Bull. Mater. Sci., VoL 11, Nos 2 & 3, November 1988, pp. 225-238. © Printed in India.

Laser processing of polymers: an overview
LALIT MOHAN KUKREJA
Laser Division, Bhabha Atomic Research Centre, Bombay 400 085, India

Abstract. A review of the aulhor's work on laser processing of polymers and others' work
on photo-etching in polymers is presented. Processes based on laser-induced volatile
decomposition like cutting, engraving, etc. are investigated in thermoset and thermopolymers using a continuous wave CO2 laser. Dependence of geometrical parameters and
gross thermal effects on parameters of the laser beam for these processes are discussed. It is
shown that a highly combustible polymer like cellulose nitrate can be processed with a
CO z laser in air because of the faster kinetics of the volatile decomposition than that of the
combustion. It is found that irreversible surface softening can be achieved in a thermoset
polymer of allyl diglycol carbonate by treating it with a COz laser. Basic parametric
relations of this phenomenon are established. Mechanism of laser softening in the surface
of a thermoset polymer is discussed. Finally, the process of fine etchi~lg based on photodecomposition in polymers is presented and various theories proposed to explain this
phenomenon are discussed in brief.

Keywords. Polymers; laser processing; volatile decomposition; kerf; heat-affected zone;
combustion; surface softening; photo-etching.

1. Introduction
Polymers are the materials of modern times. At present they find applications in
automobile industry, aircraft structures, bullet-proof covers, packaging, surface
protective coatings, scientific equipment, household items, etc. (Simond et al 1943;
Agranoff 1979). To meet the demand of current technological growth, use of polymers is continuously increasing. This is because it is possible to obtain in them an
unusual blend of properties like light weight, high mechanical strength, inertness to
heat and chemicals, high abrasion resistance and good optical quality. The increased demand for polymers has necessitated their fabrication and processing with
those methods that are superior to conventional methods. Lasers offer one such
possibility (Agranoff 1979, p. 459). The unique properties of lasers, particularly their
fine focusability, high intensity and spectral brightness, have made them superior
alternatives to conventional machining and attractive candidates for unconventional processing like surface modifications (Kukreja 1987) and ultrafine writing on
polymers with resolution of 0.5~)-2#m (Srinivasan and Mayne-Banton 1982).
Currently lasers are widely used on a commercial basis for polymer processing. The
unconventional laser processing of polymers continues to be an important area of
experimental and theoretical research.
Most of the polymers when machined with lasers have a clean surface free from
bubbles, char, microcracks, vents, chips and drag (Agranoff 1979, p. 459). As a
result, laser machining is particularly attractive for brittle polymers which crack
and rubber-like polymers which drag under the pressure of a conventional mechanical tool. Laser machining is also precise, reproducible, fast and adaptable to
automation. These characteristics make laser processing of polymers scientifically
interesting and commercially important and viable.
Conventional machining like cutting, trimming, marking, patterning and soften225
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ing of polymers is mostly carried out with CO2 lasers. In fact polymers as material
and CO2 laser as a source of clean thermal energy form an ideal combination. Most
of the polymers have high absorption and low reflectivity at the 10"6 pm wavelength
of the COz laser. As a result a large fraction of the incident energy is used in
heating the polymer. The heat thus generated does not diffuse much in the lateral
direction because most of the polymers are poor conductors of heat. The CO2 laser
has high efficiency, high power capability, easy adaptability to industrial environment and simple construction, and is easy to operate and maintain. Although most
of the polymers are processed with CO2 lasers, Nd:YAG is also used for processing
polymers when a more tightly focused beam is desired. Excimer lasers are exclusively used for photo-ablative etching.
Despite its widespread commercial use, the fundamental understanding of the
laser processing of polymers and laser-polymer interactions is limited and incomplete. Possibly, this is because of the complex nature of ~the polymers and the
dependence of their interaction with the laser beam on its intensity (or power
density) and interaction time (or beam residence time).
In our laboratory, we have investigated the gross physical effects of laserpolymer interactions on a thermoset polymer of aUyl diglycol carbonate (commercially known as CR-39) and a few thermo-polymers like polycarbonate and cellulose nitrate using a continuous wave (CW) CO2 laser. These effects and the dependence of the geometry of the laser-processed region on parameters of the laser beam
have been discussed in this paper. These parameters had been useful for cutting thin
sheets of the brittle track detector polymer CR-39 for the Indian Cosmic Ray
Experiment sent on the space shuttle Spacelab-3 in 1985 (Kukreja et al 1984a). A
serious problem in the laser processing of some of the polymers is their combustibility. We have shown that under appropriate conditions of interaction with a CO2
laser beam, it is possible to cut a highly combustible polymer like cellulose nitrate
(N 2 content upto 11%) in air. A combustion-free range of laser fluences for volatile
decomposition in the cellulose nitrate has been presented in this paper. Dependence
of the threshold fluence for the onset of combustion on the interaction parameters
has also been discussed.
One interesting finding in this area, made in our laboratory, is the laser surface
treatment of a thermoset polymer. It is shown that irreversible surface softening can
be achieved on the hard thermoset polymer of CR-39 without degrading its bulk
properties on treating it with a CO2 laser. Experimental and theoretical investigations on this phenomenon have been presented in this paper. Based on these
investigations a theory has been proposed to explain this phenomenon. Possible
applications of this process have also been discussed.
At present an important research area is photo-etching in polymers using excimer
laser (Srinivasan and Mayne-Banton 1982; Davis et al 1985; Brannon and Lankard
1986). This will possibly have tremendous use in microelectronic fabrications and
integrated optical circuits. A brief review of this area has also been presented in this
paper. Finally, the scope of future research in the area of laser processing of
polymers is discussed.

