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ABSTRACT A reliable temporary bonding scheme with both inorganic amorphous silicon release layer
and HD-3007 polyimide based on high 355-nm-wavelength laser absorption coefficient in release layer is
proposed and investigated. Effects of laser absorption coefficient and laser ablation path are also studied
to develop a high throughput laser ablation process. The bonding scheme can be achieved within the
optimized temperature of 210 ◦C under 1 MPa bonding force. In addition, chemical resistance, mechanical
strength with reliability assessment, and thermal stability test for bonded structure are inspected. There
is no obvious degradation in electrical characterization after laser ablation, indicating that the temporary
bonding scheme has high potential to be used for 3-D integration applications.

INDEX TERMS Three-dimensional integration, temporary bonding, laser release.

I. INTRODUCTION
The desire to pursue smaller, thinner, and multifunctional
integration scheme is the motivation for the consumer elec-
tronics in the market such as smartphone, tablets, wearable
device, and Internet of Things (IoT) [1]. Therefore, three-
dimensional integration and advanced packaging scheme
have been proposed as promising solutions for the aforemen-
tioned pursue due to their advantages of small form factor,
low power consumption, and heterogeneous integration in
next generation semiconductor fabrication era [2], [3]. The
platforms that utilized this technology include fan-out wafer-
level package (FOWLP), 2.5D interposers with through sili-
con via (TSV), and 3D-IC high-density integration with TSV
interconnects [4]. The above-mentioned platforms involve
a key technology of mechanically supported thin wafer
handling through temporary bonding process [5].
The temporary bonded structure must meet the require-

ments of chemical resistance ability for subsequent back-
end-of-line (BEOL) process, thermal stability during post
fabrication process with a temperature of 300◦C or even

higher, and reliable mechanically bonding strength between
a carrier wafer and an ultra-thinned device wafer with
thickness below 100 µm [6], [7]. Moreover, release process
temperature and high throughput are both significant factors
that have to be taken into consideration in the de-bonding
technology. The prior arts have shown several useful tem-
porary bonding scheme and release methods to achieve the
demand of manufacturing process [6]–[8].
In this paper, a new bonding structure constituted with

both high UV absorption inorganic amorphous silicon as
release layer and the HD-3007 polyimide as adhesive layer
is demonstrated. The bonding structure is used for tempo-
rary bonding platform that utilizes carrier glass wafer and
amorphous indium gallium zinc oxide (a-IGZO) thin-film
transistors (TFTs) device wafer with room temperature high
throughput laser ablation procedure. Although amorphous
silicon as release layer has been successfully implemented
with the adhesive layer of spin on glass (SOG) in Tohoku
University [9], the distinct structure with more detailed
inspection for laser release technology is carried out in
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this paper. Hence, using the proposed promising bonding
structure with high throughput laser release scheme can be an
attractive option for 3D integration and advanced packaging
applications.

II. TEMPORARY BONDING AND LASER RELEASE
PROCEDURE
Fig. 1 shows the schematic process flow of temporary bond-
ing with fabricated device integration scheme. The key
technologies used are temporary bonding and laser release
process. Amorphous IGZO TFT is fabricated through the
process of photolithography, IGZO/TaN active/contact layer
sputtering, and oxide layer deposition. HD-3007 polyimide
adhesive layer is spin-coated and fully imidized at 300 ◦C for
30 min on the device wafer before bonding. The photolysis
polymer has been utilized as a release layer with great bond-
ing result as well as good laser ablation quality [10], [11]. In
addition, the promising candidate material of 250-nm-thick
amorphous silicon with higher absorption coefficient than
photolysis polymer is deposited by HDP-CVD on the car-
rier glass wafer (Corning Inc. Eagle XG glass wafer) with
the presence of boro-aluminosilicate. The device wafer is
bonded face-to-face with the carrier glass wafer for 10 min
under 1 MPa bonding force in the 1.33x10−7 hPa vac-
uum chamber. Subsequently, laser release process is applied
for the bonded structure between the polyimide adhesive
layer and amorphous silicon release layer at room temper-
ature. Finally, separation of the carrier wafer and device
wafer can be obtained without any extra force in a high
throughput scheme. In addition, the residue amorphous sil-
icon on both device wafer and glass wafer can be cleaned
by C4F8/SF6 chemistry dry-etching process with inductively
coupled plasma (ICP) [12]. Then the HD-3007 can be
removed with 60◦C EKC-865 solvent in 5 min with a 40 kHz
ultrasonic treatment.

