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Results of the measurements of thermoelectric properties of thin semiconductor mi-

crowires of PbTe (d = 5 ÷ 100 μm) obtained from solution melt by the quartz capillary filling 

followed by material crystallization are presented for the temperature region 4.2 ÷ 300 K. For 

the all samples, a sharp peak at the temperature 30T K≈ is observed. The value of this peak 

depends on diameter of microwires. It is supposed that at the temperatures below 40 K the total 

thermoelectric power is determined to a certain degree by the phonon drag of holes and de-

pendence of the thermoelectric power value is caused by the size effect. 

 

1. Introduction 

 

In recent years, a particular emphasis was placed on investigation of traditional ther-

moelectric materials, which can be efficient for energy conversion based on the Peltier effect 

for cooling and the Seebeck effect for power generation [1]. This is due to the fact that in the 

low dimensional structures it is possible to obtain values of the figure of merit ZT 
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, where α, σ, T, Kl, and Ke are the Seebeck coefficient, electrical conductivity, 

absolute temperature, lattice thermal conductivity, and electronic thermal conductivity, re-

spectively) of the order of 1.5 and more. Solid-state thermoelectric converters at such values of 

ZT become competitive with traditional refrigerators.  

Research of wire crystals of PbTe is of special interest, because PbTe is one of the most 

effective thermoelectric materials. The researches focused on revealing of new capabilities of 

increasing parameters defining Z are of high priority. 

It is well known [2, 3] that in the region of low temperatures, for single crystals of bulk 

lead telluride a peak on the temperature dependence of the thermoelectric power is observed. 

Absolute values of thermoelectric power exceed calculated ones for diffusion thermoelectric 

power [4]. This behavior of thermoelectric power is explained by phonon drag of carriers. 

Moreover, in low dimensional crystals (these are the objects connected with the break in the 

domain of thermoelectricity) an additional dimensional effect for corresponding physical pa-

rameters defining thermoelectric efficiency is probable.  

The purpose of the given work was to research characteristics of the temperature de-

pendence of thermoelectric power of single crystal microwires of PbTe and to determine the 

mechanisms leading to these characteristics. 

 

2. Experimental results and discussion 

 

Semiconductor microwires of PbTe (diameter d = 5 ÷ 100 μm, length l ~ 20 cm) were 

grown by the method similar to that described in work [5]. In the quartz tube (diameter of 15 

mm), an initial material with corresponding chemical composition was placed. A bunch of 



V.Gh. Kantser and E.A. Zasavitsky 
 

 159

quartz capillaries was situated over the ma-

terial. The choice of quartz as the material 

for capillaries was limited by the softening 

temperature, which must be higher than the 

melting temperature of material. The tube 

was evacuated up to residual pressure 10
-2

 ÷ 

10
-3

 Pa and placed in a vertical zone furnace, 

in which the temperature along the whole 

length of the capillary is the same and higher 

than the melting temperature of the material 

(Tmelt < T < Tsoft). After melting of the ma-

terial, the capillaries with open lower ends 

were put down in the melted material. Af-

terwards, pressure in the tube was increased 

up to the value at which the capillaries were 

filled with the melting material. Crystalliza-

tion of the melting material was realized 

directly beginning from the soldered ends to 

the open one by moving the furnace (rate of 

move may be varied and makes up several 

centimeters per hour). This method for ob-

taining of single crystal microwires allows 

producing samples of high structural perfection with different diameters under the same growth 

conditions. The structural quality was tested by X-ray diffraction and Laser Microprobe Mass 

Analyzer (LAMMA).  

A sample of corresponding diameter was selected for measurements from the set of 

prepared crystals. As the initial sample has glass isolation, it was preliminary subjected to 

selective etching in a solution of HF acid. Reliable electrical and thermal contact was made 

using eutectic In-Ga. The temperature was determined by means of thermocouple Cu – (Cu + 

0.04 at % Fe). This thermocouple makes it possible to carry out high precision experiments in 

low temperature region.  

Temperature dependence of thermoelectric power of the investigated single crystal mi-

crowires of undoped lead telluride of p-type conductivity with different diameters is illustrated 

in Fig. 1.  

In the region of temperatures 30T K≈  a sharp peak of thermoelectric power is observed. 

Appearance of this peak can be attributed to the phonon drag contribution to thermoelectric 

power. 

