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Abstract: We proposed a new bilayer surface plasmon resonance-based fiber-optic refractive index 
sensor with silver and an over-layer of TiO2. We numerically investigated the optimal thickness of 
TiO2 over-layer in the proposed sensor and compared its performance to that based on typical 
bimetallic layers of silver-and-gold in the aqueous media using finite-difference time domain 
approach. We show that the use of TiO2 over-layer greatly improves the sensor performance in terms 
of sensitivity and signal-to-noise ratio compared to that with gold as the over-layer. Not only does the 
TiO2 over-layer offer a cost-effective alternative to gold for overcoming the oxidation problem, but 
also it allows resonance wavelength-tunability. 
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1. Introduction 

The choice of metals in surface plasmon 

resonance (SPR) sensors is critical because they 

must exhibit free electron behavior as described by 

the free electron model. Silver (Ag) and gold (Au) 

are widely utilized in SPR sensors thanks to their 

good response to changes in the surrounding 

dielectric environment compared to other noble 

metals. SPR sensors with a thin layer of Ag exhibit 

an improvement in the sensitivity and detection 

accuracy compared to those with Au [1]. This is 

because silver has the largest |εr/εi| ratio, where εr 

and εi define the real and imaginary parts of the 

permittivity, which account for the reflection and 

absorption of light in the metal, respectively [1, 2]. 

However, several researchers prefer to use gold 

because of its chemical stability against oxidation  

[3, 4]. Zynio et al. proposed a new structure based 

on bimetallic layers of Ag and Au on the 

prism-based configuration where Au was utilized as 

the outer layer [5]. Not only does this structure 

exhibit a good sensitivity, which is comparable to 

those with Ag only, but it also offers protection 
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against oxidation. In [1], the same bimetallic 

structure was applied on optical fibers for the fiber 

optic absorption sensor, and it was shown that Ag to 

Au thickness ratio must be as high as possible in 

order to achieve a good sensitivity. 

Another alternative for the protection of the SPR 

metallic layer is oxides over-layers thanks to their 

low cost and good chemical stability [6, 7]. The 

addition of oxide over-layers of high refractive 

indices such as titanium dioxide (TiO2) extends the 

local E-field intensity at the interface between the 

oxide over-layer and sensing medium. An increase 

in the E-field intensity results in an increase in the 

shift in the SPR wavelength with the change in the 

refractive index of the sensing medium which will 

improve the sensitivity [8]. Titanium dioxide has 

received much attention in sensing applications due 

to its chemical stability, high refractive index (RI), 

and elevated dielectric constant [9]. For example, 

the aluminum (Al)/TiO2 film has been used in 

sensors based on doubly deposited uniform-waist 

tapers [8]. The thickness of Al and TiO2 layers 

enabled tuning the resonance wavelength range of 

these sensors. Recently, the performance of a 

prism-based SPR RI sensor coated with copper 

(Cu)/TiO2 was investigated theoretically and 

compared to that coated with Au film only in 

angular and wavelength interrogation [10]. The 

implementation of optical fiber based-SPR sensors 

using Cu and oxides bilayers was reported in [4]. 

In this paper, we propose and study the 

performance of a bilayer SPR-based fiber optic RI 

sensor with the TiO2 coated Ag film on the unclad 

single mode fiber using FDTD solutions, a 

commercial software that implements the 

finite-difference rime domain (FDTD) technique. 

The performance of the proposed sensor is 

compared to that with bimetallic layers of Ag and 

Au. 

2. Numerical analysis 

The same bimetallic structure previously 

reported by Gupta et al. in [1] is applied on the 

single mode fiber (SMF)-based SPR RI sensor as 

shown in Fig. 1(a). An equivalent planar waveguide 

of a four-layer system is considered to substitute the 

SPR probe to simplify the calculations as shown in 

Fig. 1(b). We assume that all the involved media are 

homogeneous with flat and smooth interface 

boundaries. The four layers are defined as follows: 

(1) Layer 1: Unclad SMF (fiber core) of pure 

silica core. 

