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Motivation of study
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2/0 N-doped 9-cell cavity

R&D results at Fermilab M. Checchin, AWLC2020

LCLS-II cavities

• The low quench field at high temperature 
was explained by pit formation on the 
surface. J. K. Spradlin et al., MOP030, SRF2019Motivation: 

• Understand the effect of EP on the N-doped surface. 

M. Checchin, AWLC2020

Data from D. Bafia, A. Grassellino
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2/0 N-doped 9-cell cavity

R&D results at Fermilab M. Checchin, AWLC2020

LCLS-II cavities

• The low quench field at high temperature 
was explained by pit formation on the 
surface. J. K. Spradlin et al., MOP030, SRF2019Motivation: 

• Understand the effect of EP on the N-doped surface. 

number of cavities = 79
Cold EP LCLS-II HE cavities tested at FNAL

M. Checchin, AWLC2020

Data from D. Bafia, A. Grassellino



Undoped cavity surface at different EP temperatures

8/19/20234

Cold EP makes the surface smooth with no sharp grain 
boundaries.

32 °C

15 °C

Coupon cavity
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Sharp 
steps at the 
grain 
boundaries

Equator Coupon Surface

100 µm

100 µm

Removal: 30 µm

Removal: 30 µm



Electropolishing of 650 MHz PIP-II cavities
Parameters Initial EP Modified EP

Warm/cold EP Warm EP Cold EP
Voltage 18 V ~25 V 22 V
Cavity 
temperature

22 °C/12 °C 22 °C 12 °C

Cathode 
type

Cathode-I 
(initial)

Cathode-M (modified)

Modified cathode Initial cathode

Comparison with initial cathode I-V curves with modified cathode Onset voltage vs cavity temperature

EP should be performed in the current plateau region.

~15 °C

V. Chouhan et al., Nucl. Instrum. Methods Phys. Res. A 1051 (2023) 168234
V. Chouhan et al., TUPTB041, TUPTB042 SRF2023.
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EP setup at Argonne National Lab



Electropolishing of 650 MHz PIP-II cavities
Parameters Initial EP Modified EP

Warm/cold EP Warm EP Cold EP
Voltage 18 V ~25 V 22 V
Cavity 
temperature

22 °C/12 °C 22 °C 12 °C

Cathode 
type

Cathode-I 
(initial)

Cathode-M (modified)

Modified cathode Initial cathode

Comparison with initial cathode I-V curves with modified cathode Onset voltage vs cavity temperature

EP should be performed in the current plateau region.

~15 °C

• Low temperature maintains EP plateau at a lower voltage.
• 650 MHz cavities require voltage higher than standard 18 V.

V. Chouhan et al., Nucl. Instrum. Methods Phys. Res. A 1051 (2023) 168234
V. Chouhan et al., TUPTB041, TUPTB042 SRF2023.
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EP setup at Argonne National Lab



Electropolishing of 650 MHz PIP-II cavities
Parameters Initial EP Modified EP

Warm/cold EP Warm EP Cold EP
Voltage 18 V ~25 V 22 V
Cavity 
temperature

22 °C/12 °C 22 °C 12 °C

Cathode 
type

Cathode-I 
(initial)

Cathode-M (modified)

Modified cathode Initial cathode

Comparison with initial cathode I-V curves with modified cathode Onset voltage vs cavity temperature

EP should be performed in the current plateau region.

~15 °C

• Low temperature maintains EP plateau at a lower voltage.
• 650 MHz cavities require voltage higher than standard 18 V.

V. Chouhan et al., Nucl. Instrum. Methods Phys. Res. A 1051 (2023) 168234
V. Chouhan et al., TUPTB041, TUPTB042 SRF2023.
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EP setup at Argonne National Lab



Performance in baseline tests (LB650 cavities)

• Cavity B61C-EZ-103 after EP with initial 
conditions quenched at 15 MV/m. 

• The cavities after EP with modified conditions 
significantly improved the Eacc in vertical tests.

No Quench

Modified EP

V. Chouhan et al., Nucl. Instrum. Methods Phys. Res. A 1051 (2023) 168234

Initial EP

9 
m

m
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LB650 PIP-II cavities after modified EP

Final EP: Cold

See TUPTB042 for details on EP of the high-
beta 650 MHz cavities.Cavities qualified in baseline tests.

Mid-T bake was applied (see poster MOPMB030, SRF2023)



EP of N-doped surface
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Nb
Nb + Interstitial N

NbN

As N-doped N-doped Nb

NbNx

Nb2O5

Nb

XPS of N-doped surface



Effect of temperature in EP

8/19/20238

Thermocouple-1 Thermocouple-2
A

Aluminum 
Cathode

Nb 
Sample

Electrolyte
(H2SO4+HF)

Etching

 Nb surface: 2/0 nitrogen doping
 Post-doping EP was performed for ~5 µm:

o at Nb surface temperature ranging from 0–40 °C
o without acid agitation
o at 18 V

Two-electrode system
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Effect of temperature in EP

8/19/20238

Thermocouple-1 Thermocouple-2
A

Aluminum 
Cathode

Nb 
Sample

Electrolyte
(H2SO4+HF)

