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Abstract—This paper investigates the electrostatic integrity (EI)
of ultra-thin-body (UTB) germanium-on-insulator (GeOI) and
InGaAs-OI n-MOSFETs considering quantum confinement (QC)
using a derived analytical solution of Schrödinger equation verified
with TCAD numerical simulation. Although the electron conduc-
tion path of the high-mobility channel device can be far from the
frontgate interface due to high channel permittivity, our study in-
dicates that the quantum confinement effect can move the carrier
centroid toward the frontgate and, therefore, improve the sub-
threshold swing (SS) of the UTB device. Since InGaAs, Ge, and
Si channels exhibit different degrees of quantum confinement due
to different quantization effective mass, the impact of quantum
confinement has to be considered when one-to-one comparisons
among UTB InGaAs-OI, GeOI, and SOI MOSFETs regarding the
subthreshold swing and electrostatic integrity are made.

Index Terms—Electrostatic integrity (EI), germanium-on-
insulator (GeOI), InGaAs-OI, quantum confinement (QC), sub-
threshold swing (SS), ultra-thin-body (UTB).

I. INTRODUCTION

G ERMANIUM or other III-V materials such as InGaAs as
channel materials have been proposed to enable the mo-

bility scaling for CMOS devices [1]–[3]. Their higher permit-
tivity, however, makes them more susceptible to short-channel
effects (SCEs). The ultra-thin-body (UTB) structure with thin
buried oxide (BOX) has been suggested to improve the device
electrostatic integrity (EI) [2]–[5]. With the scaling of channel
thickness, the quantum-confinement (QC) effect may become
important for scaled UTB devices especially for Ge and InGaAs
devices. Whether the quantum confinement effect will signifi-
cantly impact the EI of UTB GeOI and InGaAs-OI devices has
rarely been known and merits investigation. In this paper, we as-
sess the EI for undoped UTB GeOI and InGaAs-OI n-MOSFETs
with thin BOX using an analytical solution of Schrödinger equa-
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Fig. 1. Schematic sketch of a UTB structure with thin buried oxide (BOX). The
origin point is located at the channel/BOX interface of source/channel junction.
L is the channel length. Tch , Tox , and TBOX are thicknesses of channel, gate
oxide, and BOX, respectively.

tion [6]. This paper is organized as follows. In Section II, we
present the analytical solution of Schrödinger equation for UTB
MOSFETs under the subthreshold region and verify our calcu-
lated eigen-energy and subthreshold drain current with TCAD
numerical simulation. In Section III, we investigate and com-
pare the impact of quantum confinement on the subthreshold
integrity of GeOI and SOI devices. Investigation and compar-
ison of the EI considering the QC effect for UTB InGaAs-OI
and GeOI1 MOSFETs are presented in Section IV. Finally, the
conclusions are drawn in Section V.

II. ANALYTICAL SOLUTION OF SCHRÖDINGER EQUATION

Fig. 1 shows a schematic sketch of a UTB structure with
thin buried oxide and ground plane. To consider the quantum-
confinement effect along the channel-thickness (i.e., x) direc-
tion, the 1-D Schrödinger equation can be expressed as

− h̄2

2mx
· d2Ψj (x)

dx2 + EC (x) · Ψj (x) = Ej · Ψj (x) (1)

where Ej is the jth eigen-energy, Ψj is the corresponding wave-
function, and mx is the carrier quantization effective mass [7],
[8]. For long-channel undoped UTB MOSFETs, the conduc-
tion band edge EC (x) was usually treated as a triangular well
in the past [9]. However, to account for the drain-source cou-
pling for short-channel UTB MOSFETs, the conduction band
edge EC (x) in (1) should be treated as a parabolic well [10]
with potential energy EC (x) = αx2 + βx + γ, where α, β,
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and γ are channel-length-dependent coefficients and can be ob-
tained from the channel potential solution of Poisson’s equation
under subthreshold region [11], [12]. Using the parabolic-well
approximation, the solution of (1) can be expressed as [13]

Ψj =
∑

n

dn · xn (2a)

by using the power series method with the following coefficient
dn ’s:

d2 = −mx

h̄2 (Ej − γ) · d0

d3 = −mx

3h̄2 [(Ej − γ) · d1 − β · d0 ]

dn = − mx

n(n − 1)h̄2

×
[(

Ej − γ
)
· dn−2 − β · dn−3 − α · dn−4

]
, n ≥ 4.

