Digital signals are an idealization
and as data rates climb above a few
Gb/s, they betray their microwave
analog reality.

To understand how to cope with
the physical nature of signals that
we might prefer to think of as bits,
nibbles and bytes, let’s start with an
ideal digital waveform. To get nice
square edges, the perfect waveform
requires an infinite sum of harmonic
frequencies at odd multiples of the
data rate. It's easiest to see in the
Fourier series representation of a
square wave where f_is the data
rate in Gb/s.

Square Wave(t) =V z ,%sin(nnfdt)
odd n

To extend Eq. (1) from a simple square
wave to a digital data signal requires
subharmonics to accommodate all
runs of consecutive identical bits. For
example, a 0011 sequence requires
frequency components at half the
data rate, a run of three identical bits
requires components at 1/3 the data
rate, and so on.

The first challenge is that the trans-
mitter bandwidth limits the actual
high frequency content to a handful
of higher frequencies, usually just
f, 3f,and maybe 51, The resulting
waveform has logic transitions whose
trajectories have finite slopes and
whose edges have some ringing
that could be seen in either time or
frequency domains, see Figure 1 and
Figure 2.
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Figure 2: Frequency spectrum of the signal as shown in Figure 1
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Most people find the time domain

a more intuitive description of the
system than the frequency domain,
though we know they are equivalent
representations. In principle, no infor-
mation is gained or lost in transform-
ing between the time and frequency
domains. In practice, there are limits
to the equality of the waveform and
the spectrum. Windowing of the
time domain and limited bandwidth
in the frequency domain reduce the
precision with which we can revert
from one domain to the other. Let us
explore a specific example.

It's nice to think of a PCB trace

as simply the route that a signal
takes from transmitter to receiver
and, at low data rates, it's not an
unreasonable concept. In the DC
ideal, current flows in the conducting
trace with a constant magnetic field
of cylindrical symmetry around the
trace — according to Ampere’s Law.
However, during logic transitions, the
current changes. Changing currents
induce an electromotive force which
creates eddy currents within the
conductor in a direction counter to
the change — according to Faraday’s
Law. The more abrupt the change, the
faster the rise or fall, therefore, the
stronger the counter eddy current. At
high data rates, around 1 Gb/s, the
signal current and the induced current
begin to cancel, and the net current
is restricted to an ever thinner skin at
the conductor surface; the skin effect.

The skin effect increases the effec-
tive resistance and reduces the
inductance of the circuit. Enhanced
resistance causes loss. Reduced
inductance alters circuit impedance
in a way that depends on PCB layout.
Impedance variations change the
phases of the harmonics and subhar-
monics. Those phases are what give
analog waveforms their sharp-edged
digital character. As the phases vary,
the signal degrades and reveals its
messy analog nature.

Now consider the medium through
which the signal propagates. A PCB
trace is a very complex waveguide.
Plus the FR-4 medium is a fiberglass
weave of dubious symmetry and uni-
formity. At high data rates, it helps to
think of the signal as an electromag-
netic wave propagating through FR-4
with just a tenuous grasp of the trace.
Since the dielectric constant of FR-4
is not constant, rather, it depends

on frequency. Different components
propagate at slightly different speeds.
Over the course of the channel, this
dispersion changes the phases of the
harmonics even more, further degrad-
ing the digital signal.

As it careens through the dielectric,
fractions of the wave can propagate
through the medium and rejoin the
trace farther along. Parts of the wave
reflect at small impedance variations
caused by turns in the trace or
variations in trace width or worse, at
major impedance mismatches such as
vias and connectors. These multiple
reflections and wild transmission
paths interfere with that part of the
signal that remained faithful to the
conducting trace.

The combination of the skin effect,
multipath interference and dispersion
changes the shape of the waveform.
Since the specific changes — attenu-
ation of the peak-to-peak voltage,
reduced rise/fall times and delays
in logic transitions — depend on the
frequency content, and since that
frequency content depends on the
symbol sequence of the signal,

the result is called inter-symbol
interference (ISI).



