
R

Virtex-5 OC-48 Protocol 
Standard

Characterization Test Report

RPT063 (v1.0.1) December 13, 2006

www.BDTIC.com/XILINX



Virtex-5 OC-48 Protocol Standard www.xilinx.com RPT063 (v1.0.1) December 13, 2006

Xilinx is disclosing this Document and Intellectual Property (hereinafter “the Design”) to you for use in the development of designs to operate 
on, or interface with Xilinx FPGAs. Except as stated herein, none of the Design may be copied, reproduced, distributed, republished, 
downloaded, displayed, posted, or transmitted in any form or by any means including, but not limited to, electronic, mechanical, 
photocopying, recording, or otherwise, without the prior written consent of Xilinx. Any unauthorized use of the Design may violate copyright 
laws, trademark laws, the laws of privacy and publicity, and communications regulations and statutes.

Xilinx does not assume any liability arising out of the application or use of the Design; nor does Xilinx convey any license under its patents, 
copyrights, or any rights of others. You are responsible for obtaining any rights you may require for your use or implementation of the Design. 
Xilinx reserves the right to make changes, at any time, to the Design as deemed desirable in the sole discretion of Xilinx. Xilinx assumes no 
obligation to correct any errors contained herein or to advise you of any correction if such be made. Xilinx will not assume any liability for the 
accuracy or correctness of any engineering or technical support or assistance provided to you in connection with the Design.

THE DESIGN IS PROVIDED “AS IS” WITH ALL FAULTS, AND THE ENTIRE RISK AS TO ITS FUNCTION AND IMPLEMENTATION IS 
WITH YOU. YOU ACKNOWLEDGE AND AGREE THAT YOU HAVE NOT RELIED ON ANY ORAL OR WRITTEN INFORMATION OR 
ADVICE, WHETHER GIVEN BY XILINX, OR ITS AGENTS OR EMPLOYEES. XILINX MAKES NO OTHER WARRANTIES, WHETHER 
EXPRESS, IMPLIED, OR STATUTORY, REGARDING THE DESIGN, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, FITNESS 
FOR A PARTICULAR PURPOSE, TITLE, AND NONINFRINGEMENT OF THIRD-PARTY RIGHTS.

IN NO EVENT WILL XILINX BE LIABLE FOR ANY CONSEQUENTIAL, INDIRECT, EXEMPLARY, SPECIAL, OR INCIDENTAL DAMAGES, 
INCLUDING ANY LOST DATA AND LOST PROFITS, ARISING FROM OR RELATING TO YOUR USE OF THE DESIGN, EVEN IF YOU 
HAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. THE TOTAL CUMULATIVE LIABILITY OF XILINX IN CONNECTION 
WITH YOUR USE OF THE DESIGN, WHETHER IN CONTRACT OR TORT OR OTHERWISE, WILL IN NO EVENT EXCEED THE 
AMOUNT OF FEES PAID BY YOU TO XILINX HEREUNDER FOR USE OF THE DESIGN. YOU ACKNOWLEDGE THAT THE FEES, IF 
ANY, REFLECT THE ALLOCATION OF RISK SET FORTH IN THIS AGREEMENT AND THAT XILINX WOULD NOT MAKE AVAILABLE 
THE DESIGN TO YOU WITHOUT THESE LIMITATIONS OF LIABILITY.

The Design is not designed or intended for use in the development of on-line control equipment in hazardous environments requiring fail-
safe controls, such as in the operation of nuclear facilities, aircraft navigation or communications systems, air traffic control, life support, or 
weapons systems (“High-Risk Applications”). Xilinx specifically disclaims any express or implied warranties of fitness for such High-Risk 
Applications. You represent that use of the Design in such High-Risk Applications is fully at your risk.

© 2006 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. 
PowerPC is a trademark of IBM, Inc. All other trademarks are the property of their respective owners.

Revision History
The following table shows the revision history for this document.
 

Date Version Revision

12/08/06 1.0 Initial Xilinx Confidential release.

