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Abstract We have investigated metal-ferroelectric-

insulator semiconductor (MFIS) structures with

lanthanum substituted bismuth titanate (BLT) as a

ferroelectric layer and lanthanum oxide (LO) or

zirconium silicate (ZSO) as an insulating buffer layer

between BLT and Si substrate. The morphology of

BLT films deposited on LO or ZSO oxide was not

changed due to the good thermal stability of LO and

ZSO films. But an interface reaction between BLT and

buffer layer started at high annealing temperature

(750 �C), which was confirmed by transmission elec-

tron microscopy (TEM) and energy dispersive X-ray

spectroscopy (EDS). The maximum memory window

was 3.59 V at a sweep voltage of 7 V with the LO film

annealed at 650 �C and a thickness of 5 nm. With BLT/

LO annealed at 750 �C, the window was decreased due

to the reaction between the BLT film and LO. The

memory window was about 1 V lower with a ZSO film

because ZSO film has a lower dielectric constant than

LO film. The MFIS structure annealed at 750 �C had a

lower leakage current density because the electrical

properties of the buffer layer (La oxide or Zr silicate)

were improved by the thermal process.

Introduction

Considerable attention has been directed towards

ferroelectric materials since nonvolatile memory

devices using ferroelectric storage capacitors were

proposed in the latter half of the 1980s. Also ferro-

electric gate field effect transistor (FET)-type memory

is recognized to be excellent due to its nondestructive

readout (NDRO) capability [1] and compliance with

the scaling rule compared to the destructive readout

(DRO) storage capacitor-type.

The ferroelectric random access memory (FRAM)

with NDRO operation employs a metal gate FET with

ferroelectric gate dielectric on top of semiconductor

silicon [2]. To realize a practical ferroelectric FET,

ferroelectric films should satisfy the following criteria:

large remanent polarization (Pr), low coercive field,

low dielectric loss, high resistivity, and stable interface

with Si. But metal-ferroelectric-semiconductor (MFS)

structures have serious problems because unwanted

SiO2 and the interfacial layer can be formed between

the ferroelectric thin film and the substrate silicon

while depositing and annealing the ferroelectric thin

film on the semiconductor substrate [3, 4]. It becomes

difficult to apply sufficient voltage to the ferroelectric

film because the dielectric constant of ferroelectric

films is much higher than that of SiO2. Consequently, it

needs high operating voltage to apply a large enough

voltage to reverse the polarization of the ferroelectric

film. To overcome these problems, inserting a buffer

layer such as CeO2 [5], Y2O3 [6], SrTiO3 [7], Bi2O3 [8],

SiO2 [9], or La2O3 [10] has been tried. Especially, since

La2O3 (LO) has a high dielectric constant [11] and a

high band gap (5.9 eV) [12], it is expected that LO thin

film will play a role as a good charge-injection barrier
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as well as improving the permittivity in the metal-

ferroelectric-insulator semiconductor (MFIS) struc-

ture. Also zirconium silicate (ZSO) has recently

attracted increasing interests due to its outstanding

properties as a gate dielectric. It is thermally stable

with Si and a good barrier against oxygen diffusion

[13].

Several ferroelectric materials such as Bi4Ti3O12

(BTO) [14], SrBi2Ta2O9 (SBT) [6], BaTiO3 [15],

Pb5Ge3O11 [16], and YMnO3 [17] have been studied

for MFIS structure. Among the ferroelectric materi-

als, Pb-based perovskite thin films suffer from reli-

ability problems such as fatigue and imprint in

polarization-electric field (P-E) hysteresis loop. There-

fore, bismuth layer structured ferroelectrics such as

SBT and Bi4–xLaxTi3O12 (BLT) were widely studied

owing to the superior ferroelectric properties such as

fatigue-free nature, little tendency of imprint, low

switching voltage and long retention [18, 19].

