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Basic Block of Pipelined ADC Design Requirements
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Abstract. The paper describes design requirements of
a basic stage (called MDAC - Multiplying Digital-to-
Analog Converter) of a pipelined ADC. There exist error
sources such as finite DC gain of opamp, capacitor
mismatch, thermal noise, etc., arising when the switched
capacitor (SC) technique and CMOS technology are used.
These non-idealities are explained and their influences on
overall parameters of a pipelined ADC are studied. The
pipelined ADC including non-idealities was modeled in
MATLAB - Simulink simulation environment.
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1. Introduction

A pipelined ADC architecture offers good trade-off
between conversion rate, resolution and power con-
sumption. Fig. 1 shows a conventional pipelined ADC
architecture. It consists of several cascaded stages (each
resolve n — bit), timing circuits and digital correction block.
The concurrent operation of all pipelined stages makes this
architecture suitable to achieve very high conversion rates.
The overall speed is determined by the speed of the single
stage.
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Fig. 1. Pipelined ADC architecture.

First, the input signal vy, is captured by the sample and
hold amplifier. Second, this signal is quantized by the sub-
ADC, which produces a digital output (n — bit). This signal

passes into the sub-DAC which converts it back to the
analog signal. This analog signal is subtracted from the
original sampled signal v;,. The residual signal goes into
the opamp where it is amplified to the full scale range. The
residue for 1.5-bit stage is expressed mathematically by

. 1
Vres = 2V — Vref if v, > ZVrefa n
. 1
Vres = 2Vip + Vref if v, < _ZVrefa )
Vpes = 2V;, Otherwise 3)

where v, is input signal of MDAC and V. is voltage
reference, which depends on the maximum input signal
swing.

2. MDAC Design Requirements

MDAC consists of four parts - sample and hold stage,
sub-ADC, sub-DAC and subtracting and amplifying stage.
All these parts are sources of non-idealities. It is necessary
to know important blocks, which have indispensable
influence onto overall properties, to achieve good
parameters such as resolution, power consumption and
speed.

2.1 MDAC Resolution

It is a difficult optimization problem to determine the
optimal number of bits resolved in each stage [1][2][3].
Typically a multi-bit first stage results in lower power
consumption and matching and also amplifier gain
requirements of the following stages. However the
implementation of multi-bit stage possesses two major
challenges. First, low feedback factor limits the maximum
sampling frequency to low-to-mid rates. Secondly, and
more importantly, multi-bit DAC requires several floating
switches. These floating switches are a serious impediment
to the design of low-voltage SC circuits. Due to this reason
a conventional 1.5-bit stage was employed. The SC
technique was utilized in the design of the MDAC to
obviate the need for floating switches [4].

2.2 Thermal Noise

Thermal noise is caused by random movement of
electrons in resistors. The thermal noise of resistor appears
as white noise and its spectral power is
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e = 4kTR - Af (4)

where £ is Boltzmann constant, 7 is the temperature and R
is the resistor value.

All particles at temperatures above absolute zero are
in random motion. Since electrons carry charge, the ther-
mal motion of electrons results in a random current that
increases with temperature. This noise current is in all
circuits and corrupts any signals passing through. The
sample and hold circuit is the most important source of
noise in pipelined ADC. Two noise sources are significant
in the sample and hold circuit: the sampling switches and
the sample and hold amplifier. The sampling switch is used
to sample the input signal onto a sampling capacitor. When
the input signal is sampled, noise from the sampling switch
is sampled by the sampling capacitor as well.

CLK —
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Fig. 2. Simple MOS sampling circuit and its equivalent circuit

with on-resistance and thermal noise.

The thermal noise of switch is filtered by a single pole
response low-pass filter created by the resistance of
a switch and sampling capacitor. The transfer function of
the low pass filter is

1
1+jwRC’

A(jw) = )

Total noise power can be obtained by integrating
noise power spectral density over frequency and it is given

by
— 1 e .
€hios = ;fo ex’ - [AGw)|* - dw,

1 oo 4KkTR

= 2770 1+(wRC)2 -dw, (6)
3 1 4kTR o kT
emos = 3 pr arctan(wRC)|y = " 7

where C is the size of the sampling capacitor.

