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Abstract

The use of SiO; thin films as the gate dielectric is
quickly reaching a limitation due to the rapid increase
in tunneling current and worsened device reliability. A
logical alternative is to use a gate insulator with a
higher relative dielectric constant (high-£) than silicon
dioxide (3.9), thereby spurring tremendous research
activities to produce better high-k gate dielectric
materials. In this paper, the recent progress made in
our laboratory on the high-k materials is described.
The various means to improve the thermal stability of
high-k materials like Ta,Os, ZrO,, and HfO, deposited
on Si and their electrical properties will be discussed.
The characteristics of Al,O; gate dielectrics on fully-
depleted SiGe-on-insulator (SGOI) will also be
described.

1. Introduction

The success of the semiconductor industry relies
on the continuous improvement of integrated circuit
performance, which is achieved by reducing the
dimensions of the key components in the circuits: the
MOSFETs (Metal-oxide-semiconductor field effect
transistors). One of the key elements that allow
successful scaling of silicon-based MOSFETs is
certainly the excellent material and electrical
properties of the gate dielectric used so far in these
devices. The SiO, gate dielectric layers have been
made as thin as 1.5 nm. However, further scaling of

the SiO, gate layer thickness is problematic which can
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result in a large increase of the leakage current and
jeopardize device reliability [1]. Therefore, a
promising alternative way is to use an insulator with a
higher relative dielectric constant (high-k) than SiO, as
the gate layer to reduce the leakage current and
improve the reliability of the devices. Recently, there
are worldwide research efforts on the investigation of
high-k gate dielectrics for the application in advanced
complementary metal-oxide-semiconductor (CMOS)
technologies. The 2005 edition of the International
Technology Roadmap for Semiconductors (ITRs)
anticipates the use of high-k gate dielectrics in
production as early as 2007 [2]. Nevertheless, many
factors that negatively impact the application of high-k
materials are found. Among them, the thermal
stability of high-k gate dielectrics is one of the most
According to the 2001 ITRs

roadmap, ion implanted dopants can be electrically

important issues.

activated by post-annealing between 450°C and 800°C
to realize ultra shallow junctions for source drain
extensions to satisfy the device junction roadmap
requirements for the 65 nm node and beyond.
Unfortunately, the most promising high-k materials
such as ZrO, and HfO, usually -crystallize at
temperatures below 500°C, and Ta,Os is thermally
unstable in the interface between the films and Si
substrate. It seriously limits the applications of high-k
materials in ultra large-scale integrated (ULSI) circuits.
Consequently, it is necessary to control the thermal
stability of high-k materials and make them more
compatible with semiconductor processing and

suitable as gate dielectrics.



Recently we have conducted extensive research
to control the thermal stability and interfacial
properties of high-k materials like Ta,Os, ZrO,, and
HfO, on Si by different methods and the electrical
properties have also been studied. The relative
characteristics of AlL,O; gate dielectrics on fully-
depleted SiGe on insulator (SGOI) have been also

investigated.

2. Interfacial and dielectric properties of sputtered
Ta,Os thin films by substrate biasing

In our work, Ta,Os thin films were prepared by
magnetron sputtering system under substrate bias
assistance and the elemental composition of thin films
was characterized by RBS [3]. According to the
deconvoluted RBS data, an interfacial layer with
graded composition is clearly shown in Fig. 1.
Comparing Figs. 1(a), (b), (c), and (d), an interesting
phenomenon can be observed. The thickness of the
interfacial layer is almost independent of the substrate
bias increase perhaps because the formation of the

interface layer is mainly decided by the deposition
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Fig. 1 Elemental depth profiles derived from the RBS data for Ta,Os
thin films deposited using different substrates biases

temperature, which has been confirmed by Ono et al.
[4]. Thus, it can be deduced that the substrate bias
does not affect the deposition temperature apparently
but it aids to increase the nucleation density in the thin

films. The ratio of tantalum to oxygen at the interface

between the Ta,Os and Si is different from that of the
bulk film and it could influence the dielectric
properties. This may be due to more diffusion of Ta
into the substrate relative to that of oxygen under

negative biasing conditions.

