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Abstract—We investigate on the wideband phase-modulation to
amplitude-modulation (PM-AM) conversion based on the chro-
matic dispersion in fiber. To overcome the shortcomings of the
single-tone or dual-tone modulation-based model in previous re-
searches, we present a more intuitive time-frequency analysis
method for the propagation of phase-modulated signals in disper-
sive fibers, and give the physical picture for the temporal waveform
changes. By analyzing the amplitude variation near the transi-
tion zone, we establish a bit-by-bit correspondence between the
pulse waveforms and the actual modulated data, and realized the
non-return-to-zero (NRZ) differential phase-shift keying (DPSK)
demodulation. Furthermore, the effect of fiber length and bit rate
on PM-AM conversion is also investigated quantitatively and ex-
perimentally.

Index Terms—Phase-modulation to amplitude-modulation
conversion, NRZ DPSK demodulation, chromatic dispersion.

I. INTRODUCTION

OVER the past few decades, the microwave photonics
(MWP), where the generating, manipulating, transport-

ing and measuring of high-speed radio-frequency (RF) signals
are transferred to the optical frequency for processing, has
attracted great attention from worldwide researchers [1]–[3].
Phase modulator, as a key optical device, has been widely
used in MWP systems due to its simple structure and no bias
drifting compared to Mach–Zehnder modulators (MZM) [4].
In theory, the envelope of phase-modulated signals keeps a
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constant, and cannot be directly detected by a photodetector
(PD). However, due to the propagation impairments in MWP
links, the phase modulation would partly convert into amplitude
modulation. Although this may cause adverse effects such as
power overshoot, signal distortion, etc., PM-AM conversion has
still found many important applications in microwave photonic
filters [5], [6], optoelectronic oscillators [7], [8] and so on.

There are many comprehensive studies on the causes of the
phase modulation to amplitude modulation conversion (PM-AM
conversion), including gain filtering, chromatic dispersion as
well as frequency conversion [9]. Exploiting the dispersion
effect in the fiber is one of these conversion methods, which
is natural and practical that does not require additional compo-
nents. However, most reported researches have adopted analyt-
ical models based on sinusoidal microwave signals, which can
only be applied to simple scenarios of single-tone transmission
or dual-tone transmission, and an intuitive description of the
physical picture behind the PM-AM conversion is lacking [4],
[10]–[12]. Also, bit rate error performance analysis showed that
the PM-AM conversion-based receiver is similar to the on-off
keying receiver with sufficient dispersion, but the waveform
change in PM-AM conversion has not been considered [13].
In this sense, a more intuitive time-frequency analysis method
for PM-AM conversion is required. In addition, few studies
have attempted to apply PM-AM conversion research to phase
modulation based fiber-optic communication systems.

In this paper, we investigate the wideband PM-AM con-
version based on the chromatic dispersion in the fiber, and
realize the novel detection for non-return-to-zero (NRZ) DPSK
signals without delay interferometer or balanced receivers. To
better explain the PM-AM conversion in the dispersive fiber, a
more intuitive time-frequency analysis method corresponding to
square-wave modulating signal is established. We successfully
demonstrate a proof-of-concept experiment on DPSK signal
demodulation over a 25 km single-mode fiber (SMF) span.
Moreover, the effect of the fiber lengths and the bit rate on the
temporal waveforms is experimentally investigated.

II. OPERATION PRINCIPLES

Consider a transmission link composed of a phase modulator
(PM), a span of SMF and a photodetector (PD). As shown in
Fig. 1, the phase-modulated signal, after transmission via fiber,
is sent to the PD for direct detection.
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Fig. 1. Diagram of phase-modulated MWP links with dispersion fiber. PM:
phase modulator, SMF: single-mode fiber, PD: photodetector, RF: radio fre-
quency.

Fig. 2. Schematic diagram of the conversion of PM-AM due to chromatic
dispersion. (a) Transition zone in DPSK signal. (b) Chirp in the transition zone.
(c)(d) The redistribution of energy in time through fiber transmission over a
distance. (e) Corresponding amplitude variation.

