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ABSTRACT 
 

We investigated formation of defects in four polymers namely Poly (methylmethacrylate) [PMMA], Poly 
dimethylsiloxane [PDMS], Polystyrene [PS], and Polyvinyl alcohol [PVA] and crystal media such as Lithium Niobate 
[LiNbO3]. Spectroscopic studies of the femtosecond (fs) laser modified regions were systematically performed after 
fabricating several gratings and micro-channels. We observed emission from the fs laser modified regions of these 
polymers when excited at different wavelengths. Pristine polymers are not paramagnetic, but exhibited paramagnetic 
behavior upon fs irradiation. LiNbO3 (LNB) crystal has not shown any defect formation upon laser irradiation. Confocal 
micro-Raman studies were also performed to establish the formation of defects. 
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1. INTRODUCTION 
 

Femtosecond laser direct writing has been successfully implemented to fabricate three dimensional structures inside 
various transparent materials over the last decade. Since the absorption is strongly nonlinear, these modifications can be 
localized within the focal volume, and inside the bulk material, leaving the surrounding region unaffected [1-2]. This 
interaction of femtosecond laser pulses with dielectric materials has significance both for fundamental knowledge of 
basic ionization processes and for laser technology and industrial applications [3-7]. In dielectric materials like glasses 
and polymers, the conduction band is empty and the matter is transparent to the laser light. Due to nonlinear ionization 
processes the electrons from the valence band are transferred to the conduction band by photo–ionization process which 
depends on the laser field and material [8]. The seed electrons thus excited into the conduction band absorb the laser 
energy and further if the kinetic energy of the conduction electrons exceeds a critical value, they can further ionize other 
bound electrons in the valence band inducing the avalanche ionization process. The ionized dielectric medium starts to 
behave like a metal with a time varying electron density in the conduction band. The deposited laser energy is then 
transferred to the lattice, and thermo-mechanical relaxation and ejection of matter processes occur depending of the 
amount of absorbed laser energy density. In the present study we present defect formation due to photo-ionization 
process and show some of the applications that can be realized.  
 

2. EXPERIMENTAL SECTION 

For our experiments, we purchased PMMA sheet from Goodfellow, USA. PDMS was homemade. PS was purchased 
from Goodfellow, UK. PVA thin films were prepared by dissolving 8.56 grams of PVA beads in 100 ml of water and 
then with a spin coating technique. Thin films of PS are made by preparing the PS solution first. Solution of PS was 
prepared by mixing 1 gram of polystyrene beads (ACROS) in 8 ml toluene and stirred for 48 hours for complete 
miscibility. Initially, we fabricated several structures in polymers PMMA, PDMS, PS and PVA. We used x-cut LiNbO3 
(LNB) crystal for our experiments. Before microfabrication experiments carried out, these samples were sonicated in 
distilled water to remove unwanted dust. Microstructures, and 2-dimensioal grids (for ESR analysis) are fabricated using 
a Ti: sapphire oscillator amplifier system operating at a wavelength of 800 nm delivering ~100 fs pulses, ~1 mJ output 
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energy pulses with a repetition rate of 1 kHz. The near-transform nature of the pulses was confirmed from the time-
bandwidth product. Three translational stages (Newport) were arranged three dimensionally to translate the sample in X, 
Y, and Z directions. Laser energy was varied using the combination of half wave plate and a polarizer. We have used 
40X (Numerical Aperture (NA) of 0.65) and 20X (NA of 0.4) microscope objectives in our experiments for focusing. 
Figure 1 shows the schematic of fs laser direct writing set up that we used for our irradiation experiments. HWP and BP 
are half wave plate and polarizer to vary the laser energy. M1-M3 are the mirrors used to vertically focus the laser beam 
into microscope objective MO as shown in the picture. Also we used CCD camera next to XYZ stage to view the 
focused spot which helped us to fabricate structure either on or inside the surface of the substrates.  

 

 

 

 

 

 

 

           Figure 1. Fs laser direct writing setup.  

