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Abstract Programmable metallization cell (PMC) mem-

ory is a kind of next generation non-volatile memory that

has attracted increasing attention in recent years as a pos-

sible replacement for flash memory. In spite of the con-

siderable amount of research focused on the fabrication of

non-volatile memories on plastic substrates with light-

weight, thin, and bendable characteristics, there have been

few studies on the fabrication of PCM memory on flexible

substrates. In this study, we synthesized Ag2Se nanoparti-

cles (NPs) by a positive-microemulsion method and con-

structed PMC memories on plastic substrates with

programmable layers formed by the spin-coating of the

Ag2Se NPs. To the best of the knowledge, this is the first

attempt to construct PMC memory on plastic substrates by

the spin-coating of Ag2Se NPs. The Ag2Se NPs synthe-

sized in this study had a uniform size of 2 nm and inter-

estingly showed a-phase (high temperature phase) stability

at room temperature. Switching behaviors were observed

through the voltage scanning on the fabricated memories

with applicable switching voltages. However, the resis-

tance ratios of the off-state to the on-state were quite small.

The possible reasons for the a-phase stability of the Ag2Se

NPs at room temperature and the detailed memory char-

acteristics will be described in this article.

Introduction

As one of the most promising candidates for non-volatile

memory and as an alternative to flash memory,

programmable metallization cell (PMC) memory has been

widely researched recently, due to its key attributes such as

its low voltage/low current operation, high speed, excellent

scalability, retention, and endurance [1–4]. PMC memory

is also called conductive bridge random access memory or

electrolytic memory, because it uses the fast migration of

cations in a solid-state electrolyte. That is, PMC memory

functions by the build-up or break-up of a conducting path

(or bridge) between the electrodes according to the polarity

of the applied voltage. Various metal-chalcogenides with

ionic conductivity have been studied as potential PMC

materials [5–7]. Especially, silver selenide (Ag2Se) is one

of the widely investigated metal-chalcogenide materials for

use in PMC memory, owing to its attractive properties

[8–12].

Ag2Se normally exists in the orthorhombic b-phase (low

temperature phase) which is a narrow bandgap (Eg =

0.07 eV at -273 �C) semiconductor with high electrical

conductivity [8]. On the other hand, at temperatures above

133 �C, the phase of Ag2Se turns into the cubic a-phase

(high temperature phase) which is a metallic compound

with superionic characteristics [9]. This phase transition is

known to be reversible [10] and, therefore, Ag2Se has been

widely investigated for use as a phase change material in

non-volatile phase change random access memory [11]. In

addition, there have been several attempts to apply the

superionic properties of a-Ag2Se to non-volatile switching

memory or PMC memory [1, 12].

Ag2Se thin films can be deposited by various methods

[11, 13, 14]; however, they are generally high-cost, high

temperature, and/or low throughput processes. Ag2Se films

can also be formed by the spin-coating of Ag2Se nano-

particles (NPs). As one of the solution processes for film

formation, the spin-coating of NPs enables the above-

mentioned disadvantages of the other deposition methods
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to be overcome. More importantly, spin-coating enables

films to be formed easily on plastic substrates at low

temperature with high throughput, because it uses two

essentially independent steps, namely, the synthesis of the

NPs and the formation of the films [15]. There has been

growing interest in the fabrication of electronic devices on

plastic substrates, due to their lightweight, thin, and

bendable features [16–18], and some researchers have

reported on non-volatile memory devices fabricated on

plastic substrates [19–21]. However, to the best of the

knowledge, there have been no reports so far on the fab-

rication of PCM memory on a plastic substrate through the

spin-coating of NPs, although a few studies have been

conducted on the fabrication of PCM memory on a plastic

substrate [22].

We constructed vertically stacked simple PMC memory

structures on plastic substrates for the first time through the

spin-coating of Ag2Se NPs. Among the various methods

suggested for the synthesis of Ag2Se NPs [24–26], we used

a positive-microemulsion method [23], because it can

produce uniform-sized Ag2Se NPs at low temperature.

After the construction of the memory devices on the plastic

substrates, we examined their electrical properties, in order

to confirm the feasibility of Ag2Se nanoparticle (NP)-based

PMC memory as an emerging non-volatile memory

technology.

