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Abstract

In this work, we present a gate-all-around (GAA) low-temperature poly-Si nanowire (NW) junctionless device with
TiN/AIL,O5 gate stack using an implant-free approach. Since the source/drain and channel regions are sharing one in
situ phosphorous-doped poly-Si material, the process flow and cost could be efficiently reduced. Owing to the GAA
configuration and small volume of NW channels, the fabricated devices with heavily doped channels display
superior switching behaviors and excellent immunity to short-channel effects. Besides, the negative fixed charges in
AlL,O5 are found to be helpful to obtain desirable positive threshold voltages for the n™-poly-Si channel devices.
Thus, the simple and low-cost fabrication method along with excellent device characteristics makes the proposed
GAA NW transistor a promising candidate for future 3-D electronics and system-on-panel applications.
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Background

With the aggressive downscaling of transistor dimen-
sions to increase the speed and density of transistors on
an integrated circuit, nanowire (NW) field-effect transis-
tors (FETs) are considered as one of the most promising
device architectures to meet the requirements [1-3].
Hence, a plethora of researches focusing on N'W-based
devices especially with multiple-gated structure has been
widely explored [3-6]. Owing to the inherent tiny vol-
ume of NW, it enables better gate controllability for
overcoming the short-channel effects over the planar
FETs because the electrostatic potential in the ultrathin
channel can be effectively controlled so that the channel
suffers less electrical interference from the drain [3,5].
Concurrently, the control on junction doping profiles of
source/drain (S/D)-to-channel regions becomes ex-
tremely challenging in nanoscale regimes. In line with
this, junctionless (JL) devices have been proposed to
cope with the doping profile issue [7,8]. In a JL struc-
ture, the dopant type and concentration are the same all
the way from the source, channel to drain. Such JL
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transistor is operated as an accumulation-mode device
and basically a gated resistor in the on-state, while it can
be switched off by full depletion of carriers in the chan-
nel by the gate. Since no conventional p-n junctions are
formed in it, the JL scheme can relieve the stringent for-
mation technique of the ultra-shallow or ultra-abrupt
junction, thus simplifying the fabrication process. Fur-
thermore, the conduction mechanism of such scheme is
via currents passing through the body of the channel,
and accordingly, the most important criteria of this
scheme is that the channel layer must be thin enough so
it can be entirely depleted by the potential difference
exerted by the gate [7]. In this work, we present a
junction-free NW device with gate-all-around (GAA)
TiN/AlL,O3; stack using one in situ doped poly-Si
material for both the channel and S/D regions without
any implant process. Due to the GAA structure together
with the small body, the gate is capable of depleting the
heavily doped channel thoroughly to switch the device
off, thus obtaining a high on/off current ratio as well as
good on-state performance. In addition, most high-x
oxides have positive fixed charges, except that Al,O3 has
negative fixed charges [9]. By taking advantage of this
feature, we investigate the utilization of Al,O3; as the
gate dielectric for the n*-poly-Si channel device and
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Figure 1 Schematic process flow of the proposed GAA JL NW
device. (a) A sandwich stack of nitride/TEQS oxide/nitride layers was
sequentially deposited and then patterned on a Si substrate capped
with a 200-nm-thick wet oxide. Next, selective lateral etching of the
TEQS oxide layer was performed using diluted HF solution to form a
sub-100-nm cavity underneath both sides of the top nitride. (b)
Deposition of an in situ phosphorus-doped poly-Si layer. (c) The NW
doped channels (denoted as DC) and S/D regions were defined
simultaneously. (d) After etching off the nitride and oxide
surrounding the NW channels, the high-k/metal gate stack structure
was formed using the atomic-layer deposition system to conformally
deposit 10-nm Al,O3 and 10-nm TiN films onto the NW channel.

\

expect that the proposed JL device could be desirably
operated in a positive threshold voltage (V;,) range for
favoring its applications in logic circuits and memory
devices.

