
General Description
The MAX4952A dual-channel redriver is designed to
redrive one full lane of SAS or SATA signals up to
6.0GT/s (gigatransfers per second) and operates from
a single +3.3V supply.

The MAX4952A features independent input equalization
and output preemphasis. The MAX4952A enhances sig-
nal integrity at the receiver by equalizing the signal at
the input and establishing preemphasis at the output of
the device. SAS and SATA OOB (Out-of-Band) signaling
is supported using high-speed amplitude detection
on the inputs and squelch on the corresponding outputs.

Inputs and outputs are all internally 50Ω terminated and
must be AC-coupled to the SAS/SATA controller IC and
SAS/SATA device.

The MAX4952A is available in a small 28-pin, 3.5mm x
5.5mm TQFN package with flowthrough traces for ease
of layout. This device is specified over the 0°C to +70°C
operating temperature range.

Applications
Servers

Data Storage/Work Stations

Docking Stations

Features
♦ Single +3.3V Supply Operation

♦ SAS Gen I/II Up to 6.0GT/s

♦ Excellent Return Loss
8dB at 3.0GT/s

♦ Supports SAS/SATA OOB (Out-of-Band) Signaling
Very Fast Entry and Exit Time

5ns (typ)

♦ Internal Input/Output 50Ω Termination Resistors

♦ Selectable Input Equalization
0, 3dB

♦ Standard 1000mVP-P (typ) Output

♦ Selectable Output Preemphasis
0, 3dB

♦ Inline Signal Traces for Flowthrough Layout

♦ Space-Saving, 3.5mm x 5.5mm TQFN Package
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TOP VIEW
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19-4575; Rev 0; 4/09

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.

EVALUATION KIT

AVAILABLE

Ordering Information

PART TEMP RANGE PIN-PACKAGE

MAX4952ACTI+ 0°C to +70°C 28 TQFN-EP* 

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad.
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VCC = +3.0V to +3.6V, CCOUPLE = 12nF, RL = 50Ω, TA = 0°C to +70°C, unless otherwise noted. Typical values are at VCC = +3.3V,
TA = +25°C.) (Note 2)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to www.maxim-ic.com/thermal-tutorial.

(Voltages referenced to GND.)
VCC........................................................................-0.3V to +4.0V
All Other Pins..............................................-0.3V to (VCC + 0.3V)
Continuous Current (PE_, EQ_, MODE)............................±15mA
Peak Current (for 10kHz, 1% duty cycle)

(IN__, OUT__) .............................................................±100mA
Continuous Power Dissipation (TA = +70°C)

28-Pin TQFN (derate 28.6mW/°C above +70°C) .......2286mW

Junction-to-Case Thermal Resistance (θJC) (Note 1)
28-Pin TQFN................................................................2.7°C/W

Junction-to-Ambient Thermal Resistance (θJA) (Note 1)
28-Pin TQFN.................................................................35°C/W

Operating Temperature Range...............................0°C to +70°C
Storage Temperature Range .............................-55°C to +150°C
Junction Temperature ......................................................+150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Operating Power-Supply Range VCC  3.0  3.6 V 

EQ_ = PE_ = GND  140 175 
Operating Supply Current ICC 

EQ_ = PE_ = VCC  175 220 
mA 

Standby Supply Current ISTBY EN = GND  16 20 mA 

Input Termination RRX-SE Single-ended to VCC 42.5  57.5 

Output Termination RTX-SE Single-ended to VCC 42.5  57.5 

AC PERFORMANCE 

0.1GHz  f  0.3GHz -10   

0.3GHz  f  3.0GHz -7.9   
Differential Input Return Loss 
(Note 3) 

SDD11 

3.0GHz  f  6.0GHz 0   

dB 

0.1GHz  f  0.3GHz -6   

0.3GHz  f  3.0GHz -5   
Common-Mode Input Return 
Loss (Note 3) 

SCC11 

3.0GHz  f  6.0GHz 0   

dB 

0.1GHz  f  0.3GHz -10   

0.3GHz  f  3.0GHz -7.9   
Differential Output Return Loss 
(Note 3) 

SDD22 

3.0GHz  f  6.0GHz 0   

dB 

0.1GHz  f  0.3GHz -6   

0.3GHz  f  3.0GHz -5   
Common-Mode Output Return 
Loss (Note 3) 

SCC22 

3.0GHz  f  6.0GHz 0   

dB 

SAS 1.5, 3.0, or 6.0GT/s MODE = GND 275  1600 
Differential Input Voltage VIN-DIFF 

