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Influence of Cavity Loss Upon Performance of
Q-Switched Erbium-Doped Fiber Laser

Yuri O. Barmenkov, Member, IEEE, Stanislav A. Kolpakov, Alexander V. Kir’yanov, Member, IEEE,
Luis Escalante-Zarate, Jose Luis Cruz, and Miguel V. Andrés, Member, IEEE

Abstract— Performance of an actively Q-switched erbium-
doped fiber laser in function of intracavity loss is discussed. We
show experimentally and theoretically (employing a distributed
model that takes into account two contra-propagating laser
waves) that the laser performance strongly depends on the
intracavity loss of different kinds. We reveal in particular that
the dominant source of smaller than expected pulse energy is the
loss via excited-state absorption, inherent in erbium-doped fibers.
We also discuss the other important processes involved in active
Q-switching, such as passive losses and residual active fiber
charge, the impact of which is clarified by a straightforward
comparison of the modeling versus experiment.

Index Terms— Erbium-doped fiber laser, active Q-switching,
intracavity loss, excited-state absorption, pulse energy.

I. INTRODUCTION

DURING the last two decades Q-switched fiber lasers
(QS-FLs) based on erbium-doped fibers (EDF), emitting

in the broad spectral range covering the S, C, and L communi-
cation bands, attracted great deal of attention as candidates for
many practical needs such as optical time-domain reflectom-
etry (OTDR) [1], super-continuum generation [2], differential
absorption Lidars (DIALs) [3], Brillouin-effect-based sensors
[4], [5], etc.

Active Q-switching (AQS) in FLs is usually implemented
using bulk acousto-optic modulators (AOMs), switching
rapidly ON/OFF Q-factor of laser cavity (a standard AOM’s
rise-time is of the order of 10…100 ns) [6], or by means of
including into cavities all-fiber acoustical devices, modulating
Q-factor much slower [5], [7]. A QS-FL with a bulk AOM is
capable to release QS pulses with duration measured by few
to hundreds nanoseconds [6]. However such QS pulses always
demonstrate a multi-peak envelope when AOM’s opening time
is short while the cavity length is long enough, with an interval
between the adjacent sub-peaks being approximately equal
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to the cavity round-trip time [8], [9]. In attempt to explain
the multi-peak structure of QS pulses without arguing on
any “mode-locking” mechanism, the traveling waves’ model
[10]–[14] was successfully applied. This model was shown to
accurately account for the temporal and spatial dynamics of
both the population inversion and intensities of the pump and
laser waves in a FL’s cavity. The idea of traveling waves was
shown to be productive for seeking novel QS-EDFL regimes,
e.g. lasing of (i) short pulses resembling the ones releasable
at “true” QS / mode-locking; (ii) pulses with reduced (less
than the photon round-trip in cavity) time gaps between the
adjacent sub-pulses; (iii) very short lone and smooth in shape
giant pulses [15]–[17].

In spite of a number of works dedicated to inspection of
the clue properties of QS-EDFLs, some of them were aside of
researchers’ attention. In this letter, we present a study of influ-
ence of passive intracavity loss upon performance of an AQS
EDFL having long-cavity Fabry-Pérot configuration in terms
of releasable pulse energy, the point yet not visited in detail
to the best of our knowledge. We make as it follows a direct
comparison of an experiment vs. modeling using the men-
tioned traveling waves’ approach. This allowed us to reveal
the trends that such contributions as excited-state absorption
(ESA) inherent in EDFs [18], [19], amplified spontaneous
emission (ASE), residual active fiber’s charge, and passive
loss obey at the pulsed laser operation, when the passive loss
itself is changed within a wide range. Notice that low-doped
EDF was chosen as an active medium in experiments, which
allowed us to facilitate the analysis by disregarding the loss
originated from cooperative up-conversion (always observed
in heavily-doped EDF [20]–[22]). The numerical results are
shown to be in good agreement with the experimental data,
which is demonstrated e.g. by explicit coincidence of the
multi-peak structuration of QS pulses and their delays with
respect to the AOM’s opening moment; this also ensures the
validity of our conclusions about the role of the mentioned
contributions upon the AQS EDFL’s performance.

The issue of a short pulse’s characterization in function
of cavity length [15], [16] is out of the current study’s
scope; nonetheless the principal ideas discussed thereafter are
applicable to inspect such case, too.