The phase-modulated optical signal can be written as

E0(t) ∝ exp (jmg (t)) , (1)

where m is the modulation index, and g(t) is the modulated
signal.

Ignoring the fiber-induced attenuation and high-order disper-
sion, the transfer function of the dispersive fiber with a length L
can be expressed as [14], [15]

H(jω) = exp

(
1

2
jβ2Lω

2

)
, (2)

whereβ2 is the second-order dispersion coefficient of the optical
fiber, ω is the offset angular frequency relative to the carrier.

Fig. 3. Experimental setup of the DPSK demodulation based on the wideband
PM-AM conversion. LD: laser diode, PC: polarization controller, PM: phase
modulator, EA: electric amplifier, PPG: pseudo-random pulse generator, TOA:
tunable optical attenuator, PD: photodetector, DPO: digital phosphor oscillo-
scope.

After the phase-modulated signal passes through the SMF, we
have

Ed(t) = E0(t)⊗
[
1

2π

∫ +∞

−∞
H(jω) · exp(−jωt)dω

]

=E0(t)⊗
[
1

2π

∫ +∞

−∞
exp

(
1

2
jβ2Lω

2

)
·exp(−jωt)dω

]
,

(3)

where ⊗ denotes convolution, L is the fiber length, and the sec-
ond term represents the inverse Fourier transform of fiber trans-
fer function F-1{H(jω)}. In practice, considering the low-pass
characteristics of the oscilloscope and the non-ideality of the
driving signal, the NRZ square wave signal can be equivalently
characterized by the Taylor expansion series of finite terms. We
numerically analyzed the convolution of E0(t) and F-1{H(jω)}
in (3), and the simulation results present a waveform similar
to an ultra-wideband triplet signal [16], which can be seen in
the inset of Fig. 1. In other words, this triplet-like signal can
represent the transition characteristics of the modulated square
wave signal between bits 0 and 1. Therefore, based on the
PM-AM conversion, the direct detection of the DPSK signal
can actually be equivalent to detecting this triplet-like signal in
the time domain.

In addition to the above mathematical expressions, we can
also understand the PM-AM conversion more intuitively from
the physical picture based on time-frequency analysis. Limited
by the imperfect driving square wave and the response char-
acteristics of the phase modulator itself, the DPSK signal has
a transition zone with a short duration at the sudden change
of phase, and the frequency in the transition zone will appear
obvious changes (chirp), as shown in Fig. 2(a), (b). Due to the
chromatic dispersion (corresponding to H(jω) in (2)) the light
waves of different frequencies have different group velocities in
the fiber. For the SMF with quartz glass material as the main
component, the higher the frequency of the transmitted light
wave, the higher the refractive index of the medium, and the
lower the corresponding group velocity. Taking the transition
zone where the phase changes from 0 to π in Fig. 2(a) as an
example, the frequency at the center is the highest (marked
by the red dotted line on the left of Fig. 2(b)), that is, the
light wave at fmax propagates more slowly compared to nearby
frequencies. Then, after a certain distance through the optical
fiber, the originally phase-lag light wave will catch up or even
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Fig. 4. Waveform analysis (a) R = 5 Gbps, L = 25 km, cyclic code [1111 0000] and demodulation results for cyclic code [1111 1011 0011 1000 0110 1010 0100
01] verification under different test conditions (b) R = 5 Gbps, L = 25 km; (c) R = 5 Gbps, L = 10 km; (d) R = 5 Gbps, L = 50 km; (e) R = 10 Gbps, L = 25 km;
(f) R = 15 Gbps, L = 25 km.

exceed the light wave at fmax, so that part of the energy on the
left side of the fmax transitions to the right side. As depicted in
Fig. 2(c), (d), as we change the phase from π to 0 (corresponding
to the transition zone near fmin), the situation is just reversed.
Ultimately, the redistribution of energy near the transition zone
is reflected in the amplitude variation presented as a triplet-like
signal, which can be seen in Fig. 2(e).

