
Thin Films

Thin films are an important basic element of microsystem design. They are used for

masking in etching processes, as a diffusion stop layer, and as functional elements

such as electrical conductors, membranes, and beams. Thin films may consist of

nearly every rigid material. Typical examples are metals, polymers, oxides, and

nitrides. The thickness of thin films typically is in the range of 50 nm – 10 mm. The

lower limit is due to the problem that layers with an average thickness of less than

50 nm hardly are made homogeneously, because they tend to form separated

clusters. The upper limit is a kind of convention. Films that are thicker than

10 mm are no longer considered to be thin in microtechnology, and they cannot

be generated easily by processes such as sputtering and evaporation but need to be

produced by, e.g., electroplating.

When dealing with thin films, stress is an important parameter which may make

the difference between success and a flop of a newly developed microsystem. That

is why stress control is important (or even a design which works at any stress level).

This chapter describes how thin film stress affects their behavior, what are the

consequences for parts fixed to the film, and how the stress can be altered.

It is almost impossible to deposit a thin film onto a substrate without any residual

stress. The only exception is epitaxial growth. The reason for this is that the

molecules of the deposited layer walk around on the substrate surface until an

energetically low position is found. The mismatch in the crystalline structure of

substrate and thin film material results in a strain of the crystal lattice of the thin

film, and, therefore, generates some stress.

If a polymer layer is deposited by a process such as spin-coating or just painting,

a different mechanism is working. A solvent is evaporating from the thin film and

its dimension is reduced. As a consequence, some tensile stress is generated in the

thin film.

Residual stress bends the substrate a little bit. Typically, the deflection by

bending of a silicon wafer with a diameter of 100 mm and a thickness of 500 mm
is on the order of 100 mm when the thickness of the thin film is 100 nm. On the

macroscopic scale, this is of no importance. When a bridge is painted, nobody cares

about the change in shape entailed with this. On the microscopic scale, however,

this is an effect which needs to be considered.
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Substrate bowing is used to measure residual stress s0 of thin films. When the

thickness df of the film is much less than the thickness dSu of the substrate, the

residual stress can be calculated approximately with Stoney’s equation [9]:

s0 ¼ ESu

6 ð1� nSuÞRSu

d2Su
df

: (9)

As can be seen from (9), it is not necessary to know the elastic properties of the

thin film which are hard to measure in general. It is sufficient to know Young’s

modulus ESu, Poisson’s ratio nSu, and the radius of curvature RSu of the substrate.

The radius of curvature of the substrate is easily measured with a surface profiler.

Thin films with a tensile residual stress tend to peel off the substrate [10], while

compressive stress facilitates adhesion. As indicated in Fig. 4 (The figures are not

up to scale allowing to recognize small dimensions next to larger ones.), a tensile

stress pulls the upper part of the thin film away from the rim generating a bending

moment which peels the film off the substrate. Therefore, in the light of good

adhesion, compressive stress is desirable in thin films.

The stress has also an influence on the etching under a thin film used as a mask.

As shown in Fig. 4, the curling down of a mask with compressive stress reduces the

undesired etching under the mask while a tensile stress results in an enhanced

sideward etching.

A thin film may also curl due to a stress gradient. Such gradients occur often

when a thin film is deposited on a substrate. As described above, the mismatch

in the crystalline structure of substrate and thin film material results in a strain in

the crystals of the thin film generated. When the crystal growth is continued, the

mismatch disappears and the natural lattice of the thin film is formed. This results in

a residual stress with an absolute value getting smaller with increasing distance

from the substrate. Figure 5 shows what happens if a sacrificial layer beneath a thin

film is etched away when the film initially was under compressive stress decreasing

with the distance from the substrate. The beams in the left part of Fig. 6 are curling

up because of a gradient in their residual stress.

