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The memristor effect (cyclic switching from a High-Resistance State to a Low-Resistance State and viceversa) and a 
conductivity/resistivity window (IOFF/ION ratio) of more than 4 orders of magnitude have been obtained in Metal-Insulator-
Metal (MIM) structures that use Al2O3 as oxide layer after cyclic I-V measurements. Before initial breakdown, different 
carrier conduction properties are found when using whether a highly reactive or a highly inert metal as the bottom 
electrode of the memory structure. These carrier conduction properties for the MIM structure are also affected by 
changing the deposition conditions of the bottom electrode (by changing the average roughness of its surface) or by using 
different Al2O3 thickness. Most importantly, because of the low thermal budget used for fabrication of these devices (only 
300°C), they have the potential to be vertically integrated as memory cells in higher metallization levels of a CMOS-based 
Back-End-Of-Line (BEOL) processing. This is important since it would promote real 3-D integration of memory devices 
for advanced circuit manufacturing. 
 
Keywords: Memristance Effect; MIM structures; Atomic-Layer Deposition; Al2O3; BEOL Processing; Conduction 
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1 Introduction 
 

Resistive-switching Random Access Memory (RRAM) 
devices have attracted considerable attention in recent 
years for their superior characteristics, including their 
simple memory structure which is usually composed of 
Metal-Insulator-Metal (MIM) stacks, deep scalability, 
ultra-low power consumption, fast write/erase speed, and 
long retention times [1-4]. For RRAM devices, metal 
oxides based on high dielectric constant materials (high-k) 
are widely used because of their resistive switching 
properties and their general physical characteristics which 
make them compatible with a silicon CMOS-BEOL 
fabrication process [2-4]. However, several improvements 
are still needed before RRAM devices become attractive to 
the semiconductor industry: higher endurance cycles, 
adequate write/erase margins, multi-level resistance storage 
and most importantly, understanding and correlating the 
precise mechanisms required for resistive switching o their 
fabrication process conditions. 

A better understanding of the physics related to resistive 
switching will be helpful in achieving these goals. Even 
though it is widely recognized that resistive switching 
mainly originates from the forming/rupture of ultra-thin 
conductive filaments in the oxide film, the precise physics 
and chemistry of this switching behavior is ambiguous and 
remains fully unanswered. Ideally, RRAM switching 
modes can be classified in two groups: unipolar switching, 
which means the resistive switching depends on the 
amplitude of the applied voltage but not on the polarity; 
and bipolar switching, which means the resistive switching 
relies on the polarity of the applied voltage bias [5]. During 
switching, the memory resistance states can be changed 

from a High Resistance State (HRS) to a Low Resistance 
State (LRS) by SET and RESET voltage pulses 
respectively. 

In an effort to better understand the RRAM’s switching 
phenomena, we present the electrical characteristics of 
MIM structures varying some parameters in their 
fabrication process as well as using different materials as 
bottom electrode; all to assess the conduction mechanisms 
of carriers just before the initial switching occurs. 
 
2 Experimental Procedures 
 

For all samples, glass slides were used as substrates 
which were cleaned by sequential ultrasonic cleanings in 
acetone, methanol, and iso-propanol; then all the substrates 
were rinsed with deionized water and dried with pure 
nitrogen flow. Two different MIM structures were 
obtained: Al/Al2O3/Al and Al/Al2O3/W stacks. First, 
aluminum (400 nm in thickness) was used as bottom 
electrode in an initial set of samples. Tungsten (500 nm in 
thickness) was used as bottom electrode in another set. 
Both metals for the bottom electrode were deposited by E-
beam evaporation under ultra-high vacuum conditions. 
Then, Al2O3 was deposited directly on the bottom electrode 
by Atomic-Layer Deposition (ALD, Savannah-S100 
system from Cambridge-Nanotech) using H2O and 
Trimethyl-Aluminum (TMA) as precursor gases. At a 
growth temperature of 250°C, an average Al2O3 thickness 
of 10nm and 20nm were obtained. Finally, aluminum was 
used as top electrode for all structures (500 nm in 
thickness) and it was deposited by E-beam evaporation 
directly on Al2O3. After MIM fabrication and lithography 
process (for gate pattern definition), a thermal treatment in  
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Figure 1. Process flow and schematic of the final MIM structure 
fabricated at low thermal budget on glass. 
 