12/13/06 1.0.1 Release to Xilinx website under license agreement.

R

www.BDTIC.com/XILINX

http://www.xilinx.com


Virtex-5 OC-48 Protocol Standard www.xilinx.com 3
RPT063 (v1.0.1) December 13, 2006

R

Virtex-5 OC-48 Protocol Standard

Introduction
Virtex™-5 system connectivity technology delivers the lowest power solutions for building 
high-speed, high-bandwidth connections between devices, boards, and boxes. The 
RocketIO™ GTP transceiver design and proven SelectIO™ parallel I/O technologies enable 
flexible bridging between emerging serial standards and existing parallel standards. The 
features of the Virtex-5 GTP transceivers include:

• Current Mode Logic (CML) drivers/buffers with configurable termination, voltage 
swing, and coupling.

• Programmable transmit pre-emphasis and receive equalization for optimal signal 
integrity.

• Line rates from 500 Mb/s to 3.2 Gb/s with optional 5x over-sampling to bring the 
low-end down to 100 Mb/s.

• Optional built-in PCS features, such as 8B/10B encoding/decoding, comma 
alignment, channel bonding, and clock correction.

• Fixed latency modes for minimized, deterministic datapath latency.

• Out-of-band signaling support (specifically designed to address the requirements of 
PCI Express® and Serial ATA protocols).

• Built-in pseudo-random bitstream (PRBS) generation/checking logic for easier bit-
error rate checking.

• A configuration wizard provided in the CORE Generator™ tool and a bit error rate 
tester (IBERT) integrated into the ChipScope™ Pro tools for easy implementation of 
GTP transceiver interfaces.

This document presents the GTP transceiver electrical performance against the OC-48 
specifications across process, voltage, and temperature conditions. GTP transmitter and 
receiver electrical characteristics were measured using a lab bench test setup.The methods 
used to characterize the transceiver are based on the standards specifications and also 
follow the best-practice methods for some parameters.
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OC-48/STS-48/STM-16 Background
SONET and SDH are a set of related standards for synchronous data transmission over 
fiber optic networks. SONET links are traditionally used in the Telecommunication 
industry. The applicable test specifications are found in GR-253, ITU-T G.783, and ITU-T 
G.957. The specifications are written for optical signals so a reference optical device is used 
in the test setup.

Lab Board Setup
The lab board setup consists of the following equipment:

• The Xilinx ML523 Evaluation board with Oztek socket for the FF1136 package is used 
to test devices. 

• The Xilinx GUI-based XBERT platform is used for DRP loading. 

• The Xilinx ChipScope Pro Analyzer is used to configure the part. 

Test Conditions

The conditions for voltage and temperature used to test the OC-84 jitter generation are 
listed in Table 1 and Table 2.

The devices chosen for characterization cover the process corner material. The number of 
devices varies. A total of 10 devices were tested covering the slow, typical, and fast process 
corners across voltage and temperature.

Table 1: OC-48 Jitter Generation Testing Operating Supply Voltages

Condition MGTAVCC MGTAVCCPLL MGTAVTTRX MGTAVTTTX

VMIN 0.95V 1.14V 1.14V 1.14V

VNOM 1.0V 1.20V 1.20V 1.20V

VMAX 1.05V 1.26V 1.26V 1.26V

Notes: 
1. Other FPGA voltages stay at their nominal values.
2. Some tests performed at VNOM ±10%.

Table 2: OC-48 Jitter Generation Testing Operating Temperatures

Condition Temperature (Case, for Bench Measurements)

TMAX 100°C

TROOM 25°C

TMIN –40°C
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Summary of Test Results
Figure 3 is a summary table of the SONET OC-48 specification requirements and the test 
results across process, voltage, and temperature for the Virtex-5 GTP transceiver.

Receiver Tests
OC-48 jitter tolerance tests measure the GTP RX CDR's ability to tolerate input jitter and 
recover the data stream error free. The input data is jittered using a sinusoidal signal and 
swept across frequency and amplitude until a failure is observed.