FIGURE 1. Process flow of temporary bonding before and after laser
ablation process.

The wafer-level temporary bonding with amorphous sili-
con and HD-3007 polyimide as release layer and adhesive
layer is successfully developed under 220◦C low bonding

temperature and 1 MPa bonding force. Figures 2(a)-(e)
show the Scanning Acoustic Tomography (SAT) images
from 180◦C to 220◦C for the inspection of the bonding
quality [13]. Although some voids can be seen when bonding
temperature is below 210◦C, an entire well-bonded blan-
ket wafer can be achieved when bonding temperature is
at 210◦C. In addition, the amorphous IGZO TFT device with
optimized bonding temperature of 210◦C in Fig. 2(f) shows
the void-free bonding quality, which demonstrates a promis-
ing alternative for temporary bonding procedure.

FIGURE 2. SAT images of wafer-level bonding with different conditions as:
(a) 180◦C; (b) 190◦C; (c) 200◦C; (d) 210◦C; (e) 220◦C; and device wafer with
(f) 210◦C, 1 MPa.

The laser ablation mechanism is mainly focused on the
dry-etching process. The photon-energy from laser pulse shot
is projected onto the high absorption coefficient release layer,
then the molecular bonds are broken through the transition
of the material from solid phase to gas phase and some are
ejected as powder plume in the process [14]. To investigate
the optical characteristics of amorphous silicon, photolysis
polymer, and polyimide adhesive layer, these three materials
are coated on one glass wafer respectively, and then scanned
from 300 nm to 1100 nm wavelength through a spectrometer
to obtain their transmittances. The absorption coefficient of
three materials can then be calculated.

FIGURE 3. The absorption coefficient of adhesive, amorphous silicon, and
photolysis release layer under different wavelengths.
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Fig. 3 shows that the obvious difference of the absorption
coefficient among the adhesive layer, amorphous silicon, and
photolysis release layer at 355 nm wavelength. This indicates
that the UV wavelength can be absorbed into the amorphous
silicon and the photolysis release layer but not the adhe-
sion layer. In addition, the amorphous silicon has a higher
absorption coefficient than the photolysis polymer. Hence,
unlike the photolysis polymer used in prior art [10], [11],
250-nm-thick amorphous silicon, which does not require
aging process before bonding, is recommended as a great
release layer for temporary bonding.
The laser power density is about 196 mJ/cm2 when the

laser emission power is 2.5 W. To realize the throughput
ability of laser release process between amorphous silicon
and photolysis polymer, the ablated size with correspond-
ing laser emission power is investigated. The laser-ablated
radius in the amorphous silicon is slightly larger than in the
photolysis polymer, as shown in Fig. 4(a). Fig. 4(b) shows
the well laser release direction in meander shape with every
pulse laser shot overlapped by using a low-cost 355-nm
diode-pumped solid-state (DPSS) laser from KYO Laser De-
bonder. The throughput of laser ablation can be calculated
using formula (1)-(2):

Scan speed = f × Line pitch = f × R
√
2 (1)

Release time = A

Line pith× Scan speed
= A

2R2f
(2)

where R is the laser-ablated radius of the release area, A is
the laser-released area, and f is the frequency of laser auto-
mechanical scanning system. Scanning line pitch is designed
as the distance between two centers of the ablation area.
In addition, the laser release time for a 100-mm wafer in
diameter in this study is less than 15 s when amorphous
silicon is used as release layer. Therefore, larger ablated
size in the amorphous silicon release layer lead to shorter
laser release time and higher throughput, which is suitable
for 3D integration and advanced packaging.

FIGURE 4. (a) OM images of laser ablated on photolysis polymer and
amorphous silicon at different laser power. (b) Laser release direction with
overlapped ablation area in meander shape.

