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Abstract—Pure and 6 mol% BaHfO3 (BHO)-doped
YBa2Cu3O7−δ (YBCO) films with a film thickness of around
1 μm were prepared on CeO2-buffered ABAD-YSZ templates
by pulsed laser deposition. The self-field Jc at 77 K reaches
1.1 MA/cm2 in the doped sample compared with 2.5 MA/cm2

in pure YBCO. Above a magnetic field of 2.2 T along B‖c,
Jc of the BHO-doped sample exceeds the Jc of the undoped
film. The maximum pinning force density (FP,max) reaches a
value of around 3 GN/cm2 for both samples, but B(FP,max)
increases from 1.4 T (pure) to a value of 2.9 T (BHO:YBCO).
The Jc anisotropy curves of the doped sample show a large
and broad peak at B‖c and a strongly reduced anisotropy at
all temperatures and fields compared with the pure sample. A
complex defect structure with YBa2Cu4O8 intergrowths, Y2O3

precipitates, and BHO nanocolumns with a fan-shaped structure
is observed by transmission electron microscopy investigations,
which can explain the measured Jc(B, θ) behavior.

Index Terms—BaHfO3, coated conductors, nanocolumns,
pinning, YBCO.

I. INTRODUCTION

THE development of coated conductors with high current
carrying capability for diverse applications is still a hot

topic. Especially for the generation of high magnetic fields with
superconducting coils it is essential to increase the critical cur-
rent density in a wide angular range or to reduce the anisotropy.
This can be realized by the incorporation of c-axis correlated
secondary phases into the YBa2Cu3O7−δ (YBCO) matrix such
as BaHfO3 (BHO). For our study, we use technical ABAD-YSZ

TABLE I
BASIC SAMPLE PROPERTIES

templates which can be produced in long length [1] and focus
on films with a thickness relevant for applications (> 500 nm).

It was already shown that the incorporation of BHO can
enhance the pinning force density and the irreversibility field
in thick YBCO film prepared on technical Ni-9at%W (Ni9W)
tape, where the highest values were achieved in the highest
tested concentration of 6 mol% BHO [2]. We now transfer this
knowledge to ABAD-YSZ templates.

The goal of this paper is a qualitative comparison of the
Jc(B, T, θ) behavior in pure and 6 mol% BHO-doped YBCO
films on ABAD-YSZ templates.

II. EXPERIMENTALS

A. Sample Preparation

We used a 4 mm × 10 mm CeO2-buffered ABAD-YSZ
template, where the Y2O3-stabilized ZrO2 (YSZ) was prepared
by alternating beam assisted deposition (ABAD) on a stainless
steel metal tape [1]. The sample was heated to 810 ◦C in a
UHV chamber under an O2 pressure of 0.4 mbar. Afterwards,
the YBa2Cu3O7−δ (YBCO) films were deposited by pulsed
laser deposition (PLD) using a KrF excimer laser (COHERENT
LPXpro 305, λ = 248 nm) at an energy density of 1.6 J/cm2 at
the target surface. We used a stoichiometric YBCO target and a
target doped with 6 mol% (2.6 vol%) BaHfO3 (BHO). Targets
were mixed from single component powder in the desired stoi-
chiometry, pressed and sintered. Even though we used the same
laser conditions for the deposition of pure and BHO-doped
films, we observed a different effective growth rate, leading
to different film thicknesses (Table I). After oxygenation at
770 ◦C under 400 mbar O2 partial pressure for 1 h, the sample
was covered at room temperature with around 50 nm silver in
another PLD system.

B. Structural Characterization

θ–2θ scans were performed with a Bruker D8 Advance
Diffractometer (Co anode), and the c-axis lattice parameters



were calculated with the Nelson-Riley method [3]. Cross sec-
tions were prepared by focused ion-beam technique (FIB, FEI
Helios Nanolab 600i), to determine the film thickness.

