Demonstration of CSRZ Signal Generator Using
Single-Stage Mach-Zehnder Modulator and
Wideband CMOS Signal Mixer
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In this paper, we demonstrate an electrically band-
limited carrier-suppressed return-to-zero (EB-CSRZ)
signal generator operating up to a 10 Gbps data rate
comprising a single-stage Mach-Zehnder modulator and a
wideband signal mixer. The wideband signal mixer
comprises inverter stages, a mixing stage, and a gain
amplifier. It is implemented by using a 0.13 pm CMOS
technology. Its transmission response shows a frequency
range from DC to 6.4 GHz, and the isolation response
between data and clock signals is about 21 dB at 6.4 GHz.
Experimental results show optical spectral narrowing due
to incorporating an electrical band-limiting filter and
some waveform distortion due to bandwidth limitation by
the filter. At 10 Gbps transmission, the chromatic
dispersion tolerance of the EB-CSRZ signal is better than
that of NRZ-modulated signal in single-mode fiber.
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1. Introduction

The rising importance of communication in today’s
information-oriented society has led to an explosive increase in
demand for high-capacity communication systems. To satisfy
the network service providers’ need to offer low-cost high-
quality service, many high-speed transmission technologies
based on installed optical fibers have been studied [1]-[5].

Advanced modulation formats other than conventional non-
return-to-zero (NRZ) signals have been studied to mitigate the
signal degradation caused by fiber nonlinear effects and
dispersion [4]-[7]. Among these formats, carrier-suppressed
return-to-zero (CSRZ) format has been especially highlighted
because of its optical phase reversion from 0 to 7 in successive
bits, resulting in reduced intersymbol interference. However,
the conventional CSRZ signal generator suffers from relatively
high cost due to two cascaded modulators, which are still the
most expensive components in optical transmitters [6].

Recently, a cost-effective electrically band-limited CSRZ
(EB-CSRZ) signal generator has been proposed using a single
Mach-Zehnder (MZ) modulator in conjunction with an
electrical mixer and a band-limiting low-pass filter (LPF) [7].
In this paper, we demonstrate the proposed CSRZ signal
generator employing a new wideband CMOS signal mixer
fabricated by using 0.13 um CMOS technology.

II. CSRZ Signal Generator Using a Wideband Signal
Mixer
1. CSRZ Signal Generation Scheme
The configuration and operation principle for the EB-CSRZ
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Fig. 1. EB-CSRZ signal generator using a single-stage modulator
and a wideband signal mixer: (a) configuration and (b)
operation principle.

signal generation is shown in Fig. 1. It consists of a wideband
signal mixer, a driver amplifier, an LPF, a single-stage chirp-
free MZ modulator, and a continuous wave (CW) light source
as shown in Fig. 1(a).

From Fig. 1(b), the electrical NRZ data (data rate = B Gbps)
is mixed with a B/2 GHz clock signal by employing a
wideband CMOS signal mixer. The mixed output signal has 3
levels (-1, 0, and +1) and is sufficiently amplified by the driver
amplifier. This signal passes through the LPF for electrical
bandwidth limitation. After passing the LPF, the band-limited
signal is transmitted to the MZ modulator, which is biased at
the transmission null point to modulate a CW light from a laser
source. Through the above procedure, the optical EB-CSRZ
signal with an LPF is generated with a narrower spectrum than
that of a CSRZ signal without an LPF [7], [8].

This spectrum narrowing is achieved by the band-limiting
effect due to the LPF. However the EB-CSRZ signal is
significantly distorted as the bandwidth of the LPF becomes
narrower. Hence, the cut-off frequency of the LPF should be
carefully selected considering a trade-off between optical
spectral width and signal distortion. In this work, the LPF
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bandwidth of 0.6B (6 GHz at B=10 Gbps) was used because it
was reported to give optimum performance of increased
dispersion tolerance without significant signal distortion for
high-speed communication systems [7].

2. Wideband Signal Mixer Design

In the proposed configuration, the wideband signal mixer is a
key component because it removes “pulse carver” generating
CSRZ pulses in a conventional CSRZ transmitter [6], [7]. The
circuit diagram of the fabricated CMOS signal mixer is shown
in Fig. 2. It consists of inverter stages, a mixing stage, an input-
output-connected inverter, and a gain amplifier. DataN (or
dataP)-to-output and clock-to-output transmission responses of
the wideband signal mixer should provide a wide bandwidth
from DC to 7 GHz for a 10 Gbps data rate to obtain a clear
three-level signal. The isolation response between dataN (or
dataP) and the clock is less than 20 dB at -3 dB bandwidth.

