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Abstract: We demonstrate a four-lane wavelength division multiplexing (WDM) intensity
modulation and direct detection (IM/DD) system at O-band. The 3-dB bandwidth of directly
modulated lasers (DMLs) in this experiment is only 15 GHz. To support 100-Gbit/s/lane
PAM-4 transmission in each lane, digital pre-equalization and advanced receiver-side DSPs
are adopted to compensate for bandwidth limitation. Moreover, semiconductor optical am-
plifier (SOA) is utilized at the receiver to compensate for the optical power loss during
fiber transmission so that 40-km transmission distance can be achieved. To the best of
our knowledge, it is the first time to successfully transmit 400-Gbit/s PAM-4 signals over
40-km SSMF with 15-GHz DMLs.

Index Terms: Fiber optics links and subsystems, optical interconnects.

1. Introduction
Driven by the upcoming high-speed services, such as clouding networking, 5G/6G, and VR/AR
applications, the metro traffic has been explosively increased and surpassed the long-haul traffic in
recent years [1–3]. Considering large-scale deployment scenarios, the IM/DD system is the most
attractive solution to cost effectively achieve a data rate of 100 Gbit/s/channel and a transmission
distance of 20 km or beyond. Up to now, the non-return-to-zero (NRZ) coding is still widely
spread in short reach systems, however, the spectral efficiency (SE) of NRZ is only 1bit/s/Hz.
To support higher capacity, the advanced modulation formats with higher SE should be adopted.
Compared with discrete multi-tone (DMT) and carrier-less amplitude phase (CAP) modulation,
pulse amplitude modulation (PAM) has lower complexity and power consumption in hardware
implementation [3]. Therefore, PAM is an ideal modulation format for IM/DD systems. To further
improve the transmission rate and meet the demand of 400G data connection, four-lane IM/DD
transmission system with low transceiver cost and simple system integration is a promising solution
[2].

The transmission distance in a metro optical network is more than 10 km, and the fiber link
deployment is mainly based on standard single mode fiber (SSMF) [3], [4]. Therefore, optical
power attenuation and chromatic dispersion (CD) are the two most important factors which limit the
transmission distance. The optical power attenuation in C-band is low and can be compensated by
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Fig. 1. Experimental setup and DSPs of the four-lane IM/DD system at O-band: (a) S21 curves of the
four O-band DMLs; (b) the measured voltage-power-current curve of DML1.

optical amplifier, such as erbium-doped fiber amplifier (EDFA). However, the signal transmission at
C-band suffers from CD-induced frequency-dependent power loss. For O-band transmission based
on conventional SSMF, the CD coefficient around 1310.0 nm can be approximated to zero [5], [6].
However, due to the lack of suitable optical amplifier in O-band transmission, it is difficult to achieve
long transmission distance in previous researches. Recently, SOA has attracted great attention
due to its simple structure, low cost, and small power consumption [4]–[6]. Moreover, the mature
manufacturing process of SOA has made it a suitable optical amplifier for O-band transmission.

Compared with the Mach-Zehnder modulator (MZM) based external modulation, some modu-
lators such as electro-absorption modulator (EML) and directly modulated laser (DML), have the
advantages of low cost and small size. Therefore, in terms of system complexity, cost, and power
consumption, EML and DML are better choices for data transmission. Ref. [7] demonstrates 4
× 96-Gbit/s PAM-8 transmission enabled by low-cost DMLs. However, the transmission distance
is only 15 km. In Ref. [8], a 112 Gbit/s/lane PAM-4 transmission over 40 km is experimentally
demonstrated by using 28-GHz DML with high launch power. The demonstrations above can
support about 100 Gbit/s/lane signals transmission based on DML, but the transmission distance
is short or larger bandwidth DML is needed. Considering the 10G class optical devices are still
widely used nowadays, it is meaningful to extend the distance of 400G transmission based on
narrow band DML.

In this paper, we demonstrate a four-lane WDM IM/DD transmission system. Four commercial
DMLs, whose 3-dB bandwidth are 15 GHz, are used for O-band sources and optical modula-
tion. The detailed experimental setup is presented in section 2. In section 3, we investigate the
system dispersion tolerance and optimize the experimental parameters. Finally, the measured
BER results are depicted and discussed in section 4. Thanks to SOA amplification, linear partial
pre-compensation and advanced DSPs at the receiver, the 400G (4 × 100 Gbit/s) PAM-4 signals
can be successfully transmitted over 40 km, which is the longest reported distance achieved by the
four-lane 400-Gbit/s system based on 15-GHz DMLs.