Experimental

Synthesis of Ag2Se NPs

Ag2Se NPs were prepared by a positive-microemulsion

method [23] as follows. First, 0.10 g of NaOH and 1.9 mL

of linoleic acid (LA, C17H31COOH, Sigma-Aldrich Inc.)

were dissolved in a mixture solution of de-ionized (DI)

water (15 mL), ethanol (15 mL), and n-hexane (1 mL) to

form a microemulsion. Then, 0.17 g of AgNO3 dissolved in

5 mL of DI water was added to the solution while applying

vigorous stirring. The solution quickly turned into a milky

Ag?-containing emulsion. 5 mL of Na2SeSO3 solution was

injected into the solution. The Na2SeSO3 solution, as a

selenium source, was prepared by sonicating selenium

powder (0.40 g) and Na2SO3 (0.63 g) in de-ionized water

(50 mL) for 1 h. The Ag?-containing emulsion immedi-

ately changed from milky to black and was stirred for a long

time. Then, 20 mL of n-hexane was added to destroy the

microemulsion and extract the LA-coated Ag2Se NPs into

the oil phase. After the completion of the extraction, the oil

phase containing the LA-coated Ag2Se NPs was centrifuged

to obtain Ag2Se NPs after adding ethanol. In order to

remove the LA residues on the surface of the NPs, the

centrifuged NPs were washed several times by dispersing

them in n-hexane and centrifuging the resulting dispersion

with the addition of ethanol. Finally, the synthesized Ag2Se

NPs were re-dispersed in n-hexane for storage and their size

and composition were confirmed by high-resolution trans-

mission electron microscopy (HRTEM) and energy dis-

persive spectroscopy (EDS) analyses, respectively. In order

to examine their crystal structure, the Ag2Se NPs were

coated on Si substrates and annealed at 100 or 130 �C for

5 min in N2 ambient. Then, the crystal structure of the NPs

was characterized by X-ray diffraction (XRD) analysis.

Fabrication of Ag2Se NP-based memory cells on plastic

substrates

A polyethersulfone substrate was used as the plastic sub-

strate for the fabrication of an Ag2Se NPs-based memory

cell in this study. A cross-linked poly-4-vinylphenol

(C-PVP) buffer layer was formed on the substrate using the

same procedures as those described in the previous study

[15]. A bottom Au electrode was formed on the C-PVP

layer using a photolithography process and a thermal

evaporation method. Before the thermal evaporation pro-

cess, UV/ozone treatment was applied to promote the

adhesion between the substrate and the electrode and

facilitate the lift-off of the photo-resist. A solution of

n-hexane in which Ag2Se NPs were dispersed was spin-

coated on the substrate. Before the formation of the top Au

electrode, the samples were annealed at 100 �C for 5 min

in N2 ambient. Then, the top Au electrode was formed on

the Ag2Se NP-layer in the same manner as that of the

formation of the bottom electrode. The size of the contact

area was 50 9 50 lm2. A cross-sectional schematic and an

optical top-view image of the fabricated memory cell are

presented in Fig. 1. The electrical characteristics were

obtained for the fabricated memory cell with an Agilent

4155C semiconductor parameter analyzer. All measure-

ments were made at room temperature in the dark in air.

Results and discussion

The HRTEM image of the Ag2Se NPs synthesized in this

study is shown in Fig. 2. Uniformly distributed crystalline

NPs with a relatively uniform diameter of 2 nm are

observed in the image. The composition of the NPs esti-

mated from the EDS analysis corresponds to a ratio of Ag

to Se of 2:1 (Se 34%, Ag 66%), indicating that the NPs

synthesized in this study are stoichiometric Ag2Se.

