3 THz
could be generated in this case with a suitable nonlinear
crystal.

2 Crystal growth and spectroscopic analysis

A Nd:LGGG crystal with the dimensions of ®21 x 30 mm?
was grown along the (111) orientation by the Cz method
at the Institute of Crystal Materials, Shandong University,
China, and detailed information can be found in Ref. [11].
Here the key information about the crystal growth and struc-
tural characterization is summarized for the convenience of
reading the following.

During the process of crystal growth special attention has
been given to the growing atmosphere (N3 4 20 vol% CO»)
to reduce the decomposition of Ga;Os3. In addition, the rate
of rotation was also one of the key parameters to obtain a flat
interface shape, and it ranged from 15 to 20 rpm depending
on the crystal growing parts, such as neck, shoulder, col-
umn, and tail. We have performed the X-ray diffraction mea-
surement and found that the as-obtained Nd:LGGG crystal
was cubic with a unit cell axis length of a = 1.2361 nm,
which was smaller than that of Nd:GGG crystal (1.2376 nm,
JCPDS diffraction file of GGG: No. 13-0493). The Nd3+
concentration was determined by X-ray fluorescence to be
about 0.53 at.% in this crystal.

The measurements of absorption spectra at room temper-
ature were made by a Varian Cary 500 spectrophotometer
with the resolution of 0.15 nm (Fig. 1) and showed a broad
absorption region with several peaks between 790 nm and
820 nm, the most important region for laser diode pump-
ing (the transitions are 419/2 — 2H9/2 + 4F; 2. The most
relevant peak values are those of 4 cm™' at 807.7 nm
(fwhm = 1.0 nm), 3.4 cm~! at 805.0 nm (fwhm = 1.5 nm)
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and 2.2 cm~! at 796.0 nm (fwhm = 1.2 nm). The absorption
properties have been also investigated at 10 K with a reso-
lution of 0.06 nm, where we found that the spectrum shows
eight nearly isolated absorption peaks between 780 nm and
810 nm, due to the depopulation of the upper Stark sublevels
of the ground state: the main absorption peaks are centered
at 807.26 nm, 804.64 nm and 795.60 nm.

Since our crystal is isomorphous to GGG (Gadolinium
Gallium Garnet) by substituting a fraction of Gd atoms with
Lu atoms, we expect to observe a multi-site structure, as
happens for GGG [12]. To focus on this, we investigated the
fluorescence of the 4F3 2> My /2 transition at low temper-
ature (10 K). The maximum resolution in our experimental
apparatus was 0.2 nm in order to obtain a good signal to
noise ratio. In Fig. 2(a) we show the luminescence at 10 K
operating temperature exciting the sample at 807.2 nm with
a tunable cw Ti—Sa laser: this wavelength is inside the band-
width of the pumping diode laser used for excitation of the
Nd:LGGG laser discussed in Sect. 3. The asymmetric broad-
ening of the emission around 1065 nm suggests the presence
of two nonresolved lines, as shown in Fig. 2(b) by the fit-
ting with two Gaussian curves, peaked at 1065.5 nm and
1066.1 nm: this aspect will be emphasized in Sect. 3 of this
paper, when laser action is discussed. With these two lines,
the transitions in this band reach the number of 7, one more
than expected theoretically: this is evidence of the multi-site
characteristic of the host.

We detected the emission at room temperature for the rel-
evant laser transitions around 1060 nm, in order to calculate
the stimulated emission cross section by the so-called inte-
gral f—1 method [13] and we also measured the lifetime of
the 4Fs 2 multiplet (%250 ps from 10 K to room tempera-
ture). We obtained the peak values of 1.1 x 1071 cm? at
1062.3 nm, and 5.8 x 1072 cm? at 1066.8 nm, about five
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Fig. 2 Multi-site structure of Nd: LGGG shown by the luminescence
at 10 K after pumping at 807.2 nm. (a) Whole 4F3/2 — 4111/2 band.
(b) Particulars of the emission around 1066 nm (solid line), fitted by

times lower than the cross section in Nd:YAG in the same
wavelength region [13].

