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Abstract Cadmium thiogallate CdGa2S4 thin films were

prepared using a conventional thermal evaporation tech-

nique. The dark electrical resistivity calculations were

carried out at different elevated temperatures in the range

303–423 K and in thickness range 235–457 nm. The ac

conductivity and dielectric properties of CdGa2S4 film with

thickness 457 nm has been studied as a function of tem-

perature in the range from 303 to 383 K and in frequency

range from 174 Hz to 1.4 MHz. The experimental results

indicate that rac(x) is proportional to xs and s ranges from

0.674 to 0.804. It was found that s increases by increasing

temperature. The results obtained are discussed in terms of

the non overlapping small polaron tunneling model. The

dielectric constant (e0) and dielectric loss (e00) were found to

be decreased by increasing frequency and increased by

increasing temperature. The maximum barrier height (Wm)

was estimated from the analysis of the dielectric loss (e00)
according to Giuntini’s equation. Its value for the

as-deposited films was found to be 0.294 eV.

Introduction

The ternary semiconducting compounds, AIIB2
IIIC4

VI have

been widely investigated due to their potential applications

in optoelectronic devices, owing to their high photosensi-

tivity bright photoluminescence, combined with the long

term stability of many parameters and wide band gap.

Most of these compounds have defect chalcopyrite

(space group � S4
2) or defect stannite (space group � D2d

11)

structure. CdGa2S4 is one of the defect chalcopyrite fami-

lies. Although the material has been the subject of many

research efforts, many fundamental properties are not suf-

ficiently evaluated or are even unknown [1]. However, the

energy band structure and carrier generation recombination

process in these materials are essentially unexplored [2].

The ac conductivity, rac., in many amorphous solids

has been found experimentally to obey an equation:

rac(x) = Bxs, where x is the angular frequency of the

applied field, B is a constant, and s B 1.0 is the frequency

exponent. However, the behavior of the exponent s with

temperature can help in determining the possible conduc-

tion mechanism [3].

The aim of this study is to investigate the electrical

conductivity and the dielectric properties of thermally

evaporated cadmium thiogallate CdGa2S4 thin films.

Experimental techniques

Thin films of CdGa2S4 thin films with different thickness

were produced by thermal deposition technique. The vac-

uum system is a high vacuum coating unit (E306A,

Edwards, England). The substrates were of ordinary glass

and were thoroughly cleaned before insertion into the

deposition chamber. The coplanar structure of the Al

electrode were sequentially evaporated at a pressure of

2 9 10-4 Pa onto the substrates at room temperature. The

aluminum layer is more adherent to the CdGa2S4 film. A

mechanical shutter was used to avoid any contamination on

the substrates in the first stage of evaporation process.

The film thickness was controlled and monitored during

deposition by thickness monitor (TM-350 Maxtek). Film
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thickness measurements after deposition were confirmed

by interferometer method. The rate of deposition was

controlled during deposition to be 0.5 nm s-1.

The coating unit is supplied with a quartz crystal mon-

itor (FTM4, Edwards), which used to control the deposition

rate and simultaneous measurements of the thickness. The

film thickness was measured by Tolansky’s interferometric

method.

The energy dispersion spectroscopy (EDX) spectrum of

CdGa2S4 thin film of thickness 457 nm is shown in Fig. 1.

Analysis of the obtained data is indicated that the CdGa2S4

thin film is nearly stoichiometric as observed in the

Table 1.

The dc resistivity was measured using a Keithley elec-

trometer (model 617 programmable electrometer). To

investigate the effect of annealing on the dc resistivity of

CdGa2S4, some films were annealed at 523 K for 2 h.

For the ac measurements, films were sandwiched

between two aluminum electrodes as lower and upper

electrodes. A programmable automatic HIOKI-3532 LCR

high tester was used to measure the impedance Z, the

capacitance C, and the loss tanget (tand) directly.

The total conductivity, rt, was calculated using the

equation rt(x) = d/ZA, where d is the film thickness and

A the cross-sectional area. The dielectric constant (e0) was

calculated from the equation e0 = dC/Ae0, where e0 is the

permittivity of free space.

The dielectric loss (e00) was calculated from the equation

e00 = e0 tan d, (d = 90 - u) and u is the phase angle [4].

All ac measurements were carried out in the frequency

range 174 Hz–1.4 MHz at various temperatures in the

range 303–383 K. The temperature measurements were

recorded by a digital multimeter (protect 81) provided by a

chromel–alumel thermo-couple adjacent to the sample.