The XRD patterns of the as-synthesized and annealed

Ag2Se NPs are presented in Fig. 3. It can be seen in the

figure that the peaks are considerably broader than those of

the bulk powders or nanowires of Ag2Se. The broadening

of the XRD peaks is normally related to the smaller size of
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the particles. Although the small size of the NPs synthe-

sized in this study (about 2 nm) results in the broadening of

the XRD peaks, their crystal structure can be roughly

identified. For the as-synthesized Ag2Se NPs, the broad

peak at a 2h value of about 33� can be indexed as the

merged (112) and (121) peaks of the b-phase (low tem-

perature phase) from the JCPDS data (no. 20-1041). The

b-phase is the only phase generally observed in the

as-synthesized Ag2Se nanostructures [23, 25, 26]. How-

ever, interestingly, there are other peaks that cannot be

indexed as b-Ag2Se at 2h values of about 36� and 45�.

These peaks can be indexed as the (200) and (211) peaks of

a-Ag2Se (high temperature phase) from the JCPDS data

(no. 76-0135). The formation of a-Ag2Se is noteworthy,

because b-Ag2Se is thermodynamically stable at room

temperature [27]. However, it has also been reported [28]

that the a-phase exists in Ag2Se film when its thickness is

below 15 nm. Since the size of the synthesized NPs in this

study is as small as about 2 nm, the existence of a-Ag2Se is

possible, while the co-existence of the a-phase and b-phase

is not clearly understood. The stability of the a-phase at

room temperature is a very desirable characteristic for

PMC applications, because it has superionic properties, as

described above. In the XRD pattern, there is an additional

Ag (111) peak at a 2h value of about 38� (JCPDS data, no.

04-0738). It was reported that metallic Ag specks appear

when orthorhombic b-Ag2Se is transformed into cubic

a-Ag2Se [29]. When the film is annealed at 100 �C for

5 min, the intensity of the a-Ag2Se peaks increases, while

that of the b-Ag2Se peak decreases. This implies that the

phase transformation from b-phase into a-phase occurs

during annealing, while the reverse phase transformation (a
to b) occurs less during cooling to room temperature. Since

it is generally believed that the complete reverse phase

transformation (a to b) occurs during cooling, our obser-

vation is unusual. However, a recent study [12] reported

that Ag2Se nanowires consist predominantly of a-phase

with some b-phase after they are heated over their phase

transition temperature and subsequently cooled to room

temperature, possibly due to the small domain size and/or

the large contribution of the surface energy of the nano-

wires. In addition, after the Ag2Se NPs are annealed at

100 �C, the intensity of the Ag peak increases. This may be

attributed to the phase transition of the Ag2Se NPs. The

newly observed peak at a 2h value of about 43� in the

pattern of the annealed Ag2Se corresponds to metallic Ag

(200). There is no distinct difference between the film

annealed at 100 �C and that annealed at 130 �C except for

the growth of the Ag peaks. Based on these XRD results,

during the fabrication of the memory cell, the spin-coated

Ag2Se NPs were annealed at 100 �C for 5 min in N2

ambient prior to the formation of the top electrode, in order

to maximize the fraction of a-phase in the NPs-based film.

The electrical characteristics of the vertically stacked

memory cell were examined in terms of the current

(I) versus applied voltage (V) in the range of -1 V to 1 V.

The I–V curves obtained by repeated voltage scanning are

presented in Fig. 4. The I–V curves reveal the representa-

tive switching behavior of the PMC memory device. The

switching behavior is of interest, because the electrodes of

the memory cell are made of an inert metal (i.e., Au).

In general, PMC memory devices have metal source layers

(e.g., Ag or Cu) sandwiched between the electrodes or their

electrodes consist of one metal source electrode (e.g., Ag

or Cu) and another inert metal electrode [2, 5, 6], although

there have been few reports showing switching behavior

without any metal source layer [11, 12]. In the case of the

memory cell, it may be that the metallic Ag observed in the

Fig. 1 a Cross-sectional

schematic and b optical image

of the fabricated vertically

stacked Ag2Se NP-based

memory cell

Fig. 2 HRTEM image of the Ag2Se NPs synthesized by a positive-

microemulsion method. The clearly observed NPs are indicated by

white circles
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XRD pattern of the Ag2Se NPs annealed at 100 �C (Fig. 3)

acts as a metal source, resulting in the switching behavior.

Now, let us explain the switching behavior in detail. The

voltage was first applied in the positive direction (0–1 V).

