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Chalcopyrite copper indium gallium (di)selenide (Cu(ln, Ga)Se, (CIGS)) thin film has been examined as an absorber
layer for solar cells because of its suitable absorption value, stability and economy in manufacture. CIGS thin films
belong to the I-II-VI2 group of the periodic table with the appropriate direct bandgap (1.5eV). In this study, CIGS
thin films were annealed at ~200°C for four different annealing times (15, 30, 45 and 60 min) to investigate the effect
of the annealing time on the crystalline structure and optical properties of CIGS thin films prepared by using the
sol-gel dip-coating technique. CIGS thin films annealed at ~200°C for 60 min were found to have the best structural
and optical properties in this study. As the crystallite size increased with the rise in the annealing time, the lattice
strain decreased, indicating the elimination of crystallite defects in the CIGS thin-film structure. Hence, the structural
changes affected the optical properties slightly and the rise in the optical absorbance (A%) resulted in a decrease in

the optical transmittance (T%).

Notation
A% absorbance (%)
D average crystal size

Eg; forbidden energy bandgap

hv energy of a photon (eV)

k constant related to the crystallite shape
T% transmittance (%)

absorption coefficient

full width at half maximum

lattice strain

Bragg’s angle of the related peak
wavelength of the X-ray radiation

1. Introduction

Chalcopyrite copper indium gallium (di)selenide (Cu(In, Ga)Se,
(CIGS)) thin film is a well-known p-type flexible absorber layer
for thin-film solar cell applications due to its high absorption
coefficient (>10°cm™ '), and its optimum energy bandgap is
1.5¢V.! CIGS thin films have a tunable direct energy bandgap
that can be changed from 1.04eV (CIS)* to 2.4eV (CuGaSe)®
by increasing the gallium (Ga) amount. CIGS thin-film solar
cells have high conversion efficiency among all thin-film
polycrystalline solar cells. An efficiency of 23.35% has been
reported for CIGS* and cadmium telluride (CdTe).> CIGS thin
films were produced by many different methods, such as high
thermal ~evaporation,® pulsed electron  growth,’
metal—organic chemical vapor deposition,® molecular beam
epitaxy’ and pulsed laser magnification.'® CIGS chalcopyrite is
well known for being more resistant to radiation damage than
other common semiconductor thin films, such as silicon (Si),
gallium arsenide (GaAs), cadmium sulfide (CdS) and gallium
nitride (GaN),"" which makes CIGS thin film a good candidate for
usage in satellite applications. There were some research studies
about the effect of ionizing radiation'>'® and annealing.
However, these are not enough yet for explaining the details of
the structural and optical properties of CIGS thin films.

vacuum

In this study, CIGS thin films were deposited by the sol—gel dip-
coating technique using a different and unique recipe, which is
economical and easily applicable.'’” ' CIGS thin films were
annealed at ~200°C for four different durations (15, 30, 45 and
60 min) to investigate the effect of the annealing time on the
crystalline structure and optical properties of CIGS thin films. The
thin films annealed in air atmosphere show low wvalues of
transmission and suitable absorption in the wavelength range of
interest. The increase in annealing time enhanced the structural
and optical properties of the CIGS thin films. The high absorption
coefficient and radiation hardness make CIGS thin films good
candidates for space application.?’

2. Experimental procedure

The precursor solution for depositing CIGS films by the sol-gel
dip-coating method was prepared from copper (II) nitrate
trihydrate (Cu(NO3),-3H,0; 99.999%), indium nitrate trihydrate
(In(NO3),:3H,0;  99.999%) and gallium hydrate
(Ga(NOs3);'H,0;  99.9%), and  ethanol, diethanolamine
(HN(CH,CH,0H),) and hydrochloric acid (HCI) were added to
the solution as a solvent and a stabilizer.'” The cleaned substrates

nitrate

were withdrawn in the solution by employing a computer-
controlled dip coater (KSV LMX2), and in every withdrawing
process, the films were preheated on a hot plate at 100°C in air
for 10 min; this process was repeated five times and then the films
were annealed at 200°C for 15, 30, 45 and 60 min in a fan-

