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UV-NIL 

UV-NIL using dispensing resist 

UV light 

• Rome temperature, low pressure (1 - few 
atm). 

• Liquid resist consisting monomer,  photo-
initiator, coupling agent, surfactant… 

• Resist cross-link (become solid) upon UV 
illumination. 

• Mold (or substrate) needs to be transparent to 
UV. 

• Easy for alignment than thermal NIL, closer to 
optical lithography. 

• But resist side, thermal NIL resist is closer to 
optical lithography resist. For example, PMMA 
and SU-8 is both a photo-resist (PMMA for 
DUV lithography) and thermal NIL resist. 

• In fact, UV-NIL resist is closer to UV-curable 
glue. 
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Step and flash UV-NIL 

• Technology commercialized by Molecular Imprint Inc. 
• Resembles DUV stepper, die by die patterning (no need of a BIG expensive mold). 
• More favored by the semiconductor industry or wherever mold is too expensive. 

“Inkjet” system 

Resist is not applied by 
spin-coating; but drops by 
“inkjet”, less uniform 
thickness!! 

(for alignment) 
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SFIL Process and Apparatus 

Template 
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SFIL-Nanoimprint Head (Self-Leveled) 
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Some examples of step and flash NIL 

In principle, UV-NIL has lower resolution than thermal NIL due to resist shrinkage (∼10%) upon 
cross-linking. In practice, UV-NIL has demonstrated similar resolution to thermal NIL. 
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UV-NIL using Spin-On Resist 

UV-resist Under-layer (PMMA, ARC…) 
• Typically bi-layer system, thin UV-resist layer to minimize shrinkage effects. 
• Resist contains Si, so can be used as a hard mask for etching under-layer with O2 

plasma. 
• Spin-on resist is not suitable for step-and-flash NIL, because it must be imprinted 

quickly in one shot (liquid resist not as stable as thermal NIL resist in air, and it takes 
in dust quickly). 

• For R&D, spin-on resist is much more reliable than step-and-flash NIL, because the 
amplitude and uniformity of residual layer thickness is a big issue for drop-dispensed 
resist. 
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• Transparent mold (also called stamp or template) in PDMS. 
• Flexible and soft for conformal contact to non-flat substrate. 
• But not for high resolution (<100nm), because PDMS is not hard enough and its nanostructure 

will deform under pressure. 
• One solution is using bi-layer, pattern in hard-PDMS or PMMA, which is spun on (regular soft) 

PDMS. 
• After oxygen plasma treatment, PDMS surface is like SiO2, so it is easy for silane anti-sticking 

treatment. 

PDMS mold for UV-NIL 
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ZEP-520 mold (ZEP is an e-beam lithography resist) 

Because UV-NIL uses low pressure and room temperature, thermoplastic EBL resist 
such as PMMA and ZEP-520 can be used as a mold right after EBL and 
development. (may need anti-sticking surface treatment with silane, though not 
reliable on ZEP or PMMA.) 



ECE 695    Nanometer Scale Patterning and Processing 

Dust Issue 

UV-NIL dust particles 

Dust is a bigger issue for UV-NIL than for thermal NIL because: 
• The liquid resist takes in dust easily from air, and the dust cannot be blown away. 
• The pressure is lower, leading to larger defect area with same size of dust particle. 
• So sometimes, UV-NIL is done at higher pressure to reduce defect area. 
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CD control error budget comparison 

Critical dimension (CD) control in NIL 

Advantage of NIL for CD control: 
• No diffraction or proximity effects. 
• No lens aberrations. 
 
Disadvantage of NIL for CD control: 
• 1× mask, so CD error on mask is 

printed onto resist without 
reduction. 

• Need a breakthrough etch of the 
residue layer, which adds CD 
error due to lateral etch. 

• But this error could be 
compensated in mask (mold) 
design. 
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