2. Experimental Setup of the O-Band WDM System
Fig. 1 shows the experimental setup of the SOA-based four-lane IM/DD transmission system at
O-band. We use four DMLs for O-band optical sources and signal modulation. By adjusting four
different bias current, the working frequency of the four DMLs is 1305.5 nm, 1309.0 nm, 1312.6 nm,
and 1316.8 nm, respectively. Fig. 1(a) depicts the S21 curves of the four O-band DMLS used in
this experiment. The four curves of the four DMLs are close to each other, and the 3-dB bandwidth
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is about 15 GHz. Moreover, the voltage-power-current curve of DML1 is also measured, as shown
in Fig. 1(b). The DML only starts to work when the bias voltage is larger than 0.9V. In addition,
the DSPs at the transmitter and receiver are shown in Fig. 1. In the transmitter-side DSPs, the
pseudo-random binary sequence (PRBS) data is firstly mapped into PAM-4 symbols. Subsequently,
the spectrum of the PAM-4 sequence is shaped by a rooted raised cosine filter (RRCF) with a
roll-off factor of 0.1. In this experiment, since the 3-dB bandwidth of DMLs is only 15 GHz, the
signals suffer from power loss due to the limited bandwidth. To pre-compensate the frequency
response, a 33-taps CMA equalizer is used to obtain the system response and pre-equalization is
implemented. Such linear pre-equalization can pre-compensate the narrow filtering effect, and can
reduce the MMSE of the post-equalization at the receiver side [18]. The 50-Gbaud PAM-4 signals
are generated by an 80-GSa/s DAC after resampling. Subsequently, the four lane optical signals
are combined by optical couplers (OCs), and then transmitted through 40-km SSMF. The launch
power of the four channels is 9.0 dBm.

At the receiver, a tunable optical filter (TOF) with 0.9-nm optical bandwidth is adopted to separate
the signals in each WDM channel. Since the attenuation of the SSMF link at 1310 nm is 0.33-
dBm/km, an SOA is used to compensate power loss through transmission. The amplified signals
are detected by a 50-GHz PD and finally captured by a 160-GSa/s real-time digital oscilloscope with
a 3-dB bandwidth of 62 GHz. In the receiver-side DSPs, the received data is first resampled, and
a same RRCF with the transmitter is used as a matched filter. Subsequently, a T/2 spaced CMA
equalizer with 33-taps and a Volterra series based nonlinear equalizer with 53-taps are used to
compensate for the linear and nonlinear distortions during fiber transmission. The Volterra equalizer
is a second-order one, which contains both linear and nonlinear components. Here, we adopt a T/2
spaced CMA equalizer to pre-compensate for a part of linear distortions, so that the following
Volterra equalizer can converge faster and performs better. Finally, the DD-LMS algorithm with
73 taps is used to further improve the system performance.

3. Principles
3.1. Dispersion Tolerance Simulation

In order to investigate the dispersion tolerance for the transmission at O-band, we further simulate
the BER performance of 50-Gbaud PAM4 signal transmission with different accumulated disper-
sion. It is known that CD can cause frequency dependent power loss and seriously degrade system
performance, especially for broadband signals. The impact of CD in the frequency domain can be
expressed as [10], [11]:

G = exp
(

− j
DLλ2

4πc
ω2

)
. (1)

