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Summary

We observed that a new anionic triarylamine copolymer, which is easily accessable by
radical polymerization can be used for the preparation of thin semiconducting organic
films in two extremely different ways: One is the LBL assembly from solution with
a cationic polyelectrolyte as counter system; the other is direct vacuum deposition,
whereby the polymer degrades to oligomers, but keeps the functional groups intact as
proved by UV/Vis, NMR spectroscopy and cyclic voltammetry. The fabricated films
are used in light emitting devices as hole transporting layers showing excellent
properties. External EL quantum efficiency (#.,) and luminous efficiency-current
density (J) characteristics of PLED device were studied.

Introduction

Organic semiconductors and conjugated polymers are currently of wide interest for
applications in electronic and optoelectronic devices including light-emitting diodes
[1-5], thin film transistors [6-10], photovoltaic cells [11-14] and electrochromic device
[15,16]. Semiconducting polymers have the advantage of allowing an easy, low-cost
manufacture of large-area displays using solution-processing of film-forming
polymers. In particular, polymer light emitting diodes (LEDs) show attractive device
characteristics, involving efficient light generation, and several development programs
are set-up to establish procedures for manufacture. The triarylamine moiety —mostly in
polymeric form- is the most widely used hole-transporting material due to the
electron-donating nature of the nitrogen atom in LEDs [17,18]. Under the influence of
an electric field, the positive charge is transported by a hopping mechanism and drift
mobilities up to 107 cm¥ (Ves) are possible [19]. Due to the high charge carrier
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mobility of triarylamine polymers, they can be effectively used in LEDs as hole
transporting materials.

Usually polymer thin films are prepared from organic materials in solution by
solution-dipping or spin-coating method onto transparent conductive oxide (TCO)-
coated glasses. Although good results were achieved this way, there are a number of
problems that can arise. It can be difficult to find suitable solvents to prepare thin
films (50-400 nm) that are free from pinholes. Moreover, if there are suitable solvents
without any pinholes on the surface, mutually exclusive solvents for the different
polymer layers in a multilayer device are also difficult to engineer. As a next problem,
oxygen and other contaminants (e.g., dust) are difficult to exclude from the solutions
used to make films and solvent not fully removed from the films after deposition.
They can cause formation of voids and chemical reactivity with the electrodes and
finally minimize device performance. At that point, dry processes such as vapor
deposition under vacuum condition can be the perfect candidates to deposit the
polymer films for LEDs. Vapor deposition method provides a clean environment; it is
solvent free and well suited to sequential depositions in hetero-structured multilayer
system. Moreover, the device fabrication by the vacuum deposition method allows
a whole processing in the same run without vacuum breaking from the polymer
materials to the metal upper electrode. Vapor deposition method has been explored for
sublimation of low-molecular-weight dyes [20], oligomers [21,22] but only a very
limited number of polymers. That is, because polymers generally cannot be vaporized.
On the other hand: many polymers decompose to oligomers at elevated temperatures
[23-25]. Thus polymers may act as precursors for oligomers, which can be vaporized.
Such evaporated oligomers could benefit from the advantages described above and they
may give more stable amorphous structures—compared to low molar mass materials.
We found now that a triarylamine polymer, which we made intentionally for the layer-
by-layer (LBL) assembly can also be vaporized. Thus this polymer can enter the
processing scheme for the preparation of organic LEDs in two ways: by solution
processing and by evaporation. During the evaporation process, this polymer
undergoes imidization at elevated temperature, afterwards, giving rise to high quality
films for LEDs.

Results and Discussion

As hole transporting functional moiety, the p-type triarylamine polymers were
synthesized using the synthetic route described elsewhere [26] (see Experimental
Part). The chemical structures of the polymers are shown in Scheme 1.

