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Abstraect: Na-doped ZnO thin films were deposited on the glass substrates using sol-gel

method. The effect of Na concentrations on the structural and optical properties of ZnO films was

studied. As Na concentration increases from 0.0 at% to 16.0 at%, preferential c-axis orientation be-

comes more and more obvious, and the intensity of the diffraction peaks from (103) increases. The

optical band gap E, value increases from 3.261 to 3.286 eV first and then decreases as Na concentra-

tion increases from 0.0 to 2.0 at% and then beyond 2.0 at%. The intensity of all the emissions in-

creases with increasing Na concentration and the origins of the violet emission (wavelength in the

400-407 nm) and the blue emission (wavelength at 473 nm) were discussed in detail.
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1 Introduction

Zinc oxide (ZnO) is a direct wide-band-gap semi-
conductor material (£, =3.37 eV at room temperature).
It has a large exciton binding energy of 60 meV which
makes the exciton hard to be thermally ionized. There-
fore, ZnO is a very promising material for optoelectronic
devices, such as ultraviolet light-emitting diodes!' ™,
laser diodes[4], photodetectors[s’ 6], surface acoustic wave
devices!”®.

It is well known that chemical doping greatly in-
fluences the structural, optical and electrical properties
of ZnO. Recently, the fabrications of ZnO thin film
doped with the acceptor elements, such as Li[g], Ko ”],
N[IZ'MJ, pl> 181 and Asm], have been reported. Never-
theless, there are relatively less reports of Na-doped
ZnO films. Theoretically, Group-I species substituting
for Zn possess shallower acceptor levels!™™. However,
there are some contradictory understandings of doping
group-I species in ZnO. Lee et al™ argued that
Li(Na)-H complexes could be helpful to the availability
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of low resistivity p-ZnO, while Wardle er al*” sug-
gested that p-type doping would be passivated by the
formation of Li-H complexes.

In this paper, ZnO films with different Na concen-
trations were prepared by sol-gel method. The effect of
Na concentration on properties of Na-doped ZnO films
has been examined.

2 Experimental

Zinc acetate dehydrate (Zn(CH3;COO), 2H,0) and
sodium chloride(NaCl) were dissolved in ethylene gly-
col monomethyl ether. Then monoethanolamine(MEA)
and methanamide were added under stirring. The molar
ratio of MEA to zinc acetate was 1.0 and the concentra-
tion of zinc acetate was 0.5 mol/L. The molar ratio of
dopant (sodium chloride) in the solution, [Na/Zn], was
varied between 0.0 at% and 16 at%. The resultant solu-
tion was stirred at 60 C for 2 h to yield a clear and
homogeneous solution. The sol-gel coating was made
usually 1 d after the solution was prepared. Na-doped
ZnO films were prepared on glass substrate by repeated
coating. Spin coating was performed at room tempera-
ture, with a rate of 3 000 rpm for 30 s. After depositing,
the films were preheated in air at 250 C for 10 min.
The coating process was repeated after cooling down to
room temperature in order to increase the thickness of the
coatings. After repeating the coating procedure 15 times
for the final film thickness of approximately 497 nm, the
films were finally postheated at 550 C for 1 h in air.
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The composition of the film was obtained by means
of X-ray photoelectron spectroscopy (XPS, Thermo-VG
Scientific ESCALAB250). The crystalline structures of
the films were analyzed by X-ray diffractometer (XRD,
MACMI8XHF) using CuK o radiation at 40 kV and
100 mA. The cross-sectional microstructure of the film
was studied by a scanning electron microscope (SEM,
JSM-6700F). Optical properties of the films were exam-
ined with the normal incident transmittance by a UV-Vis
spectrophotometer (UV-2550, SHIMADZU). Photolu-
minescence (PL) spectra were investigated at room tem-
perature by fluorescence spectrometer (F-4500FL) with a
xenon lamp as light source excited at 325 nm.

3 Results and Discussion

3.1 XPS spectrum
Typical XPS survey spectrum of the Na-doped

ZnO film with 4 at% Na concentration is shown in Fig.1.