Channel 1 Impulse Response

— Impulse Response

Figure 3a. Impulse response

To understand ISl in terms of bit
errors, which is the only terms we
actually care about, it's easiest to
consider the impulse response in the
time domain first and then the scat-
tering matrix, or S-parameters, in the
frequency domain.

The impulse response is measured

by transmitting a single narrow pulse
through the circuit. The ideal impulse
would be an infinitely thin, very high
amplitude signal. As it propagates, the
impulse spreads into a function whose
shape at the receiving end incorpo-
rates the complete channel response
as shown in Figure 3a. Imposing the
impulse response on a transmitted
signal produces that signal’s output
waveform. In mathematical terms, we
think of convolution which amounts
to folding the impulse response over
every element of the input signal to
produce the received signal.

— Step Response
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Figure 3b. Step response

The reason processing an impulse
through the channel reproduces the
output waveform is simple. A suf-
ficiently narrow pulse is composed

of an even distribution of frequency
components. Thus, as the impulse
suffers the skin effect, dispersion and
multipath interference, the frequency
response of the channel is encoded in
the waveform that emerges.

The impulse response can also be
derived from the step response as
shown in Figure 3b, because the
derivative of a sharp step is an
impulse. The pulse response, that
is, the response of a single 1 within
a long string of Os, has the same
information, as well. Even a data
signal can be used if the transmitted
waveform has sharp enough edges.

Channel 1 Step Response

)

15.20 ns



The scattering matrix is the frequency
domain equivalent of the impulse
response. It can be obtained from a
vector network analyzer (VNA) by
measuring the channel response to
individual sine waves in frequency
steps from DC to the maximum trans-
mission bandwidth. The response is
measured for all four possible cases:
transmission and reflection from both
the transmitter and receiving ends.
S-parameters are the elements of the
scattering matrix, see Figure 4.

Since sine waves are easy to

produce at precise frequencies and
amplitudes, whereas infinitely narrow
impulses and perfect steps only exist
in our imaginations, the frequency
domain approach on a VNA with
physical layer test software is usually
more accurate at higher frequencies.
Though technology is constantly
improving, right now the time domain
approach is accurate to about 12 GHz,
while the frequency domain approach
maintains fidelity over 70 GHz.

Since signal degradation from ISl

can be predicted from fixed and
measurable characteristics of the
channel, we should be able to correct
it. Receiver equalization and signal
de-emphasis are two approaches.
The most obvious characteristic of
the channel is its low pass nature.

In building a square wave, the high
frequency Fourier components are
responsible for making nice square,
digital-looking edges. De-emphasis
amplifies those high frequencies at
the transmitter by applying extra large
voltage swings to logic transitions
and then reducing, or “de-emphasiz-
ing,” the peak-to-peak voltage of logic
sequences that follow transitions. For
example, in a 0111 sequence, the volt-
age swing of the first 1 is larger than
that of the second or third 1.
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Figure 4. The S-parameters

At the receiver, even with closed
eyes, equalization techniques can
distinguish 1s and 0s with error

ratios better than the standard one

in a trillion. There are three essential
techniques. First, the continuous time
linear equalizer (CTLE) is a band pass
filter that amplifies the frequencies at
the high end of the spectrum — sort of
the back-end equivalent of transmitter
de-emphasis.

The second technique is feed forward
equalization (FFE). FFE uses the
received voltage levels of surrounding
bits to help determine the value of

a given bit. The coefficients applied
to the surrounding voltage levels

are directly related to the impulse
response. The decision feedback
equalizer (DFE), the third technique,
adds a clever nonlinear digital layer to
the FFE.
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Figure 5. A jitter histogram

Equalization opens eyes that have
been closed by predicting signal integ-
rity problems, but what about noise?

As a digital signal is guided by the
trace through the PCB dielectric, it

is endangered by both external and
internal sources of noise. Internal
noise sources are random voltage
noise from the transmitter and ran-
dom phase noise from the underlying
clock; both contribute to random jitter
(RJ) and, due to its random nature,
equalization doesn’t help.

