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1. Introduction

Reducing power loss is an important key to achiev-

ing the ultrasmart world described in the Society 5.0 

vision for the future set forth by the Japanese govern-

ment. Power devices used for power conversion and 

step-up/step-down voltage transformation are key 

devices for saving energy. Power devices made from 

silicon (Si) materials are currently the mainstream 

type used, but developers have recently been working 

on silicon carbide (SiC) power devices made from 

SiC materials that can reduce power loss up to 50%(1). 

Th eir use has begun in air conditioner and solar power 

generation power conditioners, along with rail and 

automotive applications(2). But the widespread rise 

of SiC power devices has been impeded by factors 

such as their high cost relative to Si power devices(3), 

and SiC wafers also contain various crystal defects(1) 

that are an obstacle to improving device manufactur-

ing yield.

2. SiC Wafer Defects and Defect 
Inspection Technology

2. 1
Types of Wafer Defects
SiC wafers are cut from an SiC ingot, subjected to 

mechanical polishing and chemical mechanical pol-

ishing (CMP), and then shipped to the market as 

bulk wafers. Devices are manufactured by forming 

an epitaxial fi lm on the bulk wafer. Device manufac-

turers either handle the epitaxial fi lm formation in-

house, or purchase wafers with a ready-made epitaxial 

fi lm (epi wafers) from wafer manufacturers. So SiC 

wafers come in bulk and epi types, and the defects that 

lower quality are diff erent in each. Unlike Si wafers, 
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SiC wafers have large numbers and types of defects. 

Among these defects, the types shown in Figure 1 

are thought to aff ect device manufacturing yield and 

reliability(1), (4), (5).

Bulk wafer defects include processing damage (such 

as scratches and latent scratches) caused during ingot 

cutting or any number of multiple polishing proce-

dures(4), along with basal plane dislocations (BPDs)(1) 

inherently present in the ingot. Processing damage 

generates unevenness and defects in the surface dur-

ing epitaxial fi lm formation, degrading epi wafer 

quality. BPDs propagate to the epi layer, expanding 

stacking faults through electrical conduction during 

device operation, and causing conductivity deteriora-

tion that increases diode resistance during the ON 

state(5). Epi wafers have large critical defects (carrot 

defects, triangular defects, stacking faults, and down-

fall defects)(6) that can be as large as several hundred 

microns, and cause initial failures in devices. Th ere are 

also threading dislocations(1)—crystal defects orthog-

onal to the basal plane with types such as threading 

screw dislocations (TSDs) and threading edge dislo-

cations (TEDs). Th ese defects are thought to aff ect 

reliability through issues such as device current leak(7).

2. 2
SiC Wafer Defect Inspection Technology
Th e inspection methods currently in widespread use 

are optical inspections such as diff erential interfer-

ence contrast microscopy, X-ray topography imaging 

using synchrotron facilities, photoluminescence, and 

the etch-pit method, which enables imaging using 

high-melting-point potassium hydroxide (KOH) 

etching to form pits. Table 1 lists the detection per-

formance and features of these methods. Th e details 

of the principles of these technologies are beyond the 

scope of this article, so interested readers should refer 

to the relevant literature(1).

Th ere are no nondestructive inspection technolo-

gies available on factory lines for processing damage 

and BPDs, both of which have major impacts on bulk 

wafer quality, so novel inspection methods are needed.

Bulk wafers

Crystal damage occurring during 
wafer processing procedures

Processing damage
Occurrence of stacking faults, 
dislocations or step bunching

Degraded epi wafer quality

Basal plane dislocations
(BPDs)

Evoking diode conductivity 
deterioration due to expansion 

driven by current flow

Epi wafers

Carrot defects, triangular defects, 
stacking faults, and downfall defects

TSDs, TEDs, etc.

Large critical defects MOSFET and 
diode initial failures

Threading dislocations pn diode current leakage

Figure 1 — Eff ects of Diff erent Types of 
Defects on SiC Wafer Quality
Shown here are the types of defects that need to 
be controlled in SiC bulk and epi wafers, and the 
typical adverse eff ects they have on wafer and 
device quality. It should be noted that the eff ects 
of crystal defects on device reliability have not 
been fully explicated.

