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ABSTRACT 
The objective of this paper is to provide an effective and 

accurate analytical solution to compute the spreading thermal 
resistance of a vapor chamber thermal module, as well as the 
surface temperatures and the heat flux distributions at the 
heating surface. The analytical solutions are expressed in a 
reduced unit system with the governing parameters of the 
corresponding distance between heat sources, dimensionless 
plate thickness of the vapor chamber. This paper also presents 
vapor chamber temperature distribution, and it is correlation to 
heat source sizes, hence, spreading thermal resistance decreases 
with the increasing lateral length. There is the obvious difference 
between spreading thermal and conductive thermal resistance as 
lateral length is disproportion to heating area. Therefore, 
spreading thermal resistance is an important factor when design 
the thermal solution of a high density chipset power, and it 
caused high temperature in heat sources by embedded a thinner 
heat sink base. According to Fourier conductivity theorem, 
spreading thermal resistance is disproportion to sink base, then 
thermal resistance is not only parameter for vapor chamber 
module design, it needs to consider spreading resistance of vapor 
chamber and fin performance for cooling LEDs array, in order to 
prevent mismatch on numerical analysis and mathematical 
calculation. Thermal simulation is used as a design tool, and it is 
close to experimental data. The difference is within 5.9%, and it 
presents a precise result. 
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NOMENCLATURE 
A   Heat source size, m2 
Ac   Contact area of non-circular plate, m2 
Aeq  Equivalent size of a single heat source, m2 
As   Base pate area of non-circular plate, m2 
a   Heat source radius, m 
b   Base plate radius, m 
d   Distance between heat sources, m 
h   Convection heat transfer coefficient, W/m2 K 
k   Thermal conductivity, W/m K 
l   Length of base plate, m 
m   Length of heat source, m 
meq  Length of a single equivalent heat source, m 
Q  Heat flow rate, W 
R1D  One dimensional thermal resistance, • •/W 
Rs   Spreading thermal resistance, • •/W 
Rt   Total thermal resistance, • •/W 
T   Temperature, • • 
t   Base plate thickness, m 

 
Subscripts 
f   External air 
ave  Average value 
b   Bottom surface of base plate 
c   Contact area 
max Maximum value 
s   Top surface of base plate 
 

1 INTRODUCTION 
This study focuses on recent applications of latent heat transfer 

with phase change transmission is constantly used as 
heat-transport devices because of the superiority of transferring 
heat within low temperature differences. Recently, by stable 
capability and reliability of vapor chambers fabrication, thus, the 
vapor chambers are applied on the electronic cooling. In the 
proposed thermal design model, vapor chamber works as a high 
conductivity interface between heat sources and heatsink, so the 
local temperature distribution and the heat spreading effect can 
be therefore investigated. Furthermore, the calculated results are 
in line with the results in previous literatures and the 
experiments conducted in this study.  

Experimental comparisons between copper, aluminum plates 
and a vapor chamber having the same thickness have been also 
summarized. The spreader plates integrated with a plate-fin 
heatsink are tested in a wind tunnel. For small footprint heat 
sources, the vapor chamber shows a lower thermal resistance and 
much uniform temperature distribution than the metal plates. 
Then, the heatsink integrated with the vapor chamber is 
simulated by using numerical model. In order to obtain more 
accurate calculation domain, the heating block and insulation are 
also considered in simulation boundary conditions. These 
available analysis models are simulated to real applications, the 
maximum difference of the hot spot temperature rises between 
the simulation and analytical result is 5.9 %. Additionally, a 
steady state three dimensional heat conduction equation is 
analytically solved by using separation of variables. The 
temperature distribution within a partially heated rectangular 
plate is solved and the spreading thermal resistance is also 
obtained.  

By adapting the ideas of isotropic or anisotropic heat 
spreading, the equivalent heat source by multiple heat sources 
and effective thermal conductivities of the vapor chamber have 
been calculated. The axial conductivity of the vapor chamber is 
around 48.74 W/m-K, but the lateral length conductivity is more 
than ten times of the axial conductivity [1]. The high lateral 
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length conductivity can sufficiently enhance the heat spreading 
along the lateral direction, and thereby resulting in a lower total 
thermal resistance. Combining into the whole module simulation, 
the surface temperature distribution is similar as that obtained by 
numerical model. In additions, the thermal spreading resistances 
have also been analytically investigated. An anisotropic method 
to calculate the effective thermal conductivities of vapor 
chamber is also proposed [2].  
 