(2) Layer 2: Silver layer. The relative permittivity 

of Ag is described by the Drude-Lorentz model as 

[11] 
2 2

1 1
2 2 2

1 1

( )
i i
p

p

f   
        

  
   (1) 

where p is the plasma frequency of the material, p 

is the damping or relaxation rate,  is the frequency 

of interest, f1 is the weighting factor, 1 is the 

Lorentz damping rate, 1 is the Lorentz resonance 

width, and i is the complex number, i =√−1. For this 

study, the default Ag (silver) - Johnson and Christy 

model for the permittivity of silver is adopted. It is 

numerically fitted with the experimental data 

extracted from [12] leading to the following values: 

ε∞=3.7180, p=9.2093 eV, p=0.0200 eV, 1=4.2840 

eV, f1=0.4242, and 1=0.3430 eV. 

 

Sensing length (L)

Sensing medium

Over-layer

Silver layer 

Fiber core 

Fiber cladding

(a) (b)  
Fig. 1 Single mode fiber based SPR RI sensor’s schematic 

diagram: (a) bilayer SPR-based fiber optic sensor and        
(b) equivalent four-layer waveguide planar structure. 

(3) Layer 3: Over-layer. In the first configuration, 

gold is used as the outer layer. The properties of the 

gold layer are also calculated by (1), and the 

parameters are ε∞ = 6.8890, p = 8.9601 eV, p = 

0.0723 eV, 1 = 2.9715 eV, f1 = 1.7857, and 1 =  
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0.9503 eV. In the second configuration, TiO2 is 

utilized. The wavelength dependent RI of TiO2 is 

represented by the following expression [13]: 

3 2

0.2441
( ) 5.913

0.0843
n 


 


.       (2) 

(4) Layer 4: Sensing medium. The RI of the 

external medium is varied from 1.332 to 1.380 to 

observe the sensing capability of the proposed 

sensor in aqueous environment. 

The resultant planar SPR structure was then 

modeled using FDTD solutions, which attempts to 

solve Maxwell’s equations by using finite difference 

approximations to the spatial and temporal 

derivatives [14]. P-polarized light was guided into 

one of the fiber ends (in the forward x-axis direction) 

using a broadband light source with a wavelength 

ranging from 350 nm to 1700 nm, and the output 

power was recorded at the other end of the fiber. The 

x and y spans of the simulation region were set to 

150 μm and 13 μm, representing the width and height 

of the structure, respectively. Perfectly matched 

layer (PML) boundary conditions for the sides and 

upper boundaries and an anti-symmetry boundary 

condition for the lower boundary were adopted to 

decrease the simulation volume and time by half. 

With the PML boundary condition, the incident light 

was absorbed without any reflection. Mesh 

refinement option was applied as the modeling used 

metal surfaces, and an auto non-uniform mesh with 

conformal variant 1 was selected to speed up the 

analysis. The SPR sensor response was plotted as 

the normalized transmitted power (i.e., to the source 

power) versus wavelength [15]. We observed the 

effect of the ratio of the Ag layer to the Au layer in 

the first configuration, and then we investigated the 

influence of a thin over-layer of TiO2 on the sensor 

performance in the second configuration. 

3. Results and discussion 

Firstly, we numerically varied the thickness of 

the Ag layer using the theoretical model in Fig. 1 to 

find the optimum thickness. For this calculation, we 

ignored the over-layer. The optimized thickness that 

corresponded to the most pronounced dip at the 

resonance condition was found to be 60 nm. Figure 2 

shows the SPR response curves for an SPR-based 

fiber optic RI sensor with a silver layer of thickness 

60 nm over unclad fiber in two media. As seen from 

Fig. 2, silver exhibits very good response to changes 

in the RI of the surrounding environment, however, 

it is prone to oxidation. This problem can be 

mitigated by the use of an over-layer as follows. 
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Fig. 2 SPR response curves using a single layer of silver in 