Test Setup

Sinusoidal jitter (SJ) tolerance measurements at 2.48832 Gb/s, the OC-48 data rate, are 
performed using the test setup as shown in Figure 1. 

Table 3: Summary of OC-48 Test Results

OC-48 
Specifications

Virtex-5 GTP
Test Results Units Compliant? Comments

Min Max Min Max

TX Specifications

Jitter Generation 0.01 0.010 UI rms Yes(1) 155 MHz reference clock

0.01 0.0074 UI rms Yes 311 MHz reference clock

Jitter Generation
Peak-to-Peak

0.10 0.108 UI Yes(2) 155 MHz reference clock

0.10 0.074 UI Yes 311 MHz reference clock

RX Specifications(3)

RX SJ Jitter Tolerance 0.15 0.412 UI Yes

RX Run Length 
Tolerance

256

Notes: 
1. Conditional compliance — marginal performance. Refer to Table 6, page 12 and Figure 8, page 14.
2. Conditional compliance — marginal performance. Refer to Table 6, page 12 and Figure 7, page 14.
3. All RX tests using a 155.52 MHz reference clock.
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Figure 1: OC-48 Sinusoidal Jitter Tolerance Setup
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Jitter Tolerance Test Specifications

SONET defines a jitter tolerance mask that specifies the magnitude of jitter in unit intervals 
across modulation frequency. For example, at modulation frequencies above 1 MHz, the 
receiver should tolerate at least 0.15 UI of input jitter. 

In Figure 2, the circles indicate a pass and the crosses a failure. The test setup sweeps the 
jitter amplitude until a failure is encountered. Each test point is performed for 2s of error 
free operation. Figure 2 shows a typical sinusoidal jitter tolerance sweep measurement at 
the bench.

Test Results

Sinusoidal Jitter Tolerance at 2.48832 Gb/s 

Table 4 shows the minimum tolerance results for each test case. These results were based 
on a data rate of 2.48832 Gb/s, REFCLK = 155.52 MHz, fVCO = 1.24416 Gb/s, 
RX_EQ = OFF, a 223–1 pattern, and no backplane. The bars in the histogram plot in Figure 3 
show the number of GTP test condition instances at each sinusoidal jitter tolerance value 
across corners.

Figure 2: Typical Sinusoidal Jitter Tolerance Sweep Measurement

rpt063_02_120106
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In Figure 3, Average (UI) = 0.461, and Standard Deviation = 0.047.

Table 4: Sinusoidal Jitter Tolerance Test Conditions and Results

Device
MGTAVCC

(V)
MGTAVCCPLL

(V)
MGTAVTTTX

(V)
MGTAVTTRX

(V)
Temperature

(°C)

Sinusoidal Jitter 
Tolerance

(UI)

Typ-1

0.9 1.08 1.08 1.08 100 0.492

1 1.2 1.2 1.2 25 0.492

1.1 1.32 1.32 1.32 –40 0.492

Typ-2

0.9 1.08 1.08 1.08 100 0.538

1 1.2 1.2 1.2 25 0.538

1.1 1.32 1.32 1.32 –40 0.538

SS-1

0.9 1.08 1.08 1.08 100 0.412

1 1.2 1.2 1.2 25 0.448

1.1 1.32 1.32 1.32 –40 0.448

SS-2

0.9 1.08 1.08 1.08 100 0.448

1 1.2 1.2 1.2 25 0.448

1.1 1.32 1.32 1.32 –40 0.448

FF-1

0.9 1.08 1.08 1.08 100 0.412

1 1.2 1.2 1.2 25 0.492

1.1 1.32 1.32 1.32 –40 0.412

FF-2

0.9 1.08 1.08 1.08 100 0.412

1 1.2 1.2 1.2 25 0.412

1.1 1.32 1.32 1.32 –40 0.412

Figure 3: Sinusoidal Jitter Tolerance at 2.48832 Gb/s
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Receiver Maximum Run Length

Test Description

The Clock and Data Recovery (CDR) unit in a serial transceiver relies on data edges to 
recover the clock used to re-time the input data. High performance receivers are capable of 
tolerating long strings of 1s or 0s while still maintaining phase lock to the input. The 
receiver run length test measures the maximum run length tolerance of a GTP transceiver. 
RX was stressed with increasing Consecutive Identical Digits (CID) run lengths until an 
error was detected. The input data stream used for this test at 2.48832 Gb/s is shown. The 
pattern is then repeated while increasing the string of consecutive identical digits until a 
failure is observed.

