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1. Breakdown voltages for various high-k gate dielectrics as a function
of EOT. Single-wafer cleans processes can easily generate voltages
well above these levels.

s new materials and processes are introduced into 45 nm
devices, process-induced charge effects present a serious
and growing yield-critical issue that requires a renewed
focus on minimizing and controlling charge during
wafer processing. Unlike the stable materials used in
past generations, less robust low-k dielectrics, high-k/metal gate
films, advanced copper metallization schemes, plasma-enhanced

film deposition, and thinner metal barrier layers are all subject to
yield-limiting charge issues.

The defect category known as non-visual defects (NVDs) in-
cludes process-induced charging as well
as organic and metallic residues. NVDs
can impact device performance in three
ways: physically causing electrostatic
discharge events and galvanic metal cor-

rosion, electrically resulting in shifts in
critical device performance character-
istics, and in-field reliability leading to
changes in critical parameters such as
time-dependent dielectric breakdown.
Charging can occur during both wet
cleans and plasma-based processes such
as etching, ashing and dielectric film de-
position. Of particular interest is the in-
troduction of single-wafer cleans, which
has been shown to induce significant
charge levels that can directly result in
yield loss.

3. A 37 V charge gradient corresponding to
yield loss regions (a) due to electrostatically
induced “explosions” that damaged metal
runners (inset) and a reduction in the gradi-

ent to ~2 V following the introduction of CO,
to the single-wafer rinse DI water (b).
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2. The number of electrons stored per bit of flash memory is
plunging, making these devices more susceptible to damage from
process-induced charge.

This article describes the sources and yield impact of process-
induced charge defects, how they relate to the integration of new
materials and processes, and the need to incorporate charge detec-
tion as part of a comprehensive yield management strategy.

Generating NVDs

The levels of charging that had little to no effect at previous design
rules can now damage structures through electrostatic discharge
events and shift critical device performance characteristics through
charge trapping. The impact is heightened as gate structures migrate
to lower operating voltages and tighter
process windows for parametric control.

New integration schemes compris-
ing complex device structures, new
processing techniques and materials
are less tolerant to contamination and
therefore require cleaning techniques
that could increase the incidence of
process-induced charging and NVDs.
For example, as aspect ratios for deep
trenches and the complexity of vertical
gate structures continue to increase, the
industry is migrating to single-wafer
cleans tools, which use a combination of
physical and chemical forces to remove
residue from wafers. In particular, high-
velocity sprays that can lead to process-
induced charging are increasingly used
to clean these structures.

Cleaning requirements are heightened
for many new materials as well. It is in-
creasingly understood that the electrical
properties of high-k and low-k dielectrics
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can be severely compromised by high temperatures, leading to an in-
creased reliance on lower-temperature processes such as anneal steps.
However, this in turn increases the risk of organic residue contami-
nation, as organics that may have volatilized at higher temperatures
are now left on the wafer surface at lower temperatures, and must be
removed. And more backside and edge cleans are being introduced
into production as new materials pose new concerns about cross-
contamination' from shared equipment and carriers.

Another driver for edge cleans is immersion lithography. A crit-
ical side effect of this technique is that any contamination present
on the edges of wafers, whether metallic or organic, can be trans-
ferred to the interior of the wafer during the imaging process.
This, combined with the variety of new materials being
introduced into the line,
is leading to an increased
focus on defect-free wa-
fer edges, and again, the
need for edge cleans.

Impact of new
materials

The increased reliance
on single-wafer cleans
and the introduction
of new, more fragile
materials are enough to
make process-induce
charging control a
particular point
of interest.
The num-

Process-induced charge

defects are becoming a yield issue

for next-generation devices, prompting
the need for enhanced control

during wafer processing.

bers speak for themselves. For example, while silicon dioxide
(8iO,) has a published breakdown voltage (V) of 10 MV/cm, fig-
ures for hafnium dioxide (HfO,) are a factor of 6 smaller, at only
1.8 MV/cm. The implication is that charge-induced yield loss for
high-k devices can occur at significantly lower voltages than for
conventional devices at a given physical dielectric thickness.
The problem is made even more challenging by the wide
variability in actual breakdown voltages,
depending on the processes used. The
inclusion of carbon into an SiO,
structure, for instance, can reduce its
V, by as much as 5x. When V for
various high-k dielectrics expected
for advanced gate stacks is plotted

against equivalent oxide thickness
(EOT) (Fig. 1), it becomes clear
that since single-wafer cleaning
tools induce voltages significantly
above these levels, there is
risk of damage to devices.



