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Abstract 

Micro and nanostructuration of plastic parts provide them with specific surface properties like hydrophilic / 
hydrophobic behavior, adhesion enhancement, optical effects, etc. The manufacturing of such polymer parts by 
injection moulding faces two major challenges: microstructured areas are usually flat due to metallic inserts 
manufacturing technologies, and the tools are expensive. In the present work, 3D-shaped stainless steel mould 
inserts were microstructured, and used for producing 3D microstructured polymer parts by injection moulding. The 
structuration of the metallic inserts was performed by a combination of standard micro-machining and electrochemical 
etching through a laser-patterned coating. The integration of the micro structured inserts in the injection tool was 
optimized, involving technologies like additive manufacturing by selective melting of metal powder. Injection moulding 
was performed with additional vacuum and heating and cooling technologies in order to improve the quality of 
microstructures replication. Two case studies are presented: a bio-diagnostic platform and a watch glass. The quality 
of the replication was validated on several polymers. Best results were obtained with PP, PC and ABS/PC. The 
functional characterization of the two case studies confirmed the efficiency and the quality of the microstructures 
replication. 
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1. Introduction  

Micro and nanostructuration of plastic part has 
recently gained a great interest from industrial end-
users, always looking for new opportunities to improve 
their products or to address new markets. The 
modification of injected polymer parts surface provides 
them with enhanced properties [1]: hydrophilic or 
hydrophobic properties, adhesion enhancement, 
optical effects, etc. 

The replication of micro and nanostructures on the 
surface of an injected polymer part faces many 
challenges. Several studies [1-5] have focused on the 
main parameters enabling an optimal control of the 
replication quality of micro and nanostructures: mould 
temperature and vacuum venting. Indeed, the filling of 
the micro and nanostructures during the injection 
moulding process requires an optimal control of the 
melted polymer flow in order to achieve the targeted 
replication quality. 

In addition to the challenges related to the injection 
moulding process, the micro and nanostructuration of 
mould inserts usually relies on expensive technologies 
from microelectronics industry [6-7]. The materials 
used for these mould inserts are not standard within 
the plastic industry, resulting in difficulties for their 
integration in production moulds. Furthermore, these 
processes use flat substrates, leading to flat 
microstructured areas on plastic parts. 

In this paper, we report on the development of a 
new process chain for the fabrication of microstructures 
on planar and non-planar stainless steel mold inserts. 
The validation of the process, from metallic insert 

manufacturing to polymer parts injection moulding, is 
illustrated with two demonstrators: a bio-diagnostics 
platform and a watch glass (see Fig. 1). 

The bio-diagnostic platform is characterized by a 
multi-scale structuration: two levels of structuration are 
implemented on the same part. The microfluidic 
channel is 500 μm wide and 150 μm deep. It contains 
384 micro-pillars with diameter 300 μm and height 
100 μm. Microstructures are defined on top of these 
pillars in order to prevent the “coffee ring” effect related 
to the dispensing and drying of biological solutions. 
Two families of microstructures are implemented: 
hemispheres (35 μm diameter, 15 μm height), and 
rings (30 μm width, 12 μm height). 

The watch glass is a 3D-shaped 30 mm diameter 
part, with a 30 mm radius of curvature. The part 
thickness is 1 mm. The inner side of the watch glass is 
covered with microstructures in order to provide it with 
optical decorative effects under various light 
incidences. The microstructuration is made of 
hemispheres (50 μm diameter and 20 μm height), and 
parallel lines (50 μm width and 20 μm height). 

Fig. 1. Micro structured 3D polymer demonstrators: watch glass 
(left) and bio-diagnostic platform (right). 
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Fig. 2. Process-flow for microstructuration of stainless steel 
inserts (micropat SA). 

2. Metallic inserts and tools development 

2.1 Microstructuration technologies for 3D 
stainless steel inserts 

Non-planar and multi-scale microstructuration of 
metallic inserts requires the development of innovative 
approaches. The objective is to reduce the 
microstructuration cost, by using standard Z38CDV5 
stainless steel inserts (usual material for moulds in 
plastics industry), and combining several technologies. 
The process described in this paper combine 
“standard” micromachining with electrochemical 
etching of the stainless steel insert through a 3D 
polymer mask. The process-flow is the following (see 
Fig. 2):  

- Passivation of the metallic insert surface 
- Electrophoretic coating 
- Laser ablation of the coating 
- Electrochemical dissolution 
- Stripping of the coating 
- Passivation of the metallic insert surface 
One challenge of this process is the control of the 

electrophoretic coating on a complex 3D part, in order 
to obtain a uniform thickness of resin on the metallic 
insert. Capillarity and rheology effects tend to create 
thickness variations on the features. In the case of the 
bio-diagnostic platform, the control of the 
microstructures on top of the pillars (thus, at the bottom 
of the wells on the metallic insert) requires an 
optimization of the laser ablation step, to take into 
account the resin thickness variations. 