Especially, lanthanum-modified BTO, i.e., BLT, has

been suggested as a candidate material for FRAM

devices [20]. BLT was suggested for a capacitor

structure (DRO type) with low processing tempera-

tures and it can also be applied to a MFIS structure

(NDRO type). Preparation of BLT film on a SiO2

buffer layer by metal organic decomposition (MOD)

method was reported [21] but the interface composi-

tion and morphology were not studied. The interface

properties between the ferroelectric gate dielectric,

the buffer layer and the silicon substrate are very

important, since the field effect in MFSFET is

sensitively influenced by the interface between the

Si substrate, the buffer layer and the ferroelectric thin

film.

In this study, we report the deposition of BLT films

on a buffer layer on p-type Si(100) substrate. The films

were deposited by direct liquid injection-metal organic

chemical vapor deposition (DLI-MOCVD) method

and atomic layer deposition. We have investigated

characteristics of the crystal structure, the morphology

of the film, the interface reaction between BLT film,

buffer layer, and Si substrate. The electrical properties

of Au/BLT/buffer layer/Si structure with LO or ZSO

as an insulating buffer layer for the MFIS-FET were

also studied as a function of the thickness of a buffer

layer and annealing temperature.

Experimental

We have selected Bi(Ph)3 (Ph = phenyl), La(tmhd)3-

PMDT (tmhd = 2,2,6,6-tetramethyl-3,5-heptanedio-

nate; PMDT = pentamethyldiethylenetriamine), and

Ti(dmae)4 (dimethylamino-ethoxide) as a precursor

for BLT thin films and a single-mixture solution of Bi,

La and Ti precursors was prepared in n-butylacetate to

be used in DLI-MOCVD experiment. A precise

amount of the solution was introduced into the flash

evaporator with a syringe pump. Vaporizer tempera-

ture and the feed line after vaporizer were held at

240 �C to prevent condensation and Ar was used as a

carrier gas. The reactor pressure was fixed at 1.5 Torr

by using a throttle valve between the pump and the

reaction chamber. The concentration of Bi, La, and Ti

precursor in the cocktail source was 0.21 moles/l (M),

0.03 M, and 0.08 M, respectively and the injection

speed was 0.1 ml/min. The stoichiometry of the BLT

film was measured to be Bi3.2La0.8Ti3O12 after the

deposition. Lanthanum oxide films were deposited

with a solution of La(tmhd)3-TETEA (TETEA: tri-

ethoxytriethyleneamine) in n-butylacetate. The ZSO

films were grown in a cold-wall flow-type ALD reactor.

Schematic diagram of the experimental setup was

shown elsewhere [22, 23]. ZrCl4 (CERAC, 99.9%) and

TBOS (Si(OnC4H9)4 = tetra-n-butylorthosilicate) were

used as precursors. The source temperature (vapor

pressure) of ZrCl4 and TBOS were 160 �C (0.15 Torr)

and 95 �C (1.1 Torr), respectively. The composition

ratio (Zr/(zr + Si)) in the ZSO film was 0.3. Operating

conditions of the deposition are summarized in

Table 1. The wafers used were (100) oriented p-type

Si with resistivity of 8 ~ 12 W-cm. The modified RCA

method was used for the pre-deposition cleaning.

The identification of the phase and crystallinity of the

grown films were investigated by X-ray diffraction

(XRD) using Cu Ka radiation. The surface morphology

of the film was examined using field emission-scanning

electron spectroscopy (FE-SEM) and observation of the

cross-sectional view of the film was carried out by field

emission transmission electron microscope (FE-TEM)

using JEOL JEM-2010F operating at 200 kV. To mea-

sure the thickness, ellipsometer and SEM were used.