III. EXPERIMENTAL SETUP

The experimental setup of the demodulating the DPSK signals
based on the wideband PM-AM conversion is shown in Fig. 3.
The light emitted by a continuous-wave laser (LD) with a center

wavelength of 1550 nm passes through a polarization controller
(PC), and then is directly sent to a lithium niobate phase
modulator (EOSPACE PM-DV5-40-PFA-PFA-LV) for DPSK
modulation. In principle, the amplitude of the DPSK signal
directly output by the PM remains constant. But after a span
of SMF transmission, as the chromatic dispersions accumulate,
the amplitude of the DPSK signal will change at the point where
the phase abruptly changes to generate a pulse. This specific
change can be obtained by acquiring and analyzing the data
recorded in the digital oscilloscope (Tektronix DPO 73304D
Digital Phosphor Oscilloscope) after photoelectric conversion
of the signal by a square-law photodetector (PD). The sampling
rate of the oscilloscope determines the fineness of the acquired
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TABLE I
EXPERIMENTAL PARAMETER SETTINGS OF PROPOSED METHOD

waveform. Different from the traditional demodulation scheme
based on delay interferometer, the proposed scheme does not
require a time delay controller for the detection of various bit
rate signals, but need a higher sampling rate than traditional
demodulation methods under the same bit rate. To obtain as
much information as possible about the amplitude change of the
triplet-like signal, we set the sampling rate to 100GS/s in the
experiment. It should be noted that since the amplitude of the
square wave signal output by the pseudo-random pulse generator
(PPG) is generally on the order of mV, it needs to be amplified
by an electric amplifier (EA) to reach the half-wave voltage of
the order of V required by the PM. In addition, since the PD has
a limit on the maximum input optical power, a tunable optical
attenuator (TOA) needs to be connected for real-time control.

IV. RESULTS AND DISCUSSIONS

The procedure for demodulating the DPSK signals based
on the wideband PM-AM conversion is as follows. First,
we deliberately set two cyclic codes of “11110000” and
“11000111100000” to generate the corresponding square wave
signal as the radio frequency (RF) modulation signal of the PM,
as shown in Fig. 4(a). By adjusting transmission rates and SMF
lengths, we can analyze the corresponding triplet-like signal, or
more specifically, the pulse shapes when the phase of the light
wave changes rapidly between 0 and π, and the more detailed
experimental parameter settings are listed in Table I. Signif-
icantly, the transmission rate provides a time scale reference
for pulse analysis, while the fiber length determines the basic
characteristics of the pulse, which will be analyzed in detail
later. Second, we have verified the cyclic code of “1111 1011
0011 1000 0110 1010 0100 01” based on the pulse shape deter-
mined in the previous step and the corresponding transmission
rate, and the demodulation results are shown in Fig. 4(b)∼(f).
Closer inspection shows that the duration of bit 0 or 1 can
be analyzed by the position of the different pulse peak points
(marked by red circles in Fig. 4), combined with the known
transmission rate, the number of bits between adjacent peak
points can be determined. Furthermore, with the increase of the
communication rate, when it exceeds 15 Gbps, the pulse where
the bit 0 and 1 appear alternately will be difficult to maintain the
shape in Fig. 4(a) because of the inter-symbol interference (ISI),
which increases the difficulty of demodulation. Nevertheless, the
ability to analyze pulse waveforms at higher rates or in a more
complex modulation format may be enhanced in future studies
by introducing emerging feature recognition technologies based
on artificial intelligence.

Fig. 5. Pulse analysis for different (a) SMF lengths and (b) transmission rates.

