
 

Deformation and dewetting of thin liquid films induced by
moving air-jets
Citation for published version (APA):
Berendsen, C. W. J., Zeegers, J. C. H., & Darhuber, A. A. (2013). Deformation and dewetting of thin liquid films
induced by moving air-jets. Poster session presented at conference; Wetting and Capillarity in Complex
Systems, February 18 - 22, 2013.

Document status and date:
Published: 01/01/2013

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023

https://research.tue.nl/en/publications/5c48e277-b5a4-46f9-85dd-9205dab29cbb


Figure 2: A thin liquid film of triethylene glycol on polycarbonate is 
rotated with respect to a laminar air-jet. The film deformation and 
dewetting is recorded using interference microscopy with two alternating 
wavelengths of light. (Figure not to scale) 
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Objective: controlling film rupture  
We want to understand the rupture of thin liquid films disturbed 
by an impinging air-jet. The ultimate goal is to control the 
droplet patterns. 
 
 
 
 
 
 
 
 

Figure 4: (a) Example of a 
numerical simulation for 
ReD=500 and Usub=2mm/s.  
(b,c) Experimental and 
numerical results for hmin versus 
(b) jet Reynolds number, ReD 
and (c)  substrate speed, Usub. 

Experiments: 
 
 
 
 
 

Figure 3: Experimental film deformation (top) and residual droplet 
distributions (bottom). The dashed yellow lines represent numerical 
simulations. (a)  hmin=126±2nm, (b) hmin=42±10nm and (c) hmin=25±6nm. 
 
 
 
 
 

Simulations: lubrication approximation 
 
 
 
 
 

Results: droplet distributions 
 
 
 
 
 

 Figure 1: Schematic 
representation of the 
immersion system at 

high scan speed. 

Figure 5: Density of residual droplets and average droplet diameter as a 
function of mimum film thickness hmin obtained at different jet Reynolds 
numbers ReD and substrate speed Usub. 

Conclusions: 

• Densities of dry-spots and droplets vs. minimum film 
thickness follow reproducible scaling laws 

• Shear stress and pressure gradients of the air-jet  
do not directly influence rupture behavior 

• Shape and depth of deformations reproduced well by 
numerical simulations 

Application: immersion lithography 
A resolution of <45nm is reached by introducing 

water between wafer and lens.  
At high scan speeds, a thin water 

 film is left on the substrate,  
which ruptures, dewets  

and breaks into droplets. 
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