Here, D is the chromatic dispersion coefficient, λ is the operating wavelength, c is the speed
of light, and L is the transmission distance. In this simulation, we assume that the operating
wavelength is 1310.0 nm. The measured BER versus dispersion is shown in Fig. 2(a). Here, the
dispersion tolerance of the 50-Gbaud PAM4 signal with and without DSPs are both presented. In
this experiment, we consider the soft decision forward error correction (SD-FEC) threshold at 2.0 ×
10−2 with 20% FEC overhead. Based on the simulation results in Fig. 2(a), the dispersion tolerance
of the 50-Gbaud PAM4 signal with and without DSPs are 36ps/nm and 78ps/nm, respectively.
Fig. 2(b) depicts the maximum chromatic dispersion after 40-km SSMF transmission as a function
of wavelength. The chromatic dispersion coefficient is specified for ITU-T G.652 type fibers [12],
[13], [18]. For each wavelength point, we choose the maximum chromatic dispersion coefficient to
calculate the chromatic dispersion. From Fig. 2(b), the maximum chromatic dispersion after 40 km
SSMF transmission at the wavelength from 1302 nm to 1322 nm is always smaller than 78ps/nm.
If we only consider the effect of chromatic dispersion, the operating wavelength of the DMLs in this
experiment can theoretically support 50-Gbaud PAM4 signals transmission over 40-km SSMF.
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Fig. 2. (a) Simulated BER as a function of chromatic dispersion at 1310.0 nm; (b) the maximum
chromatic dispersion as a function of wavelength.

Fig. 3. (a) BER performance versus SOA current at the received optical power at −9.4 dBm and
−13.5 dBm; (b) measured SOA gain curves versus SOA current at the received optical power at
−9.4 dBm and −13.5 dBm.

3.2. SOA and DSP Performance Optimization

To transmitted 50-Gbaud PAM4 signals over 40-km SSMF based on 15-GHz DMLs, we should
optimize the parameters of the SOA and DSPs to obtain a better system performance. In long
distance transmission, the SOA current is usually high, which may cause SOA works in the
nonlinear region so that the signals will suffer from the SOA-induced nonlinear noises [14], [15].
In this experiment, only one SOA is adopted at the receiver so that we adjust the SOA current to
find the optimum operating point. Firstly, we measure the BER performance with different SOA bias
current under the back-to-back (BTB) case. Fig. 3(a) shows the measured BER as a function of
the SOA current at the optical received power (ROP) of −9.4 dBm and −13.5 dBm. Here, ROP is
the measured optical power into SOA. Moreover, the corresponding PAM4 constellations and eye
diagrams are also presented in Fig. 3(a). Based on the experimental result, the SOA with 100mA
bias current has the best BER performance at different received optical power. Therefore, we set
SOA current at 100mA in the following experiments. Fig. 3(b) is the SOA gain curves versus SOA
current.
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Fig. 4. (a) BER performance versus different pre-EQ factor at the received optical power of -7 dBm;
(b) probability density distribution of the recovered PAM4 signals with different DSP algorithms.

Pre-equalization is a frequently used algorithm to improve system performance [16], [17].
However, when the peak voltage of DAC is fixed, the completed pre-equalization will reduce the
average power of the baseband signals. In such a peak power limited case, the average power
reduction can increase the peak to average power ratio (PAPR). Moreover, pre- equalization will
compress the low frequency component of the transmitted signals and the amplitude of the received
signals after DSO will decrease, especially for strong narrow filtering effect. Therefore, there is a
trade-off between the performance improvement induced by pre- equalization and the performance
degradation. For each lane, we denote the original PAM-4 signals as So in frequency domain.
Similarly, H̃ is the estimation of channel response. The transmitted signals after pre-compensation
can be expressed as:

Spre = So · H̃−1 = So · (H̃−1 − I) + So. (2)

From equation (2), it can be seen that So · (H̃−1 − I) is the difference of the signals before and
after completed pre-compensation in frequency domain, and I is a unit matrix. For partial pre-
compensation, the signals in frequency domain is:

Spar t ial−pre = p · So · (H̃−1 − I) + So. (3)

Here, p is denoted as the pre-compensation factor. Fig. 4(a) presents the spectrum of the PAM-4
signals before and after partial pre-compensation, and the corresponding optical spectra with
0.1-nm resolution is also depicted. We measure the system BER with different p to find an optimal
one. The measured BER versus the pre-compensation factor under BTB case is shown in Fig. 4(a).
Based on the BER results, we set p as 0.8 in the following experiments. In the offline DSPs,
the linear noise is compensated by the CMA equalizer and the linear components of the Volterra
equalizer. The nonlinearity can be compensated by Volterra-series-based nonlinear equalizer and
DD-LMS algorithm. Fig. 5(b) shows the probability density distribution of the recovered PAM4
signals with different DSP algorithms.

