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Motivation laser

glass

We want to model the influence of:
• Exposition time
• Intensity of the laser
• Material properties (especially 

penetration depth)
• Wavelength of the laser

λ = 447 nm
Spot diameter ∼ 160 µm
Power density on sample
up to 1800 W/cm2

From Digital Holographic Microscope

From Atomic Force Microscopy



Model
• https://www.comsol.com/blogs/modeling-laser-material-

interactions-in-comsol-multiphysics/
• Application = localized heat source
• For opaque or nearly opaque material the laser can be treated as (localized) heat source

Parameters: diameter of the sample = 10 mm
Diameter of laser (heat source) = 0.2 mm
Surrounding temperature = T0 = 300 K
Power of dissipiated heat = laser power
Out-of-plane thickness dz = 1 mm

Material parameters:
Heat capacity Cp = 351 J/(kgK) 
Thermal conductivity k = 0.58 W/(mK) 
Density ρ = 7520 kg/m3

Stationary solution

Heat transfer

∇ � −𝑘𝑘∇𝑇𝑇 = 𝑄𝑄𝑄𝑄

𝑄𝑄 = �𝑃𝑃 𝑑𝑑𝑧𝑧 volumetric heat source

Dirac distribution
heat source

T0

Introduce temperature dependence of material properties
-> Definition - interpolation



Laser power = power of heat source = 0.2 W Laser power = power of heat source = 0.4 W

Maximum temperature difference ∼ 600 K∼ 300 K

Glass transition temperature Tg ∼
Softening temperature Ts is about 400 °C



Modeling Laser Beam 
Absorption in Silica Glass with 

Beer-Lambert Law
Using Radiative Beam in Absorbing Media Interface

(Heat Transfer Module)



Laser Beam Absorption

Laser Beam, 
radiative intensity 𝐼𝐼

Semi-transparent 
medium, temperature 𝑇𝑇

Heated region due to 
light absorption

𝑇𝑇 𝐼𝐼

Absorption coefficient κ(𝑇𝑇)

Radiative heat source 𝑄𝑄(𝐼𝐼)



Heat Transfer equation

𝜌𝜌𝐶𝐶𝑝𝑝
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

− 𝛻𝛻 � 𝑘𝑘𝑘𝑘𝑘𝑘 = 𝑄𝑄𝑟𝑟

Beer−Lambert Law

𝑒𝑒
𝑒𝑒

� 𝛻𝛻𝛻𝛻 = −𝜅𝜅(𝑇𝑇)𝐼𝐼

𝑄𝑄𝑟𝑟 = 𝜅𝜅(𝑇𝑇)𝐼𝐼

Governing Equations

Absorption coefficient



More advanced model

Density ρ = 7520 kg/m3

CP (T)

Constant temperature (300 K) on outer boundary

Absorption coefficient 
κ = 1 / penetration depth 

Multiphysics coupling k (T)

Gauss profile or top-hat profile of laser beam 
are available



Stationary solution

Penetration depth = 256 µmP = 0.1 W



Introducing thermal expansion
• The Microactuator Simplified

Performing a Multiphysics Analysis of a Thermal Microactuator | COMSOL Blog

Coefficient of
thermal expansion CTE

𝜀𝜀 = 𝐶𝐶𝐶𝐶𝐶𝐶 𝑇𝑇 � 𝑑𝑑𝑑𝑑 = ∇ � 𝑢𝑢

strain
Local 
displacement 
vector

𝑑𝑑∆𝑧𝑧 = 𝐶𝐶𝐶𝐶𝐶𝐶(𝑇𝑇) � 𝑑𝑑𝑑𝑑 � ∆𝑧𝑧0

height

https://www.comsol.com/blogs/performing-a-multiphysics-analysis-of-a-thermal-microactuator


PbO-Bi2O3-Ga2O3
glasses

Bi2O3
II

IV



Thermal insulation

Surface-to-ambient radiation

Fixed boundary

Axial
symmetry

Top-hat laser beam profile

Incident light

Free
Free

T0

Transparent surface

Transparent surface



P = 0.12 W P = 0.16 W

experiment vs. model



Conclusions
• Combination of heat transfer + radiative beam in absorbing media + solid 

mechanics is able to describe spatial distribution of temperature in the 
material after illumination of laser and also creation of microlens due to 
thermal expansion.

• Temperature dependences of material properties have significant influence 
on the results obtained from the model.

• Estimated maximal height of the microlens is higher than experiment for PbO-
Bi2O3-Ga2O3 glass.

Next plans
• Modelling of the flow of viscous glass when temperature is higher than softening 

temperature.
• Modelling of ablation leading to creation of micro-craters.



Open question
• Modelling of the case when the penetration depth 

is higher than the sample thickness

Penetration depth

20 µm

Sample thickness ∼ 1.2 mm

750 µm 50 000 µm

time of enlightenment ∼ 10 min

Strong influence of boundary 
conditions (cooling of the sample)

Incident light

rbam.I1*reflectivity

https://www.comsol.com/blogs/modeling-
the-pulsed-laser-heating-of-semitransparent-
materials

rbam.I2*reflectivity

rbam.I3*reflectivity

?
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