Results and discussion

Dark electrical resistivity measurements

The film thickness dependence

Figure 2a, b shows the dependence of the resistivity, qf, on

film thickness for the as-deposited and annealed CdGa2S4

thin films at 523 K/2 h in the temperature range from 303

to 423 K.

As illustrated from Fig. 2a, the resistivity decreases by

increasing film thickness which shows the known behavior

of organic and inorganic semiconductors [5]. This behavior

can be attributed to the increase of the CdGa2S4 crystallite

size by increasing the film thickness [6].

For the annealed films of CdGa2S4, the resistivity

showed the same behavior for the as-deposited films as

shown in Fig. 2b.

The resistivity, qf, of a thin film of thickness, d, could be

represented by [7, 8]

qf ¼ qB 1þ 3‘0ð1� pÞ
8d

� �
; ð1Þ

where qB is the bulk resistivity, ‘0 is the bulk electron mean

free path, and p is the specularity parameter, which gives

the fraction of electrons incident on the surface that are

specularity scattered. This equation is, in fact, valid only at

certain limiting conditions, i.e., large thin film thickness

and/or small mean free path. However, in our case, if we

assume a complete diffuse scattering (p = 0) so that Eq. 1

can be written as follows: [9]

qf � d ¼ qB � d þ ð3qB‘0=8Þ: ð2Þ

Figure 3a, b shows a plot of (qf�d) as a function of film

thickness, d, at different temperatures for both investigated

films. From the slope and intercept of each line in Fig. 3a,

b, the bulk resistivity, qB and the mean free path ‘0, can be

obtained.

Figure 4a illustrates the variation of the bulk resistivity

qB versus temperature for as-deposited and annealed films

of CdGa2S4 films. Also, Fig. 4a shows that the bulk

resistivity for as-deposited films has larger values than that

calculated for annealed films. Figure 4b illustrates the

variation of the mean free path ‘0 versus temperature forFig. 1 The EDX for CdGa2S4 thin film

Table 1 The element and the atomic percentage of Cd, Ga, and S for

the CdGa2S4 thin film

Element Atomic%

Cd 29.573

Ga 36.684

S 33.743

Total 99.996
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as-deposited and annealed films of CdGa2S4 films. The

mean free path was found to decrease by increasing the

temperature for the as-deposited films and annealed films at

523 K/2 h. This behavior may be due to the increase of

scattering for the charge carriers. It is also clear that the

mean free path for annealing films is more than that for the

as-deposited films of CdGa2S4.

Measurements of the thermal activation energy of CdGa2S4

thin films

The electrical resistivity of CdGa2S4 thin films was

performed to determine the thermal activation energy. Mea-

surements were carried out in the temperature range 303–

423 K for films with different thicknesses ranging between

235 and 457 nm. The temperature dependence of the

resistivity can be expressed by Arrhenius equation [10] as:

q ¼ q0exp DE=kBTð Þ; ð3Þ

where DE is the thermal activation energy and kB is the

Boltzmann’s constant.

Figure 5a shows the temperature dependence of the dark

electrical resistivity for the as-deposited CdGa2S4 films of

different thicknesses. As seen from the figure, there are two

distinct linear parts, with two activation energies; DE1 at

low temperatures and DE2 at high temperatures. It is also

clear that the electrical resistivity q decreases by increasing

thickness in the investigated temperature range.

The activation energies DE1 and DE2 were obtained at

303 K \ T \ 383 K, and 384 K \ T \ 423 K, respec-

tively, DE1 corresponds to extrinsic region, and DE2 cor-

responds to intrinsic region. The change in the slope and

hence the activation energy is interpreted as a change from

extrinsic to intrinsic conduction [11]. The values of DE1 and

DE2 were found to be 0.64 ± 0.088 and 1.533 ± 0.083 eV,

respectively, which is in good agreement with those

obtained by other workers [12, 13]. The temperature

dependence of the resistivity for annealed films of CdGa2S4

is shown in Fig. 5b. The values of DE1 and DE2 were found

to decrease after annealing process to 0.279 ± 0.027 and

1.342 ± 0.092 eV, respectively. This may be referring to

the change in the degree of crystallinity.

