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AIM - To determine if the Resolution-LER-Sensitivity (RLS) trade-off can be overcome by developing more sensitive non chemically 
amplified resists (non-CARs) and to gain an understanding of EUV induced chain scission which may also benefit CAR platforms.  

INTRODUCTION
The RLS trade-off limits the achievable LER for a given dose and half-pitch.
For CARs a significant contributing factor to this trade-off is believed to be due to diffusion of photogenerated acids
This has led to the resurgence in development of non-CARs, due to contrast mechanism not relying on diffusion.
Current non-CARs, such as polymethylmethacrylate (PMMA) can be patterned to feature sizes as low as 22 nm with low LER, but 
lack the required sensitivity. [1]
In part, this low sensitivity is due to chemical structure of PMMA. 
We have screened a range of chemical structures for their propensity to degrade at 13.5 nm / 92 eV and generated a predictive 
model that is able to screen structures in silico. [2] 
One target that was identified was substituted carbonates
In this poster the synthesis and lithographic characterisation of a series of polycarbonate polymers is discussed

ACKNOWLEDGEMENTS
The authors would like to thank Intel Corporation, the Australian Research Council (Project ID LE0775684 and LP0667941), Smart State

Innovation Building Fund for funding and the ANFF-Q for use of instrumentation.

Polycarbonate Based Non-chemically Amplified Photoresists for 
Extreme Ultraviolet Lithography
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Exposure data continued
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Comparison of CAR and non-CAR resists

Outgassing and E0

- Outgassing species predominately CO2 and CO
- Levels are within specified limits
-E0 for selected series is dependent on hydrophobicity
- important to consider outgassing levels and species 
in design of polymers

Effect of Structure on Properties

Design Concept

- Resist A = Balanced bridging + dissolution, 
- Resist B = Severe bridging limits resolution, 
- Resist C = Severe top loss / fast dissolution
- Appears to correlate well with hydrophobicity of alternating unit 2

-i.e. structure is effecting interaction of resist with developer

-Table shows examples of 
polymers synthesised and 
results of  characterisation
-By varying structure Tg can be 
tuned from ca. 70 – 170 °C
- Ohnishi parameters for many of 
the structures that contain 
alicyclic groups are comparable 
to those reported for ArF resists

• Expect etch resistance to         
be similar to ArF resists
• Needs experimental 
verification

- Polymers prepared by condensation of diols and bis(imidazole)carboxylates [3]
- Substituted carbonate designed to be a hotspot
- Cyclic structures in backbone designed to increase Tg and etch resistance

A

B

C

- Unoptimised developer - 100% IPA, no PEB
- Polymer performs very well on over-dose (not always the case for CAR 
platforms), allowing  patterning down to 29 nm at 50nm hp (mask res 26 nm)
- Images appear smooth, but LWR measures higher than expected

- possibly due to low Mwt, or poor interaction with developer
- 50 hp analysis gives E50 of ~51 mJ cm-2
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Alternating Unit 1

Alternating Unit 2

E0 = 37 mJ/cm2

E0 = 49 mJ/cm2

E0 = 56 mJ/cm2

Resist A – Dose Skew – 50nm hp
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- Examples of precursors

Exposure data
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Bridging & LER

-With optimised developer and PEB ultimate 1:1 resolution = 60nm hp
- Primary failure mode is microbridging

=> require further understanding of resist developer interactions

Resist A – optimisation of conditions

Summary/Conclusions
- Synthesized a series of tertiary polycarbonates with ability to control Tg
- Outgassing levels are within specified limits
- Patterning down to cd of 29 nm demonstrated at 50 nm hp
- Structure of polymer affects interaction with developer

Effect of Structure

References
1 Gronheid, Solak, Ekinci, Jouve, Van Roey,  Microelectronic Engineering 2006, 83, (4-9), 1103-1106.
2 Jack, Liu, Blakey, Hill,  Wang, Cao, Leeson, Denbeaux, Waterman,  Whittaker, A. Proc. SPIE. 2007, 6519, 65193Z/1
3 Houlihan,  Bouchard, Frechet; Willson, Macromolecules 1986, 19, (1), 13-19.

3.25921.45.2k

172

134

127

125

68.4

Tg (ºC)

3.80

4.40

4.09

3.71

3.62

Ohnishi 
Parameter

1.44.2k

1.634.2k

1.611.0k

1.813.6k

1.510.3k

PDIMw:Polycarbonate

3.25921.45.2k

172

134

127

125

68.4

Tg (ºC)

3.80

4.40

4.09

3.71

3.62

Ohnishi 
Parameter

1.44.2k

1.634.2k

1.611.0k

1.813.6k

1.510.3k

PDIMw:Polycarbonate

O
O O

O O O

O

O O

O O O

O

O

Linear



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 0.15
    /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
  /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 0.15
    /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
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