II. EXPERIMENTAL SETUP

An experimental configuration of the AQS EDFL is shown
in Fig. 1. A fiber-coupled semiconductor laser (operation
wavelength 976 nm) was used for in-core pumping a stan-
dard low-doped EDF (Thorlabs, M5-980-125) through a
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Fig. 1. Experimental setup: crosses indicate fiber splices.

980/1550-nm wavelength division multiplexer (WDM). The
laser cavity consisted of 4 m of EDF, 7 m of a single-
mode passive fiber (PF) (Thorlabs, 980HP) with the waveguide
parameters similar to the EDF’s ones, a fiber-coupled AOM
(Gooch & Housego, M111-2J-F2S), and two fiber Bragg
gratings (FBGs) as the cavity couplers. Since standard fiber-
coupled AOMs are never free from internal reflections, the
active fiber length was chosen to be short enough (4 m in our
case) to prevent spurious lasing at the moments when AOM
is in OFF state; this also provided complete “charging” of
EDF (i.e. maximizing Er3+ population inversion) and reaching
thereafter the maximal QS pulse energy.

A weakly-reflecting (30%) FBG1 was used as the laser
Output 1 and a highly-reflecting (98%) FBG2 – as the laser
auxiliary Output 2. Both FBGs were centered at 1550 nm,
the laser wavelength. Notice that to diminish the overall
cavity loss, FBG1 was written directly in the EDF after its
preliminary hydrogenation.

A variable fiber attenuator (VA) consisted of a certain
number of PF spooled over a 2-cm tube, permitted us to steeply
increase the intracavity loss from ∼7.4 dB (unavoidable loss
inherent in our arrangement, given by the presence of AOM,
∼4 dB, and fiber splices, ∼3.5 dB) up to ∼15 dB. In advance
to main experiments, the attenuator was calibrated using a
tunable semiconductor laser at the wavelength set to 1550 nm.

The total cavity length was rather long (∼14 m), which
allowed us to resolve the multi-peak structure of QS pulses.

AOM was driven by RF voltage with frequency of 111 MHz.
When RF voltage at this frequency was applied to AOM, a
collimated input beam was switched between the zero and the
first diffraction orders (the latter being the AOM output). Thus,
each reflection of the laser wave by FBG2-coupler followed
by two consecutive, forward and backward, passes through
AOM increased the laser frequency by 222 MHz (this shift is
far from the mode beating frequency measured by 14.8 MHz).
AOM’s transparency gate in the experiments was 4 μs (fixed).
The experiments were fulfilled at pump power of 200 mW and
repetition rate of 100 Hz, also fixed.

The signal from the laser Output 1 was monitored by a
125-MHz photo-detector connected to a 2.5-GHz oscilloscope.

III. NUMERICAL MODEL

The route of numerical calculations employed for mod-
eling the experimental data was explicitly described in our
recent papers; see Refs. [13], [14]. Briefly, it is based on
calculating four contra-propagating laser and ASE waves and
one pump wave, interacting in the laser cavity with EDF.
In the model, we suppose that the Er3+ ion is described by
a five-level scheme, with the transitions between the levels

Fig. 2. Snapshots of QS pulses registered at varying the additional VA-loss
from 0 to 6 dB. Pulse power is normalized to the maximum value (12 W)
observed at the zero loss (curve 1).

being: 4I15/2 → 4I11/2 and 4I15/2 → 4I13/2 for the ground-
state absorptions at the pump (976 nm) and laser (1550 nm)
wavelengths; 4I11/2 → 4I15/2 and 4I13/2 → 4I15/2 for the
spontaneous and stimulated emissions (at 1550 nm); 4I11/2 →
4F7/2 and 4I13/2 → 4I9/2 for the ESA processes (at 976
and 1550 nm), respectively. The active fiber’s parameters in
calculations were the ones of EDF M5-980-125 we used in
the experiments; see Table 1 in Ref. [13]. The concentration-
related cooperative up-conversion was ignored in virtue of the
low doping level of the EDF. Note that in the modeling we
used a modulator’s loss function, most closely adjusted to the
experimentally found AOM ON/OFF switching law.

IV. RESULTS AND DISCUSSION

A few examples of the oscilloscope traces of QS pulses
obtained for some values of additional loss produced by VA
are shown in Fig. 2 (hereafter the zero-times correspond to the
moments when AOM gets opened). The QS pulses captured
at VA-induced loss in excess of 6.5 dB are not shown in the
figure due to their small amplitude.

