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Abstract 
One manufacturing process used to attach RFI shields for medical applications/cellular phone circuit board assemblies 
consists of “snapping” the shell-like shields onto solder spheres that are soldered to printed circuit board [PCB] pads [1]. The 
snapped on RFI shields do not require soldering onto the printed circuit board and can be removed if necessary. In order to 
create a large enough solder balls for the shell to snap onto, a large quantity of material must be available. 
 
Currently this process is a two-step process. The first process step requires solder paste to be printed onto the printed circuit 
board pads using standard solder paste printing process. The second step is to print or place solder spheres onto the printed 
solder paste deposits. The printed circuit board with solder paste and solder spheres are then reflowed to achieve a ball height 
sufficient for the RFI shield to snap onto. This two-step process requires either the use of a component placement machine 
(pick and place) or the use of specially designed print head that is available on only limited printing equipment. The goal of 
this experimentation is to develop a process that can achieve the ball height requirement using only standard solder paste 
printing technique and virtually any solder paste printing equipment. 
 
Recently, work has been completed to identify a stencil design and solder paste formulation that will allow sufficient solder 
paste to be printed and form a large solder sphere after reflow to permit RFI shield attachment. This ‘SnapShot’ shield attach 
process eliminates the requirement to purchase solder balls and the additional equipments need to place or print the solder 
balls. This paper will present the results from formal studies that have been completed to verify the performance of the solder 
paste printing process for the ‘SnapShot’ shield attach process. 
 
Introduction 
The recent development in shielding technology is the use of thermoformed metallized plastic shields instead of the metal 
enclosures or cans. This technology is superior to the current shielding technology (metal cans) because it can be reworked if 
necessary. To attach the shield to PCB, a series of solder spheres are placed or printed onto the solder paste along the 
periphery of shield device and reflowed along with the components. The shields have a series of holes around its perimeter 
and these holes are used to snap and attach the shield to PCB. The spheres are used to provide both electrical and mechanical 
connection to the shield and the PCB. 
 

 
 

Figure 1 - Example of a Shield  
[Ref: http://www.devicelink.com/mem/archive/04/10/011.html] 

 
The BGA solder ball or spheres can be attached to the PCB using the following process 
 
1. Surface Mount Pick and Place Machine: A standard Pick and place machine can be used to place the solder spheres 
onto the PCB (solder balls are available in a tape and reel or bulk format). However, this process would have an impact on 
the throughput of the entire assembly process. 
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2. Two Step Printing Process: In two-step printing process, the first step is to print solder paste onto the component 
pads using standard stencil printing process. For the second step, a specially designed stencil (with cut away for pads 
underneath the stencil) is used to print the solder spheres. The printing of solder spheres can be done using two processes. 
The technology currently used is to print solder balls using specially designed enclosed system. The alternative approach is to 
use the standard solder paste printing process to print solder paste and form solder balls during reflow. However, currently 
this process is limited due to the technology of solder paste and stencil design. This paper will discuss the process steps and 
the stencil design that will overcome the shortfalls and produce consistent solder balls. By using the standard solder paste 
printing process cost benefits can be achieved, because this process eliminates the need to buy additional equipment such as 
an enclosed print head system. Additionally, we can use well-established and understood solder paste printing technology to 
achieve the same goal. 
 
The use of stencil printing process for the second step in the process has been limited due to poor process yield. The height 
requirement for BGA balls used in the attach process is 35-mil (890 microns) with 100% yield. To achieve the 35-mil ball 
height, thicker stencil with larger stencil openings has to be used. However, the use of a thicker stencil with large opening 
using currently available solder pastes will lead to solder bridging or solder robbing defects during reflow process. The 
occurrence of defects during reflow process prevents the use of standard solder paste for second step in ‘Two-step printing 
process’. Recently work was carried out to develop stencil design rules using a new solder paste formulation that will allow 
sufficient solder paste to be printed and form a 35-mil (890 microns) solder sphere after reflow with fewer defects. The 
following factors are critical to achieve successful process using solder paste printing:  
 
• Printing technique 
• Stencil design 
• Paste formulation 
• Reflow process 
• Substrate flatness 
 
Results from the evaluation of printing technique, stencil design and paste formulation are presented in this paper. To provide 
perfect substrate flatness for the substrates during printing, a dedicated work holder was used. 
 