2 Fundamental theorem 
2.1 Spreading thermal resistance  
 

Spreading resistance caused by mismatch contact area 
(footprint) between heat source and heatsink base. Efficiency of 
thermal dissipation changes with the size of heat source as 
electronic component generates constantly power transmission 
[3]. The smaller size of heat sources, the higher thermal density 
on heatsink, which accumulated hot spot and high temperature of 
heat sources. Seri Lee has developed an analytical simulation 
model for predicting and optimizing the thermal performance of 
bidirectional fin heat sinks [4]. As seen in Fig. 1. and Eq.(2.1) 

Fig1. Spreading thermal resistance of a heat sink  
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  2.2 Surface temperature of multiple heat sources 

As illustrated in Fig. 2 the spreader (such as vapor chamber) is 
of a×b dimension and the dual heat sources are arbitrarily 
located at the heat spreader surface. The analysis of the heat 
spreading on the multiple sources heating mode when the heat 
sources attached on surface of spreader, it is quite different from 
that of the single block-heating mode [5]. This is because the 
heat flow in the spreader is no longer one-dimensional. When 
the heat sources generate power on the spreader surface, there 
exists one-dimensional and lateral length spreading thermal 
resistance [6], thus, and heat conductivity field becomes 
three-dimensional instead.  

Fig. 2 Dual heat sources  

2.3 Equivalent heat source calculation of LEDs  

Distance (s) is introduced for this case, as Fig.3 shown, which 
describes the distance between the two LEDs with reference to 
the center (respectively. It is observed from this case that when 
the distance (s) is small, i.e. the two LEDs are placed close to 
one another near the center of the spreader. The maximum case 
temperature is the highest. Minimum temperature is determined 
on the plots that indicate the optimized positions of the LEDs on 
the spreader surface. Locations of the LEDs that allow optimum 
performance of the spreader must be determined. 
Fig.4 and Eq.(2.2) shows Methodology of multiple heat sources 

to an equivalent heat source [7]. 

 
Fig. 3 Calculation of multiple LEDs to an equivalent heat source 

 

Fig.4 Methodology of multiple heat sources to an equivalent heat 
source 
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d :  Diameter between each two heat sources  
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s :  Distance between each two heat sources  
n :  Number of heat sources  
m : Heat source size  
l : Spreader size 
���: Correlation factor of f (l , m , s, n) 
 

3 Vapor chamber on Electronic Cooling 
Application 

3.1 Performance Evaluation 
The most versatile feature of using vapor chambers is the wide 

variety of geometries that can be constructed to take advantage 
of the available space around the electronics to be cooled. In 
many applications, the available heat sink size above the 
electronics is limited by the board-to-board spacing. In this 
situation, vapor chambers are used in a low profile design that 
equalizes the heat to a large fin stack.  

In general, the smaller component (LEDs array) cooling 
approaches transport 10 to 30 W each. Most of these vapor 
chamber heat sinks use a 120mm * 90mm vapor chamber that 
eliminates hot spot. This type of passive design has been a very 
effective thermal management technique for LED with power 
ratings less than 30 W without cooling fan [8]. 

The optimal design helps to reduce airflow requirements and 
prevent one of the limiting factors is the volumetric airflow that 
current electronic system can produce reliably.  
 
3.2 Experimental investigation 

Experimental scenarios of quad heat sources thermal test are 
designed for leverage thermal test and numerical result, Fig. 5 
shows the test procedures from heat sources distance 20mm to 
50mm, it means heat spreading on the lateral length of a vapor 
chamber, which test plan is same as the numerical models [9]. 
Natural convection chamber provides a steady test environment 
of constant ambient air. [10]. 

Experiment Scenario
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Fig.5 Test procedures from heat sources distance 20mm to 

50mm 
 

4 Numerical analysis  
Based on the current capabilities of main CFD packages 

suitable for thermal design (such as FLOTHERM) and the nature 
of electronic applications [11], understanding the physics of the 
processes, introducing adequate simplifications and establishing 
an appropriate model are essential factors for obtaining 
reasonable results and correct thermal design [12]. 

With the Finite Difference Method (FDM) 
Verifying thermal design such as: 

�  Heat sources power dissipation 
�  Convection variation 
�  Thermal resistance 
�  Local ambient temperature 
�  Processor heat sink design 

Vapor chambers can be installed in the base of an extrusion to 
reduce the conduction spreading resistance. Spreading resistance 
occurs when a heat source’s chip area is smaller than that of the 
heat sink’s base. 
Fig.6 shows a spreader (240×240×4mm [LWH]) that was tested 
using natural convection (Open air and air inlet temperature 
around 25• •) with a heat source size of 15×15 mm and a power 
dissipation of 3W.  

The temperature profiles at the surface of metal spreader and 
vapor chambers appear in Fig.6 respectively. The shape of the 
temperature profiles in Fig. 6 demonstrates that heat spreader 
temperature. With vapor chamber assisted heat sink; thermal 
engineers can place the electrical components in convenient 
locations and is not limited by spreading resistance to the center 
of the heat sink [13]. 