two different sensing media (RI=1.333 and 1.358). 
In the first configuration, we used a constant 

total bi-metallic thickness of 60 nm. The 

silver-to-gold thickness ratio (Ag:Au) was varied as 

1:0 (Ag only), 2:1, 1:1, 1:2, and 0:1 (Au only). The 

resultant SPR response curves within the aqueous 

medium (i.e., RI ~ 1.333) are plotted in Fig. 3. As 

seen from the figure, increasing Ag:Au thickness 

ratio makes the sensor performance more 

comparable to Ag-layer-only sensors. 
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Fig. 3 SPR response curves using bimetallic Ag/Au 

configuration with various Ag:Au thickness ratios in the 
aqueous medium, i.e. RI is 1.333. 

We performed additional simulations for a 

second medium with RI of 1.358 to investigate the 

effect of Ag:Au thickness ratio on the sensitivity and 

detection accuracy of the sensor. The sensitivity and 

signal to noise ratio (SNR) values were calculated 



                                                                                             Photonic Sensors 

 

292 

from the plotted curves using (2) and (3) in [15] as 

shown in Table 1. The table illustrates that 

introducing a bimetallic layer instead of a single 

layer of gold improves both the sensitivity and 

detection accuracy of the sensor. Hence, we can 

choose a ratio that allows an excess of silver and 

thinner gold layer to protect the silver against 

oxidation. 

Table 1 Sensitivity and SNR values for different bimetallic 
thicknesses of silver to gold for two different refractive indices, 
1.333 and 1.358. 

Ag:Au 
ΔλSPR 

(nm) 

Δλ1/2 

(nm) 
Sn= 

ΔλSPR/Δns (nm/RIU*) 
SNR= 

ΔλSPR/ Δλ1/2

1:0 65 15 2600 4.33 

2:1 55 33 2200 1.67 

1:1 54 34 2160 1.59 

1:2 53 39 2120 1.36 

0:1 53 37 2120 1.43 

*RIU=Refractive index unit. 

From Fig. 3 and Table 1, 2:1 is found to be the 

optimum Ag:Au thickness ratio. The performance of 

the sensor in aqueous media was further investigated, 

and the results are depicted in Fig. 4. As seen from 

Fig. 4, the performance of the sensor is slightly 

degraded, especially in terms of SNR, when 

compared to the case of a single layer of Ag. 
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Fig. 4 SPR response curves using bimetallic Ag/Au 
configuration as the refractive index of the surrounding medium 
varies for a bimetallic Ag: Au thickness ratio of (a) 2:1 and   
(b) 1:0 (silver layer only). 

To improve the performance, we proposed 

another configuration where we replaced the gold 

layer with a thin film of TiO2. The thickness of the 

Ag layer (the active SPR layer) was maintained at 

the optimized value found earlier, i.e. 60 nm, 

whereas the thickness of the TiO2 was varied from 

15 nm to 30 nm to determine the optimal value. The 

resultant SPR response curves within the aqueous 

medium are plotted in Fig. 5. The figure shows that 

as the thickness of TiO2 increases, the resonance 

wavelength is shifted towards the longer wavelength 

region, and the SPR curve is broadened. 
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Fig. 5 SPR curves using the proposed Ag/TiO2 configuration 

with different Ag/TiO2 thicknesses ratios in the aqueous medium, 
i.e. RI is 1.333. 

To investigate the effect of the TiO2 layer 

thickness on the sensitivity and detection accuracy 

of the sensor, the additional simulation for a second 

medium with RI of 1.358 was performed. The 

sensitivity and SNR values are calculated from the 

plotted curves using (2) and (3) in [15] and 

summarized in Table 2. It is worth noting that the 

shift in the resonance wavelength is much more 

pronounced in the case of Ag/TiO2 sensors 

compared to that of the Ag-layer-only sensors (Fig.  

2), and it increases dramatically with the thickness 

of the TiO2 layer which would boost up the 

sensitivity. 

