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Abstract 
 
Glass moulds with microstructures manufactured by Multiphoton Polimerization (MPP) are replicated using two different 
approaches. On the one hand, by means of an automatic Injection Moulding process; and on the other hand, by a manual approach 
using a high-resolution replication silicone. The main differences between the obtained replicas are evaluated in terms of their 
replication quality, the influence of the moulds’ fabrication method on the replication process, and the impact on the optical 
characteristics of the final product. The results of this work indicate that high resolution and resistant moulds can be fabricated 
through MPP, favouring the fabrication of high-quality replicas. 
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1. Introduction 

MPP is a well known technique [1]-[3] for the fabrication of 
high resolution and complex 3D microstructures for many 
different applications as biomedicine [4] or microelectronics [5]. 
This methodology leads the way for the direct fabrication in the 
nanometric scale although its fabrication speed has been 
already pointed out as the most relevant limitation.  

The work presented here is focused on the replication of 
diffraction gratings, fabricated by MPP technology over glass 
substrates, using different replication processes as promising 
technologies for mass production of high-quality micro-
components. More in detail, Injection Moulding (IM) [6] and 
silicone cast moulding (CM) [7] methodologies were tested. 
Masters and replicas were then characterized in terms of their 
topographical features and optical properties such as the 
surface quality or the grade of transparency. 

2. Methodology 

MPP masters were fabricated by combining an Amplitude 
Satsuma HP2 laser (280 fs, 515 nm) with a micromachining 
workstation from OPTEC. Maximum power achievable was 
limited with a set of a half-wave plate and a linear polarizer. The 
laser radiation was focused inside the resin through a 
microscope objective (Olympus 60×, NA 1.42). The 3D 
characterization of the masters and the replicas was performed 
with an optical profilometer (SensoFar S-Neox). 

Diffraction gratings were created applying a thin layer of resin 
of less than 10 µm over a microscope glass slide, and the same 
over sapphire round glasses. Laser processing parameters were 
a pulse energy between 20 and 60µJ, a 500kHz frequency and a 
scan speed of 5mm/s. A diffractive optical element (DOE) of 
1x25 points was used to create more homogenous lines. The 
photosensitive resin used for the MPP process (Ormostamp®, 
from Microresist) contained a specific photoinitiator (Irgacure) 

to make the resin sensitive to the laser wavelength. After the 
fabrication, the samples were rinsed with Methyl Isobutyl 
Ketone and Isopropanol until all the non-polymerized resin was 
eliminated. The IM process was performed with a VICTORY 40 
(ENGEL) injection moulding machine, using Zylar® 960, which is 
a high flow transparent styrene acrylic copolymer for low 
temperature IM processes (200°C). The alternative replication 
materials employed were two rubber silicones for CM process. 
One was the transparent PDMS-Sylgard 184 (Dow Corning) and 
the other the translucent XTX45-DRY (Zhermack). Those 
silicones were prepared following the instructions of each 
supplier and degassed with vacuum before being poured over 
the masters.  The PDMS silicone curing time was reduced by 
heating the sample. This thermal treatment cannot be applied 
to the XTX45-Dry silicone because its curing agent is based in 
Platinum and heat would make the silicone darker, losing its 
grade of transparency.  

3. Results and discussion      

Previous results on the fabrication of diffraction gratings by 
MPP on Stainless Steel covered with a thin layer of cured resin 
[8] showed a good quality of the replicas obtained by injection 
moulding with Zylar, but these also revealed some of the 
limitations of this material. Further studies showed that the thin 
layer of cured resin between the metal and the structures breaks 
after several replication iterations. This was the reason to 
change the fabrication methodology to directly fabricate by MPP 
over glass samples, which need no pre-deposited layer of resin 
and neither any special treatment for a good adhesion apart 
from a surface cleaning with Ketone and Isopropanol.  

Initial fabrication tests were performed on common 
microscopic glass slides. Despite the good results on adhesion 
and resolution achieved, the physical properties of the 
microscope slides are not compatible with this IM process, and 
most of the samples break during the replication.  
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Figure 1.  3D Topographies of the masters fabricated by MPP and replicas, indicating each glass and replication material used (images obtained with 
the optical profilometer S-Neox).  C

The usage of sapphire glasses was then proposed as a more 
resistant material for the injection process because of its higher 
resistance to thermal and physical shocks. Only gratings 
fabricated over sapphire were replicated by IM while structures 
fabricated on microscope slides were replicated by CM, as no 
specific physical requirement of the glasses was needed for this 
replication method. 

The measurement of the topographies of the masters before 
and after the replications showed that none of the replication 
methods damaged or modified the samples, even after several 
replication iterations.  