3 Experiments

The Nd:LGGG crystal was tested in order to assess its laser
characteristics. The laser cavity for cw operation was the
X-folded resonator shown in Fig. 3. The pump diode was a
50 x 1 um? high-brightness commercial emitter, with max-
imum output power 1 W at 808 nm. It was collimated by
an 8-mm focal aspheric lens L1, expanded by a factor 15
in the slow-axis direction with a cylindrical lens telescope
(C1, C2), and eventually focused in the Nd:LGGG sample
by a 80-mm focal achromat L2. The pump spot size in air,
measured with a CCD camera, was W, x W, ~ 21 x 11 pmz,
along the (horizontal) slow and fast axis, respectively.

The 4.5-mm long Nd:LGGG crystal was placed inside
the resonator oriented at Brewster angle to minimize the
losses. Owing to the relatively small absorption coefficient
at 808 nm and its narrow peak, comparable to the laser diode
spectral width (=1 nm), the pump power absorbed by the
laser crystal was limited to 400 mW.

In this experimental run, the crystal was not actively
cooled; however, we did not observe any thermal problem
at such low pump levels.

The waist radius of the cw X-shaped cavity within the
Brewster-oriented crystal was 70 x 37 um?. The distances
between the cavity mirrors were M1 — M2 = 107 mm,
M2 — M3 =350 mm, M1 — OC = 340 mm. We achieved
a very efficient cw operation, with a slope efficiency as high

two Gaussian curves centered at 1065.5 nm and 1066.1 nm (dotted
line). The dashed line is the sum of the two Gaussian curves and is
almost superposed to the solid line indicating the experimental result

PD
M1 Nd:LGGG

Fig. 3 Resonator layout. PD: pump laser diode; LI: aspheric lens;
L2: achromatic lens; CI, C2: cylindrical lenses (15x telescope);
M1, M2: concave mirrors, 100-mm curvature, HR at 1064 nm, high
transmissivity at 800-810 nm; M3: flat mirror, HR; M4: concave mir-
ror, HR with 75-mm radius of curvature; P: SF10 Brewster-cut prism;
OC: output coupler mirror, 30" wedge

as 61% using an output coupler transmittivity Toc = 10%.
Almost the same slope efficiency but a maximum output
power of 230 mW was obtained with the optimum T,,c = 5%
(Fig. 4).

For the mode-locking operation, the flat high-reflectivity
(HR) mirror M3 was replaced by an additional focusing
mirror M4 (75-mm radius of curvature), and a semicon-
ductor saturable absorber mirror (SAM) with either 1% or
2% nominal absorption (BATOP GmbH) was used as the
cavity end mirror. Mirror separations of this modified laser
setup were M1 — M2 = 107 mm, M2 — M4 = 350 mm,
M1 — OC =340 mm, M4 — SAM ~ 36 mm.

A single SF10 Brewster prism P was used for dispersion
compensation, as in Ref. [14]. At 240 mm from the mirror
M1, its effect on the cavity dispersion was equivalent to that
of a pair of SF10 prisms separated by ~60 cm. This choice
definitely reduces the complexity of the resonator, making
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Fig. 4 Performance of Nd:LGGG in cw operation, with several output
couplers

it more compact and simpler to operate than in previously
reported two-prisms compensation arrangements of mode-
locked disordered laser crystals [2, 4, 5]. The purpose of the
intra-cavity prisms in these lasers is twofold:

(1) (standard) stabilization of soliton-like pulses with net
negative dispersion, although rarely in femtosecond do-
main, and

(i1) synchronization of multi-wavelength picosecond pulses.

Output couplers with small transmittivity (7o = 0.8% and
1.6%) were used in this case, to reduce the critical pulse
energy required to stabilize cw mode locking [15].

A commercial autocorrelator (Femtochrome FR-103XL)
and an optical spectrum analyzer (ANDO AQ6317B) were
used to characterize the pulse width and the optical spec-
trum.

The shortest mode-locking pulses were observed with the
2% SAM (1.2% saturable loss) and 0.8% OC. By tilting
the OC horizontally, we could control the wavelength emis-
sion in mode-locking regime, with an approximately con-
stant output power ~40 mW.

A first operation with single T = 9.1 ps pulse (intensity
fwhm) and AX = 0.16 nm spectrum (Fig. 5) was observed
at the main transition line of 1062.2 nm (nearly Fourier lim-
ited, T x Av =0.39).

