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ABSTRACT This comprehensive study of the horizontally p-type stacked nanosheets inversion mode thin-
film transistor with gate-all-around (SNS-GAATFT) and multi-gate (SNS-TFT) structures. The stacked
nanosheets device structure, fabrication, and electrical characteristics are analyzed. The SNS-GAATFT
reveals better performance to multi-gate SNS-TFT. The proposed inversion mode SNS-TFT has properties
of the easy process with low cost and compatible with all 3-D Si CMOS and AMOLED applications.
Moreover, the SNS-GAATFT is suitable for future monolithic 3-D IC for 2015’s ITRS technology roadmap
for the year 2024-2030.

INDEX TERMS Thin-film transistor (TFT), gate-all-around (GAA), Nanosheet (NS), stacked structure.

I. INTRODUCTION
To reduce the cost and enrich the smartphone, more functions
are required to embed on a glass substrate of LCD and OLED
display, which are called system on panel (SOP). Therefore,
high-performance TFT is favorable, and multi-gate TFT
is a strong candidate to enhance transistor characteristics.
The multi-gate structure, such as tri-gate [1], and gate-
all-around [2], [3] with ultra-thin body channel [4], [5],
effectively enhance the gate control of the channel and
thus reduce short channel effect (SCE) and leakage current.
Recent studies [6], [7] have used 3D stacking technologies to
integrate with multi-gate structures. However, the multi-gate
TFT of the nanosheet channel with ultra narrow thickness
yields a low conducting area and also has a high parasitic S/D
resistance, resulting in the low driving current. Therefore, we
provide a horizontally p-type multi-layer stacked nanosheets
thin-film transistor with the gate-all-around structure to over-
come this low driving current issue. In addition, we used
3D TCAD simulator to verify the SNS-GAATFT nanosheet

dimension design. In short, the SNS-TFT suits for high
driving current monolithic 3D (M3D) IC and AMOLED
applications [8], [9].

II. EXPERIMENTAL DETAILS
Figure 1 shows the schematic diagram of channel structure
and key process flow of the p-type stacked nanosheets thin
film transistor (SNS-TFT) and the p-type stacked nanosheets
gate-all-around thin film transistor (SNS-GAATFT). The
double-channel SNS-GAATFT is fabricated by firstly grow-
ing a 400-nm-thick thermal SiO2 layer on the 6-inch silicon
wafer. A 50-nm-thick undoped amorphous silicon (a-Si)
layer was deposited by low-pressure chemical vapor deposi-
tion (LPCVD) at 550oC as the bottom channel. Then, the a-Si
layer was crystallized by solid-phase recrystallization (SPC)
method at 600oC for 24 hrs in a nitrogen ambient atmo-
sphere, forming large grains. A 30-nm-thick dry oxide was
grown to separate two vertically stacked channels. Then,
another 50-nm-thick a-Si was deposited by LPCVD and used

2168-6734 c© 2018 IEEE. Translations and content mining are permitted for academic research only.
Personal use is also permitted, but republication/redistribution requires IEEE permission.

VOLUME 6, 2018 See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. 1187

https://orcid.org/0000-0001-7570-7949
https://orcid.org/0000-0002-9976-5657
https://orcid.org/0000-0001-9409-6792


LIN et al.: PERFORMANCE OF SNS GAA AND MULTI-GATE TFTs

FIGURE 1. The structure and key process flow of the p-type stacked
nanosheets thin film transistor (SNS-TFT) and the p-type stacked
nanosheets gate-all-around thin film transistor (SNS-GAATFT).

SPC method as the top channel. The top channel applied oxi-
dation trimming method to form a nanosheet (NS). The active
region of the device was patterned by electron beam lithog-
raphy (EBL) and transferred by reactive-ion etching (RIE).
For forming GAA structure, the devices were dipped in
BOE solution for suspending nanosheets. Next, a 10-nm-
thick thermal SiO2 layer was grown as the gate oxide layer.
Then, 200-nm-thick in-situ doped n+ poly-Si was formed as
a gate electrode, and then patterned by EBL and RIE. The
bottom and top channels were both implanted with same
BF2 ions dosage of 5E15 with 90 keV and 30 keV, respec-
tively. Then, the dopant was activated by the rapid thermal
annealing (RTA). After RTA, the top and the bottom channel
region are doped with same concentration. The concentration
of the top and the bottom channel region is confirmed by
secondary ion mass spectrometer (SIMS). A 200-nm-thick
TEOS was deposited as a passivation layer. Finally, a 300-
nm-thick Al-Si-Cu metallization was performed and sintered
at 400 oC for 30 minutes.