Regarding the measurement of the topographies of the 
replicas, all the three materials used showed very good 
behaviour allowing the perfect replication of the height, width 
and period of the gratings fabricated. Figure 1 shows the 3D 
topographical reconstruction of masters and replicas, where the 
high grade of similarity can be appreciated. Also, all the 
replicated structures show the same visual diffraction effect as 
the masters when illuminated with ambient white light.  

 

 
Figure 2. 3D topography of an IM replica where the Zylar polymer was 
not properly melted showing flow grooves all over the grating lines. 

Some replicas made by IM showed certain random defects, 
even though the immediately previous and later injections were 
perfectly executed. Figure 2 shows an example of the failure of 
the IM process with Zylar in a replica of the same structure 
measured as the one showed in Figure 1. These defects were 
related with a failure in the melting temperature of the Zylar 

polymer that reduced its flow rate and many flow lines appeared 
all over the surface. In consequence, a bad-quality replica is 
created where the depth of the gratings was almost 50% smaller 
than expected and the appearance reveals the flow direction of 
the injection. More effort will be done over this concern to find 
a solution for these thermal instabilities of the IM process.  

Talking about the productivity of the replication processes, 
none of the methods used seem to be as fast as industrial typical 
processes that can fabricate over hundreds of units per minute. 
Nevertheless, the IM is the fastest procedure employed, with 
2.5minutes needed for each injection at 200°C, while PDMS is 
only cured after 10 minutes at 150°C, and XTX45-Dry needs 
12hours for curing at 23°C. 

Physical properties of the replication materials, as surface 
roughness (Ra) and optical transmittance (Tr) and reflectance 
(Re), are summarized in Table 1.  
 
Table 1. Surface and optical properties of the masters and replication 
materials. Ra= surface roughness; Re= reflectance; Tr=Transmittance.  

 Ra (nm) Tr (%) Re (%) 

Mic. slide  2.9 91.54 8.59 

Sapphire 3.1  85.43  15.28  

PDMS-front 3.2 93.31 5.47 

PDMS-back 3.2 93.30 4.59 

XTX-front 5.5 87.66 3.06 

XTX-back 13.4 88.07 1.10 

Zylar-front 4.3 70.41 5.07 

Zylar-back 106.1 75.97 1.54 

Std. Deviation ± 0.3 ± 0.02  ± 0.02 
 

The roughness of the replicas was measured on both sides of 
the material. This means on the side where structures and glass 
surface are replicated (front side), and also on the opposite side 
(back side). In the case of the IM process, the opposite side of 
the replica has very poor quality because the injection mould 
assembly was not adequate for replicating high-optical-grade 
samples due to the usual industrial use of the equipment. Better 
results could be achieved in the IM process if a polished surface 
was used as back-side of the injection mould assembly. In the 
case of the silicone materials, replicas were cured with the back 



  

 

side free to open air to evaluate the properties of the material 
itself. The optical properties were measured with a green laser 
diode of 5mW and a thermal power sensor S120C (both from 
Thorlabs). Reflectance was measured with an incident angle of 
45° while transmittance is measured at 180° regarding the diode 
device. 

As expected, transmittance of the XTX45-Dry silicone and the 
Zylar polymer are smaller than that of the PDMS because they 
are translucent instead of transparent materials. Zylar back-side 
high roughness covered up the results of transmittance and 
reflectance.  Although the good quality of the replicas created 
with the XTX45-Dry silicone, roughness is higher in the back side 
because it was cured to open air.  
 

4. Conclusions      

Multiphoton polymerization technology was used for the 
direct fabrication of diffraction gratings on glass samples with no 
specific surface pre-treatment for adhesion promotion. This 
fabrication process is confirmed as an effective method for the 
creation of high-resolution optical micro-structures. Diffraction 
structures were fabricated on sapphire glass for later replication 
by injection moulding with Zylar 960 polymer, and over common 
microscope glass slides for cast moulding with Sylgard 184 and 
XTX45-Dry rubber silicones.  

All replication processes provided high-quality replicas in 
terms of the exact reproduction of the dimensions of the 
structures in width, height and period.  Nevertheless, some of 
the IM replicas presented several defects related to an 
inadequate melting of the Zylar polymer during the injection 
process.  
Replicas obtained with Zylar 960 and XTX45-Dry materials need 
polished back-side surfaces during the moulding processes to 
ensure the optical quality of the replicas.  

The results obtained along this work showed Sylgard 184 
rubber silicone as a promising material for the replication of 
high-quality optical structures because of its replication 
achievable resolution and also because of its high transmission 
rate, even though its usual curing time is not compatible with 
common industrial applications.  

Further work should be done for the evaluation of the 
replicated gratings in order to analyse the efficiency related to 
each material transparency. Also, more effort will be done for 
the selection of new transparent materials for the IM and CM 
processes, paying particular attention to the physical 
characteristics that lead these replications techniques to the 
industrial requirements of the FLOIM project. 
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