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Abstract

The demands of advanced electronics products such as
Automotive Radar and High functionality Smartphones have
driven the growth of RF packaging market especially in radio
frequency (RF) applications. Hence there is a need for RF
devices with smaller form factors and higher speed operation.
In this work, we have successfully demonstrated an assembly
approach of CMOS and RF device chiplets stacked in a 3D
configuration on a modified FOWLP platform. The chip-to-
wafer bonding and different assembly processes will be
discussed in the paper. The TSV measurement results and the
daisy chain measurement results will also be updated.

Introduction

Radio frequency (RF) applications have driven the market
for advanced electronics packaging over the past few years [1].
The RF packaging industry is anticipated to expand in products
such as High-End Smartphones. Systems-in-Packages (SiPs),
3D through silicon vias (TSVs) and wafer-level packaging
(WLP) are technologies where RF devices need to be compact
and small at lower cost [2,3]. By the year 20251, the market for
RF advanced packaging is expected to reach $34 billion. The
use of 5G is expanding including telecom and automotive [4,5].

Many Front-End Modules (FEM) will be required to meet
the growing demand for 5G wireless connectivity technology
[6]. The limited space in the RF device must be used efficiently
to allow for additional Front-End Modules (FEM) [7,8]. The 3D
stacking of chiplets is an alternative approach to packaged chips
[9]. However, the die pickup and transfer process for 50um
thin small die 1.39x0.87mm to the bond head is a critical to
achieve a robust chip to wafer attachment process and good
assembly process yield. The selection of flux for chip to wafer
attachment of the CMOS dies onto bottom RF device wafer also
played an important role. In addition, void-free molding process
is required to ensure the mold compound material has fully
encapsulated the solder joint area under the die.

In this paper, we demonstrated a heterogeneous 3D stacked
packaging of chiplets using FOWLP process with through
silicon vias (TSVs). The die pickup and transfer process of the
small thin die of 1.39x0.87x0.05mm is evaluated through
different rubber tips, die pickup speed and die transfer speed to
achieve no die breakage and good die transfer and no die tilt
after bonding. In addition, a no-clean flux with long staging
time and high tacky force is evaluated to understand the effect
of staging time on the solder joint wettability and die tacking
onto the RDL-wafer. The flux dipping process is also evaluated
to ensure the solder bumps are dipped into sufficient flux with

no flux bridging on the microbumps [6 to 9]. On the other hand,
the effect of UBM dishing on the solder voids are also studied
in the chip to wafer flip chip process for the small chiplet dies.
Electrical measurements are done on the p-bump chains and
TSV via chains are designed in the package structure to allow
for verification of the different connectivity and solder integrity
at different layer. Molding is done on the assembled RDL-first
wafer. CSAM is done to inspect the mold fill under the CMOS
dies before the solderball attachment process. Finally, the wafer
is singulated to a 1.56mm x 1.11mm package size and subjected
to temperature cycle test and MSL L3 reliability test.

Test vehicle Description and Assembly Process Flow

There are 2 chiplets used in the test vehicle for this work.
The first is a CMOS die (1.39mm x 0.87mm) and the other is a
RF device die (1.56mm x 1.11mm). These chiplets are stacked
in a 3D configuration as shown in Figure 1. The specifications
of the chiplet package is shown in Table 1. The overall
assembly process flow is shown in Figure 2. The RF device
wafer front side has a single layer RDL layer with underbump
metallization (UBM) for the C4 BGA ball connection. It is then
bonded temporarily to a glass carrier face down using an
adhesive material. The bottom side of the RF wafer is then
backgrinded to specific thickness, followed by the TSV via last
process. The TSV via etching is done on the silicon and
followed by the low temperature liner oxide deposition. The
oxide etching process is done on the bottom via to allow for
connection to the Aluminium (Al) pad. The Ti-Cu seed layer is
sputtered using the PVD process to ensure the TSV via sidewall
and bottom is in contact with the Al pads. Electroplating
process is carried out on the sidewall of the TSV to contact to
the Aluminium pad and the RDL layer. A dielectric film is then
laminated to fill up the remaining via space and via opening was
built to connect bottom metal layers to top ubm structure. This
sheet form of photosensitive dielectric layer was processed via
series of lamination, lithography exposure and chemical
developing. High temperature and pressure process conditions
allowed to soften and squeeze the dielectric material to be filled
up the TSV gap. Wafer will be sent for subsequent furnace high
temperature curing process after via opening was developed.
CuNiAu UBM layer was built at via opening to connect and
bonded with solder ball. PVD Ti/Cu seed layer was deposited
first, followed by photoresist patterning to create opening
exposing Cu seed surface for UBM structure only. CuNiAu will
be electro-plated on selected photoresist opening area to build
UBM structure at desired height.