Measured potential (V)

Measured potential (V)

Impact of Cleaning Parameters on Wafer Charging
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rinse time and DI resistivity have sig-
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Thus, the choices made in materials integration can have a dra-
matic effect on a device’s critical level of charging.

Another way of looking at the problem is to compare process-
induced charge with the charge necessary to store a bit in floating
memory-based flash devices (Fig. 2).? This value will plunge over
time: for NAND, from 700 electrons per bit at the 65 nm node to
90 electrons per bit for 32 nm. Adjusting for cell XY scaling, this
means a decrease of ~40% in area charge density over time, making
both the storage structures and the associated sense circuitry that
much more susceptible to damage. However, this can be remedied
if process-induced charge is reduced or design margins are increased
(with an associated impact on performance).

Outright failures that occur during processing are just one pos-
sibility. Even sub-breakdown levels of trapped charge may be det-
rimental to device performance. The presence of fixed charge in
HfO, gate dielectrics, for example, may impact work function ex-
traction, mobility and reliability, and these effects can be expected
to be significant. Furthermore, incomplete removal of indium
antimony oxide (InSbO,) has been shown to result in charge traps
that degrade the performance of InSb-based devices.’

Charge defects in single-wafer cleans
Rinsing with 18 M) deionized (DI) water has long been associated
with a negative surface potential on wafers. However, the charge
profiles are far from uniform. In fact, there are often regions on the
same wafer that are oppositely charged. Based on internal studies,
there is generally a negative charge buildup at the center of wafers,
as expected, but also a strong positive charge ring around the out-
side of wafers that also causes yield loss. Others have reported iden-
tifying a yield loss mechanism caused by charge buildup during DI
water rinsing, which produced opens and shorts in metal runners.®
Investigating how much voltage can be induced by a single-
wafer clean, a ChemetriQ® charge mapping was performed on a
1000 A thermal oxide, showing a 37 V range of potential built up
across the wafer from edge to center (Fig. 3a). The blue region at
the center of the wafer represents areas of negative charging, and
red areas on the outside of the wafer represent positive charging. As
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between the magnitude of the induced
potential to rinse time, spin speed and DI resistivity. However, the
magnitude is not affected by the use of ion bars, a popular option on
clean tools, during processing. The spin speed and rinse times were
varied around the nominal process conditions, using 18 M) DI wa-
ter (Fig. 4). As shown, the detected surface voltage range increases
significantly with spin speed — as high as 350V, easily high enough
to cause serious yield and/or reliability problems on device wafers.
Even with the lowest spin speed, there was sufficient surface poten-
tial to cause yield loss. Rinse time is also shown to correlate with
charging levels in an approximately linear fashion. The use of ion
bars appears to have little effect on controlling charging, implying
that the charging is persistent once introduced to the wafer surface.

Although it is a relatively simple matter to reduce the magnitude
of charging by the introduction of CO, to the DI, this does not come
without cost and it adds a further complication to the rinse optimi-
zation. The addition of CO, lowers the pH of the water from neutral
to as low as 5.0, which is associated with carbonic acid formation.
The introduction of 20 k() DICO, to DI has been reported to in-
crease the incidence of corrosion on copper lines, forcing two differ-
ent CO, concentrations to be used at two different processing steps,”
while another report discussed how there is still sufficient charging to
induce “explosions” in films even when DICO, is used.?

However, it is still important that charge be controlled before
it is introduced onto the wafer surface, because the induced charge
may be very persistent — even in the presence of ionizers, as our
experiments have confirmed. In one experiment, for example,
the charge profile of a CVD oxide wafer was measured over time.
Beginning in a charged state of -5V, the charge level remained
stable, falling only when the wafer was directly exposed to an ion-
izer. However, even then, the decrease was at a rate of -2 V per
hour of ionizer exposure. This suggests that the few seconds a wafer
is exposed to an ionizer bar in a typical process tool is not an effec-
tive means of managing the charging problem — charge control
is necessary before the charge is introduced to the wafers as it may
readily persist onto the next processing step.