Below a voltage of about 0.9 V, the cell maintains its high-

resistive off-state (Roff = 5.4 9 102 Ohm). At a voltage of

about 0.9 V, instantaneous switching from the off-state to

the low-resistive on-state (‘‘write’’ in terms of device

operation) occurs. This implies that a conducting bridge

between the top and bottom electrodes is built-up by the

migration of Ag ions. Then, the voltage was applied in the

negative direction (1 to -1 V). The cell remains its on-

state (Ron = 3.7 9 10 Ohm) until the applied voltage

reaches -1 V. However, as soon as the voltage is applied

in the positive direction (-1 to 0 V), the immediate

switching from the on-state to the off-state (‘‘erase’’ in

terms of device operation) occurs, resulting from the break-

up of the conducting bridge and the dissolution of Ag into

the solid-state electrolyte matrix. These switching charac-

teristics were repeatedly observed during the voltage

scanning with Roff/Ron ratios of about 4 (for the third scan)

*14 (for the first scan). These Roff/Ron ratios are relatively

small compared to those reported in other studies, in which

ratios about 5–6 orders of magnitude higher were obtained.

The reason for the small ratio obtained herein is not

understood and further investigations are needed to clarify

this and to increase the ratio to a level suitable for the

application of the devices as non-volatile memories.

In addition, the ‘‘write’’ (about 0.9 V) and ‘‘erase’’ voltages

(about -1 V) are higher and lower than the generally

reported values of below 0.4 V and above -0.4 V,

respectively [2, 30, 31]. For logic applications, a high

switching voltage of over 1 V between the two states is

desirable, because the switching voltage should be higher

than the operation voltage of logic circuits [3]. Therefore,

the memory cells fabricated in this study are more

applicable to logic circuits in terms of the switching volt-

age. These high ‘‘write’’ voltage and low ‘‘erase’’ voltage

may be caused by the relatively slow Ag migration in the

film composed of Ag2Se NPs. That is, even if the Ag ions

migrate relatively freely in a-Ag2Se [32], the interfaces

constructed between the NPs may obstruct the free

migration of Ag ions, resulting in a decrease of the

migration speed and, consequently, the slowdown of the

build-up or break-up speed of the conductive bridge in

the film composed of Ag2Se NPs.

Conclusions

Ag2Se NP-based PMC memory devices were constructed

on plastic substrates by the spin-coating of Ag2Se NPs. The

Ag2Se NPs synthesized by a positive-microemulsion

method have a uniform size of about 2 nm. The XRD

analysis of the as-synthesized and annealed NPs revealed

that the Ag2Se NPs exist mainly in the form of a superionic

a-phase at room temperature giving them the potential to

be used as a PMC material. From the repeated voltage

scanning on the PMC memory cell, I–V curves showing the

representative switching behavior of PMC memory were

obtained with applicable ‘‘write’’ and ‘‘erase’’ voltages of

about 0.9 and -1 V, respectively, due to the restriction of

the free migration of the Ag ions at the interfaces of the

NPs. However, the resistance ratios of the off-state to the

on-state are as small as 4–14 with a scan-to-scan variation.

Although this ratio needs to be improved and the other

memory characteristics, such as the retention and endur-

ance, still need to be investigated, this study is meaningful

in that it confirms, for the first time, the feasibility of

fabricating PMC memory devices on plastic substrates by

the spin-coating of Ag2Se NPs.

Fig. 3 XRD patterns of (a) the as-synthesized Ag2Se NP-based thin

film and the films annealed (b) at 100 �C or (c) at 130 �C

Fig. 4 The I–V curves obtained by repeated voltage scanning the

range of -1 to 1 V. Every scan starts at 0 V in the positive direction

6770 J Mater Sci (2011) 46:6767–6771

123



Acknowledgements This study was supported by Future-based

Technology Development Program (Nano Fields) through the

National Research Foundation of Korea (NRF) funded by the

Ministry of Education, Science and Technology (2010-0019197),

World Class University (WCU, R32-2008-000-10082-0), IT R&D

program of MKE/KEIT (10030559, Development of next generation

high performance organic/nano materials and printing process tech-

nology), Seoul R&BD Program (PA090914), and Hynix-Korea Uni-

versity Nano-Semiconductor Program.