In survey spectrum, zinc, carbon, oxygen and sodium
peaks are observed. Fig.2 shows the high resolution
Nals XPS spectrum of 4 at% Na-doped ZnO film. The
position of the peak appears at the binding energy of
1 072.02 eV. That is the peak position of the binding
energy of Na’ oxide, which indicates that Na element
doped as Na" in the Na-doped ZnO film.
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Fig.1 XPS spectrum of 4 at% Na-doped ZnO thin film
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Fig.2 XPS spectrum of Nals of Na-doped ZnO film

3.2 Crystal structure

Fig.3 gives the XRD patterns of undoped ZnO film
and Na-doped ZnO films annealed at 550 C. It can be
seen from the figures that there are not any other phases
in Na-doped ZnO films compared with undoped ZnO
film. All the films exhibit polycrystalline hexagonal
wurtzite structure. No peaks corresponding to either Na
metal or any of its oxides are observed in the patterns,
which indicate that there is no additional phase present
in the Na-doped films. In addition, the undoped ZnO
thin film cannot form preferential c-axis ((002) crystal
plane) orientation. With Na concentration increasing,
preferential c-axis orientation becomes more and more
obvious, and the intensity of the diffraction peaks from
(103) increases. It can be seen from the figure that the
intensity of the diffraction peaks from (103) is much
weaker than that from (002) with 8 at% Na-doped ZnO
film. However, the intensity from (103) is similar to that
from (002) as Na concentration raises to 16 at%. The
relative intensity of the diffraction peaks changes be-
cause of the surface energy difference of the ZnO crystal
structure, and (002) crystal plane has the lowest surface
energy, which suggests that the Na concentration affects
the surface energy*!. However, the transition mecha-
nism is not yet well understood.
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Fig.3 XRD patterns of undoped ZnO film and
Na-doped ZnO films annealed at 550 C
For analyzing the grain size, Scherrer formula was
used as the following:
D=kA/Bcos
where D is the grain size, A is the X-ray wavelength,
B is the peak width at half height of the diffraction

peaks, and @ is the diffraction angle. The grain size

calculated using Scherrer formula from ZnO (002) peaks
has been shown in Table 1. As Na concentration in-
creases, the grain size increases monotonously.
Cross-sectional SEM image of 4.0 at% Na-doped ZnO
thin film is displayed in Fig.4. The thickness of the film
is approximately 497 nm.
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Fig.4 Cross-sectional SEM image of 4 at% Na-doped ZnO thin film
Table 1 The grain size of the Na-doped ZnO films from
ZnO (002) diffraction peak
Na concentration/at%

Grain size/nm

0.0 6.2
1.0 6.4
2.0 7.1
4.0 8.2
8.0 12.4
16.0 16.6

3.3 Optical characteristics

Fig.5 shows the transmission spectra of Na-doped
ZnO films annealed at 550 C in air for 1 h. The spectra
of the films show ripples, which is the characteristic of
the interference of light. All films have an average opti-
cal transparency over 85% in the visible range. It can be
seen from the inset of Fig.5 that the UV absorption edge
is blue shifted at first and then red shifted with increas-
ing Na concentration, which is correlated to the change
of the optical band gap value. The optical band gap E,
can be determined from the absorption coefficient «,
which can be calculated from the transmittance spectra
of Na-doped ZnO films. Near the absorption edge, «

2
can be expressed as*?!

1. 1

a= EIH(F)
where d is the film thickness and 7 is the transmittance.
ZnO is a wide band gap semiconductor material with
direct band gap. The optical band gap Eg is given by
Ref.[22]

(ahv)* = A(hv - Ey)
where 4 is a constant and /4v is photo energy. The func-
tional relationship between ( ahv)’ and photon energy
hv for Na-doped ZnO films with different Na concentra-
tions is shown in Fig.6. The E, value can be obtained by

extrapolating the linear portion to the photon energy axis.

The band gap values determined from Fig.6 are listed in
Table 2. It can be shown that the £, value increase at
first and then decreases as Na concentration increases
from 0.0 at% to 2.0 at% and then beyond 2.0 at%.
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Table 2 Optical bandgap of ZnO films with different Na
concentrations

Na concentration/at% Optical bandgap/eV
0.0 3.261
1.0 3.273
2.0 3.286
4.0 3.282
8.0 3.279
16.0 3.272
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Fig.5 Optical transmittance spectra of ZnO

films with different Na concentrations
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Fig.6 The ( a hv)? vs photon energy plot of the ZnO films

The increasing of the band gap value can be ex-
plained by means of Moss-Burstein effect. According to
the Burstein-Moss theory, in heavily doped zinc oxide
films, the donor electrons occupy states at the bottom of
the conduction band. Since the Pauli principle prevents
states from being doubly occupied and optical transi-
tions are vertical, the valence electrons require extra
energy to be excited to higher energy states in the con-
duction band, which leads to the broadening of optical
band gap™. The increasing of band gap value by Na
concentration suggest an increase in the donor electrons
concentration, which indicate that most of the Na ions
must be incorporated as interstitial donors into the
structure rather than substitutional acceptors. The red
shift of the optical band gap for doped ZnO films may
be associated with the hybridization between the orbital
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of Al dopant and of ZnO matrix?*, the doping concen-
tration™ and the defects of films** %, The red shift of
the optical band gap of ZnO film can be explainend as
follows: With the Na concentration increases from 2 at%
to 16 at%, there are more chance for the Na atoms to
occupy substitutional sites and to generate Na acceptor.
Substitutional incorporation of Na atoms neutralizes the
donor electrons in ZnO.

