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1. Scientific results 2013 

Wetting and dewetting are important phenomena in both nature and applications. In this pro-
gramme we studied fast contact line motion, in collaboration with ASML and Océ.  
 
For ASML, these questions are relevant in the context of immersion lithography systems, in which 
a portion of water between a lens and a substrate is employed in order to increase the resolution. 
When the substrate is moving too fast, droplets are emitted at the receding part of the water. Sim-
ilarly, air bubbles can be observed in the advancing part, suggesting entrainment of air at the 
advancing contact line. The transition from a steady interface to drop emission or air entrainment 
is called a dynamical wetting transition, and originates from the maximum speed at which contact 
lines can move across a surface.  
 
For  Océ, contact line motions are relevant for the wetting phenomena around a nozzle of an inkjet 
printing printhead, as the contact line dynamics affects the printing behaviour, often in a negative 
way, leading to deflection of the droplets.  
 
In this summary we focus on some highlights of 2013.  
 
We studied receding contact line motion below the critical velocity of air entrainment. First, we 
compared the cases of sliding drops and immersion lithography systems, and we have shown that 
the dynamics are very similar. Results imply that a corner formation is a generic mechanism for 
fast moving receding contact lines. Once the critical velocity is exceeded, the receding contact line 
becomes unstable. We have investigated this instability process. Above the critical speed, a rivulet 
is ejected from the corner structure which continuously increases in width as a function of velocity. 
We show that this rivulet breaks up into smaller droplets that move with the substrate after pinch-
off. The distance between the sessile drops and the size of the droplets behave proportional to the 
width of the rivulet. The picture that emerges is that the rivulet is an alternative solution to the 
stable corner structure, in which the net outflux (in the moving reference frame) is no longer zero. 
A rivulet is ejected and the width depends on the velocity of the receding contact line. Then an 
instability occurs which results in the topological change of the rivulet into droplets. 
 
We experimentally show two types of bubble entrainment during the collision of a drop and an 
advancing meniscus. The resulting size and type depends on the location where the drop first 
comes into contact with the meniscus. If this first contact happens at the substrate, i.e. at zero 
impact height, floating bubbles can form as a result of the entrapment of a lubricating air sheet. 
Using scaling analysis, we predicted the size as a function of impacting velocity and drop size. In 
case the first single contact takes place at a position above the moving contact line, a sticking bub-
ble is formed by a process significantly faster than the investigated impact velocities. Typical bub-
ble sizes found have radii ∼ 10μm. This research is extended with a study on bubble entrainment 
by impact of a drop on a solid substrate. With an experimental, theoretical and numerical 
approach we show that two regimes exist with a maximum entrapped bubble size in the crossover. 
 
Apart from forced contact line motion, we also studied fast contact line motion in the simple 
axisymmetric system of drops naturally spreading on (partial) wetting substrates after a first con-
tact. We studied the short time spreading dynamics of low viscosity drops (water) using experi-
ments and Molecular Dynamic simulations. We show that immediately after contact (when the 
drop is still spherical) the spreading is independent of substrate characteristics. Independent of 
equilibrium contact angle, the radius of wetted area grows with the square root of time. Only at 
later times, the wettability effect becomes apparent. Surprisingly, the results suggest a close anal-
ogy (qualitative and quantitative) with the coalescence of freely suspended drops. To further 
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understand this analogy, we carried out experiments with more viscous liquid. Also in this case, 
the spreading after contact (fast spreading regime), no clear wettability effects are observed. It 
turns out that also in the viscous case the analogy with coalescence is remarkably accurate.  
 
