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Abstract

Magnetic and galvanomagnetic properties of the group II-V semiconductor CdSb single
crystals doped with Ni are reported. The magnetization data give evidence for spheroidal Ni-
rich Ni;,Sby nanoclusters. Mechanism of the low-temperature conductivity is sensitive to the
magnetic field, being of the variable-range hopping type in zero field and of the nearest-
neighbor hopping type in strong fields. The Hall resistivity contains the normal and the
anomalous contributions.

1. Introduction

Progress in spintronics suggests expansion of its materials base by search of new appro-
priate magnetic systems. An important role at this point is played by diluted magnetic semicon-
ductors (DMS), including those with nanosize magnetic precipitates [1]. Recently, a family of
such materials has been enriched with cadmium antimonide doped with Ni, p-CdSb:Ni [2, 3].
Undoped CdSb is the group II-V orthorhombic semiconductor with strongly anisotropic trans-
port properties [4]. Doping of CdSb with Ni leads to a secondary magnetic phase, which at a
small doping level consists of an assembly of magnetic Ni-rich Ni;Sby nanosize spheroidal
clusters [2, 3].

In this work, we review investigations of magnetization of CdSb:Ni giving evidence for
Ni;xSbyx nanoclusters [2, 3]. Also, new measurements of galvanomagnetic properties of p-
CdSb:Ni, including the hopping conductivity, the magnetoresistance (MR), and the Hall effect are
presented and analyzed taking into account contribution due to magnetic Ni;_,Sby nanoparticles.

2. Results and discussion

Single crystals of p-CdSb doped with 2 at % of Ni were prepared by a modified Bridg-
man method [4]. Measurements of the dc magnetization, M, were performed in a field, B, par-
allel to one of the crystallographic axes [100], [010], and [001] after cooling the sample in
zero field (ZFC) or in a field (FC). Measurements of the resistivity and MR were made in zero
magnetic field, B, or in pulsed fields up to B = 30 T, in transversal configurations with j ||
[100] and B || [001] (# 1), j || [010] and B || [100] (# 2), j || [001] and B || [010] (# 3).
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2.1. Magnetic properties

A clear irreversibility of the low-field magnetic susceptibility, y, is evident from Fig. 1 (a)
below 300 K, including the deviation of the plots of yzrc (7), xrc (T) and broad maximum of
vzrc (1) at T, ~ 100 K. Evolution of these properties with increasing B displays a tendency to-
wards collapsing of both branches of  (7) into a single curve above ~ 4 kG and decrease of T3,
The important features of the behavior of magnetization in strong fields following from
Fig. 1 (b) (the scattering of the data points is connected to subtraction of the diamagnetic contri-
bution) are the rapid saturation of the plots of M (B) with increasing B, the weak dependence of
the saturated magnetization, M, on 7 and the large anisotropy of M evident from the inset to
Fig. 1 (b). The hysteresis of the M (B) curves is observed already at 300 K, whereas the coerciv-
ity, B. (T), exhibits anisotropy, which is inverted with respect to that of M; (7) (see Fig. 2 (a)).
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Fig. 1. Plots of yrc (open symbols) and yzrc (closed symbols) vs. 7' (a) and M vs. B (b). Inset: M,
vs. T. Some curves in the (a) panel are shifted along the Y- axes by the values shown in parenthesis.

16
o —~ 20
-\ 2 |T=200K “
2501} 2 i
X\ § o : (+2) (+4)
- .
a < % B | [001] ) ~_I B/ [001]
200F\: = 20 X . =
—_ LR 01 00 0.1 X ol
150 T B[ [100] = 8 ]
] i BI| 010
100} _BII[010] BI| [100
B || [001] ARG e
0 100 200 300 00 05 10 15 20 25
T (K) B(kG)

Fig. 2. Hysteresis curve (inset), dependence of coercivity on T (a) and plots of 7;"* vs. B (b).
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Fig. 3. Plots of In p vs. 7' (a) and of In (E,/ kT+m) vs. In (1/ T) (b) at B=0.

