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Abstract 
Pico projector can display larger images based on 
handheld electronic devices including mobile phone, 
portable multimedia players (PMPs, or MP4), PDA, 
GPS, and mobile TVs. Nowadays LEDs are ideal 
light source for the pico projection optical engine. 
However the optical efficiency of common LEDs can 
not be used adequately in pico projectors due to the 
undesired polarization state is absorbed, scattered, 
and/or blocked. In this study, a polarization recycling 
LED module was developed, which could convert the 
undesired polarization state to the desired one. In 
order to simplify the projection optical design and 
shrink the size of the projection optical system, and 
further enhance the optical efficiency of the 
projection system, this LED module integrated light 
recycling system and thermal dissipation structure. 
The light recycling system includes a reflective 
polarizer and a quarter wave plate (QWP). The 
experimental results show that the light recycling can 
enhance the system optical efficiency and increase 
output brightness of the projector system by 11.14% 
and increase the LED module brightness by 22.67% 
respectively. This paper also analyzed how to 
improve the utilizing efficiency of recycled light 
further more. 
 
Keywords: LED module, Polarization conversion, 
light recycling, pico projector 
 

1 Instruction 
 
The decreasing size of today’s mobile devices, such 
as cell phones, PDA and digital cameras, coupled 
with the increasing requirement to offer a full graphic 
display and video playback capabilities, create the 
need of a portable multi-viewer display. The market 
challenge is to develop a display technology that 
combines a small form factor with a larger display 
size. Pico projection is a good solution to this 
problem, which could be as a standalone miniature 
projector system and as accessories of portable 
electronic product, and another is embedded into the 
portable electronic product. Then it could fulfill the 
needs of portability and also enlarge display size. At 
the 2009 International CES in Las Vegas, many 

companies such as 3M, Optoma, Micovision, Toshiba, 
Samsung, LG, WowWee and etc. have published 
their pico projector prototypes. The total power 
consumption is in range of 1~5W. 
 
Nowadays using LEDs as the lighting source is the 
current mainstream for Pico projectors, since the 
LEDs could meet the requirements of both size and 
power source for their characteristics of high 
efficiency, solid-state form and small étendue effect 
characteristics, quick switching time, more saturated 
colors, longer lifetime, and etc. Light emitted from 
the LED is projected onto a micro-display panel, such 
as a liquid crystal display (LCD), liquid crystal on 
silicon (LCoS). One challenge of the pico-projector 
technology is that the light is typically polarized in 
LCD or LCoS applications, and only the light with 
desired polarization state can be transmitted.  
However, most commercialized LEDs only emit un-
polarized light, results that more than 50% light are 
wasted since undesired polarization state is absorbed, 
scattered, and/or blocked. In order to increase the 
efficiency of illumination, one would have to recycle 
the wasted light by converting the undesired 
polarization to the desired one. It is what is meant by 
polarization recycling. 
 
Actually polarization recycling isn’t a novel principle, 
which has been mentioned in many publications and 
patents [1-8]. Polarization recycling technology has 
been widely used in back light unit (BLU) for LCD 
display to improve the brightness. Kim [9] 
investigated the brightness enhancement of liquid 
crystal displays (LCD) through polarization recycling 
by placing a nano-wire grid polarizer (NWGP) 
between an LCD panel and a backlight unit. The 
results showed the brightness enhancement is up to 
30%. Darmon [10] investigated a pico projection 
optical system with polarization recycling 
compounded a reflective reflector and a QWP. But 
the polarization recycling device is extended out of a 
LED package with four chips (RGGB). Sometimes, 
light recycling is combined with the collection 
function [11] or with the polarization conversion 
function [12]. Reported enhancement efficiency 
gained with such recycling systems ranges from 10% 
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to 30%. 
 
In this study, a polarization recycling LED module 
was developed for pico projector. The developed 
LED compact a polarization system, a recycling 
system, a condenser system and a thermal 
management into one module. It is realized to output 
polarized light and furthermore convert the undesired 
polarization to the desired one, and the illumination 
efficiency was enhanced by larger than 20%. The 
output brightness of pico projection engine was 
enhanced by larger than 10%. Since the polarization 
recycling system was compacted into the LED 
module, it would be easy to assemble and have lower 
cost and small size compared with the separated 
polarization and recycling system. 
 