assisted oven.2*

3. Results and discussion

3.1 Changes in the structural properties of CIGS thin
films at different annealing times

The CIGS thin films were grown through the sol-gel dip-coating

technique. The CIGS thin films coated with five layers were

withdrawn at the same speed (60 mm/min) and then exposed to

four different annealing times in under atmospheric conditions,
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15, 30, 45 and 60 min, at 200°C. The changes in the structural 30min

characterization of CIGS thin films annealed at different annealing ’g\
times were examined by X-ray diffraction (XRD) analysis. The =
full width at half maximum (FWHM) (B) values of samples were 5
determined by using the Fityk program,” and the average crystal 8

size (D) was calculated using the Debye—Scherrer formula
(Equation).24 The lattice strain (&) was calculated by using the
Williamson and Hall method (Equation 2).%

kA F
1. DiﬂCOSGB WWWW T T T T T T T T 1

Relative Intensity: arbitrary units

25 30 35 40
20:°
kA ; Figure 2. XRD patterns of CIGS thin films annealed for 30 min
5 [30059:3—&—2851110 gure 2. patterns o s annealed fo
where A is the wavelength of the X-ray radiation (1.5405 A); 6 is é Sl

the Bragg’s angle of the related peak; [ is the FWHM in radians;
and £ is the constant related to the crystallite shape and is taken as
0.94. Lattice strain is a measure of the distribution of lattice
constants resulting from crystal defects such as lattice
displacements. The crystallite size and the lattice strain affect the
Bragg peak depending on the increase in peak width and
intensity, which changes the peak value of 26.%

The XRD analysis indicates that the gallium selenide (Ga,Ses) M&AM\MWAM MMWMWW
35 40

crystalline structure has a diffraction plane at the (004) diffraction 30

plane and the copper gallium selenide (CuGaSe,) crystalline 26:°

structure has a diffraction plane at the (200) diffraction plane.*’

Figures 1-4 show the XRD analysis results of CIGS thin films Figure 3. XRD patterns of CIGS thin films annealed for 45 min
annealed at four different temperatures (15, 30, 45 and 60 min).
Moreover, all annealed samples show the diffraction peaks
corresponding to the crystal structure of chalcopyrite-type CIGS.

(200)

Relative Intensity: arbitrary units

N
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5 60 min
There is an increase in the crystalline size with the rise in the *é 8
annealing time, and the crystalline size was determined by using 2
the Debye—Scherrer formula. For the (004) diffraction plane, the I .
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f Figure 4. XRD patterns of CIGS thin films annealed for 60 min
=
&
[J]
o
e rise in the crystalline size was determined at D5, = 80.58 nm
25 30 26: © 35 40 as a result of the 15min annealing time. Furthermore, the

annealing time at 30 min resulted in an increase in the crystalline

Figure 1. XRD patterns of CIGS thin films annealed for 15 min size at D3 min = 107.45 nm. When the annealing time increased to
45 min, the crystalline size reached Dysp,i, = 108.85nm. The
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annealing time at 60 min led to an increase in the crystalline size
at Dgomin = 111.75 nm.

Analysis of the changes in strain broadening was performed by
using the Williamson and Hall method. The lattice strain on the
peak broadening indicated a rise with the increase in the
annealing temperature. The lattice strain decreased from 0.0033 to
0.0024 when the annealing time rose from 15 to 30 min. There
was a saturation range for the lattice strain (at € = 0.0024) when
the annealing time rose from 30 to 60 min. For the different
annealing times, the lattice strain was determined as €5m,in =
0.0033, &30 min = 0.0024, &45 min = 0.0024 and €gp min = 0.0024 by
using the Williamson and Hall method.

The intensity of the orientation in the diffraction plane (004; 200)
and the crystallite size increased with the rise in the annealing
time. The XRD patterns of CIGS thin films annealed for 60 min
reached the highest diffraction peak intensity. The XRD analysis
indicated that the increase in annealing time caused the crystalline
growth and improvement in the structural formation of the triplet
(CuGaSe,), binary (Ga,Ses) and chalcopyrite CIGS compounds.

