EUROPEAN
SPALLATIO
SOURCE

Pulsed High Power Klystron Modulators for ESS Linac
based on the Stacked Multi-Level (SML) Topology

Carlos A. Martins
ESS — Accelerator Division - RF Electrical Power Systems

www.europeanspallationsource.se
Linac 2016 conference, Sept 2016



SOURCE

r EUROPEAN
ESS Linac and modulator requirements ‘(@) SPALLATIO

Pulsed Linac:
Beam pulse length = 2.86ms; Pulse repetition rate = 14Hz
» ESS Linac layout Beam pulse power = 125 MW, Beam average power = 5SMW
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» In total ~380MWpk of installed pulse
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Modulators for high power RF sources, inc. ESS: cuRoPEAN

— A challenging component fo design and procure <(§

» Sophisticated power electronic systems

1)- Multidisciplinary design:

- Power Electronics; High Voltage; Mechanical;

- Thermal and cooling;

- Advanced control architectures and software
development;

2)- Complex circuits, with different topologies possible;
- Some topologies have opposite principles and construction techniques:
(Modularity vs monolithic, redundancy, HV vs LV staging and insulation);

3)- Diversified type of electronic components required;
- HV components, Power semiconductors, Advanced control electronics, Large capacitors, etc.

4)- Impacts directly on operations’ safety
- High voltage devices (above hundred kV); High electrical short circuit power (up-to tens MVA);
- Large energy stored (up-to tens of kl); Heavy loads to handle and transport;
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- A challenging component fo design and procure

Modulators for high power RF sources, inc. ESS:r curopen

> High Voltage pulse quality N

1)- Pulse rise time and Pulse width; Rise time Fall time

3)- Pulse power amplitude; le—»
4)- Pulse flat-top droop and ripple; /
time
6)- Pulse flat-top stability (pulse-to-pulse and long term drifts); >
. . Flat_top k
7)- Maximum energy in case of arc; Pulse widih| Reverse voltage

8)- Maximum reverse voltage;

» High cost impact in the — i

whole accelerator

» Few specialized companies worldwide, most of them SMB’s (Small Medium Business)
1)- Engineering design capabilities;

2)- Construction capacity and testing capabilities;

3)- Quality Assurance and risk mitigation capacity;

» High impact in accelerator availability



» Large footprints, impacting strongly on
the sizing of the RF gallery

» AC electrical grid power quality
1)- Current harmonic distortion & Power factor
(typical problematics in power electronics);

2)- Flicker (if pulsed with 10mHz<PRR<20Hz)
(typical of pulsed loads like in long pulsed Linacs);
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6-puise diode rectifier bridge front end - Charging scheme #1

3500
3000
250.0

15004~

100.0

5300
5200
5100

4900

_/_@_/_

|

iYL

470.04||-

a60.0-/1

1.41.421.441.481.48 1.5 1.521.541.561.50 1.6 1.621.641.661.68 1.7 1.721.741.761.78 1.8 1.021.841.061.08 1.91.92

If conventional charging adopted, then ~15MW
of pulsed power at 14Hz in the ESS power line
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- SVC footprint (outdoors):
- SVC estimated cost :

2 x (10m x 15m) = 300 m? (PROHIBITIVE !)
2x~6 M€="~12 M€ (PROHIBITIVE)



Modulators for high power accelerators:

EUROPEAN

- A wide spectrum of business opportunities in SPALLATIO
scientific applications

» Business opportunities by scientific project worldwide, over next 10 to 15 years

Accelerator project | Country Quantity | Average Total average | Pulsed: P Total
name power, per | installed (pulse length | estimated
unit (kVA) | power (MVA) |in ms) or CW | €°St (M€)

ESS (MB+HB) — ESS B[N 33 660 21.8 P (3.5ms)
ERIC
SPL - CERN Switzerland 90 660 59.4 P (1.8ms)

FCC - CERN Switzerland 600 600 360 cw

ILC Japan 450 150 67.5 P (1.5ms)
X Project - Fermilab USA 200 70 14 CwW

All projects Total installed power =516 MVA ~ 800
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Historic on klystron modulators development @\ cuRoPEAN

for ESS: &

» 15t ESS modulator procurement (monolithic topology, pulse transformer based):

Rated 115kV/25A; 2.8ms/20Hz; 160kVA -> enough to power one 1.4MWpk klystron;

Procurement started in July 2011; Delivered in May 2014 (~34 months procurement time);
Limited performance: ‘ - ,

8 modulators per RF cell needed

- Rise time = 350us;
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- AC power quality issues
(flicker, current harmonic
distortion)
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} Green: Capacitor bank voltage
- ~150 modulators needed |1

High capital cost:
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for ESS:

Historic on klystron modulators development f\ cuRoPEAN

» 2" ESS modulator procurement (modular topology, HF transformers based):
Rated 115kV/50A; 3.5ms/14Hz; 330kVA -> enough to power two 1.4MWpk klystron in //;

Procurement started in July 2014; Delivered in Dec. 2016 ? (~30 months procurement time);
Expect. performance:

- Rise time = ~100ys;

- Flat-top droop < 1%;

- Efficiency = 89%;

- Power density = 66kVA/m?