The corresponding dielectric properties of the as-
deposited Al/Ta,Os/Si MOS structure at different
substrate biases from 0 V to -200 V are shown in Fig.2.
As the substrate bias increases, the capacitance value
is enhanced, which corresponds to the improvement of
the ability to save electrical charges in the Al/Ta,Os/Si
MOS structure. It also means a larger permittivity as
shown in Fig. 2 (d) which further indicates that the use
of a suitable substrate bias can enhance the dielectric
constant of the as-deposited Ta,Os films. The
enhancement is believed to be due to the improved
crystallinity and orientation of the thin film as revealed
by our XRD & FTIR results and is consistent with
observations made in other studies [5]. The flatband
in the C-V curves shifts towards the negative voltage
direction as the substrate bias increases. Furthermore,
the C-V hysteresis loop widens as the substrate bias
increases and it is probably related to the larger

number of slow trapping sites.
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Fig.2 Forward-and-reverse C-V curve of Ta,Os prepared at 620°C
under different substrate biases and the dielectric constant of Ta,Os
thin films as a function of the substrate bias

According to the counterclockwise hysteresis
behavior in the C-V curves in Fig. 2, the density of the

defect states can be deduced, which is caused by the
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trapping of positive charges in the oxide defect states
when the MOS capacitor is stressed. The density of
the slow trapping sites can be calculated and the value
extracted from Fig. 2(c) for the as-deposited Ta,Os is
similar to that reported by Pignolet et a/ [6].

The forward-and-reverse J-V curves of the
Al/Ta,05/Si structure under different substrate biasing
conditions have also been characterized and the results
indicate that the leakage current density of the thin
films obviously decreases as the substrate bias
increases. It further indicates that by applying the
proper substrate bias during magnetron sputtering,
Ta,Os thin films with excellent interfacial and
dielectric characteristics can be obtained at low

substrate temperature.

3. Thermal stability and dielectric properties of
ZrQO;, thin films by plasma nitridation

In our experiments, plasma nitridation in
conjunction with cathodic arc deposition was used to
improve the thermal stability and dielectric
characteristics of ZrO, thin films fabricated on Si [7].
FTIR spectra of ZrO, thin films on Si (100) deposited
at 450°C using various gas ratios are shown in Fig.3.
The thin film prepared with pure oxygen exhibits
strong absorption peaks near 580, 510 and 420 cm™
corresponding to the Zr-O vibrational modes.
Furthermore, the weak absorption bands at around 720
cm” of Zr-O-Si and 800 & 1080 cm™ of the Si-O
vibration mode can be observed implying the
formation of a small amount of SiO, and ZrSiO, at the
interface. In contrast, the Si-O absorption peaks can
hardly be observed in the samples prepared by plasma
nitridation and the intensity of the Zr-O-Si absorption
peaks diminishes significantly indicating that with the
addition of nitrogen, the interfacial structure of the

ZrO,/Si structure has been improved.

The HRTEM images further confirm that the

ZrO, thin film prepared using pure oxygen has a
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polycrystalline phase whereas the nitridated sample is
almost amorphous as shown in Figs. 4(a) and (b).

Moreover, the interfacial layers in the two ZrO,
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Fig.3 FTIR spectra of ZrO, thin films prepared at 450 °C using

different working gases

samples are obviously different. The former sample
shows a 2 nm thick interfacial layer while no visible
interlayer can be observed in the nitridated sample,
which is consistent with the FTIR results. The above
results suggest that by using plasma nitridation, the
growth of an interfacial layer with low permittivity can
be suppressed. It is believed that plasma nitridation
not only impedes crystallization and improves the
thermal stability but also effectively blocks oxygen
diffusion through the grain boundaries subsequently

mitigating the formation of the low-k interfacial layer,

thereby boding well for the dielectric properties of the
thin films.