2 Polarization Recycling LED Module 
 
2.1 Structure 
 
As shown in Fig.1, the LED module includes a 
reflective polarizer positioned in a light emission path 
of the LED, wherein the reflective polarizer is 
configured to polarize the LED light, and the 
reflective polarizer further transmits the p-
polarization state light and reflects the s-polarization 
state light. A quarter wave plate (QWP) is stick 
below the reflective polarizer, which could covert the 
s-polarization state to the p-polarization state. So the 
reflective polarizer and the QWP composed of a 
polarization recycling system. The polarization 
recycling system is stuck on a LED package then a 
lens covers on the top of polarization recycling 
system for narrow the beam angle. In order to narrow 
the beam angle furthermore, an air gap is kept 
between the LED chip and the QWP. 
 

 
Fig.1 Polarization recycling LED module structure 

 
2.2 Polarization Recycling  
 
Fig.2 illustrates the polarization recycling principle. 
The LED chip emits light having both p-polarization 
and s-polarization. The reflective polarizer only 
allows p-polarized light to be emitted through but 

reflects s-polarized light back towards the substrate. 
The reflected s-polarized light would pass through a 
quarter-wave plate, becoming circularly polarized 
light. Then it would be reflected by substrate and the 
chip so pass through the QWP again. After passing 
through the QWP twice, the s-polarized light would 
be converted into the p-polarized light. So the 
reflected light can pass through the PPL. The 
emission of the p-polarized light that is converted 
from s-polarized light increases the total light output 
and energy of the LED module. 
 

 
Fig.2 Schematic diagram of polarization recycling  

 
2.3 LED Module Optical Design 
 
FIG. 3 is a distribution plot showing the beam angle 
of the LED module.  In order to match with the 
projection optical path, the beam angle is configured 
to 55°.  For different projection optical engine, the 
beam angle of the LED module can be changed to 
match with the projection optical engine by modify 
the lens shape, the thickness of reflective polarizer, 
QWP and the air gap. Compared with typical beam 
angle of 120° configured by most commercialized 
LED, narrower beam angle would concentrate more 
energy and be advantage of the optical design on 
projection engine. Fig.4 shows a prototype photo of 
the polarization recycling LED module. 
 

 
Fig.3 Luminous intensity distribution of LED module 
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Fig.4 Polarization recycling LED module photo 

 
3 Pico Projection Engine 

 
3.1 Optical Design 
 
Fig. 5 shows a side cross sectional view of a pico 
projection system including the polarization recycling 
LED module. The LED module is bonded to an 
MCPCB, and a heat sink is attached to the back side 
of the MCPCB so that the heat from the LED chip in 
the LED module can be dissipated. Then the LED 
module and the MCPCB are coupled to the 
mechanical housing. Several optical components may 
be positioned in the optical path and fixed by the 
housing and cover. An LCoS panel is attached to the 
housing opposite to the LED module. Some 
projection lenses may be positioned in a cylinder 
which can slide within the housing for adjusting the 
focus. The light rays emitted from LED module 
transmit through the optical components then reach 
the LCoS panel. After reflected by the LCoS panel 
and optical components, the light rays transmit 
through the projection lenses and then are projected 
out of the projection system. Due to polarization and 
light recycling, the LED module can increase the 
total light output and energy of the projection system 
compared with conventional projection systems. 

 

 
Fig.5 Pico projection engine structure 

 
Optical simulation results show that these optical 
components unit can get a better uniformity and 
system efficiency. As shown in Fig. 6, the uniformity 
of this pico projection engine is +13.87%/-14.98%, 
and the system efficiency is 3.7%. 

 
Fig.6 Simulated luminance flux on screen surface 

 
Fig. 7 shows the prototype photo of the pico 
projection engine. The thickness is 10.8mm and the 
volume is 7.2cc when not including the heat sink. 

 
Fig.7 Pico projection engine photo 

 
3.2 Thermal Solution 
 

 
Fig.8 Simulated temperature and air flow distribution 
 
In this application, the current of LED need be up to 
600mA, so the power will be larger than 2W. Because 
the high power LED chip only has a surface area of 
1mm2, if approximately 75% electrical power 
transfers to heat, it will contribute a high heat flux of 
150 W/cm2 within the LED Chip, which will cause 
very high junction temperature (Tj). Therefore 
reducing the thermal resistance to keep the junction 
at a low temperature is very important for high power 
LED operating unser high current condition. Because 
MCPCB can provide very good thermal conductive 
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base material for heat spreading, in this application, 
the LED directly mounted on a MCPCB and then 
attaches a heat sink for heat dissipation. Furthermore 
due to the metal housing, some heat can be dissipated 
into amber via housing outer surface simultaneously. 
The LED junction temperature is 62.9°C, and the 
surface maximum temperature of the projection 
engine is 56.1°C, as shown in Fig.8. It would be safe 
to operate for a long time. 