Etching

 Nb surface: 2/0 nitrogen doping
 Post-doping EP was performed for ~5 µm:

o at Nb surface temperature ranging from 0–40 °C
o without acid agitation
o at 18 V

Two-electrode system

• Higher temperature produced more pits on the surface.
• No preferential etching of grains due nitrogen-doping.
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Effect of applied voltage

8/19/20239

Etching Nb surface: 2/0 nitrogen doping
 EP was performed for ~5 µm removal:

o at Nb surface temperature of 40 °C
o without acid agitation
o at voltage ranging from 3-22 V

Vijay Chouhan | Electropolishing study on nitrogen-doped niobium surface

Onset voltage ~7 V



Effect of applied voltage

8/19/20239

Etching Nb surface: 2/0 nitrogen doping
 EP was performed for ~5 µm removal:

o at Nb surface temperature of 40 °C
o without acid agitation
o at voltage ranging from 3-22 V

Higher voltage produced more pits on the surface.
Vijay Chouhan | Electropolishing study on nitrogen-doped niobium surface

Onset voltage ~7 V



Pit formation: Gas evolution from N-doped surface
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Camera

Thermocouple-1 Thermocouple-2

A

Aluminum 
Cathode

Nb 
Sample

Electrolyte
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Pit formation: Gas evolution from N-doped surface
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Camera

Bubble formation on N-doped surface during EP

There might be physical damage of the  
diffusion layer due to bubbles.

18 V, 40 ℃

Thermocouple-1 Thermocouple-2

A

Aluminum 
Cathode

Nb 
Sample

Electrolyte
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Pit formation: Gas evolution from N-doped surface
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Camera

Bubble formation on N-doped surface during EP

There might be physical damage of the  
diffusion layer due to bubbles.

18 V, 40 ℃

Thermocouple-1 Thermocouple-2

A

Aluminum 
Cathode

Nb 
Sample

Electrolyte
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Nb
Diffusion layer

Bubble



Pit formation: Gas evolution from N-doped surface

8/19/202310

Camera

Bubble formation on N-doped surface during EP

There might be physical damage of the  
diffusion layer due to bubbles.

18 V, 40 ℃

Thermocouple-1 Thermocouple-2

A

Aluminum 
Cathode

Nb 
Sample

Electrolyte
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The top nitride layer was responsible for the bubble formation.

Nb
Diffusion layer

Bubble



N-doped cavity surface after EP
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Cutout from 9-cell cavity (CAV0018)
EP at 24 °C & 14 V

• The number of pits were significantly 
less on the cavity surface as compared 
to that on the samples.

• Cavity rotation removes bubbles 
periodically and forms a fresh diffusion 
layer on the surface.

• Cold EP could further reduce the pitting 
on the cavity surface. (to be confirmed).
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500 µm

1-cell cavity
EP at 32 °C & 18 V

5 mm

Pits found on multiple locations

EP plateau

A. Romanenko et al., THP014, SRF2019



The top niobium nitride layer is responsible for pitting.

Parameters that affect the surface pitting:
– Temperature 
– Applied voltage
– Acid agitation
– Cavity rotation
– HF concentration in acid (varies due to evaporation in acid mixing process)

Cold EP at temperature < 15 ℃ with a voltage < 18 V may reduce the risk of pitting 
and sharp grain boundaries. However, voltage should be above the onset voltage 
to avoid preferential etching of the grains. 

The pitting risk may be higher for the cavities (like 650 MHz cavities) that require a 
higher voltage of 22–25 V for EP. 

Highlights
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• V. Chouhan et al., Nucl. Instrum. Methods Phys. Res. A 1051 (2023) 168234
• V. Chouhan et al., TUPTB042, SRF2023



The top niobium nitride layer is responsible for pitting.

Parameters that affect the surface pitting:
– Temperature 
– Applied voltage
– Acid agitation
– Cavity rotation
– HF concentration in acid (varies due to evaporation in acid mixing process)

Cold EP at temperature < 15 ℃ with a voltage < 18 V may reduce the risk of pitting 
and sharp grain boundaries. However, voltage should be above the onset voltage 
to avoid preferential etching of the grains. 

The pitting risk may be higher for the cavities (like 650 MHz cavities) that require a 
higher voltage of 22–25 V for EP. 

Highlights
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Can we have a process that eliminates the risk of pitting?

• V. Chouhan et al., Nucl. Instrum. Methods Phys. Res. A 1051 (2023) 168234
• V. Chouhan et al., TUPTB042, SRF2023



Process to eliminate pitting risk
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Nb
Nb + Interstitial N

NbN

Nb
Nb + Interstitial N

NbN

As N-doped

Peel-off NbN layer

Electropolishing

Nb
Nb + Interstitial N
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Process to eliminate pitting risk
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How can we peel-off the top thin nitride layer?

Nb
Nb + Interstitial N

NbN

Nb
Nb + Interstitial N

NbN

As N-doped

Peel-off NbN layer

Electropolishing

Nb
Nb + Interstitial N
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Can we dissolve nitride layer by EP-acid soak?