Siting voltage noise as a source of
jitter might be counterintuitive. After
all, isn’t voltage noise what we call
“noise” and phase noise what we call
“jitter”? Not quite.

Jitter is the displacement of the tim-
ing of logic transitions from their ideal
time positions. Figure 5 shows a jitter
distribution histogram of the crossing
point of an eye diagram.

To understand the distinction
between phase noise and jitter and
how voltage noise contributes to jit-
ter, let’s represent a digital waveform
like this:

digital waveform = (Vpp + 6V(t))

S(2rft + (1))

S indicates the sum of harmonics and
subharmonics around the fundamen-
tal frequency that make up the digital
data signal; 8V/(t) is the voltage noise
and ¢(t) is the phase noise. On an
oscilloscope, 6V(t) causes vertical
fluctuations and ¢(t) causes horizon-
tal fluctuations.

The sampling point is the time-delay
at which the voltage slicer determines
whether a bitis a 0 or a 1; if the volt-
age is above the slice-threshold, it's a
1, if below, it's a 0.

Trigger Level:
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Figure 6. How voltage noise causes jitter

Now picture the trajectory of a 0 —1 To analyze phase noise, we need a
transition. The trajectory is a con- signal that isn't cluttered with all
tinuous line with a finite slope and the subharmonics in the data so we
nonzero rise time. If voltage noise use a clock-like signal, a repeating
pushes the trajectory down, the point 1010 sequence. Figure 7 shows the
where that trajectory crosses the resonant shapes of some oscillators.
voltage threshold shifts toward the The greater the quality, the narrower
sampling point, see Figure 6. This is the width and higher the amplitude.
how voltage noise causes jitter. A perfect oscillator would be a single

narrow line. Phase noise broadens
the line and reduces the amplitude of
the peak in a way that leaves the total
power unchanged.

Figure 7. Resonance shapes for oscillators of varying quality f



To get the phase spectrum, let's start
with the voltage spectrum of the
clock-like signal as seen in Figure 8.

Phase noise analyzers extract the
phase from the clock-like signal to
get @(t) which is then transformed

to the phase-frequency domain. The
frequency axis of this “phase spectral
density” is the offset from the oscil-
lator frequency, f— . Since we want
to see deep into the gritty noise, it's
plotted on a log-log scale.

Let’s retrace our steps for a minute.
To get to the frequency domain, we
transformed from the signal as a func-
tion of time to the signal as a function
of signal frequency. To get the phase
noise, we transformed from the phase
as a function of time to the phase as
a function of phase frequency which
is phase noise. The horizontal axis in
Figure 9 is the frequency of the phase,
not the frequency of the signal. The
business of phase frequency as
opposed to signal frequency can be
confusing because it's sort of like a
picture within a picture.

Recall that jitter is the displacement
of the timing of logic transitions from
their ideal time positions. Phase noise
is the deviation of the phase from its
ideal. The majority of random jitter
originates in the oscillator that drives
the entire system. If we integrate the
phase spectral density we get the RJ
contribution due to phase noise.

Since almost everything in nature
(and electronics) either has the prop-
erties of an oscillator (e.g., atoms,
molecules, hearts, stars, crystals,

...), is governed by an oscillator or

is a component of an oscillator, the
phase noise spectrum says a lot
about what's going on at the core of
the system. The smooth shape of the
spectrum comes from contributions
of FM and AM random walk, flicker
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and white noise. The shape of the
spectrum indicates specific oscillator
properties and defects like shock,
temperature sensitivity, microcracks
in a crystal, problems with frequency
multipliers, thermal noise in associ-
ated components, and so on. For a

good oscillator, the real trouble shows
up as spikes as seen in Figure 9.
Spikes in the phase spectrum betray
sources of sinusoidal and periodic jit-
ter (SJ and PJ) which are a symptoms
of electromagnetic interference.



