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Development of 32 Gbit/s Pulse Pattern Generator

| Error Detector

Takeshi Wada, Wataru Aoba, Taketo Saito, Kosuke Sasaki

[Summaryl

With the increasing demand for cloud computing and high-definition video streaming, storage and
server transfer speeds are increasing, and the transmission capacities of core communications
networks are also increasing rapidly too. To meet these trends, the transfer speeds of physi-
cal-layer devices and modules are increasing and signal quality analysis is becoming more im-
portant in assuring service quality. The MU18302xA/MU18304xA 32 Gbit/s Pulse Pattern Gener-
ator/Error Detector support the multichannel simultaneous BER measurements and crosstalk
tests required for development of PC boards and devices targeting ultra-high-speed interconnects
up to 32.1 Gbit/s for even more accurate ideal signal quality analysis.

1 Introduction

The rapid recent market growth of cloud computing,
smartphones and LTE services has led to speed bottlenecks at
internal interconnects in high-end servers and storage devices
in data centers. Solving these bottlenecks has led to increasing
adoption of revolutionary high-bit-rate, multi-lane internal in-
terconnect technologies, such as Fibre Channel, InfiniBand,
PCle, Serial Attached SCSI (SAS), etc., supporting high
speeds, high density and low power consumption.

In addition, the long-haul communications market is also
seeing active development in digital coherence as a large-
capacity transfer technology following on from higher bit
rates and WDM, multiplexing, and next-generation optical
devices and modules supporting 40/100G carrier networks.
This in turn is increasing demand for high-bit-rate multi-
channel measuring instruments.

Anritsu has released its MP1800A Signal Quality Ana-
lyzer (SQA) to support new market demand for a wide
range of measurements targeting quality evaluation and
management of optical modules and high-speed devices.
This all-in-one SQA uses plug-in modules to support meas-
urement of up to 8 channels at maximum bit rate of 32.1
Gbit/s. Two new options have been developed for it: the
MU183020A/21A 32 Gbit/s Pulse Pattern Generator (32G
PPG) and the MU183040A/41A 32 Gbit/s Error Detector
(32G ED). To support high-accuracy jitter tolerance tests
and signal quality analysis up to 32.1 Gbit/s, the 32G PPG
can operate in conjunction with the MU181500B Jitter
Modulation Source to add Sinusoidal Jitter (SJ), Random
Jitter (RJ), Bounded Uncorrelated Jitter (BUJ), and
Spread Spectrum Clock (SSC), simultaneously, as well as

with the MP1825B 4Tap Emphasis (Emphasis) for correct-
ing attenuation of high-speed signals to assure an open Eye
waveform. This article describes the development concept,

system design, main performance, and typical measure-

ment applications of the 32G PPG and 32G ED.

2 Development Concept
Development of a high-bit-rate, multichannel, low-cost,

all-in-one SQA was based on the following concepts:

+ High Bit Rates
Present-day applications require bit rates up to 28 Gbit/s
per lane for 100 GbE devices, but we aimed to support
rates up to 32.1 Gbit/s for 100G long-haul transmissions,
considering future applications.

* Multichannels
Evaluation of interconnects requires a 32G PPG for syn-
chronization of up to 8 channels and the development
goal was to combine the 32G PPG and ED to achieve
simultaneous installation of a 4-channel 32G PPG and
ED in one main-frame cabinet.

+ Low Cost
The goal was to simplify the circuits and automate adjustment,
thereby halving the cost in comparison to a 28-Gbit/s
configuration using existing SQA 14G PPG/ED modules.

+ All-in-One Design
The SQA is designed with six slots to accommodate
plug-in modules. As a result, in addition to multichannel
measurement, it can be configured freely for various
measurement applications by adding modules with other

functions under linked and automated control.
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3 System Design
3.1 Blocks

Figure 1 shows the basic structure of the 32G PPG. The da-
ta processing direction of the 32G ED is just the reverse of the
32G PPG and the basic structure is unchanged. Both the 32G
PPG and 32G ED have a large-capacity FPGA to perform sep-
arate dual-channel logic processing and support easy addition
of extra functions. The size has been reduced by using a
soft-core CPU in the FPGA and integrating the Ethernet
communications interface with the SQA main frame.

Operation of the clock controller has been simplified by
automating generation of the multiplier and division clocks
required for internal data processing according to the input
frequency.

The RF Block uses a newly developed high-frequency
module package to assure high output waveform quality
and high accuracy.