The local compositional analysis of the reaction layers

was carried out with energy dispersive X-ray spectros-

copy (EDS) and a nano-beam probe of 0.5 nm in

diameter. For electrical characterization, MFS capaci-

tors were fabricated with deposited ferroelectric thin

films. The Au dot electrode, 6.3 · 10–4 cm2 in area, was

deposited by thermal evaporation through a metallic

mask. The capacitance-voltage (C-V) characteristics

were analyzed at high frequency (1 MHz) using HP 4275

multifrequency LCR meter with a sweep voltage range

of –7 to + 7 V. The current-voltage (I-V) characteristics

were obtained with HP 4155 semiconductor parameter

analyzer to investigate the breakdown strength and the

leakage current through the oxide film.
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Results and discussion

Figure 1 shows SEM micrographs of the La2O3 film

(LO), the insulating buffer layer, with 5 nm thickness

as a function of the annealing temperature. LO films

were annealed in the range of 450 ~ 750 �C for 1 h.

The size of the grain was independent of the annealing

temperature. The grain was not detected for ZSO films

because it is amorphous in our annealing temperatures

[24].

Figure 2 shows SEM micrographs of the BLT film as

a function of the thickness of the La oxide and the

annealing temperature. All of the grain sizes in BLT on

LO were similar to that on Si. The buffer layer which

has thermodynamic stability did not affect the size and

shape of BLT film deposited on top of it. Also the same

result was obtained in the case of BLT/ZSO (Fig. 3).

The average grain size is about 100 nm and it was not

changed significantly with respect to the annealing

temperature.

Figure 4(a) illustrates XRD pattern of the BLT film/

LO (5 nm) annealed at 650 �C for 1 h. The XRD peak

of BLT on LO (5 nm) was compared with that of BLT

film on Si. The intensity of (117) peak was similar.

However, the peak intensity of c-axis orientation such

as (006) and (008) was smaller than that of BLT/Si. It

seems that the buffer layer affects the crystallinity of

the BLT film grown on it.

The BLT on Si film deposited at 400 �C was

amorphous and as the annealing temperature was

increased to 550 �C, the BLT thin film began to

crystallize. However, the BLT (82 nm) on LO (5 nm)

film was crystallized at 450 �C as shown in Fig. 4(b). It

is because BLT film was deposited on the crystallized

LO film. LO film becomes crystalline over 300 �C [25].

As shown in Fig. 5, The BLT on ZSO film annealed at

450 �C was amorphous and the BLT/ZSO thin film

began to crystallize as the annealing temperature was

increased to 550 �C. This crystallization temperature is

very similar to that of BLT/Si. BLT film deposited on

the amorphous ZSO film was crystallized at higher

temperature. The crystallization of the BLT/LO film

and BLT/ZSO was improved by increasing the anneal-

ing temperature.

Figure 6(a) shows the C-V characteristics of the Au/

BLT/LO/Si structures with the film annealed at 650 �C

and 750 �C. All the C-V hysteresis loops are in

clockwise sweep direction and the memory window

of the MFIS structure is caused by ferroelectric

polarization. The memory window of the Au/BLT/

LO (5 nm)/Si annealed at 650 �C was 3.59 V at 7 V

sweep voltage. However, for the film annealed at

750 �C, the memory window was lower because of the

reaction between the BLT film and the LO film as

confirmed by the EDS analysis.

Figure 6(b) illustrates the memory window of the

BLT/LO film and the BLT/ZSO film with different LO

and ZSO thickness as a buffer layer. The C-V

characteristic is affected by the thickness of the LO

and ZSO film. When the thickness of the BLT film was

fixed, the memory window showed the maximum value

with LO. In the ideal MFIS structure, the applied

voltage is divided into the series capacitors consisted of

the BLT thin film and the buffer layer. In a MFIS

structure, the electric field applied to the ferroelectric

layer EBLT is given by the following equation

EBLT ¼
eBuffer

eBLT
EBuffer ð1Þ

where EBLT and EBuffer are the effective electric field

applied to the BLT film and the buffer layer. eBLT and

Table 1 Deposition conditions

Parameter Condition

BLT La2O3 Zr Silicate (ZSO)

Deposition process DLI-MOCVD DLI-MOCVD ALD
Substrate temperature 400 �C 300 �C 400 �C
Precursor (concentration) Bi(Ph)3 (0.21 M) La(tmhd)3-PMDT