The PL spectra of undoped and Na-doped ZnO thin
films are given in Fig.7. It can be seen that there are a
violet light (wavelength in the 400-407 nm) and two
deep-level emissions in visible regions (wavelength near
the 454 and 473 nm) for all films and the intensity of the
emission peak increases with the increasing of Na con-
centration. It is believed that the intensity of the emission
peak may be connected with (002) preferred orientation.
There are five main intrinsic defects in ZnO films, such
as zinc vacancy, oxygen vacancy, interstitial zinc, inter-
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Fig.7 Photoluminescence (PL) spectra of the ZnO films

The violet emission may be originated from the
electron transition from the bottom of the conduction
band to the Zn vacancy (Vz,) level™. Fig.7 shows the
change of the violet emission peak. The peak of violet
emission of ZnO films shifts from 407 nm to 400 nm
with increasing Na concentration ranging from 0 at% to
2.0 at%, then has a redshift at higher Na concentration,
which were attributed to Burstein-Moss effect that the
energy of conduction band electron increase first and
then decrease with increasing the Na concentration. The
results are in agreement with the observation from the
optical transmittance measurement. The 473 nm blue
emission may be originated from the electron transition
from the shallow donor level of zinc interstitials to that of
Zn vacancy™"!. The intensity of the 473 nm blue emission
increases with increasing Na concentration, indicating
more zinc interstitials or zinc vacancy was produced with
increasing Na concentration.

4 conclusions

The component, structural and optical properties of
ZnO films were investigated by means of X-ray photo-
electron spectroscopy, X-ray diffractometer, UV-Vis
spectrophotometer and fluorescence spectrometer. XPS
results reveal that Na element doped as Na' in the
Na-doped ZnO film. XRD analysis show that preferen-
tial c-axis orientation becomes more and more obvious,
and the intensity of the diffraction peaks from (103) in-
creases with the enhancement of Na concentration. The
transmittance spectra indicate that as increasing the Na
concentration below 2.0 at%, the optical band gap of the
ZnO film blueshifts while redshifts when the Na con-
centration exceeds 2.0 at%. The PL spectra show that
there is a violet emission (wavelength in the 400-407 nm),
and the peak of violet emission shifts from 407 nm to 400
nm with increasing Na concentration ranging from 0 at%
to 2.0 at% then has a redshift at higher Na concentration.
This phenomenon can be explained by Burstein-Moss
effect.

References

[1] S SLin,J G Lu,ZZ Ye, et al. P-type Behavior in Na-doped
ZnO Films and ZnO Homojunction Light-emitting Di-
odes[J]. Solid State Communications, 2008, 148: 25-28

[2] DY Wang, S X Gao. Influence of Annealing Condition on
the Structure and Optical Properties of Na-doped ZnO Thin
Films Prepared by Sol-gel Method[J]. Journal of Alloys and
Compounds, 2009, 476: 925-928

[31 Z Z Zhang, Z P Wei, Y M Lu, ef al. P-type ZnO on Sap-
phire by Using O,—N, Co-activating and Fabrication of ZnO
LED[]. Journal of Crystal Growth, 2007, 301-302:
362-365

[4] D C Look, B Claflin. P-type Doping and Devices Based on
ZnO[J]. Physics Status Solid B, 2004, 241: 624-630

[5] K J Chen, F Y Hung, S J Chang, et al. Optoelectronic
Characteristics of UV Photodetector Based on ZnO
Nanowire Thin Films[J]. Journal of Alloys and Compoundls,
2009, 479: 674-677

[6] K Wang, Y Vygranenko, A Nathan. Optically Transparent
ZnO-based n—i—p Ultraviolet Photodetectors[J]. Thin Solid
Films, 2007, 515: 6 981-6 985

[7] W C Shi, HY Su, M S Wu. Deposition of ZnO Thin Films
on SiO,/Si Substrate with Al,O; Buffer Layer by Radio
Frequency Magnetron Sputtering for High Frequency Sur-
face Acoustic Wave Devices[J]. Thin Solid Films, 2009, 517:
3378-3 381

[8] S Krishnamoorthy, A A Iliadis. Properties of High Sensitiv-
ity ZnO Surface Acoustic Wave Sensors on SiO,/(100) Si