Source of thermal noise is commonly referred to as
kT/C noise because the noise power is proportional to k7/C.
The sample and hold amplifier also contributes thermal
noise degradation to the signal while being processed. The
contribution of the sample and hold amplifier is also
inversely proportional to capacitance. It is inversely
proportional to the load capacitance in single stage
amplifier. It is inversely proportional to the compensation
capacitance in a Miller compensated amplifier. Thermal
noise is perhaps the most fundamental source of error in
pipelined ADC [11]. Since it is random error source from
one sample to the next, it is not possible to correct this
noise by calibration. Thermal noise can be alleviated by
using large components (increases sampling capacitor size)
or by oversampling. However, for a fixed input bandwidth

specification, both of these remedies increase the power
dissipation. Thus, a fundamental trade-off exists between
thermal noise, speed and power dissipation. The impact of
thermal noise on ADC is shown in Fig. 3.
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Fig. 3. Effect of thermal noise.

When the overall noise is in MDAC about 10® V2, its
influence is small (ENOB = 9,67 bits). A higher noise
above approximately 10° V? is much more critical for
EN4032. It is 9,1 bits for noise 10° V? and 5,8 bits for noise
107 V-
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2.3 Comparator Offset

The offset voltage of comparators (Fig.4) is main
source of errors in the sub-ADC of pipelined ADC [5].
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Fig. 4. Comparator offset in sub-ADC.

A comparator produces an output signal indicating
whether or not an input signal is larger than a reference
level. When the comparator computes the difference
between two input signals, an internal offset voltage is
added to this difference. Thus, when the two inputs are
close together, the comparator may make an incorrect
decision. When the comparator makes wrong decision, the
output code is incorrect, and the incorrect reference is
subtracted from the input. The result is residue that is out of
range of the next stage of the pipeline when amplified.
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Fig. 5. The effect of comparator offset.

The effect of offset error in comparator on 1.5-bit
stage transfer function is shown in Fig. 5. The dotted line
represents ideal transfer function and the full line shows
transfer function with offset voltage in comparator. The
INL and DNL of the 10-bits pipelined ADC are small for

comparator offset 30 mV (all comparators in ADC) thank
to RSD (redundant signed digit) correction [2][4].

2.4 Opamp DC Gain Requirements

An opamp is one of the most important building
blocks in analog circuits and also in switched capacitor
implementation of pipelined ADCs [6]. Therefore, it is
necessary to study the impact of the non-idealities of
opamps on pipelined ADCs. Opamp contains input
parasitic capacitance Cp. The open loop DC gain of the
opamp is 40.
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Fig. 6. Circuit diagram with opamp.

Vre S

The sampling capacitor Cs and the feedback capacitor
Cr are connected with input during the sampling phase and
sampling an input signal on the capacitors. The total charge
stored on capacitors Cs and Cg during sampling phase is

s = (0 = vy). (Cp + Cs). ®)

Feedback capacitor Cr is connected with output of the
opamp and sampling capacitor Cs is connected with £Vpac
or with ground (depending on the output of a sub-ADC)
during the amplifying phase. The total charge stored during
this clock phase is given by

Qa = (V_ - VDAC)- Cs + (V_ - vres)- Crt+V™.Cp (9)

where V" is negative input of the opamp and Vpac is output
signal from the sub-DAC

The total charge is conserved

s = qa- (10)
From the above equation
Vres = Uin-( C ) +
F
_ [Cs+Cr+Cp _ 3
v .(—CF ) Voac. . (11)

The feedback factor S depicts how much of the output
voltage of opamp is fed back to opamp input and is given
by

b = () (12

The DC gain requirement of opamp can be obtained
from (11). Error portion due to finite opamp gain should be
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smaller than 1/4 LSB of remaining resolution. The gain can
be found from
1 1

The effect of the finite DC gain error of opamp in
1.5-bit MDAC is shown in Fig. 7. It is transfer function of
1.5-bit stage. The dotted line represents ideal transfer
function and the full line shows transfer function with finite
DC gain error. The INL, DNL for A0 =20 dB are shown at
the right side.

