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Use of KLUP 

KLUP is a photoresist Figure of Merit that indicates how well a resist is 
performing in terms of Resolution, Sizing dose, and Line Width Roughness 
(simultaneously!)

KLUP independent of 
– Optical contrast, illumination conditions, exposure tool
– Pattern density (pitch)
– Processing conditions

Hence, it is a true photoresist Figure of Merit

It is calculated by the formula

More details on KLUP, see SPIE paper 6519-31 (2007)
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Conditions KLUP calculations

KLUP calculations were performed for pitches 64nm, 44nm, 32nm

Assumed NILS = 3 for all cases  
– From one node to another, an increase in ILS is assumed in order to keep NILS 

constant
– One exception: What happens if NILS = 2?

Resist thickness scaled with pitch (cf. ITRS)

LWR targets equal to 10% of half pitch
– Less aggressive than ITRS!

EL calculations are based on given optical contrast and taking into account loss 
of contrast due to acid diffusion

– Value of Ld is set to 1/3 of the pitch to minimize LWR
– Actual value of Ld does not influence the KLUP calculations because variation in Ld

will have impact on EL also (keeping KLUP constant)
– Ld must scale with pitch in order to keep contrast loss due to acid diffusion under 

control (less than <60%)
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KLUP for EUV HVM

A

A Expected sizing dose based on best EUV resist to date (lowest KLUP observed)
– Note: limited dataset of KLUP for EUV resists so far 

Other assumptions see previous slide 

Increasing sizing doses dictated by tighter LWR target 

and reduced number of photons per pitch
Increasing sizing doses dictated by tighter LWR target 

and reduced number of photons per pitch

EUV p λ ν E s d EL LWR L d K LUP NILS
(nm) (nm) (s-1) (mJ/cm2) (nm) (nm) (nm)

2009 64 13.4 2.24E+16 29.0 64 0.12 3.2 21 0.32 3.0
2011 44 13.4 2.24E+16 60.0 44 0.12 2.2 14.7 0.32 3.0
2013 32 13.4 2.24E+16 115.0 32 0.12 1.6 10.6 0.32 3.0
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B KLUP target given the dose requirement of 10mJ/cm2 

Other assumptions see slide 3

KLUP needs about a factor 1.5 improvement by 32nm HP
and a factor two by 16nm HP

KLUP needs about a factor 1.5 improvement by 32nm HP
and a factor two by 16nm HP

KLUP for EUV HVM

A

B

EUV p λ ν E s d EL LWR L d K LUP NILS
(nm) (nm) (s-1) (mJ/cm2) (nm) (nm) (nm)

2009 64 13.4 2.24E+16 29.0 64 0.12 3.2 21 0.32 3.0
2011 44 13.4 2.24E+16 60.0 44 0.12 2.2 14.7 0.32 3.0
2013 32 13.4 2.24E+16 115.0 32 0.12 1.6 10.6 0.32 3.0
2009 64 13.4 2.24E+16 10.0 64 0.12 3.2 21 0.19 3.0
2011 44 13.4 2.24E+16 10.0 44 0.12 2.2 14.7 0.13 3.0
2013 32 13.4 2.24E+16 10.0 32 0.12 1.6 10.6 0.10 3.0
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KLUP for EUV HVM

C KLUP target given a dose requirement of 10mJ/cm2 for 32nm HP, 20mJ/cm2 for 
22nm HP, 30mJ/cm2 for 16nm HP

Other assumptions see slide 3

KLUP needs factor 1.5 improvement by 32nm HP and is then 
more or less OK given that dose increases and NILS remains constant

KLUP needs factor 1.5 improvement by 32nm HP and is then 
more or less OK given that dose increases and NILS remains constant

A

B

C

EUV p λ ν E s d EL LWR L d K LUP NILS
(nm) (nm) (s-1) (mJ/cm2) (nm) (nm) (nm)