A convenient alternative geometry to study fundamental aspects of dynamical wetting transitions 
is dip coating, in which a solid is withdrawn from or plunged into a liquid reservoir. This geome-
try has the advantage that the flow is two-dimensional, which largely simplifies the governing 
equations. We addressed two types of wetting transitions in a dip coating geometry: film deposi-
tion at receding contact lines (withdrawing plate) and air entrainment by advancing contact lines 
(plunging plate). For the receding contact line problem, usually the flow of air can be neglected 
since the air viscosity is much smaller than the liquid viscosity. Thus the relevant parameters are 
the capillary number (the ratio between the viscous and capillary forces), and the static contact 
angle. For the advancing contact line problem, the situation becomes more complicated since usu-
ally a recirculation of the air occurs in a very confined region near the contact line. This signifi-
cantly increases the shear stress in the air. Above a certain flow speed, the dissipation in the air can 
no longer be neglected. Hence one more parameter has to be introduced to characterize advancing 
contact line problems, namely the viscosity ratio between the air and the liquid. 
 
To study a receding contact line we consider a smooth solid plate being withdrawn from a bath of 
viscous liquid which it does not wet. The steady state solutions can be numerically computed by 
the lubrication equation. It is found that there is a maximum speed below which the solid can be 
withdrawn without leaving a film on the substrate. This critical speed for the dynamical wetting 
transition arises when the solutions bifurcate into upper branch. The interface profile of the upper 
branch solution is elongated in the direction of the flow, demonstrating a 'finger' shape behind the 
contact line in small scales. In this study, we added the local analysis of the upper branch of the 
bifurcation to a previous analysis of the lower branch using matched asymptotic expansion. Due to 
the 'finger' behind the contact line, the outer solution can no longer match the inner solution in the 
vicinity of the contact line position. We propose that the outer solution should match the inner 
solution at the 'apparent' position of the contact line, which is of certain distance (length of the fin-
ger) below the real contact line position. It turns out that the shift of the contact line position calcu-
lated by the matching agrees very well with the numerical solutions of the full lubrication equa-
tion. We also show that the bifurcation is of saddle-node type. Thus we have provided a complete 
description of the dynamical wetting transition in terms of a matched asymptotic expansion. 
 
We investigated the effect of the macroscopic geometry on the dynamical wetting transition. 
Instead of a plate, we consider the withdrawal of a fiber and investigate the role of the fiber radius. 
First, we use a matched asymptotic expansion to derive the maximum speeds of dewetting for the 
limiting cases of large fiber radius and small fiber radius. We then develop a modified lubrication 
equation for flow along a fiber of different radii. The maximum speeds computed by the modified 
lubrication equation turn out to agree very well with the matched asymptotic expansion. To fur-
ther investigate the transition we numerically determine the bifurcation diagram for steady 
menisci. It is found that the meniscus profiles on thick fibers are smooth, even when there is a film 
deposited between the bath and the contact line, while profiles on thin fibers exhibit strong oscil-
lations. We propose that this may be relevant to experimental observations that transitions occur at 
zero apparent contact angle for the thin fiber case but not for the thick fiber case. A detailed 
experimental study on the dynamical wetting transition for varying fiber radius is still lacking. In 
particular, it would be interesting to investigate what type of film will be deposited on a thin fiber. 
 
We also studied the inertial effect on the dynamical wetting transition, once more by withdrawing 
a plate from a reservoir of liquid. Based on thin film approximations, we developed a lubrication-
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type equation that takes the inertial effect into consideration. We find that once inertial terms start 
to have effect, the critical capillary number is reduced with increasing Reynolds number. This is 
because the inertia tends to maintain the flow. In an experiment similar to the Immersion Lithog-
raphy setup, it was previously found that the critical capillary number is a factor of  two smaller 
for water than the more viscous silicone oils. Our theoretical results could explain this observation, 
since for water the inertia is indeed important. The main assumption of our model is that the 
velocity field is approximated by a parabolic profile. This means we consider a small perturbation 
from the viscous dominated regime. In the framework of the thin film approximation we identify a 
modified Reynolds number that involves the slope of the interface. Experimental verification of 
our model would provide more understanding of the dynamical wetting transition in less viscous 
liquids. It remains a great challenge to study wetting dynamics when the effective Reynolds num-
ber is pushed to much higher values. 
 