The low-field irreversibility in Fig. 1 (a), as well as the rapid saturation of M (B), and
weak temperature dependence of M in Fig. 1 (b) are typical of an assembly of magnetic nano-
clusters or nanosize Ni-rich Ni;«Sby inclusions. Namely, blocking of the moments of the
Ni;xSby clusters due to the anisotropy energy barriers, affected by the external field, leads to
deviations of yzgc (7T) and ygc (7) until B is smaller than the mean anisotropy field, Bk. In turn,
reduction of the barriers by B is responsible for the magnetic-field dependence of 7j, yielding
the following relations: Ty (B) / T, (0)]"* ~ 1 — B/ Bk and Bk / Ty, (0) ~ 50 kg /p, where p is the
mean cluster moment [5]. As follows from Fig. 2 (b), the function 7, (B) is close to the first of
these relations, giving 71, (0) = 105 £ 5 K and Bx = 4.4 + 0.5 kG, whereas with the second rela-
tion we obtain = (1.8 + 0.2)x10* . One can also see that B obtained from the analysis in
Fig. 2 (b) is the same as the field (~ 4 kG) in which the low-field magnetic irreversibility in
Fig. 1 (a) vanishes. Finally at this point, the magnetic-field and temperature dependences of the
magnetization in Fig. 1 (b) are in general agreement with the corresponding behavior of the
ferromagnetic Ni;«Sby secondary phase, having only a minor part of Ni ions, whereas the ma-
jority on Ni in our p-CdSb:Ni samples forms a paramagnetic subsystem.

As mentioned above, undoped CdSb is the anisotropic material. Therefore, probably the
most important feature of CdSb:Ni attracting interest to this compound and its possible applica-
tions as the DMS, is the anisotropy of the magnetic properties as shown in the inset to Fig. 1 (b)
and in Fig. 2 (a). A detailed analysis has demonstrated that this feature is due to large non-
sphericity (or high aspect ratio of m = I/r, where / is the longitudinal size and r is the radius) of
the Ni;Sby nanoclusters, accompanied by their single-domain structure, broad size distribution,
and preferred orientation of the major axis. The values of m ~4 — 8 and  ~ 2.6 — 3.6 nm, as well
as the volume fraction of the Ni;_,Sby phase n” ~ (0.6 — 0.9)x 10~ have been estimated [2, 3].

2.2. Resistivity and magnetoresistance

As can be seen from Fig. 3 (a), the resistivity, p, at B = 0 has two intervals of the acti-
vated behavior, characterized by different slopes. The high-temperature slope is due to activa-
tion of holes from the acceptor band (AB) into the valence band (VB). The low-temperature
one is connected to the variable-range hopping (VRH) charge transfer over localized states of
the AB, p (T) = AT" exp [(To / 7)) (where m = p, A is a constant and 7 is the VRH character-
istic temperature) of the Shklovskii-Efros type, or SE (p = 1/2) in # 1, # 3 and of the Mott
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type (p = 1/4) in # 2 [6]. This is evident from the analysis of the local activation energy E, = d
Inp/d(ksT) " [6] in Fig. 3 (b), which satisfies the equation In [E, /(kgT) + m] =Inp + p In Ty
+ p In (1/T) yielding the value of p at a given m as a slope of the plots in Fig. 3 (b).

The SE-VRH conductivity sets in due to microscopic disorder and Coulomb interaction
between the charge carriers leading to appearance of the Coulomb gap, A, in the spectrum of
the density of the localized states (DOS) with width W, having the optimal observation when
A and W are comparable. The Mott-VRH conductivity takes place when the Coulomb interac-
tion between the carriers can be neglected, with condition of A << ¥ being preferable for ob-
servation [6].
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Fig. 4. The dependences of In p on B* (a) and on (B ¢)"* (b).

As follows from Fig. 4 (a), the plots of In p vs. B*below B~ 6 T can be approximated well
with linear functions. In # 3 the slope of the plots is constant between 1.6 — 4.2 K. The slope of
the corresponding plots for # 2 does not vary between 3 — 4.2 K and increases only slightly be-
tween 3 — 1.6 K. In sample # 1 all the plots have different slopes varying with temperature.