Due to their negative charges, the synthesized polymers P1-P2 are suitable for
deposition by the LBL method from solution using spin coating technique with
oppositely charged cationic precursor poly (phenylenevinylene) (PPV). Since the first
report of Decher and coworkers in the early 1990s, there have been numerous reports
on the LBL assembly based on the electrostatic attraction between polycations and
polyanions [27]. The LBL technique can form a variety of ultra-thin interfacial layers
and create films comprised of semi-interpenetrated bilayers of polycations and
polyanions. Moreover, the film thickness can be easily controlled at the molecular
level and a multilayer architecture does indeed make it possible to realize significant
improvements in the device performance [28].

The optical properties of P1 and P2 were investigated by UV/Vis and
photoluminescence (PL) spectroscopy, as thin mono-layer films assembled on quartz
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Scheme 1. Triarylamine polymers P1-P2 and precursor PPV.

substrates by spin-coating method. The electrochemical properties of the P1-P2 were
evaluated using cyclic voltammetry (CV) using a three-electrode cell. Upon oxidation
of the films the oxidation peak (E.) of P1 appears at 871 mV and the oxidation peak
of P2 appears at 847 mV. These values are characteristics for triarylamine moieties in
polymers. As the potential gets reversed from +1.6 V to 0 V, two reversible reduction
waves (E.4") can be observed for two polymers identically. The first peak at about
760 mV corresponds to the reduction of the triarylamine radical-cation. The second
peak at 646 or 634 mV can be attributed to the reduction of the oxidized dimer,
formed from the radical-cations during the first oxidation cycle. Generally
unsubstituted triarylamines undergo dimerization and the resulting dimers show both
a reduced oxidation potential and an increased charge carrier mobility [29]. In
addition, the formation of the dimer is the key factor to achieve stable films, both with
respect to mechanical stability (no dissolution due to the crosslinking) and chemical
stability (more stable radical cations of the dimer, see Ref. 26 for comparison).
Concerning the use of hole transporting materials in devices, optimized energy band
gap (E,) of the polymers, which are defined with both the HOMO (highest occupied
molecular orbital) and the LUMO (lowest unoccupied molecular orbital) levels, are
necessary. Based on the optical and electrochemical data, the energy levels can be
calculated. All values are listed in Table 1.

Table 1. Optical and electrochemical properties and energy levels of the P1 and P2.

Polymers | UV/vis A, UV/vis A E? PL A\ PL A, E,, E. HOMO® | LUMO*®
solution film €V) solution film (mV) (mV) eV) V)
(nm) (nm) (nm) (nm)
P1 299 308 3.04 455 462 871 753, 527 223
646
P2 301 305 3.03 460 460 847 760, 525 222
634

? Band gaps were calculated from the onset of the UV/Vis absorption spectra.

PHOMO levels were converted from the measured oxidation potentials assuming the absolute
energy level of ferrocene to be -4.8 eV [29].

‘LUMO levels were estimated from the HOMO levels and energy gaps.
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Thin film LEDs based on multi-bilayer combinations of the conjugated poly
(phenylene vinylene) (PPV) and different polyanions have been fabricated via the use
of the LBL molecular-level processing scheme [30,31].We used that concept to
prepare multilayer thin films (spin-coating variant of LBL) from combinations of P1
and P2 and the precursor of PPV (Scheme 1). Multilayers, which grow constantly in
thickness, could be obtained (see Ref. 32 for comparison). To investigate the
electroactivity of the multilayer film the multilayer build-up was also performed on
ITO-coated glass substrate, on which alternatively 20 or 40 bilayers of P1 or P2 and
precursor PPV polycation solutions were deposited by the spin-coating variant of
LBL. The thermal conversion of the PPV precursor to the conjugated form of PPV
was done by heating the (P1-P2/precursor PPV)n films from room temperature to
180°C, holding at that temperature for 10 h, and then allowing the samples to cool
back down to room temperature over a 4 h period, all under vacuum.