In the case of advancing contact lines the entrainment of air is studied by plunging a solid plate 
into a reservoir of viscous silicone oil of varying viscosity. Above an entrainment velocity, we 
observed the formation of an air film, which is unstable and subsequently decays into bubbles. 
Unexpectedly, we find that the entrainment speed only weakly depends on the liquid properties. 
This implies the flow inside the air film plays a crucial role. We explain this result by comparing 
the dissipation inside the air and the liquid in a wedge geometry. The dissipation in the air 
increases dramatically when the wedge angle measured in the liquid gets very close to 180 
degrees, which is what happens at the wetting transition. At the same time, dissipation in the 
liquid decreases in this limit. Hence, even a very small air viscosity could have significant contri-
bution to the total dissipation. 
During the breakup of the air film, we observed that the oil re-established the contact with the 
solid and formed the so-called 'rewetting bridges'. Strikingly, we found the bridges spread out in a 
way similar to the dewetting holes but the roles of air and liquid are exchanged. However, the 
spreading speed of the 'rewetting' bridges is orders of magnitude larger than the dewetting speed. 
 
In another project we focused on thin liquid films with film thicknesses in the micrometer range, as 
they play an important role in immersion lithography. At high scan speeds, a thin film of water is 
entrained on the partially-wetting wafer. These films rupture at multiple locations and the liquid 
film dewets, leaving patterns of droplets on the surface. Residual droplets are undesirable, since 
they can cause air-entrainment upon collision with the returning meniscus or non-uniform tem-
perature distributions when they evaporate. 
 
We studied the deformation of liquid films due to impinging gas jets, infrared laser irradiation and 
non-uniform electrical surface charges and compared the results to numerical simulations. Moreo-
ver, we characterized the film rupture and dewetting characteristics and estimated the magnitude 
of the responsible surface forces. Finally, we investigated whether and to what extent the breakup 
and dewetting process can be influenced or steered. 
 
On the theoretical side, we derived the lubrication equation for a thin film and introduce and esti-
mate the disjoining pressure isotherm Π(h), an additional pressure originating from intermolecular 
and surface forces, for a polar liquid on a partially wettable substrate. Based on an empirical model 
for the disjoining pressure, we calculated the stability criteria of a thin liquid film on a partially 
wetting substrate due to infinitesimal and finite amplitude disturbances. 
 
On the experimental side, we deformed the liquid film by a stationary, laminar, round impinging 
air-jet. For low values of the jet Reynolds number, we find that the dip shape depends strongly on 
the presence of minute quantities of surface active agent. We considered the dynamic case of a 
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round air-jet impinging on thin liquid films on moving substrates using a custom designed open-
axis spin coater. We found good agreement between experiments and simulations and scaling rela-
tions for the minimum film thickness hmin. The dry-spot density is shown to depend strongly on 
film thickness, but seems independent of the viscosity and volatility of the liquid. A robust scaling 
was found for the dry spot density NH ~ hmin -4 for low values of hmin changing to NH ~ hmin -2 due to 
confinement effects. In the regime where the average distance between dry spots becomes larger 
than the width of the track of lower film thickness, the film rupture geometry becomes quasi-one-
dimensional. We developed a geometrical model for the residual droplet distribution correspond-
ing to the observed dry-spot density and obtained a good match with the experimental observa-
tions. 
 
We also focused on thermocapillary deformation and rupture of thin liquid films due to localized 
infrared(IR)-laser irradiation. Surface tension gradients due to temperature gradients drive a flow 
in a liquid film towards the colder areas. We performed experiments and numerical simulations of 
this effect for focused IR-laser irradiation on stationary and moving substrates. The model consists 
of a coupled heat transfer model and a thin film model using temperature dependent material 
parameters. We measured film rupture in thin liquid films deformed by IR-laser irradiation. The 
same disjoining pressure isotherm again provides an excellent match between numerical and 
experimental rupture times.  
 
We moreover investigated the influence of static surface charge distributions on the deformation of 
thin dielectric liquid films. Surface charge distributions were created by dragging an electrified 
water droplet over a partially wetting dielectric substrate. When a film of a dielectric liquid is spin-
coated over the deposited charge pattern, deformation due to dielectrophoresis occurs. Experi-
ments and simulations of the deformation as a function of time match well and reveal the critical 
influence of sharp peaks in the charge distribution. 
 
