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Lithography

The critical pattern definition step (and the most expensive process step 
in semiconductor industry)

SlowXX8 nmIon beam lithography

Very slow (multi-probe)X(X)AtomicScanning probe lithography

1:1 membrane mask, source!XXX< 20 nmX-ray lithography

Low cost, low investment, but 
1:1 mask, defectivity?, ready 
for industry?

Slow, expensive (shape-
beam, multi-beam)

Very high investments, not 
yet ready

High investments, limitations 
in the future 

Low resolution

Remarks

XXXXX45 nm

XXXXX5 nmPrinting lithographies

XX(X)5 nmElectron-beam litho (ML2)

Projection

Contact

XXXXX

XXXXX

Throughput / 
large area / 
cost

< 50 nmExtreme UV lithography

500 nm
Optical 
lithography

ResolutionMajor techniques:

NGLs
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Printing lithographies

• Most disruptive technology ?

• Is being developed
– In an industrial point of view to 

reduce the cost (CoO) for 
microelectronics, data storage, 
displays

– At the lab scale for specific 
applications (bio, sensors, 
optics…)

– Taking advantage of high 
resolution, low-cost, 3D 
capabilities, imprint in functional 
material

Gutenberg’s press, around 1439
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NIL: deux familles principales

NIL thermique UV-NIL

Impression d’une couche très fine

Ecoulement!

Uniformité de Hr!
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Thermal vs. UV NIL

•Volume shrinkage due to phase 
transition

•Transparent (insulating) stamp 
fabrication

•Flatness issues (low force)

•Global throughput

•CTE mismatch template / wafer
•Alignment more difficult

•Large force (source of distortion, 
fragile substrates!)

•Limited resist flow

-

•Less restrictions on template
•More readily available polymers / 
resists
•Less sensitive to flatness issues 
(high force)

Thermal

•No thermal cycling / fast
•Room temperature process - no 
CTE mismatch issues
•Low viscosity resist -> low imprint 
pressure

•Alignment easier through 
transparent stamp

•Better uniformity (larger resist flow)

+

UV
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Fabrication de moules UV-NIL
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Pour l’instant, report de couche 
fine par collage moléculaire et 
moules monoblocs fournis par 
de collaborations (Fantastic). 

Premières études au LTM à
poursuire pour la réalisation de 
moules monoblocs « maison »

Format actuel:
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Stephan’s law

• Small features are imprinted much faster than larger features
• Larger features are governing the stamp sinking rate
• It’s a lot faster to imprint in a thick resist

P

L. Baraldi, Diss. ETH No. 10762, 1994
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Stephan’s law: examples

Time needed to evacuate resist under a line from an initial 
thickness of 150 nm to a final thickness of 20 nm with an 
imprint pressure of 10 bars:

3 hours396 years
Linewidth = 

100 µm

2 minutes

Thermal NIL
Viscosity = 
1000 Pa.s

0.1 ms
Linewidth = 

10 nm

UV-NIL
Viscosity = 
0.01 Pa.s

In any case, avoid large protrusion areas
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Particles contamination problem / flatness issues

Imprinting defects due to particles can be large, especially with a low 
imprinting force

Important to work 
in a clean 
environment

2 back-side particles only !
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Equipements de NIL au LTM – JDPs successifs avec EVG

+ utilisation du MEB JEOL, de l’XPS, de l’ellipso, du FTIR, de la DSC-UV, de l’AFM 3D
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+ Stepper 
nouvelle 
génération en 
2009



11�������� �	
���
�

��� ������	�������

Collaborations

• Equipementier EVG (Autriche)

• Fournisseurs de moules (IMS, NILtechnology)

• Résines / chimie: microresist technology, Asahi Glass, 
Solvay

• LTM: XPS (Bernard, Arnaud), DSC (JH)

• Hors LTM: LEPMI (formulation et synthèse de résines), 
INAC (synthèse de résines, mesures de viscosité, RPE), 
LETI (CER), partenaires de NaPa, partenaires de 
Fantastic, partenaires de Synodos
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Présentations

• Couches anti-adhérentes sur les moules et résistance à la 
gravure des résines UV-NIL

» Delphine

• Formulations de résines dédiées aux problématiques 
d’écoulement

» Achille

• NIL thermique: applications optique, optimisation gravure 
Hr (polymères) et monomères thermiques

» Corinne


