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The objective of this research was to study the change of Mn mole fraction to the structure and magnetic properties of 

GaN:Mn thin film by sol-gel method. A thin film ferromagnetic semiconductor of GaN:Mn has been deposited on Si(111) 
substrate by using Chemical Solution Deposition method (CSD) and spin coating technique. Atomic composition, crystal 
structure,  morphology and magnetic properties of the GaN:Mn thin film were characterized using Energy dispersive of X-ray 
(EDX), X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Scanning Probe Microscopy (SPM) and Vibrating Sample 
Magnetometer (VSM). The results showed that the GaN:Mn thin film still contains carbon atom impurity and non-stochiometri. 
The GaN:Mn thin film has polycrystalline form in which the 2θ angle of GaN peaks have been shifted (~ 0.22o) for that with Mn 
composition of 5.24% at 32.62° angle. SEM and SPM investigation show the surface of GaN:Mn thin film with 6% Mn distributed 
by homogeneous grains and the level of surface roughness was 15.3 to 29.90 nm. However, the other magnetic phases (Ga5.2Mn) 
and oxide phases of Mn, Si and Ga were also detected in the GaN:Mn thin films. Sample with 7.43% Mn exhibits optimum 
composition results in appearance of ferromagnetic properties. The remanent magnetic (Mr) and saturation magnetic (Ms) of 
sample were achieved at 5.04 emu/cm3 and 91.5 emu/cm3, respectively. 
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1. Introduction 
 

Recent growth of computation and 
communication technologies needs support of high 
precision electronic devices. Development of 
spintronic-based electronic devices is a real step 
forward to new information and communication 
technologies. Spintronic devices have many 
applications, such as for sensor, magnetic random 
access memory, quantum computing, data storage, 
and switching. The devices have an advantage of 
their compactness as compared to a conventional 
semiconductor. The devices have also lower 
working voltage which consequently reduces their 
energy requirement. Thus, a material that is 
suitable for spintronic devices preparation must 
have electronic properties (semiconductor) and 
magnetic spin (ferromagnetic) [1,2]. 

Dilute Magnetic Semiconductor (DMS) 
material is appropriate material for application of 
spintronic devices due to the spin of magnetic 
materials as electron energy. Magnetic atom in 
DMS is mainly filled by transition metals of d orbital 
(Sc, Ti, V, Cr, Mn, Fe, Co, Ni, and Cu) and f orbital 
(Eu, Gd, Er). Atoms in d and f orbitals are atoms 
whose unpaired electrons which depend on their 
spin and show magnetic properties of the material 

 [3-5]. However, most of the DMS materials exhibits 
ferromagnetic properties slightly above room 
temperature where at room temperature, the DMS 
does not require cooler or heater to maintain the 
properties. Therefore the DMS material with 
ferromagnetic properties at room temperature is 
required. In theory, gallium nitride (GaN) material 
doped with manganese (Mn) will  become  DMS 
material that can be used at room temperature [6]. 
This phenomenon is supported by many previous 
research findings. They reported that the properties 
of ferromagnetism in semiconductor  arose  at 
above room temperature, which was formed by 
materials of group III-V and II-VI including 
transition-metal-doped ZnO, GaN, and dilute 
magnetic oxide (DMO) [4]. Shinichi (2008) reported 
that GaN doped by 9% Mn atomic through 
deposition of MBE (Molecular Beam epitaxy) has a 
Curie temperature of 940 K [7]. Takano et al (2006) 
reported that through MBE method, the structural 
and magnetic properties of the GaN:Mn at high Mn 
composition (>5%) were observed to be governed 
by precipitate clusters of anti-ferromagnetic 
GaMn3N and ferromagnetic Mn4N [8]. However, 
study on GaN:Mn by using chemical solution 
deposition (CSD) is still limited in the literatures. 
Obradors  et  al (2003)  stated  that  
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Chemical solution deposition (CSD) is a low cost 
alternative for the fabrication of conductors [9]. The 
main advantage of CSD besides of its lower cost, it 
also has low capital investment and it envisages 
supply costs. Moreover, the CSD becomes a 
competitive alternative to vapour deposition 
techniques which requiring the use of vacuum 
systems. The achievement of oxide epitaxial films 
using CSD was demonstrated more recently and it 
was shown that the growth of epitaxial layers has 
as driving force the elimination of grain boundaries 
in the random nanocrystalline film resulting after 
the pyrolysis [10].  

