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Abstract We investigated the effects of a thin titanium

(Ti) buffer layer on structural changes and electrical

responses of palladium (Pd) thin films. A Ti buffer layer

was inserted between a Pd film and the substrate, with

varying thickness from 0.5 to 80 nm. Unlike pure Pd films,

Ti-buffered Pd films showed no structural deformations

after cyclic exposure to hydrogen gas, leading to a linear

relationship between sensitivity and hydrogen gas con-

centration over the measured concentration range of 0 to

2%. This was attributed to the suppression of phase tran-

sitions from the a to the b phase in Pd films, due to the

reinforced film adhesion by the inserted Ti layer. Our

results highlight the practical usability of Pd thin films as

reliable and sensible hydrogen sensors, enabled simply by

the insertion of a thin Ti buffer layer.

Introduction

Hydrogen (H2) has received great interest as a green energy

source due to its cleanliness, recyclability, and abundance

[1, 2]. However, accurate and fast detection of hydrogen is

necessary to realize a wide range of H2-based applications

because hydrogen is highly flammable and explosive [3].

For this reason, wide-spread approaches have been pursued

for achieving high performance hydrogen sensors,

employing different geometries such as hot wire [4] and

metal oxide semiconductor [5, 6]. Although a few hydro-

gen sensors have already been commercialized, they still

suffer from critical drawbacks such as high power con-

sumption, poor hydrogen selectivity, and high operating

temperature [7, 8].

Palladium (Pd) has recently been recognized as a

promising hydrogen sensor material because of its high

selectivity to H2 and good compatibility with the con-

ventional semiconductor integration process [9–13]. In

particular, Pd thin films have been intensively investi-

gated because they not only show high sensitivity to H2,

but are also easy to fabricate. From a previous study [14],

however, we have found that Pd thin films are structurally

deformed and become electrically hysteretic during the H2

absorption and desorption processes, due to phase tran-

sition from the a to the b phase. This might be related to

the large difference in lattice expansions in the a and b
phase Pd-H systems, both of which have the same crystal

structure (face-centered cubic): Da/a0 reaches 0.13 and

3.47% in the respective a and b phases [15]. These issues

should be addressed, as Pd films are increasingly con-

sidered for use in practical hydrogen sensors. One of our

prior studies revealed that the addition of a small amount

of nickel (Ni) can suppress the structural deformation,

eliminating the hysteresis in electrical resistance [16].

However, this approach complicates the film fabrication

process, and Ni is not compatible with semiconductor

integration process.

In this study, we investigated structural changes and

response behaviors of a thin film stack, where a thin tita-

nium (Ti) buffer layer was inserted between a Pd thin film

and the substrate. The suppression of film delamination and

hysteretic resistance change in the Ti-buffered Pd films is

discussed in comparison with pure Pd films.
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Experiment

A Ti buffer layer was deposited on a thermally oxidized Si

(100) substrate by DC magnetron sputtering, varying its

thickness from 0.5 to 80 nm (0.5, 1, 4, 5, 10, 20, 40,

80 nm). Subsequently, a Pd thin film was deposited in situ

on the Ti buffer layer also by DC magnetron sputtering,

with thicknesses of either 50, 100, or 200 nm. The sputter

chamber was held under high vacuum (1 9 10-6 Torr)

before performing the deposition, and the target-to-sub-

strate distance was 10 cm.

Electrical resistances were measured to evaluate H2

sensing performance of the Ti-buffered Pd thin films, using

a 4-point probe. For the measurements, a sample was

mounted onto a printed circuit board (PCB) with an Au

wire linked between the two, which was positioned in a test

chamber (250 mL in volume). The test chamber was

equipped with mass flow controllers for nitrogen (N2) and

hydrogen gases. A gas mixture was fed to the chamber

through a gas inlet after intermixing the two gases at the

desired ratio beforehand. A check valve was set to open at

a pressure higher than ambient pressure so as to maintain

the internal pressure of the chamber at atmospheric pres-

sure. The sample in the test chamber was connected to a

current source-measurement unit (Keithley 236) and a

nanovoltmeter (Keithley 2182), both of which were con-

trolled by a personal computer using a general purpose

interface board (GPIB). A current of 1 mA was applied to a

sample and a voltage was read out at an interval of 1 s to

measure the real-time resistance under specific gas

conditions.