 
 

Figure 2. Bipolar resistive switching of MIM structures (Al/Al2O3/Al) 
fabricated at 300°C on glass. The ION/IOFF ratio for this structure is 
slightly higher than 106. 
 

 
 
 

Figure 3. Unipolar resistive switching in MIM structures 
(Al/Al2O3/Al). The current compliance (CC) plays a crucial role for 
controlled switching behavior. 

 
 

Figure 4. The linear fitting for the I-V characteristics of Al/Al2O3/Al 
suggest a TFL conduction mechanism. 

 
N2 (99.999% purity) at 300°C was applied to all samples 
and this was the maximum processing temperature used  
during fabrication of these structures. The area for all 
devices is 64e-6 cm2. 

All samples were electrically characterized using a 
Keihtley Model 82-DOS Simultaneous C-V system in 
order to obtain the dielectric constant and capacitance-
voltage characteristics (frequency range between 1kHz to 
3MHz). A Semiconductor Device Analyzer (SDA, B1500A 
from Agilent) was also used in order to measure the 
current-voltage characteristics and obtain the breakdown 
electric field as well as the carrier conduction mechanisms 
before initial breakdown (before switching to the initial 
LRS condition). The process flow and the schematic of the 
final structure are both shown in figure 1. 
 
3 Results and Discussion 
 

The switching effect in MIM structures begins with a 
voltage or current-controlled forming process (VFORM, 
IFORM) that changes a fresh device from an initial HRS to a 
LRS condition and which is usually created by a hard 
breakdown event during electroforming of an ultra-thin and 
conductive filament (CF) that connects both electrodes of 
the MIM device [5-8]. Usually, a voltage sweep is applied 
to the top electrode (with the bottom electrode grounded) in 
order to create/dissolve this conductive filament (CF) 
inside the metal oxide film. Figure 2, shows that the 
FORMING voltage (VFORM) of the memory cell is slightly 
larger than the SET voltage (VSET) and the initial current in 
the HRS is smaller compared to the current in the LRS as 
expected. Each electrical test for the same MIM device (in 
this case, an Al/Al2O3/Al device) consists of applying a 
double sweep of voltage. First, we sweep the applied 
voltage from -5 V to +5 V, with a maximum compliance 
current of 100mA (fixed directly by the SDA). Here, it is 
important to notice that limiting the maximum current  
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Figure 5. Different conduction mechanisms in MIM structures 
(Al/Al2O3/Al) with deposition different ratio for the initial aluminum 
layer (bottom electrode). 

flowing through the device, helps to prevent a permanent 
damage on its oxide. For these initial I-V characteristics, 
the obtained behavior is similar to that of bipolar 
switching. The first sweep shows that the memory device is 
initially in the LRS (ON, reaching the current limit) and 
when the voltage is reduced in magnitude, the device then 
switches to the HRS (OFF), all during the negative polarity 
of applied voltage. For the positive polarity, the device 
shows an opposite conduction behavior. Now, when the 
voltage sweeps back to -5 V (to complete one full sweep 
cycle), the device is kept in the LRS. For a new full sweep 
cycle, the whole behavior is also observed although the 
VSET is now reduced. Some authors suggest that in bipolar 
switching, the LRS is due by Joule heating and thermal 
diffusion of ions and defects [9-13].  

Figure 3 shows that the degradation in the MIM’s 
switching characteristics (from HRS to LRS) when using 
an increasing number of sequential I-V cycles is mainly 
observed as a reduction in VSET. This limit in the endurance 
of these memory devices (lower VSET) can be related to the 
generation of additional or even, a broader CF. Because the 
gate area of this device is considerably large, cyclic  
switching related to more than one CF will introduce 
excessive variability in the SET and RESET voltages and it 
must be considered an early failure mode [7] since some 
CF could not dissolve [13-14]. Additional generation 
and/or incomplete dissolution of CF’s are thought to be 
related to the amount of current flowing through the device 
and which could be easily limited by adjusting the 
compliance current limit (CC) within the SDA. In figure 3, 
we also observe unipolar behavior, which is obtained by 
applying sequential voltage sweeps through the MIM 
device. Therefore, these memory devices can have two 
types of switching modes: unipolar and bipolar. Each 
switching mode will depend mainly on the bias conditions 
and also, the magnitude of compliance current that will 
limit the total current after breakdown [15].  