The key design consideration is how to handle the flow of
the clock signal. This flow is controlled by turning on and off a
switching device corresponding to the NRZ data signal. As
shown in Fig. 2, the inverters, that is, the input stages of the
NRZ data and the clock signal, have the same transistor size
and the same signal path length to the input gate from each pad
in order to alleviate phase difference between the two signals.
As a core block mixes the two signals the mixing stage is
implemented by employing a transmission gate. The input-
output-connected inverter operates as a load of the input stage
(inverter 2 in Fig. 2) for the clock signal and an input bias stage
for the gain amplifier (AMP in Fig. 2). The gain amplifier uses
no output buffer and is designed to drive 50 Q loads. The tail
current is set to 9.15 mA.

Figure 3 shows the simulated results of the wideband CMOS
signal mixer with 10 Gbps NRZ data and 5 GHz clock.
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Fig. 2. Simplified circuit diagram of the wideband CMOS signal
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Fig. 3. Simulated results of the wideband CMOS signal mixer: (a)
three-level signal generation and (b) eye diagram.

0.35 mm

Fig. 4. (a) Chip microphotograph and (b) module photograph of
the wideband CMOS signal mixer.

Figures 3(a) and (b) illustrate a three-level signal such as -108 mV,
0 V, and +108 mV, and the clearly open eye diagram
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Fig. 5. Measured results of the wideband CMOS signal mixer: (a)
frequency response and (b) eye diagram.

generated by the wideband signal mixer. The voltage
fluctuation at the 0 level is about 24 mV,,,, and results from
switching between the clock and the NRZ data signals in the
mixing stage.

The signal mixer was fabricated using 0.13 um CMOS
technology with seven-layer copper metallization and a two-
poly process. The manufactured nMOS transistors have an f; of
100 GHz and f;,,,x of 50 GHz. The measured power dissipation
of the signal mixer is about 15 mW at supply voltage of 1.5 V.

Figures 4(a) and (b) illustrate chip microphotograph and
photograph of the packaged module for the wideband CMOS
signal mixer. The module size is 3.5 cmx3.5 cm*2 cm, which
includes the CMOS chip with an occupied area of 0.35 mm x
0.35 mm.

Figures 5(a) and (b) show the measured frequency response
and eye diagram from the wideband CMOS signal mixer,
respectively. As shown in Fig. 5(a), it has a -3 dB bandwidth of
about 6.4 GHz transmission characteristic from the clock signal
port to the output of the signal mixer through the mixing stage
illustrated in Fig. 2. The NRZ data signal is isolated with about
21 dB at 6.4 GHz from the clock signal port. Figure 5(b)
illustrates the measured non-filtered electrical three-level signal
from the signal mixer at 10 Gbps and the output amplitude of
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about 200 mV. The measured eye diagram implies a waveform
characteristic with the simulated eye diagram of the wideband
signal mixer at 10 Gbps.

II. Measurement of CSRZ Signal Generator
Performance

The performance of the EB-CSRZ signal generator
including the fabricated wideband CMOS signal mixer was
demonstrated with the experimental setup shown in Fig. 6.
Optical spectrum analysis and eye-diagram measurement were
performed using the ANDO AQ6317 optical spectrum
analyzer, Agilent 86100A digital oscilloscope, Agilent E4438C
vector signal generator, and Anritsu MP1764A pulse pattern
generator (PPG).

The EB-CSRZ signal generation with the fabricated CMOS
signal mixer is as carried out as follows. First, the wideband
signal mixer makes a clear three-level waveform with an
amplitude of about 200 mV, when 10 Gbps NRZ data with
PRBS 2°'-1 pattern length and a clock signal of 5 GHz are
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\VL/\L)

_{,Wideband i
PPG | | signal |
mixer
fS GHz clock Modulator
driver
Sync. | Signal
gen Optical
LD EB-CSRZ
signal

Fig. 6. Experimental setup for EB-CSRZ signal generation using
the wideband CMOS signal mixer.
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Fig. 7. Measured optical spectra of the optical CSRZ signal
generator with and without 0.6B LPF.
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applied. Then, the modulator driver sufficiently amplifies the
output swing of the wideband signal mixer up to 2V,
(approximately 12 V,, in this work) to drive the single-arm
MZ intensity modulator. The 0.6B LPF (cut-off frequency =
6 GHz at 10 Gbps) is located between the modulator driver and
the MZ modulator in this work. The MZ modulator is biased at
the null point of the transfer-function curve, which corresponds
to its minimum output optical power.