SATA 1.5, 3.0, or 6.0GT/s MODE = VCC 225  1600 
mVP-P 

Input Equalization EQ EQ_ = VCC (Note 4)  3  dB 

Differential Output Voltage VOUT-DIFF f = 750MHz, PE_ = GND 800  1200 mVP-P 

Output Preemphasis PE PE_ = VCC, Figure 1  3  dB 

Propagation Delay tPD PE_ = EQ_ = GND  300  ps 

Output Transition Time TTX-RF PE_ = GND, 20% to 80% 30   ps 
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ELECTRICAL CHARACTERISTICS (continued)
(VCC = +3.0V to +3.6V, CCOUPLE = 12nF, RL = 50Ω, TA = 0°C to +70°C, unless otherwise noted. Typical values are at VCC = +3.3V,
TA = +25°C.) (Note 2)

Note 2: All devices are 100% production tested at TA = +70°C. All temperature limits are guaranteed by design.
Note 3: Guaranteed by design.
Note 4: EQ (input equalization) as employed in this device refers to the equivalent of adding preemphasis before the input. For

example, input EQ of 3dB would show the same waveform as output PE of 3dB (see Figure 1).

Timing Diagram
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Figure 1. Output Preemphasis

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Differential Output Skew Same Pair TSK   10  ps 

Deterministic Jitter TDJ 
K28.5 pattern, 6.0GT/s, PE_ = EQ_ = GND 
(Note 3) 

  20 psP-P

Random Jitter TRJ D10.2 pattern, 6.0GT/s, PE_ = EQ_ = GND   1.5 psRMS 

MODE = GND, f = 0.75GHz 120  220 
OOB Squelch Threshold VSQ-DIFF 

MODE = VCC, f = 0.75GHz 50  150 
mVP-P 

OOB Squelch Entry Time TOOB,SQ f = 0.75GHz (Note 3)   5 ns 

OOB Squelch Exit Time TOOB,EX f = 0.75GHz (Note 3)   9 ns 

OOB Differential Offset Delta VOOB,DIFF
Difference between OOB and active-mode 
output offset 

-50  +50 mV 

OOB Common-Mode Offset 
Delta 

VOOB,CM
Difference between OOB and active-mode 
output common-mode voltage 

-30  +30 mV 

OOB Output Disable VOOB,OUT OOB disabled output level   30 mVP-P

CONTROL LOGIC INPUTS 

Input Logic-High VIH  1.4   V 

Input Logic-Low VIL    0.6 V 

Input Logic Hysteresis VHYST   75  mV 

Input Leakage Current IIN VCC = +3.3V, VIN = +0.5V or +1.5V -50  +50 μA 
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VIN = 275mVP-P, 1.5Gbps, PE = 1, EQ = 0
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MAX4952A toc04
VIN = 275mVP-P, 3Gbps, PE = 1, EQ = 0
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VIN = 275mVP-P, 6Gbps, PE = 1, EQ = 0
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Typical Operating Characteristics
(VCC = +3.3V, TA = +25°C, all eye diagrams measured using K28.5 pattern.)

VIN = 1600mVP-P, 1.5Gbps, PE = 0, EQ = 0
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Typical Operating Characteristics (continued)
(VCC = +3.3V, TA = +25°C, all eye diagrams measured using K28.5 pattern.)

VIN = 1600mVP-P, 3Gbps, PE = 0, EQ = 0
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VIN = 1600mVP-P, 6Gbps, PE = 1, EQ = 0
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VIN = 500mVP-P WITH 20in FR4 STRIPLINE,
3GT/s, PE = 0, EQ = 0
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VIN = 500mVP-P WITH 20in FR4 STRIPLINE,
6GT/s, PE = 0, EQ = 0
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Typical Operating Characteristics (continued)
(VCC = +3.3V, TA = +25°C, all eye diagrams measured using K28.5 pattern.)

VIN = 500mVP-P WITH 20in FR4 STRIPLINE,
3GT/s, PE = 0, EQ = 1
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VIN = 275mVP-P, 3GT/s, PE = 0, EQ = 0,
OUTPUT AFTER 20in FR4 STRIPLINE
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Pin Description
PIN NAME FUNCTION

1, 9, 16, 24 VCC
Positive Supply Voltage Input. Bypass VCC to GND with 2.2µF and 0.01µF capacitors in parallel as
close as possible to the device, recommended on each VCC pin.

2, 5, 8,
17, 20, 23,

25–28
GND Ground

3 IN0P Noninverting Input 0

4 IN0M Inverting Input 0

6 OUT1P Noninverting Output 1

7 OUT1M Inverting Output 1

10 EN
Active-High Enable Input. Drive EN low to put device in standby mode. Drive EN high for normal
operation. EN is internally pulled down.