We have fabricated simple PLED device with the configuration of ITO/(P1-P2/PPV)n
films/LiF/Al. Figure 1 shows the light intensity-voltage plots and relative device
efficiencies of PLEDs. The turn-on voltages of the (P1/PPV)20 and (P2/PPV)20
devices were found to be about 2.8 V and 2.2 V. The thicker (P1/PPV)40 and
(P2/PPV)40 devices show about 6.4 V and 3.8 V as the turn-on voltage. Interestingly,
the (P1-P2/PPV)40 device shows dramatically increased turn-on voltage compared to
the (P1-P2/PPV)20 device. We believe that this thickness dependent behavior can be
explained -besides the usual thickness dependence due to constant field strength- by
a thickness dependent conversion of the PPV precursor, which gets more limited with
increasing thickness. In Figure 1b the light intensity characteristics of P1-P2/PPV
films with 20-40 bilayers sharply dropped above 80 mA/cm?2.

Generally the LED characteristics of theses multilayers is acceptable, but it is
definitely poorer, especially with regard to the maximum light density, than plain
spin-coated PPV bulk films on ITO substrates [33] In order to improve the device
characteristics we used different conversion temperatures for the PPV precursor.
Thereby we found by accident that P2 can be vaporized and vacuum deposited at
higher temperatures. Heating P2 to temperature slightly above 300°C leads to
a vaporization of P2 and a constant growth of an organic film on the substrate. This
material will be called P2 vap. in the following.
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Figure 1. Light intensity-voltage plots and relative device efficiencies obtained from light
emitting devices of ITO(P1-P2/PPV)n/LiF/Al. Symbol represents the number of P1-P2/PPV
bilayers: (m) (P2/PPV)20, (A) (P1/PPV)20, (e) (P2/PPV)40 and (V) (P1/PPV)40.
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Figure 2. (a) The IR spectra of P2 before and after (P2 vap.) vacuum deposition process (b)
TGA thermogram of P2. (c) The estimated secondary reaction of P2.

Although very little amount of evaporated material was available, we succeeded in
analyzing the organic film of P2 vap. formed on the substrate by cyclic voltametry
and UV, 'H NMR and FT-IR spectroscopy. 'H NMR shows that in the deposited
material all functional groups are still present: the triarylamine (7.23~7.02 ppm in
CD,Cl,), as well as the methyl group on the nitrogen of the comonomer (1.66 ppm in
CD,Cl,, see Experimental section). UV spectroscopy and CV show that the position of
HOMO and LUMO levels is unchanged. FT-IR measurements showed, however,
a difference before and after vacuum deposition (see Figure 2a). For the parent
polymer P2, a sharp carboxylate peak at 1586 cm™ and a weak amide peak at 1641 cm’™
were observed. After vacuum deposition (P2 vap.), the amide peak has disappeared
and it is replaced by a strong new peak at 1702 cm™, which can be assigned to the
imide bond. Such a reaction is not unexpected since imidization (Figure 2 (c)) of
amide — acid at higher temperatures is a classical reaction [33,34]. Imidization
explains also the difference between P1 and P2 during heating. P1, which has two
carboxylate groups at the comonomer unit, cannot form an imide. As a result, it stays
a highly charged polymer, of which fragments can hardly vaporize. P2, on the
contrary, looses —at least most of- its ionic character during imidization and fragments
can more easily vaporize.

To study the chemical processes during the heat treatment of P2 thermo-gravimetric
(TGA) measurements was carried out under dried nitrogen gas. Figure 2(b) shows the
three-step weight loss as result. The first step appears below 118°C and involves
a small weight loss. It can be attributed to the evaporation of DMF and H,O used as
solvents during synthesis and purification. The second step occurs over the range
118 ~ 250°C and involves also relatively small weight loss. This small weight loss is
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Figure 3. (a) The external EL quantum efficiency (7,,,) -current density (J) characteristics (b)
luminous efficiency-current density (J) characteristics of PLEDs using vacuum deposited P2
vap. film as hole transporting layers.

most likely due to traces of water formed as a byproduct of the imide-ring. Although
imidization is the major reaction it cannot lead to a large weight loss, because mostly
KOH is formed during the reaction of potassium carboxylate with the amide group.
When the temperature is raised above 320°C the most significant weight loss occurs.
It is due to the degradation of the imidized polymer chains. From the TGA results, we
conclude that in the heating run, the P2 is partially degraded at above 320°C and it
leads to oligomeric structure with all subunits in tact. This assumption is in agreement
with UV- and '"H-NMR spectroscopy and the GPC-measurements of the evaporated
material. For the deposited oligomers of P2 vap., an M,, of 2100 is found, which is
much smaller than the M,, of the parent P2 (151 000, see Experimental Part).