Figure 5 presents the XRD diffraction patterns of the CIGS thin
films at four different annealing times to compare the variations in
FWHM and the changes in peak position.

The increase in the annealing time improved the crystalline
properties of the films.?® The additional weak shoulder peak at
20 = 31.72° was related to the presence of the CuGaSe, (200)
phase.?>*° The first and the second strongest diffraction peaks (in
Figure 5) are located at 26 = 31.64° (at the (004) diffraction
plane) and 26 = 31.72° (at the (200) diffraction plane) indicating
the CIGS crystal structure (annealed for 60 min). The peak
position (in Figure 5) has changed slightly, and the peak intensity
has increased clearly with the increase in the annealing time.
When the annealing time reached 60 min, the Ga,Se; (at the 004
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32.2 32.4

w
har
o
w
[N
w
~
w
o
w
o]
w
R
o

Figure 5. XRD patterns of CIGS thin films annealed at four
different times

diffraction plane) and CuGaSe, (at the 200 diffraction plane)
peaks become more intense and the crystallinity rose from 80.58
to 111.75 nm. The CIGS thin film annealed at 200°C exhibited a
strong peak and an additional weak shoulder peak at 26 = 31.72°.
It was assumed that this shoulder peak is related to the existence
of the CuGaSe, secondary phase, with the symmetry of lattice
vibrations different from that of chalcopyrite.”> The increase in
the annealing time led to an increase in peak intensity and
crystallinity, which presented as the strong peak.

3.2 Optical properties of CIGS thin films annealed at
different annealing times

The changes in the optical absorbance of CIGS thin film annealed
at ~200°C for four different annealing times were determined by
using optical transmittance and reflectance in the range
190-1100 nm, shown in Figure 6. It was determined that the
absorption of the CIGS thin film increased with the decrease in
the transmittance, depending on the increase in the annealed time
required to reach ~200°C. In the absorption process, the energy of
the incoming photon excites an electron from a lower to a higher
energy state.*”

The forbidden energy bandgap (E,) was calculated by taking the
equation used for direct transition regarding Mott and Davis®' in
Figure 7 by Equation 3.

3. (ahv)*= A(ahv — E,)

where 4 is a constant and E|, is the bandgap energy. Determining
E, involves plotting a graph of (chv)? as a function of photon
energy hv; the linear part of the graph is plotted with an intercept
on hv axis, given the energy band values of thin films, as shown
in Figure 7. This change indicated the increase in the absorption
coefficient as the forbidden energy bandgap (Eg30min = 2.16€V;
= 2.10€eV; Eg0min =

Eq45 min 2eV) decreased. The energy
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Figure 6. Optical transmittance and absorbance of CIGS thin films
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Figure 7. Energy bandgap of CIGS thin films

bandgap has decreased slightly with the increase in annealing
time.

XRD analysis results clearly revealed that chalcopyrite-type CIGS
crystals were grown at room temperature through the sol-gel dip-
coating technique. Furthermore, the annealing of the films at a
temperature of 200°C with various rises in annealing time (from
15 to 60 min) improved the optical absorption as a result of the
decrease in optical transmittance. The decrease in the energy
bandgap was related to the improvement in crystallinity.

4. Conclusion

The rise in the annealing time supported the increase in the
crystallite size. The decrease in the lattice strain is attributed to
the decrease in crystallite defects in the CIGS thin-film structure.
Moreover, the rise in the annealing time improved the absorption
by increasing transmission along with the enhancement of
structural characteristics of the CIGS thin film coated by the
sol-gel dip-coating method. The optical transmittance decreased
slightly with the increase in the annealing time. The increase in
the annealing time from 15 to 60 min improved the crystallinity of
the thin film with the decrease in the energy bandgap. It was
determined that there was a relation between the decrease in the
optical bandgap and the rise in the annealing time of the CIGS
thin film.

REFERENCES

1. Kodigala SR (2011) Cu(in;-.Ga,)Se> Based Thin Film Solar Cells.
Academic Press, Burlington, MA, USA, vol. 35.

2. Caballero R and Guillen C (2005) CulnSe, formation by selenization
of sequentially evaporated metallic layers. Solar Energy Materials
and Solar Cells 86(1): 1-10.