III. RELIABILITY ASSESSMENT OF BONDING SCHEME
In order to validate the bonding strength and the impact
of the subsequent manufacturing processes on both release

layer and adhesive layer, a chemical resistance assessment
is examined with five types of acid and alkaline solutions.
Table 1 shows the results of the bonded structure of amor-
phous silicon and HD-3007 polyimide [13]. The bonded
structure remains the same without de-lamination even after
being assessed for 30 minutes, indicating the feasibility
of a reliable bonded structure between device wafer and
carrier wafer.

TABLE 1. Results of bonded structure for chemical resistance assessment.

For the purpose of assessing the bonding strength
of the bonded structure between amorphous silicon and
HD-3007 polyimide, pull test is carried out to evaluate
mechanical characteristics on the diced bonded chip with size
of 2 cm x 2 cm. The optimized bonding temperature at 210◦C
has the highest bonding strength of 5.07 MPa with estimated
error of 15% as shown in Table 2, which has the similar
result as SAT images in Fig. 2(d). Moreover, the environmen-
tal conditions of BEOL fabrication procedure and reliability
assessment are also considered. Therefore, a humidity test
with the conditions of a 40% humidity at 25◦C in 75 days
and un-bias standard highly accelerated stress test (un-bias
HAST) based on JESD22A-118 with the conditions of 85%
humidity at 130◦C are utilized to realize the degree of decline
in the mechanical strength of the bonded structure. The
results of the mentioned reliability assessment conditions
in Fig. 5 indicate that the optimized bonding temperature at
210◦C has the highest bonding strength as compared to the
others.

TABLE 2. Pull-test results at different bonding temperature and reliability

assessment.

Thermal stability test is another emphasis for the post
integration process, which includes PECVD and permanent
bonding after temporary bonding procedure. Therefore, the
pull test investigation for the post annealing process with
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FIGURE 5. Pull-test results at different bonding temperature from 180◦C
to 220◦C and environmental reliability assessment.

FIGURE 6. Pull-test results at different assessment temperature within
10 min, 30 min, and 60 min.

FIGURE 7. Id-Vg behavior of a-IGZO TFT in gate length of 30 µm and 70 µm.

nitrogen flow in the oven from 150◦C to 350◦C within
10 min, 30 min, and 60 min are assessed with estimated error
of 15% on the bonded structure respectively. Fig. 6 shows
that when the annealing temperature is at and below 300◦C,
the bonding strength has only a slight variance without degra-
dation with an increased in annealing time. As a result, great
thermal stability for the temporary bonded structure can be
realized at temperature below 300◦C.

IV. A-IGZO TFT ELECTRICAL BEHAVIOR BEFORE AND
AFTER LASER ABLATION
To consider the applicable laser release process for real
device applications, two types of amorphous IGZO thin-film
transistor device have been assessed. Almost overlapping
results without deterioration of drain current before and after
the laser ablation process in TFT gate length of 30 µm and
70 µm demonstrate reliable electrical characteristic as shown
in Fig. 7. The results prove the high reliability of this tempo-
rary bonding platform using amorphous silicon and adhesive
polymer bonded structure during the laser ablation procedure.

V. CONCLUSION
In this study, a temporary bonding scheme with polyimide
adhesive layer and amorphous silicon inorganic release layer
has been successfully demonstrated. With a 250-nm-thick
high UV absorption coefficient release layer of amorphous
silicon, excellent bonding quality at bonding temperature of
210◦C, great chemical resistance, mechanical strength, ther-
mal stability below 300◦C, and reliable electrical behavior
before and after laser release process are achieved. In addi-
tion, the low-cost 355-nm diode-pumped solid-state (DPSS)
laser de-bonder and auto-mechanically applicable ablation
direction in meander path lead to high throughput fabrication
for laser ablation procedure. The successful implementation
and assessed results indicate the feasibility of amorphous
silicon as a promising candidate for temporary bonding in
3D integration and advanced packaging.

REFERENCES
[1] R. K. Trichur and T. D. Flaim, “Temporary bonding and thin wafer

handling strategies for semiconductor device processing,” Chip Scale
Rev., vol. 19, pp. 38–41, Nov./Dec. 2015.

