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Abstract

We report on the manufacturing of functional plastic parts using replication techniques such as hot embossing and 
injection molding. A key point for replication techniques remains the fabrication of sub-micro and nanostructured mold
inserts and their integration into the replication mold. This has been achieved so far using electroplated nickel shims. 
An alternative investigated in this study is a direct structuring of steel inserts. Planar and microstructured stainless 
steel inserts have been textured at the sub-micron and nanoscale by combining nanosphere lithography and etching
processes. This allowed the control of lateral and vertical dimensions of the surface structures. Structures with lateral 
dimensions of few hundreds of nanometers have been produced with aspect ratios up to 1:2. Nanostructured plastic 
parts have then been produced by means of hot embossing and injection molding. Surface nanostructuring has been 
used to control wettability and increase the intensity of the detection signal of a biodiagnostic platform.

Keywords: nanostructures, hot embossing, injection moulding, polymer, 3D shape, stainless steel inserts, wettability, 
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1.     Introduction
There is a growing trend for the fabrication of 

smart products having novel or enhanced 
functionalities. One route to improve surface properties 
is an accurate control of topography at the sub-micro 
and nanoscale. This has been used in various fields 
such as optics (antireflective surfaces, polarizers), 
biology (antimicrobial surfaces [1], control of the
adhesion of biological cells [2]), adhesion and wetting 
(superhydrophobic surfaces [3], friction and stiction). 

One of the technical challenges is the 
development of a manufacturing chain for the 
fabrication of such micro-nanostructured plastic parts.
More specifically, a topical issue is the development of 
processes to fabricate nanostructured mold inserts
compatible with standard tooling techniques. So far,
electroplated nickel shims and inserts have been
successfully used to produce nanostructured plastic 
parts, such as CD/ DVDs but also biomedical devices
[4]. However, a limitation is their integration in molds 
especially when non-planar or small parts have to be 
produced. 

An alternative is a direct processing of steel 
grades being used for mold manufacturing. This allows 
standard techniques such as milling, electrical 
discharge machining and laser ablation to be used to
control the overall shape and macro-microstructures of 
the insert, surface micro-nanostructuring being added
to this standard mold manufacturing chain. This 
approach also gives a greater flexibility regarding the 
materials of the inserts.

Within the frame of the project PIMENT, a process 
chain for the surface structuring of steel inserts has 
been developed. The technique, based on the 
combination of nanosphere lithography and 
electrochemical etching, has been used to fabricate 

structured stainless steel inserts with sub-
micro/nanofeatures. The final goal of the project is the 
production of a bio-diagnostic platform performing 
more sensitive immunoassays. The functional part is a
microscope slide having a microfluidic channel (500 μm 
wide and 150 μm deep) and an array of detection spots 
(micropillars) located along the channel (see figure 1).

Fig. 1. Photograph and schematic of the bio-diagnostic 
platform.

The objective is to introduce micro-nanostructures 
on top of the detection spots to control the 
functionalization of the spots during the immunoassay 
(control of the wetting) and enhance the fluorescence 
signal. In this study, nanostructured 2D surfaces are
produced by hot embossing as references and
nanostructured bio-diagnostic platforms by injection 
molding. The effect of surface structuring on wettability 
is characterized by means of water contact angle 
measurements and a model immunoassay is carried 
out to investigate the effect on sensitivity of the 
detection of the biodiagnostic platform.

1. Fabrication of nanostructured steel inserts
1.1. Fabrication of flat, structured steel inserts
The process proposed for the surface structuring of 
steel consists of three main steps: first, the deposition 
of micro-nanoparticles on the surface of the steel; 
second, the fabrication of an etch mask using the 
particles as a template and third, the etching of the 
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steel using electrochemical dissolution of the steel. 
The lateral dimensions are controlled via the particle 
deposition step (particle diameter, particle density). The 
vertical dimensions are given by the etching step 
(depth, profiles).  
In figure 2, photographs and SEM images of a flat 
stainless steel (316L) surfaces coated with particles 
are presented. A monolayer of particles has been 
obtained with a density of particles of 1.5e8 part.cm-2 
and an area fraction of 38%.  The presence of the 
particles leads to a colour effect due to light scattering. 
This colour effect depends on the size of the particles 
and the viewing angle.  

 

Fig. 3. Photograph and AFM images of a flat stainless steel 
inserts after electrochemical etching 

The particle monolayer is then used for the fabrication 
of an intermediate etch mask before the 
electrochemical dissolution of the steel.  

In figure 3, a photograph of the steel surface after 
etching and the corresponding AFM image of the 
topography are presented. The transfer of the 
structures into steel gives an opalescent aspect to the 
surface. AFM confirms that hemispherical structures 
are obtained on the surface. For an etch mask made 
using a template of 500 nm beads, the average 
diameter of the final structures after etching was 
460nm and the depth of 260 nm. One of the main 
advantage of electrochemical dissolution is the surface 
quality obtained in the etched areas, which leads to an 
RMS roughness on the order of a few nm [5].  
A range of structures has been fabricated on these flat 
reference steel substrates using different particles as 
templates and different etching conditions. 
Hemispherical structures with a diameter of 460 and 
950nm have been produced with aspect ratios up to 
1:2. 
1.2. Fabrication of nanostructured inserts for the 

biodiagnostic platform  
A second challenge in this study is the fabrication of 
sub-micro/nanostructures on top of the detection spots 
of a bio-diagnostic platform. In figure 4, a photograph 
of the stainless steel insert fabricated by micromilling is 
presented. The final goal is the fabrication of surface 
sub-micro/nanostructures in the micro-holes located on 
top of the ridge corresponding to the microchannel. 