The radius Rf of curvature of a curling thin film with thickness df and Young’s

modulusEf and a difference in stressDs can be calculatedwith the following equation:

Rf ¼ df Ef

Ds
: (10)

Fig. 4 Thin film on a

substrate with tensile and

compressive stress,

respectively

10 Thin Films



Thin films tend to deform membranes as well. If a membrane with tensile stress

carries a thin film, it is very unlikely that the thin film shows no stress. Therefore, it

has to be expected that bending moments in the film will deform the membrane. The

upper part of Fig. 7 shows a thin film with compressive stress on a membrane which

has tensile stress, because it is fixed at a frame (frame not shown in Fig. 7). The

bending moments produce a deflection of the membrane in the vicinity of the rim of

the thin film. Far away from the rim, there is nearly no bending of the membrane

neither in the part uncovered with the thin film nor in the covered part.

If the thickness df of a thin film is much less than the thickness dM of the

membrane, the following equations can be used to calculate the deflection w of

the membrane with a tensile stress sM as a function of the distance x from the center

of the thin film, its length Lf, and its stress sf [11].

The deflection of the part of the membrane covered with the thin film xj j< 1
2
Lf

� �
is described by:

w¼ 1

2

sf df

sMdM
df þdMð Þ 1þ 1

1þ cothðLf=ð2 lMÞÞ�1

� �
coshðx=lMÞ

coshðLf=ð2 lMÞÞ
� �

(11)

Fig. 5 Thin film on a

substrate with a stress

gradient after deposition

(top) and after etching the

sacrificial layer (bottom)

Fig. 6 Thin films bowing up (left) [7] and two thin films curling up and down as a design element

in a microvalve (right) [8]. # [1997] IEEE
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and the deflection of the uncovered part xj j> 1
2
Lf

� �
is given by:

w ¼ wR e
ð� xj jþLf=2Þ=lM (12)

with:

wR ¼ 1

2

sf df

sM dM
ðdf þ dMÞ 1

1þ coth ðLf=ð2 lMÞÞ : (13)

The parameter lM in (11–13) is defined as:

lM ¼ dM

2
ffiffiffi
3

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

EM

sMð1� n2MÞ

s
: (14)

The lower part of Fig. 7 shows the deflection of a membrane with a thickness of

5 mm, Young’s modulus of 120 GPa, Poisson’s ratio of 0.3, and a tensile stress of

10 MPa as calculated with (11–14). It is bent by a 1-mm thick thin film with a length

of 3 mm. The parameters lM and wR are 234 and 3.6 mm, respectively. As shown in

Fig. 7, the bending of the membrane is restricted to a stripe with a width of

approximately 4lM and the total deflection is 2wR. Note that the total deflection

is larger than the thickness of the membrane!

Figure 8 displays the deflection parameter wR calculated with (13) as a function

of the length of the thin film. It is clearly visible that the total deflection due to the

stress in a thin film on a membrane may be reduced substantially when the length of

a continuous film is designed smaller than lM. So, an undesired deflection may be

avoided by separating the thin film into parts smaller than lM.
A membrane will be bent also, if it is fixed with tensile stress to a frame on one

side only and if there is no thin film on the membrane (cf. Fig. 9). The upper part of

the membrane is relaxing a little bit by moving from the frame to the free-span

membrane. Thus, a bending moment is generated which pushes the membrane

down to the side of the frame.

Fig. 7 Thin film on a

substrate with compressive

stress. Top: Schematic

drawing; bottom: Deflection
calculated with (11–14)
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Figures 10 and 11 show breaking edges of membranes sputtered from titanium

and beryllium, respectively, as observed with a scanning electron microscope

(SEM). It is clearly seen that the crystalline structure of these membranes is dif-

ferent. As a consequence, the properties of these membranes are different. Crystal

growth during sputtering the beryllium started from the bottom in Fig. 11, and it

is seen that at the bottom there are the smallest crystallites. The speed of growth

is a function of the orientation of the crystal lattice. Some of the crystallites in the

bottom layer are orientated such that they show a quicker growth and they grow

over their neighbors. Therefore, the properties of such a thin film become more

anisotropic when it is thicker.