The PAD section of the pattern is required for the ParBERT to put the pattern on a memory 
boundary.

Test Results

Figure 4 shows the CID pattern run length. GTP receivers exhibit a run length tolerance of 
256 CIDs with the stress pattern.

PRBS31 
(15 kb)

All 1s 
(Run Length)

PRBS31 
(15 kb)

All 0s 
(Run Length)

PAD

Figure 4: CID Pattern Run Length Testing Results
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Since ParBERT requires a fixed
pattern length, additional vectors
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Transmitter Tests

Jitter Generation Measurements

Test Setup

GTP transmitter output jitter is measured at the OC-48 data rates using the Agilent 
OmniBER 725 (Figure 5). The GTP transceiver output is connected to the OmniBER 
through Finisar 1310 nm optical module (FTRJ 1310-1), and therefore includes the jitter 
contributions from the optical module. The SONET framed data (PRBS2e23) is generated 
and checked by the Agilent OmniBER at its optical interface.

Figure 5: OC-48 Jitter Using Agilent OmniBER 725
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Test Details

As shown in the “Test Setup” section, the Agilent OmniBER 725 transmits PRBS23 SONET 
framed payloads to the GTP transceivers in the Virtex-5 device through the Finisar FTRJ 
1310 optical module at OC-48 data rates. The GTP loops back the received data from its 
fabric interface and transmits back to the OmniBER through the Finisar optical module. 
The OmniBER measures the peak-to-peak and rms jitter on the data received back from the 
GTP transceiver. The OmniBER is set to filter input data with a 12-kHz high-pass filter and 
a 20-MHz low-pass filter. Data is recorded for 10 devices and across process, temperature, 
and voltage combinations. A measurement screen shot from the OmniBER (see Figure 6) 
shows the measurement settings used on the OmniBER.

Figure 6: Measurement Screen Shot from the OmniBER
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OC-48 Jitter Generation Specification

Jitter Generation is defined as the amount of jitter present at the OC-N/STS-N output of a 
SONET network element in the absence of applied jitter. Table 5 shows the requirements 
for jitter generation at different transmission rates. Two jitter parameters are defined as:

• Jitter peak-to-peak is the maximum measured jitter amplitude.

• Jitter rms is the root mean square (rms) value of the jitter signal that provides and 
indication of the jitter power.

These specifications apply to network elements (i.e., to the whole system) and therefore, 
compliance of individual components alone does not guarantee that the system will meet 
the SONET requirements for jitter generation. Interface between components and board 
layout must be carefully considered to minimize jitter generation.

At OC-48, the jitter generation specification requires less than 100 mUIP-P and less than 
10 mUIrms when measured using a 12 kHz high-pass filter and a 20 MHz low-pass filter.

Test Results

Test conditions and test results for the OC-48 peak-to-peak and rms jitter generation tests 
are shown in Table 6 and Table 7 with adjoining histograms. These jitter tests are done over 
process, temperature, and voltage and include the jitter component contributed by the 
optical module. 

OC-48 Peak-to-Peak and RMS Jitter Generation Results (REFCLK – 155.52 MHz)

Table 6 shows the results for the OC-48 peak-to-peak and RMS jitter generation tests at 
155.52 MHz. These tests use a data rate of 2.48832 Gb/s, REFCLK equal to 155.52 MHz, 
and an OC-48 pattern.