The attachment process of the CMOS dies onto the RDL-
First wafer are done by flux dipping and followed by conveyor
reflow process to form the solder interconnections. Then wafer



level molding process is carried out to encapsulate the CMOS
dies at a mold thickness of 400um. The silicon carrier is then
debonded from the device wafer and the molded wafer is then
backgrind to ~180um thickness. Finally solderball attachment
process is then done on the RF device front side using 200pm
diameter SnAgCu SAC 305 solder balls.
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Fig 1: Schematic drawing of the 3D stacking of CMOS
on RF device chiplets

Table 1: Specifications of 3D stacked chiplet package

Package size 1.56x1.11x0.28mm
Die size 1.39x0.87x0.05mm
Total number of 1Os per package 6
BGA ball pitch 0.35mm
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Fig 2: Overall assembly process flow
Evaluation approach

There are some considerations and evaluation approaches
prior to the 3D stacked assembly of the small CMOS dies on the
bottom RF device wafer. Flux and mold compound selection as
well as UBM control dishing on RF wafer played a key role in
the overall assembly process.

(a) UBM dishing on RF device wafer

The UBM structure is Cu/Ni/Au. Proper control and
optimization on plating process minimizes the UBM dishing on
the backside of the RF wafer is required to minimize solderjoint
voids after the CMOS reflow attachment process.

(b) Flux selection

The flux selected is a long staging flux and more tacky flux
taking into the consideration of the long processing time for the
small CMOS dies onto the 12 inch wafer. No-clean flux is used
compared water soluble type as the CMOS dies attached are

very small and close to each other. The main advantage of using
no-clean flux is to eliminate the need for post reflow flux residue
cleaning process.

(c) CMOS assembly and reflow process

The study of the C2W bonding process for CMOS dies onto
the RF device wafer is very critical to achieve good alignment
bonding. Process evaluation on die pickup parameters and
reflow process is important to ensure a robust and stable flip chip
attachment process. There is also a need to have a high speed
pick and place tool in a high volume manufacturing environment
especially for higher throughput. This is due to the CMOS dies
are very small and will require more time for a complete die
placement on a 12 inch wafer. The assembly process yield is
calculated terms of the number of dies tilt, number of missing
dies and number of double dies for each wafer after the chip to
wafer attachment and reflow process. The assembled wafer
undergoes a lead-free reflow process to form the solder
interconnection between the CMOS dies and the device wafer.
Daisy chain measurements are measured to check the solder
integrity and connection after reflow (Fig 3). Die shear is carried
out to check the solder wetting of the CMOS die to the UBM on
the bottom RF device wafer after the reflow process.

(d) Wafer level molding process

Wafer molding process is done on the device wafer to
encapsulate the CMOS dies after flip chip attachment and reflow
process. The selection of mold compound materials is crucial for
the 3D stacked assembly process to ensure no mold voids is
trapped between the CMOS die and the RF wafer during the
wafer level molding process. The mold compound selected has
a small filler size which allows for better mold flow during the
molding process.

(e) Reliability test

The samples are attached with SnAgCu SAC305 solderballs
and singulated to individual package before subjecting to MSL
L3 and TC 500 cycles reliability test. Daisy chain measurements
are taken at time zero and after the reliability tests.
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Fig 3b: Layout on the Micro-bump chain structure




Results and Discussion
(a) UBM dishing on RF device wafer

The Cu layer thickness is increased using an electro-
conformal plating from via contact on Al pad at the bottom of
TSV to the sidewall of TSV and to the top surface on the bottom
side of the RF device wafer.

(b) Cross-section of
CMOS die on bottom
device wafer

Fig 4: Cross-section results on C2W bonding after
reflow on UBM with higher dishing

(a) UBM plating with more
dishing

(a) UBM plating with less  (b) Cross-section of CMOS

die on bottom device
wafer

Fig 5: Cross-section results on C2W bonding after
reflow on UBM with lower dishing

dishing

(b) Flux selection

Water-soluble fluxes have been used for a long time in flip-
chip assembly and can be applied by dipping or spraying.
However, the main disadvantage for using water-soluble flux is
the need to remove the flux residues after post reflow process.
In addition, its usage is slowly declining as the industry is
slowly moving towards using no-clean flux. This is due to the
industries moving to using Cu pillar microbumps instead of
solder bumps. The solder bump pitch and solder standoff height
are typically in the range of 40-60um for Cu pillar microbumps.
The cleaning of the post reflow flux residues are extremely
difficult at such low solder stand off height and fine pitch.