Since oligomeric P2 vap. can act as hole transporter, we have fabricated simple LED
devices with the configuration of ITO / vacuum deposited P2 vap. film/ Alq; / LiF / Al
Thus the film does not contain PPV and Alq; acts as emitter. Figure 3(a) and 3(b) show
the external EL quantum efficiency (7., and the luminous efficiency-current density
(J) characteristics of LEDs using vacuum deposited P2 vap. film as hole transporting
layer. A maximum 7,,, of 0.48 % was obtained at a current density of J = 31 mA/cm’
and a maximum luminous efficiency of 1.6 cd/A was found at same current density. The
insertion of the P2 vap. as hole transport layer in between ITO and Alq; increases the
quantum efficiency (QE) and luminous efficiency. These values are rather good for
such films and especially the quantum efficiency is highly improved compared to the
films presented in Figure 1. This demonstrates the potential of the vacuum deposited
films. We assume that the good performance of the vacuum deposited films is due to the
fact that the film is very homogenous and especially free of ions.

Conclusions

We observed that some anionic polymers with triarylamine moieties, which are easily
accessible by radical polymerization, can be used for the preparation of thin
semiconducting organic films in two extremely different ways: One is the LBL
assembly from solution with a cationic polyelectrolyte as counter system; the other is
direct vacuum deposition, whereby the polymer loses its ionic character (imidization)
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and degrades to oligomers, while keeping the functional groups intact. The layer
build-up by LBL with precursor PPV as polycation allows, thereby, fine tuning of the
film thickness (number of deposition cycles) and the preparation of organic LEDs.
The vacuum deposition of oligomers (P2 vap.) has the advantage that a multilayer
LED can be produced without vacuum breaking.

A direct comparison of the organic LEDs prepared with both methods is difficult,
because different layer structures were prepared. By LBL assembly (spin-coating
variant) layers intermixed at a —more or less- molecular level from polytriarylamine
(hole conductor) and PPV (emitter) were prepared. This film can be used as LED, but
its performance was poorer as that of LEDs [33] from plain spin-coated PPV bulk
films deposited at ITO. Vacuum deposition of oligomers was used to build a two-layer
structure with the triarylamine oligomer for hole transport and Alq; as emitter. This
set-up gave a very nice LED, with highly improved quantum efficiency. We assume
that its good performance results from the fact that this film is free of ions.

Experimental Section

'H NMR spectra were measured on a Bruker 300 MHz FT spectrometer. Infrared
spectra were measured on a Bruker Vector 22 FT-IR spectrometer with a Harrick
ATR unit. Gel permeation chromatography (GPC) at RT was used to determine the
molecular weight with THF as eluent. For this purpose combination of a Jasco
PU-1580 pump, Autosampler AS 1555, UV-detector UV 1575 and RI-detector RI 1530
were used. (Wyatt light scattering, MZ-Gel SDpluleZ, 10* A and 10° A). To evaluate
the data universal calibration based on polystyrene standards was used. UV/Vis
absorption spectra were taken with a Shimadzu UV-2102 PC spectrometer and
photoluminescence (PL) spectra were taken with a Fluoromax-II fluorometer (ISA).
All electrochemical tests were performed using an Autolab PGSTAT30 (Eco Chemie)
Potentiostat/Galvanostat. Pt wire and Ag/AgCl were used as the counter and reference
electrodes. Polymer films coated on ITO-coated glass were used as the working
electrodes and 0.1 M tetrabutylammonium tetrafluoroborate (TBABF,) in acetonitrile
was used as the electrolyte using ferrocene as the internal standard. For these
investigations, thin mono-layer P1-P2 films were coated on Pt-working electrodes
from the polymer solution in THF:H20 = 5:1 mixture solvents [26]. The scan for
cyclic voltammograms of P1 and P2 was made anodically, proceeding from 0 V to
+1.1 V. The substrates were treated by UV ozone ambient condition of a UVO
cleaner, UVO-42 and for spin-coating; a Convac ST146 spin-coater was used.