In weak fields of A >> ay, where A is the magnetic length and ay is the localization ra-
dius of charge carriers far from the metal-insulator transition (MIT), positive MR due to
shrinkage of the impurity wave functions has been predicted to satisfy the law In p; ~ C; (7) B’
for any hopping conductivity mechanism [6] (=3, 1, and 2 for # 1, # 2, and # 3, respectively,

44



E. Ldhderanta, R. Laiho et al.

reflecting anisotropy of MR in p-CdSb via the anisotropy coefficients p; [7]). On the other
hand, its temperature dependence given by the coefficient C; (7) is different for each hopping
regime: for the nearest - neighbor hopping (NNH) conductivity C; = const and for the VRH
conductivity C; () ~ T 3 [6, 8]. From comparison of the behavior of the slopes of the plots of
In p vs. B*in Fig. 4 (a) with theoretical predictions [6, 8], it follows that contrary to the case
of B=0, in # 1 the Mott VRH conductivity takes place between 1.6 — 4.2 K, whereas in # 2
and # 3 the NNH conductivity is observed between 3 — 4.2 and 1.6 — 4.2 K, respectively.

The joint quantitative analysis of the resistivity at B =0 and in weak magnetic fields has
yielded a set of microscopic parameters of the charge carriers: A, W, the localization radius a,
the density of the localized states (DOS) outside the Coulomb gap g, as well as the dielectric
permittivity k, the concentration of acceptors Na, the anisotropy coefficients pj, (see Table I),
the critical acceptor concentration for the MIT, N¢ = 6.275x10'® cm™, the critical exponents
of the localization radius, v = 1.00, and of the dielectric permittivity, = 1.90, describing the
behavior of @ and k near the MIT.

Table 1. Values of the microscopic parameters, acceptor concentration, and anisotropy coefficients.

Sample Na a A w g (cal) .
no. (10" cm™) A) * (meV) | (meV) | (10" cm> meV™") Pi Pi J

1 3.61 196 | 127 | 0.30 0.50 5.94 0.839 | 0.839 | 3

2 3.37 180 | 108 | 0.18 1.28 1.31 1.008 | 0.897 | 1

3 2.51 139 66 0.49 0.91 2.16 1.182 | 1.327 | 2

It can be seen that (i) v and C are close to their theoretical values (1 and 2, respectively)
[9], (i1) N4 in all samples is rather close to N, in agreement with the behavior of the parameters
a and x in Table I (increase with N,), (iii) the anisotropy coefficients p; are close to calculated
values pj(cal), (iv) A is comparable with Win # 1, 3 and A << W in # 2, in agreement with obser-
vations of the SE-VRH conductivity in # 1, 3 and the Mott-VRH conductivity in # 2 (Fig. 3 (b)).

In strong fields of A < @ the positive MR in the NNH conductivity regime, given by the
expression In [p (B)]j~n;[B ¢ (B)]l/2 with n; = qu1/2 [e/(Naa h)]m, q=0.92,and ¢ (B) =
a(0) / a (B), is determined not only by shrinkage of the impurity wave functions, but also by
the dependence of the localization radius on B, a (B) [6]. The first reason to a (B) is connected
to the dependence of the acceptor activation energy on B, given by expressions Ea (B) =
Ea(0) for B << By and Ex (B) = Ea In * (B/By) for B >> By [6], By = h/(eay’) being a field
where A = ay. In our case of By = 9.5 T the interval of high fields corresponds to B ~ By or A ~
ao, where E (B) cannot be obtained analytically [6]. On the other hand, this function can be
approximated well with the relation E5 (B) = B"?, where [ is independent of B [6]. The de-
pendence E (B) can be found from the plots of In p (B, T) vs. T " in the temperature interval
of the acceptor freeze-out. Another reason leading to the dependence of a (B) is connected to
sensitivity of the MIT to B [10]. Eventually, o(B) = [(3/2)(1+y0)+(1/6)ys’]*
{32 1+o(B)+H(1/6)10°(B)} 'exp {~vo[1-po(B)]}, where yo (B) = Ralao (B), ¢o (B) =
(BB"*/Ex)"? and R = (4nNA/3)™"" is one-half of the mean distance between the acceptors.