The multi-sync controller synchronizes modules to sup-

port the multiple channels as explained in the next section.
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Figure 1 32G PPG Structure

3.2 Multichannel Support

The Active Optical Cable (AOC) used by the Infiniband
standard supports 8 channels of 4 channels in each direc-
tion and the next-generation CFP2/4 module uses 100-GbE
four-channel signalling. In these types of applications using
multi-lane configurations, extra consideration must be
given to assuring skew tolerance and resistance to crosstalk
effects.

Since the 32G PPG uses multiple plug-in modules to
support various applications using multiple lanes, it has a

Combination function for generating and receiving linked
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multichannel patterns (Figure 2), as well as a channel
synchronization function for arranging the pattern genera-

tion timing of multiple channels (Figure 3).

Select when generating 100 Gbit/s data using

25 Gbit/s x 4 .
external MUX. Pattern generation is controlled
channel1X_1 X 5 X 9 X 13 X s as to be like fixed serial data.
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Pattern receive sync is controlled when receiving

100 Gbit/s data using external DEMUX.
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Figure 2 Combination Pattern Generation/Reception

The channel synchronization function (Figure 3) can arrange

the data pattern generation timing for up to 8 channels.

Channel 1 X 1 2 3 4
X X X X X Can generate independent skew
; ; ; - for each channel, and the Rx
Channel 2X ! X 2 X 3 X 4 X side can operate in the normal

independent state.

Channel3X 1" Y 22 Y 3 Y 4 X
Channel 4 17 Y 2 X 3" X 4" X

For Infiniband, etc.

Figure 3 Channel Synchronization Pattern Generation

Figure 4 shows the multichannel block diagram of the
32G PPG. The 32G PPG composed of 2 channels performs
multiplexing at the FPGA and MUX using the internal di-
vided clock to generate the data. Using the common clock,
two channels are output from the FPGA, and the phases of
divided clocks from two 8:2 MUXes are detected by the
Phase Detector (PD) to match the clock phases.
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Figure 4 32G PPG Multichannel Block Diagram

Synchronization between different Master and Slave

mod-ules uses the SQA main frame Cross Switch to dis-

tribute the 32G PPG frequency division clock to all modules.

The PD detects the phase of the module internal clock and
the distributed clock while the Slave 32G PPG uses soft-
ware-based monitoring to control the clock divider so that
the voltage is the same as the Master voltage; multichannel
control is done by aligning the data generation permuta-
tions and matching the internal clock frequency division
timing of each module.
3.3 Size and Power Reduction
As shown in Figure 5, the current 28 Gbit/s PPG and ED
con-figurations achieve 28 Gbit/s by combining two 14G
PPG or ED modules to perform MUX/DEMUX. As a result,
a total of six slots is required for 2-channel 28 Gbit/s. The
configu-ration described below requires 1/6 of the space of
current modules and 1/4 of the power.
* One FPGA handles the data processing and
MUX/DEMUX now handled by separate modules.
+ Integration of Filter Bank required by electronic delay
into 1/4 the previous size.
« Integration of RF circuits (MUX, DEMUX, Limiting Amp,
etc.) using InP HBT process semiconductor.
By using these techniques, PPG/ED modules can be in-
stalled to support up to 8ch in main frame, and a jitter
modulation source has been incorporated in the main frame

too, expanding support for future applications.

Size Reduction Image (2ch PPG SQA Series Front Panels)

MU181020B 14 Gbit/s PPG x4

MU182021A 25 Gbit/s 2ch MUX MU183020A 28G/32 Gbit/s PPG (2ch)

B ¢ ++ ooz IR

B ¢ ++ ooz IR |:>

B ¢ ¢ 3oz A [ IS
B ¢ ++ ooz IR

Figure 5 Comparison with Current Modules

4 Main Hardware Performance
4.1 Lowe-Jitter, High-Quality Waveforms

The 32G PPG can output signals up to 3.5 Vp-p (single
end) to match the measurement application and depending
on the selected output option. In addition, since the cross
point can be controlled from 20% to 80%, Electro-absorption
Modulator Integrated Laser (EML) and phase modulators
can be driven directly.