2. Added value of the programme 

With individual projects our research by far would not have had the critical mass to make the 
major progress we have achieved. Several papers were published together with several groups, in 
particular between the Toschi group (bringing in Lattice Boltzmann techniques) and the Snoeijer 
and Lohse group (bringing in lubrication theory and high-speed imaging). We jointly studied the 
dynamics of the interface between two immiscible fluids in contact with a chemically homogene-
ous moving solid plate. We consider the generic case of two fluids with any viscosity ratio and of a 
plate moving in either directions (pulled or pushed in the bath). The problem is studied by a com-
bination of two models, namely, an extension to finite viscosity ratio of the lubrication theory and 
a Lattice Boltzmann method. Both methods allow resolving, in different ways, the viscous singu-
larity at the triple contact between the two fluids and the wall. We find a good agreement between 
the two models particularly for small capillary numbers. When the solid plate moves fast enough, 
the entrainment of one fluid into the other one can occur. The extension of the lubrication model to 
the case of a non-zero air viscosity, as developed here, allows us to study the dependence of the 
critical capillary number for air entrainment on the other parameters in the problem (contact angle 
and viscosity ratio). 
 
In another joint project between the Toschi group and the Lohse group, now more in the context of 
inkjet printing, we studied the collapse of an axisymmetric liquid filament both analytically and by 
means of a numerical model. The liquid filament, also known as ligament, may either collapse sta-
bly into a single droplet or break up into multiple droplets. The dynamics of the filament are gov-
erned by the viscosity and the aspect ratio, and the initial perturbations of its surface. We found 
that the instability of long viscous filaments can be completely explained by the Rayleigh-Plateau 
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instability, whereas a low viscous filament can also break up due to end pinching. We analytically 
derived the transition between stable collapse and breakup in the Ohnesorge number versus 
aspect ratio phase space. Our result was confirmed by numerical simulations based on the slender 
jet approximation and explains recent experimental findings.  
 
3. Personnel 

The programme is close to its end. Two former oio students of the programme now work with 
ASML, namely Koen Winkels (Snoeijer project) and Christian Berendsen (Darhuber project). Both 
finished there thesis within four years. Also Kim (Westerweel project) has finished his PhD now 
for a while and started a postdoc position in USA. 't Mannetje (Mugele project) finished in Sep-
tember 2013, after four years and nine months. Srivastava (Toschi project) will finish in the first 
half of 2014. Van der Meulen (Lohse project) is now at the beginning of his 4th year and is presently 
finalizing his PhD and introducing his successors (financed from other sources) into the inkjet 
printing setups. 
 
4. Publications 

08CLC01  
- High-efficiency ballistic electrostatic generator using microdroplets, Yanbo Xie, Diederik Bos, 

Lennart J. de Vreede, Hans L. de Boer, Mark-Jan van der Meulen, Michel Versluis, Ad J. 
Sprenkels, Albert van den Berg & Jan C.T. Eijkel, Nature Communications 5, 3575 (2014). 

- Velocity profile inside piezoacoustic inkjet droplets in flight: Comparison between experiment 
and numerical simulation, Arjan van der Bos, Mark-Jan van der Meulen, Theo Driessen, 
Marc van den Berg, Hans Reinten, Herman Wijshoff, Michel Versluis, and Detlef Lohse, Phys. 
Rev. Applied 1, 014004 (2014), see also: 
’Fast imaging captures falling droplets’, Nature research Highlights, Nature 142 (507), 142 (2014). 
’Droplets caught at high speed’, by Michael Schirber, Physics 10, 1103 (2014). 

- Stability of viscous long liquid filaments, Theo Driessen, Roger Jeurissen, Herman Wijshoff, 
Federico Toschi, and Detlef Lohse, Phys. Fluids 25, 062109 (2013). 

