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Description
Femtosecond laser machining is a highly precise and versatile tool 

for microfabrication that has gained significant interest in recent years. 
The technology employs ultra-short laser pulses with durations in the 
femtosecond range (10^-15 seconds) to machine a wide range of 
materials at the micro and nano scales. The high precision and 
accuracy of femtosecond lasers make them ideal for microfabrication 
applications, including microfluidics, micromachining and 
nanofabrication.

Femtosecond lasers use a process known as multiphoton absorption 
to remove material from the surface of a material. During this process, 
multiple photons are absorbed by the material, causing the electrons to 
transition to higher energy levels, leading to ionization and material 
removal. The precision of the process results from the ability to 
control the energy, intensity and duration of the laser pulses, allowing 
for high precision and accuracy [1].

Principles of femtosecond laser machining
The principles of femtosecond laser machining are based on the 

interaction between ultrashort laser pulses and the material being 
machined [2]. There are three main mechanisms involved in 
femtosecond laser machining: multiphoton absorption, non-linear 
absorption and optical breakdown [3].

Multiphoton absorption
Multiphoton absorption is a process that occurs when multiple 

photons are absorbed by a material, leading to the ionization of the 
material and removal of the material from the surface. This process 
only occurs when the intensity of the laser beam is high enough, and 
the duration of the pulse is in the femtosecond range. Multiphoton 
absorption allows for high precision and accuracy in the removal of 
material, making it ideal for microfabrication applications [4].

Non-linear absorption
Non-linear absorption is another mechanism involved in 

femtosecond laser machining. It occurs when the intensity of the laser 
beam is high enough to cause the electrons in the material to be 
excited to higher energy levels, leading to ionization and material 
removal. The intensity of the laser beam is controlled to ensure that

non-linear absorption occurs only at the surface of the material being 
machined [5].

Optical breakdown

Optical breakdown occurs when the intensity of the laser beam is 
high enough to cause the material to undergo a phase change, leading 
to the creation of plasma. This process is responsible for the formation 
of micro and nanostructures in the material being machined. The 
duration of the laser pulse and the intensity of the laser beam are 
carefully controlled to ensure that the plasma created is confined to the 
surface of the material, allowing for precise material removal [6].

Advantages of femtosecond laser machining

The benefits of femtosecond laser machining include:

High precision: Femtosecond laser pulses can create highly precise 
patterns on a variety of materials, with feature sizes down to the 
nanometer scale.

Minimal heat affected zone: Unlike other laser machining 
techniques, femtosecond laser machining causes minimal thermal 
damage to the surrounding material, making it ideal for creating 
highly precise and complex patterns on delicate materials [7].

Versatility: Femtosecond laser machining can be used on a wide 
range of materials, including metals, polymers, ceramics and 
semiconductors.

Non-contact: Femtosecond laser machining is a non-contact 
technique, which means that there is no physical contact between the 
laser and the material being machined. This makes it ideal for creating 
patterns on delicate or sensitive materials [8].

Applications of femtosecond laser machining

Femtosecond laser machining has numerous applications in 
microfabrication, including:

Microelectronics: Femtosecond laser machining can be used to 
create precise and intricate patterns on semiconductors, which are used 
in microelectronics and photonics.

Biomedical engineering: Femtosecond laser machining can be 
used to create precise patterns on biological tissues, which can be used 
for tissue engineering, drug delivery and medical implants.

Microfluidics: Femtosecond laser machining can be used to create 
microchannels and other structures on polymers and other materials, 
which can be used in microfluidics and lab-on-a-chip devices [9].

MEMS/NEMS: Femtosecond laser machining can be used to 
create precise patterns on Microelectromechanical Systems (MEMS) 
and Nanoelectromechanical Systems (NEMS) devices, which are used 
in sensors, actuators and other microelectronic devices [10].

Conclusion
Femtosecond laser machining is a powerful tool for 

microfabrication that offers high precision, minimal heat affected 
zone, versatility and non-contact machining. Its applications span a 
wide range of fields, including microelectronics, biomedical 
engineering, microfluidics and MEMS/NEMS.
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