Although it ensures an optimal optical effect, the 
high quality of the polishing of the metallic insert prior 
its microstructuration makes the adhesion of the 
coating difficult. This can lead to defects on the 
microstructures, like over-etching and inaccurate 
features. 

Multi-scale approach is made possible by the use 
of stainless steel insert. Using standard materials from 
the polymer industry, the first level of structuration can 
be performed with standard micro-milling or electro-
machining. For the bio-diagnostic platform, the features 
corresponding to the microfluidic channel and the 
micro-pillars were manufactured by Vuillermoz SAS in 
the stainless steel insert using High Speed Machining. 
Milling tools in carbide, c-BN (cubic boron nitride) or 
diamond, with diameter down to 100 μm, are used to 
produce features with 5 μm accuracy. 

On this first level of microstructuration, a second 
level of structuration is performed by micropat SA using 
the electrochemical etching process previously 
described. Corresponding structures are illustrated on 
the Fig. 3.  

Fig. 3. Microstructuration of bio-diagnostic platform insert with 
several geometries on the micro-pillars: hemispheres (a, b, and 
c) and rings (d). Diameter of hemispheres: 35 μm. 

2.2 Optimal integration of microstructured 3D 
inserts in injection mould 

The development of microstructured inserts based 
on stainless steel is a major advantage for their 
integration in injection moulds. Using the same material 
for the cavity plate and the structured insert prevents 
any trouble related to CTE (Coefficient of Thermal 
Expansion) mismatch. 

The optimization of the replication of 
microstructures requires the integration of various 
additional technologies in the injection tool. Cooling 
channels are manufactured in the cavity plate using 
additive manufacturing of metallic powder. This 
enables the optimization of the positioning of the 
cooling channels, resulting in a reduction of the 
injected part distortions due to non-homogeneous 
cooling, and a decrease of the overall cycle time. 

In order to limit potential burn marks, vacuum is 
applied in the mould to prevent the trapping of gas in 
the micro-cavities of the mould insert. This requires 
several adjustments of the tool in order to ensure an 
optimal efficiency of the vacuum. 

3. Replication of microstructures on polymer parts 

3.1 Replication by injection moulding  

Injection moulding is performed using the 
microstructured inserts, with various polymers. Four 
polymers are tested:  

- PP (Polypropylene): PPH10012 (Total 
Petrochemicals) 

- PC (Polycarbonate): Makrolon 2207 (Bayer 
MaterialScience) 

- ABS (Acrylonitrile Butadiene Styrene)/PC: 
Bayblend T65 XF (Bayer MaterialScience) 

- COC (Cyclic Olefin Copolymer): 5013L-10 
(Topas) 

The injection moulding campaigns are performed 
at IPC on an Engel 50 tons injection moulding 
machine. The heating and cooling process is applied 
with a Sise high pressurized water equipment, with 
water temperatures of 60°C (low) and 170°C (high), 
resulting in mould cavity temperature of respectively 
90°C and 150°C. The removal of trapped gas in the 
mould cavity is performed with a Fondarex mobile 
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vacuum system, enabling a vacuum level down to 
50 mbars in the mould. The polymer material is dried 
prior the injection moulding, using the respective drying 
conditions recommended by the materials suppliers. 

3.2 Replication by hot-embossing 

Reference parts are produced by CSEM using hot-
embossing. Compared to injection moulding, hot-
embossing induces no stress in the material, and the 
demoulding is very linear. However, the time cycle is 
much longer than injection moulding. 

The same materials as for injection moulding are 
used for the manufacturing of the reference parts. The 
process-flow is the following:  

- Heating of the polymer material and the insert 
- Applying pressure (4 MPa) 
- Decrease the polymer temperature, while 

maintaining the pressure 
- Demoulding (20°C below the glass transition 

of the polymer material) 
The heating temperature depends on the polymer 

material: above the glass transition temperature (for PC 
and COC), or Vicat temperature (for ABS/PC), or 
melting temperature (for PP). 

4. Results and discussion 

4.1 Dimensional characterization 

Measurements for dimensional characterization 
are performed using confocal microscopy (Olympus 
LEXT OLS 4000) and Scanning Electron Microscopy 
(Philips ESEM-FEG XL30, coupled with an Energy 
Dispersive X-ray Spectroscope EDAX). 

The comparison of the replicated structures with 
the microcavities in the metallic inserts reveals a good 
correlation. The measurements of the main micro-
features height show average differences with the 
metallic inserts below 3%, 2%, and 2% for PP, PC, and 
ABS/PC respectively. Thus, for these materials, the 
replication is efficiently achieved.  