2. Cutting and engraving
Cutting or engraving of polymers with mechanical tools is not always satisfactory.
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Thermo-polymers generally drag under the mechanical force of the tool, which
results in distortions on the machined surface. Thermoset polymers are generally
hard and brittle. As a result, they crack under a hard-tipped tool.
Laser cutting or engraving is based on thermal removal of the material in a
polymer by its volatile decomposition (Kukreja et al 1984c, 1985). The volatile
decomposition can be in the form of either structural decomposition (depolymerization) or chemical decomposition. Direct vaporization of the macromolecules in a
polymer is generally an inhibited mode of material removal. As a cdnsequence of
thermal removal of the material, the resulting surface of the polymer is free from
mechanical drag, in the case of thermopolymers, and snicrocracks etc. in the case of
a thermoset polymer. Figure 1 shows top and sectional views of the cuts produced
in a thermoset polymer of allyl diglycol carbonate (CR-39) with the focused beam of
a CW-CO2 laser. As can be seen in these micrographs the cuts are free from microcracks, vents or chips. For a thermoset polymer it is very important because vents
or chips of any size tend to cause substantial reduction in the effective strength of

Figure I. Optical transmission micrographs of laser-produced cuts in polymer of allyl
diglycol carbonate (CR-39) at a power density of 2~5 × 104 W/cm z. (A) Top view of the
cut (in dark field) at a beam residence time of 18 msec; (B) cross-sectional view with the
volatile decomposition partial in depth at a beam residence time of 7 msec; (C) crosssection of the cut complete in depth at a beam residence time of 12 msec.
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the polymer sheet. Another feature of the laser-produced cuts is that these are
tapered along the depth. This can be seen in the cross-sectional view of the cuts
shown in figures 1 B and C. The reason for the taper is that the intensity profile of
the laser beam used in this experiment was Gaussian, which is peaked irt the centre.
As a result the rate of volatile decomposition in the centre was correspondingly
higher than that near the edges. As a result, in a particular time of interaction, more
material is removed in the centre, making the cut tapered. Taper-free cuts can also
be obtained with lasers, and this is discussed in the following paragraphs.
An important aspect of studies on laser cutting (or engraving) is to understand
dependence of the geometrical parameters of the cut on the parameters of the laser
beam. To investigate this dependence we have made an experimental setup consisting of a CW-CO2 laser and a beam-focusing arrangement of mirrors (Kukreja et al
1984c, 1985). The focused laser beam interacted with different polymer sheets
moving on a turntable. In these experiments the power density of the laser beam
was varied by varying the output power of the CO2 laser. The interaction time or
beam residence time (BRT=laser spot diameter on the polymer sheet/speed of the
polymer sheet) was changed by changing the speed of the turntable carrying the
polymer sheet. It could also be varied by changing the radius of the path which the
laser beam traversed on the polymer sheet rotating on the turntable (Kukreja et al
1985).
The dependence of the depth of the laser-produced cut on the power density for
three different polymers at a constant beam residence time of 5 msec is shown in
figure 2. A linear increase in depth in these polymers indicates that the rate of
volatile decomposition is practically proportional to the power density in the given
range. It can also be seen from the extrapolation of the curve in this figure that the
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density of CO2 laser beam at a constant beam residence time of 5 msec.
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depth is zero for a non-zero value of the power density which differs from polymer
to polymer. These power densities are the threshold values for the onset of volatile
decomposition in the respective polymers for a particular beam residence time
(5 msec in the present case). With a laser beam of power density less than the
threshold power density for volatile decomposition, there will be only heating of the
polymer (softening in a thermo-polymer) without the formation of volatile products.
This parameter is dependent on the optical and thermo-physical properties of the
polymer, the nature of the resulting volatile decomposition, and the beam residence
time of the laser beam.
Figure 3 shows the dependence of the depth of the laser-produced cut on the
beam residence time for the three polymers at a constant power density of 2"5 x
104 W/cm 2. Again, apart from the linear dependence on the beam residence time,
the depth is zero for a finite value of the beam residence time for any polymer. At
these beam residence times for the different polymers, 2.5x 104 W/cm 2 is the
threshold power density for the volatile decomposition in these polymers. It may be
noticed here that for a particular polymer, the product of the threshold power
density for volatile decomposition and the corresponding beam residence time,
which gives the threshold fluence for volatile decomposition, is constant in both
figures 2 and 3. The threshold fluence for volatile decomposition for different
polymers is thus found to be:
10.1 J/cm 2 for
12.5 J/cm 2 for
25.0 J/cm 2 for
48:5 J/cm 2 for