- Good AC power quality: Active Front End;

- Reliability concern due to huge number of
components and limited design margins in HV

Still high capital cost:

- ~75 modulators needed



- main fopologies (modulators having been fully EUROPEAN
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assembled and tested) SOURCE

“Pulse” transformer based “HF” transformer based Transformerless

- Pulse transformer based - Stacked Multi-Level - Marx generator
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- the two most common topologies (on my view) SOURCE

Topology 1: Pulse Transformer based HV pulse
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Pulsed modulators for klystrons:

= TOPOIOQ}' based on HF fran.fformers. z°<s“m”§ ggﬁLRLcAETIO
The ESS Stacked Multi-Level (SML) modulator

EUROPEAN

Ratings: 115kV / 100A; Module #2A ﬂﬂ —
pulsed at 3.5ms/14Hz Module #1A o e o
DC 26 kv
Max. pulse rise time 120 |A.E!| pc/ 15 kiz I AC 15 kHz 26 kv AC + DC 15 kHz 26 kv
(0..99%) HS 755 J—— — 2%k S
1.1k : DC/ H HV inductor ==
Max. pulse overshoot 2% of Uy Capaditor DC aa—1ly
bank 1 kv Module #3A2
Max. pulse reverse 10% of Module #2B ModulB#381 —
(backswing) voltage 0% of Uy ﬂU ”ﬂ_ -
Module #1B 2 Ay T
Dc/ AC/
Max. voltage droop on 1% of U f'"‘u ~—["[ac 3 DC i
pulse flat-top N AC/ oc/ .
e OC Jf e g ¢ T T
Max. voltage ripple on 0.15% of U : e e T
pulse flat-top -15% of Uy - I\jﬂotdule -
AC grid line voltage 600V Module #2C Modulfl #3C1 ”ﬂ_ —
Module #1C '"1[ TR o
Max. flicker on AC grid 0.3% of Uy e/ AC / #
Max. current THD on AC 1 ’—M - o
; 3% AC/. pC/
grid DC | [——— L_ —
Min. efficiency, ACgrid to g4, - ;‘E" g ‘ﬁf . ..
HV output Module #3C1




SML modulator :
- Design and prototyping
( profofype rated: 115kV,20A; 3.5ms/14Hz )

Part | — Low voltage

power converter
Part Il —= HV modules

in oil tank

Experimental results at
Pulsed at 20kV/20A, 3.5ms/14H

HV module prototype in

EUROPEAN
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SML modulator: A
- Testing of the reduced scale profotfype 7 SPALLATIO
SOURCE
( prototype rated: 115kV/20A; 3.5ms/14Hz ) M

EUROPEAN

1. HVoil tank assembly [J2. Preliminary testing of 3 & 4 Testing of complete system
received at test stand HV oil tank assembly at — L
- 4 March 2016 low voltage - 24t ' Y
March 2016;

15t testing at High 4. 90kV with droop
Voltage - 4th April 2016 comp. - 18" April 2016

"400us] A Ch1 J -8.00V
@+¥ 1.70400ms




SML modulator : AR
- Testing of a reduced scale profotype SPALLATION
( profofype rated: 115kV,20A; 3.5ms/14Hz )

SOURCE
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SML modulator, Full Scale design (ssokVA) FN N
- Supply of 4x 1.«4MW,, klystrons in parallel & SPALLATIO

SOURCE

Retractable
HV oil tank
for easier

access\

DGy

il
A I!EEEEE.
\b\
[ _F

Al pPermanently )
unted wheels for €asy transportation

* Total footprint: 3.8m x 1.4m
(planned was 5.5m x 1.6m, i.e. 40% les{}

 Total weight: < 5.5 tons (without oil); *

* Total volume of oil: ~ 2000 litters;

HV module



SML modulator, Full Scale design (s60kVA) [ 7\ curorean
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- Arc simulation in a klystron SOURCE
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The Stacked Multi-Level (SML) modulator:{: % EUROPEAN

SOURCE

- Keypoinfts

L Modular concept, allowing the increase of rated power by adapting the number of
modules. Facilitates maintenance;

L Up to 660 kVA average power possible, allowing the supply of 4 x 1.4MW klystrons /
IOT’s in parallel;

O Power density in the order of 124 kVA/m? (~5.6x higher than ESS 15t mod.; ~1.9x higher
than ESS 2" mod.)

O Compatible both with PULSED and CW operations and with different types of RF
amplifiers (Klystrons, 10T’s, tetrodes, etc.);

L Lower cost due to limited component count and usage of standard LV components into a
great extent. Less modulators needed for the project (33 in case of ESS);

O No active power electronic devices inside oil tanks (facilitates maintenance);

O Improved efficiency (~92%), due to minimal number of conversion stages;

0 Good pulse quality (~¥120us rise time 0..99%, <0.17% flat-top ripple, <1% voltage droop);
L Good AC grid power quality. AC/DC + DC/DC allow constant power absorption:

- flicker-free operation (<0.3%), sinusoidal current absorption (THD < 5%), unitary
power factor (>0.98);




<<
  /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 false
  /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
    /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
    /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
    /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
    /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
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /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
    /MANDELA
    /Mangal-Regular
    /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
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /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
    /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
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /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
    /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