It is seen that, when the intracavity loss increases QS pulses
dramatically decrease in amplitude and become delayed for
a longer time with respect to the AOM’s opening moment,
whereas the number of sub-pulses grows. The interval between
adjacent sub-pulses was measured to be 135 ns that equals to
the photon round-trip in the cavity. At no additional loss (see
curve 1 in Fig. 2), the first notable sub-pulse appears at 470 ns
after the moment of AOM’s opening, which corresponds to
∼3.5 photon round-trips.

In order to verify correctness of the model, we have
compared the simulated QS pulses with the ones obtained
experimentally. Figure 3 exemplifies the experimental and
simulated QS pulses for a couple of the VA-induced loss
values, 1.6 and 2.9 dB. It is seen that the results of modeling
for amplitude, shape, and delay of QS pulses precisely fit
the experimental data. This reveals capacity of the model for
predicting the AQS-EDFL performance within the loss range
broader than it is attainable in our experiments, in particular
for low losses (see below).

The dependence of the measured and simulated QS pulse
energy upon the intracavity passive loss is shown in Fig. 4(a).
It is seen that the experimental data (circles in Fig. 4(a)) are
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Fig. 3. Experimental (black solid lines) and simulated (blue empty circles)
AQS pulses obtained for two values of VA-induced loss: (a) 1.6 dB and
(b) 2.9 dB.

Fig. 4. (a) Pulse energy as a function of passive loss. Crossed circles – the
experimental data; black solid line – the simulation result; dashed red line –
the exponent asymptotic, calculated using formula (1). (b) Partial contributions
of the four most important energetic processes involved at spending the initial
EDF charge (100%): output QS pulse energy (black curve 1), residual EDF
charge (green curve 2), energy lost due to the presence of ESA transitions
(red curve 3), and due to passive intracavity loss (blue curve 4).

well fitted by the theory within the loss range measured from
7.4 to 14.5 dB.

It is also seen from the figure that, when the passive
loss values become higher than ∼9 dB, the pulse energy
dramatically decreases while increasing the loss. Furthermore,
the law that this dependence obeys is stronger than exponential
for the loss >9 dB, whereas for the loss changed from zero
up to ∼9 dB it is fairly described by an exponent – see the
dashed red curve in Fig. 4(a) (looking as a straight line in the
logarithmic scale of the figure). The exponent’s parameters are

described as follows:

Eout = E0 exp

(
−Loss[dB]

3.45dB

)
, (1)

where Eout is the output pulse energy and E0 is its value at
the zeroed loss (in our case, E0 =10.2 μJ). As it is seen from
formula (1), decreasing of the loss by 1 dB results in increasing
of QS pulse energy by 1.35 times. For instance, when it is
equal to ∼7.4 dB (in our experimental conditions, this situation
takes place at no additional loss in VA), Eout ≈1.2 μJ. If
one then hypothesizes that the losses on fibers’ splices are
zeroed and the passive losses thus become limited by AOM-
loss only (4 dB), pulse energy would increase by ≈2.8 times,
up to Eout ≈3.3 μJ (≈10% of the EDF’s initial charge).
Notice here that the initial EDF’s charge is found (with a
small uncertainty given by the presence of ASE contribution)
as follows: EE DF = hνs N0πa2L ≈ 30μJ , where hνs is the
laser photon energy (h is Plank constant and νs is the optical
frequency), a = 1.5 μm is the EDF core radius, L = 4 m is the
EDF length, and N0 = 7× 1018 cm−3 is Er3+ concentration
in the EDF core, calculated using the known data for the EDF
[13], [23].

To clear up the physics behind AQS in the EDFL, let’s
briefly discuss the key mechanisms that affect the laser effi-
ciency. Implying that the initial charge of the active fiber is
fixed (given by pump power), we calculated the energy of a QS
pulse, the EDF’s residual charge, and the loss contributions,
associated to different sources as functions of overall passive
loss; the results are shown in Fig. 4(b).

