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Abstract—In this work a dynamic strobe masking system
(DSMS) for DDR memory interfaces is presented which works
with existing DFI signals to provide dynamic masking and
produces a clean strobe suitable for data capture, making it the
first dynamic DFI-compatible strobe qualification system. This
DSMS scheme produces a masking signal to qualify the
expected pulse stream on the DQS line, thus masking out other
spurious activity. Post layout simulation results in TSMC
90nm process validate the proposed masking system in the 200-
533MHz range, meeting the mask shut-off specification in best,
typical, and worst case corners.
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In a real-world Double Data Rate (DDR) memory
interface, voltage glitches are frequently observed on the
DQS strobe during a memory read operation. These spikes,
caused by signal reflections on the bi-directional strobe,
appear on highZ-to-0 and 0-to-highZ transitions, during the
preamble and postamble phases of the strobe [1]. If
unfiltered, these can be misinterpreted by the physical
interface (PHY) as actual strobe edges and lead to
unexpected system behaviour or latching of erroneous data.
Thus, an efficient way of eliminating these spurious edges is
essential for correct operation of any PHY.

One common DQS strobe qualification methodology has
been presented by L. Amarilio et al in [2]. In this
implementation, a calibration data pattern is written to the
memory and then read back while shifting a masking pulse,
until the read data match the written ones. The shifting
continues until the read data no longer match the written. As
a final step, the masking signal is placed somewhere within
the measured valid window.

Depending on the granularity of their delay lines, such
shift-and-read techniques may require a significant number
of read operations and can therefore become quite time
consuming. Moreover, setting the masking signal to a fixed
position in time [3, 4] does not account for variations on the
DQS line, thus a re-calibration procedure may be required to
re-align the masking signal at the optimum position. In
order to prevent the re-calibration procedure from
corrupting possible existing data in the memory, additional
functionality is required to temporarily save the contents of
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the memory location that the calibration engine writes its
data pattern to, and then restore it after the recalibration
procedure is complete. The extra logic required to support
this functionality increases design complexity, area and
power consumption. Thus, a dynamic method for strobe
qualification appears quite advantageous.

Additional design complexity in Memory Controller-
PHY integration is added by the fact that different strobe
masking implementations demand special input signals from
the Memory Controller, with timing requirements that serve
their specific architecture [5, 6]. This hinders the porting of
the PHY to different Memory Controllers and adds the extra
cost of altering the design of the Memory Controller in
order to provide the specific signals required by the strobe
masking engine. With the emergence and establishment of
the Denali’s DFI protocol for Memory Controller-PHY
interfaces [7], the advantage of a strobe masking system that
utilizes only DFI signals becomes apparent.

The proposed strobe qualification system works with
existing DFI signals to provide dynamic masking of the
incoming read-DQS strobe without the need for any
calibration sequence. By monitoring the length of the
dfi_rddata_en pulse of the DFI bus, the dynamic strobe
masking system (DSMS) is able to determine the expected
number of pulses on the DQS strobe. The mask becomes
high at a programmable point around the middle of the
preamble region and de-asserts right after the last negative
edge of the DQS strobe is counted. This method provides
accurate dynamic masking and eliminates any unwanted
glitches or spurious pulses. The only requirement is for the
user to provide the system with a fixed, one-time
programmable binary value. This application-specific value
correlates to the signal time-of-flight from the SDRAM to
the PHY and determines the point within the preamble that
the mask will become high. The mask will shut-off
automatically after reception of the last expected DQS
falling edge. A variety of values will work for a wide range
of trip delays, as long as the selected value causes the mask
to assert well inside the preamble region which is typically
one clock cycle wide.

For demonstration purposes, we have used a JEDEC
compliant [8] DDR2 memory interface. However, the
DSMS scheme could be readily applicable to other DDR
interfaces. The rest of the paper is organized as follows.

ICECS 2010



Figure 1. DSMS architecture

Section II, describes the proposed architecture of the DSMS
block, followed by implementation and post-layout
simulation results in Sections III and IV respectively. The
paper’s conclusions are given in Section V.

II.