Ac conductivity and dielectric constants measurements

The frequency and temperature dependences of the ac

conductivity rac(x), the dielectric constant e0, and the

Fig. 2 The dependence of the resistivity, qf, on the thin film

thickness at different temperatures for (a) the as-deposited CdGa2S4

thin film. (b) The annealed films at 523 K/2 h of CdGa2S4 thin film

Fig. 3 Plot of qf�d against the film thickness, d, at different

temperature for (a) the as-deposited CdGa2S4 thin films, (b) the

annealed films at 523 K/2 h
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dielectric loss e00 were studied for thin films of the cadmium

thiogallate CdGa2S4 in the frequency range 174 Hz–

5 MHz and in the temperature range 303–383 K, to

investigate the conduction mechanism in the studied sys-

tem. The reproducibility of the results was checked by

making many runs over the entire temperature and fre-

quency ranges for CdGa2S4 film of thickness 457 nm.

Temperature and frequency dependences of ac conductivity

of CdGa2S4 films

A common feature of all the amorphous semiconductors is

that the ac conductivity rac increases with frequency

according to the equation [14]

rac xð Þ ¼ rtot xð Þ � rdc ¼ Bxs; ð4Þ

where rtot(x) is the measured total electrical conductivity,

rdc at x = 0 is the dc electrical conductivity, x is the

angular frequency (x = 2pt, t is frequency), s is the fre-

quency exponent, and B is a temperature-independent

constant.

Figure 6 shows the frequency dependence of rac for

CdGa2S4 film of thickness 457 nm as a representative

example at different temperatures. It is clear from the fig-

ure that rac increases linearly by increasing frequency from

40 Hz to 5 MHz.

The values of s were calculated from the slopes of the

straight lines in Fig. 6. The temperature dependence of s is

shown in Fig. 7, it is clear from this figure that s increases

with the increase in temperature.

Regarding the values of s and its variation versus tem-

perature, it is found that s remains less than unity. The

small polaron (SP) seems to be the interest model related to

the obtained results [15, 16].

Fig. 4 (a) The variation of bulk resistivity (qB) against temperature

for the as-deposited and annealed CdGa2S4 films at 523 K/2 h.

(b) The variation of mean free path against temperature for as-

deposited and annealed at 523 K/2 h of CdGa2S4 films

Fig. 5 Plot of ln q as function

of 1000/T for different thickness

for (a) the as-deposited

CdGa2S4 thin films, (b) the

annealed films at 523 K/2 h
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According to non overlapping small polaron tunneling

(NSPT) model, the frequency exponent is given by:

s ¼ 1� 4= ln 1=xs0ð Þ �WH=kBT½ �: ð5Þ

where WH is the polaron hopping energy and s0 is a

characteristic relaxation time which is in the order of an

atom vibrational period s0 * 10-13 s [17].

The relaxation time s for electrons to hop over a barrier

of height WH is given as [17]:

s ¼ s0exp WH=kBTð Þ: ð6Þ

Values of WH and s are determined and listed in

Table 2. As the temperature increases the polaron hopping

energy decreases, this may due to the thermal activation

which leads to an increase in the degree of overlap of

coulombic potential wells of the considered sites [4].

The model describing this process supposes that each

dipole has a relaxation time depending on its activation

energy [18]. This activation energy can be essentially

attributed to the existence of a potential barrier.

The relaxation time decrease from 25.2 9 10-11 to

0.053 9 10-11 s as the temperature increase until nearly

the crystallization range after T = 383 K the change in the

relaxation time can be neglected.

The temperature dependence of rac for CdGa2S4 film of

thickness 457 nm is shown in Fig. 8. It is clear from the

figure that rac increases linearly with the reciprocal of

absolute temperature. This behavior suggests that rac is a

thermally activated process from different localized states

in the gap or in its tails, and it can be expressed by the

following equation: [19]

rac xð Þ ¼ r0exp �DEac=kBTð Þ; ð7Þ

where r0 is constant and DEac is the activation energy for

ac conduction. The calculated values of DEac were found to

increase from 1.43 to 1.5 eV by the increasing frequency.

Frequency and temperature dependences

of dielectric constant (e0)

Dielectric analysis measures two fundamental electrical

characteristics of the material: (1) the capacitive (insulat-

ing) nature, which represents its ability to store electric

charge. (2) The conductive nature, which represents its

ability to transfer electric charge. So the variation of the

dielectric constant e0 with frequency and temperature was

studied for CdGa2S4 film in the frequency and temperature

ranges mentioned above.

