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Abstract 
The methods to manufacture micro- or nano- structures on surfaces have been an area of intense investigation. Demands are shown for 
technologies for surface structuring on real 3D parts in many fields. However, most technologies for the fabrication of micro-structured functional 
surfaces are still limited to flat or simple shaped geometries. In this paper, 3 approaches for fabricating micro and nano- structured surfaces on a 
mold cavity for injection moulding are investigated and compared. The first approach is to use pre-fabricated plate with micro-structured surface as 
an insert for the mold, in this way micro holes (Ø4 µm) was obtained. The second approach is to produce the cavity part using anodizing process 
chain, and in this way sub-micro structures can be obtained all over the cavity surface. The third approach is to machine the surface inside the cavity 
directly by femtosecond laser combined with mask projection technique.  
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1. Introduction 

Polymer products with functional surfaces are applied in 
many fields such as medical and bio technology. The 
functionality introduced by micro- or nano-structure has been 
studied by numerous in vitro and in vivo studies. One 
important application is that modified surfaces can enhance 
tissue anchoring [1]. 

Methods to manufacture and replicate micro- or nano-
structures on a surface have been intensively studied recently 
[2]. However, most technologies for the fabrication of 
structured functional surfaces are still limited to flat 
geometries, though surfaces with a certain curvature are also 
reported [3]. A technology for the manufacturing of structured 
surfaces on 3D-shaped or free form parts is required in order to 
benefit from functional micro-structured surfaces on complex 
parts. Regarding micro- structured surfaces on 3D-shaped 
parts,  [4] is an good example. This paper focuses on the 
surface structures below 5 µm, which increases the difficulty 
and limits the application of common technologies. 

In this paper, 3 approaches for fabricating micro and nano- 
structured surfaces on a mold cavity for injection moulding are 
investigated and compared. The desired features are patterns 
within dimensions below 5µm (see figure 1 and figure 2). 

  
Figure 1 The surface structure 
of a Ni plate fabricated by 
lithographical method  

Figure 2: The surface structure of the 
Ni master fabricated by anodizing 
process  

 

2. Approach1: insert from a micro-structured Ni plate 

Approach 1 is to obtain the micro structures by utilizing a  
Pre-fabricated plate with micro structured surface.  

In order to create micro pillars on the polymer part, a pre-
fabricated Ni plate with circular holes on one side was 
machined as insert for the mold cavity. The Ni plate was 
fabricated by Hoowaki® using lithographical process.  As 
showed by Figure 1, the micro holes were approximately 4 µm 
in diameter and 2 µm deep. 
Figure 3 illustrates a half of a mold cavity, which is composed of 
4 wings with an angle of 30 degrees from the base plane. The 
Ni plate was cut to inserts by wire EDM and mounted in the 
cavity. The inserts have a trapezoidal cross section, therefore 
they were fixed mechanically in the cavity. The other half of the 
mold has similar assembly in order to apply micro structures to 
both sides of the wings. 
The cavity was tested by liquid silicon rubber injection 
moulding for more than 1000 cycles. A FormicaPlast® (Desma®, 
Germany) injection moulding machine was used. A good 
replication of the micro structures was achieved on both sides 
of the wings. No obvious wear of the tool was observed.  

   
Figure 3 an insert made from prefabricated Ni disk is assembled with 
mold cavity.  a:insert.  b:cavity.  c :cavity  assembled with 4 inserts.  

3. Approach 2: anodizing process 

The second approach is to use an anodizing process chain [5] 
to create sub-micro structures all over the surface of the cavity.  