As shown in Fig. 7, the vapor chambers also significantly 
reduced the maximum surface temperature of the extrusion. By 
simply adding vapor chambers to the base of an existing heat 
sink, the overall sink to ambient temperature rises are reduced by 
30%. Faced with high spreading resistance, the thermal designer 
would probably explore the feasibility of increasing the base 
thickness in an effort to reduce both the heat transfer by 
conduction and mass [14]. 

 
 

Fig. 6 Experiment description 
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Fig.7 Surface temperature for an equivalent heat source  

 
5 Conclusion 

This study shows a progression of cooling approaches 
advance thermal design, which growing heat dissipation levels 
of LED devices. Vapor chamber assemblies (low heat 
dissipation from 10 to 30W) allow increased heat sink 
performance within the volume available with little potential 
impact on the existing system design. 
   Vapor chambers are now being combined with other 
technology to help meet the emerging requirements. In practice, 
these cooling units might be the best solutions for keeping pace 
with the increasing heat loads of high power semiconductors 
[15]. The reliability and flexibility of the vapor chamber has 
proven to be a valuable attribute that provides the system 
designer with increased LED layout possibilities and typically 
improves thermal performance. The fin stack height, width, 
length, and fin spacing can be calculated by CFD numerical 
optimization. Electronic system also can be customized to fit the 
application [16].  
 

6 REFERENCES 
[1] Y.S. Chen, K.H. Chien, T.S. Hung, C.C. Wang, Y.M. Ferng, 
B.S. Pei, Numerical simulation of a heat sink embedded with 
vapor chamber and calculation of effective thermal conductivity 
of a vapor chamber, Journal of Applied Thermal Engineering, 
2008 
[2] Faghri, Amir, Heat pipe science and technology, Taylor & 
Francis, 1995. 
[3]Yu, C.S., Wei, W.C., Kang, S.W.,” Investigation of Micro 
Porosity Sintered Wick in Vapor Chamber for Fan Less 
Design.” Thermal Investigation of ICs and Systems, 2007. IEEE 
THERMINIC 2007. 13th International Workshop on Volume, 
Issue, 17-19, pp.88 – 91, 2007. 
[4]Song S., Lee, S. and Au, V., “Constriction/Spreading 
Resistance Model for Electronic Packaging”, Proceedings of the 
4th ASME/JSME thermal Engineering Joint Conference, 4, pp. 
199-206, 1995. 
[5] Muzychka, Y.S., Culham, J.R. and Yovanovich, M.M., 
Thermal Spreading Resistance of Eccentric Heat Sources on 
Rectangular Flux Channels, ASME, J. Electronic Packing, 125, 
pp. 178-185, 2003. 
[6] Kennedy, D.P., Spreading Resistance in Cylindrical 
Semiconductor Devices, J. Applied Physics, 31, pp. 1490-1497, 

1960. 
[7] Yun Ho Kim, Seo Young Kim, Gwang Hoon Rhee, 
“Evaluation of spreading thermal resistance for heat generating 
multi-electronic components”, Thermal and Thermomechanical 
Phenomena in Electronics Systems, ITHERM 2006-June 2, pp. 
264, 2006.  
[8] A. Faghri, M. Buchko, Experimental and numerical analysis 
of low temperature heat pipes with multiple heat sources, ASME 
Journal of Heat Transfer 113 728-734. 1991 
[9] Zuo, Z. J. and Faghri, A., A network thermodynamic 
analysis of the heat pipe, Int. J. Heat Mass Transfer, vol. 41, pp. 
1473-1484, 1998. 
[10] Tournier, J. M. and El-Genk, M. S., A heat pipe transient 
analysis model, Int. J. Heat Mass Transfer, vol. 37, pp. 753-762, 
1994. 
[11] HTTP://WWW.FLOTREND.COM. 
[12] CFD Molding of a Therma-Base Heat Sink, Thermacore, 
Inc., 1998 
[13] Vadakkan, Unnikrishnan, Garimella, Suresh V. and Murthy, 
Jayathi Y., Transport in Flat Heat Pipes at High Heat Fluxes 
from Multiple Discrete Sources, J. Heat Transfer, vol. 126, 
pp.347-354, June 2004. 
[14] Koito, Y., Imura, H., Mochizuki, M., Saito, Y., and Torii, S, 
Numerical analysis and experimental verification on thermal 
fluid phenomena in a vapor chamber, Applied Thermal 
Engineering, vol. 26, pp. 1669-1676, 2006. 
[15] Tan, B. K., Huang, X. Y., Wong, T. N. and Ooi, K. T., A 
study of multiple heat sources on a flat plate heat pipe using a 
point source approach, Int. J. Heat Mass Transfer, vol. 43, pp. 
3755-3764, 2000. 
[16] Zhu, N. and Vafai, K., Vapor and liquid flow in an 
asymmetrical flat plate heat pipe: a three-dimensional analytical 
and numerical investigation. Int. J. Heat Mass Transfer, vol. 41, 
pp. 159-174, 1998 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