Transmission electron microscopy (TEM), bright-field trans-
mission electron microscopy (BF TEM) and high-angle an-
nular dark-field scanning transmission electron microscopy
(HAADF-STEM) were performed on an FEI Titan electron
microscope, equipped with an aberration corrector for the
probe-forming lens as well as a high-brightness gun, operated at
300 kV and on an FEI Tecnai Osiris electron microscope oper-
ated at 200 kV. TEM cross sectional specimens were prepared
via FEI Helios Nanolab 650 FIB. The samples were plasma
cleaned before the TEM measurements.

C. Electrical Characterization

The transition temperature (Tc) was determined by an in-
ductive method where the shielding of a magnetic field is
monitored in dependence of temperature. The given inductively
measured Tc value is comparable to the resistively determined
Tc,10, where the 10% criterion of the extrapolated normal
state resistance crosses the R(T ) curve. Maps of the critical
current density (Jc) distribution in the sample were obtained
by inversion of the trapped field profile measured by a scanning
Hall probe device in liquid N2 [4]. The listed values correspond
to the self-field critical current density Jc,sf at 77 K. The
irreversibility field (Birr) was determined by fitting FP(B) =
Jc ×B with the empirical Dew-Hughes function [5]

FP (B) ∝
(

B

Birr

)p (
1− B

Birr

)q

(1)

with parameters p and q, depending on pinning mechanism and
microstructure. To reduce arbitrariness of the fit, the upper limit
of q was set to 2.

The Jc anisotropy was obtained from magnetization loops
measured using a vector vibrating sample magnetometer
(VSM). The VSM is equipped with a split coil magnet that can
apply fields up to 5 T, and the sample holder can be rotated with
a precision of about 1◦. The evaluation of Jc from the width of
the hysteresis curve is valid only if the sample is at full field
penetration. This leads us to the limitation of the method in
evaluating Jc at B‖ab as the penetrating field diverges.

III. RESULTS AND DISCUSSION

A. Basic Structural and Electrical Properties

θ–2θ scans (Fig. 1) confirm a pure c-axis oriented growth
of YBCO on the ABAD-YSZ template. The incorporation of
BHO into the YBCO matrix leads to an elongated YBCO c-axis
lattice parameter (Table I), which is in agreement with former
studies on BHO [2] and BaZrO3/BaSnO3 doped films [6].
This is due to the biaxially aligned growth of BHO columns,
which results in tensile strain of the c-axis to adapt the lattice
parameters. The lattice parameter of the pseudocubic BaHfO3

itself was determined from its 2θ position to be around 4.15 Å,
which is close to the bulk value. Aside from the c-axis peaks,
we observe a small Y2O3 (004) peak in the pure sample, which
is not visible in the BHO doped sample. Most probably Y2O3

solutes in BHO, as already discussed in [2].

Fig. 1. θ–2θ-scans of the pure YBCO and the BHO:YBCO sample. Peaks of
the metallic substrate are labeled with # and dotted lines indicate the position
of the YBCO (00�) peaks. The relatively broad BHO (200) peak is overlapped
by a sharp substrate peak.

Fig. 2. Jc maps of one side of the pure and the BHO:YBCO sample with a
spatial resolution of 100 μm were obtained from the inversion of the trapped
field profiles. The values correspond to the self-field Jc at 77 K. The low
Jc parts in the middle and the diagonals of the sample are an artifact of the
inversion algorithm.

TABLE II
ELECTRICAL PROPERTIES AT 77 K

The Tc of the BHO-doped sample is around 2 K lower than
of the pure YBCO sample (Table I), which was also reported
for similar films on Ni9W-tape [2]. The transition widths are in
both cases below 1 K, indicating good sample homogeneity.

Using the Jc maps (Fig. 2), we can determine a typical Jc,sf
value of 2.5 MA/cm2 for the pure YBCO film and a value of
1.1 MA/cm2 for the BHO doped sample (Table II), i.e., Jc,sf is
strongly influenced by the doping. In contrast, in BHO-doped
YBCO on NiW tape, Jc,sf is independent of the BHO content
[2], due to the more dominant grain boundary limitation at low
fields.

