
Introduction 

We present a novel technique to fabricate stacked multifunctional anisotropic

nanoparticles with narrow size distribution on large area based on Ultraviolet

Nanoimprint Lithography (UV-NIL) and lift-off processes in order to disperse these

particles in analyte solution and carry out biomolecular sensing of relevant

species [1]. The underlying homogeneous biosensing method is based on the

optical detection of changes in the rotational dynamics of anisotropic hybrid

nanoparticles immersed in the analyte such as whole-blood [2]. The analytic

scheme, a sketch of the desired magnetic core-shell nanoparticle and the novel

technique are shown in Figure 1.

Approach

We chose this new approach because it has potential advantages compared to

other nanoparticle fabrication methods like chemical synthesis. By using UV-NIL

combined with a lift-off process, where the materials are deposited layer wise by

vapor deposition, we achieve small size variation of the nanoparticles and

homogenous core and shell layer thicknesses. Furthermore, we gain two other

important advantages. First, since the top side of the nanoparticles is defined by

lithography, arbitrary shapes (round, elliptical, rectangular) can be fabricated.

Secondly, due to using vapor deposition, a broad range of materials like noble

metals (Au, Ag), oxides (SiO2, Si3N4) and magnetic substances (Fe, Ni, Co) are

available to us for the stacking of all the different layers (c.f. sketch in Figure 1).

Methods and Materials

For this work we use UV-NIL with soft stamps to imprint elliptical patterns into the

organic UV-curable NIL resist mr-NIL212FC_XP [3] on top of the lift-off layer

LOR1A. Both resins are spin coated on top of a silicon wafer and after the UV-NIL

step, etched by oxygen plasma to achieve a break through in the lift-off layer.

An undercut is achieved by wet chemical etching with diluted MF24A. Afterwards

the desired materials are sputter deposited and a wet chemical lift-off in undiluted

MF24A can be achieved to get the particles on the Si wafer. These particles are

then lifted in a second liftoff step from the wafer and dispersed in solution.

Conclusion

We successfully demonstrated a novel process to fabricate highly monodisperse

anisotropic nanoparticles by UV-NIL and lift-off process. The sputtering enables

for homogenous core and shell layer thicknesses using a broad range of

materials like noble metals, oxides and magnetic elements.
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Figure 1. left: Schematics of novel fabrication process utilizing UV-NIL, lift-off and layer-wise vapor deposition,

right top: Schematic drawing of desired anisotropic plasmon-magnetic core-shell nanoparticles, right middle:

Specific target molecule binding during nanoparticle rotation in the sample corresponding in a signal change,

right bottom: Optical observation scheme.
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Figure 2. Left: SEM images of the imprint mask after wet chemical etching, with the sputtered metal stack on top, 

after the mask lift-off and of the final nanoparticles. 

Right: Masking of imprint by selecting different heights (top). High resolution SEM image and the same image with  

masked particles for size distribution calculations (middle). Particle area and radius distributions calculated from 

high resolution SEM images shows very small size distributions of the particles (bottom). 
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