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 We report on fabrication of Poly (methyl methacrylate) PMMA sample sub surface by 
means of Coherent Legend Ti: Sapphire laser. It was found that the usage of this laser 
radiation was sufficient to cause significant optical density changes on the sample, 
using interference technique and matlab to resolve and track the change that happen in 
the photonic structures in (PMMA) bulk, providing information on how the fabrication 
process depends on the laser irradiation.  

 
INTRODUCTION 

 
Recently, there has been much interest in applying focused femtosecond laser pulses at high repetition rate 

to induce various localized microstructures near the focal point of laser beam in transparent materials. Focused 
femto-second laser pulses induce structural changes inside the transparent materials, such as glass and polymers, 
due to nonlinear absorption at high peak powers. The induced refractive index change can be used to fabricate 
the three-dimensional microstructures and optical devices (Baum, A., et al., 2011; Baum, A., et al., 2007). 
Several photonic structures have been realized in glass crystals (Davis, K.M., et al., 1996; Miura, K., et al., 
1997; Homoelle, D., et al., 1999; Qiu, J., et al., 2000; Qiu, J., et al., 2001; Luo, L., et al., 2002). 

Mach-Zehnder (MZ) and Michelson Interferometric (MI) are the two intrinsic optical sensors that have 
been investigated extensively for Refractive Index changing detection in the early stage of fiber sensors 
development. 

Fabrication of photonic structures in bulk (PMMA) using femtosecond laser irradiation can be optimised by 
selecting wavelength, pulse length and repetition rate of the laser irradiation (Taranu, A., et al., 2010; Scully, 
P.J., et al., 2003; Baum, A., et al., 2008; Liang, S., et al., 2010). 

Direct observation of femto-second light-induced refractive index changes is thus necessary for 
understanding and controlling, namely, scanning speed, laser energy and laser pulse duration (Baum, A., et al., 
2008). These parameters can be changed independently but their effects are unavoidably superposed upon each 
other. Phase contrast microscopy has been used for optical analysis of phase grating structures (Kip, D., 1998). 
 
2. Theory:  

Interference results from the superposition of two or more electromagnetic waves. From a classical optics 
perspective, interference is the mechanism by which light interacts with light. Other phenomena such as 
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refraction, scattering, and diffraction, describe how light interacts with its physical environment. Historically, 
interference was instrumental in establishing the wave nature of light.  

Now we will add the additional restrictions that the two linear polarizations are parallel and that the two 
waves are at the same optical frequency. The expression for the intensity pattern now becomes 

 

is the phase difference. This is the basic equation describing interference. 
The detected intensity varies cosinusoidally with the phase difference between the two waves as shown in Fig.1 

 
Fig. 1: The variation in intensity as a function of the difference between two interfering waves. 

 
These alternating bright and dark bands in the intensity pattern are referred to as interference fringes, and 

along a particular fringe, the phase difference is constant. Constructive interference occurs when the two waves 
are in phase, and a bright fringe or maximum in the intensity pattern results (Bass, M., et al., 1995). 
 
3. Experimental part: 

oly (methyl methacrylate) (PMMA) sample with thickness ~ 5mm, and area 2 cm × 2 cm is prepared, the 
irradiation of the sub surface of the PMMA sample has been done by means of Coherent Legend Ti: Sapphire 
laser facility generated horizontal linear polarized light, pulsed at a 1-kHz repetition rate, with pulse duration of 
250 femto-second Laser at a central wavelength of about 800 nm. The output beam from the system had laser 
pulse energy of 0.105 µJ in the Gaussian mode with a diameter of ~3mm. The schematic of the experimental 
setup is shown in Fig.2.  The laser beam was attenuated by a diffractive optic attenuator and its frequency was 
doubled (SHG) by a BBO crystal, generating laser irradiation at 387nm wavelength A neutral density (ND) filter 
placed between the reflection mirrors achieved a smaller integrated fluence. The laser beam passed through two 
UV mirrors to reduce the residuals IR radiation. The laser beam was focused to ~8μm diameter by a 20X Nikon 
microscope objective with a 0.45 numerical aperture (NA), 10 mm focal length and long working distance of 8 
mm. The sample under study is mounted on a PC controlled.  Aerotech x-y-z translation stage (ANT-25LV) of 
2.5nm resolution and the fabrication process was viewed by a CCD Camera, the grating writing (scanning) 
speed is 1.25 mm/s.  The experiments were performed by translating the sample along the x-direction so that the 
laser beam scribed parallel structures, line by line along x axis; the line to line spacing (grating period) is 40µm. 