- Controlling jet breakup by a superposition of two Rayleigh-Plateau-unstable modes, 
Theo Driessen, Pascal Sleutel, Frits Dijksman, Roger Jeurissen, Detlef Lohse, J. Fluid Mech., in 
press (2014). 

 
08CLC02 
- Comparison of Tomo-PIV and 3D-PTV for microfluidic flows, Kim, Hyoungsoo; Westerweel, 

Jerry; Elsinga, Gerrit E. Measurement science & technology 24, 024007 (2013). 
 
08CLC03 
- Lattice Boltzmann method to study the contraction of a viscous ligament, Srivastava, Sudhir; 

Driessen, Theo; Jeurissen, Roger; Wijshoff, Herman, Toschi, Federico, International Journal Of 
Modern Physics C 24, Special Issue: SI, Article Number:UNSP 1340010 (2013). 

- Axisymmetric multiphase lattice Boltzmann method, Srivastava, Sudhir; Perlekar, Prasad; 
Boonkkamp, Jan H. M. ten Thije; Verma, N.; Toschi, F., Physical review E 88, 013309 (2013). 

- Hydrodynamics of air entrainment by moving contact lines, Chan, T. S.; Srivastava, S.; 
Marchand, A.; Andreotti, B; Biferale, L.; Toschi, F; Snoeijer JH., Physics of Fluids 25, 074105 
(2013). 

- A Study of Fluid Interfaces and Moving Contact Lines Using the Lattice Boltzmann Method, 
Srivastava, S.; Perlekar, P.; Biferale, L.; Sbragaglia, M., Boonkamp, JHMT; Toschi, F., 
Conference: 20th International Conference on Discrete Simulation of Fluid Dynamics (DSFD) 
Dedicated to the Memory of Steven Orszag Location: N Dakota State Univ, Fargo, ND Date: aug 
08-12, 2011, Communications in computational physics 13, Special Issue: SI, 725-740 (2013). 
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08CLC04 
- Influence of Droplet Geometry on the Coalescence of Low Viscosity Drops, Eddi, A.; Winkels, 

K. G.; Snoeijer, J. H., Physical Review Letters 111, 144502 (2013). 
- Oscillating and star-shaped drops levitated by an airflow, Bouwhuis, Wilco; Winkels, Koen G.; 

Peters, Ivo R.; Brunet, P; van der Meer, D; Snoeijer, JH, Physical Review E 88, 023017 (2013). 
- Bubble formation during the collision of a sessile drop with a meniscus, Keij, D. L.; Winkels, K. 

G.; Castelijns, H.; Riepen, M.; Snoeijer, JH, Physics of Fluids 25, 082005 (2013). 
- Short time dynamics of viscous drop spreading, Eddi, A.; Winkels, K. G.; Snoeijer, J. H., Physics 

of Fluids 25, 013102 (2013). 
- Hydrodynamics of air entrainment by moving contact lines, Chan, T. S.; Srivastava, S.; 

Marchand, A.; Andreotti, B; Biferale, L.; Toschi, F; Snoeijer JH., Physics of Fluids 25, 074105 
(2013). 

 
08CLC05 
- Wedershoven, H.M.J.M., Berendsen, C.W.J., Zeegers, J.C.H. & Darhuber, A.A., Infrared laser 

induced rupture of thin liquid films om stationary substrates. Applied Physics Letters, 104, 054101 
(2014). 

- Berendsen, C.W.J., Zeegers, J.C.H. & Darhuber, A.A., Deformation and dewetting of thin liquid 
films induced by moving gas jets. Journal of Colloid and Interface Science 407, 505-515 (2013).  

- Berendsen, C.W.J., Kuijpers, C.J., Zeegers, J.C.H. & Darhuber, A.A., Dielectrophoretic defor-
mation of thin liquid films induced by surface charge patterns on dielectric substrates. Soft 
Matter 9, 4900-4910 (2013). 