The DSMS scheme contains two synchronous counters
and becomes activated during a memory-read transaction,
when the dfi_rddata_en signal is asserted on the DFI bus by
the Memory Controller. According to the Denali® DFI
protocol, the dfi rddata en signal must be asserted for the
number of Single Data Rate (SDR) words that the DFI is
expecting. While this signal is asserted, the first counter
(Counter-A) counts up. Each SDR unit of data corresponds
to two units of DDR data, which are accompanied by a
pulse on the DQS strobe. Therefore the count of Counter-A
is equal to the number of DQS negative edges (or,
equivalently, pulses) expected from the SDRAM. When the
DQS pulses arrive at the PHY, a second counter (Counter-
B) inside the DSMS counts the strobe negative edges and
causes the de-assertion of the mask when the number of
negative edges equals the number of expected edges, as
provided by the Counter-A. The internal architecture of the
DSMS, presented in Figure 1, consists of the following: (a)
A masking gate that performs an AND operation between
the incoming DQS strobe (read DQS) and the masking
signal. (b) A 3-bit positive edge-triggered up-counter
(Counter-A) that counts the number of clock cycles that
dfi_rddata_en remained high. (c) A 3-bit negative edge-
triggered up-counter (Counter-B) that counts the number of
negative edges received on the DQS strobe. (d) An
Inequality Monitor that continuously checks whether or not
the received number of strobe negative edges matches the
expected. If not equal, the output becomes high, otherwise
remains low. (e) Positive edge-triggered D Flip-Flop that
registers the incoming dfi rddata_en signal. (f) A 64-tap
Programmable Delay Line (PDL) used for applying a fixed
delay to the registered dfi rddata en signal. This delay
controls the point within the preamble that the mask will
assert and is provided by the system user, as explained
above. (g) A multiplexer that outputs the masking signal. (h)
Counter Reset Logic (2-input OR gate driving a 2-input
AND gate) for resetting both counters when the masking
procedure is complete.

DSMS ARCHITECTURE
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Figure 2. Example of DSMS operation with Micron DDR2 memory model
at 533MHz.

Upon reset, both of the counters are equal to 000, the Q
output of the D-FF is low, and the masking signal (i.e.
Inequality Monitor output propagated through the
multiplexer) is also driven low. When the registered
dfi rddata_en signal (dfi rddata_en reg) asserts, the
counters’ reset signal is released and the multiplexer selects
the PDL output as the masking signal. While
dfi_rddata_en_reg is high, Counter-A is enabled and starts
to increment with every rising edge of dfi_clk, counting the
number of expected negative edges. During the high-time of
dfi_rddata_en_reg, the first DQS edges begin to arrive and
Counter-B starts to count the strobe falling edges. To ensure
the necessary condition that the first strobe edges arrive
while dfi_rddata_en_reg is high, the t,4444 e DFI parameter
which corresponds to the delay between the issuance of a
READ command on the DFI interface and the assertion of
dfi rddata_en, is set equal to the SDRAM’s read latency
(RL). Other values for this parameter can be employed by
appropriately delaying the dfi rddata en signal inside the
DSMS so that the aforementioned condition is met.

Since both counters operate simultaneously but
asynchronously with respect to each other, they are expected
to become equal at times. However, this does not cause the
mask to de-assert early, since dfi rddata _en reg is high
during these times and the multiplexer selects the PDL
output as the masking signal. When dfi rddata_en reg de-
asserts, the positive edge counter holds the total number of
expected negative strobe edges. The multiplexer now
outputs the Inequality Monitor result. When the strobe
negative edge count becomes equal to the expected, the
Inequality Monitor generates a ‘0’ at its output which causes
the masking signal to de-assert. This completes the masking
operation and resets both counters. The immediate resetting
of the system allows it to operate flawlessly with
consecutive READ operations.

Figure 2 illustrates a Verilog simulation of the DSMS
scheme with a Micron DDR2 memory model at 533MHz,
showing an example of operation. In the DFI interface,
dfi rddata en is asserted for four dfi clk clock cycles,
indicating that four negative DQS strobe edges are expected.
In the JEDEC interface, the memory begins driving the
DQS line (dgs/0]), and the signal arrives at the PHY



delayed by the time-of-flight through the PCB (read dgs).
A glitch can be seen at the end of the postamble region,
when the SDRAM drives the DQS strobe from low level to
high-Z.