Figure 7 shows the measured optical spectra for CSRZ
signal with and without 0.6B LPF for the EB-CSRZ signal
generation procedure. The resolution in the optical spectrum
analyzer was set to 0.01 nm. The optical carrier wavelength
was 1551.957 nm (carrier frequency = 193.304 THz). The
optical spectral width of the CSRZ signal with 0.6B LPF is
narrower than that of CSRZ signal without the LPF, and the
carrier component is suppressed in both cases. The CSRZ
signal with 0.6B LPF shows spectral narrowing of about 40%
at the modulation frequency of 15 GHz.

Figure 8 shows the measured eye diagrams from the CSRZ
signal generator with and without 0.6B LPF at a 10 Gbps data
rate. The eye diagram from the CSRZ signal with 0.6B LPF
has some waveform distortion compared to the CSRZ signal
without the 0.6B LPF.

The measured results shown in Figs. 7 and 8, demonstrate
that the proposed CSRZ signal generator employing the newly
fabricated wideband CMOS signal mixer creates a waveform
of the optical CSRZ signal. Moreover, optical spectral
narrowing of the CSRZ signal is achieved by the bandwidth
limitation of the LPF. However, signal distortion due to
overband limitation should be avoided by selecting the
optimum cut-off frequency of the LPF considering a trade-off

No band limit

No band limit
with 0.6B LPF

Fig. 8. Measurement eye diagram of the optical CSRZ signal
generator with and without 0.6B LPF.
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between optical spectrum width and signal distortion.

The dispersion tolerance of the band-limited CSRZ signal
with 0.6B LPF in single-mode fiber as a transmission medium
is demonstrated in the measurement eye diagram. The carrier
wavelength of the optical signal was 1551.957 nm, and the
chromatic dispersion of the used optical fiber was about
17 ps/nm/km at that wavelength. An optical amplifier was used
to compensate fiber transmission loss (about 24 dB at 120 km
transmission). Figures 9(a) and (b) show back-to-back eye
diagrams after 120 km transmission through single-mode fiber
for NRZ-modulated signal and electrically band-limited CSRZ
signal at 10 Gbps. In the case of NRZ modulation, the signal
waveform was collapsed by the fiber chromatic dispersion. On
the other hand, the EB-CSRZ signal had a distorted signal
waveform, but showed a clear region in the observed eye
diagram after 120 km transmission. The dispersion tolerance of
the EB-CSRZ modulation format with 0.6B LPF is superior to
that of a NRZ modulation format.

0 km
NRZ
modulation
120 km
0 km
EB-CSRZ ' |
modulation
120 km

(b)

Fig. 9. Measured eye diagram before and after 120 km SMF
transmission at 10 Gbps: (a) NRZ signal and (b) EB-
CSRZ signal.

IV. Conclusion

In this paper, we successfully demonstrated electrically band-
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limited CSRZ signal generation at data rates up to 10 Gbps
using a single-stage Mach-Zehnder modulator and a newly
designed wideband CMOS signal mixer. The signal mixer was
fabricated using 0.13 pm CMOS technology. It operates from
DC up to 6.4 GHz with power consumption of less than
15 mW. The dispersion-tolerance feature of CSRZ signal was
confirmed experimentally through 120 km transmission. This
successful experiment demonstrated the feasibility of
implementing the EB-CSRZ modulation scheme and opens up
an opportunity for low-cost, high-speed, and large-capacity
communication systems.

Acknowledgment

The authors would like to thank Dr. B. G Choi for offering
0.13 pum CMOS process.

References

[1]P.S. Andre, A.L. Teixeira, A.N. Pinto, L.P. Pellegrino, B.B. Neto,
J.F. Rocha, J.L. Pinto, and P.N. Monteiro, “Transmission Fiber
Chromatic Dispersion Dependence on Temperature: Implication
on 40 Gby/s Performance,” ETRI Journal, vol. 28, no. 2, Apr. 2006,
pp. 257-259.