Fig.4 HR-TEM images of ZrO, thin films prepared at 450 °C under

(a) pure oxygen and (b) oxygen mixed with nitrogen

The C-V characteristics of the Au/ZrO,/Si MOS
capacitors are shown in Fig. 5 and the inset in Fig. 5

indicates the corresponding J-V curve. With the



addition of nitrogen and argon, the accumulation
capacitance value in the C-V curves is enhanced,
which corresponds to the improvement in the ability to
store electrical charges in the Au/ZrO,/Si MOS
structure. ~ With the introduction of nitrogen, a
negligible flat-band voltage shift can be observed. It is
well known that the flat-band voltage shift can arise

from many factors such as trapped charges at the
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Fig.5 Forward-and-reverse C-V curves of Au/ZrO,/Si MOS
capacitors prepared at 450°C under different working gas ratios
measured at a frequency of 1 MHz (the leakage current density as a
function of voltage is shown in the insert plot)

interface and fixed charges in the oxide. Our results
suggest that good interfacial properties between the
nitridated ZrO, thin film and Si substrate can be
obtained by addition of nitrogen. Moreover, the
corresponding leakage current density is also
significantly reduced with nitrogen incorporation. It
can thus be concluded that by using plasma nitridation,
the thermal stability and dielectric properties of

ZrO,/Si can be improved.

4. Control of interfacial silicate between HfO, and

Si by high concentration ozone

In our study, HfO, samples were prepared by
oxidation of evaporated Hf metal films on silicon
substrate in high concentration (3%) ozone at low
temperature [8]. The interfacial silicate layer between
HfO, and Si substrate was controlled by introducing
high concentration ozone for oxidation. Fig. 6 shows
the XPS spectra of HfO, oxidized by ozone (denoted

as ozone HfO, for convenience) compared to HfO,
oxidized in oxygen (denoted as oxygen HfO,) and as-
deposited Hf metal. Prior to the analyses, about 1 nm
of the surface materials was cleaned by 4 keV Ar ion
bombardment. It can be seen that the Hf 4f core-level
spectrum of ozone HfO, only has a Hf 4f;, peak at a
binding energy of 17.6 eV which corresponds to the
Hf-O bond in bulk HfO,, whereas for oxygen HfO,,
two noticeable but small shoulders (indicated by
arrows) at the lower binding energy side of the main
peak are observed in Fig. 6 (b), which can be
attributed to the Hf-Si bond due to oxygen deficient
oxidation and formation of Hf-silicide. In contrast, a
strong peak at 14.2 eV appears in the Hf 4f core-level
spectrum of the as-deposit Hf metal, as shown in Fig.
6(a), which corresponds to the strong Si-Hf bond in
pure Hf metal. Furthermore, a shoulder at the binding
energy of 17.4 eV is also detected that is attributed to
the Hf-O bond in HfO, or (HfO,)«(SiO,),x. These
results from partial oxidation of the as-deposit Hf
metal are observed after removal from the vacuum
chamber and exposure to air. As for the Si 2p core-
level spectra of all the samples, the main peak appears
at 99.3 eV which is the binding energy of bulk Si.
Only oxygen HfO, shows a shoulder at about 102.2 eV
in the Si 2p spectra. This implies a more silicate-like
nature at the interface between HfO, and H-terminated
Si substrate. No increment of oxygen concentration
with respect to hafnium concentration in the samples
can be detected from the RBS data, in comparison to
the ozone HfO, with oxygen HfO,. This clearly
indicates that the introduction of ozone can
significantly improve the bonding nature between

hafnium and oxygen.

The cross-sectional HRTEM images of both the
oxygen and ozone oxidized HfO, samples are shown
in Fig. 7. Oxygen HfO, in Fig. 7 (a) has a high
interface roughness compared to that prepared by
ozone. An interfacial region about 1.2 nm thick

appears which well agrees with the results of the XPS
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Si 2p spectra. In contrast, the ozone oxidized sample
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Fig.6 XPS spectra of Hf 4f and Si 2p core-levels of (a) as-deposit Hf

metal, (b) oxygen HfO,, and (c¢) ozone HfO,

in Fig 7 (b) shows a sharp interface between the HfO,
and Si substrate and no noticeable interfacial layer can
be observed. This is considered to be due to the

reduction of interfacial Si displacement during ozone

Fig.7 Cross-sectional HRTEM micrographs of (a) oxygen HfO,, and
(b) ozone HfO,

oxidation and the layer-by-layer growth mode being
predominant to form the homogenous hafnium oxides.
Furthermore, the ozone HfO, shows excellent C—V
characteristics, where the measured C—V hysteresis is
negligible.  This again demonstrates that ozone
oxidation after Hf deposition is beneficial to
improving the interface properties and reducing the
charge trapping centers, in comparison to the HfO,

sample oxidized in pure oxygen.
5. Interfacial and electrical characteristics of Al,O;