         

 
Fig. 2: The experimental setup of sub surface irradiation technique, M150 mm diameter IR mirrors, and M250 

mm diameter UV mirrors. 
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The irradiated and unirradiated polymer samples were inserted in an interferometer set up, as shown in 
Fig.3, the set up is utilized for generating interference pattern. We used the coherent light source produced by a 
He-Ne laser, emitting on the 632 nm wavelength. A couple of ND filters have been used to control the laser 
power and to get good fringe contrast. By adjusting the position of microscope objective OB lenses it was 
possible to change the fringes widths at suitable beam intensity.  

 
Fig. 3: Mach-Zehnder Interferometer 

 
RESULTS AND DISCUSSION 

 
The structure depth is 200nm. The structural dimension created at fixed spacing (40µm) with the fixed 

pulse energy, the translation speed is constant in all irradiation processes as well; the fabrication process was 
viewed by a CCD Camera,  

The interferometer set up which the samples were inserted in, is utilized for generating interference pattern. 
The interference fringes are recorded by means of 128*128 pixels CCD camera, followed by frame grabber and 
PC. The discontinuity of fringes pattern (interference fringes modifications) in Fig.4 is clearly due to the 
irradiated zones inside the PMMA sample surface.   

UV femto-second laser change the optical characterization of PMMA sample, so this process lead the 
sample becomes as the grating bluk because the scan in the periodic along x-axis. The experiments using 
PMMA samples involved main step of investigation: the sub surface Refractive Index modification by ultra 
short UV laser pulses. 

The interference pattern recorded is shown in Fig.5 (a) and (b) are the two digitized interferograms images 
(interferometric patterns) were subtract with Matlab programme to obtain the refractive index map Δn in Fig.6 
and the variation in Δn is be clear along x-axis in this figure, the high peek of  Δn occurs at midpoint of focusing 
Coherent Legend Ti: Sapphire laser to PMMA sample. 

  

 
 
Fig. 4: Digitized interferogram of UV written phase gratings in PMMA with a scan speed of 1.25mm/s  
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    (a)                                                                                                (b) 
Fig. 5: Interferometric patterns for the samples (a) before radiation and (b) after UV written phase grating with a 

scan speed of 1.25 mm/s, pulse energy of 0.105μJ,     
 

 
 

Fig. 6: The corresponding refractive index map for the interferometric patterns (a) and (b). 
 
Conclusion: 

In conclusions the Refractive Index of the irradiated sub surface zone of the sample was modified by 
accumulated flounce and heat. The usage of interference technique and matlab programme has been very 
sufficient to obtain the variation in ∆n through the refractive index map. The change in the light intensity 
indicates a periodic change in the optical density which may be related to the laser induced total refractive index 
change independent of specific molecular bond changes. It is observed that the discontinuity of fringes pattern is 
due to the irradiated zones inside the sample, the interference fringe modifications in correspondence of 
irradiated zones across the sample surface.  More specifically, this research meets the recently increasing needs 
for detecting in real-time variation of refractive index.  In this study the real time Refractive Index changing ∆n 
for different samples using interference technique was be done. And due to the non-linear periodic nature of the 
interference signal, the accurate detection of the differential phase change of an interferometer would be a real 
challenge during the real time measurements.  
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