The flux selected in this work is a no-clean, long staging
and more tacky flux from indium. This flux is a ultra-low flux
residue type and has a staging time > 8hrs. The long staging
time is required taking in the consideration for the long
assembly duration time required for the small CMOS dies. A
simple contact angle study is carried on this flux to understand
the effects of different staging time on the contact angle and the
solder spread wettability. Figure 6 shows the schematic
diagram of the evaluation. The solderball used is SnAg which
is the same as the microbump solder alloy in the CMOS die.
The amount of flux dispensed is keep constant at ~ 0.4mm
diameter (Figure 7). The sample is then subjected to Pb-free

reflow profile in a conveyor reflow oven to melt the solderball
with the flux. Contact angle measurement and the area of solder
spread is measured after reflow. Figure 8 shows the optical
image taken on the sample after reflow. Results showed that
the contact angle ranging from 1 to 1.75° showing good solder
wettability and minimum change in the contact angle and area
of solder spread for staging time up to 14hrs (Figure 9).
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Fig 6: Schematic diagram on flux study evaluation
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Fig 7: Optical image on sample with flux and solderball
prepared before reflow

Fig 8: Optical image on sample after reflow
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(a) Graph on contact angle measurement
on different staging time
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(b) Graph on area of spread on different staging time
Fig 9: Solder wettability study evaluation



(¢) CMOS dies pickup and attachment process

The small CMOS dies pickup and attachment process involves
the selection of a suitable rubber tip and different ejector pushup
height. Two different ejector pushup height (i) 0.45mm and (ii)
0.65mm are used respectively to study the effect of ejector in the
evaluation. Results showed that a rubber tip with sufficient vacuum
slot and a lower ejector pushup height enables a more robust CMOS
dies pickup and attachment process with > 90% assembly yield
(Figure 10). The number of missing dies, die misaligned and double
dies is greatly reduced as compared to using a higher ejector pushup
height (Figure 11).

Fig 10: Good die attachment of the CMOS dies on the
RF device wafer

Missing
CMOS dies

Fig 11: Xray images shkfwing misa 1g“ne->. and missing
CMOS dies after attachment

The flux dipping height is set at 10um flux height to ensure all
the microbumps are coated with sufficient flux before attachment to
the RF device wafer. The assembled wafer is then subjected to a
lead-free reflow profile with peak temperature of ~ 255°C and dwell
time above 221°C at about S55secs. Electrical connectivity
measurement is used to check the continuity between the CMOS die
and the bottom RF device wafer. There are 2 types of daisy chains
structures designed in the 3D stacked chip structure. The
structure includes the TSV daisy chains and the microbump
daisy chains. Figure 12 shows the consistent electrical
continuity results for both the TSV and microbump daisy
chains. Die shear also showed good solder wetting of the
CMOS die onto the bottom UBM of the RF device wafer with
die shear failure mode at bulk solder (Figure 13).

Resistance measurement after C2W bonding
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Fig 12: TSV chain and p-bump chain resistance
measurements after C2W and reflow

Fig 13: Optical image on die shear showing good solder
wetting of the CMOS die to the bottom UBM on the device
wafer

(d) Wafer level molding process

The wafer level molding is done using the compression
molding process. During compression molding, the liquid or
granular resin is put directly into the cavity. The wafer is loaded
onto the top mold cavity followed by the mold closing with
applied pressure and vacuum to remove any air or moisture
from the mold compound. The mold compound will start to heat
up and cure once the mold is fully closed. The selected liquid
mold compound has an average filler size 8um and is suitable
for the mold flow between the CMOS die and the bottom device
wafer. Cross-section shows that good mold flow is observed
with no mold voids between the CMOS die and the bottom of
the RF device wafer (Figure 14)

Mold compound

Fig 14: Cross-section showing no mold voids between
CMOS die and RF device wafer

(e) Reliability Tests

The molded wafer subjected to backgrinding to thin down
the wafer to ~ 180um before sending for laser debonding
process to remove the glass carrier from the RF device wafer.
SnAgCu SAC305 solderball attachment is done on the front
side of the RF device wafer (Figure 15). The ball diameter used
is 200um. A 2" singulation is carried out on the diced reticle to
dice the package to a size 1.56 x 1.11mm (Figure 16). CSAM
and electrical measurements are done on the samples before and
after MSL L3 and TC 500 cycles reliability tests to determine
the connectivity of the TSV chains and the microbumps chains.
Results showed that all samples passed the MSL L3 and TC 500



cycles test with no delamination and no electrical failures
(Figure 17 and Figure 18).