The mechanical configuration of the rinse equipment can also
have a significant impact on charging. Figure 5 shows a compari-
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Influence of Nozzles on Induced Charge
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maps to radial profiles to more easily make
comparisons among the groups of wafers.
These profiles show that the old nozzle pro-
duced potentials in the 25-30 V range, and
the new nozzle reduced the range of potentials
by more than a factor of 2 to 12 V. However,
the new nozzle also produced more charging
at the wafer edge, in the 5-8 V range vs. 2-4 V 05
with the old nozzles.
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Alternate wafer cleaning technologies that -30

use low-conductivity liquids, solids or gases .35

(e.g., supercritical fluids, solid CO,, argon
“snow,” etc.) may also generate significant
charge buildup on wafers, leading to yield
loss and/or insufficient device reliability.
Before these alternate wafer-cleaning technol-
ogies can be used in high-volume IC manufacturing, their ability
to induce charging on wafers must be studied. In addition to the
control of final rinse conductivity, wafer charge buildup can be af-
fected by the pH of the post-etch stripper,’ and airborne molecular
contaminants (AMCs) in the environment.

Process-induced charge

Plasma processing (etching, ashing and plasma-enhanced dielectric
film deposition) typically produces a positive surface potential on wa-
fers, with different gradient profiles than those typically seen on wet
wafers. lon implant tools contain systems to neutralize surface charge,
but when they are not optimized, or malfunction, implanting can
produce either a positive or negative wafer surface potential.

For example, one fab was seeing degradation of electrical device
characteristics in the upper right quadrant of wafers processed on a
particular etcher, with no apparent cause that could be identified us-
ing optical defect inspectors. The ChemetriQ maps clearly showed
that the “poor” tool-induced charge gradients of ~4 V that the “good”
tool did not, which correlated to the variation of the critical electrical
characteristic. Interestingly, the “good” tool did show consistent posi-
tive charging in the 2-3 V range, but without a gradient.

Other examples of etch-related charge issues have been pub-
lished. An electrogalvanic corrosion process for tungsten plugs
driven by positive charge buildup on patterned wafers during metal
etching was identified.” Another group reported etch process-
induced electrogalvanic corrosion of titanium barrier layers near
unlanded vias.'® Further, it has been demonstrated that charging
of wafers during O, ashing can lead to a “punch-through” type of
defect where opens occur due to missing copper.”

In yield management and new materials integration, it is critical
that a high percentage of “good” devices is maintained while mini-
mizing processing times. In order to quickly ramp and maintain
yield, yield management must incorporate inspection solutions
that can detect process-induced charge issues to:
® Optimize yield learning during development and ramp.
® Monitor the production line for charge-related excursions.

These needs call for fast, full-wafer inspection that can easily be
tied into existing yield management systems, as is done today for
physical defectivity such as particles. Such an inspection solution
must be able to:
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5. A new rinse nozzle configuration reduced peak charging at the center of the wafer by approxi-
mately half, but doubled the charging around the wafer edge.

Inspect full wafers at production-worthy speeds.

Inspect patterned and blanket wafers.

Output trendable metrics for SPC purposes.

Interface to the fab using standard interfaces and file formats.
As seen in earlier examples, full-wafer inspection is required to

understand and properly capture process-induced charge defects, as
the nature of the charging is non-uniform across the wafer surface.
Random point measurements are not sufficient to capture the full
range and spatial distribution of charging as seen on these wafers.

Conclusions

While yield management — development, ramp and full produc-
tion — has traditionally focused on optical inspection to drive yield,
NVDs cannot be detected by traditional optical inspection because
they do not scatter light and thus are not detectable optically. Other
means by which such charge can be detected either measure only
point defects (such as Kelvin probes) or are destructive in nature, and
thus are not sufficient to address this growing problem.

A new technology has been developed and is currently avail-
able, called Qcept™ Surface Potential Difference Imaging (SPDI),
which allows the capture of NVDs. As shown in Figure 6, SPDI
uses a metallic probe, placed close to a moving wafer surface, to
detect changes in surface potential, which are directly affected by
NVDs. In this system, as the wafer is rotated, areas of non-unifor-
mity are passed under the probe. The probe detects the voltage po-
tential changes associated with these non-uniformities, which are
captured by the system and assembled into an image. In this way,
the entire surface of the wafer is measured, ensuring that all regions
of charging are accurately captured, including the bevel region.