Table 5: Sonet Requirements for Jitter Generation

OC-N/STS-N Level f1 (kHz) f2 (MHz) Limit (UIrms) Limit (UIP-P)

1 12 0.4 < 0.01 < 0.10

3 12 1.3 < 0.01 < 0.10

12 12 5 < 0.01 < 0.10

48 12 20 < 0.01 < 0.10

48(B) 12 20 < 0.01 < 0.10

Table 6: OC-48 Peak-to-Peak and RMS Jitter Generation Results (REFCLK = 155.52 MHz)

Device
MGTAVCC

(V)
MGTAVCCPLL

(V)
MGTAVTTTX

(V)
MGTAVTTRX

(V)
Temperature

(°C)

Jitter Generation

Pk-Pk (UI) rms (UI)

Typ-1

0.9 1.08 1.08 1.08 100 0.096 0.008

1 1.2 1.2 1.2 25 0.088 0.008

1.1 1.32 1.32 1.32 –40 0.078 0.007

Typ-2

0.9 1.08 1.08 1.08 100 0.089 0.008

1 1.2 1.2 1.2 25 0.086 0.008

1.1 1.32 1.32 1.32 –40 0.073 0.007
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Typ-3

0.9 1.08 1.08 1.08 100 0.091 0.009

1 1.2 1.2 1.2 25 0.084 0.008

1.1 1.32 1.32 1.32 –40 0.077 0.007

Typ-4

0.9 1.08 1.08 1.08 100 0.097 0.008

1 1.2 1.2 1.2 25 0.084 0.008

1.1 1.32 1.32 1.32 –40 0.075 0.007

Typ-5

0.9 1.08 1.08 1.08 100 0.097 0.009

1 1.2 1.2 1.2 25 0.085 0.008

1.1 1.32 1.32 1.32 –40 0.082 0.008

Typ-6

0.9 1.08 1.08 1.08 100 0.096 0.009

1 1.2 1.2 1.2 25 0.087 0.008

1.1 1.32 1.32 1.32 –40 0.083 0.008

SS-1

0.9 1.08 1.08 1.08 100 0.097 0.009

1 1.2 1.2 1.2 25 0.084 0.008

1.1 1.32 1.32 1.32 –40 0.077 0.007

SS-2

0.9 1.08 1.08 1.08 100 0.092 0.009

1 1.2 1.2 1.2 25 0.084 0.008

1.1 1.32 1.32 1.32 –40 0.077 0.007

FF-1

0.9 1.08 1.08 1.08 100 0.108 0.01

1 1.2 1.2 1.2 25 0.091 0.008

1.1 1.32 1.32 1.32 –40 0.082 0.008

FF-2

0.9 1.08 1.08 1.08 100 0.108 0.01

1 1.2 1.2 1.2 25 0.094 0.009

1.1 1.32 1.32 1.32 –40 0.095 0.008

Table 6: OC-48 Peak-to-Peak and RMS Jitter Generation Results (REFCLK = 155.52 MHz) (Continued)

Device
MGTAVCC

(V)
MGTAVCCPLL

(V)
MGTAVTTTX

(V)
MGTAVTTRX

(V)
Temperature

(°C)

Jitter Generation

Pk-Pk (UI) rms (UI)
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In Figure 7, Average (pk-pk) = 0.08, and Standard Deviation (pk-pk) = 0.00089.

In Figure 8, Average (rms) = 0.0081, and Standard Deviation (rms) = 0.00082.

Figure 7: OC48 Jitter Generation (pk-pk) at 155.52 MHz

Figure 8: OC48 Jitter Generation (rms) at 155.52 MHz
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OC-48 Peak-to-Peak and RMS Jitter Generation Results (REFCLK – 311.04 MHz)

Table 7 shows the results for the OC-48 peak-to-peak and RMS jitter generation tests at 
311.04 MHz. These tests use a data rate of 2.48832 Gb/s, REFCLK equal to 311.04 MHz, and 
an OC-48 pattern.

