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Development of Novel High-refractive-index Fluid for the Next Generation ArF
Immersion Lithography
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ArF water immersion lithography is considered as the most promising candidate for the next genera-
tion lithography technology which enables (IOnmhfl hp=half pitchChode device manufacturing. With a
higher refractive index fluidd HIFOit is expected to extend optical lithography further to the (Inmhp node.
It is generally accepted that developing a suitable fluid is one of the most critical technical issues in this
HIF immersion lithography. We report here a promising high refractive index fluid, HILEJOwhich satisfies
the fundamental requirements for immersion lithography. HILH was developed by screening wide variety of
organic compounds. Its refractive index and transmittance at [(IT0Jnm and (10 are O and higher than
(00O /mm, respectively. It has less interaction with resist film than water does. Using a two beam interfer-
ence exposure tool, [(TInmhp patterns have been successfully achieved with HILE immersion lithography.
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Fig. 4 Scheme for HIF Screening

Parameters

Comments

Photoresist interaction

No or limited interaction with photoresist film

Transmittance at[(ITI[Mnml TO

higher thanT0 /mm

Refractive Index n0J

higher than O

Stability

Thermally and chemically stable

Damage to equipment

no damage to lens, pipelines, and other parts of tools

Viscosity

LowI close to waterd

Solubility of air

Not less than water

Safety Safe to personnel, equipment, environment

Supply and Cost

Ready in mass production, acceptable cost
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Fig. 5 Calculated spectra of HIL-1 and Ref-1
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Fig. 6 Calculated refractive indices of HIL-1 and Ref-1
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Table2 Extraction of PAG by immersion

Fluid Wafer Extraction of PAG! ngO
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1
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Fig. 8 Transmittance decrease of HIL-1 when exposed
to air
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Fig. 9 Measured UV spectra for HIL-1 of different
grades
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Table4 Fundamental properties of HIL-1
Parameters Comments
Refractive Indexi n0 O OOmOnm, Do O
dn/dt MK
dn/dP Omx1™/Pa

Transmittance at[TIInml TO

higher thanT100 /mm

Photoresist interaction

No significant interaction with photoresist film

Stability

Thermally and chemically stable

Damage to equipment

no damage to lens, pipelines, and other parts of tools

Viscosity O0cP
Solubility of air GuMmg/L0 NelIDmg/LO
BP oo

Supply and Cost

Ready in mass production, acceptable cost

-

5480 3 0xV 7 1mim x200k
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Resist: Typical ArF resist
BARC:ARC29A
PEB:115°C/60sec
Dev:2.38%TMAH aq.,60sec
Exposure dose:14mJ/cm?

(a)Top-down SEM imae

(b)Cross-section SEM image

Fig. 11 Resolution of hp32nm with Canon 2-beam interference exposure tool
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