 
4 Testing Results and Discussions 

 
4.1 Polarization Effect Testing Method 
 
As the LED module emits polarized light directly, in 
order to test the polarization degree, a polarizer was 
fixed on the inner of the integrating-sphere 
photometer. The LED module was stuck on a heat 
sink fixed on a support close to the integrating-sphere 
photometer. As shown in Fig.9, the polarizer can be 
rotated around its central axis, so this experimental 
device can measure the luminous output at different 
polarization degree. In operation, test the luminous 
output one time per rotating the polarizer by 30 
degree. Through the following formula, we can get 
the degree position at the maximum brightness and 
calculate out the polarization degree. 
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Then the polarization angle θ and the polarization 
degree P can be calculated: 
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Rotating the polarizer at the polarization angle, the 
maximum brightness can be measured. 
 

 
Fig.9 Polarization degree testing 

4.2 Testing Results of Recycling LED Module 
 
The polarization degree and luminous output testing 
results are shown in Table 1. In order to verify the 
brightness increment after adding the polarization 
recycling effect, three different LED modules are 
packaged for comparison testing. The first module is 
a common LED package, the second module is added 
a PPL between the LED and the lens, and the third 
one is further added a QWP between the LED and the 
PPL. From the testing result, by covering a PPL in 
front of the LED emitting surface, the whole LED 
package only emits one polarization state light, and 
the polarization degree is close to 90%. Compared 
with the first common LED module, the brightness of 
the second LED package was increased by 17.33%. 
When the second polarization state light reflected 
back by the PPL reaches to reflecting cup and the 
LED chip, it is reflected again and scattered resulting 
that some light is transited to the desired polarization 
state light. The desired polarization state light can 
transmit the PPL so the brightness increases. After 
adding a QWP between the LED and the PPL, the 
polarization conversion efficiency increases further 
more. The brightness increment reaches to 22.67% 
compared with the common LED package. 
 

Table 1 Recycling LED module testing results 

LED 
Module 

LED + 
Lens 

LED + 
PPL + 
Lens 

LED + 
QWP + 
PPL + 
Lens 

Structure 
 

Polarization 
degree -- 88.95% 89.60% 

Luminous 
Flux (lm) 

(Max) 
15.75 18.48 19.32 

Brightness 
increment 

-- +17.33% +4.55% 
--  +22.67% 

 
4.3 Testing Results of Pico Projector Engine 
 
Assemble above mentioned three different LED 
modules into the pico projection engine respectively 
to investigate the projection quality and system 
brightness increment by polarization recycling. 
Fig.10 shows the projection effect. From the 
projection image, we can see the projection quality is 
sharp and without distortion.  
 
Table 2 shows the detailed data of pico projection 
engine testing results. Due to the assembly inaccuracy, 
the mean uniformity is +22.60%/-19.92% and 
contrast is 89.43. By using the second LED module 
with PPL but no QWP, the projection system 
brightness increases by 9.2% Comparing with use the 
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common LED module without polarization and light 
recycling.  By adding a QWP to enhance the 
polarization conversion, the projection system 
brightness increment reaches up to 11.14%. 
 

 
Fig.10 Projection image 

 
Table 2 Pico projection engine testing results 

LED Module in 
projection engine 

LED + 
Lens 

LED + 
PPL + 
Lens 

LED + 
QWP + 
PPL + 
Lens 

Output brightness (lm) 2.316 2.529 2.574 

Uniformity (9 P.) +23.57% 
-16.89% 

+17.31% 
-17.31% 

+26.94%
-25.56%

Contrast 90.98 84.00 93.13 

Brightness increment -- +9.20% +1.78% 
--  +11.14%

 
Comparing the brightness increment of LED module 
and the pico projection engine, the increment in LED 
module is 22.67% whereas in the pico projection 
engine the increment is down to 11.14%. Obviously 
only 50% recycled light from the LED module is 
utilized by the pico projection engine.  
 
The optical design of projection engine is based on 
the LED chip size and position, most of the light can 
pass through the optical system, as shown in Fig.11 
(a). The reflector on the substrate is flat in the 
prototype of polarization recycling LED module. The 
recycled light is reflected twice and the equivalence 
size and position is shown in Fig.11 (b). It results that 
only a few recycled light rays can pass through the 
system as shown in Fig.11 (c). If the recycled light 
path is not similar to the original light path, even the 
reflected light is recycled but it can not pass through 
the projection system because the projection optical 
design is based on the original LED chip position and 
size. If the size and position of visual image formed 
by reflected light rays are closer to the original LED 
chip by optimizing optical design, more recycled 
light rays can pass through the projection engine 
optical system, as shown in Fig.11 (d). So the 

brightness enhancement of pico projection engine 
would be improved further more. 