3. THRESHOLD INTENSITY, THERMAL DIFFUSION LENGTH, AND KELDYSH 
PARAMETER CALCULATIONS 

Here we present threshold intensity required to produce laser damage for different polymers and LNB crystal. The 
threshold intensity required for laser damage in different polymers investigated are presented herein. We use the 
equation (1) to find out the threshold intensity for laser damage at different pulse widths from ns to fs regime. The 
formula to calculate the threshold intensity is given by 

)/Nln(N
τTfe
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20
2

0th ==                                                                                 (1) 

Ith is the threshold intensity for laser damage. ln(Nth/N0) can be taken as 30. W is the ionization potential for which we 
considered the bandgaps for various polymers. All other terms in the equation have their usual meanings taken from 
reference 9. The bandgap of PMMA is 4.58 eV, PDMS is 2.84 eV, PS is 4.54 eV, and PVA is 2.4 eV [10-14]. LNB 
crystal has band gap of 3.75 eV [15-16] which is in between the bandgap of PDMS and PS. Here, we present our results 
in table 1. From table 1, we see that the threshold intensity for producing laser damage increases with shortening the 
pulse as it is evident from the formula (1).  

In the calculations, we have assumed f≈0.01 [9]. f is defined as the fraction of the absorbed energy that leads to 
ionization. The value of f is different for different materials though we considered it to be equal to 0.01. τ is defined as 
the mean time between collisions which is taken as 10-15s [9]. Under several such assumptions as referenced in 9, we 
calculated the threshold intensities for different pulse widths in these polymers. We used 100 fs pulses throughout our 
irradiation experiments with different polymers and LNB crystal. The order of magnitude is sub PW/cm2 for almost all 
polymers that are investigated. Since fs pulsed lasers can produce PW/cm2 intensities, micromachining with fs lasers is 
preferable. Since the bandgaps of PMMA and PS are nearly equal, we see from table 1 that they both have same Ith. 
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Results obtained with 100 fs pulses are highlighted red in color. In case of LNB also, we obtained similar results with 
same magnitude as its band gap is in between PDMS and PS.  

Table 1. Threshold intensity for laser damage for different pulse durations in different polymers investigated.  

 

 

 

 

 

 

We calculated the thermal diffusion lengths for polymers and the dielectric materials in general. Since we could not get 
diffusion constants for few materials, we have taken the usual value for any dielectric system and then calculated thermal 
diffusion lengths for different pulse widths. The thermal diffusion length is given by  

( )1/2
pDTL =                                                                                                                                 (2) 

where D is the diffusion constant, L is thermal diffusion length and Tp is the pulse duration. The D values for PMMA 
and PS are taken as 0.11 and 0.525 mm2/s [17-20]. The values of D typically will be of the order of 10-3 cm2/s for 
dielectrics.  Table 2 shows the diffusion lengths for different materials at different pulse durations. We used 100 fs pulses 
and the calculated thermal diffusion lengths which are indicated in red color of table 2. From table 2, it is noticed that 
thermal diffusion length increases with the increase in pulse duration for almost all materials. Thus, thermal effects are 
almost negligible for fs pulses. It is for this reason; fs pulses are preferred over ns, and ps pulses for micro structuring 
different materials. Figure 2 shows the plot obtained between thermal diffusion lengths with pulse duration for different 
materials. Since the thermal diffusion lengths obtained for ps, and fs pulses are very less and nearly zero and cannot be 
seen in the graph, we have taken log of the thermal diffusion length on the Y axis.  

      Table 2. Thermal diffusion lengths for different materials at different pulse durations. 

 
S. No. 

 
Tp 

L(nm) 
PMMA PS Dielectrics 

1 1 fs 0.01 0.023 0.01 
2 10 fs 0.033 0.073 0.032 
3 100 fs 0.105 0.23 0.1 
4 1 ps 0.3 0.725 0.32 
5 10 ps 1.05 2.3 1 
6 100 ps 3.32 7.25 3.2 
7 1 ns 10.5 23 10 
8 10 ns 33 72.5 32 
9 100 ns 105 230 100 

 

 
S. No. 

 
Tp 

Ith 

PMMA PDMS PS PVA 

1 1 fs 41.5 PW/cm2 25.73 PW/cm2 41.13  PW/cm2 21.74 PW/cm2 
2 10 fs 4.2 PW/cm2 2.573 PW/cm2 4.11 PW/cm2 2.174 PW/cm2 
3 100 fs 0.414 PW/cm2 0.26 PW/cm2 0.411 PW/cm2 0.22 PW/cm2 
4 1 ps 41.49 TW/cm2 25.73 TW/cm2 41.13  TW/cm2 21.74 TW/cm2 
5 10 ps 4.15 TW/cm2 2.573 TW/cm2 4.11 TW/cm2 2.174 TW/cm2 
6 100 ps 0.415 TW/cm2 0.26 TW/cm2 0.411 TW/cm2 0.22 TW/cm2 
7 1 ns 41.49 GW/cm2 25.73 GW/cm2 41.13  GW/cm2 21.74 GW/cm2 
8 10 ns 4.15 GW/cm2 2.573 GW/cm2 4.11 GW/cm2 2.174 GW/cm2 
9 100 ns 0.415 GW/cm2 0.26 GW/cm2 0.411 GW/cm2 0.22 GW/cm2 
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      Figure 2. Logarithm of thermal diffusion length with pulse duration. 