3. Results and Discussions
Firstly, we investigate the system performance in BTB case. Fig. 5(a) depicts the measured
BER of channel 3 versus the received optical power in BTB transmission with and without SOA
amplification. When SOA is not adopted, the filtered optical signal is directly detected by the
50-GHz PD. In this experiment, the output power of each DML is about 3 dBm. Considering the
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Fig. 5. (a) BER curves versus receive power of channel 3 at the BTB case; (b) BER curves versus
received power of channel 3 at the BTB case. Transmitted through 32.5 km and 40 km; BER curve
versus received power of channel 1 after 40-km transmission.

Fig. 6. (a) Measured BER of the four WDM channels after BTB and 40-km SSMF transmission;
(b) optical spectra before and after 40-km SSMF transmission with the resolution of 0.1 nm.

insertion loss and fiber attenuation, the optical power loss of the 40-km SSMF transmission fiber
is about 13dB. Therefore, to support 40-km transmission, the receiver sensitivity should be at least
−10.0 dBm. Based on the results in Fig. 5(a), the receiver sensitivity of channel 3 is only −1.7 and
-4 dBm at HD-FEC (3.8 × 10−3) and SD-FEC (2.0 × 10−2) threshold, respectively. With the aid of
SOA, the corresponding receiver sensitivity can be improved to −9.0 and −14.2 dBm, respectively.
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Subsequently, we further investigate the BER performance after fiber transmission. Fig. 5(b)
presents the measured BER curves as a function of the received optical power after BTB, 32.5-km
and 40-km transmission in channel 3. From Fig. 5(b), the BER curves of BTB, 32.5-km and 40-km
transmission in channel 3 are very close. Obviously, there is only about 1-dB sensitivity penalty at
the SD-FEC threshold of 40-km SSMF transmission compared to BTB case. Based on the results in
Fig. 5(b), the receiver sensitivity of channel 3 after 40-km SSMF transmission is −14.0 dBm at SD-
FEC threshold of 2.0 × 10−2. To investigate the performance of other channels, we also measure
the BER performance in channel 1, which is also presented in Fig. 5(b). The BER performance
of channel 1 is slightly worse than that of channel 3. Considering the SD-FEC threshold at 2.0 ×
10−2, the receiver sensitivity of channel 1 is −12.5 dBm. There is about 1.5-dB sensitivity penalty
existing between channel 1 and channel 3 after 40-km SSMF transmission.

From Fig. 5(b), the BER performance of channel 3 is better than that of channel 1. This shows that
the BER of 50-Gbaud PAM4 signals after 40-km SSMF transmission in the 4 channels are different.
It is necessary to verify whether the four WDM channels can all support 50-Gbaud PAM4 signals
over 40-km fiber transmission. Therefore, we measure the BER performance of each channel
after 40-km transmission at a received optical power of −12.0 dBm, which is shown in Fig. 6(a).
Moreover, the BER performance under BTB case at a total received optical power of 3.0 dBm is also
presented. Based on the BER results, the four WDM channels possess similar BER performance,
and all channels can satisfy the SD-FEC threshold of 2.0 × 10−2 after 40-km SSMF transmission.
Fig. 6(b) is the optical spectra before and after 40-km SSMF transmission with the resolution of
0.1 nm. The corresponding PAM-4 symbols, eye diagrams, and the probability distribution of the
PAM-4 symbols are also shown in Fig. 6.

4. Conclusion
In this paper, we experimentally demonstrate a four-lane WDM IM/DD transmission system at
O-band based on 15-GHz DMLs. The experimental results show that the four lanes have sim-
ilar BER performance. Satisfying the BER threshold at 2.0 × 10−2, all channels can support
100 Gbit/s/channel PAM4 signals transmission at the received optical power of −12.0 dBm.
Considering 20% overhead, the net bit rate is 333.3 Gbit/s. To the best of our knowledge, this
is the first time to realize 400-Gbit/s PAM-4 signals transmission over 40km based on 15-GHz
DMLs.

References
[1] J. Zhang, J. Yu, and H. C. Chien, “EML-based IM/DD 400G (4 × 112.5-Gbit/s) PAM-4 over 80 km SSMF based on

linear pre-equalization and nonlinear LUT pre-distortion for inter-DCI applications,” in Proc. Opt. Fiber Commun. Conf.
Exhib, 2017, pp. 1–3.