OUTPUT VOLTAGE

1 05 0 05 1
INPUT VOLTAGE

INL

800 1000

0 200 400 600
DIGITAL OUTPUT CODE

Fig. 7. The effect of finite DC gain of opamp.

2.5 Opamp Bandwidth Requirements

The DC gain requirements of opamp were defined in
Section 2.4. In order to have opamp which is sufficiently
settled within a given timeframe the opamp must have
enough bandwidth. However opamp which has a large
bandwidth requires high power consumption - thus to
minimize power it is critical to optimize opamp bandwidth

[11].

Referring the settling error of the first pipeline stage
to the input of the ADC and noting that the total error must
be less the quantization noise (i.e. < 2™) the required unity
gain frequency of the opamp fggw to achieve N-bit settling
is thus given by

_ (N-n)log2

fosw =—F5— I (14)
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Fig. 8. The effect of capacitor mismatch.

where f; = 1/T is the sampling rate of the pipelined ADC,
N is the ADC resolution, 7 is the MDAC resolution and f is
the feedback factor.

2.6 Capacitor Matching

The gain of SC MDAC is determined by capacitor
ratio Cs/Cg (Fig. 6). If the capacitors Cs and Cr are not
equal, then an error proportional to the mismatch is
generated in the residue output. Thus, accurate capacitor
matching is required to design a high resolution pipelined
ADC [7][8][9][10]. The capacitor value is given by

C=A22=4cC,, (15)
ox
where A4 is the area of a capacitor, &, is the dielectric
constant of silicon dioxide, ¢, is the thickness of oxide, and
C.x 1s capacitance per unit area.

Capacitance value depends on the area and oxide
thickness of capacitor. The main causes of capacitor
mismatch are due to over-etching and the oxide-thickness
gradient. Since C,, is fixed by process technology, the
accuracy of capacitance can be improved by simply
increasing the area. However, in SC circuits the accuracy
of capacitor ratio is more important than the accuracy of
capacitance because the gain of MDAC is defined by the
capacitor ratio Cs/Cp.
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The integrated circuit capacitor can be defined as

C=C+AC (16)
where AC is the mismatch error of capacitor C.
Then, the ratio of C'r to C’g can be written as
Cs _ CstaCs (17)

Cp  Cp+ACE

Accuracy of capacitor ratio can be improved if the
difference of the mismatch errors of both capacitors is as
small as possible. A mismatch error in the accuracy of
capacitor ratio due to over-etching can be minimized by
implementing capacitors with an array of small equal sized
unit capacitors. A mismatch error in the ratio accuracy of
capacitors due to the variation of oxide thickness can be
minimized by laying out capacitors in common centroid
geometry.

The influence of capacitor mismatch on the transfer
function of 1.5-bit MDAC is illustrated in Fig. 8. The
dotted line represents ideal transfer function and the full
line shows transfer function with capacitor mismatch. The
INL, DNL for Cs" = Cs + 0.1Cs is shown at the right side.
Ideal ENOB is 10 bits and after inclusion of mismatching
should be closely 10 bits. Therefore good matched
capacitor is needed.

Conclusions

This work deals with basic block of pipelined ADC
design requirements. In the first step MATLAB — Simulink
model was created, where the ADC resolution, offset of the
comparators, gain of the opamp and capacitor mismatch
error can be set. Influence of comparator offset is small
thanks to RSD correction. However the RSD correction of
offset is not infinite — depends mainly on a MDAC
resolution [1]. Minimum open loop gain of opamp is
defined in (13) and minimum opamp bandwidth in (14). An
exact value capacitor is impossible to be fabricated, but
mismatch error in the ratio accuracy of capacitors due to
the variation of oxide thickness can be minimized enough
by laying out capacitors in common centroid geometry.