2009 64 13.4 2.24E+16 29.0 64 0.12 3.2 21 0.32 3.0
2011 44 13.4 2.24E+16 60.0 44 0.12 2.2 14.7 0.32 3.0
2013 32 13.4 2.24E+16 115.0 32 0.12 1.6 10.6 0.32 3.0
2009 64 13.4 2.24E+16 10.0 64 0.12 3.2 21 0.19 3.0
2011 44 13.4 2.24E+16 10.0 44 0.12 2.2 14.7 0.13 3.0
2013 32 13.4 2.24E+16 10.0 32 0.12 1.6 10.6 0.10 3.0
2009 64 13.4 2.24E+16 10.0 64 0.12 3.2 21 0.19 3.0
2011 44 13.4 2.24E+16 20.0 44 0.12 2.2 14.7 0.19 3.0
2013 32 13.4 2.24E+16 30.0 32 0.12 1.6 10.6 0.16 3.0

Note: LWR based on shot noise scaling only! No intrinsic material LWR is taken into 
account. See remark last slide
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KLUP for EUV HVM

D KLUP target given a dose requirement of 10mJ/cm2 for 32nm HP, 20mJ/cm2 for 
22nm HP, 30mJ/cm2 for 16nm HP

NILS dropped to 2

Other assumptions see slide 3
KLUP needs factor 2.5 improvement by 32nm HP

and is then more or less OK given that dose increases
KLUP needs factor 2.5 improvement by 32nm HP

and is then more or less OK given that dose increases

A

B

C

D

EUV p λ ν E s d EL LWR L d K LUP NILS
(nm) (nm) (s-1) (mJ/cm2) (nm) (nm) (nm)

2009 64 13.4 2.24E+16 29.0 64 0.12 3.2 21 0.32 3.0
2011 44 13.4 2.24E+16 60.0 44 0.12 2.2 14.7 0.32 3.0
2013 32 13.4 2.24E+16 115.0 32 0.12 1.6 10.6 0.32 3.0
2009 64 13.4 2.24E+16 10.0 64 0.12 3.2 21 0.19 3.0
2011 44 13.4 2.24E+16 10.0 44 0.12 2.2 14.7 0.13 3.0
2013 32 13.4 2.24E+16 10.0 32 0.12 1.6 10.6 0.10 3.0
2009 64 13.4 2.24E+16 10.0 64 0.12 3.2 21 0.19 3.0
2011 44 13.4 2.24E+16 20.0 44 0.12 2.2 14.7 0.19 3.0
2013 32 13.4 2.24E+16 30.0 32 0.12 1.6 10.6 0.16 3.0
2009 64 13.4 2.24E+16 10.0 64 0.08 3.2 21 0.13 2.0
2011 44 13.4 2.24E+16 20.0 44 0.08 2.2 14.7 0.13 2.0
2013 32 13.4 2.24E+16 30.0 32 0.08 1.6 10.6 0.11 2.0
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Important Note

KLUP is an empirical parameter that includes all contributions to LWR
– Shot noise scaling and deprotection statistics
– Material contributions to LWR

When using KLUP for extrapolation (as in this presentation), we assumed that all of the LWR 
is caused by shot noise effects (statistics on number of photons and deprotection chemistry) 

– It assumes LWR caused by the material is zero
– It assumes LWR can go to zero in case of extremely high exposure dose and NILS
– Reason for not implementing intrinsic material LWR is uncertainty about size of it (3σ); values 

reported range from 1 to 3nm. 

If the inherent material contribution to LWR would be e.g. 1.5nm (3σ), the LWR may never 
go below that value and the validity of this extrapolation stops at 1.5nm LWR (or even 
slightly above). 

This extrapolation hence gives the ‘best case scenario’ (no material LWR).

For current evaluations, LWR is in the range of 4.5-10nm. The shot noise/deprotection statistics scaling in 
current experiments is clearly present and material contribution to LWR is smaller



November 1, 2007Resist TWG meeting Sapporo
9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