TSD: threading screw dislocation   TED: threading edge dislocation   
MOSFET: metal-oxide-semiconductor field-eff ect transistor   

System/method
Defect of interest

Notes
Processing damage BPDs Large critical defects Threading dislocations

Optical inspection N N Y/N Y/N Detects surface unevenness

X-ray topography Y/N Y Y/N Y Requires synchrotron facility

Photoluminescence N N Y/N Y/N Risk of defect expansion
Defect classification is diff icult

Etch-pit method Y/N Y Y/N Y Destructive inspection

 N: Not detectable   Y/N: Some defects can be detected   Y: Detectable

Table 1 — Comparison of Detection Sensitivity for Defects of Interest Using Conventional Defect Detection Methods
This table lists the technologies currently in use for detecting SiC wafer defects. “Optical inspection” includes systems that detect light diff usion and 
systems with diff erential interference contrast microscopes. These systems are for detecting unevenness in the wafer surface, but their sensitivity depends 
on their detection principle.
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3. Mirror Electron Microscopes and 
Crystal Defect Detection Principle

Diff ering from both scanning electron microscopes 

and transmission electron microscopes, mirror elec-

tron microscopes are, so to speak, the third type of 

electron microscope. Th is article will leave the details 

of explaining this technology up to the literature(8), (9), 

and instead focus on the role of mirror electron micro-

scopes in SiC wafer defect detection. Figure 2 shows 

schematic diagrams of the optical system in a mirror 

electron microscope [see Figure 2 (a)], and the elec-

tron path in the neighborhood of the wafer surface 

[see Figure 2 (b) and Figure 2 (c)]. Figure 2 (a) also 

illustrates the ultraviolet irradiation optical system. 

Th e system emits ultraviolet radiation of higher energy 

than the band gap and uses it to charge the defects 

in the Si wafer(10).

Th e electron beams from the electron gun are 

brought together into a bundle of parallel electron 

beams by the irradiation electron optical system [see 

Figure 2 (a)], irradiating the wafer surface with an 

orthogonal and uniform-density distribution. An 

example of a defect-free SiC wafer surface is shown 

in Figure 2 (b). Since a negative voltage nearly equal 

to the electron gun’s acceleration voltage is applied 

to the wafer surface, the irradiation electron beams 

decelerate before reaching the wafer surface, and 

the path is reversed by a surface of constant surface 

electrical potential (the equipotential surface). Th is 

phenomenon is called mirroring for its resemblance 

to the refl ection of light by a mirror. Electron beams 

of uniform distribution are reversed orthogonally in 

relation to a fl at wafer surface, pass through an imag-

ing optical system [see Figure 2 (a)], and are imaged 

on a fl uorescent plate, enabling a camera to photo-

graph them as an image converted to visible light (the 

mirror electron image). When the mirror electron 

image is uniformly refl ected as shown in Figure 2 (b), 
it becomes an image of uniform brightness without 

dark or light areas.

But when defects are present in the wafer surface 

[see Figure 2 (c)], the defect areas become locally 

charged by the ultraviolet radiation, resulting in a 

pattern of refl ection that varies greatly. When the SiC 

wafer is an n-type wafer, the excited carriers (elec-

trons) are captured, so the defect areas are charged 

negatively and the equipotential surface expands. Th e 

paths of these orthogonally-refl ected electron beams 
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Figure 2 — Electro-optical System and Defect Detection Principle of Mirror Electron Microscopes
As shown in (a), a mirror electron microscope uses a separator to bend electron beams passing through an irradiation optical system, and an electrostatic 
lens to collect them into a bundle of parallel electron beams that irradiate the wafer. Mirror electrons move through the separator, pass through the 
imaging optical system, and form an image on a fluorescent plate. Illustration (b) and (c) show the electron paths in the vicinity of an SiC wafer surface. 
Defects become negatively charged, greatly altering the mirror electron paths.