Is important to emphasize that reliable RRAM memory 
device must ensure endurance cycles beyond two orders in 
magnitude. Our devices with Al/Al2O3/Al structure (figures 
2 and 3) have a conductivity window (ION/IOFF) greater than 
104 in magnitude for both modes of operation. This broader 
relationship between the OFF state (HRS) and ON state 
(LRS) is very important because it increases the reliability 
to maintain the stored logic states within this memory 
device for a long time. 

The degradation of memristive effect in our devices is a 
limiting factor, however the purpose of this work is to 
show that using a simple MIM structure and especially low 
thermal budget used for fabrication, it's possible in the 
future integration of these devices in BEOL stage for the 
fabrication of an IC. 

On the other hand, we suggest that unipolar behavior in 
our devices is due to some specific conduction mechanisms 
before the breakdown events occur. To further analyze the 
conduction mechanism of these memory devices, their IV 
characteristics before breakdown were fitted to different 
conduction models: Fowler-Nordheim tunneling (F-N), 
trap-assisted tunneling (TAT), space-charge-limited-current  
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Figure 6. Resistive switching in MIM structures using an inert counter 
electrode. 

(SCLS), Poole-Frenkel (P-F) and thermionic-emission 
model (TE). The best linear fitting is shown in Fig. 4, 
which indicates that the conduction before breakdown is 
composed by two limiting mechanisms: ohmic and TFL  
(trap-filled-limit). 

Conduction by TFL mechanism [16-18] may be 
responsible  
for generating unipolar behavior in our devices.  

Here, the traps inside the oxide have a major role in the 
transport of carriers since they would allow generation of 
additional conductive filaments which in turn, can be 
dissolved by lowering the electric field. 

As surely inferred, the Metal/Al2O3 interface is also of 
great importance for proper electronic conduction of 
carriers. Figure 5 shows different conduction processes for 
similar MIM structures (Al/Al2O3/Al). Here, the deposition 
ratio for the last portion of the first aluminum layer (bottom 
electrode) changed as follows: 
P1: 0.5 Å/sec for aluminum, figure 5(a). 
P1: 2 Å/sec for aluminum, figure 5(b). 
P1: 5 Å/sec for aluminum, figure 5(c). 
P1: 10 Å/sec for aluminum, figure 5(d). 

These devices present unipolar switching mode. Here, we 
only show the first sweep cycle for comparison of the 
conduction mechanisms in our samples in a clearer, simpler 

way. In figure 5(a), the structure presents a single 
conduction mechanism where the best linear fitting was 
found to be governed by the ohmic model [15-18]. In 
figure (5b), the MIM structure presents a single conduction 
mechanism too. Here, the TFL model is the best fit, while 
the breakdown electric field is slightly greater compared to 
that of process 1. In figure (5c), we notice that the MIM 
structure presents two conduction mechanisms: CM1 and 
CM2, corresponding to ohmic conduction and TFL 
respectively. Finally, in figure (5d) we notice that two 
different conduction mechanisms appear as well while the 
best fitting gave the following carrier conduction 
mechanisms: TFL (CM1) and Poole-Frenkel (CM2). 

By using different e-beam evaporation conditions that 
would increase the deposition ratio of the final portion of 
this aluminum layer (bottom electrode), we promote 
obtaining aluminum surfaces having different 
morphological and structural characteristics. This way, 
different conduction mechanisms during resistive switching 
are observed. It is highly suggestive to correlate the 
difference in conduction processes to the surface and 
therefore, interfacial roughness present in every 
Metal/Al2O3 interface. Nevertheless, it is also important to 
consider the chemical changes occurring at these interfaces 
since lower or higher interfacial roughness would promote 
different chemical reactions creating interfacial layers (IL) 
of different characteristics. 

On the other hand, some memory devices consist of an 
active electrode (AE) which acts as a source of mobile 
cations and an electrochemically inert counter-electrode 
(CE, usually Pt or W) where the cations get reduced to 
build up the metallic filament [2,15,19-20]. The mechanism 
for memristance effect in this type of memory device is 
widely accepted as a redox reaction which involves the 
oxidation of the AE atoms to produce mobile cations that 
migrate inside the thin oxide film and are reduced at the CE 
to form a metallic filament inside the thin oxide film (ON 
state), and finally, the dissolution and/or rupture of this 
metallic filament (OFF state) [2, 20-22]. Fig. 6 shows the I-
V characteristics for the remaining Al/Al2O3/W structures. 
Al2O3 has thickness of 10nm for Fig. 6(a) and 20 nm for 
Fig. 6(b). 