Table 7: OC-48 Peak-to-Peak and RMS Jitter Generation Results (REFCLK = 311.04 MHz)

Device
MGTAVCC

(V)
MGTAVCCPLL

(V)
MGTAVTTTX

(V)
MGTAVTTRX

(V)
Temperature

(°C)

Jitter Generation

Pk-Pk (UI) rms (UI)

Typ-1

0.9 1.08 1.08 1.08 100 0.07 0.007

1 1.2 1.2 1.2 25 0.066 0.007

1.1 1.32 1.32 1.32 –40 0.062 0.007

Typ-2

0.9 1.08 1.08 1.08 100 0.071 0.008

1 1.2 1.2 1.2 25 0.067 0.007

1.1 1.32 1.32 1.32 –40 0.064 0.007

Typ-3

0.9 1.08 1.08 1.08 100 0.07 0.008

1 1.2 1.2 1.2 25 0.07 0.007

1.1 1.32 1.32 1.32 –40 0.064 0.007

Typ-4

0.9 1.08 1.08 1.08 100 0.071 0.008

1 1.2 1.2 1.2 25 0.065 0.007

1.1 1.32 1.32 1.32 –40 0.065 0.007

Typ-5

0.9 1.08 1.08 1.08 100 0.073 0.008

1 1.2 1.2 1.2 25 0.072 0.008

1.1 1.32 1.32 1.32 –40 0.067 0.007

Typ-6

0.9 1.08 1.08 1.08 100 0.073 0.007

1 1.2 1.2 1.2 25 0.067 0.007

1.1 1.32 1.32 1.32 –40 0.067 0.007

SS-1

0.9 1.08 1.08 1.08 100 0.072 0.008

1 1.2 1.2 1.2 25 0.069 0.007

1.1 1.32 1.32 1.32 –40 0.062 0.007

SS-2

0.9 1.08 1.08 1.08 100 0.07 0.008

1 1.2 1.2 1.2 25 0.067 0.007

1.1 1.32 1.32 1.32 –40 0.061 0.007

FF-1

0.9 1.08 1.08 1.08 100 0.074 0.008

1 1.2 1.2 1.2 25 0.069 0.007

1.1 1.32 1.32 1.32 –40 0.062 0.007
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R

In Figure 9, Average (pk-pk) = 0.068, and Standard Deviation (pk-pk) = 0.0037.

In Figure 10, Average (rms) = 0.0073, and Standard Deviation (rms) = 0.00047.

FF-2

0.9 1.08 1.08 1.08 100 0.07 0.008

1 1.2 1.2 1.2 25 0.067 0.007

1.1 1.32 1.32 1.32 –40 0.063 0.007

Table 7: OC-48 Peak-to-Peak and RMS Jitter Generation Results (REFCLK = 311.04 MHz) (Continued)

Device
MGTAVCC

(V)
MGTAVCCPLL

(V)
MGTAVTTTX

(V)
MGTAVTTRX

(V)
Temperature

(°C)

Jitter Generation

Pk-Pk (UI) rms (UI)

Figure 9: OC-48 Jitter Generation (pk-pk) at 311.04 MHz

Figure 10: OC-48 Jitter Generation (rms) at 311.04 MHz

15

20

25

10

5

0
0.002 0.004 0.006 0.008 0.010 0.012

Jitter Generation (rms)

Frequency

Fr
eq

ue
nc

y

0.014 0.016 0.018 0.020

rpt063_09_121306

16

14

12

10

8

6

4

2

0

0.025 0.035 0.045 0.055 0.065 0.075

Jitter Generation (Pk-Pk)

Frequency

Fr
eq

ue
nc

y

0.085 0.095 0.105 0.115

rpt063_10_121306

www.BDTIC.com/XILINX

http://www.xilinx.com

	Virtex-5 OC-48 Protocol Standard
	Virtex-5 OC-48 Protocol Standard
	Introduction
	OC-48/STS-48/STM-16 Background
	Lab Board Setup
	Summary of Test Results
	Receiver Tests
	Receiver Maximum Run Length

	Transmitter Tests
	Jitter Generation Measurements





<<
  /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