- Liew, R., Zeegers, J.C.H., Kuerten, J.G.M. & Michalek, W.R. (2013). 3D Velocimetry and droplet 
sizing in the Ranque-Hilsch vortex tube. Experiments in Fluids 54, 1416 (2013). 

- Michalek, W.R., Kuerten, J.G.M., Zeegers, J.C.H., Liew, R., Pozorski, J. & Geurts, B.J.. A hybrid 
stochastic-deconvolution model for LES of particle-laden flow. Physics of Fluids 25 123302 (2013). 

 
08CLC06 
- Stick-Slip to Sliding Transition of Dynamic Contact Lines under AC Electrowetting, 't Mannetje, 

D. J. C. M.; Mugele, F.; van den Ende, D., Langmuir 29, 15116 (2013). 
- Electrically Tunable Wetting Defects Characterized by a Simple Capillary Force Sensor, 't 

Mannetje, Dieter; Banpurkar, Arun; Koppelman, Helmer; et al., Langmuir 29, 9944 (2013). 
 
5. Valorisation and outreach 

We may consider as biggest validation the training of scientist for the involved companies: We 
think that it speaks for the success of the program that ASML immediately hired two PhD students 
out of the programme, next to several master students out of the involved groups. 
 
Another direct valorization example and a patented result of this programme is a novel technique 
to increase the scan speed in immersion lithography without leaving residual droplets or a method 
for the deposition of patterned coatings. 
 
Further valorization is achieved thanks to the close interaction between the researchers at ASML 
and  Océ with the University groups, as witnessed by the various joint publications. The interac-
tion was possible thanks to the many mutual and intense visits in both directions, namely industry 
at university groups and university scientist at industry.  
 
Another sign of the mutual appreciation is the follow up FOM-IPP programme between ASML 
and the Lohse/Snoeijer group in Twente, involving one group leader and three OIOs, working on 
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the fluid dynamical challenges of EUV lithography. This group of people, which is part of the 
Twente Physics of Fluids group, i34-FEUL is in fact based at ASML in Veldhoven. It also works 
together with various master students from involved groups in this present programme. For 
example, presently three master students do their projects at ASML, one from the Toschi group, 
one from the Westerweel group, and one from the Lohse group. Also the links with  Océ have been 
further strengthened via various other projects and programmes. Wijshoff from  Océ meanwhile 
spends 20 percent of his time at the TUE.  
 
On a larger scale, the present programme from our point of view has also contributed to the 
mutual conviction between ASML and the Dutch universities and FOM that the time is mature for 
a joint research Center for lithography, which meanwhile has been established in Amsterdam.  
 
 
  



 
 
 

 
 
 - 10 - 
 

Fact sheet as of 1 January 2014 

 FOM – 09.0125/5 
 datum: 01-01-2013 
 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME 
 
 
Number i20. 
  
Title (code) Contact line control during wetting and dewetting (CLC) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. D. Lohse 
  
Duration 2009 - 2014 
  
Cost estimate M€ 1.8 
  
Partners ASML, Océ 
  
Concise programme description 

a. Objectives 

The objective of the proposed programme is to study fundamental and as yet not understood 
aspects of contact line dynamics in complex, technologically relevant flow geometries and sub-
strates. Especially, understanding and predicting of instabilities leading to highly non-linear 
problems in thin layers at the interface between liquid/gas/solid phase are the focus points of this 
study. This will be done with special attention to applications in leading edge technologies in 
advanced high-tech industrial problems. More explicitly, the aims are (i) to understand and then 
control the ink wetting on an inkjet printer nozzle plate around the nozzle and its interaction with 
droplet formation and (ii) significantly improve the performance of the immersion functionality in 
optical lithography tools with respect to throughput, overlay and avoidance of defects. 
 
b. Background, relevance and implementation 

Contact lines are of great importance for industrial applications: whenever a liquid is deposited 
onto a solid surface, the dynamics of the liquid is entirely governed by the contact line defining the 
front between 'wet' and 'dry' regions. Inkjet printing and immersion lithography technology are 
prime examples. This programme will bring together these technologies through industrial part-
ners ASML and Océ with the emerging field of wetting/surface phenomena/nanofluidics. This 
programme is multidisciplinary, involving experimental, theoretical, and numerical physicists, 
and engineers. 
 