(0.03 M) Ti(dmae)4 (0.08 M)
La(tmhd)3-TETEA (0.05 M) ZrCl4 TBOS

Injection speed 0.1 ml/min –
Valve on/off time (ZSO) ZrCl4:Purge:TBOS:Purge = 5 s:2 s:2 s:2 s
Vaporizer temperature 240 �C –
Annealing condition O2, 1 h
Carrier gas (Ar) 150 sccm 20 sccm
Purge gas (Ar) – 500 sccm
Oxidizing gas (Ar) 350 sccm –
Deposition pressure 1.5 Torr 1 Torr
Solvent n-butylacetate –
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eBuffer are the dielectric constant of BLT and buffer

layer, respectively. Since the electric field in each layer

is sensitive to the thickness of the ferroelectric BLT

and buffer layer, optimizing the thickness of these

layers is important to obtain the required memory

window. The thickness of the buffer layer is also

important to minimize inter-diffusion between ferro-

electric thin film and Si substrate and the charge

injection. In addition to this, the applied voltage to the

BLT film is determined by the thickness of the buffer

Fig. 3 SEM micrographs of the BLT film as a function of the
thickness of the Zr silicate and the annealing temperature. (a),
(c), (e), (g), and (i): 650 �C (annealing temp.), (b), (d), (f), (h),
and (j): 750 �C

Fig. 2 SEM micrographs of the BLT film as a function of the
thickness of the La oxide and the annealing temperature. (a), (c),
(e), (g), and (i): 650 �C (annealing temp.), (b), (d), (f), (h), and
(j): 750 �C

Fig. 1 SEM micrographs of the La2O3 film (5 nm) as a function
of the annealing temperature. (a) 450 �C (b) 550 �C (c) 650 �C
(d) 750 �C

123

J Mater Sci (2007) 42:652–659 655



layer when the BLT film thickness is fixed. The

reduction of the EBLT by the decrease of EBuffer results

in the decrease in the memory window of the

ferroelectrics. The memory window of the BLT film

on 2 nm thick LO was higher than that without buffer

layer. However, it was smaller than that with 5 nm

thick LO, and is because of the charge injection into

the BLT film by the applied voltage. The thick buffer

layer was helpful to block the charge injection but
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Fig. 6 (a) C-V characteristics of Au/BLT/LO (5 nm)/Si struc-
tures, with BLT/BO film annealed at 650 and 750 �C. (b)
Variation in the memory window with the LO thickness and
ZSO thickness

Fig. 4 (a) XRD pattern of the BLT (85 nm) film annealed at
650 �C on La2O3 (5 nm) film and on Si substrate for 1 h in O2

ambient. (b) XRD pattern of the BLT (85 nm) film deposited at
400 �C on La2O3 (5 nm) film and annealed in the range of
450 ~ 750 �C for 1 h in O2 ambient

Fig. 5 XRD pattern of the BLT (85 nm) film on Zr silicate
(5 nm) film annealed in the range of 450 ~ 750 �C for 1 h in O2

ambient
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when the thickness of the LO film exceeds 5 nm (7 and

10 nm), the memory window of the MFIS structure was

smaller, due to the decrease of the EBuffer. With the

reduction of EBuffer, the EBLT was decreased as shown

in Eq. (1). We confirmed that the optimum thickness of

the LO film was 5 nm when the BLT film was fixed at

85 nm. When the film was annealed at 750 �C, the

memory window was decreased owing to the reaction

between the BLT film and the LO film. When using

ZSO film as a buffer layer, the memory window of

BLT/ZSO (5 nm) was higher than that of BLT/ZSO

(10 nm) for the same reason. The memory window was

2.55 V at the sweep voltage of 7 V with ZSO film

annealed at 650 �C and with same thickness of 5 nm as

the LO film. It is about 1 V lower compared with BLT/

LO. This is because the ZSO film (dielectric constant

(k) = 9) has a lower dielectric constant than LO film

(k = 23) (Eq. (1)). The 10 nm thick LO and ZSO film

were used to measure the dielectric constant. The

memory window of BLT/ZSO (10 nm) film was lower

than that of BLT/ZSO (5 nm) because of the decrease

in the electric field which was applied to the BLT film.