B. Field Dependence of Jc at 77 K

Whereas the undoped sample shows higher Jc values at low
magnetic fields, the BHO-doped sample outperforms the pure
YBCO sample above a crossing point at around 2.2 T (Fig. 3).
The Jc(B) curves can be fitted by the relation Jc(B) ∼ B−α in
the field range between 0.04 T and 0.8 T, where the power law



Fig. 3. Field dependence of Jc at 77 K in (a) single logarithmic and (b) double
logarithmic scale and (c) of pinning force density FP of the pure and the
BHO:YBCO sample. In (c), the fitting according to relation (1) is shown using
the parameters listed in Table II, and only every tenth data point is plotted.

exponent α is 0.57 in the pure and 0.32 in the BHO-doped sam-
ple. These values agree quite well with earlier measurements on
undoped (α ∼ 0.5− 0.6 [7], [8]) and doped samples (α ∼ 0.33
[9]). The crossing point of both Jc curves generally depends on
the Jc,sf value and the slope α of the curves. Especially Jc,sf
is also depending on the film thickness. In 700 nm thick pure
YBCO samples an even higher Jc,sf of around 2.7 MA/cm2 is
expected at 77 K [10], meaning the crossing point would shift
to slightly higher fields. But as the pinning mechanism is not
expected to change in this thickness range, it is reasonable to
compare these samples qualitatively.

The maximal value of the pinning force density is quite
similar for both samples (∼3.1 GN/m3, Table II), but the field
Bmax = B(FP,max) at which the maximal pinning force is
achieved is much larger in the BHO-doped sample (Bmax =
2.9 T) than in the pure one (Bmax = 1.4 T). Furthermore,
the FP peak of the BHO sample is much broader, pointing to
effective pinning centers in a wider field range.

The best agreement of fitting the FP(B)-data by relation (1)
was found when q was set to 2 for the undoped sample and 1.5
for the doped sample [see fitting in Fig. 3(c)]. The p-value of the
doped sample is larger than in the undoped one. This correlates
to a smaller α-value in the low B-region, where the first term
in relation (1) dominates and p = 1− α. Additionally, Birr is
increased to 8 T by doping.

C. Angular Dependence of Jc

Anisotropy measurements were carried out at 77 K and 40 K
in the field range from 0.5 T to 4 T. For a better visualization,
the Jc(θ) curves at different B were normalized to their values
at θ = 90◦ (B‖c) (Fig. 4).

The pure sample exhibits a large peak at θ = 0◦ (B‖ab) and
a smaller peak at θ = 90◦ (B‖c) which becomes more visible at
lower temperature in high magnetic fields. The anisotropy value
A = Jc(θ)max/Jc(θ)min reaches ∼8 at 77 K and ∼2.5 at 40 K
for a magnetic field of 4 T. In contrast, the anisotropy value
in the doped sample is lower (A ∼ 2) and nearly independent
of temperature. In general, we observe an increased anisotropy
with increasing field in both samples. In the doped sample,

Fig. 4. Angular dependence of Jc normalized to the value at Θ = 90◦ (B‖c)
for two different temperatures and applied fields of 0.5 to 4 T. Note that the
scaling is different.

Fig. 5. Jc(θ)-curve for the pure and the BHO:YBCO sample at a magnetic
field of 4 T and a temperature of 40 K.

we also find an ab-peak, but additionally a broad and more
dominant c-axis peak, pointing to very effective pinning centers
parallel to the c-axis. Particularly at 77 K, the pinning in
c-direction is as strong as in ab-direction and almost indepen-
dent of the magnetic field, but at 40 K it becomes much stronger
with increasing field. Already at B = 4 T and T = 40 K, Jc of
the doped sample is higher compared to the undoped sample at
all field angles (Fig. 5).

D. Microstructure

TEM images of the undoped sample show a dense film with
a weak light-dark contrast parallel to YBCO c-axis direction
over the whole film thickness. We attribute this to slightly
misoriented YBCO columns (mainly rotation around c-axis),
which are caused by the ABAD-YSZ crystallites through the
CeO2 cap layer [11]. These small angle [001]-tilt boundaries,
are assumed to be mainly responsible for the small peak in
the angular dependence at θ = 90◦ (B‖c) in the undoped film
(Fig. 4).