Methods

Device fabrication and experiment

The key fabrication process flow of the proposed GAA
JL NW FET is briefly described in Figure 1. First, a sand-
wich stack of nitride/tetraethyl orthosilicate (TEOS)
oxide/nitride layers was sequentially deposited and then
patterned on a Si substrate capped with a 200-nm-thick
wet oxide. Next, the formation of a sub-100-nm cavity
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underneath both sides of the top nitride was fulfilled by
selective lateral etching of the TEOS oxide layer using
diluted hydrofluoric (HF) solution (HF:H,O =1:100) as
shown in Figure la. The scanning electron microscopic
(SEM) images before and after cavity formation are
depicted in Figure 2. With 60-s etching time, a vivid shape
of cavity was formed and served as the template for the
formation of NW channels. An iz situ phosphorus-doped
poly-Si layer was then deposited at 550°C using a mixture
of SiH,/PH; gases in the LPCVD system (Figure 1b), fol-
lowed by an anisotropic plasma etching to define the NW
doped channels (denoted as DC) and S/D regions simul-
taneously to form the structure without junctions (i.e.,
n'-n"-n"), as illustrated in Figure lc. Note that the
conventional control devices (i.e., n*-i-n*) were also
processed along with a similar flow but using undoped
poly-Si as the channel (denoted as undoped channel,
UC), while the S/D regions were formed with the same
in situ doped poly-Si as in the DC device. To imple-
ment the GAA structure, the sandwich stack layers
were removed to suspend the NW channels, as
revealed in Figure 3 with various volumes of NWs.
Subsequently, the high-x/metal gate stack structure
was formed using the atomic-layer deposition system
to conformally deposit 10-nm Al,Oz and 10-nm TiN
films onto the NW channel, as shown in Figure 1d.
Note that the final thickness of the TiN gate electrode
is 150 nm by adding another 140-nm TiN film through
sputtering. After patterning the gate electrode, deposit-
ing passivation layer, and standard metallization proced-
ure, the fabrication of NW devices was accomplished.
Figure 4a shows the cross-sectional transmission electron
microscopic (TEM) image of a GAA NW device with NW
channel dimensions of about 11 x 15 nm. In this study,
NW channels with the cross section of such dimensions
for DC and UC devices are used for characterization un-
less mentioned otherwise.

In this study, Hall measurements were conducted on a
blanket in situ doped poly-Si thin film of 3,000 A; the

-

showing the formation of nano-cavity.
.

Figure 2 Tilted SEM images of the dielectric stack. (a) Before lateral etching and (b) after lateral etching of 60 s with diluted HF solution

nano-cavity
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Figure 3 52° tilted SEM images of different sized NW devices before the gate stack formation. (a) A tiny NW device showing NWs
exposed on both sides of the temporary dielectric step, (b) a mid-sized NW device, and (c) a large-sized NW device.

J

carrier concentration of PH3 with 15 sccm flow rate was  fabricated devices would be much lower than the result of
found to be around 1x10* cm™. However, the practical Hall measurements due to the effects of film volume [10]
active carrier concentration in the NW channels of the and donor deactivation occurring in the Si NW structure [11].
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Figure 4 TEM and SEM images of a DC device. (a) Cross-sectional TEM image of a DC device with tiny NW covered with ALO5/TiN GAA stack.
52° tilted SEM images of (b) a mid-sized DC device with a NW cross section of 75x 30 nm and (c) a large-sized DC device with a NW cross

section of 125x40 nm.
.
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Figure 5 Transfer characteristics of the DC and UC NW devices.
Mid-sized (7530 nm) and large-sized (125 x40 nm) DC NW devices
are also plotted for comparison. All the devices characterized here
are with channel length of 0.4 um.

Results and discussion

Transfer characteristics of the DC and UC NW FETs are
depicted in Figure 5, in which another two DC NW
devices with larger channel cross sections are also com-
pared to illustrate the volume effect on the switching
behaviors. The cross-sectional dimensions of the NWs
for these two larger devices are 75x 30 nm (mid-sized
DC) and 125x40 nm (large-sized DC), respectively, as
shown in Figure 4b,c. Apparently, more aggravated
switching properties are observed for larger NW chan-
nels among the three splits of DC devices. Owing to the
conduction mechanism of the junctionless scheme, the
bulk conduction path in the channel is not apt to be
fully depleted as the channel cross section increases [7].
Therefore, for the mid-sized and large-sized DC devices,

Channel length (um)

Figure 7 Threshold voltage as a function of channel length for
DC and UC devices. DC devices with GAA TiN/SiO, gate stack are
also plotted for comparison.