Table 2 Sensitivity and SNR values for different 
thicknesses of TiO2 over-layer for two different refractive 
indices, 1.333 and 1.358. 

Ag/TiO2
ΔλSPR 

(nm) 

Δλ1/2 

(nm)

Sn= 

ΔλSPR/Δns (nm/RIU) 

SNR=  
ΔλSPR/ Δλ1/2

60/15 95 22 3800 4.3 

60/20 112 40 4480 2.8 

60/30 160 80 6400 2.0 
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It should also be noted that as the TiO2 layer 

thickness increases, the SPR curve width increases 

leading to the lower detection accuracy. Thus, by 

choosing a proper thickness for the TiO2 over-layer, 

we can tune the resonance wavelength and improve 

the sensor performance. However, the broadening of 

the SPR curve must also be taken into consideration 

when choosing the TiO2 layer thickness. For 

example, when the TiO2 thickness is as high as   

30 nm, the resonance dip becomes shallower and 

wider. Thus, the detection accuracy becomes very 

poor especially at higher refractive indices as shown 

in Fig. 6. 
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Fig. 6 Variation of normalized transmitted power with the 

wavelength when the thicknesses of silver layer and TiO2 are  
60 nm and 30 nm for two different sensing media, respectively. 

The optimized thickness of the TiO2 layer for 

sensing in aqueous environments was found to be 15 

nm. The SPR response curves when RI was varied 

from 1.34 to 1.38 are shown in Fig. 7. The 

performance of the proposed Ag/TiO2 bimetallic 

sensor in terms of the resonance wavelength as a 

function of the RI was compared to that using both 

Ag-layer-only and Ag/Au bimetallic configurations. 

The results are plotted in Fig. 8 which shows that 

replacing the gold with TiO2 improves the sensitivity 

and SNR by factors of 1.70 and 2.6, respectively. 

Furthermore, a proper choice of Ag/TiO2 bilayer 

system thickness (i.e. 60/15) can increase the 

sensitivity of the sensor by a factor of 1.5 while 

maintaining a detection accuracy comparable to that 

of Ag-layer-only sensors. This configuration can 

also be used when shifting the resonance 

wavelengths toward a specific spectral region is 

needed. 
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Fig. 7 Spectral response of the SPR-based fiber optic sensor 

with a 60-nm silver layer and a 15-nm TiO2 over-layer for 
refractive indices ranging from 1.34 to 1.38. 
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Fig. 8 Variation of shift in the resonance wavelength with RI 

for three different configurations. 

4. Conclusions 

We have proposed a new bilayer SPR-based 

fiber optic refractive index sensor with the 

TiO2-coated Ag film and compared its performance 

with that of bimetallic layers of Ag and Au using 

FDTD solutions, a commercial software that 

implements the FDTD technique. We show that a 

bimetallic structure of silver and gold as the outer 

layer can protect silver from oxidation on the 

expense of a slight performance degradation 

compared to the case of Ag-layer-only sensors. 

However, replacing the gold layer with a thin film of 

TiO2 (i.e. 15 nm) greatly improves the sensor 

performance in terms of the sensitivity and SNR by 

a factor of 1.70 and 2.6, respectively, compared to 

that with gold as the outer layer. In addition to being 

non-toxic, chemically stable, and relatively 

inexpensive choice, adopting the TiO2 over-layer 

also allows tuning the resonance wavelength of the 

SPR sensor, which can broaden its range of 

applications. 



                                                                                             Photonic Sensors 

 

294 

Acknowledgment 

We thank Zaineb Al-Qazwini, for her valuable 

comments in improving the paper. This work was 

supported by the Fundamental Research Grant 

Scheme (FRGS-5523835) Ministry of Higher 

Education, Malaysia and the Research University 

Grant Scheme (05-02-10-0927RU) of Universiti 

Putra Malaysia. 

 
Open Access  This article is distributed under the terms 
of the Creative Commons Attribution License which 
permits any use, distribution, and reproduction in any 
medium, provided the original author(s) and source are 
credited. 