Fig. 8 Deflection parameter

wR calculated with (13)

Fig. 9 Deflection of a

membrane stretched with

tensile stress over a frame

Fig. 10 SEM of a titanium

membrane, 2.7 mm in

thickness. (Courtesy of

Karlsruhe Institute of

Technology, KIT)

Fig. 11 SEM of a beryllium

membrane, 10 mm in

thickness. (Courtesy of

Karlsruhe Institute of

Technology, KIT)
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In Fig. 10, the crystallites are very small and homogenous. The reason for this is

that the crystalline structure was changed by exposing the thin film to high

temperatures after sputtering. This has caused recrystallization, i.e,. the atoms of

the material started to move at elevated temperatures and to change their position

from one crystal to the other. This process is lent by the reduction of stress. Thus,

the recrystallization continues until a certain stress level is achieved which does not

induce further recrystallization.

This became evident in an experiment performed by Flinn [12]. He used silicon

wafers onwhich a thinmetal layer had been sputtered. The films showed tensile stress,

and, therefore, thewaferswere bent. Flinn used the curved thin film as a hollowmirror.

The focal length of this mirror was a measure of wafer bending and thin film stress.

This way, the stress of the thin film could bemeasured through the window of an oven

and the change of the stress was recorded as a function of temperature. Figure 12

shows the result of this experiment for aluminum films on silicon wafers.

The experiment started at a thin film stress of approximately 100 MPa. Then the

temperature was raised and the stress was reduced according to the larger thermal

expansion of aluminum compared with silicon. As temperature continued to

increase the thin film got compressive stress. At approximately 100�C and a stress

of �70 MPa, recrystallization started and the compressive stress no longer changed

with raising temperature or even reduced. At 450�C, heating was turned off and

cooling down of the sample started. Again the stress was changing according to the

difference in thermal expansion of aluminum and silicon until a certain tensile

stress was reached and recrystallization reduced further stress enhancement.

A theoretical model of this experiment is shown in Fig. 13: During heating the

stress follows the line from A to B. At B, a theoretical line is reached which marks

the stress level as a function of temperature at which recrystallization starts. From

B to C the stress follows this line. When cooling starts there is no longer enough

stress for recrystallization and the stress follows the difference in thermal expansion

until the tensile stress at D gets so large that the stress follows another line which

marks the start of recrystallization.

Fig. 12 Thin film stress as a

function of heating and

cooling (reproduced

from [12])

Fig. 13 Theoretical model of

the experiment in Fig. 12 [12]
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This experiment shows how the stress in thin films can be altered by a temper-

ature cycle. When thin films are sputtered or evaporated onto substrates the condi-

tions differ a bit as a function of the position in the machine. Therefore, thin film

stress is not everywhere the same, neither on neighboring substrates in a machine

nor on a single substrate. In Fig. 13, it can be seen how the stress of a whole batch

may be adjusted to a common level. A thin film starting at A0 instead of A will end

up at the same stress at E as all the other films with different initial stress.

A stress gradient is reduced or vanishes after temperature cycling. Curling up of

the thin films shown in the left part of Fig. 6 (on page 11) might have been avoided

with a proper temperature cycle before release from the substrate. The titanium

membrane shown in Fig. 10 before separation from the substrate underwent a

temperature cycle for 30 min at 450�C. As a result, the membrane stress was

changed from compressive to tensile and no more stress gradient was found. The

figure shows also the homogeneous crystalline structure generated this way.

The crystalline structure affects other properties of thin films also. One example is

the electrical resistance. Usually, conductor metal paths are exposed to a temperature

cycle to avoid a later change of the resistance when it may get heated during use.

The strength of thin films is also a function of their crystalline structure. Thin

films which have been sputtered or evaporated typically show a larger strength than

the casted material. Recrystallization will reduce this strength.

The density of thin films after deposition is approximately 10% less than the

density of the same material after casting. Recrystallization increases the density.