As previously described, the key to demodulating the DPSK
signals based on the wideband PM-AM conversion lies in the
analysis of the triplet-like signal generated near the transition
zone due to chromatic dispersions. Thus, we investigated the
impacts of various fiber lengths and different transmission rates
on the DPSK signal, and we deliberately selected the DPSK
signal modulated by the square wave RF signal corresponding
to the “11110000” cyclic codes as the object of pulse analysis.
We acquired temporal waveforms within 10 ns under different
conditions as listed in Table I, and measured the amplitudes
and widths of all pulses. We analyzed the pulse amplitudes
corresponding to the maximum and minimum points near the
transition zone with phase abrupt changes and the duration
(pulse width) between them, and used the average pulse am-
plitude and maximum pulse width within these 10 ns as the
characteristic quantities for analyzing amplitude changes. The
test results for these two feature quantities are shown in Fig. 5.
In Fig. 5(a), we can see that the average pulse amplitude has no
obvious linear relationship with the length of the SMF, while the
maximum pulse width is positively related to the fiber length. In
other words, the longer the fiber, the more widely the energy is
distributed in the time domain near the transition zone, but there
is no obvious correspondence with the peak of the energy. As can
be seen from Fig. 5(b), under the condition that the transmission
rate R does not exceed 15 Gbps, the change of the R has little
effect on the average pulse amplitude and maximum pulse width.
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It is worth mentioning that if we adopt “0101” cyclic codes, an
increase in R can adversely affect the quantitative analysis of
pulse waveform due to ISI. In addition, since there is a transition
zone with abrupt phase change in any PSK signal, the scheme we
propose also has good adaptability for more complex modulation
formats embedding PSK modulation. In particular, based on
the wideband PM-AM conversion induced waveform changes
in the fiber we investigated, besides applying to the demodu-
lation of DPSK signals, it has great potential applications in
many fields such as the identification of optical signals, optical
network performance monitoring, target detection and imaging
and so on.

V. CONCLUSION

In summary, the wideband PM-AM conversion based on
the chromatic dispersion in fiber has been investigated, and
a more intuitive time-frequency analysis method with clear
physical picture is proposed. Based on the proposed model,
we demonstrated a novel detection method for DPSK signal
with a simple structure through a proof-of-concept experiment.
The experimental results show that by analyzing the triplet-like
signal generated near the transition zone, the DPSK signal up
to 15 Gbps can be correctly demodulated with the PM-AM
conversion in the fiber. In addition, the temporal waveform is
affected by system parameters, such as bit rate, fiber length.
Overall, this work has provided a deeper insight into the PM-AM
conversion in the fiber, and may be widely applied in the fields
of optical communications and sensing.

ACKNOWLEDGMENT

The authors wish to thank the anonymous reviewers for their
careful reading and valuable suggestions and declare no conflicts
of interest.

REFERENCES

[1] J. Yao, “Microwave photonic sensors,” J. Lightw. Technol., vol. 39, no. 12,
pp. 3626–3637, Jun. 2021, doi: 10.1109/JLT.2020.3047442.

[2] D. Marpaung, J. Yao, and J. Capmany, “Integrated microwave pho-
tonics,” Nature Photon., vol. 13, no. 2, pp. 80–90, Feb. 2019,
doi: 10.1038/s41566-018-0310-5.

[3] V. J. Urick, J. D. Mckinney, and K. J. Williams, Fundamentals of Mi-
crowave Photonics: Urick/Fundamentals of Microwave Photonics. Hobo-
ken, NJ, USA: Wiley, 2015, doi: 10.1002/9781119029816.

[4] H. Chi, X. Zou, and J. Yao, “Analytical models for phase-modulation-
based microwave photonic systems with phase modulation to intensity
modulation conversion using a dispersive device,” J. Lightw. Technol.,
vol. 27, no. 5, pp. 511–521, Mar. 2009, doi: 10.1109/JLT.2008.2004595.

[5] O. Daulay, G. Liu, and D. Marpaung, “Microwave photonic notch filter
with integrated phase-to-intensity modulation transformation and optical
carrier suppression,” Opt. Lett., vol. 46, no. 3, Feb. 2021, Art. no. 488,
doi: 10.1364/OL.413579.

[6] Z. Zeng et al., “Freely tunable dual-passband microwave photonic filter
based on phase-to-intensity modulation conversion by stimulated Brillouin
scattering,” IEEE Photon. J., vol. 11, no. 1, Feb. 2019, Art. no. 5501009,
doi: 10.1109/JPHOT.2019.2897593.

