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Nanoimprint lithography (NIL) is a high-throughput and scalable lithography technique 
which has entered into industrial volume manufacturing. In particular, NIL offers a cost-
effective and scalable process for replicating of complex 3-dimensional (3D) patterns onto a 
wide selection of substrates. Applications for such nanometer and micrometer scale, 
precisely manufactured 3D structures include diffractive and refractive optical elements, 
other optical or photonics components, data communications, augmented/virtual reality 
(AR/VR), security features, biotechnology and nanofluidics to name just a few.  
In the frame of the European project SNM (Single Nanometer Manufacturing for beyond 
CMOS devices) manufacturing techniques for next generation devices demanding smallest 
feature sizes have been investigated. In this work we will review the final status of the 
obtained results using nanoimprint lithography for high resolution nanopatterning of single 
electron transistors (SET) and more complex structures like holographic features, blazed 
gratings and multi-level gratings. The structures were fabricated by direct writing using 
field-emission scanning probe lithography, thermal scanning probe lithography, imprinting 
and etching. Although these mask-less methods like field-emission scanning probe 
lithography  (figure 2) can already provide the requested resolution quality of the 
nanopatterns, they lack in writing speed and large area manufacturing capability and thus in 
throughput demands required for industrial device manufacturing. However, these methods 
can be perfectly combined with NIL to master the strength of both approaches. NIL enables 
the replication of high resolution features on large areas and provides high throughput, but 
it requires supporting technologies for the patterning of stamps which is covered with these 
direct writing technologies. EVG´s SmartNILTM is a UV-based imprint technology employing 
polymer working stamps to transfer high resolution, 3D complex structures in a conformal 
imprinting approach at wafer level in a single process step. The integration of the 
SmartNILTM technology into a fully integrated tool platform called Hercules covers the whole 
imprinting process chain combining pre-processing steps like cleaning, spin coating and 
baking with NIL (figure 1). The layout of the SET devices includes high resolution patterns 
with a distance between the channels of less than 50 nm and the according master for the 
nanoimprint process were chips with a size of 1.5 x 1.5 cm². For the definition of the layout a 
mix & match approach was applied. In this context, contact pads as well as an active area for 
FE-SPL patterning were fabricated by optical lithography & standard reactive ion etching. As 
a result the master consisted of elevated patterns at the contact pads with a height of approx. 
25-28 nm and small trenches with a depth of approx. 15 nm compared to the surrounding. 
This master was replicated to a polymer working stamp which was then used for patterning 
of silicon wafers by using the SmartNILTM technology. The structures replicated by the 
described process and according AFM measurements of the master and imprint are depicted 
in figure 3. Subsequently the structures have been etched into the silicon substrate, proving 
high fidelity pattern transfer into the substrate as can be seen in figure 4.  
 



 

Figure 1: Hercules NIL system for fully automated SmartNILTM nanoimprinting including pre-
processing modules. 

 

         
Figure 2: a) Principle of the electron Field-Emission Scanning Probe Lithography system (FE-SPL) 

based on so called active-cantilever (self-sensing and self-actuating cantilever).  b) FE-SPL tool used 
for the fabrication of the templates and capable for SPL “step and repeat” on 150mm wafer. 

 

 
Figure 3: a) Optical image of one field of the SET layout including contact pads (black). b) SEM image 

of middle field marked in (a). c) AFM image of SET pattern marked in (b). 

 
Figure 3: AFM image profile (through the channel) after etching using an optimized sequence for 

plasma descum, SiO2 breakthrough and Si etch. 
 

 

 