cellulose nitrate (Kodak make),
cellulose nitrate (Daicel make),
allyl diglycol carbonate (CR-39),
Lexan polycarbonate.

It has been shown experimentally that for a particular polymer, the threshold
fluence for volatile decomposition is nearly independent of the power density and

180[--

~)ql }ll
/ r Powerdensity: ]
I 2.Sx,O'w/cm21

/ I Co~c,.,Jote~
Io,er ~/
spot dio. 22s~m j /

/[

140

L
/;f

"

o

100

"6 60

20
0

4

8

Beom residence time (msec)

t2

Figure 3. Dependence of depth of laser-produced
cut in different polymers on beam residence time
of the interacting laser beam.

230

Lalit Mohan Kukreja

beam residence time of the laser beam (Kukreja et al 1985). This relationship is
valid for power densities more than that for the onset of volatile decomposition for
CW irradiation with the laser (BRT will be more than the time for attaining
thermal equilibrium in the polymer) and below that at which nonlinear effects,
charring, combustion, etc. are initiated in the polymer (Kukreja et al 1985).
Physically, constancy of the threshold fluence for volatile decomposition means that
for removing a particular volume of the polymer through decomposition, a
practically constant amount of energy is required irrespective of the power or time
of interaction. This can be attributed mainly to the poor thermal conductivity of
the polymers.
Another important geometrical parameter of the laser-cut region in the polymers
is its width, called "kerf width". As it is obvious from the foregoing discussion that
the laser-produced cut can be characterized with the laser fluence alone, we discuss
here dependence of the kerf width on the fluence for only one polymer of allyl
diglycol carbonate (CR-39) for understanding the process more clearly. This dependence is shown in figure 4 for both lower and upper kerr widths of the tapered cut
(shown in figure lc). On increasing the fluence of the interacting laser beam, energy
deposited in the polymer in the peripheral region of the laser spot increases and in
turn radially extends the region of volatile decomposition. At large fluence, due to
longer beam residence time (for a constant power densit)) more heat diffuses
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radially. This also extends the region of volatile decomposition. Both these effects
are jointly responsible for the rapidly increasing kerf widths shown in figure 4. It is
also clear from this figure that the kerf widths tend towards a saturation value of
about 1 mm beyond laser fluence of about 150 J/cm 2. This is because for very long
interaction times the threshold power density for volatile decomposition approaches
its constant value for CW irradiation. This in turn means that the radial extension
for volatile decomposition will saturate at very high fluence resulting from increased
interaction time. An interesting thing to be noticed in this figure is that even the
lower kerf width exceeds the diameter of the focused laser beam. The following
could be the reasons for this:
a) The kinetics of the volatile decomposition is 'slow and therefore under the
conditions of transient heating with the laser, during the time between the heating
of the polymer up to the temperature for volatile decomposition and the occurrence
of this process, the lateral heat diffusion extends the kerf width.
b) Possibly the laser heating causes an exothermic chemical reaction in the polymer
which extends the kerf width beyond the zone of the laser interaction.
c) The polymer sheet was not placed exactly in the focal plane.
The curve drawn through the triangles in figure 4 shows the taper angle of the
laser-cut region. As the upper and lower kerf widths tend to equalize at higher
fluences, the taper angle decreases. This is because on increasing laser fluence, more
energy is deposited in the peripheral region (where the material is present) at higher
depths in the polymer, thus extending the lower kerf width faster than the upper
one.
Radial diffusion of heat beyond the laser-cut region in the polymer defines a zone
in which thermally induced alterations are preserved: normally the polymer is
strained in this zone. This zone is called the heat-affected zone (HAZ) and it can be
seen by keeping the laser-processed polymer between two crossed polarizers in
transmitted light. The average width of the HAZ in CR-39 at different power densities and beam residence times is shown in figure 5. At a constant beam residence
time (3 msec in the present case), width of the HAZ is independent of power density.
This is because the temperature during the process of volatile decomposition is
clamped at a particular value (analogous to boiling point for vaporization) irrespective of the power density (Kukreja et al 1985). As a result the only factor which
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controls the length of heat diffusion is the beam residence time (which is constant
for this curve). For a power density more than that for the onset of volatile decomposition, width of the HAZ increases on increasing the beam residence time as
shown in the figure. This is because the length of heat diffusion increases proportionally to the square root of the interaction time (Charschan 1972; Ready 1978).
Width of the HAZ for other polymers at different beam residence times can be
found elsewhere (Kukreja et al 1984c).