This article was aimed to study  thin layer of 
GaN:Mn ferromagnetic semiconductor deposited 
on silicon substrate (111) by using Chemical 
Solution Deposition and Spin Coating methods. In 
this study, the mole change of Mn during the 
deposition in the GaN:Mn thin film was observed 
particularly their effect on magnetic properties of 
the thin layer. 
 

2. Materials and Methods 
 
2.1. Materials and Thin Layer Preparation 

The synthesis of   crystal powder of 
manganese-gallium-citrate-amine was conducted  
through gel preparation. The gel was prepared 
from solutions of Ga3+and Mn4+ ions and citric acid 
(CA) with the mole fraction of Mn/Ga 2-8 %. Ga2O3 
powder and MnO2 powders with a mole fraction of 
Mn/Ga 2-8 % the was dissolved in a mixture of 5 
ml HCl and 5 ml HNO3. The pH solution was 
adjusted 7.6 to 8 by adding ammonia hydroxide 
(NH4OH) solution about  9 ml to obtain Ga3+ and 
Mn4+ ions. Citric acid was added to the solution 
such that the molar ratio of Ga:CA became 1:1. 

The solution  was stirred by using a 
magnetic stirrer at a temperature of 80 oC for 2 
hours. The crystal was then filtered using filter 
paper, rinsed with acetone, and dried in a vacuum 
desiccator. The crystals were dissolved in 0.6 M 
ethylendiamine to form manganese-gallium citrate-
amine gel and then were coated on a Si (111) 
substrate. Decomposition of nitrogen atoms was 
done by flowing nitrogen gas at a temperature of 
900 oC such that the nitrogen atom became 
reactive and bind to the Ga atoms to form GaN 
layer. 

 
2.2. Deposition Method 

The deposition of a thin layer of GaN:Mn on  
Si (111) substrate was carried out by using  spin 
coating technique.The deposition process was 
done by using  gel of manganese-gallium-citrate 
amine by dissolving crystalline manganese-
gallium-amine in 0.6 M citrate ethylendiamine. 

Before the deposition process, the Si 
substrate was cleaned following  Radio 
Corporation of America (RCA) methods. 

 The Si substrate was washed by acetone 
for 10 minutes and subsequently by methanol for 
10 minutes under ultrasonic washing system to 
remove organic impurities i.e.  fats and oils. 
Furthermore, the Si substrate was washed with 
deionized water (DI) for 1 minute and was soaked 
in 20% HF solution for 10 seconds to remove the 
SiO2 layer formed during storage. After that, the 
substrate was washed with deionized water and 
then dried by spraying nitrogen (N2) gas. 

The dried Si (111) substrate was heated in a 
hot plate at temperature of 150 oC for 10 minutes. 
The substrate was then placed on a spin coater 
and  dropped with a manganese-gallium citrate-
amine gel. The substrate was rotated on the spin 
coater with a speed of 1200 rpm for 20 seconds. 
Furthermore, the sample was dried at a 
temperature of 150 oC for 10 minutes and 
subsequently was heated in a furnace at 
temperature of 350 oC for 20 minutes to remove 
the organic components in the layers. The sample 
was annealed at temperature 900 oC for 2 hour 
and in the same time the nitridation was carried 
out by flowing nitrogen with a flow rate of 4 sccm 
into the furnace.  The increase of temperature of 
the furnace was set at 10 oC/minute. The nitrogen 
flow was implemented to provide a source of N 
precursor  in order  to form Ga3+ and N3+ anions 
bonding which later  turn as  GaN:Mn layer. 

