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Scaling of the Anomalous Hall Effect in
Ferrimagnetic CogyGdygp Thin Films
J. W. Han, W. B. Sui, D. Z. Yang, T. Wang, Y. Li, L. Xi, M. S. Si, and D. S. Xue

Key Laboratory for Magnetism and Magnetic Materials, Ministry of Education, Lanzhou University, Lanzhou 730000, China

We investigated the anomalous Hall effect and longitudinal magnetoresistance in ferrimagnetic CoggGdjg thin films with
thicknesses from 5 to 35 nm and temperatures from 80 to 300 K. As the temperature increases from 80 to 300 K, the saturation
magnetization of CoggGdjg increases from 720 to 844 emu/cm?. However, the scaling law oyy—0y, with n = 2.3 holds surprisingly
well. Our results indicate that the scaling law usually reported in ferromagnetic materials remains valid for ferrimagnetic materials,

which undoubtedly suggested the universality of the scaling law.

Index Terms— Anomalous Hall effect (AHE), ferrimagnet, magnetoresistance, scaling law.

I. INTRODUCTION

HE anomalous Hall effect (AHE) in ferromagnetic

materials has attracted much attention for more than
a century due to its physical complexity and important
applications [1]-[10]. It manifests that electrons will acquire
a spin-dependent transverse velocity when moving through
a magnetized ferromagnetic conductor. For different spin
orientations, electrons are deflected toward their opposite
directions. Thus, the nonzero spin polarization in ferromag-
netic materials directly leads to a net transverse Hall voltage.
In general, in ferromagnetic materials, the anomalous Hall
resistivity py, strongly depends on the material’s magnetiza-
tion. They are usually described in the empirical relation as [1]

Pxy = HoRoH + uoRsM (1)

where uo is the vacuum magnetic permeability, H is the
applied magnetic field, M is the magnetization, and R, and Rg
are the ordinary and anomalous Hall coefficients, respectively.
The first term on the right side of (1) describes the ordinary
Hall effect, which is caused by the Lorentz force acting
on the moving charged carriers. The second term represents
the AHE, usually much larger than the first one [11].
Although AHE of ferromagnetic materials has been
extensively studied, the origin of AHE has still been an
intriguing but controversial issue. Nowadays, this effect has
been explained by three typical mechanisms: 1) intrinsic
contributions [3], [12], [13]; 2) skew scattering [14]; and
3) side jump [15]. In experiment, the detailed relation
between p,, and the longitudinal resistivity py, are
dominated by their underlying mechanisms [16]-[19]. The
intrinsic contributions, proposed by Karplus and Luttinger,
is considered as a purely quantum-mechanical origin of
AHE [3]. They pointed out theoretically that AHE was
related to the spin-orbit coupling in Bloch bands in a
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perfect ferromagnetic crystal. Recently, such an intrinsic
contribution has been expressed by a momentum-space
Berry phase linked to the electronic structure of the
multiband spin—orbit coupled system [20]. For this intrinsic
contributions, py,—p2, is followed. The skew scattering
is proposed by Smit [14]. In this theory, the spin—orbit
coupling results in an effective magnetic field gradient within
the scattering plan, exhibiting a spin-dependent scattering
with different final momentum directions for spin-up and
spin-down. In this case, the anomalous Hall resistivity linearly
depends on the longitudinal resistivity, namely, pyy—pxx.
Finally, the side jump, proposed by Berger [15], is due
to a spin-dependent difference in electron acceleration and
deceleration processes during the scattering, which effectively
leads to a spin-dependent sideway displacement upon repeated
scattering. In experiment, the side jump scattering mechanism
gives the same scaling relation as the intrinsic contributions.
By changing the temperature and the density of states at
the Fermi surface, the power law relationship between
pxy and py, has been extensively studied experimentally
in a large series of ferromagnetic materials [16], [20]-[22].
However, the scaling law of AHE is still lacking for ferrimag-
netic materials, which includes two sets of magnetic lattices.

As a typical ferrimagnet, the magnetization of
CoGd thin films can be controlled through modifying
the alloy composition [23], [24]. When Gd contributes larger
magnetization than that of Co, the magnetization of Co is
antiparallel to that of CoGd thin films, and vice versa.

In this paper, we systematically investigated the
magnetic and transport properties (Hall and longitudinal
magnetoresistance) of ferrimagnetic CogpGdjo by changing
the thicknesses from 5 to 35 nm. We showed that the saturation
magnetization of CogpGdjg is enhanced by 14% when the
temperature increases from 80 to 300 K. Surprisingly, the
scaling law oyy—0). with n = 2.3 still holds regardless of
thickness and temperature, in a good agreement with the
universal scaling law reported in ferromagnetic materials.