Figure 9a represents the frequency dependence of the

dielectric constant (e0) for CdGa2S4 film of thickness

457 nm at different temperatures as a representative

example. It is observed from this figure that (e0) decreases

with the increase of frequency [20].

The decrease of e0 with the increase of frequency can be

attributed to the fact that at low frequencies e0, for polar

material is due to the contribution of multicomponents

of polarizibility, deformational polarization (electronic,

ionic), and relaxation polarization (orientational an inter-

facial). When the frequency increases, the orientational

polarization decreases since it takes more time than elec-

tronic and ionic polarization. This decreases the value of

Fig. 6 The frequency dependence of ac conductivity for CdGa2S4

thin film with thickness 457 nm, in the mid frequency range from

174 Hz to 1.4 MHz

Fig. 7 The variation of exponent frequency s against temperature

Table 2 The values of the polaron hopping energy (WH) and the

relaxation time (s) at different temperatures for CdGa2S4 thin film

T (K) WH (eV) s (s)

303 0.20379 25.35 9 10-11

323 0.164278 3.68 9 10-11

343 0.13966 1.23 9 10-11

363 0.1035 0.315 9 10-11

383 0.054786 0.0526 9 10-11
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dielectric constant with frequency reaching a constant

value at high frequency due to interfacial polarization [19].

On the other hand, Fig. 9b shows the temperatures

dependence of (e0) at different frequencies for CdGa2S4

film.

The increase of e0 by increasing temperature can be

attributed to the fact that the orientational polarization is

connected with the thermal motion of molecules, so dipoles

cannot orient themselves at low temperatures. The increase

in temperature facilitates the orientation of dipoles, thus the

value of orientation polarization increases, so the value of

(e0) increases by increasing temperature [19].

Frequency and temperature dependences

of dielectric loss (e00)

Figure 10a shows the frequency dependence of dielectric

loss (e00) for CdGa2S4 films at different temperatures. It is

found that e00 decreases by increasing frequency at the same

temperature. The obtained data for frequency dependence

of e00 for a film of thickness 457 nm is represented as ln e00

versus ln x in Fig. 10a, according to the following equa-

tion [20, 21]:

e00 ¼ e0 � e1ð Þ2p2N ne2=e0

� �3
kBTxms0 Wmð Þ4; ð8Þ

where e0, e? are the statistic and optical di-electric

constants, respectively, N is the concentration of the

states, n is the number of electrons that hop, Wm is the

maximum barrier height (the energy required to move the

electron from a site to infinity), e is electron charge, and s0

is relaxation time. e00 can be written as: [21]

e00 ¼ G xm; ð9Þ

where G is a constant. The power m can be obtained from

slope of each line of Fig. 10a, and plotted versus

temperature as shown in Fig. 10b. It is clear from the

figure that m decreases linearly with the increase of

temperature according to the following equation:

m ¼ �4p kBT=Wm; ð10Þ

where Wm is the maximum barrier height and can be

considered as the work done in polarizing the dielectric,

from the above equation, the value Wm as 0.294 eV [19].

This value is in a good agreement with the theory of

hopping of charge carriers over a potential barrier as sug-

gested by Farid and Bekheet [19] in the case of chalco-

genide glasses.

Figure 11 shows the temperature dependence of the

dielectric loss e00 of CdGa2S4 film at different frequencies.

The figure illustrates that e00 increases by increasing tem-

perature for the same frequency. Owing to Stevel’s, the

origins of the dielectric loss are conduction losses, dipole

losses, and vibration losses. As the temperature increases,

the electrical conduction losses increase which increases

the dielectric loss e00 [14].

Fig. 8 Temperature dependence of rac for CdGa2S4 thin film of

thickness 457 nm

Fig. 9 (a) Frequency dependence of dielectric constant (e0) at

different temperature for CdGa2S4 thin film with thickness at

457 nm. (b) Temperature dependence frequency of dielectric constant

(e0) at different for CdGa2S4 thin film thickness at 457 nm
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Conclusions

The electrical properties of CdGa2S4 thin films were stud-

ied. The electrical resistivity decreases by increasing film

thickness for the as-deposited and annealed CdGa2S4 thin

films. There are two activation energies for the conduction

of free charge carriers as 0.64 ± 0.088 and 0.279 ±

0.027 eV for extrinsic region, 1.533 ± 0.0825 and 1.342 ±

0.092 eV for intrinsic region for the as-deposited and

annealed CdGa2S4 thin films, respectively. The mean free

path (‘0) and the bulk resistivity qB for the as-deposited and

annealed films were studied. The mean free path has large

values for the as-deposited films, and the bulk resistivity

values decreased with annealing process at 523 K/2 h.

