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Motivation

Lithographic Uncertainty Principle for Chemically Amplified
Resists: Fundamental interplay between sensitivity, resolution and
line edge roughness.

Meeting the goals for sensitivity, resolution and LER for the 45nm
node and below is a challenge.

Shot Noise effects and Sensitivity can only be characterized by at
wavelength exposures.

IMEC needs to select a resist for ASML’s EUV α-tool by Q4 2005.
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Achromatic Interference Lithography
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Achromatic Interference Lithography

Printed pitch is wavelength independent. Therefore no
monochromator needs to be used, resulting in short exposure
times. (λ/∆λ=25-50)

Using a suitable mask layout, various patterns and/or pitches can
be written in a single exposure

50nm 45nm 40nm

100nm 100nm 90nm 90nm 80nm 80nm
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Achromatic Interference Lithography

All CDs in this presentation refer to half pitch values at
wafer level.

800 µm

25nm

30nm

35nm

40nm
45nm
50nm

Cleavable line/space
patterns

35nm 42nm 50nm 57nm

Line/space and
contact hole patterns

CH
25nm 30nm 35nm 40nmL/S
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Achromatic Interference Lithography

• Operational since Q3 2003

• Vacuum during exposure ~10-6 mbar

• Photon flux ~35mW/cm2 on mask

• Sample stage for 4, 5 & 6” wafers

• Sample stage for 8’’ under construction

• Software for automatic exposure control

• Hotplate available next to exposure tool

for minimum post-exposure delay
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Results in PMMA

50nm L/S 20nm L/S30nm L/S
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Results in PMMA

17.5nm L/S 15nm L/S 35nm CH

Best resolution obtained with optical lithography so far!
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Chemically Amplified Resists

13 resists from 4 different vendors have been screened with
interference lithography.

Three of these materials have been investigated in more detail.
Main focus on line/space performance.
Ultimate resolution has been determined.
Line edge roughness was measured by off-line analysis of top-
down SEM pictures (V. Constantoudis et al. SPIE 2004, Vol. 5375,
967-977).
Relative sensitivity (mask dependent!) has been determined.
Vendor recommended processing conditions were used (unless
noted otherwise).

Best resist has also been tested for contact hole patterns.
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Lines/Spaces Performance
Resist A

32.0mJ/cm2 32.0mJ/cm2

ESCAP platform

Film Thickness: 80nm

± 73 nm ± 73 nm

Esize for 50nm 1:1 is
~11mJ/cm2 on ALS/MET

50nm L/S 45nm L/S
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Lines/Spaces Performance
Resist A

33.6mJ/cm2

ESCAP platform

Film Thickness: 80nm

± 73 nm

40nm L/S
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Lines/Spaces Performance
Resist AESCAP platform

Film Thickness: 80nm

36.2mJ/cm2

35nm L/S
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Lines/Spaces Performance
Resist AESCAP platform

46.3mJ/cm2 62.3mJ/cm2

Film Thickness: 80nm

30nm L/S 25nm L/S
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Line Edge Roughness Analysis
Resist A

Film Thickness: 100nm

Corr. Length ~ Acid Diffusion
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Lines/Spaces Performance
Resist B

6.0mJ/cm2 6.3mJ/cm2

•Resist shows top loss
•Resolution not as good as for Resist A, but higher sensitivity

± 72 nm

ESCAP platform

Film Thickness: 100nm

40nm L/S 35nm L/S
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Lines/Spaces Performance
Resist C

22.7mJ/cm2

40nm L/S

EUV
Exposures

Non-interfaced

130nm L/S

248nm
Exposures
Interfaced

High surface inhibition?

Acrylate platform
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Acid Diffusion

LER (3σ; nm)
Correlation 
Length (nm)

Sensitivity 
(mJ/cm2)

Resolution 
(nm)

Resist A 7.1 20.2 33.6 35
Resist B 10.8 29.1 6.0 40

193nm resist 7.0 30.7 -- --
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Lines/Spaces
Simulation: Acid Diffusion vs Resolution

Selid 3.4.0, Sigma-C
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Contact Hole Performance
Resist A

7.3mJ/cm2

11.4mJ/cm210.8mJ/cm210.3mJ/cm29.8mJ/cm29.4mJ/cm2

11.9mJ/cm2 15.2mJ/cm2 16.0mJ/cm2 16.8mJ/cm2

8.9mJ/cm28.5mJ/cm28.1mJ/cm27.7mJ/cm2

Film Thickness:
 100nm

57nm CH

•Good printing performance over large dose range!
•Field-to-field dose variation caused by shutter. This has been fixed last week. 
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Contact Hole Performance
Resist A

13.8mJ/cm211.4mJ/cm2

50nm CH57nm CH

Film Thickness:
 100nm
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Contact Hole Performance
Resist A

14.5mJ/cm2

42nm CH

Dense contact holes
resolved down to

42nm!!!

31.7mJ/cm2

35nm holes are
not resolved

35nm CH

Film Thickness:
 100nm
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Summary

Achromatic EUV interference lithography is a powerful
method for at-wavelength resist evaluation.

Decent line/space patterns down to 35nm and contact
holes down to 42nm have been demonstrated in a
CAR.

For these materials the pattern quality rapidly
deteriorates below 35nm. The resolution is limited by
the acid diffusion length.

Pattern quality dominated by resist performance, NOT
by instrument.

Careful resist optimization towards Sensitivity, Line
Edge Roughness, Resolution and Acid Diffusion is
needed.
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Many Thanks to:

Jeroen Lammers, Philips Research Leuven
Resist Suppliers
MEDEA+ T406: ExCiTe
European Commission: More Moore
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