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Ralph Dammel Wins Zernike Award
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Radiation Induced Decomposition

of Poly(methyl methacrylate), PMMA
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Measuring “G” Values
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“G” Values
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RESIST SENSITIVITY EXPRESSED IN TERMS OF DOSE/UNIT

AREA IS LIKE AN EPA MILEAGE RATING… USE IT FOR

COMPARISON ONLY. YOUR OWN MILEAGE WILL VARY

DEPENDING ON…

Lithographic Sensitivity

CAUTION…
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Defocus Behavior: a 193 nm Resist
100nm  (1:1.1) Trench DOF @ 38.0 mJ/cm²

-0.05µm-0.10µm-0.15µm-0.2µm-0.25µm-0.35µm 0.0µm

+0.05µm+0.10µm

-0.30µm

+0.15µm+0.2µm+0.25µm+0.30µm+0.35µm+0.4µm

+0.20µm +0.10µm +0.35µm+ 0.05µm

120  100 nm Isolated Trench

+0.30µm-0.10µm 0.00µm-0.15µm

180  100nm Isolated LINE

0.110µm

0.110µm0.109µm0.111µm0.111µm0.107µm 0..113µm

+0.10µm+0.05µm0.0µm +0.20µm-0.10µm -0.05µm-0. 15µm +0.40µm+0.35µm

+0.45µm

-0.40µm

0.114µm0.114µm0.112µm0.112µm0.116um 0.116µm0.112µm0.115um

0.115µm0.114µm0.116µm0.117µm0.115um 0.112µm0.115µm0.116um

-0.05µm

Exactly what does this measure???
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Chemical Amplification

Hiroshi Ito Jean Fréchet
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Mercury Xenon Lamp Output
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Sloped Sidewalls In Novolac-Based DUV Resists

High unbleachable

absorption leads to

heavily sloped sidewalls

in novolac-based resists 

imaged at 248 nm.
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Photochemistry Counts Photons

Starting Material + Photon Product

Energy/Photon, E = hv = hc/
As Wavelength Decreases, Energy/Photon Increases

• Fewer Photons are Available for a Given Exposure 

Measured in millijoules/area

• Mercury Lamp Produces far less Energy in the

Deep UV

• Throughput Therefore Requires

-- Brighter Light Bulbs

-- More Sensitive Resists


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Excimer Lasers are very bright “lights”
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Excimer Lasers
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First Excimer Laser Lithography Experiment

Reciprocity proof!!
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Single Component Negative Tone
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Two Component Systems - Negative tone

Hitachi
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Poly(p-hydroxystyrene)

No swelling!!!
But……
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Side Chain Deprotection Design
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Infrared Spectrum before and after Exposure
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Is there an I-line like positive resist for DUV???

If this can be done in the DUV… it will require:

•New Photoactive Compound ..not DNQ

•New Resin…not Novolac

•More light than an Hg lamp can provide
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Ideal Sensitizer Characteristics

• High Extinction at 254nm

• High Quantum Efficiency

• Photoproducts Transparent at 254nm

• No Absorbance Above 300nm

• Useful Change in Polarity

• Thermal Stability

• Solubility

• Synthetic Access
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Spectral Properties
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Photolysis of o-Nitrobenzyl esters
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Candidate 1,3-Diacyl-2-diazo chromophores

• Bleach in the DUV. 

• Good film forming properties.

• Quantum efficiency of ~ 0.3

• Carboxylic acid photoproducts

• N-substituted 3-diazopiperidine-
2,4-diones

• O-substituted 3-diazo-7-hydroxy-
4-oxocoumarin

Willson C. G., Miller R. D., McKean D. R., Pederson L. A., Regitz M.; SPIE Vol. 771 Advances in 

Resist Technology and Processing IV 1987, 2.

Willson, C. G.; Leeson, M. J.; Yeuh, W.; Steinhausler, T.; McAdams, C. L.; Levering, V.; Pawolski, A.; 

Aslam, M.; Vicari, R.; Sheehan, M. T.; Sounik, J. R.; Dammel, R.R.; Proc. SPIE, 1997, 22, 226
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These systems are ALL FAR TOO SLOW!!
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Control of Resist Sensitivity
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Insoluble
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Chemical Amplification