The memory window of BLT/LO (5 nm) annealed at

450 �C and 550 �C was 0.2 and 0.3 V, respectively.

Figures 7, 8, and 9 show a cross-sectional TEM

image and the EDS quantification of the film compo-

sition plotted with respect to the location defined by

open circles, respectively. The thickness of the BLT

Fig. 7 Cross-sectional TEM image of the BLT film on the La
oxide film (5 nm). The film was (a) deposited at 400 �C (b)
annealed at 650 �C, and (c) at 750 �C

Fig. 8 Cross-sectional TEM image of the BLT film on the Zr
silicate film (5 nm). The film was (a) deposited at 400 �C (b)
annealed at 650 �C, and (c) at 750 �C
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film, LO layer and ZSO layer was measured by TEM

analysis as shown in Fig. 7(a) and Fig. 8(a). The ZSO

film deposited by ALD process had a better uniformity

than the LO film deposited by DLI-MOCVD process.

After annealing at 750 �C, the thickness of the buffer

layer was not changed, but the interface was blurred

due to the interdiffusion and interaction between BLT

film and buffer layer in both cases.

Based on the morphology and composition analyzed

here, the cross section could be resolved in four

different layers: (i) Si substrate underneath the buffer

layer (points A and B); (ii) buffer layer (point C); (iii)

the BLT film on buffer layer (point D); (iv) the BLT

film (points E, F, G, and H). The EDS point-analyzed

spectra were collected in 30 s live time using 0.5 nm

probe with about 10 pA/cm2. The EDS analysis at each

point was performed with a 0.5 nm diameter electron

beam probe and repeated 10 times at one point within

the layer. The atomic concentration of each location in

the film annealed at 750 �C was plotted in Fig. 10. Bi,

La, and Ti element in the substrate underneath

intermediate layer were less than 1% which is in the

error rage of the detection.

In case of the BLT/LO film (Fig. 9(a)), the concen-

tration (at %) of the buffer layer formed at 400 �C was

Si:Bi:La:Ti = 0.3:1.6:97.3:0.8. After the annealing

(750 �C), the content of Bi, Ti, and Si in the buffer

layer was increased and that of La was decreased. The

composition was Si:Bi:La:Ti = 0.5:3.6:94:1.9. In point

D, the content of La was higher than the bulk film due

to the reaction between the BLT film and the buffer

layer. However, the composition of the film at points

E, F, G, and H was not changed. In case of the BLT/

ZSO film, the result was similar to that of BLT/LO

film. The ZSO film deposited by ALD was Si-rich Zr

silicate and the composition ratio of Zr silicate film was

Zr:Si = 5:14. After the annealing (750 �C), the content

of Zr and Si in point D was decreased by the reaction

between the BLT film and the buffer layer. By this

reaction, the electrical properties became poor.

Figure 10 shows the current-voltage (I-V) charac-

teristics of the MFIS device. All of the films annealed

at 550 �C had the higher leakage current density than

as-deposited film at 400 �C. It is due to the crystalli-

zation of the BLT film. When the BLT film is
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crystallized, carriers can easily flow through grain

boundaries and result in a larger leakage current [26].

As the thickness of the buffer layer is increased, the

leakage current density is deceased and with the

increase of the annealing temperature, the leakage

current density was decreased because the physical and

electrical properties of the buffer layer were improved

by the thermal process [27].