Experimental Design 
To evaluate the performance of solder paste printing process a designed experiment approach was used.  Tin-lead and Pb-free 
pastes from different manufacturers were used in the DOE. The matrix below shows the various factors and their 
corresponding levels used in the DOE. Also the fixed factors for this study are listed below.  
 
Factors for DOE 
Solder Paste:   3 (Paste ‘A’ SnPb and Paste ‘B’ and Paste ‘C’ Pb-Free pastes)  
Stencil Thickness:  2 (15 and 18 mils thick) 
Stencil Opening:    4 (63, 61,59 and 57 mil square openings) 
Reflow Oven Type:  2 (7 Zone convection reflow oven and Stand alone Batch oven) 
Squeegee Blade Material:  2 (Metal and Polyurethane blades) 
 
Fixed Factors 
Stencil Manufacturing Process: Laser Cut with electropolish 
Paste Particle Size:  Type 3 powder 
Reflow profile type:   Based on the Recommendations from solder paste manufacturers 
 
The various levels in stencil opening were incorporated in one stencil design, thereby reducing the numbers of samples 
required for the experimentation. The runs were blocked by solder paste. The response variables used for the analysis were 
 
1. Ball height distribution 
2. Ball height range 
3. Yield percentage 
 
The Paste ‘A’ SnPb and Paste ‘B’ LF was a commercially available paste with type 3 powder. Paste ‘C’ LF was also 
commercial available solder paste with type 3 powder but it was designed to bump taller BGA balls. The paste was designed 
to be resistant to cold slump during printing and hot slump during reflow [2].  
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Test Vehicle Design 
The test vehicle is a 7.36”x 2.28”x 0.062” FR-4 board. Figure 2 shows the test vehicle used for this study. The substrate 
contained four arrays with 400 UBMs in each array. The dimension of the UBM was 23.6 mils (600 microns) with a 78.7 
mils (2000 microns) pitch. Each board was visually inspected for defective UBM before printing.  
 

Single ArraySingle Array

 
 

Figure 2 - Test Vehicle for Bumping BGA Balls 
 
Stencil Design 
A 15 mil (381 microns) and 18 mil (457 microns) thick laser cut stencil was used in the study. Since the substrate had four 
arrays of the same type, four different sets of aperture openings were used in the same stencil. The stencil apertures were 
designed as squares to maximize the amount of paste deposited per site. Figure 3 shows the layout of the stencil. Array 1 had 
a stencil opening of 63.0 mil (1600 microns), Array 2 had a stencil opening of 61.0 mil (1550 microns), Array 3 had a stencil 
opening of 59.0 mil (1500 microns) and Array 4 had a stencil opening of 57.0 mil (1450 microns). 
 

• Designed a stencil with four different stencil openings (dimensions are 
in the figure above)

• Stencil manufactured using Laser Cut process with electropolish
• 381 microns thick stencil

63.0 mil square 
opening

61.0 mil square 
opening

59.0 mil square 
opening

57.0 mil square 
opening

Array 1 Array 2 Array 3 Array 4

• Designed a stencil with four different stencil openings (dimensions are 
in the figure above)

• Stencil manufactured using Laser Cut process with electropolish
• 381 microns thick stencil

63.0 mil square 
opening

61.0 mil square 
opening

59.0 mil square 
opening

57.0 mil square 
opening

Array 1 Array 2 Array 3 Array 4

 
 

Figure 3 - Stencil Design 
 

Process Parameters 
Printing was carried out using a Speedline UP3000 printer with a dedicated work holder for the board. The boards were 
printed at a speed of 0.5 in/sec with a print pressure of 1.5 lbs/inch on a 10-inch long blade. These parameters ensured a clean 
print sweep with the minimum pressure used and proper filling of the apertures. Snap-off printing was used to alleviate flux-
bleeding problems and improve the print definition.  
 