[2] F. Liu et al., “A 300-mm wafer-level three-dimensional
integration scheme using tungsten through-silicon via and
hybrid Cu-adhesive bonding,” in Proc. Int. Electron Devices
Meeting (IEDM), San Francisco, CA, USA, Dec. 2008, pp. 1–4,
doi: 10.1109/IEDM.2008.4796762.

[3] R. R. Yu et al., “Reliability of a 300-mm-compatible 3DI technology
based on hybrid Cu-adhesive wafer bonding,” in Proc. Symp. VLSI
Technol. Circuits, Kyoto, Japan, Jun. 2009, pp. 170–171.

[4] R. K. Trichur and T. D. Flaim, “Evolution of temporary bonding
technology for advanced semiconductor packaging,” Chip Scale Rev.,
vol. 20, no. 5, pp. 12–18, 2016.

[5] B. Dang, B. Webb, C. Tsang, P. Andry, and J. Knickerbocker, “Factors
in the selection of temporary wafer handlers for 3D/2.5D integration,”
in Proc 64th Electron. Compon. Technol. Conf., Orlando, FL, USA,
May 2014, pp. 576–581, doi: 10.1109/ECTC.2014.6897343.

[6] W. L. Tsai et al., “How to select adhesive materials for temporary
bonding and de-bonding of 200mm and 300mm thin-wafer handling
for 3D IC integration?” in Proc. 61th Electron. Compon. Technol.
Conf., Lake Buena Vista, FL, USA, May/Jun. 2011, pp. 989–998,
doi: 10.1109/ECTC.2011.5898630.

[7] K. Zoschke et al., “Polyimide based temporary wafer bonding
technology for high temperature compliant TSV backside process-
ing and thin device handling,” in Proc. 62th Electron. Compon.
Technol. Conf., San Diego, CA, USA, May/Jun. 2012, pp. 1054–1061,
doi: 10.1109/ECTC.2012.6248966.

[8] M. Zussman, C. Milasincic, A. Rardin, S. Kirk, and T. Itabashi, “Using
permanent and temporary polyimide adhesives in 3D-TSV processing
to avoid thin wafer handling,” J. Microelectron. Electron. Packag.,
vol. 7, no. 4, pp. 214–219, 2010, doi: 10.4071/imaps.260.

VOLUME 5, NO. 2, MARCH 2017 139



CHENG et al.: FEASIBILITY INVESTIGATION OF AMORPHOUS SILICON AS RELEASE LAYER

[9] H. Hashiguchi et al., “A new temporary bonding technology with spin-
on glass and hydrogenated amorphous Si for 3D LSIs,” in Proc. Int.
Conf. Electron. Pakag. (ICEP), Toyama, Japan, Apr. 2014, pp. 74–77,
doi: 10.1109/ICEP.2014.6826664.

[10] T.-Y. Tsai, C.-H. Lin, C.-L. Lee, S.-C. Yang, and K.-N. Chen,
“An ultra-fast temporary bonding and release process based on thin
photolysis polymer in 3D integration,” in Proc. 3D Syst. Integr.
Conf. (3DIC), Sendai, Japan, Aug./Sep. 2015, pp. TS8.8.1–TS8.8.5,
doi: 10.1109/3DIC.2015.7334613.

[11] C.-A. Cheng et al., “Wafer-level MOSFET with submicron photol-
ysis polymer temporary bonding technology using ultra-fast laser
ablation for 3DIC application,” in Proc. Int. Symp. VLSI Technol.
Syst. Appl. (VLSI-TSA), Hsinchu, Taiwan, Apr. 2016, pp. 1–2,
doi: 10.1109/VLSI-TSA.2016.7480487.

[12] P. Harvey-Collard, A. Jaouad, D. Drouin, and M. Pioro-Ladrière,
“Inductively coupled plasma etching of amorphous silicon nanostruc-
tures over nanotopography using C4F8/SF6 chemistry,” Microelectron.
Eng., vol. 110, pp. 408–413, Oct. 2013.

[13] Y.-H. Huang et al., “Study of a novel amorphous silicon temporary
bonding and corresponding laser assisted de-bonding technology,” in
Proc. IEEE Electron. Compon. Technol. Conf. (ECTC), Las Vegas, NV,
USA, May/Jun. 2016, pp. 2547–2552, doi: 10.1109/ECTC.2016.308.