For the region of temperatures 50T K> , a monotonous dependence of thermoelectric 

power on temperature is observed, being caused by diffusion of holes under action of a tem-

perature gradient. Similar results for this region of temperatures have been obtained for bulk 

crystals of p-type PbTe [3, 5]. At the temperatures above 77 K, the thermoelectric power in the 

field of applicability of one-band models ( 18 19 3
10 10p cm

−

= ÷ ), in the assumption of power law 

dependence of relaxation time on energy and square-law dependence of carrier energy on 

impulse, the α values can be described by the expression [6] 
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where *

d
m  is the effective mass of density of states; r  is the dispersion parameter. This formula 

Fig. 1. Temperature dependences of ther-

moelectric power of PbTe single crystal microwires.
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properly describes behavior of thermoelec-

tric power in the investigated single crystal 

microwires of undoped lead telluride of 

p-type conductivity at T >77 K. However, 

for smaller temperatures the given formula is 

not applicable. 

There is a strong drag of electrons by 

phonons, if phonons dissipate on electrons 

more strongly than on each other, on defects, 

and on boundaries of a crystal [7]. This 

means that 1/ ≈
ppe

νν , pdpppe ννν ,>> . We 

denoted pdpppep νννν ++=  is the full fre-

quency of dispersion of phonons, peν  is the 

frequency of dispersion of phonons on elec-

trons, ppν  is the frequency of dispersion of 

phonons on each other, pdν  is the frequency 

of dispersion of phonons on defects, impuri-

ties, and boundaries. 

In the case of degenerate semiconductor, the above conditions for observation of phonon 

drag effects can be broken due to increasing of frequency of dispersion of phonons on defects 

and impurities at low temperatures [8]. However, it is practically impossible to completely 

exclude phonon drag due to dispersion of phonons on impurities [9]. Considering that peν  is 

commensurable quantity with the frequency of electron energy relaxation 
e

ν  (~10
8
s
-1

 [7]), the 

condition of phonon drag absence is given by 112
10

−

≥ spdν . If pdν  is defined by dispersion of 

phonons by deformation field of point defect, then these values of pdν  correspond to concen-

tration of impurity 21 3
10N cm

−

≥ . Therefore, in the experiments concerned with heat transport 

in semiconductors it is necessary to consider phonon drag even at rather high levels of impurity 

doping.  

In the case of undoped lead telluride of p-type conductivity, it is practically impossible to 

obtain concentration of carriers more than 18 3
5 10 cm

−

∗ without special doping. Therefore, 

phonon drag contribution must be considered to the thermoelectric power at low temperatures. 

The peak of phonon thermoelectric power is observed at sufficiently high temperatures. 

This allows defining the law of )(Tα variation at temperatures maxTT < . Figure 2 shows de-

pendences of )( 3
Tα  of single crystal microwires of undoped lead telluride of p-type conduc-

tivity with different diameters. Analysis of these dependences shows that at the 20T K<  the 

decrease of thermoelectric power is proportional to a cube of temperature. 

At low temperatures in semimetals and degenerate semiconductors, intervalley transfers 

are insignificant, only long-wave phonons with impulses interact with charge carriers in case of 

an isotropic spectrum for 
F

pq 2<  (
F

p  is Fermi impulse of electrons). In this case a charac-

teristic temperature is not the Debye temperature
D

Θ , but the temperature 
k

sp
T F

2

0
= , which 

is much smaller than 
D

Θ  ( s  is the sound speed, k  is the Boltzmann constant) [10]. In the 

anisotropic case a role of 
0

T  is played by the temperatures )(

0

+
µ

T  and )(

0

−
µ

T  (µ  is the number 

Fig. 2. Temperature dependences of ther-

moelectric power of PbTe single crystal microwires.
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of polarization of an acoustic branch of phonons). At 0TT <  (in fact, 
0

T coincides with
max

T ) 

thermal phonons interact with carriers; a part of them is of the order of 3)/( Tsp
F

 and is defined 

by phase volume, which is occupied by long-wave phonons [7]. Therefore, variation of the 

partial thermoelectric power in these conditions will look like: 

3

0

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

T

T

e

k
α  (freezing of pho-

nons), as it was observed at 20 23T K< ÷  for single crystal microwires of undoped PbTe of 

p-type conductivity. Let us estimate value of 
0

T  in our case. We have: 0,05E eV= , 

0,17
g

eVε = , 
100

// 5
3,6 10 /

k
s cm s= ∗ , 

100

5
1,26 10 /

k
s cm s
⊥

= ∗ . Hence, we obtain that the 

( )
100

//

0
45

k
T s K=  and ( )

100
0

16
k

T s K
⊥

= .  