In these calculations the role of repetition rate of the laser is neglected. There could be multiple irradiations at the same 
irradiated spot if repetition rate of the laser is high. In the calculations of thermal diffusion length also, we have 
neglected the intensity of the laser to arrive at the equation (2) as explained in the reference 9. Also as these materials 
have large bandgaps, one 800 nm (1.55 eV) photon cannot excite electrons from the valence band to conduction band . 
Here, we show the Keldysh parameter calculations used to assess the ionization process which is dominant when laser 
pulses interact with different materials. Most of the transparent polymers are wide bandgap materials. Their bandgap 
ranges from 2.2 to 2.4 eV for chalcogenide glasses and up to 8.8 eV for sapphire that ensures the transparency in the 
visible or near infrared spectral range at low intensity [21]. Most of the transparent polymers are also wide bandgap 
materials. The Keldysh parameter ( γ ) which provides information about the dominant mechanism is defined as  

1/2
g0

I
Emcε

e
ωγ ⎥

⎦

⎤
⎢
⎣

⎡
=                                                                                                                      (3)                                                             

m, e are the reduced mass and charge of the electron, I is the intensity, ω is the laser frequency, 0ε is the permittivity of 
free space, Eg is the bandgap of the material, n is the refractive index of the material, and c is the velocity of light. 
Multiphoton ionization is dominant in case of γ >1.5, and tunneling ionization is favored in case of γ <1.5. If γ =1.5, 
then both ionizations are dominant [9, 22-24]. The energy of an 800 nm photon corresponds to 1.55 eV while the optical 
band gap of pure PMMA is 4.58 eV which implies that the nonlinear process involving at least three photons is 
responsible for structural modification at the focal volume [10]. The bandgaps for PS, PVA, and PDMS are 4.3-4.54 eV, 
2.92 eV, 2-2.84 [10-14] respectively. The information of bandgap suggests that multiphoton ionization is responsible for 
the modification of polymers as bandgap energies are more than 800 nm photon energy. But the calculation of Keldysh 
parameter suggested that the tunneling ionization is mostly responsible for the modification process. For this, we 
calculated peak intensities (I), which is the peak power (P) divided by area of the focused spot. Area of the focused spot 
is given by  

2πrA =                                                                                                                                       (4) 

where r is the radius of the spot. For microfabrication experiments carried out with 40X objective with numerical 
aperture (NA) 0.65, the spot size is calculated as  

NA
1.22λd =                                                                                                                                    (5) 
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where λ is wavelength of the laser used (800 nm). The spot sizes thus estimated are 1.55 and 2.4 μm respectively for 40X 
and 20X microscope objectives. The peak power further is given by energy of the pulse multiplied by frequency of the 
laser which is 1 KHz (repetition rate). In our experiments with four different polymers PMMA, PDMS, PS and PVA we 
varied the energy from 150 μJ-460 nJ. Figure 3 shows the plot of Keldysh parameter with peak intensity for different 
polymers. The Keldysh parameter, less than 1.5, shows that the main mechanism responsible for modification is 
tunneling ionization. For polymers investigated in our experiments, the tunneling ionization is shown to be mainly 
responsible for modification process involved. We extended our analysis to evaluate where Keldysh parameter nears 1.5. 
From the plot, we found that Keldysh parameter nears and becomes larger than 1.5 for pulse energies of 30 nJ. Thus for 
structures fabricated at and below 30 nJ, multiphoton ionization is the dominant mechanism for structural modification. 
However, we could not observe structures below 30 nJ (except for PS) for PMMA and PDMS as the resolution of 
confocal microscope is nearly a micron. These calculations are done for our irradiation experiments carried out with 40X 
microscope objective with numerical aperture of 0.65. In case of LNB crystal also, tunneling ionization is the main 
dominant process though we have not shown in the graph its behavior almost resembles with these polymers.  
 

 

 

 

 

 

 

 

      Figure 3. Keldysh parameter versus peak intensity for Polymers. 