One of the main reasons for the suc-
cess of high speed serial technologies
is that embedded clocking reduces
errors caused by jitter. By embedding
the system clock in the data and
reconstructing it at the receiver, jitter
at frequencies below that of the clock
recovery bandwidth remains on both
the data and the clock. Since the tim-
ing of the sampling point is set by the
clock, it jitters in harmony with the
data and, therefore, the jitter below
the bandwidth of the clock recovery
doesn’t cause errors. Embedded
clocking essentially provides a low
pass phase-frequency filter as shown
in Figure 10.
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Another key reason for the success

of high speed serial technology is dif-
ferential signaling. By transmitting both
positive and negative versions of the
signal on nearby traces and then using
the difference of the two to identify bits
at the receiver, problems with interfer-
ence and crosstalk are diminished.

Crosstalk is electromagnetic interfer-
ence picked up on a signal line. It
can be a crippling problem with
parallel architectures. Going back to
our vision of a signal flying through
PCB as guided by a conducting trace,
any other signal on the PCB can
excite eddy currents on our trace and
degrade the signal.
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Figure 10. Phase noise with and without the filtering effect of clock recovery

In an ideal differential signaling con-
figuration, the two lines are exactly
the same length, are identical in
geometry, and perfectly overlap. The
two lines would be infected by exactly
the same interference and, in combin-
ing the signal with its complement,
the receiver would cancel it perfectly.
Of course, if the lines overlapped in
the real world, they would short out;
at best they're separated by a mil-
limeter or so. They're also never quite
the same length, so the cancellation
is never perfect. As data rates exceed
10 Gb/s, this differential lane skew
approaches the length of individual
bits and the situation deteriorates.
Interference, especially crosstalk, can
be a detrimental to digital designs..

While it's not yet clear if equaliza-
tion techniques can rescue us from
crosstalk, it is clear that more clever
solutions will have to emerge in order
to account for the analog problems
digital designers will face with ever
increasing data rates...



E Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the
products and applications you select.

Xio

www.axiestandard.org
AdvancedTCA® Extensions for
Instrumentation and Test (AXle) is
an open standard that extends the
AdvancedTCA for general purpose
and semiconductor test. Agilent
is a founding member of the AXle
consortium.

LXI

www.Ixistandard.org

LAN eXtensions for Instruments puts
the power of Ethernet and the Web
inside your test systems. Agilentis a
founding member of the LXI consor-
tium.

FAIl

WWwWw.pxisa.org

PCI eXtensions for Instrumentation
(PXI) modular instrumentation
delivers a rugged, PC-based high-per-
formance measurement and automa-
tion system.

Agilent Channel Partners

wwwagilent.com/find/channelpartners
Get the best of both worlds: Agilent’s
measurement expertise and product
breadth, combined with channel
partner convenience.

www.agilent.com/quality

www.agilent.com
www.agilent.com/find/HSD

For more information on Agilent Technolo-
gies’ products, applications or services,
please contact your local Agilent office.
The complete list is available at:

www.agilent.com/find/contactus

Americas

Canada (877) 894 4414
Brazil (11) 4197 3600
Mexico 01800 5064 800
United States (800) 829 4444
Asia Pacific

Australia 1800 629 485
China 800 810 0189
Hong Kong 800 938 693
India 1800112929
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1800 338 848
Singapore 1800 375 8100
Taiwan 0800 047 866

Other AP Countries (65) 375 8100

Europe & Middle East

Belgium 32(0) 240493 40
Denmark 4545801215
Finland 358 (0) 10 855 2100
France 0825 010 700"
*0.125 €/minute
Germany 49 (0) 7031 464 6333
Ireland 1890 924 204
Israel 972-3-9288-504/544
Italy 3902 92 60 8484
Netherlands 31 (0) 20 547 2111
Spain 34 (91) 631 3300
Sweden 0200-88 22 55

United Kingdom 44 (0) 118 927 6201

For other unlisted countries:
www.agilent.com/find/contactus
Revised: January 6, 2012

Product specifications and descriptions
in this document subject to change
without notice.

© Agilent Technologies, Inc. 2012
Published in USA, May 2, 2012
5991-0168EN

Agilent Technologies




<<
  /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
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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.)
    /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 <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