The used approximation properly describes the experimental results obtained for mi-

crowires of pure lead telluride. 

The increase of carrier current concentration leads to shift of 
max

T  in the region of higher 

temperatures [9]. It is clear from Fig. 1 that positions of peaks of thermoelectric power on 

temperature dependences for samples of different diameters practically coincide. This suggests 

that the concentration of carriers in samples of different diameters is the same; that is, it does 

not depend on diameter of the sample. 

Theoretical consideration of temperature range in which phonon drag is present [10] 

shows the following variants concerning temperature dependence of thermoelectric power:  

1. If the temperature
I

T , at which the contribution of 
pp

ν  to full frequency becomes small in 

comparison with the contribution of pdν  and 
pe

ν , exceeds the temperature 
0

T , then α  

grows with diminution of temperature at 
I

TT > , it does not depend on temperature in the 

interval 
I

TTT <<
0

 and decreases with temperature at 
0

TT < . 

2. If 
0

TT
I
< , then the plateau is absent, α  reaches maximum at certain temperature lower 

than 
0

T . The size of this maximum is less than in the first case. 

It is clear from Fig. 1 that for all the investigated PbTe samples a plateau is not practically 

shown, and the thermoelectric power peak is observed. However, it is possible to draw a con-

clusion from Fig. 2 that the cubic temperature dependence is observed up to temperature of the 

order of 23 K. Further, a deviation from the linear dependence in the chosen coordinates is 

observed. It allows making a conclusion that in our case 
I

T  is more or of the order of magnitude 

to the characteristic temperature
0

T . 

It has been previously shown [9] that in the case of manifestation of phonon drag of 

carriers, thermoelectric power can reach the theoretical value )/86(/ KVek µ≈ that con-

siderably exceeds the value of diffusion thermoelectric power of electronic gas 

ph

F

D
e

Tk
α

ε

α <<=

2

. For the samples having diameter 100d mµ≥  the thermoelectric power 

in peak is of the order of theoretical limit (Fig. 1). However, for samples having 

70 80d mµ≤ ÷  there is a strong reduction of thermoelectric power at low temperatures, where 

phonon drags is actual. 

It is known that in the absence of magnetic field, in the temperature gradient the electric 

field arises, being function of the sizes of the sample a  and speed of relaxation of phonons at 

crystal boundaries [7] 
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Analysis of this expression shows that for small values ofξ , which describes the speed of 

relaxation of phonons on crystal boundaries )3( 2/1−
<ξ , the potential difference 

x
u  at 1<<ka  

is a concave function; at 1>>ka , is always a convex function. At ∞→ξ , for a potential dif-

ference in the presence of the temperature gradient, an usual expression is obtained: Tu
x

Δ=α . 

It is obvious that the mean free path phonons play a role redeterminating the elec-

tro-phonon length of cooling k , on which electrons and phonons equalize their temperatures. 

We shall estimate mean free path for phonons for single crystal microwires of undoped lead 

telluride of p-type conductivity in the low temperatures region. Quantities defining the mean 

free path for phonons are 
1(5 ) 1,3 10 /K W cm Kκ

−

= ∗ ∗ ; 
1(10 ) 2,9 10 /K W cm Kκ

−

= ∗ ∗ ; 1(15 ) 3,0 10 /K W cm Kκ
−

= ∗ ∗ ; 1(20 ) 2,7 10 /K W cm Kκ
−

= ∗ ∗  [3]; 
3(5 ) 0,114 10 /

p
C K J g K

−

= ∗ ∗ ; 3(10 ) 1,165 10 /
p

C K J g K
−

= ∗ ∗ ; 3(15 ) 2,949 10 /
p

C K J g K
−

= ∗ ∗ ; 

3(20 ) 5,242 10 /
p

C K J g K
−

= ∗ ∗  [11]; 
100

// 5
3,6 10 /

k
s cm s= ∗ ; 

100

5
1,26 10 /

k
s cm s
⊥

= ∗  [4], 
 

According to the above, we obtained the following values for the mean free path of 

phonons in the direction perpendicular to [100]: (5 ) 270phl K mµ= , (10 ) 59phl K mµ= , 

(15 ) 24,5phl K mµ= , (20 ) 12,3phl K mµ= , and, accordingly, for the direction parallel to [100] 

axis: (5 ) 95phl K mµ= , (10 ) 20,7phl K mµ= , (15 ) 8,5phl K mµ= , (20 ) 4,3phl K mµ= . 