CCD: charge-coupled device
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are reversed by this expanded equipotential surface, 

but since the surface is not fl at, the electron beams 

are reversed in a way that expands them. Th e density 

distributions of the reversed electron beams are no 

longer uniform and density decreases at the tops of 

the defects. As a result, dark images appear in mirror 

electron images formed by the imaging optical system, 

enabling the presence of defects to be detected(10)-(12).

Figure 3 shows examples of SiC wafer defect 

images detected by a mirror electron microscope. 

Figure 3 (a) is a bulk wafer latent scratch image. Th e 

crystal deformation within the wafer created during 

processing becomes charged, appearing as a black line. 

Figure 3 (b) is a bulk wafer BPD. Th e BPD is on the 

basal plane of an SiC crystal (tilted by 4 degrees in 

this wafer), so the portion near the surface appears as 

a black line due to the eff ect of the negative charge. 

Th e deeper the BPD becomes, the weaker the eff ect 

of the charge, and the lighter the black line becomes. 

Figure 3 (c) is an epi wafer stacking fault. Th is defect 

is also a defect in the basal plane, so the eff ect of 

the defect charge weakens as the basal surface deep-

ens, lightening the defect image. Figure 3 (d) shows 

threading dislocation. Th is defect is a crystal defect 

that is orthogonal to the basal plane, so it takes the 

form of black spots. Mirror electron images show 

TSD defects as larger and blacker images than TED 

defects, enabling diff erentiation of these two defects.

As shown in Figure 2, defect detection by mirror 

electron microscope is made possible by drawing on 

contrast formation in the mirror electron image in 

response to unevenness in the equipotential surface 

on the wafer surface. Th ere is no need for electron 

beam collision with the wafer surface. Accordingly, it 

is a completely nondestructive and noncontaminating 

inspection technology that enables inspections before 

wafer processing for device production. Th ese benefi ts 

also make it an inspection technology suited to SiC 

wafer quality assessments.

4. Mirelis VM1000 Mirror Electron 
Inspection System

Th e Mirelis VM1000 mirror electron inspection sys-

tem has a mirror electron microscope, a graphical user 

interface (GUI) to facilitate operations such as auto-

matic wafer transport and automatic imaging recipe 

creation, and image processing software for automatic 

defect extraction (see Figure 4). It supports wafer sizes 

of 3, 4, and 6 inches, has an electron beam current 

of 1 to 2 nA, uses a charge-coupled device (CCD) 

camera for imaging, and photographs a single mir-

ror electron image (80 μm squared) in 0.1 second 

(under standard conditions). It can provide automatic 

consecutive imaging to capture an image size of up 

to 2.5 mm squared per inspection location. Th e time 

required for imaging is 25 minutes when nine wafer 

locations are selected and each is captured at a size 

of 1 mm squared.

Th e number of images obtained by automatic imag-

ing can be several thousand or more depending on 

how the imaging recipe is programmed, so the system 

comes with image processing software that extracts 

defects from large volumes of images. Th is software 

can inspect all the images using a user-specifi ed image 

brightness threshold value and defect contrast magni-

tude (pixel value) threshold value, to identify inspec-

tion images containing defects and output a list of 

feature values related to defect positions and defect 

image brightness values and shapes.

BPD

TSD

TED

Latent scratch

10 µm

Stacking fault

(a) (b)

(c) (d)

Figure 3 — Mirror Electron Microscope Images of Crystal Defects
Photo (a) shows a bulk wafer latent scratch. Photo (b) shows a bulk wafer 
BPD. Photo (c) shows an epi wafer stacking fault. The straight vertical 
lines are level diff erences created by the overlapping of multiple atom 
layers (known as step bunching). Photo (d) shows epi wafer threading 
dislocations. Multiple dislocations have been detected. The dark spots 
are TSDs, and the light spots are TEDs. Typical examples are indicated 
by the arrows.
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5. SiC Wafer Inspection Examples

