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••  Main Specifications Main Specifications : :

•• Three main optical criteria have to be achievedThree main optical criteria have to be achieved
together for a successful mask substrate according totogether for a successful mask substrate according to
SEMI P37-1101 specifications.SEMI P37-1101 specifications.

•• Among this the main critical quality criteria for a maskAmong this the main critical quality criteria for a mask
substrate are:substrate are:

–– Very low flatnessVery low flatness : < 50: < 50 nm nm PTV PTV
–– Very low MSFRVery low MSFR : < 1 : < 1 mrad mrad PTVPTV
–– Very low roughnessVery low roughness : < 0.15 : < 0.15 nmnm RMS RMS
–– Defects of size > 50Defects of size > 50 nm nm in quality area :  None in quality area :  None

EUV Mask Substrate Specs

Conclusion

Goal :Goal :
To monitor the defect level density for improving our polishingTo monitor the defect level density for improving our polishing
processprocess

Equipment :Equipment :
Laser scattering optical microscope analyzerLaser scattering optical microscope analyzer

Cooperation :Cooperation :
Development of collaborations with laboratories for defectDevelopment of collaborations with laboratories for defect
inspection  (CEA LETI,inspection  (CEA LETI, Université Université de Lyon) de Lyon)

Results :Results :
Measurements on Silica, ULE andMeasurements on Silica, ULE and Clearceram Clearceram Mask substrates Mask substrates
after polishing and cleaning after polishing and cleaning ŁŁ   0.1 to 1  defects /0.1 to 1  defects /cm² cm²  > 300  > 300 nmnm

SAGEM is now installing a mask inspection test bench forSAGEM is now installing a mask inspection test bench for
monitoring defects which have a size > 500 monitoring defects which have a size > 500 nmnm..

Defects counting on cleaned mask substrates

Technology in action

Goal Goal ::  To Optimize metrology tools and know howTo Optimize metrology tools and know how

ResultsResults ::  The full Power Spectral Density spectrum is coveredThe full Power Spectral Density spectrum is covered
  LSFR 250 mm - 1 mm => Interferometry

MSFR 1 mm - 2 µm => Micro-interferometry
HSFR 2 µm - 0.01 µm => AFM 

Specific Control EquipmentSpecific Control Equipment ::
Zero-G and Zero-stress fixing and positioningZero-G and Zero-stress fixing and positioning
No backside interactionNo backside interaction

Metrology equipment

0.05 0.05 nm nm MSFR noiseMSFR noise

Work ApproachWork Approach::
Polishing means specific adaptationPolishing means specific adaptation
Work on lower roughness - lower defectsWork on lower roughness - lower defects
Work on flatness & parallelism correction by IBFWork on flatness & parallelism correction by IBF
Specific polishing, cleaning, handling developmentSpecific polishing, cleaning, handling development

Flatness Correction With IBF

Tested Material Tested Material : Quartz,: Quartz, Zerodur Zerodur, ULE, , ULE, ClearceramClearceram
Low roughness Low roughness : < 0.1 : < 0.1 nmnm  on Silica and ULE materials  on Silica and ULE materials

Dimensions Dimensions :  6” x 6”:  6” x 6”
FlatnessFlatness : Before IBF : Before IBF = 300 = 300 nmnm PV typical  PV typical 

: After IBF : After IBF   =   50   =   50 nmnm PV typical PV typical

Ion Beam Figuring is a deterministic way to achieveIon Beam Figuring is a deterministic way to achieve
Flatness and parallelism SpecsFlatness and parallelism Specs

Key issuesKey issues
ŁŁŁŁŁŁŁŁ  To keep the 0.15 To keep the 0.15 nm nm RMS Roughness RMS Roughness
ŁŁŁŁŁŁŁŁ  To control the defect density increase To control the defect density increase

•• Efforts have been placed to explore the various fabrication steps :Efforts have been placed to explore the various fabrication steps :
  Polishing - testing - figuring - cleaning - defect counting  Polishing - testing - figuring - cleaning - defect counting

•• New equipment for cleaning, control and inspection are nowNew equipment for cleaning, control and inspection are now
installed and operationalinstalled and operational

•• Process 2 selected for lower defect density advantageProcess 2 selected for lower defect density advantage

•• Our roadmap is to improve the defect density by a factor of 10 andOur roadmap is to improve the defect density by a factor of 10 and
to produce a first batch of 5 to 10to produce a first batch of 5 to 10 photomask photomask substrates before substrates before
Q4/2003Q4/2003

AcknowledgementAcknowledgement: this work is done in the framework of the: this work is done in the framework of the
MEDEA+ EXTUMASK project which is supported by the FrenchMEDEA+ EXTUMASK project which is supported by the French
Ministry of Economy, Finance and Industry Ministry of Economy, Finance and Industry MinEFiMinEFi

Process 1Process 1

on ULEon ULE

     0.04      0.04 nmnm HSFR noise HSFR noise

Super smooth finishing

Two Polishing Process are developed and tailoredTwo Polishing Process are developed and tailored
on   Silica,on   Silica, Clearceram Clearceram ™, ZERODUR ™, ULE ™ . ™, ZERODUR ™, ULE ™ .

ResultsResults  : :  

1st :1st : Low HSFRLow HSFR 0.10.1 nm nm RMS RMS
Extremely low MSFRExtremely low MSFR 0.080.08 nm nm RMS RMS
Defect number (higher)Defect number (higher) 100 u / 100 u / cm²cm² (< 500 (< 500 nm nm))

2nd :2nd : Low HSFRLow HSFR 0.10.1 nm nm RMS RMS
Low MSFRLow MSFR 0.25 0.25 nmnm RMS RMS
Defect number (lower)Defect number (lower) 1 u / 1 u / cm²cm² in progress in progress

Both processes are ion-beam figuring available : roughness and defectBoth processes are ion-beam figuring available : roughness and defect
level are preserved during  LSFR correction step on parts of materialslevel are preserved during  LSFR correction step on parts of materials

Only 2nd process will be selected to pursue development to reduceOnly 2nd process will be selected to pursue development to reduce
MSFR and defect level .MSFR and defect level .

Output :   Output :   samples and first batch ofsamples and first batch of photomask  photomask substratessubstratesFiguring keeps Figuring keeps 0,1 0,1 nmnm roughness roughness

0.5 nm

LargeLarge area area  optical inspection  optical inspection

Low roughnessLow roughness

0.1 nm

Cleaning

Low defect level requires high performanceLow defect level requires high performance
cleaning on different material substrates duringcleaning on different material substrates during
all the manufacturing  processall the manufacturing  process

MultiMulti stage cleaning process : stage cleaning process :

Wet benchWet bench

MultiMulti-step specific chemical treatments-step specific chemical treatments

(Ultrasonic assisted)(Ultrasonic assisted)

Jet spinningJet spinning

Combined chemical and HP jet cleaningCombined chemical and HP jet cleaning

Works :Works :

Handling, storage andHandling, storage and carriering   carriering  in one-to-onein one-to-one
ultracleanultraclean solutions solutions

Process 2Process 2

on ULEon ULE

Substrate figuring < 50 nm PTV

0.25 nm RMS0.25 nm RMS
overover 1 - 100 1 - 100

mmmm-1-1

Low  MSFR levelLow  MSFR level

0.08 nm RMS0.08 nm RMS
overover 1 - 100 1 - 100

mmmm-1-1

Very low  MSFR levelVery low  MSFR level