gate dielectric on fully-Depleted SiGe-on-Insulator
Al,O3 was deposited on the SiGe channel layer
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by electron beam evaporation using a high purity
sintered powder target at room temperature and
pressure of 10°~107 Pa [9]. Post-annealing was
conducted under N, at 800°C for 30 minutes to
investigate the interfacial reactions and structural
characteristics of the films. Figs. 8 (a) and 8 (b) depict
the cross-sectional HRTEM image of the annealed
high-k gate dielectric on the fully-Depleted SiGe-on-
Insulator (FD SGOI) substrate. In Fig. 8§ (a), the Al,O;
gate dielectric and an interfacial layer (IL) on the FD
SGOI substrate are clearly shown and the two
interfaces are atomically flat. Fig. 8 (b) shows that the
layer consists of a top amorphous Al,O; film with a
thickness of ~9.4 nm, an amorphous IL with a
thickness of ~2.3 nm, and a strained SiGe channel
with a thickness of ~26.7 nm. The clear lattice image
without micro-twins or defects indicates that a high-
quality SGOI substrate has been fabricated using Ge
oxidation/condensation. ~ Since the IL between the
ALO; and FD SGOI is an integral part of the gate
dielectric, the properties of this layer are investigated
along with those of the Al,O; film by HRXPS.

- - -

Fig.8 Cross-sectional HRTEM micrograph of annealed Al,O; high-k

gate dielectric fabricated on FD SGOI substrate

The electrical properties of the gate dielectric of
ALO/IL/SGOLI structure using an Al electrode are
shown in Fig. 9 and the typical high-frequency (1
MHz) capacitance-voltage (C-V) characteristics of the
as-deposited and annealed (800°C, 30 min) gate
dielectric. In Fig. 9 (a), the hysteresis loop in the

counterclockwise direction with a flat band voltage
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Fig9 High frequency C-V curves acquired from the

AVALO/1IL/SGOI/Al SGOI-MOS capacitor: (a) as-deposited and (b)
annealed

shift (AVg,= 0.36 V) is the result of a large number of
interfacial trapped charges as the result of GeO,
formation in the IL according to the Ge2p;, XPS
results (not shown here). On the other hand, a well-
behaved C-V curve is obtained in the annealed sample,
as shown in Fig. 9 (b). The trapping and detrapping
electrons almost disappear, and no obvious hysteresis
exists between the positive and negative scans
indicating that little interface trapped charges are
located in the gate dielectric or at the interface
between the gate dielectric and the top SiGe of FD
SGOI. We believe that this difference between the as-
deposited and annealed samples mainly results from
the chemical state of the interfacial layer because of
GeOy incorporation into the IL of the as-grown film,
while that of the annealed sample comprises a silicate
layer. On the other hand, the annealing process is

advantageous to the neutralization of the charges.

6. Conclusion

The recent progress made in our laboratory on
our recent high-k materials research results is reviewed.
The interfacial properties of high-k materials such as
Ta,Os, ZrO,, and HfO, deposited on Si were
investigated and their dielectric properties were also

discussed. The characteristics of AlLO; gate

dielectrics on fully-depleted SiGe-on-insulator (SGOI)
were also described. The interfacial properties of
these high-k films are obviously improved and it will
promote the compatibility with ultra shallow junction
techniques and accelerate the application of alternative

high-k thin films in advanced gate dielectric fields.

Acknowledgments

The author thanks the members of the Plasma
Laboratory as well as collaborators for their
contributions. ~The work was supported by City
University of Hong Kong Strategic Research Grant #
7001820.

References

[1]. M. Houssa: High-k Gate Dielectrics (IOP Publishing
Ltd, 2004). chap. 1 p. 5.

[2]. International Technology Roadmap for Semiconductors:
2005 (Semiconductor Industry Association, San Jose,
CA, 2005).

[3]. A.P. Huang, and Paul K. Chu, J. Appl. Phys., 97 (2005)
114106.

[4]. H. Ono, and K. I. Koyanagi, Appl. Phys. Lett., 77 (2000)
1431.

[5]. A.P. Huang, S. L. Xu, M. K. Zhu,, G. H. Li, T. Liu, B.

Wang, and H. Yan, J. Cryst. Growth, 255 (2003) 145.