Preparation of triarylamine polymer P1-P2 and their multilayer build-up

The synthesis of the polymers started with the radical copolymerization of maleic
anhydride and triarylamine monomers and the multilayer build-up of polymers P1-P2
is described elsewhere [26] in more detail. To determine the molecular weight, the
resulting alternating copolymer was analyzed by GPC with THF as eluent; a M, :
98720 g/mol , M,, : 150900 g/mol and polydispersity index (PDI) (M,/M,) : 1.53 were
found. After treatment of the potassium hydroxide or alkyl amine solution, the
synthesized polymers P1 and P2 are composed with two different moieties; one part is
the two carboxylate groups derived from maleic anhydride for P1 or only one
carboxylate group and amide group derived from maleic anhydride and amine solution
for P2 and the other part is triarylamine.
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P1: '"H NMR (CD,Cl,, 300 MHz): 6 = 6.97 (14H, arom H), 1.66 (5H, main chain)
IR (ATR): 1586 (CO) cm'

P2: '"H NMR (CD,Cl,, 300 MHz): 6 = 6.93 (14H, arom H), 2.47 (5H, main chain),
1.82 (3H, NH-CH5)
IR (ATR): 1641 cm™ (amide bond), 1585 (CO) cm’

P2 vap.: 'H NMR (CD,Cl,, 300 MHz): § = 7.23 (4H, arom H), 7.02 (10H, arom H),
2.93 (5H, main chain), 1.54 (3H, N-CHj;)

IR (ATR): 1702 cm™ (imide bond), 1587 (CO) cm’

M,: 1448 g/mol, M,,: 2079 g/mol, PDI (M,/M,): 1.43

The multilayers were build-up by the spin-coating variant of LBL as described in refs.
26 and 32.

The Optical and electrochemical properties and energy levels of the P1 and P2 in
Table 1 were obtained based on the UV/Vis and PL spectra and CV data. The HOMO
and LUMO levels calculated according to an empirical formula, Egomo = -€ (Eox + 4.4)
(eV) and E ymo = -€ (Ereq + 4.4) (e V) [29]. Band gaps were calculated from the onset of
the UV/Vis absorption spectra (A = 1240 /V).

P2 vap. film fabrication by vacuum deposition method.

The devices with P2 vap. film as the hole-transporting layer (HTL), Alqs as the
electron-transport layer (ETL) and the cathode of LiF/Al were fabricated on
precleaned ITO glass substrates (sheet resistance of about 10 Q/cm®). The ITO
substrate (10 cm’, 150 nm thick) was cleaned ultrasonically in organic solvents
(isopropyl alcohol, acetone, and methanol) and rinsed in de-ionized (DI) water. It was
dried in an oven kept at 100 °C for more than 30 min. The device was fabricated with
the successive vacuum deposition of P2, Alqs;, LiF, and aluminum (Al), under
a vacuum (< 3 x 10 Torr) without breaking vacuum. The deposition rates for organic
layers were about 0.1~0.15 nm/sec and about 0.3nm/sec for Al. The active area of the
OLED, defined by the overlap of the ITO and the Al cathode, was 1.96 mm’. High
conducting PEDOT:PSS (Baytron P AI 4083) was spin-coated (4000 rpm) with
thickness 40 nm after passing a 0.5 pm filter. And then dried at vacuum oven in 120°C
over 30 min. The current-voltage-luminance (I-V-L) characteristics were measured
with a Keithley 236 source-measure unit and a Keithley 2000 multimeter equipped
with a PMT through an ARC 275 monochromator. The luminous efficiency was
estimated by measuring the EL emission intensity with the calibrated Si photodiode
placed at the normal angle to the device surface and assuming that the device is
a Lambertian source.

Acknowledgements. The authors thank the International Research Training Group (IRTG)
Mainz — Seoul jointly funded by DFG and KOSEF for support.