[14] H. Hichri, M. Arendt, and M. Gingerella, “Novel process of RDL
formation for advanced packaging by excimer laser ablation,” in Proc.
IEEE Electron. Compon. Technol. Conf. (ECTC), Las Vegas, NV, USA,
May/Jun. 2016, pp. 1733–1739, doi: 10.1109/ECTC.2016.225.

CHUAN-AN CHENG received the B.S. degree in
physics from National Chung Hsing University,
Taichung, Taiwan, in 2009.

He is currently pursuing the Ph.D. degree with
the Institute of Electronics Engineering, National
Chiao Tung University, Hsinchu, Taiwan. His
research interests focus on 2.5-D electronic pack-
aging, fan-out wafer level package, wafer level
bonding technology, through silicon via, hetero-
geneous integration, and 3-D integrated circuit
technologies.

YU-HSIANG HUANG received the B.S. degree
from the Department of Electrophysics, National
Chiao Tung University (NCTU), Hsinchu, Taiwan,
and the M.S. degree from the Department of
Photonics, NCTU.

He is currently a Product Engineer with Etron
Technology, Inc., Hsinchu.

CHIEN-HUNG LIN received the Ph.D. degree
from the Graduate Institute of Photonics and
Optoelectronics, National Taiwan University, and
the M.S. degree from the Department of Physics,
Chung Yuan Christian University.

He was a Research and Development Engineer
with AU Optronics Company to research on the
amorphous and microcrystalline silicon thin film
solar cells and heterojunction with intrinsic thin
layer solar cell from 2010 to 2012. In 2013,
he acted as the Deputy Technical Manager with

Topcell-Solar International Company of United Microelectronics Company
Group to research and develop advance technology in high efficiency solar
cells. From 2013 to 2014, he was a Project Manager with General Interface
Solution Company, Foxconn Group and was responsible for leading team
numbers to research and evaluate advance technologies, as force sensor and
metal mesh imprinting, for use in high-end touch cell phones.

Dr. Lin is currently the Director of the Semiconductor Technology
Research and Development Project Division with Kingyoup Optronics
Company Ltd. He is dedicated to research on semiconductor package tech-
nology and to develop advanced process equipment on the semiconductor
applications.

CHIA-LIN LEE received the M.S. degree in
physics from Tamkang University, New Taipei
City, Taiwan, in 2009.

He is currently a Section Manager of the
Research and Development Department, Kingyoup
Optronics Company Ltd. His research is on
advanced semiconductor package technology,
colossal magnetoresistance material, and physical
vapor deposition (PVD) technology.

SHAN-CHUN YANG received the B.S. degree in
chemical engineering and materials science from
Tamkang University, New Taipei City, Taiwan.

She is currently an Engineer in the Research and
Development Department, Kingyoup Optronics
Company Ltd. She is dedicated to research on
semiconductor package technology and to develop
advanced process equipment on the semiconductor
applications.

KUAN-NENG CHEN (M’05–SM’11) received the
M.S. degree in materials science and engineering
and the Ph.D. degree in electrical engineering and
computer science from the Massachusetts Institute
of Technology. He is currently a Professor with the
Department of Electronics Engineering, National
Chiao Tung University. He was a Research Staff
Member with the IBM Thomas J. Watson Research
Center.

He was a recipient of the NCTU Distinguished
Faculty Award four times, the NCTU Outstanding

Industry-Academia Cooperation Achievement Award three times, the CIEE
Outstanding Professor Award, the Adventech Young Professor Award, and
the EDMA Outstanding Service Award. He also holds five IBM Invention
Plateau Invention Achievement Awards.

Dr. Chen has authored over 250 publications and holds 77 patents. He has
given over 70 invited talks in industries, research institutes, and universities
worldwide. He is currently the Committee Member of the IEEE 3DIC, the
IEEE SSDM, the IEEE VLSI-TSA, IMAPS 3D Packaging, and DPS. He
is a member of Phi Tau Phi Scholastic Honor Society. His current research
interests are 3-D integrated circuits, through-silicon via technology, wafer
bonding technology, and heterogeneous integration.

140 VOLUME 5, NO. 2, MARCH 2017



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingBats
    /ZapfDingbatsITCbyBT-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