Journal of Wuhan University of Technology-Mater. Sci. Ed. Feb.2011

[10]

(1]

[14]

[17]

[19]

Substrates[J]. Solid State Electronics, 2008, 52: 1 710-1 716
L L Chen, H P He, Z Z Ye, et al. Influence of
Post-annealing Temperature on Properties of ZnO:Li Thin
Films[J]. Chemical Physics Letters, 2006, 420: 358-361

J Wu, Y T Yang. Deposition of K-doped P-type ZnO Thin
Films on (0001) Al,O; Substrates[J]. Material Letters, 2008,
62:1899-1 901

L H Xu, X Y Li, J Yuan. Effect of K-doping on Structural
and Optical Properties of ZnO Thin Films[J]. Superiattices
and Microstructures, 2008, 44: 276-281

M L Tu, Y K Su, C Y Ma. Nitrogen-doped P-type ZnO
Films Prepared from Nitrogen Gas Radio-frequency Mag-
netron Sputtering[J]. Journal Applied Physics, 2006, 100:
053 705-053 708

Y J Zeng, Z Z Ye, W Z Xu, et al. Study on the Hall-effect
and Photoluminescence of N-doped P-type ZnO Thin
Films[J]. Material Letters, 2007, 61: 41-44

B Yao, L X Guan, G Z Xing, et al. P-type Conductivity and
Stability of Nitrogen-doped Zinc Oxide Prepared by Mag-
netron Sputtering[J].
122-123: 191-194

G X Hu, H Gong. Unexpected Influence of Substrate Tem-

Journal of Luminescence, 2007,

perature on the Properties of P-doped ZnO[J]. Acta. Materi-
alia, 2008, 56: 5 066-5 070

V Vaithianathan, Y H Lee, B T Lee, et al. Doping of As, P
and N in Laser Deposited ZnO Films[J]. Journal of Crystal
Growth, 2006, 287: 85-88

D C Look, G M Renlund, R H Burgener, et al. As-doped
P-type ZnO Produced by an Evaporation/Sputtering Proc-
ess[J]. Applied Physics Letters, 2004, 85: 5 269-5 271

C H Park, S B Zhang, S H Wei. Origin of P-type Doping
Difficulty in ZnO: The Impurity Perspective[J]. Physical
Review B, 2002, 66: 073 202-073 204

E C Lee, K J Chang. Possible P-type Doping with Group-I

[20]

(21]

[22]

(23]

[26]

(27]

27

Elements in ZnO[J]. Physical Review B, 2004, 70: 115
210-115213

M G Wardle, J P Goss, P R Briddon. Theory of Li in ZnO:
A Limitation for Li-based P-type Doping[J]. Physical Re-
view B, 2005, 71: 155 205-155 214

X C Wang, W B Mi, S Dong, et al. Microstructure and Op-
tical Properties of N-incorporated Polycrystalline ZnO
Films[J]. Journal of Alloys and Compounds, 2009, 478:
507-512

S W Xue, X T Zu, W L Zhou, et al. Effects of Post-thermal
Annealing on the Optical Constants of ZnO Thin Film[J].
Journal of Alloys and Compounds, 2008, 448: 21-26

B E Sernelius, K F Berggren, Z C Jim, et al. Band-gap Tai-
loring of ZnO by Means of Heavy Al Doping[J]. Physics
Review B, 1988, 37: 10 244-10 248

M Gabas, S Gota, J R Barrado, et al. Unraveling the Con-
duction Mechanism of Al-doped ZnO Films by Valence
Band Soft X-ray Photoemission Spectroscopy[J]. Applied
Physics Letters, 2005, 86: 042 104-042 106

H P He, F Zhuge, Z Z Ye, et al. Strain and Its Effect on
Optical Properties of Al-N Co-doped ZnO Films[J]. Journal
of Applied Physics, 2006, 99: 023 503-023 505

XY Gao, Q G Lin, H L Feng, et al. Study on the Structural,
Electrical, and Optical Properties of Aluminum-doped Zinc
Oxide Films by Direct Current Pulse Reactive Magnetron
Sputtering[J]. Thin Solid Films, 2009, 517: 4 684-4 688

L P Peng, L Fang, X F Yang, et al. Effect of Annealing
Temperature on the Structure and Optical Properties of
In-doped ZnO Thin Films[J]. Journal of Alloys and Com-
pounds, 2009, 484: 575-579

[28] P S Xu, Y M Sun, C S Shi, et al. Electronic Structure of

ZnO and Its Defects[J]. Science in China (Series A), 2001,
44:1174-1 181




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