In the case of COC, a difference up to 15% is 
measured in the height of the micro-features, between 
injected parts and metallic inserts. The observations 
performed by confocal microscopy and SEM confirm 
that several microstructures are not properly filled, as 
depicted on Fig. 4. As this material is more brittle than 
PP, PC and ABS/PC (COC has a tensile modulus of 
3200 MPa and a yield strain of 1.7%, against 
2400 MPa / 6% for PC, 2400 MPa / 4.4% for ABS/PC, 
and 1600 MPa / 9% for PP respectively), it is supposed 
that the COC microstructures break inside the micro-
cavities, preventing the filling of the structures during 
the following injection runs. 

The Fig. 4 also illustrates for PC and ABS/PC a 
slight distortion of the border of the hemispheres. This 
distortion is related to the ejection of the polymer part. 
This phenomenon is intensified in the case of non-
planar parts like the watch glass. Indeed, the 
microstructures at the border of the watch glass are 
locally not perpendicular to the ejection direction. It 
creates undercuts and defects, with an intensity 
depending on the position of the structures: the 
microstructures near the border are more damaged 
than those in the inner area. The angle limit for 
distortion appearance on the glass watch is estimated  

Fig. 4. Confocal microscope and SEM observations of injected 
microstructured polymer parts: PP (a), PC (b), ABS/PC (c) and 
COC (d). 

to 26° (corresponding to a distance of 2 mm from the 
border of the watch glass), as depicted on Fig. 5. 

The distortion of the microstructures is not limited 
to non-planar parts. On the bio-diagnostics platform, 
the distortion of some pillars is observed, even though 
the part is flat. The distorted pillars are mainly located 
near the borders of the platform. This can be related to 
the position of the ejector pins: during ejection step, the 
borders of the platform are first detached from the 
mould surface, while the micro-structured central area 
stay stuck in the mould cavity. This behavior results in 
the bending of the injected part, inducing the distortion 
of the pillars near the borders of the platform. With 
optimized process parameters (mould temperature and 
cooling time), it is possible to reduce the distortion of 
the pillars, without fully cancelling it yet. 

4.2 Functional characterization 

On the watch glass demonstrator, the targeted 
functionality is an optical decorative effect. The 
characterization is performed by the illumination of the  

Fig. 5. Distortion analysis of PC hemispheres on the watch 
glass, depending on their distance to the border of the part: 0 
mm (a), 1 mm (b), 2 mm (c), and 3 mm (d). 
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Fig. 6. Comparison of the decorative effect on the watch glass 
demonstrator under various light incidences: measurement 
(top) and model (bottom). 

micro-structured demonstrator under various light 
incidences. The resulting optical effect is compared 
with the calculations from the model: a good correlation 
is validated, as illustrated on the Fig. 6. 

For the bio-diagnostics platform, the functional 
validation is performed via an immunological test. 
Several solutions and analytes are successively 
dispensed on the microstructured micro-pillars with a 
Nano-PlotterTM (GeSIM) dispensing ink-jet machine: 
The test protocol is described below: 

- Dispensing of the IgG solution on the micro-
pillars by ink-jet 

- Adsorption of an antibody (immunoglobulin) 
on the IgG 

- Blocking of the spot with an inert protein 
(Bovine Serum Albumin BSA) 

- BSA excess removal by 6 successive rinses 
with a phosphate buffer saline (PBS) solution 

- Immunological reaction with the 
complementary antibody �IgG, conjugated to 
the fluorescent marker Cy5 (1 μg/mL in PBS) 

- �IgG excess removal by 6 successive rinses 
with a buffer solution (PBS) 

The effect of the microstructuration on the drying of 
the dispensed biological solution is clearly revealed by 
the fluorescence analysis illustrated on Fig. 7. The 
position of the spots is perfectly controlled on the 
platform. In addition, the fluorescence signal level 
measured for the microstructured micro-pillars is higher 
than the one measured on the flat reference micro-
pillars. Thus, the microstructuration has a positive 
effect on the functionality of the bio-diagnostic platform. 

Nevertheless, the Fig. 7 also reveals that the local 
distortion of some micro-pillars during ejection prevent 
the biological solutions to fully cover the surface of 
these micro-pillars.  

5. Conclusion 

An innovative approach for the microstructuration 
of non-planar and multi-scale injected polymer parts, by 
combination of standard micro-machining processes, 
and electrochemical etching, has been developed. This 
enables the manufacturing of a new generation of 3D 
microstructured polymer parts, at a low cost, using 
standard stainless steel inserts. 

Fig. 7. Immunological test with fluorescence measurements: 
flat reference surface (a), and micro-pillars with rings (b) and 
hemispheres (c, d). 

The efficiency of the microstructuration was 
validated on two demonstrators. Optimal replication 
quality was achieved with PP, PC and ABS/PC. The 
improvement of the targeted functionalities of both 
demonstrators was characterized.  

Some limitations were revealed by the study. They 
are related to the distortion of the microstructures 
during the ejection of the polymer parts. Future 
investigations will focus on innovative solutions to 
overcome this challenge. 
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