Doping of manganese was applied such  
that a magnetic moments of electrons of Mn atom 
may be generated on the thin GaN layer. Effect of 
Mn composition on the thin layer of semiconductor 
was characterized by using Energy Dispersive X-
ray spectroscopy (EDX) and Scanning Electron 
Microscopy (SEM) series JEOL JSM-6360LA, X-
ray Diffraction (XRD) type Phillips PW 1710 with 
operating conditions: Cu Kα1=1.54056 Å, and 
Squid Vibrating Sample Magnetometer (VSM). The 
XRD data was confirmed with Join Committee on 
Powder Diffraction Standard (JCPDS). The 
database (PDF number fro XRD) of each 
component are Ga2O3 with PDF#431013, MnO2 
with PDF#390375, GaN with PDF#021078, 
Ga5.2Mn with PDF#240437, Si with PDF#271402, 
SiO2 with PDF#450131, Mn2O3 with PDF#411442 
and Mn3O4 with PDF#240734. 
 
3. Results and Discussion 

 
Table 1 depicts EDX characterization of the 

thin GaN:Mn layer resulted from peaks of EDX 
spectra. The EDX spectra merely includes Ga, Mn, 
Si, N, and C atoms. The C atomic spectrum on the 
thin layer may  due to  incomplete gel preparation. 
This C atoms probably came out during gel 
preparation in which citrate amine (C6H8O7.H2O) 
and ethylenediamine (C2H8N2) precursors were 
used.  This research also showed that the Ga/N  
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Table 1 
 

Atomic composition of EDX characterization of the GaN:Mn thin film at various Mn/Ga mole fraction 
Mn/Ga mole 

fraction (solution) 
EDX Composition (%)  

Ga/N Ratio 

Mn incorporated in 
GaN (%) 

Mn Ga N   C Si 

0.02 0.05 3.38 2.26 9.63 84.6 1.49 1.45 
0.04 0.36 4.48 1.10 7.33 86.7 4.07 7.43 
0.06 1.08 8.26 6.23 30.0 54.3 1.30 11.60 
0.08 0.65 11.8 5.46 19.1 63.0 2.15 5.24 

 

 

 
Fig. 1 - XRD patern of the thin GaN:Mn layer samples with Mn composition of 1.46%, 5.24%, 7.43%,  and 11.6%. The GaN(100) was 

detected at 2θ=31.6 [deg] and it was lower than the reference PDF#021078 (2θ=32.4 [deg]). 
 

atomic ratio was greater than 1 which may due to 
nitrogen vacancy available in the thin layer. This 
phenomenon proved that the GaN thin layer 
obtained from the experiment was n-type 
semiconductor. The n-type semiconductor is very 
suitable for ferromagnetism stabilization. In other 
hand, Ga atomic vacancies cause the GaN thin 
layer is a p-type semiconductor [11]. 

However, there were still atomic carbon 
impurities in the thin layer of GaN:Mn. 
Stoichiometric composition of the layer indicated 
that the thin layer is an n-type semiconductor due 
to presence of nitrogen vacancies. This 
phenomenon may cause the doped Mn atoms on 
the thin layer were difficult to attach in GaN layer. 
Consequently, the Mn atom tends to form a second 
phase or an oxide phase outside the GaN layer 
which eventually give anti-ferromagnetic 
properties. In addition, the nitrogen vacancies may 
change Ga atom to other phases of Mn or oxides. 

All results of GaN:Mn thin layers showed 
that these layers were polycrystalline as depicted 
by  XRD  patern  in  Figure  1.  Some  peaks  are 

 assigned to GaN crystal, although some other 
peaks are also detected as Mn2O3, Ga5.2Mn, 
MnO2, and SiO2. In overall, the GaN peaks are 
shifted by 2θ angle. The all 2θ angles of these 
peaks are shifted to second magnetic phase of 
GaMn as well as Mn oxides. In overall, the shifted 
angles of GaN peaks  tends to move to a second 
magnetic phase angle peak GaMn and Mn oxide. 
This angle shift may be caused by the expansion 
of the crystal lattice in GaN due to the 
incorporation of Mn ions (Pradhan et al, 2012). 
The smallest angle shifting was showed  by 
GaN:Mn with 5.24% Mn composition at 2θ angle of 
32.62o (based on PDF#021078) shifted by 0.22o 
(Figure 1). Other appearance peaks were 
dominated by Mn and SiO2 oxides such as MnO2, 
Mn2O3, Mn3O4, SiO2. In this layer, other phases of 
Ga were appeared such as are also exhibited such 
as Ga2O3 and Ga5.2Mn. 