The availability of intensity to reach laser damage and minimal thermal effects presented above made researchers to use 
fs lasers for different applications. In our present study, we focus only on the formation of defects and hence higher 
energy pulses are used to fabricate the structures. Pristine polymers do not show emission in the visible region as their 
band gaps lie in the range of 3-7 eV [21]. These polymers are transparent to visible light. But upon irradiation with UV-
visible or IR light, defects or optical centers and or free radicals are generated which exhibit luminescence behavior. 
Thus, one can fabricate micro features which are luminescent. Each luminescent micro feature can be treated as bit 1. 
Thus the fabricated micro craters find its applications in realizing the applications in memory based devices. Watanabe et 
al. have shown the luminescence through defect formation in vitreous silica [25] and Kudrius et al. have shown a similar 
effect in sapphire [26]. In both these cases, it is the formation of luminescent defects or optical centers that are 
responsible for the observation of photoluminescence behavior. However, such reports on the luminescence of fs laser 
irradiated polymers are sparse and yet to be explored and investigated.  

Nie et al. reported multilayered optical bit memory in fluorescent Poly Methyl Meth Acrylate (PMMA) irradiated with fs 
pulses.  Irradiated with fs laser the PMMA exhibited fluorescence when excited it at 442 nm which they attributed to the 
defects generated by bond scission.  The excitation spectrum had a peak near 360 nm [27-29]. R. N. Nurmukhametov et 
al. [30] have exposed PS films and solutions with UV laser light beam (λ=248 nm) and observed changes in absorption 
and luminescent properties. They observed formation of optical centers with absorption band from 280-460 nm with 
fluorescence band from 330-520 nm. The absorption and emission spectra due to the fs laser irradiation in the present 
study match nearly with their reported work indicating the creation of similar optical centers. Thus there are reports in 
the literature that show observation of emission after treated with different irradiations. However, the origin of emission 
is still not pin pointed. In the present study, four polymers are investigated namely Poly Methyl Meth Acrylate (PMMA), 
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Poly Di Methyl Siloxane (PDMS), Poly Styrene (PS), and Poly Vinyl Alcohol (PVA). Photoluminescence is observed in 
all these cases when treated with fs laser irradiation [31-43]. Pure polymers have absorption in UV region. Hence, in 
order to modify these polymers, they have to be irradiated with UV light as Nurmukhametov et al. [30] have analyzed 
the spectra of solutions and thin films of polystyrene after treated with UV light. The investigations carried out by 
different groups show that the emission could be due to the formation of defects such as optical centers, the absorptions 
or excitations associated with the functional groups such as n→π*, π→π* etc, which lead to emission and or due to 
photo selective excitation called the “Red Edge Effect”. We focus on our investigations of emission in the irradiated 
regions of polymers below. Figure 4 shows one of the several structures fabricated in PS at 40 µJ energy with 40X (0.65 
NA) objective lens. Pseudo green color shows emission when excited at 488 nm wavelength using confocal microscope. 
We obtained similar results even in case of other polymers also.  

 

 

 

 

 

 

 

 

 

 

 
     Figure 4.  Confocal microscope image of a structure fabricated inside bulk PS [40 µJ energy, 1 mm/s speed, 50 µm width] Scale 
bar is 50 µm. Pseudo green color represents emission from the modified structure when excited at 488 nm wavelength. 

Interestingly, we observed the shift in emission peak with excitation wavelengths. To study this phenomenon, we 
fabricated grating structures in polymers to increase effective area to capture fluorescence. In case of PMMA, we used 
energy 10 µJ, speed 1 mm/s, period 30 µm. In case of PDMS, PS and PVA we used energy of 50 µJ, speed 1 mm/s, 
period 10 µm; energy 1 µJ, speed 0.5 mm/s, period 30 µm; energy 10 µJ, speed 1mm/s, period 20 µm respectively. All 
these structures were fabricated using 40X with NA of 0.65 objective lens. Figure 5 (a) and (b) show the emission 
spectra recorded for PMMA excited from 200-560 nm. We clearly see the shift in the emission spectra with excitation 
wavelength. We observed similar effect even in case of other polymers irradiated with fs laser though the excitation 
spectra recorded look similar except PVA [31, 43].  
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      Figure 5. Plot of emission spectra of PMMA (a) at excitation wavelengths from 250-400 nm (b) at excitation wavelengths from 
400-560 nm (c) Plot showing dependence of emission with excitation wavelength (Red edge effect).  