The programme consists of six subprojects in four different research groups spread over the three 
technical universities. To achieve the goals mentioned in the objectives, both visualization, 
numerical and theoretical modelling, and flow manipulation will be used. There is close mutual 
interaction and exchange of ideas and results between all these subprojects. Besides, each PhD stu-
dent will spend a six months implementation period with the industrial partners.  
 



 
 
 

 
 
 - 11 - 
 

The programme is managed by a programme leader, Prof.dr. Detlef Lohse.  
The programme leader is responsible for the following tasks: 
1. Preserving the coherence of the programme in accordance with the programme proposal. 
2. Steering and monitoring of the programme and the research projects within the programme. 
3. Steering and monitoring of knowledge transfer between the participating research groups in 

academia and industrial partners including screening for intellectual property rights (IP); i.e., 
the User Committee will assess options for patenting the results. 

The industrial partners ASML and Océ are represented in a User Committee. This committee will 
evaluate the quality and innovative character of the projects as well as the relevance of the results 
for ASML and Océ. The progress of the programme will be reported in semi-annual reports and 
presented during semi-annual progress meetings. In addition, there will be two informal work-
shops per year. 
 
 
Funding 
salarispeil cao per 01-07-2012 

 

bedragen in k€ < 2012 2013 2014 2015 2016 2017 > 2018 Totaal 

FOM-basisexploitatie 902 4 - - - - - 906 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden         

 - ASML 550 54 - - - - - 604 

 - Océ 275 27 - - - - - 302 

 - TKI-toeslag 30       30 

Totaal 1.727 85 - - - - - 1.812 

 
The total contribution by ASML and Océ: k€ 906. 
 
 
Source documents and progress control 

a) Original programme proposal: FOM-08.1617 
b) Ex ante evaluation: FOM-09.0060 
c) Decision Executive Board: FOM-09.0134 
d) Contract: FOM-09.0421 
 
 
Remarks 

The final evaluation will be based on a self-evaluation report initiated by the programme leader 
and is foreseen in 2014. The programme is eligible for k€ 30 'TKI-toeslag' that will be used to 
finance additional activities in line with the programme objectives. 
 
 MH par. HOZB 
 
Subgebied: 100% FeF 
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Historical overview of input en output 

 

Input 
personnel (in fte)  finances* (in k€ ) 

WP/V WP/T PhD NWP 

2008 - - 1.0 - - 

2009 - - 3.3 - 158 

2010 - - 5.0 - 273 

2011 - - 5.8 - 298 

2012 - - 6.0 - 466 

2013 - 1.9 9.7 0.3 232 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2012 - 6 17 - 

2013 3 18 15 2 

* After closing the financial year. 
 
 
PhD defences 

2012 
None. 

2013 
Christian W. J. Berendsen, 18 November 2013,  
FOM-E-21. 
K.G. Winkels, 14 February 2013, FOM-T-03. 
Dieter 't Mannetje, 5 September 2013, FOM-T-17. 

 
 
Patents (new/changes) 

2013 
CWJ Berendsen, HJMJ Wedershoven, JCH Zeegers, 
AA Darhuber, M Riepen, An Immersion Litho-
graphic Apparatus and a Method for Processing a 
Substrate in an Immersion Lithographic Apparatus, 
EP13182414.6, 30 August 2013, ingediend (filed), 
ASML. 
CWJ Berendsen, HJMJ Wedershoven, JCH Zeegers, 
AA Darhuber, A method of and a system for treat-
ing a thin film of a coating liquid, 009.004 NLp, 30 
August 2013, ingediend (filed), Technische Univer-
siteit Eindhoven, FOM, The invention relates to 
methods and systems for redistributing a film of 
coating liquid in a controlled fashion or for depos-
iting a patterned coating from a film of coating liq-
uid on a surface which is partially wettable to the 
coating liquid. 
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