they cannot be effectively turned off by the gate, even
though a high gate bias (V) of -10 V is applied as
revealed in Figure 5. On the other hand, the DC device
with small NW channels displays superior switching
behaviors with a subthreshold swing of 210 mV/dec and
on/off current ratio of 7 x 10°, outperforming its UC
counterpart with the current ratio of 2x10° In the
above comparison, the on current (Ioy) is defined as the
drain current (Ip) at Vg - Vin =2 V, while the off current
(Iopp) is the minimal Ijp. Figure 6a compares the on cur-
rents, extracted at Vg- V=2 V and Vp=0.5 V from
both types of devices, as a function of channel length
(L). In our device structure, the channel length is defined
as the spacing between the S/D regions. The oy is evi-
dently boosted in the DC devices, especially as the

1
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Figure 6 On currents and 52° tilted SEM image of a NW device. (a) On currents, extracted at Vg — V=2 V and V=05V, as a function of
channel length for DC and UC devices. (b) 52° tilted SEM image of a NW device with L=5 pum showing collapse of NWs in the central channel
region. The inset shows a NW device with L =1 um depicting normal suspension of NWs between the S/D regions.
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channel length is long. This is attributed to the much
larger cross section available for carrier flow, leading to
the reduction in the channel resistance for the DC
devices [7,8]. Besides, the carriers available for conduc-
tion in the DC devices also outnumber those in the UC
counterparts. Nevertheless, for shorter channels, the
enhancement is not so pronounced. We ascribe this to
two plausible reasons. For one, the series resistance in the
S/D regions (Rsp) for the DC devices is still high and
could contribute to this trend as the channel length
decreases, although Rsp has been demonstrated to be
reduced in the junctionless scheme as compared with its
counterpart with junctions [8,12]. In order to further
boost the Ioyn enhancement, the S/D regions should be
silicided or doped with higher concentration. Besides, as
can be seen in Figure 6b, due to the small and long NW
structure, the region of NW channel located away from
the supporting source/drain ends tends to tumble down
and might touch the substrate surface. However, for a
shorter-channel device, the NWs normally suspend
between the S/D regions as depicted in the inset. Thus,
after the gate stack formation, the actual gate structure in
the central part of a long channel may not be in a perfect
gate-all-around configuration. Since the conduction
mechanism in the DC and UC transistors is mainly
through bulk and surface paths, respectively, the central
region of the channel would be induced with fewer
carriers for the UC device. As a result, the Ioy enhance-
ment for the DC transistors becomes larger as channel
length increases, and this result may also imply that the
DC device is less susceptible to gate configuration in the
on-regime.

Figure 7 shows the threshold voltage as a function of
channel length for both types of devices. The smaller Vi,
values found in the DC devices are a result of the
accumulation-mode operation. Due to the large work-
function difference between the n"-doped NW channels
and TiN gate, reasonable V};, values can be achieved for
the DC devices. Furthermore, as compared with their
counterparts with SiO, gate dielectric, positive Vi,
values found in the DC devices with Al,O3; could be
ascribed to the effect of negative fixed charges contained
in Al,Os. Besides, no obvious Vy, roll-off behaviors are
observed in both types of devices with Al,Os, suggesting
the effectiveness of the GAA structure and high-x gate
dielectric exploited.

Conclusions

In summary, we have reported the fabrication and ex-
perimental investigation of the junction-free GAA NW
device with TiN/Al,Oj3 gate stack structure by employing
an implant-free method. From the results of the elec-
trical characterizations, a sufficiently small cross section
of the NW channels is essential to obtain superior on/off
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current ratio for heavily doped channel devices. The fabri-
cated DC devices also show excellent Vi, roll-off proper-
ties and boosted on-state performance especially as the
channel length increases. The adoption of Al,O3 as the
gate dielectric shifts the V{, to a positive value and thus
is conducive to acquiring desirable Vy,. With its low
cost and straightforward processing, we believe that the
proposed GAA NW JL transistor architecture is promis-
ing for future 3-D electronics and system-on-panel
applications.

Competing interests
The authors declare that they have no competing interests.

Acknowledgment

The authors would like to thank the National Nano Device Laboratories
(NDL) and Nano Facility Center (NFC) of National Chiao Tung University for
assistance in device fabrication. This work was supported in part by the
Ministry of Education in Taiwan under Aim for the Top University (ATU)
Program and in part by the National Science Council of the Republic of
China under contract No. 99-2221-E-009-167-MY3.

Author details

"Nano Facility Center, National Chiao Tung University, Hsinchu 300, Taiwan.

’Department of Electronics Engineering and Institute of Electronics, National
Chiao Tung University, Hsinchu 300, Taiwan. *Department of Electrophysics,

National Chiao Tung University, Hsinchu 300, Taiwan. “National Nano Device
Laboratories, Hsinchu 300, Taiwan.

