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Abstract—Tri-dimensional structures were internally mechanized 
into polymeric plates of polycarbonate (PC) and 
polyethyleneterefthalate (PET) by a laser backwriting process 
performed with plates submerged in water. A Nd:YVO4 laser 
emitting at fundamental wavelength (1064 nm) in nanopulsed 
regime was employed. 
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I.  INTRODUCTION (HEADING 1) 
The SURFALUX project is focused on the development of 

novel and economical materials for safety  and general 
signalization. Another purpose of this research is to obtain 
economic materials with high resistance to different 
environmental conditions or to the presence of other external 
factors as vandalism. Following these principles, plastic 
materials as polycarbonate (PC) and polyethylene terephthalate 
(PET) have been successfully applied in safety signalization 
devices. Moreover, the use of external illumination sources in 
order to increase the visibility of the signals has been 
extensively and successfully tested. Thus, informative panels 
of polymeric materials illuminated by LEDs have been  an 
important researching field within the SURFALUX project.  

The laser beam machining of materials has been widely 
applied during years to a whole range of materials [1-2]. This 
technique allows the internal engraving of three-dimensional 
structures. Following this fact, this method could be applied to 
plastic materials in order to develop panels with determined 
logos, pictures or other information. However, these kind of 
materials are fragile to the laser action. The laser machining in 
air generally provokes defects as recast layers, cracking and 
heat damages. For this motive, the process was carried out 
under water. The advantages and processes associated to the 
use of water in laser processing were extensively reported by 
Kruusing [3]. The employ of water may provoke a decreasing 
of the etching rate due to the reduction of the transparency of 
the liquid as the process progresses [3] and cleaner and more 
precise profiles for the structures drawn should be obtained. 

In this work we present results obtained on the internal 
engraving of polymeric plates submerged under water by laser 
beam machining with a Nd:YVO4 laser operating at the 
fundamental wavelength on nanopulsed regime. An application 
to signals and informative panels fabrication with high 
visibility is proposed. 

II. EXPERIMENTAL 
Polymeric plates of polyethylene terephthalate (PET), 

polycarbonate (PC) and poly(methyl methacrylate) (PMMA) 
with size 10x10 cm submerged in water have been internally 
mechanized by laser ablation. The laser beam machining was 
carried out on laser backwriting configuration [4]. The laser 
beam focuses on an alumina target with an irradiance of 
2.8x107 W/cm2 at a frequency of 2 kHz, reflecting the beam to 
the polymeric plate placed over there with a distance of 0.65 
cm between materials. Thus, the plastic material is 
mechanized. 

A Nd:YVO4 laser (Powerline E, Rofin) emitting nanopulses 
at fundamental wavelength (1064 nm) was employed. The laser 
is fitted with a galvanometer beam steering system and a flat-
field lens with a 100 mm focus, to allow scanning the alumina 
plate within the XY plane. The equipment is provided with a 
drawn software which allows to obtain letters, logos and other 
3D structures into the polymeric plates. An illustrative scheme 
of the equipment and the method described here is represented 
in Figure 1. 

Figure 1: Scheme of laser backwriting of polymeric plates under water. 
Once obtained the internal 3D structures, LED sources 

were coupled to the polymeric plates to illuminate them. 

III. RESULTS  AND  DISCUSSION 
Different 3D structures as squares, circles and hexagonal 

matrices were obtained (Fig. 2). Figure 3 shows the engraving 

 



of a photography, as an instance of the wide range of drawings 
that can be performed.In this example, the background is 
clearly visible and defined with high resolution 

 
Figure 2: Matrices internally engraved into PC plates. 

The internal 3D structures were obtained into PET and PC 
plates. No successfully results were obtained for PMMA plates. 
The structures obtained into PC are darker and more defined 
than those obtained for PET applying the same laser 
parameters. This difference in color and definition is due to the 
damage originated to the polymer by the laser action. For the 
same irradiance and same experimental conditions, the process 
of ablation is higher in intensity for the PC plates. 

 
Figure 3: 3D internal machinning designs of people into PC plates. 

The method developed could be applied to perform 
informative panels and signals. Moreover, the illumination 
with LEDs increae the visibility of the panels (Fig. 4). In 
concordance with the above mentioned for laser damage, the 
figures obtained into PET plates and illuminated by LEDs are  
lighter than those obtained into PC plates (Figs. 5). 

Moreover, the fact that the information or the pictures were 
internally drawing is and advantage to their use as informative 
panels. The atmospheric or human action over the surface of 
the plates will not damage the tridimensional structure. This 
fact is an additional advantage to actual devices in which the 
action of environment over the surface affects the information 
and it leads to the reposition of the signal. However, if the 
signal or information is internally engraving, is possible to 
protect the plate with a protective coating and in the case of 
damage surface only the external coating must be changed. 

 
Figure 4: Informative panel of PC illuminated by LEDs. 

 

 

Figure 5: Informative panel of PET with a logo illuminated by LEDs. 

IV. CONCLUSSIONS 
Internal tri-dimensional structures were succesfully 

mechanized into polymeric plates of PC and PET by laser 
beam machining under water using the laser backwriting 
configuration. The illumination of the structures by LEDs 
increase the visibility of the plates an allows their 
implementation as informative panels. Moreover, the 
application of a protective coating that could change in future 
supposes an economical advantage to commercially signals 
employed nowadays. 
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