The anodizing processing starts from anodizing of an 
aluminium substrate (in the form of final product).  
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Self-organized anodic porous alumina forms with the surface of 
a closed packed array of hexagonally arranged cells containing 
pores in each cell center on this surface. On top of a thin 
copper layer deposited by physical vapour deposition, Ni was 
deposited by electroplating. After this step the aluminium 
substrate was dissolved by chemical etching in order to reveal 
the Ni master with nano-structure. According to our study, the 
nano features on the Ni part showed a good reproducibility of 
the aluminium surface. Additionally, the entire surface of the Ni 
part is structured.  This Ni master can be machined to the insert 
geometry for injection moulding. Figure 2 illustrates the surface 
of the Ni master used in our study, on which protruding packed 
hexagonally semispheres can be seen. The sizes of the 
semispheres are approximately 420-450 nm in diameter. When 
using such a structure in the cavity surface for polymer 
injection moulding, a distributed pattern of pores can be 
obtained both on horizontal and vertical surfaces [6]. 

A half of the cavity produced by anodising process is 
displayed in Figure 4. The design is based on the CAD model in 
Figure 3. Figure 5 shows the aluminium part on which nickel 
was deposited.  

  
Figure 4. The Ni mold made 

by anodizing process.  
Figure 5. Negative aluminum part 

of the mold in Figure 4. 

 
Evidently, this method makes it possible to create surface 

sub-micro structures on real 3D products. Also it is a relatively 
low cost process. The deposited Ni can achieve hardness 
sufficient for long term injection moulding use. 

4. Approach 3: laser direct machining 

Last but not the least, approach 3 is to achieve the desired  

micro features by laser machining directly on the mould 
surface. As an initial test, a femtosecond Ti: Sa laser 
(Demtopower Compact Pro, Femtolasers produktions GMbH, 
Vienna, Austria) was used to machine the surface on a piece of 
stainless steel. The surface was machined by EDM, then hand-
polished using diamond paste. The obtained holes were from 3 
to 4 µm in diameter and 2 to 8 µm in depth depending on the 
laser settings; both the diameter and depth increased when 
higher pulse energy was used.  The depth was also dependent 
on the pulse numbers.  The results suggest that the ultrashort 
pulse laser is able to fabricate holes arrays with a similar 
dimensions and tolerance (+/- 0.5) as using lithographic 
methods.  

In our research, the purpose was to create the micro holes in 
the comparable dimension as the Hoowaki Ni plate. The 
roughness of initial surface should be considerably smaller than 
size of the desired feature (as a rule of thumb, 10% of the size 
of desired features); Polishing of the surface is required 
otherwise a rough surface will lead to low repeatability. In the 
studied case, mask projection technique was used in order to 
obtain stable machining condition at different surface qualities, 
combined with a microscope objective 50x. The processing 
time per hole was 1.0 – 1.5 second, which is time-consuming 
and as a result the process will be considerably expensive. 

5. Comparison and conclusion 

The three approaches are summarized in Table 1. A direct 
comparison is not entirely possible since the features are in 
different dimensions. Regarding the design of the surface 
structure, using a prefabricated plate has numerous available 
geometries and patterns in a wide dimension range, but the 
application is limited for small parts. In order to realize real 3D 
surface structuring, the anodizing process is a good option. To 
shorten the process chain, laser can be used; however there 
are limitations from the geometry of the part itself, therefore 
pre-treatment such as polishing is often required.  In order to 
choose a process wisely, the requirements to the product need 
to be considered combined with other issues such as time, 
price, and availability of facilities and so on. 

Table 1 comparison between the 3 approaches  

 Advantage Disadvantage 

Pre-fabricated plate 
embedded as insert 

 Numerous available geometry and pattern of 
micro features [7] 

 Wide range for size selection, from a few 
nanometer to micrometer range 

 Not feasible for small or complex part  

 Not possible for parts with certain curvatures 

Anodizing 
processing 

 Free form processing 

 Sub-micro feature can be obtain all-over the 
surface 

 Design freedom is lacked for pattern and geometry [8] [9] 

 Materials of the final cavity are limited 

Laser processing 

 Direct machining 

 Feature size from 200 nm to micro range 

 Fast machining for specific geometries 

 Possibility to create various geometry and pattern 

 Time consuming and high cost for specific geometries 

 Polishing is required on the surface inside cavity 

 Small area polishing 

 Line-of-sight process 
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