&

Fig 15: Optical image on the front side of the RF device
wafer after solderball attachment process

Fig 16: Optical image on single sample after solderball
attachment process
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Fig 17: TSV and p-bump chain resistance measurements
after MSL L3 test

Daisy chain resistance measurements after TC 1000 cycles
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Fig 18: TSV and p-bump chain resistance measurements
after TC 1000 cycles test

Summary

This work demonstrated the feasibility of a 3D stacking of
heterogenous (CMOS, RF device) chiplets assembly. Good
solder interconnection is achieved with the Thru-Si RDL and

solder bump on a modified FOWLP platform. Some of the
findings are listed below:

A)

B)

0

D)

E)

Minimum solder voids are observed in the solder
interconnections between the CMOS die and the RF
device wafer with reduced UBM dishing.

The no-clean selected for chip to wafer attachment
process showed good solder wettability and minimum
change in the contact angle and area of solder spread
for staging time up to 14hrs.

Good die bonding alignment of > 95% per wafer is also
observed after attachment and reflow process.

Die shear after flip chip attach and reflow shows good
solder wetting onto the bond pads of the bottom RDL
wafer.

The mold wafer warpage is less than 2mm.

Good electrical connectivity is achieved on the p-bump
chains and TSV via chains. The packages also passed
TC 1000 cycles and MSL L3 reflow reliability test.

This work will serve as a fundamental approach for FOWLP
applications using small silicon CMOS, RF device chiplets
assembly using Thru-Si RDI and solder bumps.

1.

References

S. Elisabeth, “Advanced RF packaging technology
trends, from WLP and 3D integration to 5G and
mmwave applications,” Proc. of the International
Wafer-Level Packaging Conference, October 2019

Chai Tai Chong, Lau Boon Long, Sharon Lim Pei
Siang, David Ho Soon Wee, “3D Stacking of
Heterogeneous Chiplets on Modified FOWLP
Platform with Thru-Silicon Redistribution Layer”,
73rd ECTC, Orlando, pp 24 to 28

Yoonjae Hwang, Sungwook Moon, Seungki Nam and
JeongHoonAhn,  “Chiplet-based  System  PSI
Optimization for 2.5D/3D Advanced Packagin
Implementation”, 72nd ECTC, San Diego, pp 12 to 1

Gang Duan, Yosuke Kanaoka, Robin McRee, Bai Nie,
Rahul Manepalli, “Die Embedding Challenges for
EMIB Advanced Packaging Technology”, 71th
ECTC, San Diego, pp 1 to%

Guilian Gao, Laura Mirkarimi, Gill Fountain,
Dominik Suwito, Jeremy Theil Thomas Workman,
Cyprian Uzoh, Bongsub Lee, KM Bang, Gabe
Guevara,“Die to Wafer Hybrid Bonding for Chiplet
and Heterogeneous Integration: Die Size Effects
Evaluation-Small Die Applications”, 72nd ECTC, San
Diego, pp 1975 to 1981

Chai Tai Chong, Soon Wee Ho, Chong Ser Choong,
Sharon Lim PS, Surya Bhattacharya, “Heterogeneous
Integration for Chiplets on FOWLP Development
Line”, 72nd ECTC, San Diego, pp 655 to 659

Ang-Ying Lin, Yu-Min Lin, Tzu-Hsuan Ni, Tao-Chih
Chang and Chang-Chun Lee, “High density batch
hondine technoloov for chinlet desion”.
2022 International Svmnosium on VLSI Technologv.
;;/qtzeonng and Applications (VLSI-TS4), April 18-

Wenchao Tian, Bin Li, Zhao Li, Hao Cui, Jing Shi,
Yongkun Wang and Jingrong Zhao, “Using Chiplet
Encapsulation Technology to Achieve Processing-in-
Memory Functions”, Micromachines 2022, 13, 1790.

Mihai D. Rotaru, Wei Tang, Dutta Rahul, Zhengya
Zhang, “Design and Development of High Density
Fan-Out Wafer Level Package (HD-FOWLP) for
Deep Neural Network (DNN) Chiplet Accelerators
using Advanced Interface Bus (AIB)”, 71th ECTC,
San Diego, pp 1258 to 1263




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