In figure 6(b), we notice large electrical instabilities and 
variations in VSET, VRESET for many of the measured 
samples. These variations in VSET, VRESET are mainly due to 
large roughness variations of the Metal/Al2O3 interfaces 
and which could be related to formation of stacking faults 
during evaporation of these metals at ultra-high vacuum 
conditions [7,12,15]. By doubling the Al2O3 thickness, the 
variations in VSET, VRESET are reduced notably because a 
thicker oxide would screen-out the surface roughness of 
both the bottom and top electrodes. In this case the voltage 
needed to create cyclic resistive switching between HRS 
and LRS is greater than 13 V, which means that its 
implementation into a CMOS BEOL process is quite 
limited. Therefore, it is necessary to minimize the surface 
roughness of the inert electrode so that smaller oxide 
thickness can be used and therefore, lower operating 
voltages. 
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Figure 7. The linear fitting for the I-V characteristics of Al/Al2O3/W 
suggest Poole-Frenkel conduction. 
 

A linear fitting of the I-V curve for the Al/Al2O3/W 
structure (Al2O3= 20 nm, before breakdown) is shown in  
Figure 7. Here the dominant conduction mechanism is 
Poole-Frenkel. In a similar way to the Al/Al2O3/Al 
structure, traps inside the oxide have a major role in the 
transport of carriers. After filling-up these traps, they 
would allow generation of additional conductive filaments. 

It is important to mention that both devices (Al/Al2O3/Al 
and Al/Al2O3/W) show that there is no switching between 
HRS and LRS until both SET and RESET voltages are 
reached. This ensures that the stored information will not 
be lost even if parasite voltages (lower that VSET and 
VRESET) are developed or applied on the integrated circuit. 
Fig. 8 shows the dependence of gate capacitance density 
Cg on frequency after C-V measurements at room 
temperature for MIM structures having 10nm and 20nm in 
Al2O3 thickness respectively. It is clearly shown that for 
higher frequencies (up to 3 MHz), lower capacitance 
density Cg are obtained. Also, the dielectric constant 
relative to Al2O3 extracted from the C-V curves is εr ~ 7, 
which suggest that chemical reduction of the Al2O3 to 
AlxOy when the gate oxide makes physical contact with the 
top aluminum electrode occurs. The maximum capacitance 
at each frequency in the full range is different between one 
structure and another, as expected. The former is due to the 
difference in thickness of the aluminum oxide (Cg higher 
for Al2O3=10nm). This difference in thickness also 
influences the behavior of the capacitance Cg at low 
frequencies but most importantly, it also produce whether a 
higher degree of electrical instabilities or more uniform I-V 
characteristics as previously noticed. Therefore, not only 
the physical thickness of the gate oxide but also, the 
interfacial roughness of the Metal/Al2O3 interfaces must be 
taken into account in order to obtain reproducible and long 
lasting resistive switching properties for these memory 
devices. 

 

 
 
Figure 8. Dependence of gate capacitance Cg on frequency for 
Al/Al2O3/Al and Al/Al2O3/W systems. 
 

Conclusions 
 

Emergent memory devices which can be vertically 
integrated into a CMOS-based BEOL processing were 
fabricated using low thermal conditions and their electrical 
characteristics were obtained. Vertical integration of 
memory blocks would increase the integration density of 
advanced integrated circuits by one order of magnitude 
while getting close to a true 3-D type integrated circuit 
manufacturing. From these MIM devices, the memristor 
effect was observed and more than 4-6 orders of magnitude 
for the IOFF/ION ratios have been obtained after cyclic I-V 
measurements for all structures. These broad 
conductivity/resistivity windows are important for long 
term trapping of carriers within the oxide and therefore, 
creation/dissolution of conductive filaments which then, 
will produce the switching between the HRS and LRS. 
Sharp differences in the conduction mechanisms (before 
breakdown) were also observed when using whether a 
highly reactive or an inert metal material as the bottom 
electrode. Along with the conduction mechanisms, the 
current compliance as well as the surface roughness of the 
bottom electrode plays an important role for reliable 
operation of these memory devices by obtaining 
reproducible VSET and VRESET conditions for cyclic voltage 
sweeps. Finally, an average dielectric constant of εr ~ 7 was 
extracted from C-V measurements and which suggest a 
chemical reduction of Al2O3 to AlxOy when the gate oxide 
makes physical contact with the top and/or bottom 
aluminum electrode. 
 