The scanning electron microscopy (SEM) 
images and 3D images from Scanning Probe 
Microscopy (SPM) of GaN:Mn thin layers 
deposited on the Si (111) substrate with different 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
Fig. 2 - SEM surface morphology images and 3D morphology 

images of the thin layers of GaN:Mn with different 
mole fraction of Mn/Ga: (a) 4%, (b) 6%, (c) 8%, and 
(d) 10%. 

 
mole fraction of Mn/Ga are shown in Figure 2. 
Figures 2 (a), (c), and (d) show that a thin layer of 
GaN:Mn with mole fraction of Mn/Ga 2%, 4%, 6%, 
and 8% have  low uniformity in grain surface. The 
2% Mn/Ga mole fraction exhibits a substrate 
surface which was not covered by the thin layer. 
The layer also shows that the thin layer were 
incompletely grow showing by set of rod-shaped 
granular form  (red circle). The sample with 6% 
mole fraction  shows agglomeration phenomena on 
the surface, while the 8% mole fraction  shows 
cracking and islands-like formation on the surface 
layer. The thin layer with 4% mole fraction has the 
most homogeneous surface as compared to  the 
other thin layers. The 2% mole fraction sample has 
the largest grain size of 197.4 nm, while the 
smallest grain sizes was achieved at  6% mole 
fraction of 167.9 nm. 

Ferromagnetic semiconductor layer 
thickness of GaN: Mn deposition was recorded at 
0.5 µm and it has a less homogeneous surface. 
This inhomogenity surface is probably due to the  

 presence of impurities of carbon. The presence of 
impurities such as carbon in the substrate will 
decrease the acceleration  of coalition process and 
the migration of grain boundaries occurs. If the 
impurities are present and covering a portion of the 
free surface of the crystal grains, then a thin 
surface layer with morphology composed of domes 
will be produced (Figure 3).  

All samples of GaN:Mn thin layer showed 
hysteresis at room temperature. The samples with 
5.24% Mn composition exhibits paramagnetic 
properties which  higher than that of 1.46% Mn 
composition. Higher value of remanent magnetic 
becames an evidence that there was an influence 
of increasing Mn composition. The remanent 
magnetic shows a large number of magnetization 
that can be stored in the material when the 
magnetic field was removed [12]. The nitrogen 
vacancy(VN) will remove and re-structure the 
electron states which may change its magnetic 
properties. Moreover, the nitrogen vacancy will 
give an effect of shallow donor. So the magnetic 
moment in the system involved one nitrogen 
vacancy is mainly attributed to the Ga atoms due 
to dangling bonds that created unpaired electrons, 
and the magnetic moments of Ga atom decrease 
rapidly as the distance of Ga atoms from VN 
increases [3]. 

In addition,  sample with 7.43% Mn 
composition showed  ferromagnetic properties 
indicated by the emergence of magnetic saturation in 
the region of the hysteresis curve (Figure 4). 
Meanwhile, the samples with 11.6% Mn composition 
showed less sensitive magnetization to a given 
external field which may be due to influence of the 
contribution of  antiferomagnetic at high Mn 
concentrations. The antiferromagnetic effect is most 
likely due to the Mn atoms that chemically bound to 
the sub-Ga. The Mn-Mn interactions that occur 
outside the substitution of Mn into Ga sub-lattice 
affects on the antiferromagnetic contributions. This 
suggestion refers to the emergence of Mn oxide 
phases such as Mn2O3 and MnO2 from XRD 
characterization results of 11.6% Mn composition. 
The formed oxide phase was also more dominant 
than the other oxide phase samples such as 
Mn2O3(312) and MnO2(111) with Mn composition of 
11.6% and 7.43%, and Ga5.2Mn with Mn composition 
of 7.43%.  