The shift in emission peak with excitation wavelength is termed as red edge effect reported in the literature. Unusual 
spectroscopic behavior was reported earlier in case of organic fluorophores in rigid and highly viscous environments by 
W. Galley in Canada [44] and Rubinov in Belarus [45]. The unusual phenomena are the observation of the shift of 
fluorescence spectra with longer wavelengths of excitation that is red edge of the absorption spectrum in case of low 
temperature glasses. Varieties of fluorophores in different media with frozen or relatively slow structural dynamics from 
vitrified and highly viscous solutions to polymer matrices have shown similar effects. These phenomena did not account 
for concepts of independence of emission energy on excitation energy within the absorption band (Vavilov’s law) and 
the occurrence of emission irrespective of excitation band, always from the lowest electronic and vibrational state of 
same multiplicity called Kasha’s Rule [46-47]. 

These effects originate not from the violation of fundamental principles, but from their operation in specific conditions, 
when the ensemble of excited molecules is distributed in interaction energy with molecules in their surroundings. In a 
condensed medium, this distribution always exists at the time of excitation, but its display in a variety of spectroscopic 
phenomena depends on how fast the transitions are between the species forming this ensemble of states. Thus, REE is a 
site-selective effect which allows probing of the dynamics of redistribution of fluorophores between different 
environments [48]. The first observation of static REE in polymeric media were made with DMABN in PMMA and 
pyridine merocyanine dye in PVA [49-50]. REE effect was also reported in glassy polar polymer matrices [51], polymer 
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solutions [52], and hydrogels [53]. Excitation at the red edge results in the loss of vibrational structure and a shift to 
longer wavelength of fluorescence spectra, leaving the excitation spectra emission-independent.  

In the present study, the fs laser irradiated polymers (whose details are explained above) have shown the REE as 
depicted in figure 5 (c). As these polymers contain functional groups like aldehyde, ketone etc., the maximum absorption 
bands can be attributed to transitions such as n →π*, π →π* etc [54-56]. Also, we observed some of the bands matching 
with that of Raman. Since, the polymer medium is condensed; the resultant molecules after polymer chain scission due to 
irradiation may relax to one of the vibrational levels. In order to investigate the Raman and fluorescence bands, we 
calculated the Raman shift using the formula (6). 

    (6)                

 

where ΔE is wavenumber difference or Raman shift between excitation and emission wavelengths. λex and λem are 
excitation and emission wavelengths respectively. For PMMA, the excitation wavelengths at 458, 488, 530, and 560 nm 
nearly match Raman mode of characteristic peak at 1736 cm-1 of γ (C=O) of (C-COO) mode [57]. Excitations at 380, and 
400 nm nearly matched with Raman mode of 3454 cm-1 which is 2γ2 overtone of 1730 cm-1. Excitation at 543 nm 
matched with another Raman peak of Combination band involving γ (C = C) and γ (C-COO) of PMMA which is at 1736 
cm-1. Our investigation extended to other polymers showed similar effects. Hence, we conclude that the origin of 
fluorescence from fs laser modified regions is due to REE, formation of optical centers (defects) and transitions matching 
the vibrational energies. In case of LNB crystal, we did not observe any emission and one of the reasons could be lack of 
functional or active group in the LNB crystalline media that give fluorescence upon irradiation.   

Also, we have carried out ESR analysis to see further whether defects generated could be paramagnetic. Figure 6 (a) 
shows a microscope image of a fabricated grating structure on the surface of PS fabricated at 30 µJ energy, 1mm/s speed 
with 40 µm period. Figure 6 (b) shows a plot of ESR signal of fs laser irradiated PS (buried and surface) and pristine PS. 
From figure 6 (b), we clearly see that radical concentration of PS is almost negligible when grating is fabricated on the 
surface when compared with inside. Similar trend is observed in case of other polymers also. Also, we observed the ESR 
signal almost constant when ESR tube is oriented at different angles with respect to the magnetic field as depicted in 
figure 6 (c). Since these polymer materials are amorphous there is no symmetry present and ESR signal is independent of 
the orientation. Also the life time of free radicals generated in these polymers is nearly a day except in PDMS. From this 
we conclude that the defects (free radicals) responsible for ESR behavior are different from that causing emission as 
emission is observed even after one year. The radicals responsible are peroxide type of free radicals.  
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      Figure 6. (a) Microscope image of a surface grating structure on PS (b) ESR signal of fs irradiated PS a pristine PS (c) ESR signal 
with orientation of sample. 
  