References 
 
[1] D. B. Strukov, G. S. Snider, D. R. Stewart, and R. S. Williams, 
Nature, 453, 80 (2008). 
[2] R. Waser, R. Dittmann, G. Staikov, and K. Szot, Adv. Mater. 
21, 2632 (2009). 
[3] S. Yu, B. Lee, and H.-S. P. Wong, edited by J. Wu et al. 



Superficies y Vacío 27(1) 1-6, marzo de 2014 ©Sociedad Mexicana de Ciencia y Tecnología de Superficies y Materiales
 

6 

(Springer, Berlin, 2011). 
[4] H. Y. Lee, P. S. Chen, T. Y. Wu, Y. S. Chen, C. C. Wang, P. J. 
Tzeng, C. H. Lin, F. Chen, C. H. Lien, and M.-J. Tsai, 
International Electron Devices Meeting Technical Digest, p. 297 
(San Francisco, USA, 2008). 
[5] Y. Wu, S. Yu, B. Lee, and P. Wong, Journal of Applied 
Physics 110, 094104 (2011). 
[6] A. Sawa, Mater. Today, 11, 28 (2008). 
[7] J. Suñé, E. Miranda, and D. Jiménez, IEEE 978, 4577 (2011). 
[8] D. Kim, S. Seo, S. Ahn, D. Suh, M. Lee, B. Park, I. Yoo, I. 
Baek, H. Kim, E. Yim, J. Lee, S. Park, H. Kim, U. Chung, J. 
Moon, and B. Ryu, Appl. Phys. Lett., 88, 202 (2006). 
[9] J. J. Yang, I. H. Inoue, T. Mikolajick, and C. S. Hwang, MRS 
Bulletin 37, 131 (2012). 
[10] K.M. Kim, D. S. Jeong, C.S. Hwang, Nanotechnology 22, 
254002 (2011). 
[11] S. H. Chang , J. S. Lee , S. C. Chae , S. B.  Lee , C. Liu, B. 
Kahng , D.-W. Kim, T. W. Noh, Phys. Rev. Lett.102, 026801 
(2009). 
[12] I. H. Inoue, S. Yasuda, H. Akinaga, and H. Takagi, 
arXiv.org/abs/cond-mat/0702564v1. 
[13] U. Russo, D. Ielmini, C. Cagli, and A. L. Lacaita, IEEE 

Trans. Electron Devices, 56, 193 (2009). 
[14] R. Degraeve, I. S. Jacobs, and C. P. Bean, Techn. Dig. of the 
IEEE Int. Electron Devices Meeting, pp. 632-635 (2010). 
[15] A. Sleiman, P. W. Sayers, and M. F. Mabrook, Journal of 
Applied Physics 113, 164506 (2013). 
[16] W.S. Lau, Nanyang Technological University (Retired), 
School of EEE, 639798, Singapore. 
[17] S.M. Sze, Kwok K. Ng, Wiley-Interscience (2007). 
[18] K.Y. Cheong, J.H. Moon, H.J. Kim, W. Bahng, and N-K. 
Kim, Journal of Applied Physics 103, 084113 (2008). 
[19] S. Tappertzhofen, S. Menzel, I. Valov, and R. Waser, Appl. 
Phys. Lett. 99, 203103 (2011). 
[20] R. Bruchhaus, M. Honal, R. Symanczyk, and M. Kund,J. 
Electrochem. Soc.156, H729 (2009). 
[21] K. M. Kim, B. J. Choi, Y. C. Shin, S. Choi, and C. S. 
Hwang, Appl. Phys. Lett. 91, 012907 (2007). 
[22] D.-H. Kwon, K. M. Kim, J. H. Jang, J. M. Jeon, M. H. 
Lee, G. H. Kim, X.-S. Li, G.S. Park, B. Lee, S. Han, M. Kim, and 
C.S. Hwang, Nat. Nanotechnol. 5, 148 (2010). 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [612.000 792.000]
>> setpagedevice