III. RESULTS AND DISCUSSION
Figure 2 (a) displays the TEM images of the SNS-TFT
channel. The width and the height of the bottom channel of
the SNS-TFT are 93.4 nm and 10.7 nm, respectively. And
the width and height of the top channel of the SNS-TFT are
72.4 nm and 21.3 nm, respectively. The gate oxide thickness
of the SNS-TFT is around 10.7 nm. It is noteworthy that
the bottom channel of the SNS-TFT is a double gate device
and the top channel of the SNS-TFT is a tri-gate device.
Figure 2 (b) displays the TEM images of the SNS-GAATFT
channel. The width and the height of the bottom channel of
the SNS-GAATFT are 133 nm and 17.6 nm, respectively.
And the width and height of the top channel of the SNS-
GAATFT are 111 nm and 13.7 nm, respectively. The gate
oxide thickness of the SNS-GAATFT is around 9 nm.
Figure 3 plots the normalized ID-VG curves for

the (a) SNS-GAATFT and (b) SNS-TFT, respectively. The
subthreshold slope (SS) of the SNS-GAATFT and SNS-TFT
are 98.7 mV/dec and 151 mV/dec, respectively. Notably, the

FIGURE 2. TEM images for the two stacked nanosheet channels
of (a) SNS-TFT and (b) SNS-GAATFT. Important dimensions are indicated.
The inset SEM images are ten nanosheets after gate pattern dry etching.

FIGURE 3. (Experimental results) The ID–VG curves of (a) SNS-GAATFT
(Weff = (111+133+17.6×2+13.9×2)×10 nm) and (b) SNS-TFT (Weff =
(72.4+21.3×2+10.7×2)×10 nm).

SNS-GAATFT has superior electrical characteristics such as
lower off current and higher on/off current ratio, which owing
to the gate-all-around structure has better gate control abil-
ity. Figure 4 (a)-(b) demonstrates temperature dependence
on ID–VG curves for SNS-GAATFT and SNS-TFT devices.
The SNS-GAATFT device exhibits the smallest temperature
coefficients of VTH (−2 mV/oC) and SS owing to the better
gate control ability. Figure 5 (a)-(c) show the DIBLs, SS and
off current at various LG from 0.5µm to 1.0µm for SNS-
GAATFT and SNS-TFT devices. The mean value is obtained
from results for twenty devices with the same conditions with
each LG. The results reveal that the SNS-GAATFT structure
can reduce short channel effect.
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FIGURE 4. (Experimental results) The temperature variation effect of
ID–VG curves of the (a) SNS-TFT and (b) SNS-GAATFT.

FIGURE 5. (Experimental results) The comparison with the (a) DIBL, (b) SS
and (c) IOFF at various LG from 0.5 µm to 1.0 µm for the SNS-TFT and
SNS-GAATFT. The mean and variation value is obtained from results of
twenty devices. SNS-GAATFT shows smaller DIBL, SS, and IOFF than
SNS-TFT, owing to GAA structure has best gate electrical control.

Further detail study, technology computer-aided
design (TCAD) simulation results are also utilized to
demonstrate the physical inside of the SNS-GAATFT

FIGURE 6. Device structure and important parameters of TCAD simulated
of the p-type SNS-GAATFT.

and SNS-TFT. The simulated device structure and the
important parameters are shown in Figure 6. The dimension
of the simulated device is similar with the experimental
SNS-GAATFT. The gate length (LG) is set to 10 nm. This
simulation used 10 nm of SiO2 as the gate oxide. The
channel fin width (FW) is 80 nm and the top (Fht) and
bottom (Fhb) channel height are 20 nm. The interlayer oxide
is 15 nm which is between the top (Fht) and bottom (Fhb)
channel. The doping concentrations of the source/drain
and channel region are 1×1020 cm−3 and 1×1016 cm−3,
respectively. Phosphorus and Boron are used as the n-type
and p-type dopant in the device simulation, respectively.
The physical models of Sentaurus TCAD were used to per-

form 3D simulations, which included density-gradient (DG)
model, bandgap narrowing (BGN). The DG model for
quantum correction was calibrated to the solution of the
Poisson–Schrödinger equations. In order to take the high
doping concentration of the source and drain region, the BGN
model was comprised. The generation-recombination mech-
anisms are based on the doping concentration-dependent
Shockley-Read-Hall (SRH) recombination model were also
considered.
In this study, the nanosheets channel dimension design