To carry out ESR analysis, we fabricated gratings underneath and on the surface of the lithium niobate crystal. Energy 
used was 100 µJ with 40 X microscope objective and 1 mm/s as the scanning speed. Grating structure has 20 µm period. 
In case of polymers we observed paramagnetic radicals in all orientations of the sample with respect to the direction of 
magnetic field (Parallel, Perpendicular and 45°). Since the properties of the crystals are anisotropic due to symmetry 
involved in the crystal structure, we observed orientation dependent ESR signal. Interestingly, pristine LNB crystal has 
also shown ESR signal when sample was oriented parallel to the magnetic field direction. Figure 7 (a) shows the ESR 
signals in three different orientations of the crystal with respect to the direction of magnetic field applied. Only parallel 
orientation of the crystal with respect to the magnetic field has shown the existence of paramagnetic radicals. Figure 7 
(b) shows the results obtained with irradiated sample (for buried grating). Similar results were obtained, since the 
irradiated crystal also contains maximum volume of pure crystal, It has exhibited ESR signal in parallel configuration. 
Figure 7 (c) compares ESR signals of irradiated and unirradiated samples in parallel configuration. Thus, we conclude 
that there are no free radicals generated through irradiation process in LNB crystal unlike polymer media.  
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      Figure 7. ESR signal of (a) Unirradiated pure LNB crystal in different orientations (b) Unirradiated pure LNB crystal in different 
orientations (c) Irradiated and pure crystals in parallel orientation. 

We investigated the fs laser modified regions of polymers and LNB crystal. We observed broadening and suppression of 
Raman modes in case of polymers which indicated us the formation of defect states described above [32-35, 41-43]. 
Figure 8 (a) and 8 (b) show the Raman analysis carried out at higher and lower energies of writing with 40X (0.65 NA) 
microscope objective lens. We clearly see the broadening effects at higher fluences of writing. Table 3 shows the 
assignment of Raman modes of PVA [58-59]. 
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      Figure 8. (a) Raman spectra of a structure fabricated in PVA thin film at 635 nJ energy, 1 mm/s speed (b) Raman spectra of a 
structure fabricated in PVA thin film at 50 µJ energy, 1 mm/s speed. 

      Table 3. The assignment of different Raman modes.  

 

 

 

 

 

 

 

 

 

 

 

 

We fabricated several structures in LNB crystal and carried out Raman analysis. Figure 9 (a) shows the Raman modes of 
LNB crystal. We collected Raman spectra for a structure fabricated at 100 µJ energy in middle and end regions and also 
for a structure fabricated at 40 µJ energy with 0.5 mm/s scanning speed and using 40X objective. In case of LNB crystal, 
we did not observe any changes in Raman peaks except change in intensity which could be due to lattice deformity 
leading to creation of defects [60-68].  
 

S. No. Raman shift (cm-1) Assignment 
1 310 C-C torsion and bending 
2 410 γw(C-O) 
3 477 δ(C-O) CH out of plane 
4 563 γw(OH), CH out of plane 
5 856 γ(C-C) 
6 918 γ(C-C) 
7 1095 γ(C-O) 
8 1145 γ(C-O), γ(C-C) 
9 1232 γw(CH) 
10 1356 γw(CH2), δ(OH) 
11 1440 δ(CH2), δ(OH) 
12 1710 γ(C=O) Residual acetate 
13 2721 γ(CH) weak band 
14 2910 γ(CH) of CH2 
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      Figure 9.  Raman analysis of fabricated structures in LNB crystal. 

4. CONCLUSIONS 

In our spectroscopic investigation on fs laser irradiated polymers compared with LNB crystal, we presented defect 
generation in these two media. Polymers exhibited emission after irradiation and showed red edge effect due to its 
condensed phase. The origin of emission is due to formation of optical centers (as polymers have functional groups) due 
to polymer chain scission and sometimes overlapping of Raman modes. Polymers showed the presence of peroxide type 
free radicals though these radicals are not responsible for emission. LNB crystal did not show any of these effects. 
Further investigations through confocal micro-Raman studies indicated and confirmed the presence of defects in 
polymers and lattice deformities in LNB crystal.  
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“Spectroscopic investigation of fs laser-induced defects in polymer and crystal media” 

853004 
Questions and Answers 

 
Q.  What was the ambient condition for your processing?  Did you do it in air or in any kind of vacuum 
chamber? 
 
A.  No, it’s in air, because most of the time we are subsurface.  Most of the channels are written in the 
subsurface so actually the ambient medium does not matter.  It’s done inside of the polymer matrix.   
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