Conclusions

We have fabricated MFIS structure with BLT as a

ferroelectric thin film and LO or zirconium silicate film

as an insulating buffer layer. The morphology of the

BLT thin film deposited on La oxide film or Zr silicate

film was independent of the morphology of the buffer

layer and the annealing temperatures. The memory

window of BLT/LO films was increased from 0.32 V to

3.59 V at 7 V when the thickness of La oxide films was

changed from 2 to 10 nm with the 85 nm thick BLT

film. The maximum memory window was 3.59 V with

Au/BLT (82 nm)/LO (5 nm)/Si structure and at the

annealing temperature of 650 �C. In case of BLT/Zr

silicate film, the memory window was changed in the

range of 1.91–2.55 V. The memory window of the BLT

film deposited on Zr silicate film was lower than that

on La oxide because the Zr silicate film has a lower

dielectric constant. The MFIS structure annealed at

750 �C had the lowest leakage current density.

Acknowledgement This research was supported by the system
IC 2010 program of the Korea government.

References

1. Miller L, McWhorter PJ (1992) J Appl Phys 72:5999
2. Moll JL, Tarui Y (1963) IEEE Trans Electron Devices ED-

10:338

3. Wu SY (1974) IEEE Trans Electron Devices 21:499
4. Matsui Y, Okuyama M, Noda M, Hamakawa Y (1982) Appl

Phys A 28:161
5. Song HW, Lee CS, Kim DG, No KS (2000) Thin Solid Films

368:61
6. Lee HN, Lim MH, Kim YT, Kalkur TS, Choh SH (1998) Jpn

J Appl Phys 37:1107
7. Tokumitsu E, Nakamura RI, Ishiwara H (1997) IEEE

Electron Device Lett 18:160
8. Shin WC, Yoon SG (2001) Appl Phys Lett 79:1519
9. Okuyama M, Oishi Y, Matsumuro Y, Kanashima T (1998) J

Korean Phys Soc 32:S1357
10. Won DJ, Wang CH, Choi DJ (2001) Jpn J Appl Phys

40:L1235
11. Mahalingam T, Radhakrishnan M, Balasubranmanian C

(1981) Thin Solid Films 78:229
12. Evarestov RA, Leko AV, Murin IV, Petrov AV, Veryazov

VA (1992) Phys Status Solidi (b) 170:145
13. Wilk GD, Wallace RM, Anthony JM (2001) J Appl Phys

89:5243
14. Migita S, Xiong SB, Sakamaki K, Ota H, Tarui Y, Sakai S

(2000) Jpn J Appl Phys 39:5505
15. Hallmark J, Yu Z, Droopad R, Ramdani J, Curless J,

Overgaard C, Finder J, Marshall D, Wang J, Ooms B (1999)
Integr Ferroelectr 27:41

16. Li TK, Hsu ST, Lee JJ, Gao YF, Engelhard M (2000) Mater
Res Soc Symp Proc 596:443

17. Yoshimura T, Fujimura N, Ito T (1998) Appl Phys Lett
73:414

18. Pazde Araujo CA, Cuchiaro JD, Mcmillan LD, Scott MC,
Scott JF (1995) Nature 374:627

19. Chen SY, Lee VC (2000) J Appl Phys 87:3050
20. Park BH, Kang BS, Bu SD, Noh TW, Lee J, Jo W (1999)

Nature (London) 401:682
21. Choi TJ, Kim YS, Yang CW, Lee JC (2001) Appl Phys Lett

79:1516
22. Kang SW, Yang KJ, Yong KJ, Rhee SW (2002) J Electro-

chem Soc 149:C44
23. Kim WK, Kang SW, Rhee SW, Lee NI, Lee JH, Kang HK

(2002) J Vac Sci Technol 20:2096
24. Wilk GD, Wallace RM, Anthony JM (2000) J Appl Phys

87:484
25. Nieminen M, Putkonen M, Niinisto L (2001) Appl Surf Sci

174:155
26. Peak SH, Won JH, Lee KS, Choi JS, Park CS (1996) Jpn J

Appl Phys 35:5757
27. Choi HS, Kim EH, Choi IH, Kim YT, Choi JH, Lee JY

(2001) Thin Solid Films 388:226

123

J Mater Sci (2007) 42:652–659 659


	The electrical and interface properties of metal-ferroelectric (lanthanum substituted bismuth titanate: BLT)-insulator-semiconductor (MFIS) structures with various insulators
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