Starting from the estimated mean free path of phonons for undoped lead telluride of 

p-type conductivity (in our case for single crystal microwires), on in the assumption that 
1 2 3

10 10k cm
− − −

≈ ÷ and the length of the sample 1l mm≈ , we obtained characteristic parame-

ter 110010 >>÷≈ka . Thus, it is possible to consider that along the crystal axis in the tem-

perature gradient presence
T

u
x

Δ
=α . 

The cross-section sizes of the investigated samples ranged within10 150 mµ÷ . Similar 

estimation in this case shows that 1101,0 ≈÷≈ka . Therefore, at occurrence of the temperature 

gradient on the sample surface in relation to its centre for the bottom limit of diameters, an 

electric field appears which interacts with carriers drifting along the crystal. This approach is 

justified, since heat exchange through the surface, which is neglected for bulk samples, be-

comes sufficient in the case of low dimensional systems. This is caused by relative increase of 

the sample surface. Studying the thermoelectric and thermal phenomena, we noted that in the 

temperature region 50T K<  radiation of heat by the surface is small and is not considered in 

the specified experiments [12]. In other words, it is possible to state that when the mean free 

path of phonons is comparable with the cross-section sizes of samples, significant variations in 

absolute value of thermoelectric power are possible. 

 

3. Conclusions 

 

The analysis of the temperature dependence of thermoelectric power of single crystal 

microwires of undoped PbTe of p-type conductivity, with different diameters, shows the fol-

lowing.  
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In the region of low temperatures 20 23T K< ÷  the appreciable contribution to total 

thermoelectric power is made by phonon drag. The contribution of phonon drag of carriers to 

the total thermoelectric power leads to appearance of a maximum on the temperature depend-

ence of thermoelectric power. The maximum position does not depend on diameter of samples 

(d=5 ÷ 100 μm).  

Absolute value of thermoelectric power in the region of low temperatures 20 23T K< ÷  

depends on sizes (diameter) of the samples. With reduction of diameter of the samples, the 

absolute value of maximum on the temperature dependence of thermoelectric power decreases. 

This dependence is explained by manifestation of dimensional effect: length of the mean free 

path of phonons and diameter of the sample become of the same order. 

This work was supported by the Supreme Council for Research and Technological Develop-

ment of Moldova under the State Program “Nanotechnologies, New Multifunctional Materials, and 

Electronic Microsystems”.  

 

References 

 

[1] G. Chen, M.S. Dresselhaus, G. Dresselhaus, J.P. Fleurial, and T. Cailat, Int. Mater. Rev., 

48, 45, (2003). 

[2] D. Greig. Phys. Rev, 120, 358, (1960). 

[3] L.L. Regeli, O.I. Rahmatov, N.A. Redko, and R.V. Parfeniev, Sov. Phys. Solid State, 26, 

1242, (1984). 

[4] C. Herring, Phys. Rev, 96, 1163, (1954). 

[5] N.I. Leporda and A.D. Grozav, Mold. J. Phys. Sci., 1, 74, (2002). 

[6] I.A. Chernik, V.I. Kaidanov, M.N. Vinogradova, and N.V. Kolomoets, Sov. Phys. Semi-

cond, 2, 773, (1968). 

[7] F.G. Bass, V.S. Bochkov, and Yu.G. Gurevich, Electrons and phonons in the low dimen-

sional semiconductors, chap. 1, 2, Nauka, Moscow, 288, 1984. 

[8] Yu.G. Gurevich and I.Ia. Korenblit, Sov. Phys. Solid State, 6, 857, (1964). 

[9] V.S. Bochkov, Yu.G. Gurevich, and O.L. Maskevich, Sov. Phys. Semicond., 20, 572, 

(1986). 

[10] I.Ia. Korenblit, M.E. Kuznezov, and S.S. Shalit, JETP, 56, 8, (1969). 

[11] S.N. Likov and I.A. Chernic, Sov. Phys. Solid State, 24, 3102, (1982). 

[12] D.G. Cahill, Rev. Sci. Instrum., 61, 802, (1990). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 /LeaveColorUnchanged
  /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.)
  >>
  /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