II. EXPERIMENTAL DETAILS

The sample of CogpGdip was deposited on Si (100)
at ambient temperature by magnetron sputtering system. The
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Fig. 1. (a) In-plane hysteresis loops of CogpGdjg at RT with § = 0 and 90°,

where 6 is the in-plane angle between the easy axis and magnetic field.
(b) Saturation magnetization of CoggGdj( as a function of temperature. Inset:
the temperature-dependent saturation magnetization zoomed-in view from 80
to 300 K.

compositions of CogpGdjo layers were analyzed by energy
dispersive X-ray spectroscope. Structural characterization was
carried out by X-ray diffraction. Here, all CogpGd;¢ films are
amorphous (not shown for brevity). To analyze the magnetic
properties, magnetization was measured by vibrating sample
magnetometer. The transport properties of samples were
measured by current source (Keithley 220) and voltagemeter
(Keithley 2182).

III. RESULTS AND DISCUSSION

Fig. 1(a) shows the typical in-plane hysteresis loops for
CogpGdjp at room temperature (RT). The coercivity of
CogoGdjp is only about 27 QOe. For § = 0 and 90°,
a weak anisotropy is observed due to the amorphous struc-
ture, where @ is the in-plane angle between the easy axis
and magnetic field. Fig. 1(b) shows the saturation magne-
tization (Mg) of CogoGdjp as a function of temperature.
As expected, the Mg of CogpGdip can be tuned significantly
by changing the temperature. When temperature increases
from 80 to 300 K, the Mg of CogpGdjg also significantly
increases from 720 to 850 emu/cm>, as shown in the inset
of Fig. 1(b). Remarkably, this temperature in dependence
of Mg of CogpGdjp contrasts to that of ferromagnet
(e.g., Co, Fe, and FeNi), in which Mg almost keeps constant
in the temperature range from 80 to 300 K. The distinc-
tive temperature behavior of CogoGdjo can be explained by
the difference between the antiparallel Co and Gd magnetic
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Fig. 2. (a) Longitudinal magnetoresistance of CogpGdjg at RT for ¢ = 0
and 90°, where ¢ is the angle between the current and magnetic field in
plane. (b) Angular dependence of magnetoresistance of CoggGdjg at RT.
(c) Temperature dependence of longitudinal resistance of CoggGdjg with
different thicknesses.

moments. As the temperature further increases and is close to
700 K, which reaches the Curie temperature of CoggGdjo, the
MS of CogpGdjg sharply declines to zero. One can also notice
a peak at T = 580 K in Fig. 1(b), which might be caused by
the crystallization in part of CogoGdjg.

Similar to ferromagnetic materials anisotropy magnetore-
sistance (AMR) of CogpGdjp at ¢ = 0 and 90° is shown
in Fig. 2(a), where ¢ is the angle between the current and
magnetic field in plane. In order to further confirm the
AMR of CogpGdjp, we measured the angular in dependence of
resistivity curves, where a specified magnetic field at 800 Oe
is chosen to saturate the magnetization of CogpGdjg. It shows
that the resistivity as a function of angle ¢ can be fitted well by
cos2 (¢), as shown as the solid line in Fig. 2(b). The cos2 (¢)
angular dependence is consistent with the AMR observed
in the ferromagnetic materials due to the spin—orbit
coupling. However, one can also find that the magnetoresis-
tance (MR) ratio here is extremely low (only about 0.08%),
due to the weak scattering of Gd magnetic moment, where
the 4f magnetic moment of Gd atoms is far away the Fermi
surface. The weak AMR effect of CogpGdjg also indicates
that the magnetic scattering almost has no contribution to
the longitudinal resistivity of CoggGdjg. We noticed a dif-
ference for the pyy at ¢ = =£90. This might be caused
by the sample is tilted against the magnet. Fig. 2(c) shows
the resistivity of CogoGdjg as a function of temperature
from 80 to 280 K. For all the thicknesses of CoggGdjg,
the resistivity is largest at 280 K and gradually decays
with the decreasing temperature. However, below 180 K,
a linear decrease of resistivity is observed. The two types
of temperature dependence indicate the competition scattering
mechanisms. For the temperature range from 80 to 180 K, the
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Fig. 3. (a) Hall resistance of CogpGdjp as a function of the magnetic
field measured at RT with different thicknesses. (b) Temperature dependent of
Hall resistance for different thicknesses CogyGdjg.

magnetic scattering dominants the longitudinal resistivity. For
the temperature above 180 K, the impurity scattering plays
an important role in resistivity. Interestingly, the longitudinal
resistivity is almost independent with the temperature for all
thicknesses, despite the magnetization of CogpGdjp can be
tuned 14%.