 

References 

[1] B. D. Gupta and A. K. Sharma, “Sensitivity 
evaluation of a multi-layered surface plasmon 
resonance-based fiber optic sensor: a theoretical 
study,” Sensors and Actuators B: Chemical, 2005, 
107(1): 40–46. 

[2] W. H. Weber and S. L. Mccarthy, “Surface-plasmon 
resonance as a sensitive optical probe of metal-film 
properties,” Physical Review B, 1975, 12(12): 
5643–5650. 

[3] M. G. Manera and R. Rella, “Improved gas sensing 
performances in SPR sensors by transducers 
activation,” Sensors and Actuators B: Chemical, 2013, 
179: 175–186. 

[4] S. Li, H. Ye, C. Liu, Y. Don, and Y. Huang, “Low-cost, 
high performance surface plasmon resonance- 
compatible film characterized by the surface plasmon 
resonance technique,” Chinese Physics B, 2013, 22(7): 
448–453. 

[5] S. A. Zynio, A. V. Samoylov, E. R. Surovtseva, V. M. 
Mirsky, and Y. M. Shirshov, “Bimetallic layers 
increase sensitivity of affinity sensors based on 
surface plasmon resonance,” Sensors, 2002, 2(2), 
62–70. 

[6] D. Cipriana and P. Hlubinaa, “Simulation of surface 

plasmon fiber-optic sensor including the effect of 
oxide overlayer thickness change,” in Proc. SPIE, 
2012, 8439(1): 843927-1–843927-11. 

[7] D. F. Santos, A. Guerreiro, and J. M. Baptista, 
“Numerical investigation of a refractive index SPR 
D-type optical fiber sensor using COMSOL 
multiphysics,” Photonic Sensors, 2013, 3(1): 61–66. 

[8] N. Díaz-Herrera, A. González-Cano, D. Viegas, J. L. 
Santos, and M. C. Navarrete, “Refractive index 
sensing of aqueous media based on plasmonic 
resonance in tapered optical fibres operating in the 1.5 

μm region,” Sensors and Actuators B: Chemical, 
2010, 146(1): 195–198. 

[9] M. G. Manera, P. D. Cozzoli, G. Leo, M. L. Curri, A. 
Agostiano, L. Vasanelli, et al., “Thin films of TiO2 
nanocrystals with controlled shape and surface 
coating for surface plasmon resonance alcohol vapour 
sensing,” Sensors and Actuators B: Chemical, 2007, 
126(2): 562–572. 

[10] S. Singh, S. K. Mishra, and B. D. Gupta, “Sensitivity 
enhancement of a surface plasma resonance based 
fibre optic refractive index sensor utilizing an 
additional layer of oxides,” Sensors and Actuators A: 
Physical, 2013, 193: 136–140. 

[11] M. D. Thoreson, Z. Liu, U. K. Chettiar, P. Nyga, A. 
V. Kildishev, V. P. Drachev, et al., “Studies on 
Metal-Dielectric Plasmonic Structures,” Sandia 
Report SAND2009-7034, Sandia National 
Laboratories, United States, 2010, 41(20): 1–68. 

[12] P. B. Johnson and R. W. Christy, “Optical constants 
of the noble metals,” Physical Review B, 1972, 6(12): 
4370–4379. 

[13] S. Singh and B. D. Gupta, “Simulation of a surface 
plasmon resonance-based fiber-optic sensor for gas 
sensing in visible range using films of 
nanocomposites,” Measurement Science and 
Technology, 2010, 21(11): 1–8. 

[14] A. Taflove and S. C. Hagness, Computational 
electrodynamics: the finite-difference time-domain 
method. Norwood: Artech House, 2005. 

[15] Y. Al-Qazwini, A. S. M. Noor, P. T. Arasu, and A. R. 
Sadrolhosseini, “Investigation of the performance of 
an SPR-based optical fiber sensor using finite- 
difference time domain,” Current Applied Physics, 
2013, 13(7): 1354–1358. 

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2400
  /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 <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