3. Mudryi A, Bodnar IV, Gremenok VF et al. (1998) Free and bound
exciton emission in CulnSe, and CuGaSe; single crystals. Solar
Energy Materials and Solar Cells 53(3—4): 247-253.

4. Green MA, Dunlop ED, Levi DH et al. (2019) Solar cell efficiency
tables (version 54). Progress in Photovoltaics: Research and
Applications 27(7): 565-575.

5. Romanyuk YE, Hagendorfer H, Stucheli P et al. (2015) All solution-
processed chalcogenide solar cells — from single functional layers

20.

21.

23.

24,

25.

towards a 13.8% efficient CIGS device. Advanced Functional
Materials 25(1): 12-27.

. Seyrling S, Calnan S, Bucheler S et al. (2009) Culn,_,Ga,Se,

photovoltaic devices for tandem solar cell application. Thin Solid
Films 517(7): 2411-2414.

. Rampino S, Bronzoni M, Colace L et al. (2015) Low-temperature

growth of single-crystal Cu(In,Ga)Se, films by pulsed electron
deposition technique. Solar Energy Materials and Solar Cells 133:
82-86.

. Choi I and Lee D (2007) Preparation of Culn;_,Ga,Se, films by

metalorganic chemical vapor deposition using three precursors. Thin
Solid Films 515(11): 4778-4782.

. Islam MM, Ishizuka S, Yamada A et al. (2009) CIGS solar cell with

MBE-grown ZnS buffer layer. Solar Energy Materials and Solar
Cells 93(6-7): 970-972.

. Jo YH, Mohanty BC and Cho YS (2010) Crystallization and

surface segregation in Culny ,Gag3Se, thin films on Cu foils grown
by pulsed laser deposition. Applied Surface Science 256(22):
6819-6823.

. Flitsiyan E, Schwarz C, Chernyak K et al. (2011) Neutron irradiation-

induced enhancement of electronic carrier transport in ZnO. Radiation
Effects and Defects in Solids 166(2): 104-108.

. Matur UC and Baydogan N (2017) Changes in gamma attenuation

behaviour of sol-gel derived CIGS thin film irradiated using Co-60
radioisotope. Journal of Alloys and Compounds 695: 1405-1413.

. Baydogan N and Tugrul AB (2014) The effect of neutron and mixed

gamma and neutron irradiation on the solar properties of borosilicate
glass. Research on Chemical Intermediates 40(1): 299-306.

. Baydogan N, Ozdemir O and Cimenoglu H (2013) The improvement

in the electrical properties of nanospherical ZnO:Al thin film exposed
to irradiation using a Co-60 radioisotope. Radiation Physics and
Chemistry 89: 20-27.

. Baydogan N and Tugrul A (2013) Dose depth and penetration of light

dependence in the irradiated optical glass by reactor neutrons. Optical
Materials 36(2): 489-494.

. Baydogan N and Tugrul A (2012) Borosilicate glass for gamma

irradiation fields. Solid State Sciences 14(11): 1692—-1697.

. Evcin A, Arli E, Baz Z, Esen R and Sever EG (2017) Characterization of

Ag-TiO, powders prepared by sol-gel process. Acta Physica
Polonica A 132(3): 608-611.

. Cicek Bezir N, Evcin A, Kayali R, Ozen M and Esen K (2017)

Comparison of five-layered ZrO, and single-layered Ce, Eu, and Dy-
doped ZrO, thin films prepared by sol—gel spin coating method. Acta
Physica Polonica A 132(3): 612-616.

. Gode F, Yavuz F and Kariper | (2015) Preparation and characterization

of nanocrystalline PbS thin films produced by chemical bath
deposition. Acta Physica Polonica A 128(2-B): B215-B218.

Suvanam SS, Larsen J, Ross N et al. (2018) Extreme radiation hard thin
film CZTSSe solar cell. Solar Energy Materials and Solar Cells 185:
16-20.