As can be seen from Fig. 4 (b), the plots of In p vs. [B ¢ (B)]"? exhibit linear behavior
in the interval of B between ~ 4 — 15 T, and their slopes do not depend on temperature at 7" <
42K in# 1 and # 2 and between 3 — 4.2 K in # 3, in agreement with the equation for MR
above. The values of the slopes 1 obtained from the plots in Fig. 4 (b), n® = 1.36, 1.50,
and 2.00 T for # 1, # 2, and # 3, respectively, agree with the calculated values, T]j(cal) =
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1.23, 1.46, and 2.09 T2 for # 1, # 2, and # 3, respectively. Hence, the behavior of MR in p-
CdSb:Ni in the interval of B between ~ 4 — 15 T is governed by the NNH conductivity, ex-
cluding lowest 7" in # 3, where, however, MR does not agree with any other hopping model
for conventional semiconductors requiring increase of the slopes of the plots with decreasing
temperature. Deviation of all the plots in Fig. 4 from linearity with increasing B is attributable
to the onset of the logarithmic asymptote of E4 (B) (see above).

Finally, one can see a general tendency of changing the VRH conductivity, observed at
B =0, into the NNH conductivity with increasing magnetic field, which is uncommon in con-
ventional (non-magnetic) semiconductors. However, in p-CdSb:Ni such a tendency is in line
with damping of the internal magnetic disorder, connected to presence of magnetic Ni;.Sby
nanoclusters by aligning their moments in a field [which takes place already at B ~ 4 kG — see
Fig. 1 (a)] and reducing the potential barriers between different acceptor sites, which stimu-
lates transitions between nearest neighbors leading to NNH conductivity when B is increased.

2.3. Hall effect

The dependence of the Hall resistivity, py, on B shown in Figs. 5 (a) and 5 (b) for one of
the investigated samples exhibits a clear non-linearity or strengthening of py (B) with increas-
ing field, being most pronounced below ~ 10 K but still persisting even up to 300 K. The non-
linearity of py (B) should be associated with the magnetic subsystem existing in p-CdSb:Ni
due to an anomalous contribution to the Hall effect superimposed on the normal one.

In FM compounds py = pn + pa, Where pn = RoB, pa = RM, Ry and Ry are the normal
and the anomalous (spontaneous) Hall coefficients, respectively, and M is the magnetization of
the material [11]. Applicability of this equation to p-CdSb:Ni, which, strictly speaking, does
not belong to FM materials, can be partially substantiated by saturation of the magnetization
when B is increased at any 7' < 300 K [Fig. 1 (b)], making the second term in Eq. (1) independ-
ent of B and tending the plots of py vs. B to linear functions. As can be seen in Figs. 5 (a) and
5 (b), this takes place in strong magnetic fields, permitting us to obtain Ry and pa as the slope
and the interception point of the linear parts with the vertical axis, respectively [11]. The de-
pendences of Ry (7) and pa (7) are shown in Figs. 5 (¢) and 5 (d), respectively.

The Hall concentration, py = 1/(eRy), in the interval of extrinsic conductivity ~ 4.2 —
200 K is determined by the holes activated from the AB to the VB with concentration py (7),
and by the holes in the extended states of the AB, having the fraction a, with the concentra-
tion apa (7). This yields the first equation for analysis of the Hall concentration: py (7) = pv
(T) + apa (T), where pa (T) is the total concentration of the holes in the AB. In addition, from
conservation of the holes we have the second equation: pa (7) + py (T) = Na (1 — K), where K
= Np / Ny is the degree of compensation and Np is the concentration of compensating donors.
Finally, py (7) is calculated with two equations above, taking into account the non-degeneracy
of the holes, and is shown by solid lines in Fig. 6 (a). One can see a good agreement of the
calculated curves with the experimental data of py (7) in the whole interval between 4.2 — 200
K, where the two-band (AB+VB) model above is applicable, at o = 4x107, 3.5x107°, and
0.8x107° for # 1, # 2, and # 3, respectively. The deviations in # 1 taking place below 4.2 K are
connected with transition to the hopping conduction, where the model above becomes inap-
plicable. It can be seen also that calculations with o = 0 [the dotted lines in Fig. 6 (a)], deviate
from those with a # 0 only below ~ 10 K. Together with smallness of values of a, this means
existence of only a quite narrow interval of the extended states in the AB and negligible role
of itinerant holes of the AB in the normal Hall effect, excluding only the lowest T.
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Fig. 6. Plots of py = 1/ (eRy) vs. T. The lines are calculated as described in the text (a). Plots of -
pa/ M, vs. T. The line is the low-temperature fit to the experimental data with the function <p (7) >"*
(b). Inset to the (b) panel: - p, / M vs. p in the double-logarithm scale with the line as a linear fit.