3. Processing of highly combustible polymers
Combustibility of polymers poses a restriction on their processing with lasers,
particularly when it is based on a thermal process. Certain polymers with moderate
combustibility are processed with lasers (CO2 and Nd:YAG) either in vacuum or
an inert atmosphere like nitrogen (Bellis 1980). We have shown that with lasers,
because of their capability to deliver large energy in a short time, it is possible to
win over the kinetics of combustion by fast volatile decomposition (Kukreja et al
1984b). We have used a highly combustible polymer of cellulose nitrate with nitrogen content of 11% (at 13% it becomes explosive) to investigate its combustion-free
cutting by laser in air.
Threshold power density for volatile decomposition in cellulose nitrate at different
beam residence times is shown by open circles in figure 6. As discussed earlier, the
threshold fluence for volatile decomposition is constant for this polymer. This is
apparent from the hyperbolic nature of the curve drawn through the open circles.
At a particular beam residence time, the threshold fluence for combustion is at least
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an order of magnitude greater than that for volatile decomposition. Threshold
power density for combustion at different beam residence times is shown by filled
circles in the figure. Between the curves for decomposition and combustion lies the
safe range of laser parameters for processing cellulose nitrate with a CO2 laser in
air.
It can be noticed in figure 6 that the dependence of the threshold power density
for combustion on beam residence time is not a hyperbolic one. This implies that
the threshold fluence for combustion is not independent of power density and/or
beam residence time. In general, it is found that for cellulose nitrate threshold
fluence for combustion increases with power density of the laser beam possibly
owing to the difference in the kinetics of this process or the reduced combustibility
of the decomposition products formed at higher power densities (Kukreja et al
1984b). The threshold fluence for combustion is found to increase on decreasing the
beam residence time. This is because the beam residence time was decreased in the
present experiment by increasing the speed of the polymer sheet. As a result, the
combustible products released from the polymer on interacting with the laser beam
were swept more rapidly by the relative air flow. This also enhances convective
cooling of the polymer sheet, thereby increasing the threshold fluence for combustion on decreasing the beam residence time. This relationship will not hold good for
a stationary polymer sheet interacting with a pulsed CO 2 laser. From this discussion it is also obvious that it is more advantageous to process a combustible
polymer at higher power density and shorter beam residence time (higher speed)
because the combustion threshold fluence is higher under these conditions.

4.