Matur UC, Akyol S, Baydogan N and Cimenoglu H (2015) The
characteristic behaviors of solgel-derived CIGS thin films exposed to
the specific environmental conditions. In Energy Systems and
Management (Bilge A, Toy A and Giinay M (eds)). Springer, Cham,
Switzerland, pp. 179-191.

. Matur UC and Baydogan N (2017) Sol-gel derived Cu(In,Ga)Se, thin

film solar cell. Journal of Nanoelectronics and Optoelectronics 12(4):
352-358.

Wojdyr M (2010) Fityk: a general-purpose peak fitting program.
Journal of Applied Crystallography 43(5-1): 1126-1128.

Cullity BD (1956) Elements of X-ray Diffraction. Addison-Wesley,
Reading, MA, USA.

Mote V, Purushotham Y and Dole B (2012) Williamson—Hall analysis
in estimation of lattice strain in nanometer-sized ZnO particles.
Journal of Theoretical and Applied Physics 6(1): 1-8.

728
Downloaded by [] on [14/01/25]. Published with permission by the ICE under the CC-BY license



Emerging Materials Research
Volume 9 Issue 3

Annealing time effect on CIGS thin films
Matur and Baydogan

26. Zak AK, Majid HA, Abrishami ME and Yousefi R (2011) X-ray 29. Zaretskaya EP, Gremenok VF, Riede V et al. (2003) Raman

27.

28.

analysis of ZnO nanoparticles by Williamson—Hall and size—strain
plot methods. Solid State Sciences 13(1): 251-256.

Bi J, Ao J, Jeng MJ et al. (2017) Three-step vapor Se/N,/vapor Se
reaction of electrodeposited Cu/In/Ga precursor for preparing CulnGaSe,
thin films. Solar Energy Materials and Solar Cells 159: 352-361.
Ghafouri V, Ebrahimzad A and Shariati M (2013) The effect of
annealing time and temperature on morphology and optical properties
of ZnO nanostructures grown by a self-assembly method. Scientia
Iranica 20(3): 1039-1048.

Downloaded by [] on [14/01/25]. Published with permission by the ICE under the CC-BY license

spectroscopy of CulnSe; thin films prepared by selenization. Journal
of Physics and Chemistry of Solids 64(9-10): 1989-1993.

30. Javed A (2007) Preparation and study of the structural, optical and

electrical properties of Cu(In,Ga)Se, thin films. Turkish Journal of
Physics 31(5): 287-294.

31. Mott NF and Davis EA (2012) Electronic Processes in Non-crystalline

Materials. Oxford University Press, Oxford, UK.

How can you contribute?

To discuss this paper, please submit up to 500 words to the
journal office at journals@ice.org.uk. Your contribution will
be forwarded to the author(s) for a reply and, if considered
appropriate by the editor-in-chief, it will be published as a
discussion in a future issue of the journal.

ICE Science journals rely entirely on contributions from

the field of materials science and engineering. Information
about how to submit your paper online is available at
www.icevirtuallibrary.com/page/authors, where you will also
find detailed author guidelines.

729




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedExtraBold
    /AbadiMT-CondensedLight
    /AndaleMono
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BernardMT-Condensed
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /Braggadocio
    /BritannicBold
    /BrushScriptMT
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CurlzMT
    /Desdemona
    /EdwardianScriptITC
    /EngraversMT
    /EngraversMT-Bold
    /EurostileBold
    /EurostileRegular
    /FootlightMTLight
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans-UltraBold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /Gulim
    /Haettenschweiler
    /Harrington
    /Impact
    /ImprintMT-Shadow
    /KinoMT
    /LatinWide
    /LucidaBlackletter
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MaturaMTScriptCapitals
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /Onyx
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanOsF
    /Sabon-RomanSC
    /SimSun
    /Stencil
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Universal-GreekwithMathPi
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings
    /Wingdings2
    /Wingdings3
  ]
  /NeverEmbed [ true
    /Arial-BlackItalic
    /ArialUnicodeMS
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /LucidaConsole
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    23.95276
    23.95276
    24.12284
    24.12284
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Sheridan'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


