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ΔΔP: Capillary pressure gradientP: Capillary pressure gradient
γγ: Surface tension: Surface tension
R: Radius of curvatureR: Radius of curvature
S: SpacingS: Spacing
θθ: Contact angle of rinse liquid on resist surface: Contact angle of rinse liquid on resist surface

Balanced withBalanced with…….. YoungYoung’’s modulus s modulus 
(Mechanical strength)(Mechanical strength)

Adhesion strengthAdhesion strength

: : Rinse liquidRinse liquid
: : Resist materialResist material

Physics of capillary forcePhysics of capillary force
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TMAH Development, TMAH Development, XX--linking type negative tone EB resistlinking type negative tone EB resist

High mechanical strength / low capillary force are promising forHigh mechanical strength / low capillary force are promising for collapsecollapse

Tr = 250 nm

Tr = 250 nm

Super critical COSuper critical CO22 development for development for 
collapse issuecollapse issue
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FIRM process for collapse issueFIRM process for collapse issue

K. Tanaka et. al., 
Proc. SPIE, Vol. 5039 (2003) p1366.
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DeveloperDeveloper

SwellingSwelling
LayerLayer

MicrobridgingMicrobridging

Deformation of patternDeformation of pattern
might be occur by might be occur by ““swellingswelling””

22 22 nm hp nm hp 
patternspatterns

Positive tone EUV resist

Data courtesy of SEMATECH

Swelling would also cause collapseSwelling would also cause collapse
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((i) Penetration of developer into filmi) Penetration of developer into film
⇒⇒Hydrophilic surface (polymer)Hydrophilic surface (polymer)

(ii) Acid(ii) Acid--base equilibriumbase equilibrium
⇒⇒ High High pKa pKa acidic group (acidic group (ionizaiton ionizaiton degree)degree)

(iii)(iii) SolvationSolvation of polymerof polymer
⇒⇒ Hydrophilic polymerHydrophilic polymer

Low molecular weight polymerLow molecular weight polymer
Weak intermolecular interaction polymerWeak intermolecular interaction polymer

(iv) Diffusion into solvent layer(iv) Diffusion into solvent layer

+ OH- + H2O

OH O-

Development stepsDevelopment stepsDesign PrinciplesDesign Principles

①① Increasing rate of (ii) + (iii)Increasing rate of (ii) + (iii)
⇒⇒ ((i) < (ii) + (iii)i) < (ii) + (iii)

②② Increasing uniformity Increasing uniformity 
in development in development 

UniformUniform

NonNon--uniformuniform SwellingSwelling⇒⇒ BridgingBridging

AggregationAggregation

solublesolubleunun--solublesoluble

Design principles for low swelling resists Design principles for low swelling resists 
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Penetration speed control with developer molecular sizePenetration speed control with developer molecular size
TMAH (0.26N) ⇒ TBAH (0.26N)
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Penetration speed control with polymerPenetration speed control with polymer hydrophilicityhydrophilicity
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SolvationSolvation speed control with polymer Mwspeed control with polymer Mw
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⇒⇒ Hydrophilic polymerHydrophilic polymer

Low molecular weight polymerLow molecular weight polymer
Weak intermolecular interaction polymerWeak intermolecular interaction polymer

(iv) Diffusion into solvent layer(iv) Diffusion into solvent layer

+ OH- + H2O

OH O-

Development stepsDevelopment stepsDesign PrinciplesDesign Principles

①① Increasing rate of (ii) + (iii)Increasing rate of (ii) + (iii)
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Low swelling character of negative tone development
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TradeTrade--off relation between collapse and RLSoff relation between collapse and RLS
Trade-off relationAddressing to 

collapse
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Basically, there’s no trade-off relation between collapse and RLS.
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Capillary force is a major factor in collapse. Capillary force is a major factor in collapse. 

Reducing surface tension, increasing contact angle, and Reducing surface tension, increasing contact angle, and 
suppressing swelling property are effective to fix collapse.suppressing swelling property are effective to fix collapse.

Basically, there would be no tradeBasically, there would be no trade--off relation between collapse off relation between collapse 
and RLS performance.and RLS performance.

ConclusionsConclusions