 
Fig. 4. Photograph of stainless steel insert of the bio-

diagnostic platform made by micromilling 

The bottom of the microholes was electropolished after 
micromilling. The same process as for planar 
substrates was applied on the insert for the deposition 
of particles (500nm diameter). As shown in figure 5, a 
homogeneous deposition is obtained on the samples. 
Particles are observed at the bottom of the holes and 
on top of the ridge. 

 
Fig. 2. Left) photograph of flat stainless steel inserts coated with particles. Right) SEM images of the particle monolayer 
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The background roughness does not influence the 
particle deposition process and particles can also be 
observed on the sidewalls of the microholes (data not 
shown). After the fabrication of the etch mask and 
electrochemical etching, sub-micro/nanoholes are 
observed at the bottom of the microhole (figure 6). 

 
Fig. 6. SEM image of the bottom of the microholes of the 
insert after electrochemical etching 

2. Hot embossing and injection molding of plastic 
parts 

The structured 2D insert and the biodiagnostic platform 
insert were used as molds for replication into one 
thermoplast (polycarbonate Makrolon 2207). Hot 
embossing was used for the nanostructured 2D 
substrate and injection molding was used for the 
biodiagnostic platform. 
Figure 7 presents the AFM and SEM characterization 
of two replica. For the hot embossed surfaces, sub-
micro hemispherical bumps are obtained, the height of 
which corresponds quantitatively to the depth of the 
holes fabricated in the insert. While smal structures 
(diameter 600nm) were easily demolded, the largest 
structures (diameter 1.5μm) show sidewall-defects due 
to demolding issues. In the case of the biodiagnostic 
platform, nanostructures were injection molded. A 
quantitative assessment of the replication is however 
impossible due to characterization limitations (AFM not 
possible on such 3D topographies). 

 

Fig. 7. a) AFM image of a replica hot embossed using a 
structured 2D insert. b) SEM image of a structure spot of the 
bio diagnostic platform. 

3. Characterization 
Two types of characterization were carried out. First, 
the wettability of the samples produced by hot 
embossing was characterized by measuring water 
contact angles. Second, a complete immunoassay was 
made on all samples to investigate the effect of surface 
structuring on the sensitivity of biodiagnostic platform. 
3.1. Wettability  
Polycarbonate samples with four different structures 
have been tested.  A flat polycarbonate surface is also 
used as reference. Wettability is characterized by 

 
Fig. 5. Photograph (a) and SEM images (b), c), d)) of the stainless steel insert of the bio-diagnostic platform coated with particles. 
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measuring advancing and receding contact angles 
using water as probe-liquid. The results are presented 
in figure 8.  

 

Fig. 8. Water contact angles: dark-grey) advancing, light-
grey) receding of polycarbonate structured with four different 
types of structures. Structure 1 to structure 4: increasing 
roughness. 

For the flat reference, an advancing contact angle of 
almost 100° is observed with a wetting hyteresis of 30°. 
The surface micro-nanostructured lead to an increase 
in the advancing contact angle but also a significant 
increase in the contact angle hysteresis. For the 
roughest sample, an advancing contact angle of 135° 
and a hysteresis of 85° is obtained. This increase in 
hysteresis suggests that the water drops are in the 
Wenzel mode (complete wetting of the structure), 
which corresponds to an increase in the adhesion of 
the drop on the surface [6]. Additional tests were made 
by inkjet printing fluorescently labelled proteins (FTIC-
BSA) to investigate the effect of the structure on the 
coffee ring effect. No significant difference were 
observed compared to the flat control. 
2.2. Immunoassay 
For the biodiagnostic platform, the immunoassay was 
carried out by first spotting mouse immunoglobulin 
(IgG) using a Nano-PlotterTM (GeSIM).  

 
Fig. 9. confocal images of the fluorescent spots printed on a 
hot embossed sample (a) and injection molded samples (b). 
c) graph presenting the gains necessary to reach saturation 
on the fluorescent camera.  Structure 1 to structure 4: 
increasing roughness. 

 
The surface was blocked using bovine serum albumin 

to prevent non-specific adsorption. The excess of BSA 
was removed by rinsing with phosphate buffer saline 
(PBS) with a surfactant (Tween20) and then PBS only. 
The complementary antibody (αIgG) conjugated with a 
fluorescent marker (Cy5) was then adsorbed. After a 
last rinsing step (PBS/Tween 20 and PBS) to remove 
any αIgG excess, a confocal microscope (Zeiss) was 
used to image the detection spots. The amount of 
fluorescence was characterized by measuring the 
camera-gain necessary to barely reach saturation.  
As shown in figure 9, homogeneous fluorescence spots 
were observed for both hot embossed and injection 
molded polycarbonate samples. The quantification of 
the fluorescence signal revealed that one of the 
structures fabricated lead to an increase in the 
sensitivity of the immunoassay. Compared to the flat 
reference, the gain necessary to reach saturation was 
lowered by 30%. The origins of this effect are still under 
investigation. It may involve the increase of the specific 
surface due to the surface structures as well as the 
scattering of the light. 
 
4.  Conclusions 
The fabrication of micro-nanostructured steel surface 
has been achieved by combining nanosphere 
lithography and electrochemical etching. Structures 
with lateral sizes of 400nm to 1μm with aspect ratio of 
1:2 were produced. The process was applied to planar 
substrates as well as micro-milled inserts presenting 
micro ridges and microholes. The material used was 
stainless steel but extending this approach to structure 
tool-steel used for molds is planned. Polycarbonate 
replicas were produced by hot embossing or injection 
molding.  The wettability of the surfaces was influenced 
by the surface structures and an increase in the 
adhesion of water drops was observed (Wenzel wetting 
state). One of the structures was also found to 
significantly increase the sensitivity of an 
immunoassay, with a 30% increase in fluorescence 
signal. 
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