As can be seen from Fig. 5 (c), the anomalous contribution to the Hall effect in
p-CdSb:Ni is negative, comprising of the weak variation of pa (7) above ~ 50 K and a very
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strong increase with decreasing 7' from ~ 50 to 4.2 K. Various microscopic models of the
anomalous Hall effect predict the power-law scaling of pa vs. p, yielding relations like pa ~
p", where n is a constant. To test a possibility of such scaling, we plotted pa / M vs. p at T <
77 K [where M is the saturation magnetization — see Fig. 1 (b)], in the double-logarithm scale
as shown in the inset to Fig. 6 (b). Indeed, these data yield » = 1.6 = 0.1 within four decades
of pa / My and more than two decades of p. In addition, it can be seen that p, / Mg behaves
between ~ 1.5 — 77 K similar to the law <p(7)> 16 where <p(T)> is the mean resistivity ob-
tained by averaging the plots in Fig. 3 (a).

Analysis of the anomalous Hall effect performed in 28 different compounds, belonging
to five different types of FM materials, has yielded the value of n = 1.6 [12], suggesting a
broad universality class of this value, although the law o5 ~ ¢” (where ¢ and o4 are the con-
ductivity and the anomalous contribution to the Hall conductivity, respectively) has been ana-
lyzed [12]. Hence, our value of n = 1.6 in the resistivity scaling law is likely to reflect this
general universality.

Conclusions

Magnetic properties of the new DMS p-CdSb:Ni give evidence for an assembly of
spheroidal Ni-rich Ni;Sby nanoparticles, which are responsible for magnetic irreversibility
and saturation of the magnetization already at the room temperature, and for the magnetic ani-
sotropy. Transformation of the type of the hopping charge transfer from that of the VRH con-
ductivity at B = 0 to the NNH conductivity regime in strong magnetic fields, as well as the
anomalous contribution to the Hall effect, are also attributable to presence of the Ni;(Sby
magnetic nanoclusters in p-CdSb:Ni.

References

[1] L Zuti¢, J. Fabian, and S. Das Sarma, Rev. Mod. Phys., 76, 323, (2004).

[2] R. Laiho, A.V. Lashkul, K.G. Lisunov, E. Lahderanta, I. Ojala, and V.S. Zakhvalinskii,
Semicond. Sci. Technol., 21, 228, (2006).

[3] R. Laiho, A.V. Lashkul, E. Lihderanta, K.G. Lisunov, I. Ojala, and V.S. Zakhvalinskii,
J. Magn. Magn. Mater., 300, €8, (2000).

[4] E.K. Arushanov, Prog. Crystal Growth Charact., 13, 1, (1986).

[5] L. Sun, Y. Hao, C.L. Chien, and P.C. Searson, IBM J. Res. & Dev., 49, 79, (2005).

[6] B.I. Shklovskii and A.L. Efros, Electronic Properties of Doped Semiconductors,
Springer, Berlin, 416, 1984.

[7] R. Laiho, A.V. Lashkul, K.G. Lisunov, E. Lahderanta, M.O. Safonchik, and M.A. Shak-
hov, J. Phys.: Condens. Matter, 16, 333, (2004).

[8] B.I Shklovskii, Sov. Phys.-Semicond., 17, 1311, (1983).

[9] T.G. Castner, in: Hopping Transport in Solids, edited by M. Pollak and B. Shklovskii,
Elsevier, Amsterdam, Ch. 1, 450, 1991.

[10] N. Mott and E.A. Davies, Electron Processes in Non-Crystalline Materials, Clarendon,
Oxford, 368, 1979.

[11] S.V. Vonsovskii, Magnetism, Nauka, Moscow, Ch. 25, 1032, 1971.

[12] T. Fukumura, H. Toyosaki, K. Ueno, M. Nakano, T. Yamasaki, and M. Kawasaki, Jpn. J.
Appl. Phys., 46, L642, (2007).

48




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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.)
    /RUS ()
  >>
  /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


