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Critical issues of EUV mask substratesCritical issues of EUV mask substrates
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Image Placement Image Placement Error(IPEError(IPE))
=(d =(d ＊＊tan6tan6°°)/4)/4 <4.8nm<4.8nm (ITRS spec. @2010)

Flatness;d
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Wafer

EUV
light
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Simulation resultsSimulation results T. T. TerasawaTerasawa et al. PMJ2004et al. PMJ2004

(ITRS spec. @2010)

RoughnessRoughness(HSFR(HSFR, MSFR, Local slope, etc.), MSFR, Local slope, etc.)
⇒⇒Affect on EUV light reflectivity and LERAffect on EUV light reflectivity and LER

FlatnessFlatness
Requirement :Requirement : ＜＜50 nm P50 nm P--VV on both on both 
sidessides (142mm sq.)(142mm sq.)

DefectsDefects
Killer defects : Killer defects : 70nmW x 2nmH70nmW x 2nmH on MLon ML

CTECTE
Requirement :Requirement :＜＜±±5ppb/K in production5ppb/K in production
⇒⇒LLow ow TThermal hermal EExpansion xpansion MMaterialaterial
((LTEMLTEM) will be needed) will be needed
In HOYA, Corning ULE (SiOIn HOYA, Corning ULE (SiO22--TiOTiO22 glass)glass)
is mainly used as EUV mask substrateis mainly used as EUV mask substrate



EUV mask substrates specification EUV mask substrates specification (SEMI P37)(SEMI P37)

Size or area Size or area 
definitiondefinition

Spec.Spec. unitsunits
Current metrologyCurrent metrology

in HOYAin HOYA

Coefficient Coefficient 
of thermal of thermal 

expansion (CTE)expansion (CTE)

Class A:Class A:±±55
Class B:Class B:±±1010

ppb/Kppb/K

FlatnessFlatness
(Both sides)(Both sides) 142mm sq.142mm sq.

Class A:<30Class A:<30
Class B:<50Class B:<50

nm Pnm P--VV
CorningCorning--TropelTropel

Ultra FlatUltra Flat

RoughnessRoughness①①
Local Local slope(lowslope(low))

55µµm<m<λλspatialspatial<1mm<1mm <1.5<1.5
mradmrad
(3(3σσ))

ZygoZygo
NewViewNewView

RoughnessRoughness②②
Local Local slope(highslope(high))

250nm<250nm<λλspatialspatial<5<5µµmm <1.8<1.8
mradmrad
(3(3σσ))

RoughnessRoughness③③
HSFRHSFR

50nm<50nm<λλspatialspatial<250nm<250nm <0.15<0.15 nmnm--rmsrms
(1(1σσ))

AFMAFM

DefectDefect
(Particle, Pit)(Particle, Pit)

> 50nm PSL > 50nm PSL 
equivalent sizeequivalent size 00

countscounts
/cm/cm22

LasertecLasertec
M1350M1350
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LTE sub.LTE sub.

Process flow of EUV mask substratesProcess flow of EUV mask substrates

Flatness control processFlatness control process

Roughness control and
defect reduction process
Roughness control and
defect reduction process

Local polishLocal polish

TouchTouch polishpolish

CleanClean

DefectsDefects

Flatness(142mm sq.)Flatness(142mm sq.)

MultiMulti--work polishwork polish

Flatness(inFlatness(in 142mm sq.)142mm sq.)
DefectsDefects

Advanced processes including local polish have been developing tAdvanced processes including local polish have been developing to o 
attain substrates with higher flatness and lower defectsattain substrates with higher flatness and lower defects
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Substrates with high flatness and low defects can be produced usSubstrates with high flatness and low defects can be produced using local polishing local polish
Best flatness of ~80nm and routine flatness of ~120nm were attaiBest flatness of ~80nm and routine flatness of ~120nm were attained in 2007ned in 2007

Flatness improvementFlatness improvement
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89 nm P89 nm P--VV
on fronton front