Results

We began by investigating the response behaviors and

structural changes of a pure Pd film (100 nm thick) in the

presence and absence of H2. Figure 1 shows the change in

electrical resistance and the step-wise evolution of surface

morphology for the Pd film at room temperature after ini-

tializing the film by exposing it to N2. The sensitivity on

right hand axis in Fig. 1a is defined as:

Sensitivity %ð Þ ¼ RH � RN

RN

� 100 ð1Þ

where RH and RN are the resistance in the presence of H2

and N2, respectively [17]. When a Pd film is exposed to H2

gas, hydrogen molecules diffuse into the film and are

broken into H atoms, which occupy interstitial sites of the

Pd matrix, leading to changes in physical properties such as

volume, mass, density, and electrical resistance [13]. The

increase in resistance originates from an increased fre-

quency of charge carrier scattering off the absorbed H

atoms [13]. Interestingly, the resistance-increasing pattern

observed from the first exposure to H2 is not monotonic,

but includes two intermediate stages with reduced rates of

increase, of which the first one is particularly distinct, as

seen in Fig. 1a.

The appearance of the intermediate stages can be con-

sidered in association with features of crystalline phase and

structural deformations in the Pd film [18–20]. The Pd film

is in the a phase when a small amount of H2 is absorbed

into the film, filling the interstitial sites with slight volume

expansion (resistance increment between stages � and `).

When the interstitial sites are almost filled, nuclei of b
phase palladium hydride (PdHx) start to form in the original

a phase matrix, causing a small increase in resistance

(stage `). Once a sufficient number of b nuclei are created,

they grow and encroach on the a phase region until the full

matrix is transformed to the b phase, generating a signifi-

cant latent stress in the film due to large volume expansion

(rapid resistance increase between stages ` and ´). Further

absorption of H2 induces structural deformations such as
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Fig. 1 a The real-time electrical resistance and b step-by-step

morphology evolution of a 100 nm thick pure Pd film in response

to cyclic exposures to 2% hydrogen gas (H2) at room temperature.

Inset in (b) schematically shows the test sample structure
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surface delamination to compensate for the large tensile

stress at the interface between Pd film and the substrate

(stage ´), and substantial morphology change is observed

after extended exposure to H2, as shown in Fig. 1b (stage

ˆ). The structural deformation is irreversible in nature,

resulting in only fractional recovery as seen in Fig. 1b

(stage ˜). Once this first cycle is completed, the interme-

diate stages are found to be very weak because of the large

increase in surface area due to the structural deformations

from the first cycle. However, the structural deformations

become further deteriorated as a result of the cyclic pro-

cess, as confirmed by an image of stage Þ in Fig. 1b,

which demonstrates the seriousness of the structural

deformations in pure Pd films.

In order to suppress the structural deformations, we

inserted a Ti buffer layer between the Pd film and the

substrate. Figure 2 shows electrical responses to 2% H2 at

room temperature as a function of thicknesses of respective

Ti and Pd films. The start-up points of H2 and N2 gas

inflow are indicated by arrows on each response curve.

Most notably, no curve exhibits any intermediate stage

with an inflection point in it, even for the first cycle of H2

exposure. This suggests that no structural deformations

occur during H2 absorption process, as would be later

confirmed by laser scanning microscopy. As compared to

the sensitivity (46.5%) of 100 nm thick pure Pd film (see

Fig. 1a), the Ti-buffered Pd films with an identical Pd

thickness of 100 nm show smaller sensitivities: 9.2% for

1 nm Ti (Fig. 2c) and 8.0% for 5 nm Ti (Fig. 2b). This is

attributed to the Ti-mediated improvement of Pd film

adhesion to the substrate. Similar to the so-called

‘‘clamping effect’’ [21], the improved adhesion restricts

global volume expansion of the Pd film, lowering the level

of H2 in-take. The small decrease in the sensitivity for the

thicker Ti buffer indicates that the restriction of volume

expansion primarily occurs in the vicinity of the Pd film/

substrate interface, and the degree of restriction decreases

farther from the interface. For this reason, the effect of

improved adhesion is also observed in the very thin Ti

buffer, as indicated by inflectionless resistance increase for

a Ti buffer with a thickness of 0.5 nm in Fig. 2d. Com-

paring Pd films with different thicknesses on the same

5 nm thick Ti buffer (see Fig. 2a, b), the thinner Pd film

shows a slightly larger sensitivity (8.9%) and shorter

response time (21 s) than those (8.0%, 37 s) of the thicker

one. Here, the response time is defined as the time to reach

36.8% (e-1) of the total resistance change [22]. This is

because slightly more hydrogen molecules can more rap-

idly diffuse into the thinner film owing to the shorter dif-

fusion distance, just as in the Pd film case without a Ti

buffer. Because of the Pd film thickness effects, the sen-

sitivity (7.3%) becomes lower for the thicker Pd film, as

seen in Fig. 2d. When the response time is considered in

association with the intensity of the Pd film adhesion to the

substrate, however, it is found that the longer diffusion

distance effect for the thicker Pd film is compensated for by

the weaker adhesion in the thinner Ti buffer layer (e.g.,

19 s and 22 s for Fig. 2c, d).