TEM images of the BHO-doped sample show a flat and dense
film with a complex microstructure, featuring a few nanoscaled
Y2O3 precipitates with a size of around 10 nm, YBa2Cu4O8

(Y124) intergrowths and BHO nanocolumns with a typical
diameter of 3 nm to 5 nm (Fig. 6). The nucleation of the
BHO columns starts right on the CeO2 buffer layer, and some



Fig. 6. HAADF STEM Z-contrast image showing nanoscale Y2O3 precipi-
tates, YBa2Cu4O8 (Y124) intergrowth, and tilted BHO nanocolumns with a
typical diameter of 3 to 5 nm.

Fig. 7. (Upper part) BF TEM image of the cross section of the BHO-doped
sample. (Lower part) Drawing of the length and orientation of clearly identifi-
able BHO nanocolumns showing a fan-shaped structure.

columns can be tracked almost the whole thickness of the film.
We find two kinds of areas. In some parts, the columns grow
straighter and parallel to the YBCO c-axis and so to the film
normal direction. In other regions, we observe a fan-shaped
growth of BHO (Fig. 7). High-resolution images of fan-shaped
areas (Fig. 6) show that these columns are tilted and winding,
still being biaxial oriented to YBCO. The tilt angle of the BHO
columns towards the YBCO c-axis is about 10◦ for long pieces

(length ∼400 nm) and up to 20◦ for shorter segments (length
∼100 nm). This could explain why the c-axis peak in the Jc
anisotropy curve is broad and the addition of BHO leads to an
increased Jc in a wide angular range.

A similar structural formation of tilted columns of dopant
material has been observed in YBCO films with YSZ and
BaZrO3 doping [6], [9], and in BHO doped SmBa2Cu3Oy films
[12], [13] prepared by PLD on single crystalline substrates. In
all these cases an enhanced performance of Jc (B) at B‖c was
measured and in [6] and [9] a broad and dominant peak was
observed in the angular measurement at B‖c.

IV. CONCLUSION

6 mol% BHO doping was successfully implemented into
YBCO based coated conductors prepared on ABAD-YSZ tem-
plates. We find a fan-shaped growth of BHO nanocolumns
which lead to a broad peak in the anisotropy curves around
B‖c and a reduction of the Jc anisotropy. The effect of these
pinning centers is more dominant at higher fields and lower
temperature. In comparison to the undoped reference sample
the BHO sample shows a better Jc performance at all field
angles at 40 K and 4 T.

ACKNOWLEDGMENT

The authors gratefully acknowledge J. Scheiter, U. Fiedler,
and M. Kühnel for technical assistance.

REFERENCES

[1] A. Usoskin et al., “Processing of long-length YBCO coated conductors
based on stainless steel tapes,” IEEE Trans. Appl. Supercond., vol. 17,
no. 2, pp. 3235–3238, Jun. 2007.

[2] M. Sieger et al., “BaHfO3-doped thick YBa2Cu3O7−δ films on highly
alloyed textured Ni-W tapes,” IEEE Trans. Appl. Supercond., vol. 25,
no. 3, Jun. 2015, Art. no. 6602604.

[3] J. B. Nelson and D. P. Riley, “An experimental investigation of extrap-
olation methods in the derivation of accurate unit-cell dimensions of
crystals,” in Proc. Phys. Soc., vol. 57, no. 3, pp. 160–177, May 1945.

[4] F. Hengstberger, M. Eisterer, M. Zehetmayer, and H. W. Weber, “As-
sessing the spatial and field dependence of the critical current density in
YBCO bulk superconductors by scanning Hall probes,” Supercond. Sci.
Technol., vol. 22, no. 2, Jan. 2009, Art. no. 025011.

[5] D. Dew-Hughes, “Flux pinning mechanisms in type II superconductors,”
Philosoph. Mag., vol. 30, no. 2, pp. 293–305, Aug. 1974.