Figure 5 shows the result of mapping distributions 

of BPDs and latent scratches (a typical type of pro-

cessing damage) obtained by inspecting a commer-

cially available 4-inch bulk wafer (Manufacturer A) 

and 3-inch bulk wafer (Manufacturer B) using the 

Mirelis VM1000. Th e numbers of BPDs per unit area 

(BPDs/cm2) are also shown. Th e imaging points are 

set to an interval of about 0.8 mm over the entire 

wafer surface, and the imaging locations at which 

latent scratches or BPDs are present in captured mir-

ror electron images are marked. Th e imaging time was 

about 150 minutes for the 4-inch wafer and about 

80 minutes for the 3-inch wafer. As shown, there 

is a large diff erence in quality between the manu-

facturers in terms of surface processing state (extent 

of latent scratches) and BPD density. Manufacturer 

A’s wafer is seen to have few latent scratches and be 

largely unaff ected by unevenness generated during 

epitaxial fi lm formation. Devices manufactured from 

such wafers could be expected to generate few initial 

failures, but the high BPD density could result in 

conductivity deterioration in diodes. Manufacturer 

B’s wafer is seen to have high crystal quality with low 

BPD density, but unevenness originating from latent 

scratches generated during epitaxial layer formation 

has been generated. Devices made from such wafers 

may generate many initial failures as a result. Epitaxial 

fi lm formation for device manufacturing has previ-

ously been done without this quality information, so 

Mirelis VM1000 should be of great benefi t to devel-

opment work designed to improve yield or device 

manufacturing processes.

BPDs

1,096 BPDs/cm2 41 BPDs/cm2

BPDs

Latent scratches Latent scratches

Manufacturer A Manufacturer B
(4-inch wafer) (3-inch wafer)

Figure 5 — Manufacturer-specific Diff erences in Bulk Wafer 
Surface Quality
The imaging locations at which BPDs or latent scratches (processing 
damage) were detected in mirror electron images inspected by the Mirelis 
VM1000 at a pitch of about 0.8 mm are shown here as wafer maps. These 
wafer maps show that each manufacturer has characteristic crystal 
growth technology and polishing technology. Manufacturer A’s wafer 
has many BPDs and few latent scratches, while Manufacturer B’s wafer 
shows the opposite tendency.

Supported wafer sizes

Autoloader

Image processing
functions

Beam current

Imaging field of view

System dimensions
(microscope only)

3-, 4-, and 6-inch diameters

Two ports

Tiling function, defect 
extraction function, others

1–2 nA

80 µm

1,180 mm (W)
2,500 mm (D)
1,990 mm (H)

Item System specification

Figure 4 — Mirelis VM1000 Photo and Main Specifications
The name Mirelis is a portmanteau of “mirror electron inspection system.”
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6. Conclusions

Th is article has presented some examples of SiC wafer 

defect detection using a new detection principle made 

possible by Hitachi’s Mirelis VM1000 mirror elec-

tron inspection system. Validating the new method’s 

eff ectiveness will require extensive time and creative 

input. To pursue the area of collaborative creation, 

Hitachi High-Technologies Corporation has engaged 

in joint research and collaborations with universities, 

research organizations, competitors, and clients. Th e 

company plans to continue its pursuit of collaborative 

creation as it works on creating attractive applications 

for inspection and measurement technologies in con-

tribution to social innovation.

Acknowledgments
Th e development of the mirror electron inspection 

system described in this article was made possible 

by extensive assistance from Professor Toshiyuki 

Isshiki of the Kyoto Institute of Technology, along 

with members of Denso Corporation, the National 

Institute of Advanced Industrial Science and 

Technology, and the Central Research Institute of 

Electric Power Industry. Th e authors would like to 

express their heartfelt appreciation.

References
1) H. Matsunami et al., “Technology of Semiconductor SiC and 

Its Application,” Nikkan Kogyo Shimbun, Ltd. (Sep. 2011) in 
Japanese.

2) H. Okumura, “Next-generation Power Electronics Open 
Up the Future of Japan,” NEDO Energy Conservation 
Technology Forum 2013 (Nov. 2013) in Japanese.