The inflectionless monotonic resistance increase

observed from Pd films on Ti buffer is expected to be related

to Pd film morphology. To closely examine the relationship

between the electrical response and film morphology, we

investigated structural deformations and surface morphol-

ogies of the pure Pd and Ti-buffered Pd films using confocal
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Fig. 2 The real-time electrical

responses of Pd films on a Ti

buffer layer with different

thickness combinations of Pd

and Ti: a 50 (Pd)/5 (Ti) nm,

b 100/5 nm, c 100/1 nm, and

d 200/0.5 nm. Measurements

were performed at room

temperature, using 2% H2
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laser scanning microscopy. Figure 3 shows confocal laser

scanning microscopy images of the 100 nm thick Pd films

without and with Ti buffer layer after exposure to 2% H2.

Indeed, the Ti-buffered Pd film shows a clean surface

without noticeable defects (Fig. 3c, d), while surface

delamination caused by structural deformations is observed

on the pure Pd film (Fig. 3a, b). This observation justifies

that the insertion of a thin Ti buffer layer suppresses struc-

tural deformations, leading to monotonic electrical response

behavior.

We examined the relationships between the existence

(pure Pd films) or absence (Ti-buffered Pd films) of

structural deformations with the different phase transition

behaviors in the respective Pd films. It was found that the

different phase transition behaviors make a difference in

electrical responses to H2 absorption and desorption, as

shown in Fig. 4. As displayed in Fig. 4a and as explained

via Fig. 1, a pure Pd film is in the a phase and shows little

volume expansion (\0.15%) when it is exposed to a low

concentration of H2 (\0.5%), producing no significant

structural change. However, b phases nucleate and grow in

the a phase matrix as H2 concentration increases, imposing

gradually increasing tensile stress on the film/substrate

interface. At last, a complete phase transition from the a to

b phase occurs when H2 concentration exceeds 1.5%,

generating a large volume expansion of 3.5% [23]. The

large volume expansion and accumulated stress at the

interface deform the crystal structures and peel the film off

the substrate, as seen in Figs. 1b, 3a, b. The large amount

of H2 in-take and structural deformations lead to a leap in

electrical resistance. As the structural deformations are

only partially recovered, the high-resistance (sensitivity)

state remains for low concentrations (*0.7%) in the step-

wise H2 desorption process, producing a hysteresis in

electrical response. In contrast, the sensitivity of a

Ti-buffered Pd film linearly increases with increasing H2

concentration, without a drastic change, as shown in

Fig. 4b. The sensitivity change in response to gradual H2

desorption is exactly superimposed on that of the H2

absorption process, showing no hysteresis. Moreover, the

sensitivity of this Ti-buffered Pd film is more than four

times smaller than that of the pure Pd film at an identical

H2 concentration of 2%. These results indicate that the

insertion of a thin Ti buffer layer effectively suppresses the

a to b phase transition by an enhanced adhesion of Pd film,

thereby reducing the number of H2 molecules that diffuse

into the Pd film.

Conclusions

We demonstrated that serious structural deformation

problems observed in H2 sensing using pure Pd films can

be remedied by the insertion of thin Ti buffer layer between

a Pd film and the substrate. The structural deformation and

film delamination were attributed to the phase transition
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(c) (d)

50 μm 10 μm

pure Pd (100 nm) pure Pd (100 nm)

Pd (100 nm) / Ti (1nm)Pd (100 nm) / Ti (1nm)

Fig. 3 Confocal laser scanning

microscopy images of surface

morphologies of a pure Pd and a

Ti-buffered Pd film after

exposure to 2% H2. The

thicknesses of the Pd film and Ti

buffer layer were 100 and 1 nm,

respectively

1600 J Mater Sci (2011) 46:1597–1601

123



from a to b phase occurring at about 1.5% H2, resulting in

intermediate stages and a hysteresis in real-time and cyclic

responses, respectively. When a thin Ti buffer, as little as

0.5 nm in thickness, was inserted, no structural deforma-

tion was observed due to the suppression of the a to b
phase transition, leading to inflectionless monotonic resis-

tance change and a hysteresis-free linear response rela-

tionship with H2 concentrations. The Ti buffer layer made

the Pd film tightly bound to the substrate, consequently

reducing the free volume of a Pd film for accommodating

hydrogen atoms. Our results suggest that Pd thin films can

be practically used as reliable and sensitive hydrogen

sensors by simply inserting a thin Ti buffer layer between

the Pd film and substrate.