[6] P. Mele et al., “Ultra-high flux pinning properties of BaMO3-doped
YBa2Cu3O7−x thin films (M = Zr, Sn),” Supercond. Sci. Technol.,
vol. 21, no. 3, Feb. 2008, Art. no. 032002.

[7] F. C. Klaassen et al., “Vortex pinning by natural linear defects in thin films
of YBa2Cu3O7−δ ,” Phys. Rev. B, vol. 64, 2001, Art. no. 184523.

[8] B. Dam et al., “Origin of high critical currents in YBa2Cu3O7−δ super-
conducting thin films,” Nature, vol. 399, pp. 439–442, Jun. 1999.

[9] P. Mele et al., “Enhanced high-field performance in PLD films fabricated
by ablation of YSZ-added YBa2Cu3O7−x target,” Supercond. Sci. Tech-
nol., vol. 20, no. 3, pp. 244–250, Jan. 2007.

[10] P. Pahlke et al., “Thick high Jc YBCO films on ABAD-YSZ tem-
plates,” IEEE Trans. Appl. Supercond., vol. 25, no. 3, Jun. 2015,
Art. no. 6603804.

[11] P. Pahlke et al., “Local orientation variations in YBCO films on tech-
nical substrates—A combined SEM and EBSD study,” IEEE Trans. Appl.
Supercond., to be published. [Online]. Available: 10.1109/TASC.2016.
2535138.

[12] S. Miura et al., “Characteristics of high-performance BaHfO3 doped
SmBa2Cu3Oy superconducting films fabricated with a seed layer and
low-temperature growth,” Supercond. Sci. Technol., vol. 28, no. 6,
pp. 65 013–65 020, Jun. 2015.

[13] S. Miura et al., “Improvement in Jc performance below liquid nitrogen
temperature for SmBa2Cu3Oy superconducting films with BaHfO3 nano-
rods controlled by low-temperature growth,” APL Mater., vol. 4, no. 1,
Jan. 2016, Art. no. 016102.



 

 

 

 

 

 

Repository KITopen 

 

Dies ist ein Postprint/begutachtetes Manuskript. 

 

 

 

Empfohlene Zitierung: 

 
 
Pahlke, P.; Lao, M.; Eisterer, M.; Meledin, A.; Van Tendeloo, G.; Hänisch, J.; Sieger, M.; 
Usoskin, A.; Stromer, J.; Holzapfel, B.; Schultz, L.; Huhne, R. 
Reduced Jc Anisotropy and Enhanced In-Field Performance of Thick BaHfO₃-Doped 
YBa₂Cu₃O7-δ Films on ABAD-YSZ Templates. 
2016. IEEE transactions on applied superconductivity 
doi: 10.5445/IR/1000055366 
 

 

 

 

Zitierung der Originalveröffentlichung: 

 
Pahlke, P.; Lao, M.; Eisterer, M.; Meledin, A.; Van Tendeloo, G.; Hänisch, J.; Sieger, M.; 
Usoskin, A.; Stromer, J.; Holzapfel, B.; Schultz, L.; Huhne, R. 
Reduced Jc Anisotropy and Enhanced In-Field Performance of Thick BaHfO₃-Doped 
YBa₂Cu₃O7-δ Films on ABAD-YSZ Templates. 
2016. IEEE transactions on applied superconductivity, 26 (3), 6603104. 
doi:10.1109/TASC.2016.2541998 
 

 

 

 

 

 

 

 

 

 

 

 

Lizenzinformationen: KITopen-Lizenz 

https://publikationen.bibliothek.kit.edu/1000055366
https://publikationen.bibliothek.kit.edu/1000055366
https://publikationen.bibliothek.kit.edu/1000055366
https://publikationen.bibliothek.kit.edu/1000055366
https://publikationen.bibliothek.kit.edu/1000055366
https://doi.org/10.1109/TASC.2016.2541998
https://www.bibliothek.kit.edu/cms/kitopen-workflow.php


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