In a second operating regime, the spectral shape hinted
at the existence of two synchronized pulses at 1066.6 and
1067.1 nm, yielding the minimum pulse duration, which we
evaluated in the following way. Figure 6 shows the 6.3-ps
wide autocorrelation and the spectrum, which suggests two
slightly separated pulse frequencies simultaneously oscillat-
ing. Indeed, these two wavelengths, corresponding to much
longer picosecond pulses, were clearly separated and over-
lapped gradually only when optimizing the prism insertion
and the cavity alignment. The usual sech? fit of the auto-
correlation would yield 4.3 ps fwhm. However, given the
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Fig. 5 Noncollinear second-harmonic autocorrelation and spectra (in-
set) of mode-locking pulses at a single wavelength (1062.2 nm). Also
shown is the autocorrelation best-fit curve corresponding to a sech?
pulse shape
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Fig. 6 (a) Noncollinear second-harmonic autocorrelation in

dual-wavelength regime. Also shown are the autocorrelation curve
corresponding to the total intensity /() = I)(¢) + I»(¢) of Fourier
limited pulses with spectral density S;(A) and Sy(X), with 7 =5.7 ps
and 3.0 ps (intensity fwhm), and the ideal autocorrelation trace corre-
sponding to the whole spectrum supposed to be perfectly phase-locked
(i.e. Fourier limited). (b) Spectrum decomposition of mode-locking
pulses at two wavelengths (1066.6 and 1067.1 nm)
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Fig. 7 Oscilloscope trace (measured by a 1-GHz oscilloscope Tek-
tronix TDS5104B) and RF spectrum (measured by a 3-GHz analyzer
Agilent N9320B) of the two-wavelength mode-locking regime

peculiar spectral shape one might rather compare the inten-
sity autocorrelation of the inverse Fourier transform of the
spectrum, which turns out to be ~3.4 ps (envelope of pulse
intensity ~2.5 ps fwhm), with the measured autocorrelation
fwhm ~6.3 ps fwhm. This would suggest a product T x Av
about 1.9 times the Fourier limit. Alternatively, one might
consider the observed spectrum as the sum of contributions
from two distinct spectral features, which we chose to model
as Gaussian profiles S;(1) and S>(A) in Fig. 6(b).

It is worth noticing that the laser transitions at room tem-
perature are red-shifted, as happens for extensively char-
acterized materials such as Nd:YAG, whose emission peak
shifts by 4 pm/°C [16].

The inverse Fourier transforms of Sll/ 2(v) and Szl/ 2(1))
correspond to Fourier limited pulses I(¢), I2(¢) of 5.6-ps
and 3.0-ps duration fwhm, respectively (the shorter pulse
containing 70% of the total energy). The calculated autocor-
relation 1 (#) ® I (¢) of the total intensity 7 (¢) = I1(t) + I2(¢)
yields a result in fair agreement with the measured autocor-
relation (Fig. 6(a)), corroborating our guess. The slight dis-
crepancy may be due to slightly non-Fourier limited pulses
(by a factor ~1.2) from S; and S>, which is significantly
smaller than the factor of 1.9 initially inferred when consid-
ering complete phase locking of the spectrum.

In principle one should autocorrelate the total inten-
sity corresponding to the sum of the pulse amplitudes:
in addition to the pure intensity autocorrelation this gives
frequency-beating cross-correlation terms as well as high-
frequency terms, which we did not detect. A possible ex-
planation is that phase noise and timing jitter 1 ps typical
of passively mode-locked solid-state lasers [17] average to
zero such correlation contributions, leaving only the inten-
sity term.

The oscilloscope trace and the RF spectrum of this syn-
chronous two-wavelength regime are displayed in Fig. 7,
marking the stability of the mode locking.

A third mode-locking operating regime corresponded to
all three pulse wavelengths running synchronously, with a
three-pulse autocorrelation width still mostly shaped by the
shorter, ~3-ps pulse at 1067.1 nm: the energy is distributed
among the pulses at 1062.2, 1066.6, 1067.1 nm in the ratios
17%, 25%, 58% according to the individual spectral areas.

We notice that the transverse beam displacement at the
SAM was ~2% of the mode radius for each nm of wave-
length separation, therefore not significant in this case to
compromise pulse synchronization. Also, the spatial disper-
sion at the output coupler was comparably small, definitely
not affecting potential extra-cavity frequency mixing setups.

