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Ultrashortpulse lasers are modern 
tools for high precision processing 
methods of metal, diamond, thin films 
and other materials. There are two ba-
sic mechanisms by which a laser can 
process a material. 

Photothermal interaction

For most continuous wave and pulsed 
lasers (with pulsewidths down to the 
nanosecond range) material removal is 
based on a photothermal interaction. 
Here, the focused laser beam acts as a 
spatially confined, intense heat source. 
Targeted material is heated up rapidly, 
eventually causing it to be vaporized 
(essentially boiled away).

The advantage of this approach is 
that it enables rapid removal of relative-
ly large amounts of target material.  
Most of the laser technologies used to 
accomplish this, such as Q-switched, 
solid-state laser technology, in particu-
lar, are well established, and these sourc-
es are highly reliable and have attractive 
cost of ownership characteristics. How-
ever, for the most demanding tasks, pe-
ripheral heat affected zone (HAZ) dam-
age (e.g. delamination of surface coat-
ings, microcracking) and/or the pres-
ence of some recast material, can pres-
ent a limitation (figure 1). This can be 
partially, but not completely, remedied 
by using a laser with ultraviolet output.

Photoablation

The second mechanism for laser mate-
rial removal is based on photoablation. 
This can be performed with ultrafast 
lasers because their short pulsewidths 
lead to very high peak powers (mega-
watts and above). These high peak flu-

Figure 1: Comparison of 
a 200 µm diameter hole 
drilled in stainless steel 
with a nanosecond laser 
(left) and a picosecond 
laser (right). A picosec-
ond laser is capable of 
producing a cleaner hole 
with less recast material 
and a smaller HAZ

Industrial ultrafast lasers enable 
precision microprocessing 

ences drive multiphoton absorption 
which strips electrons from the materi-
al, which then explodes away because 
of Couloumb repulsion.

Because photoablation involves di-
rectly breaking the molecular or atomic 
bonds which hold the material togeth-
er, rather than simply heating it, it is a 
non-thermal process. Also, with ultra-
fast pulses, the pulse duration is shorter 
than the characteristic heat transfer 
time scale of the material, and the ab-
lated material carries away most of the 
energy. Thus, the energy does not 
spread into the surrounding material. 
Together, these effects result in signifi-
cantly reduced heat affected zone. Plus, 
this clean ablation process leaves no re-
cast material and thereby eliminating 
the need for elaborate post-processing.

One limitation of ultrafast process-
ing is that it provides lower material re-
moval rates, and ultrafast lasers have in 
the past been associated with a higher 
cost than long pulse laser sources. As a 
result, ultrafast processing has typically 
been reserved for applications that de-
mand the greatest possible precision, 
quality and smallest HAZ. Now, the bal-
ance of this equation is starting to tip 
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toward ultrafast lasers as new, lower 
cost architectures are entering the mar-
ketplace (figure 2).

Thin film ablation

Fabrication of numerous microelec-
tronic devices, flat panel displays and 
solar cells require patterning of thin 
films of dielectric, metal and/or semi-
conductor materials, typically in alter-
nating layers. Some of these applica-
tions are now using lasers. For example 
in touch screens, it is necessary to 
scribe completely through transparent 
conductive oxide films with a linewidth 
and precision of around 100 µm. Tradi-
tionally, this type of patterning has 
been performed using photolitho-
graphic techniques. However, these are 
complex, multi-step processes requir-
ing a large capital investment, high fab-
rication costs, significant environmen-
tal concerns, and long fabrication 
times. As a result, alternative pattern-
ing methods based on laser microma-
chining have been gaining wider accep-
tance because these techniques involve 
much fewer individual steps and usual-
ly avoid wet chemistry.

In semiconductor microelectronics production, display fabrication, medical device 
manufacture and many other industries, there is an increasing trend towards higher 
precision processing of parts with smaller feature sizes and with reduced effect on 
surrounding material. Increasingly, ultrafast lasers with picosecond or femtosecond 
pulse widths are being used to accomplish these tasks. 
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Ultrafast lasers provide superior re-
sults in some of these applications. For 
the display and touch screen markets, a 
new direct patterning process called 
spallation is enabled by the latest gener-
ation of ultrafast industrial lasers. This 
novel manufacturing process can selec-
tively remove thin films (up to a few 
hundred nanometers) with the required 
spatial resolution and without damage 
to the underlying layers. Moreover, 
spallation is a single-step, dry process 
that leaves almost no debris, meaning 
that no post-processing (cleaning) is 
usually required.

How does it work? Spallation relies 
on vaporizing a small amount of mate-
rial at the interface of two layers with 
dissimilar absorption characteristics at 
the laser’s wavelength.The outer layer is 
transparent to the laser wavelength, so 
that the beam is absorbed at the next 
layer, which must be a strongly absorb-
ing material.  All the pulse energy from 
the laser is thus absorbed in the first 
few nanometers of this underlying lay-
er. Because the absorption occurs at an 
enclosed interface, there is nowhere for 
the expanding vaporized material to 
escape. As a result, rapid expansion of 
atomized material creates a shock wave 
that blows off the thinner of the two 
layers. And just as important, this laser 
spallation process minimizes damage 
to the surrounding and underlying ma-
terials, making it ideal for most thin 
films used in the electronics, solar and 
display industries. 

An example of the use of spallation is 
in the production of solar cells. Adding 
a SiO2 passivation layer has been shown 
to increase cell conversion efficiency. 
This layer must be selectively removed 
to make electrical contacts. The accom-
panying SEM photo (figure 3) shows an 
example SiO2 thin film removal from a 
silicon substrate using a single ultrafast 
laser pulse. No molten silicon or subsur-
face damage is visible, and no post-pro-
cess cleaning is therefore required.

In conclusion, ultrafast industrial la-
sers offer unique benefits for a variety of 
high precision processing tasks involving 
metals, diamond, thin films and other dif-
ficult to machine materials. Ongoing im-
provements in the output characteristics, 
reliability and cost of ownership of these 
lasers ensure that they will occupy an in-
creasing market niche for applications in 
which quality is a primary concern. 

Figure 3: Removal of a SiO2 thin film from silicon using a single ps pulse
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Figure 2: The new RAPID NX is the first entry in a newly developed platform 
designed to deliver all the benefits of ultrafast materials processing
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