was analyzed by simulation and experiment, shown in
Figure 7 (a)-(b). Figure 7 (a) plots the simulation results on
Ion/Ioff ratio versus the channel thickness and the nanosheet
width for the SNS-GAATFT. Reducing the channel thickness
and enlarging the nanosheet width improves Ion/Ioff ratio of
the SNS-GAATFT. Thinner channel thickness has excellent
gate control to reduce Ioff. Figure 7 (b) experimental results
indicate that higher on current at the same off current can be
enabled by larger width result from longer channel perimeter
for a given track.
Figure 8 shows the TCAD simulated results for cross-

sectional structure of the SNS-GAATFT and SNS-TFT
with (a) Off state at VD = −1V, VG = 0V and (b) On
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FIGURE 7. (a) TCAD simulated 3D plot of SNS-GAATFT with different NS
width and channel thickness for ION/ IOFF ratio. It reveals that ultra-thin
body and wide channel width has best ION/ IOFF ratio. (b) Experimental
results of ION–IOFF performances of SNS-GAATFT with different channel
width. Currents are all normalized by top width under the same channel
thickness. Wide and thin SNS-GAATFT shows optimal ION and IOFF.

FIGURE 8. TCAD simulated results for cross-section of the p-type SNS-TFT
and SNS-GAATFT at (a) Off state (VD = −1V, VG = 0V) and (b) On state
(VD = −1V, VG = −1V). SNS-GAATFT both show superior On and Off
performance.

state at VD = −1V, VG = −1V. In the off state, the SNS-
GAATFT can effective fully deplete hole as a result of the
device has better gate control ability. In the on state, the
hole density results show that both the top channel and bot-
tom channel of SNS-GAATFT are tri-gate devices. For the
SNS-TFT, the top channel is a tri-gate device and the bottom
channel is a double gate device.

IV. CONCLUSION
The horizontally p-type stacked nanosheets inversion thin-
film transistor with gate-all-around (SNS-GAATFT) and
multi-gate (SNS-TFT) structures are successfully demon-
strated. The SNS-GAATFT reveals the better Ion/Ioff ratio,
SS, and DIBL. The TCAD simulation results also support
the devices experimental performance. The SNS-TFT and
SNS-GAATFT are highly promising for 2015’s ITRS tech-
nology roadmap to the year 2024-2030[11]. Also, this high-
performance SNS-GAATFT and SNS-JLTFT are favorable
for AMLCD and AMOLED.

REFERENCES
[1] S. Natarajan et al., “A 14nm logic technology featuring 2nd-generation

FinFET, air-gapped interconnects, self-aligned double patterning and
a 0.0588 µm2 SRAM cell size,” in Proc. IEEE Int. Electron Devices
Meeting, 2014, pp. 3.7.1–3.7.3, doi: 10.1109/IEDM.2014.7046976.

[2] B.-H. Lee et al., “A vertically integrated junctionless nanowire
transistor,” Nano Lett., vol. 16, no. 3, pp. 1840–1847, Mar. 2016,
doi: 10.1021/acs.nanolett.5b04926.

[3] H. B. Chen et al., “Performance of GAA poly-Si nanosheet (2nm)
channel of junctionless transistors with ideal subthreshold slope,” in
Proc. Symp. VLSI Technol., 2013, pp. T232–T233.

[4] M. S. Yeh et al., “High performance ultra-thin body (2.4nm) poly-
Si junctionless thin film transistors with a trench structure,” in
Proc. IEEE Int. Electron Devices Meeting, 2014, pp. 26.6.1–26.6.4,
doi: 10.1109/IEDM.2014.7047115.

[5] Y. C. Cheng et al., “Performance enhancement of a novel P-type
junctionless transistor using a hybrid poly-Si fin channel,” in
Proc. IEEE Int. Electron Devices Meeting, 2014, pp. 26.7.1–26.7.4,
doi: 10.1109/IEDM.2014.7047116.

[6] N. Loubet et al., “Stacked nanosheet gate-all-around transistor to
enable scaling beyond FinFET,” in Proc. Symp. VLSI Technol., 2017,
pp. T230–T231, doi: 10.23919/VLSIT.2017.7998183.

[7] P. Zheng, D. Connelly, F. Ding, and T.-J. K. Liu, “FinFET evolution
toward stacked-nanowire FET for CMOS technology scaling,” IEEE
Trans. Electron Devices, vol. 62, no. 12, pp. 3945–3950, Dec. 2015,
doi: 10.1109/TED.2015.2487367.

[8] F. Carta et al., “Sequential lateral solidification of silicon thin films
on cu BEOL-integrated wafers for monolithic 3-D integration,” IEEE
Trans. Electron Devices, vol. 62, no. 11, pp. 3887–3891, Nov. 2015,
doi: 10.1109/TED.2015.2479087.