Acknowledgements

The research is supported by Czech Ministry of
Education and Sports in the frame of Research Program
MSMO0021630503, by the Czech Grant Agency as project
102/11/1379 and Brno University of Technology as project
FEKT-J-10-2.

References

[1] KLEDROWETZ, V., HAZE, J. Multiplying digital-to-analog
converter with 1,5 and 2,5 bit resolution - case study. In Pro-

ceedings of 15" International EDS Conference 2008. Brno (Czech
Republic), 2008, p. 326 - 331.

[2] CHANG-HYUK, CH. A4 Power Optimized Pipelined Analog-to-
Digital Converter Design in Deep Sub-Micron CMOSmos
Technology. Dissertation, 2005.

[3] OSHIMA, T., TAKAHASHI, T., YAMAWAKI, T. 23-mW 50-
MS/s 10-bit pipeline A/D converter with nonlinear LMS
foreground calibration. In [EEE International Symposium on
Circuits and Systems ISCAS 2009. Taipei (Taiwan), p. 960 - 963.

[4] ALLEN, P., E., HOLBERG, D., R. CMOS Analog Circuit Design.
Oxford University Press, 2002.

[5] BYUNG-MOO, M., KIM, P., BOWMAN, F. W., BOISVERT,
D.M., AUDE, A. J. A 69-mW 10-bit 80-MSample/s pipelined
CMOS ADC. IEEE Journal of Solid-State Circuits, 2003, vol. 38,
no. 12, p. 2031 - 2039.

[6] HEE CHEOL, CH., HO-JIN P., SUNG-SIK, H., SHIN-KYU, B.,
JAE-WHUI, K,. CHUNG, P. A 1.5 V 10-bit 25 MSPS pipelined
A/D converter. The First IEEE Asia Pacific Conference on ASICs.
Seoul (South Korea), 1999, p. 170 - 173.

[7] WALTARI, M. E., HALONEN, A. 1. Circuit Techniques for Low-
Voltage and High-Speed A/D Converter. Dordrecht (The
Netherlands): Kluwer Academic Publishers, 2002.

[8] EL-SANKARY, K., SAWAN, M. Background capacitor mismatch
calibration for pipelined ADC. In Proceedings of the IEEE
Midwest Symposium on Circuits and Systems. Cairo (Egypt), 2003,
p.164 - 167.

[91 WANG, H., WANG, X., HURST, P., LEWIS, S. Nested digital
background calibration of a 12-bit pipelined ADC without an input
SHA. IEEE Journal of Solid-State Circuits, 2004, vol. 44, no. 10,
p.164 - 167.

[10] NAN, S., HAE-SEUNG, L., DONHEE, H. Digital background
calibration in pipelined ADCs using commutated feedback
capacitor switching. /[EEE Transactions on Circuits and Systems,
2008, vol. 55, n0. 9, p. 877 - 881.

[11] IMRAN, A. Pipelined ADC Design and Enhancement Techniques.
Berlin: Springer, 2010.

About Authors ...

Vilem KLEDROWETZ passed the Bachelor study in
microelectronics and technology and master degree in
microelectronics at the Faculty of Electrical Engineering
and Communication, Brno University of Technology. The
topic of his diploma thesis is The Influence of MDAC
Resolution on Basic Blocks of Pipelined AD Converter.
Nowadays he studies the first year of doctoral degree
branch Microelectronics, he is mainly focused on the
design of analog integrated circuits and AD/DA converters.
He passed a professional internship in ON Design Czech
during 2008 and 2009.

Jiri HAZE was born in Nachod. He received his MSc.,
Ph.D. and Ass. Prof. degrees from Brno University of
Technology, Faculty of Electrical engineering and Com-
munication, Department of Microelectronics, Czech
Republic, in 2002, 2005 and 2009, respectively. Currently
he is working as associated professor at the same
institution. His research is in the field of integrated circuit
design, where his interests include analog and mixed-mode
integrated circuit design, signal processing and sensor
applications.




<<
  /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