In overall, the magnetic properties of 
GaN:Mn thin layers has been changed from that of 
GaN itself. This led the Mn doping influences the 
magnetic properties of GaN and changes the state 
from diamagnetic to paramagnetic, ferromagnetic 
and antiferromagnetic [2]. Increasing Mn 
composition affects  the changes in magnetic 
properties of the thin layer. However, the magnetic 
properties of the thin layer is not only originated 
from the substituted-Mn into the Ga matrix, but it 
was  also influenced by  the ferromagnetic 
properties     of      the     second    phase    as 
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Fig. 3 - SEM surface morphology images show inhomogenity surface due to presence of carbon. 
 

 
Fig. 4 - Hysteresis curve of M vs H from VSM characterization of the GaN:Mn thin layers with Mn composition of 1.46%; 5.24%; 7.44%; 

and 11.6%. 
 
well as antiferomagnetic properties of Mn oxide. 
This phenomena is supported by the conclusions 
of Sato et al. [13]. The highest value of remanent 
magnetic (Mr) and saturation magnetic (Ms) of 
sample was 5.04 and 91.5 emu/cm3, respectively 
for the sample with 7.43% Mn composition. The 
highest magnetic coercivity value of 157 Oe was 
found from  7.43% Mn composition sample, while 
the lowest one of 28.5 Oe was observed at the 
sample of 11.6% Mn composition. The optimum 
value of the magnetic properties of this study is on 
the sample with a composition of 7.43% Mn. 

 The deposition of ferromagnetic 
semiconductor layer GaN: Mn was also indicated 
by the presence of other phases such as Ga5.2Mn, 

 and SiO2. This phase was present because of 
rapid dissociation and proceeding with removal of 
water and citrate-amine at high temperature (900 
oC) to form a cluster of reactive nitrogen bonds. 
The other phase was determined during deposition 
such as MnO2 and Mn2O3 which may because of 
lack of concentration GaN bonded to nitrogen [14]. 
This lack of concentration leads to difficulty in 
supporting Ga by Mn in GaN. In this case Mn 
tends to form other oxide compounds orh other 
magnetic phases. To reduce the occurrence of 
other phases than GaN: Mn, the deposition by 
using sol-gel deposition method can be done by 
changing the nitrogen gas (N2) with ammonia gas 
(NH3) which is more reactive. In addition, the  
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sintering process should be done by flowing NH3 
gas at a flow rate greater than 8 sccm at lower 
temperature of 700-750 oC. This lower temperature 
and high reactivity of N from NH3 dissociation, then 
the phase will be dominated bye GaN and GaN: 
Mn or in other words, the presence of other phase 
other than GaN: Mn can be reduced. 
 
4. Conclusions 

 
This study concluded that Chemical Solution 

Deposition (CSD) has been successfully applied 
for deposition of GaN:Mn thin film on Si substrate. 
The thin film of GaN:Mn still contains impurities of 
carbon atom and nitrogen vacancies. The thin film 
of GaN:Mn was polycrystalline structure which 
have  shifted GaN peaks angles. The lowest shift 
showed by thin layer with a composition of Mn 
5.24% at 2θ of 32.62° with a shift angle of ~ 0.22o. 
In the layer, another magnetic phase of Ga5.2Mn 
and oxides of Mn, Si and Ga were still formed. 
Level of surface roughness of GaN:Mn thin layers 
was 15.3 to 29.90 nm. The size and homogeneous 
distribution of grains were formed in the thin layer 
with a mole fraction of Mn/Ga 6%. In the sample 
with 7.43% Mn composition shows optimum 
composition with the emergence of ferromagnetic 
properties with remanent magnetic (Mr), coercivity 
magnetic (Mc) and saturation magnetic (Ms) of 5.04 
emu/cm3, 157 Oe, and 91.5 emu/cm3, respectively. 
Ferromagnetic properties of the thin layers of 
GaN:Mn was not only made through Mn-
incorporated GaN phase, but also contributed by 
another magnetic phases and Mn oxide. 