83 nm P83 nm P--V V 
on backon back 4 4 def@ALLdef@ALL

44
EUVL Symposium, Oct. 29EUVL Symposium, Oct. 29--31, 200731, 2007



CleaningCleaning
processprocess

developmentdevelopment

toto
decreasedecrease
particlesparticles

PolishingPolishing
process process 

developmentdevelopment

toto
decreasedecrease

pitspits

Defect reduction of LTE substrates Defect reduction of LTE substrates 

1H/1H/’’0606
0.23def/cm0.23def/cm22@all pixels@all pixels

2H/2H/’’0606
0.15def/cm0.15def/cm22

1H/1H/’’0707
0.02def/cm0.02def/cm22

Inspection equipment: Inspection equipment: LasertecLasertec M1350  M1350  

Particle: 32  Particle: 32  
Pit: 10Pit: 10
(false: 2)(false: 2)

Particle: 26  Particle: 26  
Pit: 1Pit: 1
(false: 4)(false: 4)

Particle: 4  Particle: 4  
Pit: 0Pit: 0

Defects on LTE substrates have been decreased by improvements ofDefects on LTE substrates have been decreased by improvements of polishing polishing 
and cleaning processesand cleaning processes
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Routine TargetRoutine Target in 2007in 2007: <150 nm P: <150 nm P--V in 142mm sq.V in 142mm sq.

ReproducibilityReproducibility Typical ULE substrateTypical ULE substrate

Average Average ：：117 nm P117 nm P--V V 
23% was within 100 nm P23% was within 100 nm P--VV

123 nm P123 nm P--V on frontV on front

94 nm P94 nm P--V on backV on back

LTE substrates performance: Flatness and defectsLTE substrates performance: Flatness and defects

Flatness (nm P-V)

LTE substrates with high flatness of 100 nm and low defects wereLTE substrates with high flatness of 100 nm and low defects were achievedachieved

5 5 defects@alldefects@all
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LTE substrates performance: RoughnessLTE substrates performance: Roughness
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Power Power spectlespectle density curve of LTE sub.density curve of LTE sub.

(Flatness)(Flatness)

・・Local Local Slope(lowSlope(low):):
0.29mrad(30.29mrad(3σσ))

⇒◎⇒◎

・・Local Local Slope(highSlope(high):):
1.99mrad(31.99mrad(3σσ))

⇒△⇒△

・・HSFR:HSFR:
0.08nm0.08nm
⇒◎⇒◎

LocalLocal slope(highslope(high) should be improved) should be improved
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Performance of ML blanks with LTE sub.Performance of ML blanks with LTE sub.

23 defects23 defects

ML blank defectsML blank defects
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EUV reflectivity spectraEUV reflectivity spectra
(50 bi(50 bi--layers ML)layers ML)

ML blanks meeting the target spec. in 2007 can be produced by usML blanks meeting the target spec. in 2007 can be produced by using ing 
improved ULE substratesimproved ULE substrates

BlanksBlanks
on LTEMon LTEM

TargetTarget
in 2007in 2007

TargetTarget
in 2010in 2010

ReflectivityReflectivity
(Peak, %)(Peak, %)

66.466.4 >64>64 >66>66

Defects on MLDefects on ML
(counts/cm(counts/cm22))

0.130.13
@70nm@70nm

0.400.40
@70nm@70nm

0.200.20
@40nm@40nm

EUV reflectivity was measured EUV reflectivity was measured 
by by reflectometerreflectometer located at located at SeleteSelete
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Summary Summary 

HOYA has been focusing on development of fabrication process forHOYA has been focusing on development of fabrication process for
LTE substrates to attain high flatness, smooth surface and low dLTE substrates to attain high flatness, smooth surface and low defects, efects, 
since 2006since 2006
LTE substrates with high flatness of less than120 nm and low defLTE substrates with high flatness of less than120 nm and low defects of ects of 
less than 0.05 def/cmless than 0.05 def/cm22@60 nm can be produced by improvement of @60 nm can be produced by improvement of 
fabrication process fabrication process 
We are supplying EUV blanks with LTE substrates meeting target We are supplying EUV blanks with LTE substrates meeting target 
specifications for alpha EUV exposure testspecifications for alpha EUV exposure test

We are now challenging further defect reduction and further We are now challenging further defect reduction and further 
flatness improvement of LTE substrates toward production targetflatness improvement of LTE substrates toward production target
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