(2b)

Then the jth eigen-energy Ej can be determined by the bound-
ary condition Ψj (x = 0) = Ψj (x = Tch ) = 0, where x = 0 and
x = Tch (channel thickness) are defined as the interface positions
of BOX/channel and channel/gate-oxide, respectively. Thus,
the eigen-energies and wavefunctions of short-channel UTB
MOSFETs under subthreshold region can be derived. By using
the calculated eigen-energies and wavefunctions, we can calcu-
late the electron density in the channel. The electron density can
be expressed as [7]

n (x, y) = NC,QM (x, y) · exp
(

EF (y) − EC (x, y)
kT

)
(3a)

NC,QM (x, y) =
∑

ν

{
dν md,ν kT

πh̄2

·
∑

j

[
exp

(
EC (x, y) − Ej,ν

kT

)
· |Ψj,ν (x, y)|2

] }
(3b)

where ν is the type of valley, dν is the degeneracy of the valley,
md,ν is the corresponding density-of-state effective mass [7], [8],
and EF (y) is the quasi-Fermi level along the channel-length
(i.e., y) direction. In other words, the impact of quantized eigen-
energies and wavefunctions on the electron density is incor-
porated into the effective density-of-state for conduction band
(NC,QM ) [14]. Using NC,QM , the subthreshold drain current
can be derived by [15], [16]

IDS =
qμnW (kT/q) [1 − exp(−qVDS/kT )]

∫ L

0 dy/
∫ Tch

0 NC,QM (x, y) · exp (−EC (x, y) /kT ) dx
(4)

where μn is the electron mobility, W is the channel width, and
kT/q is the thermal voltage.

We have verified our model using TCAD numerical sim-
ulation that numerically solves the self-consistent solution of
2-D Poisson and 1-D Schrödinger equations [17]. Fig. 2 shows
that the eigen-energies Ej ’s calculated by our model are fairly
accurate for both short-channel UTB GeOI and InGaAs-OI
MOSFETs. In addition, it can be seen from Fig. 3 that our cal-

Fig. 2. Conduction band edge and quantized eigen-energies of UTB GeOI
and InGaAs-OI MOSFETs for VDS = 1 V and VGS = Vth − 0.15 V. 140 terms
for (2a) are used in this study. ym in is where the minimum potential occurs for
carrier flow along the channel-length direction.

Fig. 3. Calculated subthreshold drain current with various Tch for GeOI and
InGaAs-OI devices considering the QC effect.

culated subthreshold drain current considering the QC effect for
various Tch shows good agreement with the TCAD numerical
simulation.

III. COMPARISON BETWEEN GEOI AND SOI MOSFETS

Fig. 4 shows that, for a given Tch (>6 nm), the QC effect
improves the short-channel subthreshold swing shift [defined
as SS(L) – SS(L = 100 nm)] of GeOI and SOI devices. In
addition, it can be seen in Fig. 4 that, for a given L, the impact of
quantum confinement on the short-channel subthreshold swing
shift of GeOI and SOI devices increases with Tch . This is because
the potential coupling from drain-source becomes stronger with
increasing channel thickness. Fig. 5(a) compares the classical
(CL) subthreshold swing of UTB GeOI and SOI devices for
various channel length (L) with Tch = 10 nm. It can be seen
that the classical SS of GeOI devices is worse than the SOI
one as L decreases because Ge has higher permittivity than the
Si counterpart. In Fig. 5(b), however, when the QC effect is
considered, the subthreshold swing of GeOI devices is quite
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Fig. 4. Impact of channel thickness on the short-channel subthreshold swing
shift ΔSS = SS(L) – SS(L = 100 nm) for GeOI and SOI devices.

Fig. 5. Comparison of the subthreshold swing of GeOI and SOI devices:
(a) without the QC effect, i.e., CL condition, and (b) with the QC effect.

Fig. 6. Electron density distribution for the GeOI device in the subthreshold
region with Tch = 10 nm. The arrow tip indicates the electron conduction path.

Fig. 7. Impact of channel thickness on the short-channel subthreshold swing
shift ΔSS = SS(L) – SS(L = 100 nm) for InGaAs-OI and GeOI devices.

close to that of the SOI devices even at L = 25 nm which means
that the SS of GeOI devices has larger improvement than that of
the SOI devices. This is because the GeOI device experiences
higher degree of quantum confinement than the SOI counterpart
due to the smaller quantization effective mass of Ge. The reason
why the QC effect improves the subthreshold swing of UTB
devices can be explained by Fig. 6, which shows the electron
density distribution along the channel thickness direction for the
UTB GeOI device with Tch = 10 nm.