Acknowledgement This study was supported by the Priority

Research Centers Program (2009-0093823) through the National

Research Foundation of Korea (NRF) and Seoul Research and

Business Development Program (10816).

References

1. Goltsova VA, Veziroglub TN, Goltsovaa LF (2006) Int J Hydrog

Energy 31:153

2. Shukla S, Seal S, Ludwigb L, Parish C (2004) Sens Actuators B

97:256

3. Firth JG, Jones A, Jones TA (1973) Combust Flame 21:303

4. Katsuki A, Fukui K (1998) Sens Actuators B 52:30

5. Kang BS, Ren F, Gila BP, Abernathy CR, Pearton S (2004)

J Appl Phys Lett 84:1123

6. Lundstrom I, Shivaraman S, Svensson C (1975) J Appl Phys

46:3876

7. Choi SY, Takahashi K, Esashi M, Matsuo T (1986) Sens Actu-

ators 9:353

8. Armgarth M, Nylander C (1982) IEEE Electron Dev Lett EDL

3:384

9. Tabib-Azar M, Sutapun B, Petrick R, Kazemi A (1999) Sens

Actuators B 56:158

10. Flanagan TB, Oates WA (1991) Annu Rev Mater Sci 21:269

11. Frazier GA, Glosser RJ (1980) Less-Common Met 74:89

12. Graham T (1866) Phil Trans R Soc 156:399

13. Lewis FA (1967) The palladium hydrogen system. Academic

Press, New York

14. Lee E, Lee JM, Koo JH, Lee T, Lee W (2010) Int J Hydrog

Energy 35:6984

15. Sakamoto Y, Takai K, Takashima I, Imada M (1996) J Phys

8:3399

16. Lee E, Lee JM, Lee E, Noh JS, Joe JH, Jung B, Lee W (2010)

Thin Solid Films. doi:10.1016/j.tsf.2010.07.122

17. Jeon KJ, Jeun MH, Lee E, Lee JM, Allmen P, Lee W (2008)

Nanotechnology 19:495501

18. Hughes RC, Schubert WK, Zipperian TE, Rodriguez JL, Plut TA

(1987) J Appl Phys 62:1074

19. Othonos A, Kalli K, Tsai DP (2000) Appl Surf Sci 161:54

20. Dus R, Nowakowski R, Nowicka E (2005) J Alloys Compd

404:284

21. Jeon KJ, Lee JM, Lee E, Lee W (2009) Nanotechnology

20:135502

22. Ju S, Lee JM, Jung Y, Lee E, Lee W, Kim S (2010) Sens

Actuators B 146:122

23. Favier F, Walter EC, Zach MP, Benter T, Penner RM (2001)

Science 293:2227

6

9

 

0.0 0.5 1.0 1.5 2.0

0

15

30

45
S

en
si

ti
vi

ty
 (

%
) 

S
en

si
ti

vi
ty

 (
%

) 

 

H2  concentration (%)

H2  concentration (%)

β-phase

α-phase

α+β-phase

0.0 0.5 1.0 1.5 2.0

0

3

Pd (50 nm)

Pd (50 nm)  
/ Ti (5 nm)

absorption       
desorption

(a)

(b)

absorption       
desorption

Fig. 4 Sensitivity changes in (a) a pure Pd film and (b) a Ti-buffered

Pd film as a function of H2 concentration. Pd film and Ti layer

thicknesses were 50 and 5 nm. Circle and square symbols represent

data obtained from gradual increase and decrease in H2 concentration,

respectively

J Mater Sci (2011) 46:1597–1601 1601

123

http://dx.doi.org/10.1016/j.tsf.2010.07.122

	Suppression of phase transitions in Pd thin films by insertion of a Ti buffer layer
	Abstract
	Introduction
	Experiment
	Results
	Conclusions
	Acknowledgement
	References



<<
  /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