 
(a) Original LED chip optical path 

 
          (b) Virtual image of reflected light 

 
(c) Optical path of recycled light 

 
(d) Improved optical path by shape reflector 

Fig.11 Optical path comparison between original 
light and recycled light 
 

5 Conclusions 
 
In this study, a polarization recycling LED module 
was developed for pico projector engine. The 
developed LED compact a polarizing system, a 
recycling system, a condenser system and a thermal 
management into one module. It is realized to output 
polarized light and furthermore convert the undesired 
polarization to the desired state. Testing results 
showed that the illumination efficiency was enhanced 
by 22.67%. By applying the polarization recycling 
LED module into the pico projection engine, the 
output brightness was enhanced by 11.14%. About 
50% recycled light was utilized due to the emitting 
size and position difference between the original light 
and recycled light. This paper also analyzed how to 
improve the utilizing efficiency of recycled light 
further more. 
 

Acknowledgements 
 

This study was supported by the Innovation and 
Technology Fund of Hong Kong with grant No. 
ART/055CP. The authors would also like to 
acknowledge Mr. Changshu Lee for packaging the 
LED samples. 

2009 International Symposium on Microelectronics

000935



References 
 

[1] F. Fournier, J. Rolland, “Design Methodology for 
High Brightness Projectors”, Journal of Display 
Technology, Vol. 4, No. 1, pp. 86-91, March 2008 

[2] L. Fu, R. Leutz, H. Ries, “Light recycling in solid 
state devices,” in Fifth Int. Conf. Solid State 
Lighting, Proceedings of the SPIE, Volume 5941, 
pp. 326-330 (2005), San Diego, CA, 2005 

[3] S. J. Willett, M. F. Weber, A. J. ouderkirk, and et 
al, 3M Innovative Properties Company, St. Paul, 
MN, USA, “Liquid Crystal Display Projection 
System Using Multilayer Optical Film Polarizers”, 
U.S. Patent 6 088 067, Jul. 11, 2000 

[4] R. C. Allen, 3M Innovative Properties Company, 
St. Paul, MN, USA, “Brightness Enhancement 
Film”, U.S. Patent 6 760 157, Jul. 6, 2004 

[5] J. A. Wheatley, C. A. Leatherdale, A. J. Ouderkirk, 
3M Innovative Properties Company, St. Paul, MN, 
USA, “Polarized LED”, U.S. Patent Application 
2006/0091412 A1, May 4, 2006 

[6] P. R. Destain, J. L. Grace, J. E. Duncan, and et al, 
3M Innovative Properties Company, St. Paul, MN, 
USA, “Optical Projection Subsystem”, U.S. 
Patent Application 2008/0049190 A1, Feb. 28, 
2008 

[7] P. R. Destain, S. J. Willett, 3M Innovative 
Properties Company, St. Paul, MN, USA, “LED 
Source with Hollow Collection Lens”, U.S. Patent 
Application 2008/0048553 A1, Feb. 28, 2008 

[8] K. W. Beeson, S. M. Zimmerman, Goldeneye, 
Inc., San Diego, CA, USA, “Light Recycling 
Illumination Systems Utilizing Light Emitting 
Diodes”, U.S. Patent 7 352 124 B2, Apr. 1, 2008 

[9] S. H. Kim, J.-D. Park, K.-D. Lee, “Fabrication of 
a nano-wire grid polarizer for brightness 
enhancement in liquid crystal display”, 
Nanotechnology, Vol. 17, pp. 4436-4438, 2006 

[10] D. Darmon, J. R. McNeil, M. A. Handschy, 
“LED-Illuminated Pico Projector Architectures”, 
Proceeding of SID 2009, San Antonio, May 31 - 
June 5, 2009 

[11] M. P. Krijn, B. A. Salters, O. H. Willemsen, 
“LED-based mini-projectors”, Proceeding of 
SPIE, Vol. 6196, 619602 (2006), Strasbourg, 
France, 5 April 2006 

[12]Y. Wang, “Efficiency enhancement of liquid 
crystal projection displays using light recycle 
technology,” in Projection Displays VIII, San Jose, 
CA, 2002. 

 

2009 International Symposium on Microelectronics

000936


	Table of Contents

	KEYWORD SEARCH

	Next >>

	<< Previous



<<
  /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