4 Conclusions

Highly efficient cw operation of the disordered Nd:LGGG
crystal has been reported. Furthermore, passive mode lock-
ing with a commercial SAM device has been investigated.
Single- and multi-wavelength oscillation with picosecond
pulses has been achieved with a single-prism, dispersion-
compensated resonator. Our results confirm the difficulty of
disordered Nd-doped crystals to yield femtosecond pulse
mode locking, despite the relatively broad fluorescence
spectra extending over several nanometers. Instead, pulses at
several distinct wavelengths are allowed to oscillate simul-
taneously, owing to the dispersion-compensated resonator
design and to the saturable absorber that favors pulse syn-
chronism in order to minimize losses.

A particular pair pulse oscillation, with a small central
wavelength separation of 0.53 nm, is proposed to be under-
stood as two intensity-correlated and Fourier limited pulses,
with durations of 3.0 ps and 5.7 ps. Considering the wave-
length separations in multi-color oscillation regimes, this
laser might be employed (also taking advantage of power-
ful, readily available broad-band fiber amplifiers) to gener-
ate THz beams through difference frequency nonlinear in-
teractions at 1.2 and 1.3 THz, as well as millimetric waves
at 0.13 THz.

@ Springer



140

A. Agnesi et al.

References

L.

A. Agnesi, S. Dell’ Acqua, A. Guandalini, G. Reali, F. Cornacchia,
A. Toncelli, M. Tonelli, K. Shimamura, T. Fukuda, IEEE J. Quan-
tum Electron. 37, 304 (2001)

G.Q. Xie, D.Y. Tang, H. Luo, HJ. Zhang, H.H. Yu, J.Y. Wang,
X.T. Tao, M.H. Jiang, L.J. Qian, Opt. Lett. 33, 1872 (2008)

H. Yu, H. Zhang, Z. Wang, J. Wang, Y. Tu, Z. Shi, X. Zhang,
M. Jiang, Opt. Lett. 34, 151 (2009)

G.Q. Xie, D.Y. Tang, W.D. Tan, H. Luo, H.J. Zhang, H.H. Yu, J.Y.
Wang, Opt. Lett. 34, 103 (2009)

G.Q. Xie, D.Y. Tang, W.D. Tan, H. Luo, S.Y. Guo, H.H. Yu, H.J.
Zhang, Appl. Phys. B 95, 691 (2009)

D. Creeden, J.C. McCarthy, P.A. Ketteridge, P.G. Schunemann,
T. Southward, J.J. Komiak, E.P. Chiklis, Opt. Express 15, 6478
(2007)

K.L. Vodopyanov, J.E. Schaaar, P.S. Kuo, M.M. Fejer, A. Lin,
J.S. Harris, W.C. Hurlbut, V.G. Kozlov, D. Bliss, C. Lynch, in Ad-
vanced Solid-State Photonics, OSA Technical Digest Series (CD)
(Optical Society of America, 2008), paper WD2

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

G.Kh. Kitaeva, Laser Phys. Lett. 5, 559 (2008)

Yu.K. Voronko, A.A. Sobol, A.Ya. Karasik, N.A. Eskov,
P.A. Rabochkina, S.N. Ushakov, Opt. Mater. 20, 197 (2002)

J. Aus der Au, D. Kopf, F. Morier-Genoud, M. Moser, U. Keller,
Opt. Lett. 22, 307 (1997)

Z. Jia, X. Tao, H. Yu, C. Dong, J. Zhang, H. Zhang, Z. Wang,
M. Jiang, Opt. Mater. 31, 346 (2008)

I. Vergara, A. Monteil, G. Boulon, C. Madei, Mater. Chem. Phys.
26, 181 (1990)

B.F. Aull, H.P. Jenssen, IEEE J. Quantum Electron. 18, 925
(1982)

D. Kopf, G.J. Spiihler, K.J. Weingarten, U. Keller, Appl. Opt. 35,
912 (1996)

C. Honninger, R. Paschotta, F. Morier-Genoud, M. Moser, U.
Keller, J. Opt. Soc. Am. B 16, 46 (1999)

O. Kimmelma, I. Tittonen, S.C. Buchter, Appl. Opt. 47, 4262
(2008)

H. Tsuchida, Opt. Lett. 24, 641 (1999)



	Multi-wavelength diode-pumped Nd:LGGG picosecond laser
	Abstract
	Introduction
	Crystal growth and spectroscopic analysis
	Experiments
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