Surface treatment of polymers

In any appliance or component, the surface, compared to the bulk faces different
physical, chemical or mechanical conditions. Therefore surface properties of any
material are of prime concern for its use in specific areas. As the use of polymers is
increasing, surface modification of polymers is of paramount importance. Sometimes, for durability of an appliance or for improving suitability of a polymer for a
particular application, the requirements of surface and bulk properties are contradictory. As an example, for contact lenses it is desired that the bulk should be hard
for optical stability and the surface should be soft and hydrophilic for reduced
mechanical irritation and diffusion of oxygen to the underlying ocular tissue. In
such cases, it becomes necessary to modify the surface of the polymer. Various
chemical and physical methods have been devised to modify the surface properties
of polymers (Mark et al 1970). We have shown that lasers offer attractive
possibilities for modifying the surface properties of polymers. Laser surface treatment of metals and semiconductors is a well-established and widely studied area.
To the best of my knowledge, our work on the surface modification of a thermoset
polymer is the first work of its kind.
We have shown that irreversible surface softening can be achieved on the thermoset polymer of allyl diglycol carbonate (CR-39) without affecting its bulk properties
on treating it with a CW COz laser (Kukreja 1987). By definition, a thermoset
polymer does not soften on heating [Kinney 1975). Conventional heating is believed
to degrade a thermoset polymer (Mark et al 1966). Laser softening of Cr-39 is
found to occur because of structural transformation in the surface under the condi-
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tions of rapid heating and cooling. In this respect it is a unique method of softening
a thermoset polymer.
Figure 7 shows the hardness of the laser-treated surface of CR-39 (HL) relative to
that of the untreated surface (Hu) at different fluences of the laser beam. The surface
hardness decreases on increasing the fluence and beyond the threshold fluence for
volatile decomposition (i.e. 25 J/cm 2) the curve tends to level off. From the extrapolation of this curve to a point where the hardness of the treated surface is equal
to that of the untreated one (i.e. HL/Hu= 1), it is obvious that onset of softening
occurs at laser fluence of about 9 J/cm 2.
It has been observed that in laser-treated CR-39 a heterogeneous microstructure
consisting of interlinked polymer clusters and pores is formed. This microstructure
is shown in figure 8. The average sizes of the cluster and pore in this figure are 25/~m. It is found that the average size of the clusters increases on increasing laser
fluence (Kukreja 1987). Beyond the threshold fluence for volatile decomposition,
various decomposition products start getting deposited on the surface and it begins
to suffer degradation. Thus, in the range of fluence from 9 to 25 J/cm 2, irreversible
surface softening can be achieved without physical degradation of the polymer.
To find the reason for this phenomenon, we have theoretically studied thermal
evolution in the laser-heated polymer sheet. It is found by solving the one-dimensional heat flow equation (Jainet al 1981) that the polymer surface attains a peak
temperature of about 280°C at the threshold fluence for softening, i.e. 9 J/cm 2. The
surface temperature increases on increasing laser fluence and tends to level off at
about 430°C at the threshold fluence for volatile decomposition (25 J/cm2). Investigation of the thermal behaviour of CR-39 by differential scanning calorimetry,
thermo-gravimetric and thermo-mechanical methods has revealed that polymerchain scission or depolymerization is initiated in CR-39 at 262"C and onset of
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Figure 8. Optical transmissionmicrograph of the surfacestructure in laser-treated CR-39.
This microstructure is formed at a laser fluenceof 35 J/cm2.

volatile decomposition takes place at 310~'C. From these data, it is obvious that at
the threshold fluence for softening, depolymerization takes place in the surface
region of the CR-39 sheet. In the case of laser heating, the depolymerization is
initiated at a higher temperature (280"C) than that obtained experimentally from
the thermal behaviour of the polymer. This is because the laser heating is transient
(over a few tens of milliseconds) and for an observable softening to take place
within that time a higher rate of depolymerization and hence a higher temperature
will be necessary. A similar argument can also be used to explain the difference
between the temperature for volatile decomposition in case of laser heating and
equilibrium heating used for investigating thermal behaviour of the polymer.
As laser fluence is increased, the fractional energy which is used up for the depolymerization also increases. It is found that at 9 J/cm 2 the energy used up for the
depolymerization is only 0-004 J/cm 2 and at 25 J/cm 2 the energy that goes in for the
depolymerization increases to 4.5 J/cm z. As a result, the extent of depolymerization
increases. This explains the increase in surface softness (i.e. decrease in the hardness)
on increasing laser fluence, as seen in figure 7.
It has also been found that, followed by the laser heating, the polymer surface
cools at a rate of about 103 K/sec. This rapid self-quenching is found to be responsible for the heterogeneous surface structure with micropores. As the fluence of the
laser beam is increased, the surface cooling rate is found to increase and also the
time for which the surface remains at a temperature higher than that required for the
depolymerization is longer. As a result the heterogeneous structure grows to a
larger size.
It is thus clear from the foregoing discussion that the laser-induced depolymerization and subsequent rapid cooling of the polymer surface result in structural
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transformation and irreversible surface softening. It is speculated that this phenomenon should have many practical applications, such as for making superior
contact lenses, for improving printing on the polymer, for better adhesion with
resins, etc. It is also observed that the laser-treated region of CR-39 is etched much
faster than the untreated one in a chemical etchant like KOH or NaOH solution
(Kukreja et al 1986). Based on this phenomenon fine engraving can also be done on
the polymer by exposing the region of the desired etch pattern to the laser.