It can be seen that the electron conduction path under
the classical condition is closer to the backgate interface
(BOX/channel interface) than the QC counterpart. Although
the use of thin BOX may suppress the buried-insulator-induced-
barrier lowering (BIIBL) [18] effect, the electron conduction
path of the GeOI device is still far from the frontgate interface
because of the high permittivity of Ge channel. However, the
quantum-confinement effect moves the carrier centroid toward
the frontgate interface so that the subthreshold swing of the UTB
GeOI device improves.
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Fig. 8. Comparison of the subthreshold swing for InGaAs-OI and GeOI de-
vices: (a) without the QC effect, i.e., CL condition, and (b) with the QC effect.

IV. COMPARISON BETWEEN INGAAS-OI
AND GEOI MOSFETS

Fig. 7 compares the impact of quantum confinement on the
short-channel subthreshold swing shift (ΔSS = SS (L) – SS
(L = 100 nm)) of InGaAs-OI and GeOI devices. It can be seen
that the InGaAs-OI devices show comparable classical short-
channel subthreshold swing shift to that of the GeOI devices.
However, as the QC effect is considered in Fig. 7, the InGaAs-OI
devices show better short-channel subthreshold swing shift than
the GeOI devices. Fig. 8(a) compares the classical subthreshold
swing of UTB InGaAs-OI and GeOI devices for various Tch
with L = 25 nm. It can be seen that the InGaAs-OI device with
Tch = 10 nm has almost the same classical subthreshold swing
as the GeOI device for VDS = 1 V. However, after considering
the QC effect [Fig. 8(b)], the InGaAs-OI device shows better
subthreshold swing than the GeOI counterpart. In addition, it

can be seen from Fig. 8(b) that the improvement of SS due to
the QC effect for InGaAs devices decreases with decreasing
Tch because of the suppression of drain-field penetration by
smaller Tch . It should be noted that, as indicated in Fig. 2,
the InGaAs device possesses a larger ground-state eigen-energy
(E0 − EC , min ) than the Ge counterpart and thus higher degree
of quantum confinement. This explains why the subthreshold
swing of InGaAs-OI devices gains larger improvement than the
GeOI counterpart.

V. CONCLUSION

We have investigated the subthreshold swing and electro-
static integrity for UTB GeOI and InGaAs-OI n-MOSFETs
considering quantum confinement using a derived analytical
solution of Schrödinger equation verified with TCAD numer-
ical simulation. Although the electron conduction path of the
high-mobility channel device can be far from the frontgate in-
terface due to high channel permittivity, our study indicates that
the quantum confinement effect can move the carrier centroid
toward the frontgate so that subthreshold swing of the UTB
device can improve. Since InGaAs, Ge, and Si channels ex-
hibit different degree of quantum confinement due to different
quantization effective mass, the impact of quantum confinement
has to be considered when one-to-one comparisons among UTB
InGaAs-OI, GeOI, and SOI MOSFETs regarding the subthresh-
old swing and electrostatic integrity are made.
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L. Brévard, P. Gaud, V. Paruchuri, K. K. Bourdelle, W. Schwarzenbach,
O. Bonnin, B.-Y. Nguyen, B. Doris, F. Boeuf, T. Skotnicki, and O. Faynot,
“Low leakage and low variability ultra-thin body and buried oxide (UT2B)
SOI technology for 20 nm low power CMOS and beyond,” in Proc. 2010
VLSI Symp. Tech. Dig., Jun. pp. 57–58.

[5] C. Fenouillet-Béranger, O. Thomas, P. Perreau, J.-P. Noel, A. Bajolet,
S. Haendler, L. Tosti, S. Barnola, R. Beneyton, C. Perrot, C. de Buttet,
F. Abbate, F. Baron, B. Pernet, Y. Campidelli, L. Pinzelli, P. Gouraud,
O. Faynot, and T. Skotnicki, “Efficient multi-VT FDSOI technology with
UTBOX for low power circuit design,” in Proc. 2010 VLSI Symp. Tech.
Dig., Jun., pp. 65–66.

[6] Y.-S. Wu, H.-Y. Hsieh, V. P.-H. Hu, and P. Su, “Impact of quantum confine-
ment on short-channel effects for ultrathin-body Germanium-on-insulator
MOSFETs,” IEEE Electron Device Lett., vol. 32, no. 1, pp. 18–20, Jan.
2011.

[7] F. Stern and W. E. Howard, “Properties of semiconductor surface inver-
sion layers in the electric quantum limit,” Phys. Rev., vol. 163, no. 3,
pp. 816–835, Nov. 1967.



YU et al.: IMPACT OF QUANTUM CONFINEMENT ON SUBTHRESHOLD SWING AND ELECTROSTATIC INTEGRITY 291

[8] K. H. Goetz, D. Bimberg, H. Jurgensen, J. Selders, A. V. Solomonov, G.
F. Glinskii, and M. Razeghi, “Optical and crystallographic properties and
impurity incorporation of Gax In1−x As (0.44<x<0.49) grown by liquid
phase epitaxy, vapor phase epitaxy, and metal organic chemical vapor
deposition,” J. Appl. Phys., vol. 54, no. 8, pp. 4543–4552, 1983.