As shown in Figure 6, the output data waveform has low
waveform distortion with intrinsic jitter of less than 500 fs
rms (true value) at 32.1 Gbit/s. This performance is
achieved by using a MUX ICY) (Figure 7) and Limiting Amp
using a newly developed InP HBT process, supporting
high-frequency modules. Single InP HBT process transis-
tors offer superior high-speed performance with a maxi-
mum oscillation frequency of 479 GHz and cutoff frequency
of 233 GHz. Both an output amplitude of 540 mVp-p and a
wide Eye opening are achieved at 100-Gbit/s operation by
using a MUX IC manufactured using this process. Figure 8
shows the waveform at 100-Gbit/s operation. The low-jitter
waveform is achieved by assuring sufficient operation mar-

gin at 32.1-Gbit/s operation. As a result of the low-jitter
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PPG output, combination with a jitter modulation source
supports high-accuracy jitter tolerance tests by addition of

minute amounts of jitter.

\/Heasuré >
user defined current i1 i M M | MU
Jitter p-p(3) 2.893 ps 1.929 ps 2893 p=

Jitter RH3(3) 458 7s 4B fs 472 7s 30 e l
Crossing %(3) 48.4 %  48.2%  48.5% D
Rise timei3) 10.20 ps 10.20 ps 10.47 ps an

tot a:l neas :
30

Figure 6 32G PPG 32.1 Gbit/s 3.5 Vp-p Waveform

Figure 7 2:1 MUX Chip and RF Module

Figure 8 2:1 MUX 100 Gbit/s Waveform (5 ps/div, 100 mV/div)

4.2 High Input Sensitivity and Wide Phase Margin
As a result of the high-sensitivity input performance, the
32G ED can measure low-amplitude signals with high ac-
curacy. Like the 32G PPG, the 32G ED uses the same newly
developed InP HBT process Limiting Amp and DEMUX IC
to achieve small module packages with an input sensitivity
of better than 50 mVp-p at 32.1 Gbit/s (Figure 9), and a
phase margin of better than 690 mUI (true value at 32G
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PPG/ED loopback). Additionally, the threshold voltage and
phase of the data signal input to the 32G ED can be de-
tected to support an auto-adjust function for tracking the
threshold voltage and phase settings to consistently mini-
mize error rate. The result is long-term stable BER meas-
urement even when the input signal phase and input data

offset are changing due to ambient temperature variation.
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Figure 9 32G ED Input Sensitivity and Phase Margin

4.3 Variable Phase Circuits with High Linearity

The phase shifter (delay incorporated into Data out of
Figure 4) has high linearity. The phase shifter uses an IQ
modulation method first developed for the SQA. A charac-
teristic of the IQ modulator is that the phase can be varied
at any cycle independent of frequency, offering the great
advantage of smaller size compared to mechanical phase
tuners.

Figure 10 shows the phase tuner block diagram. In this
circuit, the clock is 1/32 frequency divided before and after
the IQ modulator. These frequency divided clocks are phase
compared at EXOR and the output voltages are detected by
the ADC. The high linearity phase control is achieved by
feedback to the IQ modulator according to the detected
voltage.

Figure 11 shows the linearity of the phase setting. The
phase setting range is —1000 to +1000 mUI; since the line-
arity error is less than 25 mUI (true value) at a setting of
1000 mUI, both the phase margin and Bathtub/jitter char-
acteristics can be measured with very high accuracy. Fur-
thermore, the phase error of multiple signals can also be
measured because the phase tuner can be controlled inde-

pendently for each channel.
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Figure 10 Phase Shifter Block Diagram
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Figure 11 Phase Shifter Characteristics

5 Software System Design
5.1 Software Blocks

The SQA series is composed of a hardware mainframe to
which plug-in modules are added. Consequently, the soft-
ware structure is independent of each module. However,
the Combination and Tracking functions (section 5.4) to

control other modules operate via a common section.
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Figure 12 Software Block Diagram

Figure 12 shows the software overall block diagram.
Each software module is composed of an application section
for setting parameters using a GUI, displaying results, and
performing remote control, plus a firmware section for con-

trolling hardware.
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5.2 Backwards Compatibility

Since each screen for setting the 32G PPG/ED parame-
ters and displaying the results shows the same images as
the 14G PPG/ED modules for the SQA series and inherits
the same operability, users easily understand the opera-
tions based on previous experience. Similarly, the remote
commands are also backwards compatible with the earlier
14G PPG/ED, allowing users to re-use previously created
programs with few modifications.
5.3 Multichannel Results Display

The MU183040A has interfaces for two data channels,
while the MU183041A supports four data channels. The
BER measurement results can be displayed simultaneously
for each of channels 1 to 4. Figure 13 shows an example of
BER measurement results for four channels. Consequently,
simultaneous multichannel measurement results can be
understood at a glance. When measuring serial data bit er-
ror rates of two or four channels carrying 32 Gbit/s data per
channel simultaneously, the Combination function supports
both display of the total results for the serial data for all
channels (left screen in Figure 13) and for each channel