 
ACKNOWLEDGMENT 

The author would like to thank the Government of the 
Republic of Indonesia for financial support for the Incentive 
Basic Research Program-KNRT 2012. The authors also thank 
Mr. Wikanda for the help of SEM-EDX analysis, Miss Mujamilah 
for the help of VSM analysis, Mr. Yopi Hendrawan for XRD 
analysis, Miss Isrina and Mr. Nursidi for help in the synthesis, 
and those who assist this research 

 
 

REFERENCES 
 

1. E. Salmani, A. Benyoussefa, H. Ez-Zahraouya, E.H. Saidi,  
Magnetic Properties of Mn-Doped GaN With Defects: ab-
initio Calculations, Chin. Phys. B. ,2011, 20(8), 086601.  

2. M.E. Overberg, G.T. Thaler, C.R. Abernathy,N.A. 
Theodoropoulou, K.T. McCarty, S.B. Arnason,J.S. Lee, J.D. 
Lim, S.B. Shim, K.S. Suh, Z.G. Khim, Y.D.Park, S.J. 
Peartom, A.F. Hebard, Growth of The Dilute Magnetic 
Semiconductor GaMnN by Molecular Beam Epitaxy,  J 
Electronic Materials,2003, 32, 298. 

3. Y. Li, W. Fan, H. Sun, X. Cheng, P. Li, X. Zhao, M. Jiang, 
Nitrogen Vacancy and Ferromagnetism in Cr-Doped GaN: 
First-Principles Calculations, J Solid State Chem, 2010, 183 
(11), 2662. 

4. C. Liu, F. Yun,H. Morkoc, Ferromagnetism of ZnO and GaN: 
A Review. Department of Electrical Engineering and Physics 
Department, Virginia Commonwealth University, 2005. 

5. M.L. Reed, Growth and characterization of Room 
Temperature Ferromagnetic Mn:GaN ang Mn:InGaN for 
Spintronic Applications, PhD Dissertation, North Carolina 
State University, 2003. 

6. T. Dietl, H. Ohno,F. Matsukura, J. Cibert,D. Ferrand, Zener 
Model Description of Ferromagnetism in Zinc-Blende 
Magnetic Semiconductors, Science,2000, 287, 1019. 

7. K. Shinichi, O. Shinji, T. Takashi, Y. Akira , S. Toshitaka, M. 
Yoshinari, Manganese Doped Gallium Oxynitride Prepared 
by Nitridation of Citrate Precursor, J Alloys 
Compounds,2008, 450, 152. 

8. F. Takano,H. Ofuchi, J.W. Lee, K. Takita, H. Akinaga, 
Growth and Characterization of Mn-Doped Cubic-GaN,  
Physica B: Condensed Matter,2006, 658,376–377.  

9. X. Obradors, T. Puig, A. Pomar, F. Sandiumenge, S. Piñol, 
N. Mestres, O. Castaño, M. Coll, A. Cavallaro, A. Palau, J. 
Gázquez , J.C.González, J. Gutiérrez,N. Romà, S. Ricart, 
J.M. Moretó, M.D. Rossell, G.Tendeloo, Chemical Solution 
Deposition: a Path Towards Low Cost Coated Conductors, 
Supercond. Sci. Technol., 2004, 17, 1055. 

10. K.T. Miller, C.J. Chan, M.G. Cain and F.F. Lange, Epitaxial 
Zirconia Thin Films From Aqueous Precursor, J. Mater. 
Res,1993, 8, 169. 

11. B.Gil B, Group III Nitride Semiconductor Compounds, 
Clarendon Press, New York: Oxford, 1998. 

12. L.H.V, Vlack, Material Engineering and Science Elements, 
Editor: Simarmata L.  Jakarta: Erlangga, 2004. 

13. K. Sato, P.H. Dederichs, H.K. Yoshida, Exchange 
Interactions and Curie Temperatures in Dilute Magnetic 
Semiconductors. Hyperfine Interactions, 2005, 160, 57. 

14. N.S. Pradhan, S.K. Dubey, A.D. Yadav, A. Singh, D. C. 
Kothari, Formation of (Ga,Mn)N Dilute Magnetic 
Semiconductor by Manganese Ion Implantation, Int J Eng 
Phys Sci.,2012, 6, 11. 

 
 
 

   
*********************************************************************************************************************** 

 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