[6]. A. Pignolet, G M. Rao and S. B. Kurpanidhi, Thin
Solid Films, 258 (1995) 230.

[7]. A. P. Huang, R. K. Y. Fu, and Paul K. Chu, J. Cryst
Growth., 277 (2005) 422.

[8]. L. Wang, K. Xue, J. B. Xu, A. P. Huang, and Paul. K.
Chu, Appl. Phys. Lett., 88 (2006) 072903.

[9]. Z.F. Di, M. Zhang, W. L. Liu, Q. W. Shen, S. H. Luo, Z.
T. Song, C. L. Lin, A. P. Huang, and P. K. Chu, 4ppl.
Phys. Lett., 86 (2005) 262102-1.

219



	Coverpage
	Table of Contents
	Sessions
	Plenary
	K1 MUGFET - alternative transistor architecture for 32nm CMOS generation
	K2 China for Semiconductor Equipment Supplier
	K3 Recent development of semiconductor technology in China 

	Doping Technology
	1.1 45nm Node p+ USJ Formation With High Dopant Activation And Low Damage
	1.2 Shallow junctions in silicon via low thermal budget processing
	1.3 Control of both number and position of dopant atoms in semiconductors by single ion implantation
	1.4 Precision Implant Requirements for SDE Junction Formation in sub-65 nm CMOS Devices
	1.5 Minimizing Pattern Dependency in Millisecond Annealing
	1.6 High quality ion implanter; EXCEED3000AH-Nx for 45nm beyond I/I process<Beam Size and Angle>
	1.7 Simulating Enhanced Diffusion and Activation of Boron by Atomistic Model
	1.8 Maximizing Boron Activation in Solid Phase Epitaxy – A Case of Implant Choice and RTP Processing
	1.9 Self-Amorphizing Gas Cluster Ion Beam Technology and Combination with Laser Spike Anneal for Highly Scaled Source Drain Junction
	1.10 Characteristics of ultrashallow p+/n junction prepared cluster boron (B18H22) ion implantation and excimer laser annealing
	1.11 Modeling and Simulation of Fluorine Related Diffusion in Silicon
	1.12 Molecular Dynamic Simulation on Boron Cluster Implantation for Shallow Junction Formation
	1.13 Physical Model for Surface Annihilation of Silicon Interstitials during Annealing

	Junction for CMOS Devices
	2.1 Junction Specifications for the 45nm Node
	2.2 Device Performance Evaluation of PMOS Devices Fabricated by B2H6 PIII/PLAD Process on Poly-Si Gate Doping
	2.3 FINFET Device Junction Formation Challenges
	2.4 The junction challenges in the FinFETs device
	2.5 Ultra Shallow Junction and Super Steep Halo Formation Using Carbon Co-implantation for 65nm High Performance CMOS Devices
	2.6 Advantageous Decaborane Ion Implantation for Ultra-shallow Junction of PMOSFETs Compared with Boron Monomer Implantation into Germanium Preamorphized Layer
	2.7 Feasibility Study of Solid-phase Epitaxial Regrowth (SPER) as an Ultra-shallow Junction (USJ) Technology for High-performance CMOS Devices

	Characterization
	3.1 Issues of Ultrashallow Junction for Sub-50 nm Gate Length Transistors: Metrology, Dopant Loss, and Novel Electrostatic Junction
	3.2 A New Method for Mapping Ultra-Shallow Junction Leakage Currents
	3.3 Direct Observation of 2-D Dopant Profiles of MOSFETs Activated by Millisecond Anneal
	3.4 Reproducible and High-Resolution Analysis on Ultra-Shallow-Junction CMOSFETs by Scanning Spreading Resistance Microscopy
	3.5 Electrical Characterization of Residual Bulk Defects after Laser Annealing of Implanted Shallow Junctions
	3.6 Hard X-ray Photoelectron spectroscopy (HX-PES) study on chemical binding states of ultra shallow plasma-doped silicon layer for the application of advanced ULSI devices
	3.7 ECV Profiling of Ultra-Shallow Junction Formed by Plasma Doping3.7 ECV Profiling of Ultra-Shallow Junction Formed by Plasma Doping3.7 ECV Profiling of Ultra-Shallow Junction Formed by Plasma Doping
	3.8 A 3D pn junction structure for radiation energy conversion chip