Ac conductivity measurements for the CdGa2S4 thin

films showed that rac is related to frequency by the relation

rac = Bxs, the frequency exponent, s, for CdGa2S4 thin

films increases from 0.674 to 0.804 by increasing

temperature but it remains less than unity. The results

obtained are discussed in terms of the NSPT model. The

activation energy for polaron transfer WH ranges from

0.203 to 0.054 eV.

The relaxation time s for electrons ranges

25.2 9 10-11–0.052 9 10-11 s. The activation energy

DEac was found to increase from 1.43 to 1.5 eV with

increase frequency.

Dielectric measurements shows that both the dielectric,

e0, and the dielectric loss e00 increase by increasing tem-

perature and decrease by increasing frequency for the

CdGa2S4 thin films in investigated ranges. The maximum

barrier height Wm which is considered as the work done in

polarizing the dielectric is found to be 0.294 eV.

References

1. Ozaki S, Muto K, Adachi S (2003) J Phys Chem Solids 64:1935

2. Kerimova TG, Sultanova AG (2002) Inorg Mater 38:992

3. Mohammed MI, Abd-rabo AS, Mahmoud EA (2002) Egypt

J Solid 25:49

4. Bekheet AE, Hegab NA (2009) Vacuum 83:391

5. El-Nahass MM, Farid AM, Attia AA, Ali HAM (2005) Egypt

J Solid 28:217

6. El-Nahass MM, Bahabri FS, Ghamdi AAAL, Al-Harbi SR (2002)

Egypt J Solid 25:307

7. lakshminarayana D, Desai RR (1993) J Mater Sci Mater Elec-

tronics 4:183

8. Chopra KL (1969) Thin film phenomena. McGraw Hill, New

York, p 270

9. Soliman HS, EL-Barry AMA, Khosipan NM (2007) E P J Appl

Phys 37:1

10. Hassan AK, Gould RD, Ray AK (1996) Phys Stat Sol

(a) K23:158

11. Soliman HS, El Nahass MM, Farid AM, Farag AAM, El Shazly

AA (2003) Eur J Appl Phys 21:187

12. El Nahass MM, Soliman HS, El Shazly EAA (2003) Mod Phys

Lett B 17:771

Fig. 10 (a) Frequency dependence of dielectric loss (e00) at different

temperature for CdGa2S4 thin film thickness at 457 nm. (b) Temper-

ature dependence of the power m

Fig. 11 Temperature dependence of dielectric loss (e00) at different

for CdGa2S4 thin film thickness at 457 nm

J Mater Sci (2011) 46:5743–5750 5749

123



13. Rud VY, Rud YV, Vaipolin AA, Bodnar IV, Fernelius N (2003)

Semiconductors 37:1283

14. El-Nahass MM, El-Deeb AF, El-Sayed HEA, Hassanien AM

(2007) Phys B 388:26

15. Saleh AM, Gould RD, Hassan AK (1993) Phys Stat Sol

(a) 139:379

16. Elliot SR (1987) Adv Phys 36:135

17. Bhatnagar VK, Bhatia KL (1990) J Non-Cryst Solids 119:214

18. Stearn AE, Eyring H (1973) J Chem Phys 5:113

19. Farid AM, Bekheet AE (2000) Vacuum 59:932

20. Atyia HE, Farid AM, Hegab NA (2008) Phys B 403:3980

21. Salem AM, El-Gendy YA, Sakr GB (2009) Chin J Phys 47:8

5750 J Mater Sci (2011) 46:5743–5750

123


	Electrical conductivity and dielectric properties of cadmium thiogallate CdGa2S4 thin films
	Abstract
	Introduction
	Experimental techniques
	Results and discussion
	Dark electrical resistivity measurements
	The film thickness dependence
	Measurements of the thermal activation energy of CdGa2S4 thin films

	Ac conductivity and dielectric constants measurements
	Temperature and frequency dependences of ac conductivity of CdGa2S4 films
	Frequency and temperature dependences of dielectric constant ( epsilon vprime)
	Frequency and temperature dependences of dielectric loss ( epsilon Prime)


	Conclusions
	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