Authors’ contributions

CJ carried out the SEM and TEM characterization, performed the electrical
analysis, and drafted the manuscript. Tl fabricated the samples and carried
out the electrical characterization. HC participated in the design and
coordination of the study. All authors read and approved the final
manuscript.

Received: 30 November 2011 Accepted: 22 June 2012
Published: 22 June 2012

References

1. Yeo KH, Suk SD, Li M, Yeoh YY, Cho KH, Hong KH, Yun S, Lee MS, Cho N,
Lee K, Hwnag D, Park B, Kim DW, Park D, Ryu Bl: Gate-all-around (GAA)
twin silicon nanowire MOSFET (TSNWFET) with 15 nm length gate and 4
nm radius nanowires. In International Electron Devices Meeting: December
11-13 2006. San Francisco. Piscataway: IEEE; 2006:1-4.

2. Appenzeller J, Knoch J, Bjork MT, Riel H, Schmid H, Riess W: Toward
nanowire electronics. IEEE Trans Electron Devices 2008, 55:2827.

3. SukSD, Li M, Yeoh YY, Yeo KH, Ha JK, Lim H, Park HW, Kim DW, Chung TY,
Oh KS, Lee WS: Characteristics of sub-5-nm trigate nanowire MOSFETs
with single- and poly-Si channels in SOI structure. In VLSI Symposium
Technology: June 16-18 2009; Honolulu. Piscataway: IEEE; 2009:142.

4. Singh N, Agarwal A, Bera LK, Liow TY, Yang R, Rustagi SC, Tung CH, Kumar
R, Lo GQ, Balasubramanian N, Kwong DL: High-performance fully depleted
silicon nanowire (diameter <5 nm) gate-all-around CMOS devices. [EEE
Electron Device Lett 2006, 27:383.

5. Im M, Han JW, Lee H, Yu LE, Kim S, Kim CH, Jeon SC, Kim KH, Lee GS, Oh JS,
Park YC, Lee HM, Choi YK: Multiple-gate CMOS thin-film transistor with
polysilicon nanowire. [EEE Electron Device Lett 2008, 29:102.

6. Hsu HH, Lin HC, Luo CW, Su CJ, Huang TY: Impacts of multiple-gated
configuration on the characteristics of poly-Si nanowire SONOS devices.
IEEE Trans. Electron Devices 2011, 58:641.

7. Colinge JP, Lee CW, Afzalian A, Akhavan ND, Yan R, Ferain |, Razavi P, O'Neill
B, Blake A, White M, Kelleher AM, McCarthy B, Murphy R: Nanowire
transistors without junctions. Nature Nanotechnol 2010, 5:225.

8. Su CJ, Tsai Tl, Liou YL, Lin ZM, Lin HC, Chao TS: Gate-all-around
junctionless transistors with heavily doped polysilicon nanowire
channels. IEEE Electron Device Lett 2011, 32:561.



Su et al. Nanoscale Research Letters 2012, 7:339
http://www.nanoscalereslett.com/content/7/1/339

Wilk GD, Wallace RM, Anthony JM: High-k gate dielectrics: current status
and materials properties considerations. J Appl Phys 2001, 89:5243.

Lacy F: Developing a theoretical relationship between electrical
resistivity, temperature, and film thickness for conductors. Nanoscale
Research Lett 2011, 6:636.

Bjork MT, Schmid H, Knoch J, Riel H, Riess W: Donor deactivation in silicon
nanostructures. Nature Nanotechnol 2009, 4:103.

Lee CW, Lederer D, Afzalian A, Yan R, Dehdashti N, Xiong W, Colinge JP:
Comparison of contact resistance between accumulation-mode and
inversion-mode multigate FETs. Solid State Electron 1815, 2008:52.

doi:10.1186/1556-276X-7-339

Cite this article as: Su et al: Low-temperature poly-Si nanowire
junctionless devices with gate-all-around TiN/Al,O5 stack structure
using an implant-free technique. Nanoscale Research Letters 2012 7:339.

Page 6 of 6

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Methods
	Device fabrication and experiment

	link_Fig1
	link_Fig2
	link_Fig3
	link_Fig4
	Results and discussion
	link_Fig5
	link_Fig6
	link_Fig7
	Conclusions
	Competing interests
	Acknowledgment
	Author details
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