	Silicide and Schottky S/D MOSFET
	4.1 Nickel SALICIDE Process Technology for CMOS Devices of 90nm Node and Beyond
	4.2 Nanoscale Metal Silicides
	4.3 Importance of Science in Silicide Technology for Nect Technology Node SoC
	4.4 Thermal Immune NiSi Technology for Nano-scale CMOSFETs
	4.5 Tuning of Schottky barrier heights by silicidation induced impurity segregation
	4.6 Integration and Performance of Schottky Junction SOI Devices
	4.7 Schottky Source/Drain MOSFETs on SiGe on Insulator with high-K gate dielectric and TaN gate electrode
	4.8 Material and Electrical Characterization of Ni- and Pt-Germanides for p-channel Germanium Schottky Source/Drain Transistors
	4.9 Self-Organized (111) Faceted NiSi2 Source and Drain for Advanced SOI MOSFETs
	4.10 Improvement of thermal stability of nickel silicide using N2 ion implantation prior to nickel film deposition
	4.11 A Study of Nickel Silicide Formed on SOI Substrate with Different Ni/Co Thicknesses for Nano-scale CMOSFET
	4.12 Formation and Thermal Stability Characteristics of Ni Silicide on Boron Cluster (B18H22) Implanted Source/Drain
	4.13 Irregular Increase in Sheet Resistance of Ni Silicides at Temperature Range of Transition from NiSi to NiSi2
	4.14 Thermal Stability improvement of Nickel Germanosilicide Utilizing Ni-Ta Alloy and Co/TiN Cappling layer for Nano-scale CMOS Technology
	4.15 Influence of the Annealing Ambient on the Thermal Stability of Ni Silicide for nano-scale CMOSFETs

	Si-Based Novel Structures and Devices
	5.1 Advanced SOI technologies: advantages and drawbacks
	5.2 Layer Transfer for SOI Structures Using Plasma Hydrogenation
	5.3 Investigation of Relaxed SiGe on Insulator and Strained Si
	5.4 Thermal Stability and Electrical Properties of High-k Gate Dielectric Materials
	5.5 Advanced Modeling and Simulation for Microelectronic Materials
	5.6 Properties of Si / SiO2 Interfaces in Vertical Trench MOSFETs
	5.7 Elimination of Floating body Effect and Thermal Instability in a Nano Quasi-SOI MOSFET with π-shaped Semiconductor Layer
	5.8 Bias Dependence of Partially-Depleted SOI Transistor to Total Dose Irradiation
	5.9 Self-Assembled Si-Ge Nanorings with Size and Composition-Control
	5.10 Model Parameters Extraction of SOI MOSFETs
	5.11 Effect of Si-implantation Induced Nanocrystals on Reducing the Oxide and Interface Traps Densities of PD SOI MOSFET Under Total-dose Irradiation

	Heterojunction Device and Contact
	6.1 Current-Voltage Characteristics and Charge-Carrier Traps in N-Type 4H-SiC Schottky Structures
	6.2 Study of electron transfer in metal-alkanethiol SAM-metal junctions
	6.3 On the Surface Sulfidation of AlGaN/GaN Schottky Contacts
	6.4 Effect of Rapid Thermal Annealing on Ti/Al/Ni/Au Ohmic Contact to n-Al0.45Ga0.55N
	6.5 Fabrication of Ti-Al Ohmic Contacts to N-type 6H-SiC with P+ Ion Implantation
	6.6 A CAD Oriented 4H-SiC MESFET Quasi-analytical Large–signal Drain Current Model
	6.7 Spin-polarized injection through the n-magnetic/p-nonmagnetic semiconductor heterojunction
	6.8 Improving the Luminous Efficiency of Organic Light Emitting Diodes using a Modulated Doping Hole Injection Layer
	6.9 High-Performance InGaP/GaAs pnp d-Doped Heterojunction Bipolar Transistor
	6.10 The Characteristics of Functional Phototransistors
	6.11 Fabrication and Performance of GaAs Double Camel-Like Gate FET with Extremely High Gate Turn-on Voltage
	6.12 Stack-layered metals AuSiNi ohmic contact to n-InP
	6.13 Formation and characterization of aluminum-oxide by stack-layered metal structure Schottky diode
	6.14 RBS characterization on the PtSi-based ohmic contacts with n-InP




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /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 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