This simulation, based on the traveling waves’ model (see
Section III), shows that the most important consumers of the
initial EDF charge are QS pulses, losses on the ESA transi-
tions, and the whole of passive intracavity losses – see curves
1, 3, and 4 in Fig. 4(b). Another significant parameter is the
residual EDF charge (see curve 2 in the figure) that grows up to
90% of the initial charge at increasing the passive intracavity
loss up to 16 dB, which – at such high losses – strongly limits
all the above mentioned contributions. It deserves attention
that the loss associated to ESA always (in the whole passive
loss range) prevails over other contributions, including the
energy of QS pulses. In the meantime, the energy dissipated
at the ESA transitions slightly grows at increasing the passive
loss up to ∼4 dB (owing to growth of the number of pulse
travels in the cavity) but at the higher loss it gets saturated
and then decreases (due to an increase of the residual EDF
charge, noticed above); see curve 3. Despite the contribution
of passive loss (i.e. energy dissipated on AOM and fiber
splices) is small (less than 10%, see curve 4), its impact on
the laser performance is “intermediated” by the ESA-loss and
EDF residual charge. Worth noticing is that unusual on the
first glance trends that all the partial contributions demonstrate
against variation of the overall loss (Fig. 4(b)) originate from
the pulsed regime itself and complicate interplay of the laser
and pump waves travelling in the cavity, which is apparently
the result of distributed nature of all the processes involved.

V. CONCLUSION

In this letter, we discuss the results of a theoretical and
experimental study of a pulsed AQS EDFL, namely, the effect
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of intracavity loss upon the laser performance in terms of
output QS pulse energy. By employing the distributed model
for travelling waves [10]–[14] in the laser cavity, we show that
the pulse energy can be increased by means of diminishing
the passive cavity loss. For instance, if this loss is decreased
from 7.4 dB (experimental value) to 4 dB (AOM’s limitation),
the pulse energy increases by about 3 times (from ≈1.2 to
≈3.3 μJ, or from ≈3% to ≈10% of the initial EDF charge,
the latter being a common value for AQS FLs [6]).

We also demonstrate that the factors limiting the laser
performance are the EDF residual charge that strongly grows at
increasing the passive loss and the loss on the ESA transitions
inherent to EDF. As our simulations show, the ESA-loss is the
most important factor that limits energy of QS pulses: when
the laser operates at 1550 nm, the ESA transitions consume
∼30% of the initial EDF charge in the broad range of passive
loss (varied from 0 dB in an ideal case to ∼10 dB). In the
meantime, the residual EDF charge increases from ∼40% to
∼65% of the initial EDF charge within this range of passive
loss. At higher values of passive loss (>10 dB) the AQS EDFL
is quite inefficient: the extractable pulse energy is less than
1.5% of the initial EDF charge.

The approach applied in the present study for revealing the
influence of the cavity loss factor upon the performance of
an AQS EDFL seems to be also fruitful for characterization
of other pulsed FLs based on fibers doped with active ions
having prominent ESA transitions.

REFERENCES

[1] S. Adachi and Y. Koyamada, “Analysis and design of Q-switched
erbium-doped fiber lasers and their application to OTDR,” J. Lightw.
Technol., vol. 20, no. 8, pp. 1506–1511, Aug. 2002.

[2] A. A. Fotiadi and P. Mégret, “Self-Q-switched Er-Brillouin fiber source
with extra-cavity generation of a Raman supercontinuum in a dispersion-
shifted fiber,” Opt. Lett., vol. 31, no. 11, pp. 1621–1623, 2006.

[3] U. Sharma, C.-S. Kim, and J. U. Kang, “Highly stable tunable dual-
wavelength Q-switched fiber laser for DIAL applications,” IEEE Photon.
Technol. Lett., vol. 16, no. 5, pp. 1277–1279, May 2004.

[4] K. de Souza and T. P. Newson, “Signal to noise and range enhancement
of a Brillouin intensity based temperature sensor,” Opt. Express, vol. 12,
no. 12, pp. 2656–2661, 2004.

[5] C. Cuadrado-Laborde, P. Pérez-Millán, M. V. Andrés, A. Díez,
J. L. Cruz, and Y. O. Barmenkov, “Transform-limited pulses generated
by an actively Q-switched distributed fiber laser,” Opt. Lett., vol. 33,
no. 22, pp. 2590–2592, 2008.

[6] D. J. Richardson, J. Nilsson, and W. A. Clarkson, “High power fiber
lasers: Current status and future perspectives [Invited],” J. Opt. Soc.
Amer. B, vol. 27, no. 11, pp. B63–B92, 2010.

[7] Y. O. Barmenkov, A. V. Kir’yanov, D. Zalvidea, S. Torres-Peiró,
J. L. Cruz, and M. V. Andrés, “Simultaneous switching of the Q-value
and operation wavelength in an erbium-doped fiber laser,” IEEE Photon.
Technol. Lett., vol. 19, no. 7, pp. 480–482, Apr. 1, 2007.