Figure 4 shows a sample profile used for reflowing Paste ‘A’ SnPb. For reflowing Paste ‘B’ and Paste ‘C’ lead-free pastes 
recommended lead-free profile from the paste manufacturers were used. All the samples were reflowed in nitrogen 
atmosphere with an oxygen level of less than 20 ppm. A longer low temperature soak time was provided during the reflow to 
drive off the lower boiling point volatiles.  This procedure was used to reduce the hot slump of paste during reflow and hence 
reduce and or eliminate bridging. 
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Figure 4 - Sample Reflow Profile used for Paste ‘A’ SnPb 
 

Screening Experiment 
Screening experiments were performed to reduce the number of factors considered in the DOE. Two different experiments 
were completed to evaluate the impact of oven configuration type and squeegee material on solder ball height and ball yields. 
Even though these factors were considered as an integral part of main DOE, we decided to perform a screening experiment to 
understand their influence in more detail. 
 
Effect of Oven Configuration type 
Four boards were printed with Paste ‘A’ SnPb paste using the above mentioned print parameters and setup. Two boards were 
reflowed for each oven configuration. For analysis only the results from Array 1 stencil opening was used. Array 1 stencil 
design was the hardest design to print and reflow. We anticipate that if a paste can print and reflow without any issues for 
Array 1 stencil design, then it should be able to print and reflow the remaining designs with out any issues. The resultant ball 
heights were measured using a laser profilometer. The height measurements were performed on the defect free solder balls. 
The response variables used for analysis were  
 
1. Ball height distribution 
2. Ball yield percentage 
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Figure 5 - Ball Height Distribution (Left) and Yield Percentage (Right) Results for Oven Configuration Comparison  

 
The above plots show that the 7-zone oven provided a higher ball yield percentage compared to the board reflowed in a batch 
oven. The ball height from both the reflow process is comparable and there is no statistically significant difference in the ball 
height measurements. Based on the above results, it was decided to use 7-zone convection reflow oven for remainder of the 
experiments.  
 
Comparison of Squeegee Material (Metal vs. Poly) 
This screening experiment was performed to compare the effect of squeegee material on ball height distribution and yield 
percentage. Metal and Polyurethane (90 durometer) blades were used for the comparison. Two boards were printed with each 
squeegee material using Paste ‘A’ and the boards were reflowed in 7-zone convection oven. Data collected from Array 1 was 
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used for analysis. The height measurements were performed on the defect free solder balls. As in the above experiment, the 
response variables used for analysis were  
 
1. Ball height distribution 
2. Ball yield percentage 
 
Figure 6 below show the results from the squeegee material comparison experiment. The plot shows that metal blades 
produced taller and consistent solder ball heights compared to the polyurethane blades used in the experiment. The ball yield 
percentage shows that metal blades produced slightly higher yield percentage compared to the poly blades. Based on the 
above results, it was decided to use metal blades for the rest of experiments. 
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Figure 6 - Ball Height Distribution (Left) and Yield Percentage (Right) Results for Squeegee Material Comparison  

 
Experimental Results  
The results from the DOE factors of solder paste, stencil opening and stencil thickness are discussed in the following sections 
of the paper. For the solder paste and stencil aperture size evaluation, four boards printed at each combination using a 15-mil 
thick stencil.  
 