The transverse Hall resistivities for all thicknesses from
5 to 35 nm were measured at temperatures with range from
80 to 300 K with the magnetic field applied perpendicular
to the sample plane. Fig. 3(a) shows the magnetic field
dependence of the Hall resistivity at RT. The magnetization
is saturated until the magnetic field reaches about 1.0 T.
Above the saturation field, a weak linear increase of
Hall resistivity is caused by the ordinary Hall -effect.
One can also find that the transverse Hall resistivity strongly
depends on the thicknesses. It obviously increases with the
increasing thicknesses. Remarkably, the Hall resistivity of
CogoGdjo increases upon increasing the thickness, whereas
in ferromagnetic materials, the Hall resistivity decreases with
the thickness [19]. Fig. 3(c) shows the Hall resistivities of
Cog9Gdjp as a function of temperature from 80 to 280 K for
different thicknesses. Surprisingly, similar to the longitudinal
resistivity, it can be seen that these values of anomalous Hall
resistivity are weakly related to temperatures.

The longitudinal conductivity oy, and the transverse
anomalous conductivity o, were estimated through the
relations oy = prx/(pr, + p2,) and oxy = puy /(P2 + P,
respectively, which can be approximated as o, = 1/pyy and
Oxy = Pxy/ p%x in the different CogoGdi¢ thicknesses because
the absolute value of pyy, < pyy. The relationship between
oxx and oy, of CogoGdjo has been concluded in Fig. 4. Due
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Fig. 4. Anomalous Hall conductivity oxy as a function of longitudinal
conductivity oxy for CoggGdjg. The solid lines are fit to axy—aff.

to oy < 10* S/cm, our results can be considered to belong
in the dirty limit region, where the relation oyy—0c), with
n = 2 is reported in ferromagnet [16]. By fitting all our data,
the value of n = 2.3 is obtained, which is also consistent

with the results in ferromagnetic materials.

IV. CONCLUSION

In conclusion, we studied the scaling law of the ferrimagnet
CogpGdjg, by setting various thicknesses and temperatures as
control parameters to tune both oy, and oy,. The scaling

law oyy—0), with n = 2.3 surprisingly holds in reasonable

agreement with theory, which further confirms the universality
of the scaling law. Our results also indicate that the AHE in
CogpGdjg is belong in the dirty limit region due to the doping.

ACKNOWLEDGMENT

This work was supported in part by the National Basic
Research Program of China under Grant 2012CB933101,
in part by the NSFC of China under grant 51372107,
grant 51201081, and grant 51202102, in part by the
Gansu Province Science and Technology Funding under
grant 1208RJYAO0O0S8, in part by the Fundamental Research
Funds for the Central Universities under Grant 1zu-jbky-2014-
16 and Grant lzu-jbky-2013-23, and in part by the Program
for Changjiang Scholars and Innovative Research Team in
University under Grant IRT1251.

REFERENCES

[1] N. Nagaosa, J. Sinova, S. Onoda, A. H. MacDonald, and N. P. Ong,
“Anomalous Hall effect,” Rev. Modern Phys., vol. 82, mno. 2,
pp. 1539-1592, 2010.

[2] P. He et al., “Chemical composition tuning of the anomalous Hall effect
in isoelectronic L1gFePd|_, Pty alloy films,” Phys. Rev. Lett., vol. 109,
no. 6, p. 066402, 2012.

[3] R. Karplus and J. M. Luttinger, “Hall effect in ferromagnetics,” Phys.
Rev., vol. 95, no. 5, pp. 1154-1160, 1954.

[4] Y. Tian, L. Ye, and X. Jin, “Proper scaling of the anomalous Hall effect,”
Phys. Rev. Lett., vol. 103, no. 8, pp. 087206-087209, 2009.

[5] E. Roman, Y. Mokrousov, and I. Souza, “Orientation dependence of the
intrinsic anomalous Hall effect in hcp cobalt,” Phys. Rev. Lett., vol. 103,
no. 9, pp. 097203-097206, 2009.