Inside the DSMS, dfi rddata en is registered
(dfi_rddata_en reg) and releases the counters’ reset
(internal_reset_n). The dfi rddata_en _reg signal is also
passed to the PDL (pd!_in) which is programmed to produce
a delay of 8 delay units (cnf dsms_taps). The rising edge at
the output of the PDL (pd! ouf) causes the masking signal
(mask) to go high around the middle of the preamble region.
During the high time of dfi rddata en reg, Counter-A
increments with every dfi_clk positive edge and measures
the expected number of strobe negative edges
(expected[2:0]). When the first falling edge of the strobe
arrives, Counter-B increments (actualf2:0]). Every time the
two counts become equal, the not _equal flag de-asserts.
When dfi rddata en reg de-asserts and the last strobe
falling edge is received, the actual count equals the expected
count and the not equal flag is selected as the masking
signal, causing mask to drop and reset the counters. The
resulting masked strobe (masked dqs) is now clean and can
be used for data capture.

III.

The two DSMS counters were developed as individual
blocks, since they operate at different clock domains. The
block of Counter-A includes the D flip-flop that registers the
dfi rddata_en signal, since they belong to the dfi clk
domain and should share the same clock tree. The block of
Counter-B includes the logic for the Inequality Monitor. The
expected input driven by Counter-A is continuously
compared to the internal count of Counter-B and the
not_equal flag is asserted if the two numbers are unequal or
de-asserts if they are equal. The masking AND gate was
replaced by a balanced NAND gate followed by another
balanced NAND gate in inverter configuration. The choice
of balanced gates ensures that minimum duty cycle
distortion is induced on the DQS strobe.

As explained earlier, the de-assertion of the
dfi_rddata_en_reg signal forces the multiplexer to output
the Inequality Monitor result. However, the relative delays
of the DSMS components may cause the result of the
Inequality Monitor to switch at that same moment. This race
condition can lead to a glitch on the output of the
multiplexer (the masking signal). This situation is illustrated

IMPLEMENTATION

in Figure 3.
To resolve this issue, a small delay (in the form of two
buffers connected in series) is induced on the

dfi_rddata_en_reg line before it reaches the multiplexer, so
that enough time is provided to the Inequality Monitor to
stabilize its output. Thus, the final schematic of the DSMS
is illustrated in Figure 4. The top-level DSMS layout in
TSMC 90nm technology was built by assembly of the
individual components and is illustrated in Figure 5.
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Figure 3. Example of possible glitch on the masking signal after de-
assertion of dfi_rddata_en_reg.
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Figure 4. Top-level schematic of DSMS.

Figure 5. The layout of the implemented DSMS

The dimensions of the DSMS cell are H=46pm, W=119um.
As expected, the majority of the space is taken up by the
PDL. All empty space was filled with decoupling capacitors
to reduce rail collapse during switching, assisting signal
integrity on the critical DQS strobe.

IV. POSTLAYOUT SIMULATION RESULTS

Post-layout simulations of the DSMS scheme were
performed including extracted parasitics. The testbench
generates a DQS-like strobe with glitches in the beginning
and end of the pulse stream. The preamble of the generated
strobe is not as wide as the JEDEC specification requires
(one clock period) but nevertheless the mask can be
programmed to go high at the correct point, by proper
setting of the PDL taps. The dfi_rddata_en signal is asserted
for ten clock periods, designating that an equal number of
negative edges are expected on the DQS strobe.

In real-word DDR2 memory modules, the postamble
phase is typically half a clock period wide. This means that
0.5xTck after the last negative strobe edge, the SDRAM
begins its transition to the high-Z state and a possible glitch
is generated.
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Figure 6. Worst Case transients (VDD=0.9V, models=ss, temp=125°C)

TABLE I. SUMMARY OF RESULTS AT 533 MHZ

Post-layout results f=533MHz
Specification Required Simulated
502.4ps (TC)
Mask shut-off delay <938ps 348.5ps (BC)
820.0ps(WC)

Therefore, the DSMS is required to force the mask signal
low before the 0.5%T¢x point. Thus, the worst case scenario
occurs when the clock period is minimum, Tk i, = 1876ps
at 533MHz. Thus, the DSMS must close the mask in less
than 0.5x1876ps=938ps after the last negative edge on the
DQS strobe. The following paragraphs present the results of
DSMS simulation at the lowest and highest operational
frequency.