Effect of Stencil Thickness 
The analysis of stencil thickness data shows that a taller ball height is obtained using the 18-mil thick stencil. However, it 
was observed that 18-mil thick stencil has a larger height distribution compared to the 15-mil thick stencil. The comparison 
of yield percentage shows that 18-mil thick stencil (62.25%) had a lower yield compared to 15-mil thick stencil (81.75%). 
The results show that even though a higher ball height is achieved with 18-mil thick stencil, the poor yield percentage makes 
it less attractive. Therefore, trade offs have to be made between the achievable ball height and the yield. In this experiment 
15-mil thick stencil was chosen because it provided higher yield percentage compared to 18-mil thick stencil. Figure 7 below 
shows the results for stencil thickness comparison. 
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Figure 7 - Ball Height Distribution (Left) and Yield Percentage (Right) Results for Stencil Thickness Comparison  
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Effect of Solder Paste 
The results show that selection of solder paste has a significant impact on the ball height distribution and the yield 
percentage. Figure below show the ball height distribution and ball yield percentage for Array 1. The results show that Paste 
‘C’ produced taller ball height with a tighter distribution compared to Paste ‘A’ and Paste ‘B’. Additionally, 100% yield was 
achieved with Paste ‘C’, while Paste ‘A’ and Paste ‘B’ had a yield of 80% and 78%. The results show that a consistent taller 
ball height with 100% yield is achieved with Paste ‘C’. 
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Figure 8 - Ball Height Distribution (Left) and Yield Percentage (Right) Results for Solder Paste Comparison  

 
Effect of Stencil Aperture Size 
Figure 9 below shows the ball height distribution for various stencil openings on a 15-mil thick stencil with Paste ‘C’ 
reflowed in the 7-Zone reflow oven. The plot shows that increase in stencil aperture size increases the ball. The above result 
was expected and nevertheless verified. However care must be taken not to increase the stencil aperture size beyond a certain 
size, because it might lead to bridging after the print process or during reflow affecting the process yield.  
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Figure 9 - Ball Height Distribution Results for Stencil Aperture Size Comparison 

 
The plot show that a target ball height of 35 mil, is achieved with a stencil opening of 61 mil on a 15 mil thick stencil using 
Paste ‘C’. Figure 10 below show the 100% yield BGA balls achieved for a 61-mil stencil opening. The image on the right 
side shows the side angle view of the ball and the consistency of reflowed BGA balls height. 
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Figure 10 - 100% Ball Yield for 61 mil Stencil Opening (Left) and Side Angle Shot of Array 2 (Right) 
 
Recommendations for a Successful Bumping Process 
The following section discusses process recommendations to successfully bump BGA balls for ‘SnapShot’ attach process 
using solder paste printing process. 
 
Stencils 
The key factor in stencil design is to maximize the stencil opening while optimizing the stencil thickness. Based on the solder 
volume requirements, the thickness and the stencil opening should be determined. Spacing between the apertures should be 
greater than 7.9 mils (200 microns). The results show that a web width of less than 7.9 mils leads to solder bridging and 
solder robbing. The stencil can be a Laser Cut stencil or Electroform stencil.  
 
Solder Pastes 
The paste bumping experiment has been conducted with three different pastes. The test results show that Paste ‘C’ LF had a 
superior performance compared to the other two pastes. The Paste ‘C’ was designed to easily release from stencil apertures 
and the higher metal content makes the paste resistant to cold and hot slump.  
 
Reflow 
To minimize the occurrences of solder bridging and solder robbing during reflow, the profile should be modified to have a 
longer low temperature soak time to drive off the lower boiling point volatiles. Additionally, the substrates should be 
reflowed in an inert atmosphere to prevent oxidation. The nitrogen level should be less than 20 ppm of oxygen. 
 
Printing 
The above results show that ball height requirements is met using the stencil printing process. During the printing process the 
parameters (Print Speed, Print Pressure and Separation speed) should be selected to insure a clean print sweep with the 
minimum pressure and proper filling of the apertures.  
 
Conclusions 
Standard solder paste printing technology and equipment can be used to achieve the required solder ball height used in the 
shield attach process. The 100% yield of BGA balls in this process development work verifies that capability. Results show 
that by properly selecting the process conditions (i.e., paste, stencil and print parameters), it is possible to push the limits of 
the stencil printing process. This study indicates that, the solder paste stencil printing process can be attractive, cost effective 
alternative process for the mass bumping of BGA balls in the shield attach process. 
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15, Issue 1, 2002. 


	Table of Contents
	Home


<<
  /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
  /CreateJDFFile false
  /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

  /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