11 EQ0 Channel 0 Input Equalizer Logic Input. EQ0 is internally pulled down.

12 PE0 Channel 0 Output Preemphasis Logic Input. PE0 is internally pulled down.

13 EQ1 Channel 1 Input Equalizer Logic Input. EQ1 is internally pulled down.

14 PE1 Channel 1 Output Preemphasis Logic Input. PE1 is internally pulled down.

15 MODE OOB Threshold Logic Input. MODE is internally pulled down.

18 IN1M Inverting Input 1

19 IN1P Noninverting Input 1

21 OUT0M Inverting Output 0

22 OUT0P Noninverting Output 0

— EP
Exposed Pad. Internally connected to GND. EP must be electrically connected to a ground plane for
proper thermal and electrical operation. Do not use EP as the sole ground connection.
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Functional Diagram

Typical Application Circuit
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Detailed Description
The MAX4952A consists of two identical redrivers with
input equalization and output preemphasis useful for
SAS or SATA signals up to 6.0GT/s.

Input/Output Terminations
Inputs and outputs are internally 50Ω terminated to VCC
(see the Functional Diagram) and must be AC-coupled
using 12nF (max) capacitors to the SAS/SATA controller
IC and SAS/SATA device for proper operation.

Enable Input (EN)
The MAX4952A features an active-high enable input
(EN). EN has an internal pulldown resistor of 70kΩ
(typ). When EN is driven low or left unconnected, the
MAX4952A enters low-power standby mode and the
redrivers are disabled. Drive EN high for normal
operation.

Out-of-Band Threshold Selector (MODE)
The MAX4952A provides full OOB signal support
through high-speed amplitude detection circuitry. OOB
differential input signals less than the internal OOB
threshold (VSQ-DIFF) are detected as OFF and not
passed to the output. This prevents the system from
responding to unwanted noise. OOB differential input
signals higher than VSQ-DIFF are detected as ON and
passed to the output, allowing OOB signals to transmit
through the MAX4952A. The logic level of the MODE
input sets VSQ-DIFF for either SAS or SATA OOB signals
(see Table 1). MODE has an internal pulldown resistor
of 70kΩ (typ).

Input Equalization (EQ0, EQ1)
The MAX4952A features control logic inputs (EQ0,
EQ1) to enable input equalization on either channel,
providing 3dB of boost (see Note 4 in the Electrical
Characteristics table). Drive EQ0 or EQ1 high to enable
input equalization on channel 0 or channel 1. Drive EQ0
or EQ1 low to disable input equalization on channel 0 or
channel 1 (see Table 2). EQ0 and EQ1 have internal
pulldown resistors of 70kΩ (typ).

Output Preemphasis (PE0, PE1)
The MAX4952A features control logic inputs (PE0, PE1)
to enable output preemphasis on either channel, pro-
viding 3dB of boost. The MAX4952A uses true preem-
phasis, so the transition signal is increased after a
changing bit, thus increasing the total energy content of
the signal when employed. Drive PE0 or PE1 high to
enable output preemphasis on channel 0 or channel 1.
Drive PE0 or PE1 low to disable output preemphasis on
channel 0 or channel 1 (see Table 3). PE0 and PE1
have internal pulldown resistors of 70kΩ (typ).

MODE OOB MODE

0 SAS

1 SATA

Table 1. Out-of-Band Logic Threshold
(MODE)

EQ1 EQ0
CHANNEL 1 

(dB)
CHANNEL 0 

(dB) 

0 0 0 0 

0 1 0 3 (typ) 

1 0 3 (typ) 0 

1 1 3 (typ) 3 (typ) 

Table 2. Input Equalization (EQ0, EQ1)

PE1 PE0
CHANNEL 1 

(dB)
CHANNEL 0 

(dB) 

0 0 0 0 

0 1 0 3 (typ) 

1 0 3 (typ) 0 

1 1 3 (typ) 3 (typ) 

Table 3. Output Preemphasis (PE0, PE1)

Dual Equalized 1.5/3.0/6.0 GT/s
SAS/SATA Redriver
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Applications Information
Exposed Pad Package

The exposed pad, 28-pin TQFN package incorporates
features that provide a very low thermal resistance path
for heat removal from the IC. The exposed pad on the
MAX4952A must be soldered to GND for proper thermal
and electrical performance. For more information on
exposed pad packages, refer to Maxim Application
Note HFAN-08.1: Thermal Considerations of QFN and
Other Exposed-Paddle Packages.

Layout
Use controlled-impedance transmission lines to inter-
face with high-speed inputs and outputs of the
MAX4952A. Place power-supply 2.2µF and 0.01µF
bypass capacitors as close as possible to VCC, recom-
mended on each VCC pin.

Power-Supply Sequencing
Caution: Do not exceed the absolute maximum rat-
ings because stresses beyond the listed ratings
may cause permanent damage to the device.

Proper power-supply sequencing is recommended for
all devices. Always apply VCC before applying signals,
especially if the signal is not current limited.

Chip Information
PROCESS: BiCMOS

Package Information
For the latest package outline information and land patterns, go
to www.maxim-ic.com/packages.

PACKAGE TYPE PACKAGE CODE DOCUMENT NO.

28 TQFN T283555-1 21-0184

http://pdfserv.maxim-ic.com/package_dwgs/21-0184.PDF


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