References

1. Bernede J-C (1980) Phys Stat Sol a 57:K101

2. Kozicki MN, Park M, Mitkova M (2005) IEEE Trans Nano-

technol 4:331

3. Banno N, Sakamoto T, Hasegawa T, Terabe K, Aono M (2006)

Jpn J Appl Phys 45:3666

4. Choi H, Nam K-H, Koo Y-W, Chung H-B (2009) J Electroceram

23:322

5. Tamura T, Hasegawa T, Terabe K, Nakayama T, Sakamoto T,

Sunamura H, Kawaure H, Hosaka S, Aono M (2007) J Phys Conf

Ser 61:1157

6. Bernede J-C, Conan A, Fouesnant E, Bouchairi B, Goureaux G

(1982) Thin Solid Films 97:165

7. Wang H, Qi L (2008) Adv Funct Mater 18:1249

8. Dalven R, Gill R (1967) Phys Rev 159:645

9. Boolchand P, Bresser WJ (2001) Nature 410:1070

10. Abdullayev AG, Shafizade RB, Krupnikov ES, Kiriluk KV

(1983) Thin Solid Films 106:175

11. An BH, Ji HM, Wu J-H, Cho MK, Yang K-Y, Lee H, Kim YK

(2009) Curr Appl Phys 9:1338

12. Schoen DT, Xie C, Cui Y (2007) J Am Chem Soc 129:4116

13. Damodara V, Karunakaran D (1990) J Appl Phys 68:2105

14. Pejova B, Najdoski M, Grozdanov I, Dey SK (2000) Mater Lett

43:269

15. Jun JH, Park B, Cho K, Kim S (2009) Nanotechnology 20:505201

16. Dimitrakopoulos CD, Malenfant PRL (2002) Adv Mater 14:99

17. Jiang CY, Sun XW, Tan KW, Lo GQ, Kyaw AKK, Kwong DL

(2008) Appl Phys Lett 92:143101

18. Jang J, Cho K, Lee SH, Kim S (2008) Nanotechnology 19:015204

19. Yang Y, Ouyang J, Ma L, Tseng RJ-H, Chu C-W (2006) Adv

Funct Mater 16:1001

20. Son D-I, Kim J-H, Park D-H, Choi WK, Li F, Ham JH, Kim TW

(2008) Nanotechnology 18:055204

21. Yun J, Cho K, Park B, Park BH, Kim S (2009) J Mater Chem

19:2082

22. Baliga SR, Thermadam SCP, Kamalanathan D, Allee DR,

Kozicki MN (2007) Proc. Non-Volatile Memory Technology

Symp. Albuquerque, NM: IEEE p.86-90

23. Ge J-P, Xu S, Liu L-P, Li Y-D (2006) Chem Eur J 12:3672

24. Ng MT, Boothroyd C, Vittal JJ (2005) Chem Commun 3820

25. Xiao J, Xie Y, Tang R, Luo W (2002) J Mater Chem 12:1148

26. Jiang Y, Xie B, Wu J, Yuan S, Wu Y, Huang H, Qian Y (2002)

J Solid State Chem 167:28

27. Karakaya I, Thompson WT (1990) Bull Alloy Phase Diagr

11:266

28. Günter JR, Keusch P (1993) Ultramicroscopy 49:293

29. Buschmann V, van Tendeloo G, Monnoyer Ph, Nagy JB (1998)

Langmuir 14:1528

30. Symanczyk R, Bruchhaus R, Dittrich R, Kund M (2009) IEEE

Electron Device Lett 30:876

31. Sakamoto T, Kaeriyama S, Mizuno M, Kawaura H, Hasegawa T,

Terabe K, Aono M (2008) Electr Eng Jpn 165:68

32. Hamilton MA, Barnes AC, Howells WS, Fischer HE (2001)

J Phys Condens Matter 13:2425

J Mater Sci (2011) 46:6767–6771 6771

123


	Switching memory cells constructed on plastic substrates with silver selenide nanoparticles
	Abstract
	Introduction
	Experimental
	Synthesis of Ag2Se NPs
	Fabrication of Ag2Se NP-based memory cells on plastic substrates

	Results and discussion
	Conclusions
	Acknowledgements
	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