[6] K. M. Seemann et al., “Spin-orbit strength driven crossover between
intrinsic and extrinsic mechanisms of the anomalous Hall effect in the
epitaxial L1gp-ordered ferromagnets FePd and FePt,” Phys. Rev. Lett.,
vol. 104, no. 7, pp. 076402-076405, 2010.



2005504

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]
[15]

[16]

A. B. Pakhomov, X. Yan, and B. Zhao, “Giant Hall effect in percolating
ferromagnetic granular metal-insulator films,” Appl. Phys. Lett., vol. 67,
no. 23, pp. 3497-3499, 1995.

Y. Yao et al., “First principles calculation of anomalous Hall conductivity
in ferromagnetic bec Fe,” Phys. Rev. Lett., vol. 92, no. 3, p. 037204,
2004.

Y. Onose and Y. Tokura, “Doping dependence of the anomalous Hall
effect in Laj_, SryCo003,” Phys. Rev. B, vol. 73, no. 17, pp. 174421-1-
174421-5, 2006.

A. Husmann and L. J. Singh, “Temperature dependence of the anom-
alous Hall conductivity in the Heusler alloy CopCrAl,” Phys. Rev. B,
vol. 73, no. 17, pp. 172417-1-172417-4, 2006.

E. M. Pugh, “Hall effect and the magnetic properties of some fer-
romagnetic materials,” Phys. Rev., vol. 36, no. 9, pp. 1503-1511,
1930.

G. Sundaram and Q. Niu, “Wave-packet dynamics in slowly perturbed
crystals: Gradient corrections and Berry-phase effects,” Phys. Rev. B,
vol. 59, no. 23, pp. 14915-14925, 1999.

M. V. Berry, “Quantal phase factors accompanying adiabatic changes,”
Proc. Roy. Soc. A, vol. 392, no. 1802, pp. 45-57, 1984.

J. Smit, “The spontaneous Hall effect in ferromagnetics 1,” Physica,
vol. 21, nos. 6-10, pp. 877-887, 1955.

L. Berger, “Side-jump mechanism for the Hall effect of ferromagnets,”
Phys. Rev. B, vol. 2, no. 11, pp. 4559-4566, 1970.

S. Sangiao et al., “Anomalous Hall effect in Fe (001) epitaxial thin
films over a wide range in conductivity,” Phys. Rev. B, vol. 79, no. 1,
pp. 014431-1-014431-5, 2009.

IEEE TRANSACTIONS ON MAGNETICS, VOL. 51, NO. 11, NOVEMBER 2015

(17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

D. Venkateshvaran et al., “Anomalous Hall effect in magnetite: Universal
scaling relation between Hall and longitudinal conductivity in low-
conductivity ferromagnets,” Phys. Rev. B, vol. 78, no. 9, p. 092405,
2008.

S. Onoda, N. Sugimoto, and N. Nagaosa, “Quantum transport theory
of anomalous electric, thermoelectric, and thermal Hall effects in ferro-
magnets,” Phys. Rev. B, vol. 77, no. 16, p. 165103, 2008.

A. Fernandez-Pacheco et al., “Universal scaling of the anomalous Hall
effect in Fe3O4 epitaxial thin films,” Phys. Rev. B, vol. 77, no. 10,
p- 100403, 2008.

T. Miyasato et al., “Crossover behavior of the anomalous Hall effect
and anomalous Nernst effect in itinerant ferromagnets,” Phys. Rev. Lett.,
vol. 99, no. 8, p. 086602, 2007.

H. Chen et al., “Electric detection of the thickness dependent damping
in CogoZryq thin films,” Appl. Phys. Lett., vol. 102, no. 20, p. 202410,
2013.

S. Onoda, N. Sugimoto, and N. Nagaosa, “Intrinsic versus extrinsic
anomalous Hall effect in ferromagnets,” Phys. Rev. Lett., vol. 97, no. 12,
p- 126602, 2006.

D. Z. Yang, B. You, X. X. Zhang, T. R. Gao, S. M. Zhou, and
J. Du, “Inverse giant magnetoresistance in Fe/Cu/Gdj_,Coy spin-
valves,” Phys. Rev. B, Condens., vol. 74, no. 2, pp. 024411-1-024411-6,
2006.

D. Z. Yang, J. Du, L. Sun, X. S. Wu, X. X. Zhang, and S. M. Zhou,
“Positive exchange biasing in GdFe/NiCoO bilayers with antiferromag-
netic coupling,” Phys. Rev. B, vol. 71, no. 14, pp. 144417-1-144417-5,
2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