[2] Z. Pan, Y.W. Song, C. Yu, Y. Wang, Q. Yu, J. Popelek, H. Li, Y.
Li, and AE. Willner, “Tunable Chromatic Dispersion
Compensation in 40-Gb/s Systems Using Nonlinearly Chirped
Fiber Bragg Gratings,” J. Lightw. Technol., vol. 20, no. 12, Dec.
2002, pp. 2239-2246.

[3] B. Smith, R. Noe, D. Sandel, and V. Mirvoda, “PMD in High-Bit-
Rate Transmission and Means for Its Mitigation,” /EEE J. Sel.
Topics Quantum Electron., vol. 10, no. 2, Mar. 2004, pp. 341-355.

[4] AJ. Price and N. Le Mercier, “Reduced Bandwidth Optical
Digital Intensity Modulation with Improved Chromatic
Dispersion Tolerance,” Electron. Lett., vol. 31, no. 1, Jan. 1995,
pp- 58-59.

[5] YJ. Wen, J. Mo, Y. Wang, and C. Lu, “Advanced Data
Modulation Techniques for WDM Transmission,” IEEE Comm.
Mag., vol. 44, no. 8, Aug. 2006, pp. 58-65.

[6] Y. Miyamoto, A. Hirano, K. Yonenaga, A. Sano, H. Toba, K.
Murata, and O. Mitomi, “320 Gbit/s (8x40 Gbit/sy WDM
Transmission over 367 km with 120 km Repeater Spacing Using
Carrier-Suppressed Return-to-Zero Format,” Electron. Lett., vol.
35, no0. 23, Nov. 1999, pp. 2041-2042.

[7]1 D.-S. Lee, M.S. Lee, Y.J. Wen, and A. Nirmalathas, “Electrically
Band-Limited CSRZ Signal with Simple Generation and Large
Dispersion Tolerance for 40-Gb/s WDM Transmission Systems,”
IEEE Photonics Technol. Lett., vol. 15, no. 7, Apr. 2003, pp. 987-
989.

[8] D.-S. Lee, Y.J. Wen, J.S. Ko, M.S. Lee, and A. Nirmalathas,

Sae-Kyoung Kang etal. 253



“Impact of Electrical Band-Limitation on Transmission of CSRZ
and CSRZ-DPSK Modulation Formats for High-Spectral
Efficiency DWDM Systems,” [EICE Trans. Comm., vol. E88-B,
no. 5, May 2005, pp. 1977-1985.

Sae-Kyoung Kang received the MS and PhD
| degrees from the School of Engineering of the
Information and Communications University
(ICU), Daejeon, Korea, in 2003 and 2006,
respectively. From 2002 to 2006, he studied
high-speed CMOS optical transceivers and
board (EOCB)
technology for chip-to-chip optical interconnects. Since 2007, he has
been with ETRI, Daejeon, Korea, where he has been working on the
development of optical transceiver and optical modulation technology

electrical-optical ~ circuit

for high-speed optical communication systems.

Dong-Soo Lee received the BS in physics from
Sogang University in 1993, and received the
MS and PhD in engineering from the
Information and Communications University in
2000 and 2004, respectively. His research
interests are next generation optical access
networks, high-speed optical
systems, and optical wireless communications. In 2005, he joined the

transmission

Optical Communications Research Center of ETRI, Gwangju, Korea,
where he is engaged in research and development on 10G
EPON/GPON technology for next generation optical access network.

received the BS and MS
degrees in Electrical Engineering from Seoul
National University in 1999 and 2001,
respectively. In 2001, he joined ETRI, Dagjeon,
Korea. From 2001 to 2006, he worked on the
40 Gbps optical transmission system, especially
focusing on 40 Gbps optical transceiver

Hyunwoo Cho

modules. Since 2007, he has been researching the framer or mapper
chips for optical transport networks (OTNs).

254  Sae-Kyoung Kang et al.

Jesoo Ko received the BS degree in Electrical
Engineering from Ulsan University in 1981 and
the MS degree in Electronic Engineering from
Korea University in 1983. In 1983, he joined
| ETRI, Daejeon, Korea, where he is engaged in
research and development on 40 Gbps optical
transmission technologies. His main research
interests include high-speed optical transport systems, optical modules,
and related devices. He is currently a Principal Member of Engineering
Staff of the Optical Communications Research Center of ETRI.

ETRI Journal, Volume 30, Number 2, April 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