Undoped Nb N-doped Nb N-doped Nb: EP-acid soaked (4 h)

NbNx

Nb2O5

Nb

Nb

Nb2O5

NbNx
Nb2O5

Nb

• Surface features altered.
• No pitting after 4 h of EP-

acid soaking.

XPS analysis 
confirmed 
that nitride 
layer cannot 
be dissolved 
in several 
hours.
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Surface after EP-acid soaking for 4 h

4 µm
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Can we dissolve nitride layer by EP-acid soak?

Undoped Nb N-doped Nb N-doped Nb: EP-acid soaked (4 h)

NbNx

Nb2O5

Nb

Nb

Nb2O5

NbNx
Nb2O5

Nb

• Surface features altered.
• No pitting after 4 h of EP-

acid soaking.

XPS analysis 
confirmed 
that nitride 
layer cannot 
be dissolved 
in several 
hours.Nitride layer cannot be dissolved in the EP-acid. 
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Surface after EP-acid soaking for 4 h

4 µm



Effect of low voltage / I-V measurement
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• A dark-gray film removed from the 
surface in an I-V test or low voltage 
etching. 

Etching
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Effect of low voltage / I-V measurement
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• A dark-gray film removed from the 
surface in an I-V test or low voltage 
etching. 

Etching
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Water used to rinse N-doped Nb sample after EP

Thickness of removed film ~ a few hundred nm



Microscopic and chemical study of removed film 
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N-doped Nb

NbNx

Nb2O5

Nb

Removed film

NbNx

Nb2O5

Vijay Chouhan | Electropolishing study on nitrogen-doped niobium surface

3 µm

3 µm



Microscopic and chemical study of removed film 

8/19/202316

N-doped Nb

NbNx

Nb2O5

Nb

Removed film

NbNx

Nb2O5

Analysis confirmed that the removed film is niobium nitride layer.
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3 µm

3 µm



EP recipe for N-doped surface (Two-step EP)

8/19/202317

EP at 14-18 V 
for 5-10 µm

Post-doping EP 
recipe:

Low voltage 
etching (~0.3 µm) 

or a proper I-V 

EP at ~18 V 
for rest 
removal

New Recipe:

Step-1 Step-2

Step 1: To peel-off the top nitride layer
Step 2: To meet target removal thickness 
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Surface after two-step EP

8/19/202318

Two step (I-V & EP)
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18 V, 11 ℃

18 V, 40 ℃

18 V, 11 ℃

18 V, 40 ℃

Two-step EP eliminates the risk of pitting on an N-doped surface.

EP without I-V



• The presence of a niobium nitride layer on the surface poses a risk of pit formation.
• The number of pits increases with increase in the surface temperature and voltage.
• Low-temperature EP reduce the risk of pit formation and surface roughness.
• A proper I-V scan can peel-off the nitride layer before EP is performed.
• The two-step EP (I-V and EP) could eliminate the pit formation caused by the 

nitride layer.

Next task:
• The two-step EP will be applied to multiple cavities to confirm the impact on the 

performance and yield.

Summary
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Thank You
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Polarization curve and current profile
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Etching
Thermocouple-1 Thermocouple-2

A

Aluminum 
Cathode

Nb Sample

Electrolyte
(H2SO4+HF)

Two-electrode system

• N-doped and undoped samples were 
electropolished.

• Polarization curves were identical.
• EP current drawn from the N-doped 

surface was initially higher. 


	Slide Number 1
	Contents 
	Motivation of study
	Motivation of study
	Undoped cavity surface at different EP temperatures
	Electropolishing of 650 MHz PIP-II cavities
	Electropolishing of 650 MHz PIP-II cavities
	Electropolishing of 650 MHz PIP-II cavities
	Performance in baseline tests (LB650 cavities)
	EP of N-doped surface
	Effect of temperature in EP
	Effect of temperature in EP
	Effect of applied voltage
	Effect of applied voltage
	Pit formation: Gas evolution from N-doped surface
	Pit formation: Gas evolution from N-doped surface
	Pit formation: Gas evolution from N-doped surface
	Pit formation: Gas evolution from N-doped surface
	N-doped cavity surface after EP
	Highlights
	Highlights
	Process to eliminate pitting risk
	Process to eliminate pitting risk
	Can we dissolve nitride layer by EP-acid soak?
	Can we dissolve nitride layer by EP-acid soak?
	Effect of low voltage / I-V measurement
	Effect of low voltage / I-V measurement
	Microscopic and chemical study of removed film 
	Microscopic and chemical study of removed film 
	EP recipe for N-doped surface (Two-step EP)
	Surface after two-step EP
	Summary
	Thank You
	Thank You
	Backup slides
	Polarization curve and current profile


<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JavaneseText
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothicSemilight
    /MalgunGothic-Semilight
    /MANDELA
    /Mangal-Regular
    /Marlett
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MICRODOT
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXGyreTermes-Bold
    /TeXGyreTermes-BoldItalic
    /TeXGyreTermes-Italic
    /TeXGyreTermes-Regular
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