[9] R. Ishihara et al., “Monolithic 3D-ICs with single grain Si thin film
transistors,” in Proc. IEEE 11th Int. Conf. Solid-State Integr. Circuit
Technol., 2012, pp. 1–4, doi: 10.1109/ICSICT.2012.6467714.

[10] TCAD Sentaurus Device Manual, Synopsys SDevice Ver. K-2015.06,
Synopsys, Inc., Mountain View, CA, USA, 2015.

[11] (2015). ITRS Roadmap Version 2.0. [Online]. Available:
http://www.semiconductors.org/main/2015_international_technology_
roadmap_for_semiconductors_itrs/

YU-RU LIN was born in Kaohsiung, Taiwan, in
1990. She is currently pursuing the Ph.D. degree
with the Department of Engineering and System
Science, National Tsing Hua University, Hsinchu,
Taiwan. Her current research interests include
fabrication nanoelectronic devices, flash memory
devices, junctionless nanodevices, thin-film tran-
sistors, FinFETs, and gate-all-around nanodevices.

YI-YUN YANG was born in Chiayi, Taiwan. She
received the master’s degree from the Department
of Engineering and System Science, National
Tsing Hua University, Hsinchu, Taiwan, in 2017.
Her current research interests include modeling
and simulation of semiconductor nanodevices,
field effect transistors, junctionless nanodevices,
and nonvolatile memory. In 2017, she joined
Taiwan Semiconductor Manufacturing Company
Ltd., Hsinchu, as an Engineer.

YU-HSIEN LIN was born in Yi-Lan, Taiwan, in
1979. He received the B.S., M.S., and Ph.D.
degrees in electronics engineering from National
Chiao-Tung University, Hsinchu, Taiwan, in 2001,
2002, and 2006, respectively. His Ph.D. dis-
sertation research focused on engineering and
physics of advanced memory devices (in partic-
ular, nanocrystal-based). He is currently a Full
Professor with the Department of Electronic
Engineering, National United University, Taiwan.

1190 VOLUME 6, 2018

http://dx.doi.org/10.1109/IEDM.2014.7046976
http://dx.doi.org/10.1021/acs.nanolett.5b04926
http://dx.doi.org/10.1109/IEDM.2014.7047115
http://dx.doi.org/10.1109/IEDM.2014.7047116
http://dx.doi.org/10.23919/VLSIT.2017.7998183
http://dx.doi.org/10.1109/TED.2015.2487367
http://dx.doi.org/10.1109/TED.2015.2479087
http://dx.doi.org/10.1109/ICSICT.2012.6467714


LIN et al.: PERFORMANCE OF SNS GAA AND MULTI-GATE TFTs

ERRY DWI KURNIAWAN received the B.S.
degree in electrical engineering from Gadjah Mada
University, Indonesia, in 2009, the M.S. degree in
semiconductor technology from Asia University in
2014, and the Ph.D. degree from the Department of
Engineering and System Science, National Tsing
Hua University, Hsinchu, Taiwan, in 2018. He
is also a Research Scientist with the Research
Center for Electronics and Telecommunication,
Indonesian Institute of Sciences. His research
interest include novel nano-CMOS device,
simulation, and modeling.

MU-SHIH YEH was born in Taipei, Taiwan, in
1985. She received the Ph.D. degree from the
Department of Engineering and System Science,
National Tsing Hua University, Hsinchu, Taiwan,
in 2015. She joined the National Nano Device
Laboratories, NARL, Hsinchu, as an Associate
Researcher. She was engaged in developing the
fabrication nanoelectronic devices, SiGe nan-
odevice, junctionless nanodevices, gate-all-around
nanodevices, thin film transistors, FinFET, and
flash memory devices.

LUN-CHUN CHEN was born in Yilan, Taiwan,
in 1985. He received the M.S. degree from the
Department of Engineering and System Science,
National Tsing Hua University, Hsinchu, Taiwan,
in 2009, where he is currently pursuing the Ph.D.
degree. He is a Device Engineer with eMemory
Technology Inc.

YUNG-CHUN WU received the Ph.D. degree in
electronics engineering from National Chiao-Tung
University, Taiwan, in 2005. Since 2017, he has
been a Full Professor with the Department of
Engineering and System Science, National Tsing
Hua University, Hsinchu, Taiwan. His research
interests include nanoelectronic CMOS devices
technology and TCAD simulation, flash mem-
ory devices, and solar cells. He has authored a
book entitled 3D TCAD Simulation for CMOS
Nanoeletronic Devices (Springer, 2018).

VOLUME 6, 2018 1191



<<
  /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