[8] P. Myslinski, J. Chrostowski, J. A. Koningstein, and J. R. Simpson,
“High power Q-switched erbium doped fiber laser,” IEEE J. Quantum
Electron., vol. 28, no. 1, pp. 371–377, Jan. 1992.

[9] G. P. Lees and T. P. Newson, “Diode pumped high power simultaneously
Q-switched and mode-locked erbium doped fibre laser,” Electron. Lett.,
vol. 32, no. 4, pp. 332–333, 1996.

[10] P. Roy and D. Pagnoux, “Analysis and optimization of a Q-switched
erbium doped fiber laser working with a short rise time modulator,”
Opt. Fiber Technol., vol. 2, no. 3, pp. 235–240, 1996.

[11] Y. Wang and C. Q. Xu, “Switching-induced perturbation and influence
on actively Q-switched fiber lasers,” IEEE J. Quantum Electron., vol. 40,
no. 11, pp. 1583–1596, Nov. 2004.

[12] Y. Wang and C. Q. Xu, “Actively Q-switched fiber lasers: Switching
dynamics and nonlinear processes,” Progr. Quant. Electron., vol. 31,
nos. 3–5, pp. 131–216, 2007.

[13] S. A. Kolpakov, et al., “Distributed model for actively Q-switched
erbium-doped fiber lasers,” IEEE J. Quantum Electron., vol. 47, no. 7,
pp. 928–934, Jul. 2011.

[14] S. A. Kolpakov, Y. O. Barmenkov, A. V. Kir’yanov, A. D. Guzmán-
Chávez, J. L. Cruz, and M. V. Andrés, “Comparison of asymmetric and
symmetric cavity configurations of erbium-doped fiber laser in active Q-
switched regime,” J. Opt. Soc. Amer. B, vol. 29, no. 9, pp. 2453–2461,
2012.

[15] L. Escalante-Zarate, Y. O. Barmenkov, J. L. Cruz, and M. V. Andrés,
“Q-switch modulator as a pulse shaper in Q-switched fiber lasers,” IEEE
Photon. Technol. Lett., vol. 24, no. 4, pp. 312–314, Feb. 15, 2012.

[16] L. Escalante-Zarate, Y. O. Barmenkov, S. A. Kolpakov, J. L. Cruz, and
M. V. Andrés, “Smart Q-switching for single-pulse generation in an
erbium-doped fiber laser,” Opt. Express, vol. 20, no. 4, pp. 4397–4402,
2012.

[17] S. A. Kolpakov, Y. O. Barmenkov, A. Kir’yanov, L. Escalante-Zarate,
J. L. Cruz, and M. V. Andrés, “Smooth pulse generation by a Q-switched
erbium-doped fiber laser,” IEEE Photon. Technol. Lett., vol. 25, no. 5,
pp. 480–483, Mar. 1, 2013.

[18] A. D. Guzman-Chavez, Y. O. Barmenkov, and A. V. Kir’yanov, “Spectral
dependence of the excited-state absorption of erbium in silica fiber
within the 1.48–1.59 mm range,” Appl. Phys. Lett., vol. 92, no. 19,
pp. 191111-1–191111-3, 2007.

[19] Y. O. Barmenkov, A. V. Kir’yanov, A. D. Guzman-Chavez, J. L. Cruz,
and M. V. Andres, “Excited-state absorption in erbium-doped silica
fiber with simultaneous excitation at 977 and 1531 nm,” J. Appl. Phys.,
vol. 106, no. 8, pp. 083108-1–083108-6, 2009.

[20] F. Sanchez, P. Le Boudec, P. L. François, and G. Stephan, “Effects of
ion pairs on the dynamics of erbium-doped fiber lasers,” Phys. Rev. A,
vol. 48, no. 3, pp. 2220–2229, 1993.

[21] R. S. Quimby, W. J. Miniscalco, and B. Thompson, “Clustering in
erbium-doped silica glass fibers analyzed using 980 nm excited-state
absorption,” J. Appl. Phys., vol. 76, no. 8, pp. 4472–4477, 1994.

[22] A. V. Kir’yanov and Y. O. Barmenkov, “Excited-state absorption and ion
pairs as sources of nonlinear losses in heavily doped Erbium silica fiber
and Erbium fiber laser,” Opt. Express, vol. 13, no. 21, pp. 8498–8507,
2005.

[23] M. J. F. Digonnet, Rare-Earth-Doped Fiber Lasers and Amplifiers,
2nd ed. New York, NY, USA: Marcel Dekker, 2001, p. 67.



<<
  /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
  /CreateJDFFile false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