References

1. Tang CW, Van Slyke SA (1987) Appl Phys Lett 51:913
2. Kolosov S, Adamovich V, Djurovich, P, Thompson ME, Adachi, C (2002) J] Am Chem
Soc 124: 9945



e

17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.

28.
29.
30.

31.
32.
33.
34.

35.

803

Baldo MA, O’Brien DF, You Y, Shoustikov A, Sibley S, Thompson ME, Forrest SR
(1998) Nature 395:151

Shirota Y, Kinoshita M, Noda T, Okumoto K, Ohara T (2000) J Am Chem Soc 122:11021
Mitschke U, Bauerle P (2000) J Mater Chem 10:1471

Katz HE, Bao Z (2000) J Phys Chem B 104:671

Katz HE, Bao Z, Gilat SL (2001) Acc Chem Res 14:359

Dimitrakopoulos CD, Malenfant PRL (2002) Adv Mater 14:99

Horowitz G (1998) Adv Mater 10:365

. Sirringhaus H, Tessler N, Friend RH (1998) Science 280:1741
11.
12.
13.
14.
15.
16.

Brabec CJ, Sariciftci NS, Hummelen JC (2001) Adv Funct Mater 11:15

Yu G, Gao J, Hummelen JC, Wudl F, Heeger AJ (1995) Science 267:1969

Antoniadis H, Hsieh BR, Abkowitz MA, Jenekhe SA, Stolka M (1994) Synth Met 62:265
Jenekhe SA, Yi S (2000) Appl Phys Lett 77:2635

Sapp SA, Sotzing GA, Reynolds JR (1998) Chem Mater 10:2101

Kumar A, Welsh DM, Morvant MC, Piroux F, Abboud KA, Reynolds JR (1998) Chem
Mater 10:896

Adachi C, Tsutsui T, Saito S (1989) Appl Phys Lett 55:1489

Adachi C, Tokito S, Tsutsui T, Saito S 1988 Jpn J Appl Phys 27:1.269

Thelakkat M (2002) Macromol Mater Eng 287:442

Han E, Do L, Yamamoto N, Fujihira M (1996) Mol Cryst Liq Cryst 280:349

De Leeuw DM, Lous EJ (1994) Synth Met 65:45

Garnier F, Yassar A, Hajlaoui R, Horowitz G, Deloffre F, Servet B, Ries S, Alnot P (1993)
J Am Chem Soc 115:8716

Miyashita K, Kaneko M (1995) Synth Met 68:161

Kobayashi S, Haga Y (1997) Synth Met 87:31

Lee CH, Kang GW, Jeon JW, Song WIJ, Seoul C (2000) Thin Solid Films 363:306

Choi K, Yoo S, Sung YE, Zentel R (2006) Chem Mater 18:5823

(a) Decher G, Hong JD, Schmitt J (1992) Thin Solid Films 210/211:831 (b) Ferreirat M,
Rubner MF (1995) Macromolecules 28:7107 (c) Park SY, Rubner MF, Mayes AM (2002)
Langmuir 18:9600

Berlin A, Zotti G (2000) Macromol Rapid Commun 21:301

Liu Y, Liu MS, Jen AKY (1999)Acta Polym 50:105

(a) Yang X, Mo Y, Yang W, Yu G, Cao Y (2001) Appl Phys Lett 79:563 (b) Deng XY,
Tong SW, Hung LS, Mo YQ, Cao Y (2003) Appl Phys Lett 82:3104

Onitsuka O, Fou AC, Ferreira M, Hsieh BR, Rubner MF (1996) J Appl Phys 80:4067

Choi K, Zentel R, (2006) Macromol. Chem. Phys. 207:1870

Kim H, Cho J, Kim DY, Char K, (2007) Thin Solid Films in press

Huang L, Shi Y, Chen L, Jin X, Liu R, Winnik MA (2000) J Polym Sci Part A: Polym
Chem 38:730

Karangu NT, Rezac ME, Beckham HW (1998) Chem Mater 10:567




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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 <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 Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