After the image has been captured, it can be processed to extract
the relevant SPC metrics for the process — in this case, the charge
range of the wafer. These metrics can be uploaded to the fab host
or sent to yield management software systems via standard file for-
mats to allow for real-time control of the process. In this way, ex-
cursions caused by such issues as improper DI conductivity in wet
clean tools, chuck/de-chuck issues in plasma tools, or plasma flood
charge malfunction in implant tools can be detected and corrected
before they have a chance to impact yield.

The challenges of integrating new materials and processes de-
mands a more comprehensive yield management strategy driven in
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part by a growing sensitivity to yield-limiting,
process-induced charge issues. The availability
of new technologies such as SPDI may answer
the need for enhanced detection and control of

Motion
—_—

/ Region
00000000000

Surface Potential Difference Imaging
Probe

Charged 6. An SPDI system detects the

surface potential non-uniformities

NVDs. sI assoc_iated with process-_induced
charging defects, producing SPC-
based metrics that can be used for

' ' inline excursion detection.

References + [ i

1. A, Shimazaki, “Metallic Contamination Control in Lead- ChemetriQ i SPC-trendable

ing-Edge ULSI Manufacturing,” 9th International Ultra Signal 0 ] Metrics

Clean Processing of Semiconductor Surfaces (UCPSS), (dv/dt) - i ‘ ‘ ‘ Charge map

Septermnber 2008. f U Range=37V

Stacked Capastors for 45 nm Ermbecded DRAM Ap | \ uct

acke apacitors tor nm £mobe S - !

plications, Fp:roc. 36th European Solid-State Device E’e- Surface + I = =>- »m

search Conf, September 2006, p. 343. Potential d

3. D. EImhurst, “Non-Volatile Memories, Competing Tech- v -

nologies;” Oct. 6, 2008.

4. V.S. Kaushik et al., “Estimation of Fixed Charge Densi-

ties in Hafnium-Silicate Gate Dielectrics, /EEE Transac-

tions on Electron Devices, Volume 53, Issue 10, October 2006, p. 2627.

5. W. Rachmady, et al., “Surface Preparation and Passivation of IlI-V Substrates
for Ultra-High Speed, Low Power Logic Applications, 9th International UCPSS,
September 2008.

6. J. Halladay et al., “Elimination of ESD Defects Using DICOQJ’ Sematech Sur-
face Preparation and Cleaning Conf., March 31-April 2, 2008.

7. P. Matz, T. Hurd, K. Cunningham and L. Archer, “Elimination of Electrostatic
Charge-Induced ‘Punch-Through’ Defects Using Single-Wafer Cleaning Pro-
cesses! Proc. ECS, 2007.

8. S. Raghavan et al, “Key Cleaning Challenges in High-Density Flash Manufac-
turing,” Semiconductor International webcast, April 20, 2007.

9. S. Bothra, H. Sur and V. Liang, "A New Failure Mechanism by Corrosion of
Tungsten in a Tungsten Plug Process,” Froc. IEEE 36th Annual International
Reliability Physics Symposium, 1998, p. 150.

10. S.Y.M. Chooi et al., “A Study of the Effect of Post Metal Etching Polymer
Strip Process on Via Resistance, Proc. SPIE, Vol. 3508, 1998, p. 181.

Ralph Spicer, vice president of marketing for Qcept Technologies, holds
a B.S. in electrical engineering from MIT and an MBA from Stanford
University Graduate School of Business.

Jeff Hawthorne, vice president of advanced development for Qcept
Technologies, received a B.S. in electrical engineering from Auburn
University and an M.S. in electrical engineering from the Georgia Institute of
Technology.

Darryl Peters, a process technology director at Qcept Technologies, holds
a B.S. in chemistry from San Diego State University and a Ph.D. in chemistry
from Ohio State University.

Robert Newcomb, vice president of business development and applica-
tions for Qcept Technologies, received a B.S. in microelectronic engineering
from the Rochester Institute of Technology and an MBA from Worcester
Polytechnic Institute.

Reprinted from Semiconductor International, March 2009. Copyright © Reed Business Information, RBI™ a division of Reed Elsevier, Inc. All rights reserved.
Page layout as originally published in Semiconductor International has been modified.
#1-25960920 Reprinted by The YGS Group, 717.399.1900. For more information visit www.theY GSgroup.com/reprints.

Technologies

Qchpt

75 Fifth Street, NW
Suite 740
Atlanta, GA 30308
Ph: 404-685-9434
Fax: 404-685-8912
www.qgceptech.com
email: info@qceptech.com


www.theygsgroup.com/reprints


<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


	Button4: 