[2] A. Dochhan et al., “Solutions for 400 Gbit/s inter data center WDM transmission,” in Proc. ECOC, 2016, pp. 1–3.
[3] J. P. Elbers et al., “PAM4 vs Coherent for DCI Applications,” in Proc. Signal Process. Photon. Commun. Opt. Soc.

Amer, 2017, Paper SpTh2D.1.
[4] R. Bonk, “SOA for future PONs,” in Proc. Opt. Fiber Commun. Conf. Opt. Soc. of Amer., 2018, Paper Tu2B. 4.
[5] J. Zhan et al., “Symmetrical 50-Gb/s/λ PAM-4 TDM-PON in O-band with DSP and semiconductor optical amplifier

supporting PR-30 link loss budget,” in Proc. Opt. Fiber Commun. Conf. Exhib, 2018, Paper M1B.4.
[6] C. Yang et al., “IM/DD-based 112-Gb/s/lambda PAM-4 transmission using 18-Gbps DML,” IEEE Photon. J., vol. 8,

no. 3, 2016, Art. no. 7903907.
[7] D. Li et al., “4× 96 Gbit/s PAM8 for short-reach applications employing low-cost DML without pre-equalization,” in Proc.

Opt. Fiber Commun. Conf. Exhib., 2019, pp. 1–3.
[8] W. Wang et al., “First demonstration of 112 Gb/s PAM-4 amplifier-free transmission over a record reach of 40 km using

1.3 μm directly modulated laser,” in Proc. Opt. Fiber Commun. Conf. Exhib., 2018, Paper Th4B. 8.
[9] M. Chagnon. “Direct-detection Technologies for Intra-and Inter-data Center Optical Links,” in Proc. Opt. Fiber Commun.

Conf. Exhib., 2019, pp. 1–41.
[10] M. Kuschnerov et al., “DSP for coherent single-carrier receivers,” J. Lightw. Technol., vol. 27, no. 16, pp. 3614–3622,

2009.
[11] S. J. Savory et al., “Electronic compensation of chromatic dispersion using a digital coherent receiver,” Opt. Express,

vol. 15, no. 5, pp. 2120–2126, 2007.
[12] Characteristics of a Single-Mode Optical Fibre and Cable, ITU-T Recommendation G.652, sec. 6.1, 2016.

Vol. 12, No. 3, June 2020 7201908



IEEE Photonics Journal Demonstration of 4 × 100GBIT/S PAM-4 Transmission

[13] V. Houtsma and D. Van Veen, “A study of options for high-speed TDM-PON beyond 10G,” J. Lightw. Technol., vol. 35,
no. 4, pp. 1059–1066, 2017.

[14] J. Zhang, J. Wey, and J. Yu, “Experimental demonstration of unequally spaced PAM-4 signal to improve receiver
sensitivity to 50-gbps PON with power-dependent noise distribution,” in Proc. Opt. Fiber Commun. Conf. Exhib., 2018,
Paper M2B.3.

[15] G. P. Agrawal and N. A. Olsson, “Self-phase modulation and spectral broadening of optical pulses in semiconductor
laser amplifiers,” IEEE J. Quantum Electron. vol. 25, no. 11, pp. 2297–2306, 1989.

[16] J. Shi, J. Zhang, X. Li, N. Chi, G. Chang, and J. Yu, “112 Gb/s/lamda CAP signals transmission over 480 km in IM-DD
system,” in Proc. Opt. Fiber Commun. Conf. Exhib., 2018, Paper W1J.5.

[17] M. Tao et al., “50-Gb/s/λ TDM-PON based on 10G DML and 10G APD supporting PR10 link loss budget after 20-km
downstream transmission in the O-band,” in Proc. Opt. Fiber Commun. Conf. Opt. Soc. of Amer., 2017, Paper Tu3G.
2.

[18] J. Zhang et al., “Time-domain digital pre-equalization for band-limited signals based on receiver-side adaptive equal-
izers,” Opt. Express, vol. 22, no. 17, 2014, Art. no. 20515.

Vol. 12, No. 3, June 2020 7201908



<<
  /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