[7] J. Zhang, Y. Wang, X. Li, Z. Liu, and J. Wo, “Tunable multi-frequency
optoelectronic oscillator based on a microwave photonic filter and an elec-
trical filter,” Opt. Quant. Electron., vol. 53, no. 7, Jul. 2021, Art. no. 407,
doi: 10.1007/s11082-021-03061-0.

[8] T. Hao, J. Tang, N. Shi, W. Li, N. Zhu, and M. Li, “Dual-chirp Fourier
domain mode-locked optoelectronic oscillator,” Opt. Lett., vol. 44, no. 8,
Apr. 2019, Art. no. 1912, doi: 10.1364/OL.44.001912.

[9] J. Yao, “Photonics to the rescue: A fresh look at microwave photonic
filters,” IEEE Microw. Mag., vol. 16, no. 8, pp. 46–60, Sep. 2015,
doi: 10.1109/MMM.2015.2441594.

[10] A. R. Charaplyvy, R. W. Tkach, L. L. Buhl, and R. C. Alferness,
“Phase modulation to amplitude modulation conversion of CW laser light
in optical fibres,” Electron. Lett., vol. 22, no. 8, 1986, Art. no. 409,
doi: 10.1049/el:19860279.

[11] J. F. Diehl and V. J. Urick, “Chromatic dispersion induced second-order
distortion in long-haul photonic links,” J. Lightw. Technol., vol. 34, no. 20,
pp. 4646–4651, Oct. 2016, doi: 10.1109/JLT.2016.2552080.

[12] T. Yamamoto, T. Mori, T. Sakamoto, K. Kurokawa, S. Tomita, and M.
Tsubokawa, “Group velocity dispersion measurement method using sinu-
soidally phase-modulated continuous wave light based on cyclic nature
of optical waveform change by group velocity dispersion,” Appl. Opt.,
vol. 49, no. 27, Sep. 2010, Art. no. 5148, doi: 10.1364/AO.49.005148.

[13] M. Franceschini, G. Bongiorni, G. Ferrari, and R. Raheli, “Direct-detection
optical DPSK,” in Proc. Conf. Opt. Fiber Commun./Nat. Fiber Optic
Engineers Conf., Feb. 2008, pp. 1–3. doi: 10.1109/OFC.2008.4528777.

[14] Y. Zhu, X. Miao, Q. Wu, L. Yin, and W. Hu, “Imbalanced Mach-Zehnder
modulator for fading suppression in dispersion-uncompensated direct
detection system,” Electronics, vol. 10, no. 22, Nov. 2021, Art. no. 2866,
doi: 10.3390/electronics10222866.

[15] G. P. Agrawal, Nonlinear Fiber Optics, 6th ed., London, U.K.: Academic,
2019.

[16] M. Rius, M. Bolea, J. Mora, and J. Capmany, “High-order UWB
pulses generation adaptable to bi-phase modulation,” IEEE Pho-
ton. Technol. Lett., vol. 28, no. 21, pp. 2371–2374, Nov. 2016,
doi: 10.1109/LPT.2016.2594154.

https://dx.doi.org/10.1109/JLT.2020.3047442
https://dx.doi.org/10.1038/s41566-018-0310-5
https://dx.doi.org/10.1002/9781119029816
https://dx.doi.org/10.1109/JLT.2008.2004595
https://dx.doi.org/10.1364/OL.413579
https://dx.doi.org/10.1109/JPHOT.2019.2897593
https://dx.doi.org/10.1007/s11082-021-03061-0
https://dx.doi.org/10.1364/OL.44.001912
https://dx.doi.org/10.1109/MMM.2015.2441594
https://dx.doi.org/10.1049/el:19860279
https://dx.doi.org/10.1109/JLT.2016.2552080
https://dx.doi.org/10.1364/AO.49.005148
https://dx.doi.org/10.1109/OFC.2008.4528777
https://dx.doi.org/10.3390/electronics10222866
https://dx.doi.org/10.1109/LPT.2016.2594154


<<
  /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 true
  /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