(right screen in Figure 13).
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Figure 13 BER Measurement Results
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5.4 Tracking Synthesizer and Jitter Modulation
Source Modules

The 32G PPG can track the operation of the SQA series
MU181000A/B Synthesizer and Jitter Modulation Source
modules. When tracking the synthesizer, the bit rate can be
set from the 32G PPG setting screen. Additionally, when
tracking the jitter modulation source, SJ/RJ/BUJ jitter can
be impressed on the data output according to the 32G PPG
output bit rate.

Figure 14 shows the bit rate setting and data flow when
the 32G PPG and synthesizer are tracking. Setting across

multiple modules is performed via the Application Common

Section.
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Figure 14 32G PPG and Synthesizer Data Tracking

6 Measurement Application Examples

Starting with communications technologies standardized
by IEEE802.3ba, data transmission speeds exceeding 100
Gbit/s are being developed and achieved using multichan-
nel signals. As described in sections 3 and 4, the mul-
ti-channel system and the phase shifter circuit of the 32G
PPG/ED support high-accuracy evaluations.
6.1 Evaluation of 100 GbE Optical Module

Figure 15 shows an example of 28 Gbit/s x 4 CFP2 eval-
uation. Using a 4ch 32G PPG/ED supports evaluation of
next-generation communications optical modules such as
CFP2. Optical modules are becoming increasingly smaller
and more integrated, making both jitter and input sensitiv-
ity tests as well as crosstalk tests between channels espe-
cially important. With synchronizing between four channels
as well as independent pattern and phase setting functions,
the 32G PPG/ED easily supports evaluation of individual

channel performance and cross-channel effects.
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Figure 15 CFP2 Optical Modulator Evaluation

6.2 AOC Evaluation
The MU183021A channel synchronization function is
ideal for duplex evaluation of AOCs used in high-speed in-

terfaces such as Infiniband.

MP1825B

MU183021A

MU181500B . - -

s e Calibrated test signal
>

\/ Evaluation Board

26 Gbit/s x 4
AOC
2 26Gbitlsx4
26 Gbit/s x 4
MU183021A 2
P |
4 '_
.

Evaluation Board

MU183041A /

Example of AOC Evaluation Signal

Figure 16 AOC Evaluation

Figure 16 shows an example of 26 Gbit/s x 4 AOC evalua-
tion. Combining the Jitter Modulation Source and Empha-
sis supports calibration of signal quality according to the
test standards and evaluation of transmission characteris-
tics, including crosstalk effects in both directions. In this
test, a 26 Gbit/s x 4 signal is input in both directions and
the characteristics after passage through the AOC are
evaluated using one of these signals after calibration. Add-
ing jitter using the Jitter Modulation Source and control-
ling the transmission loss using the Emphasis support
more accurate measurements of the performance margins

of devices.
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7 Summary

The 32G PPG/ED has been developed to support R&D
into next-generation optical modules and devices for
high-bit-rate multichannel applications. Combining the
various plug-in modules for the SQA series enables quality
analyses of 8 signal channels at speeds up to 32.1 Gbit/s for
a variety of applications.

As the optimum measurement solution for multichannel,
ultra-high-speed signal, and jitter evaluation, the 32G
PPG/ED both cuts evaluation times and increases evaluation
quality for today's ever-more complex high-speed devices and

modules.

References

1) Y. Arayashiki, Y. Ohkubo, T. Matsumoto, Y. Amano, A. Takagi,
Y. Matsuoka: “A 120-Gbit/s 1.27-W 520-mVpp 2:1 Multiplexer
IC Using Self-Aligned InP/InGaAs/InP DHBTs with Emitter
Mesa Passivation” IEICE TRANS. ELECTRON., Vol. E93, No.
8, 2010.

Development of 32 Gbit/s Pulse Pattern Generator / Error Detector

Authors

7.(7)

Takeshi Wada

Measurement Business Group
R&D Group

Product Development Team
First Development Dept.
Wataru Aoba

Measurement Business Group
R&D Group

Product Development Team
First Development Dept.
Taketo Saito

Measurement Business Group
R&D Group

Product Development Team
First Development Dept.
Kosuke Sasaki
Measurement Business Group
R&D Group

Product Development Team
First Development Dept.

Publicly available





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