[9] V. P. Trivedi and J. G. Fossum, “Quantum-mechanical effects on the
threshold voltage of undoped double-gate MOSFETs,” IEEE Electron
Device Lett., vol. 26, no. 8, pp. 579–582, Aug. 2005.

[10] Y.-S. Wu and P. Su, “Analytical quantum-confinement model for short-
channel gate-all-around MOSFETs under subthreshold region,” IEEE
Trans. Electron Devices, vol. 56, no. 11, pp. 2720–2725, Nov. 2009.

[11] V. P.-H. Hu, Y.-S. Wu, and P. Su, “Investigation of electrostatic integrity
for ultrathin-body Germanium-on-nothing MOSFET,” IEEE Trans. Nan-
otechnol., vol. 10, no. 2, pp. 325–330, Mar. 2011.

[12] K. K. Young, “Short-channel effect in fully depleted SOI MOSFET’s,”
IEEE Trans. Electron Devices, vol. 36, no. 2, pp. 399–402, Feb. 1989.

[13] D. G. Zill and M. R. Cullen, Differential Equations With Boundary Value
Problems, 5th ed. Pacific Grove, CA: Brooks/Cole, 2001.

[14] H. Ananthan and K. Roy, “A compact physical model for yield under gate
length and body thickness variations in nanoscale double-gate CMOS,”
IEEE Trans. Electron Devices, vol. 53, no. 9, pp. 2151–2159, Sep. 2006.

[15] Y.-S. Wu and P. Su, “Sensitivity of gate-all-around nanowire MOSFETs
to process variation—A comparison with multigate MOSFETs,” IEEE
Trans. Electron Devices, vol. 55, no. 11, pp. 3042–3047, Nov. 2008.

[16] X. Liang and Y. Taur, “A 2-D analytical solution for SCEs in DG
MOSFETs,” IEEE Trans. Electron Devices, vol. 51, no. 9,
pp. 1385–1391, Sep. 2004.

[17] ATLAS User’s Manual, SILVACO, Santa Clara, CA, 2008.
[18] Y. Omura, H. Konish, and S. Sato, “Quantum-mechanical suppression and

enhancement of SCEs in ultrathin SOI MOSFETs,” IEEE Trans. Electron
Devices, vol. 53, no. 4, pp. 677–684, Apr. 2006.

Chang-Hung Yu (S’11) was born in Taipei,
Taiwan, in 1985. He received the B.S. degree from
the Department of Civil Engineering, National Tai-
wan University, Taipei, Taiwan, in 2007, and the M.S.
degree in 2011 from the Department of Electronics
Engineering, National Chiao Tung University,
Hsinchu, Taiwan, where he is currently working to-
ward the Ph.D. degree at the Institute of Electronics.

His current research interests include design and
modeling of emerging CMOS devices.

Yu-Sheng Wu (S’09) received the B.S. and M.S.
degrees in electronics engineering from the Depart-
ment of Electronics Engineering, National Chiao
Tung University, Hsinchu, Taiwan, in 2004 and 2006,
respectively, where he is currently working toward the
Ph.D. degree at the Institute of Electronics.

His current research interests include design and
modeling of advanced CMOS devices.

Vita Pi-Ho Hu (S’09) received the B.S. degree
from the Department of Materials Science and En-
gineering, National Chiao Tung University, Hsinchu,
Taiwan, in 2004, where she is currently working to-
ward the Ph. D. degree in the Institute of Electronics.

Her research interests include ultralow power
SRAM using emerging devices, and the impact of
emerging devices on circuit design.

Pin Su (S’98–M’02) received the B.S. and M.S.
degrees in electronics engineering from National
Chiao Tung University, Taiwan, and the Ph.D. de-
gree from the Department of Electrical Engineering
and Computer Sciences, University of California at
Berkeley.

From 1997 to 2003, he conducted his doctoral and
postdoctoral research in Silicon-On-Insulator (SOI)
devices at Berkeley. He was also one of the major
contributors to the unified BSIMSOI model, the first
industrial standard SOI MOSFET model for circuit

design. Since August 2003, he has been with the Department of Electronics
Engineering, National Chiao Tung University, Taiwan, where he is currently
a Full Professor. His research interests include silicon-based nanoelectronics,
modeling and design for exploratory CMOS devices, and device/circuit interac-
tion and co-optimization in nano-CMOS. He has authored or coauthored more
than 130 research papers in refereed journals and international conference pro-
ceedings in these areas.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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

  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