A.  Post-layout simulation at 533MHz

For this scenario, the parasitics-extracted layout was
simulated at 533MHz. In best case (BC), typical case (TC),
and best case (BC) corners, the mask shut-off point meets
the <938ps specification and produces a clean DQS strobe
with ten pulses and no glitches (masked dgs). The
measurements are summarized in Table 1. Figure 6 presents
the transient waveforms at worst case (WC) corner.

B.  Post-layout simulation at 200MHz

For this scenario, the parasitics-extracted layout was
simulated at 200MHz. Since the clock period is quite large
at this frequency, the DSMS was expected to meet the
<0.5xTck specification quite easily. Indeed, the mask shut-
off point meets the <2500ps specification in all corners and
produces a glitch-free DQS strobe with ten pulses. The
measurements are summarized in Table II. Figure 7 presents
the transient waveforms at worst case (WC) corner.

V. CONCLUSIONS

In this work we presented the architecture, design and
operation of a Dynamic Strobe Masking System for high
speed DDR interfaces. The method of operation of this
strobe masking system differs from the traditional
techniques in the sense that it functions dynamically,
adjusting the length of the masking signal in real-time based
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Figure 7. Worst Case transients (VDD=0.9V, models=ss, temp=125°C)

TABLE II. SUMMARY OF RESULTS AT 200 MHZ

Post-layout results f=200MHz
Specification Required Simulated
502.4ps (TC)
Mask shut-off delay <2500ps 347.8ps (BC)
822.3ps(WC)

on the incoming strobe. The proposed system requires only
existing DFI signals for its operation, making it readily
portable to any DFI-compatible Memory Controller.

The DSMS measures the number of negative edges
expected on the strobe and then counts the received number
of negative DQS edges. When the received edges match the
expected, the masking signal drops generating a glitch-free
strobe that can then be used by the PHY for safe data
capture. The crucial requirement that the DSMS must satisfy
is to shut off the mask in less than 0.5x T, after reception
of the last expected DQS negative edge. The parasitics-
extracted layout of the system in TSMC 90nm process was
simulated and proved functional in the 200-533MHz range,
meeting the mask shut-off specification in BC, TC, and WC
simulation corners.

REFERENCES

[1] Brent Keeth, R. Jacob Baker, Briant Johnson and Freng Lin, DRAM
Circuit Design, Wiley Interscience, 2008

[2] Lior Amarilio, David Schkolnik, and Ophir Nadir “Method and
Apparatus for DQS Postamble Detection and Drift Compensation in a
Double Data Rate (DDR) Physical Interface”, United States Patent
No. 7,675,811 B2, March 9, 2010.

[3] Jade M. Kizer, Sivakumar Doraiswamy, and Benedict Lau “Strobe
Masking In a Signaling System Having Multiple Clock Domains”,
United States Patent No. 7,543,172 B2, June 2, 2009.

[4] Peter Korger and Robert W. Moss “Method and Apparatus for
Calibrating DQS Qualification in a Memory Controller”, United
States Patent No. 6,600,681 July 29, 2003.

[5] James Magro “Method and Apparatus for Preventing Data Corruption
during a Memory Access Command Postamble”, United States Patent
No. 6,918,016 July 12, 2005.

[6] Haggai Telem, et al. “Qualified Data Strobe Signal for Double Data
Rate Memory Controller Module”, United States Patent 7,345,933
March 18, 2008.

[7] DDR PHY Interface (DFI) Specification, Denali Software Inc.,
version 2.0, 2008.

[8] JEDEC Standard JESD208, Specialty DDR2-1066 SDRAM, JEDEC
Solid State Technology Association, 2007.

285



	MAIN
	Front Matter
	Welcome Messages
	Committees
	Technical Program
	Special Sessions
	Tutorials
	Plenary Talks
	Conference at a Glance
	Author Index
	Session Chair Index
	Reviewers
	USB stick Help
	Search
	Zoom In
	Zoom Out
	View Full Page



<<
  /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