3) Osaka Marketing Division 2, Fuji Keizai Co., Ltd., “Current 
Status and Future Prospects for Next-generation Power 
Devices & Power Electronics-related Markets in 2016,” (Jan. 
2016) in Japanese.

4) T. Kato, “Development of Large SiC Wafer Processing 
Technique in ‘Novel Semiconductor Power Electronics 
Project Realizing Low Carbon Emission Society’ Supported 
by NEDO,” Journal of the Japan Society for Precision 
Engineering, 80, 1, pp. 18–22 (Jan. 2014) in Japanese.

5) S. Hayashi et al., “Origin analysis of expanded stacking faults 
by applying forward current to 4H-SiC p-i-n diodes,” Applied 
Physics Express (Jul. 2017).

Authors
Masaki Hasegawa, Ph.D.
Process Control Systems Center, Semiconductor 
Process Control Systems Product Division, 
Electronic Device Systems Business Group, Hitachi 
High-Technologies Corporation. Current work and 
research: Development of mirror electron inspection 
systems. Society memberships: The Japan Society of 
Applied Physics (JSAP), and the Japanese Society of 
Microscopy (JSM).

Kenji Kobayashi
Business Incubation Department, Customer 
Solutions Division, Electronic Device Systems 
Business Group, Hitachi High-Technologies 
Corporation. Current work and research: 
Development of mirror electron inspection systems 
and other new businesses. Society memberships: The 
Advanced Power Semiconductors Division (ADPS), 
and JSAP.

6) Technical Committee on Semiconductor Reliability, 
“Part 1: Classification of Defects,” JEITA EDR-4712/100 
Non-destructive Recognition Procedures of Defects in 
Silicon Carbide Wafers, Japan Electronics and Information 
Technology Industries Association (Mar. 2016).

7) H. Lendenmann et al., “High-Power SiC Diodes: 
Characteristics, Reliability and Relation to Material Defects,” 
Materials Science Forum (Apr. 2002).

8) H. Shinada et al., “Mirror Electron Microscope Technology 
Having Possibilities of High-speed and Highly Sensitive 
Inspection,” Hitachi Hyoron, 94, pp. 198–203 (Feb. 2012) in 
Japanese.

9) M. Hasegawa, “Mirror Electron Microscopy for the Detection 
of Nanoscopic Defects,” Oyo Butsuri, 87, 7 (Jul. 2018) in 
Japanese.

10) M. Hasegawa et al., “Non-destructive Observation of 
In-grown Stacking Faults in 4H-SiC Epitaxial Layer Using 
Mirror Electron Microscope,” Journal of Applied Physics 
(Oct. 2011).

11) T. Isshiki et al., “Non Destructive Inspection of Dislocations 
in SiC Wafer by Mirror Projection Electron Microscopy,” 
Materials Science Forum (Feb. 2014).

12) T. Isshiki et al., “Observation of a Latent Scratch on Chemo-
Mechanical Polished 4H-SiC Wafer by Mirror Projection 
Electron Microscopy,” Materials Science Forum (Jun. 2018).



Hitachi Review is a technical medium that reports on 
Hitachi's use of innovation to address the challenges 
facing society. 

The Hitachi Review website contains technical papers written by Hitachi 
engineers and researchers, special articles such as discussions or interviews, 
and back numbers. 

Hitachi Hyoron
(Japanese) website

https://www.hitachihyoron.com/jp/

Hitachi Review
(English) website

https://www.hitachihyoron.com/rev/

Hitachi Review newsletter delivers the latest information about Hitachi Review 
when new articles are released.

https://www.hitachihyoron.com/jp/?utm_campaign=pdf&utm_source=jp&utm_medium=appx
https://www.hitachihyoron.com/rev/?utm_campaign=pdf&utm_source=rev&utm_medium=appx

	評論�
	スライド 1: 日立評論は、イノベーションを通じて社会課題に応える 日立グループの取り組みを紹介する技術情報メディアです。
	スライド 2: Hitachi Review is a technical medium that reports on Hitachi's use of innovation to address the challenges facing society. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [144 144]
  /PageSize [612.000 792.000]
>> setpagedevice