5. Photo-etching
At present the most investigated area in laser processing of polymers is ablative
photo-etching of polymers (Srinivasan and Mayne-Banton 1982; Davis et al 1985;
Cole et al 1986; Brannon and Lankard 1986). It is considered to be an important
area because of its applications in micro-electronic fabrication and device packaging. Although laser photolithography in photo-resist materials, which require wet
development, is well known (Jain et al 1982) for these applications, photo-etching of
polymers is more attractive because of its self-developing nature. A number of
experiments have been done recently to understand and optimize this process
(Srinivasan and Braren 1984; Davis et al 1985; Cole et al 1986) in a variety of
conditions and yet it continues to be a subject of debated basis.
For photo-etching in a polymer, a laser beam of appropriate peak power and
pulse duration is passed through a pattern-generating object like a stencil mask or a
slit for diffraction pattern. The laser beam of well-defined pattern is made to fall, say
on a sheet of the polymer. Due to rapid pyrolysis and/or photolysis in the polymer,
tremendous increase in pressure takes place at the ablation site and the decomposition products are ejected out. In this manner very fine patterns (of micron-size
features) are etched in the polymer sheet. This process is schematically shown in
figure 9.
Srinivasan and Mayne-Banton (1982) were the first to develop this process. They
used an ArF excimer laser of 193 nm wavelength and at a fluence of 370 mJ/cm 2 to
etch patterns in poly(ethylene terephthalate). They thought that the ablation proceeded through photo-decomposition. Subsequently, Andrew et al (1983) confirmed
that at the longer wavelength of 308 nm (from XeCl excimer laser), the ablation is
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Figure 9. Schematic diagram showing the process of photo-etching in polymers.
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dominantly a thermal process (pyrolysis). However, it is not yet known as to how
much are the contributions of pyrolysis and photolysis of the polymer, particularly
at shorter wavelength. It may also be possible that the mechanism of this process is
altogether different, e.g. through the radiation pressure of the high-intensity laser
beam.
So far most of the photo-etching of polymers has been carried out with shortpulse (about 10 nsec) UV excimer lasers. The advantages of these lasers are that the
radiation has short penetration depth, it is strongly absorbed by most of the
organic polymers, lateral heat diffusion is insignificant (owing to short pulse
duration). As a result the process of material removal is highly controlled. Recently,
Brannon and Lankard (1986) have demonstrated the suitability of a line-tuned TEA
CO 2 laser for this process. They have shown that in the infrared region, fairly clean
ablation can be achieved if the laser frequency is tuned to a strong absorption band
of the polymer. They have photo-etched polymide with 944 cm-1 and 1087 cm-1
lines of a T E A ~ O 2 laser. The advantages of a TEA CO2 laser over an excimer laser
are large beam size, higher pulse energy, higher efficiency and use of nontoxic gases.
The disadvantage is that the IR emission wavelengths prohibit its use for highresolution applications.
6.

Conclusion

It is clear that laser processing of polymers is a multi-directional field. Lasers are
used for conventional machining procedures like cutting, drilling, patterning,
marking of polymers without mechanical drag or microcracks, etc. Exploitation of
the unique properties of lasers enables one to overcome limitations like combustibility, thermal and optical degradation of the polymers, etc. Laser surface treatment
of polymers and ablative photo-etching are the emerging techniques which have
great scientific interest and commercial potential.
Despite its obvious commercial usefulness, the scientific efforts in this area are
scanty. The basic nature of laser-polymer interactions and the mechanisms of
energy coupling to the polymers at different intensities and interaction times of the
laser beam are not understood. Our understanding of the gross physical and
chemical effects of lasers on different polymers is also inadequate. In view of the
increasing use of polymers as superior materials, it is important and timely to
understand laser-polymer interactions at a fundamental level.
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