Other properties of thin films, which are important for their application, are

adhesion to the substrate and other layers, diffusion of molecules and atoms into

and through the film, wettening by liquids, chemical reactivity, and thermal con-

ductivity.

Exercises

Problem 1

In Figures E1–E4, you find four typical applications from microtechnique. In these

applications, basic elements have been employed which you have got to know in the

lecture. Find out which are these basic elements.

Fig. E1 Schematic setup of

a bistable microvalve [13]
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Fig. E2 Cross-section of the

nozzle of an ink-jet printer

Fig. E3 Schematic setup of a pressure sensor (b) and an acceleration sensor (c). (Reprinted from

[14] with permission from Elsevier)
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Problem 2

Why is it important to know the mechanical stress of a layer? Which meaning has it

for the development of a microtechnical system?

Problem 3

You got to know Stoney’s equation in the lecture, which you can use to calculate the

stress of a thin film as a function of the radius of curvature. Consider which

experimental methods you could use to measure the curvature of the substrate.

There are several possibilities.

How could you measure the thickness of a thin layer?

Problem 4

Let us assume that you are able to measure the vertical deflection of the substrate

with the method suggested by you. The geometrical situation is approximated by

a circle (cf. Fig. E5). If the length of a chord of the circle is L and its maximum

distance to the circle is w0, the radius can be calculated or approximated, respec-

tively, with the following equation:

Rf ¼ w0

2
þ L2

8 w0

� L2

8 w0

:

Figure E6 displays the curvature of a passivated silicon wafer (diameter 100 mm

and thickness 0.55 mm) without any metallic layer as measured by Thomas et al.

Fig. E4 Silicon micropump [15]
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[16]. After this measurement, the wafer was sputtered first with 5 nm titanium and

then with 500 nm tungsten. The curvature of the covered wafer is shown in Fig. E7.

(a) Obviously, the passivated but uncovered wafer shows some stress already.

What is the reason for this curvature?

(b) Please, calculate the (mean) stress in the coating of the silicon wafer.

Fig. E5 Chord of the circle

of curvature
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Fig. E6 Curvature of the uncovered passivated silicon wafer [16]. # [1988] IEEE
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Hint: Do not get irritated because the curvature is no exact circle. This cannot be

expected from a real measurement.

Young’s modulus of silicon 133 GPa Poisson’s ratio of silicon 0.28

Problem 5

In surface micromachining, a sacrificial layer in the near of the surface is removed

to partly separate movable parts from the substrate. A wafer is first coated with

a sacrificial layer from SiO2 and then with a thin titanium layer. The sacrificial SiO2

layer is etched away with hydrofluoric acid.

(a) A thin layer may curl after removing its linkage to the substrate. This effect is

due to a stress gradient in the layer. Calculate the radius of curvature of titanium

films with different thicknesses and a stress difference of 300 MPa. The thick-

nesses of the titanium films are 10 mm, 5 mm, and 200 nm.

Young’s modulus of titanium 120 GPa

(b) You may learn from your calculations that the radii of curled films can become

very small. With a modified approach at Max-Planck Institute for rigid body

research in Stuttgart so-called nanotubes were generated (cf. Figs. E8 and E9).

The stress gradient was generated in this case by deposition of two layers with

Fig. E8 Schematic drawing

of the curling of a nanotube

consisting of two thin layers.

The upper layer shows a

smaller lattice distance than

the lower one. Courtesy of [17]
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a thickness of approximately 60 nm with different stresses. How large was

round about the difference in stress of the two layers before the sacrificial layer

had been dissolved? The diameter of the nanotube is 530 nm. Assume that

the mean Young’s modulus of the two layers is 106.5 GPa. Assume that the

effective distance of the two layers equals the distance of their centers.

Fig. E9 SEM of a nanotube

with a diameter of 530 nm.

Courtesy of [17]

20 Thin Films


	Thin Films
	Exercises
	Problem 1
	Problem 2
	Problem 3
	Problem 4
	Problem 5




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


