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Outline 

Piezoelectric + free surface fluid dynamics 
coupling

- Grayscale photolithography for   

optical pickup

- Holographic data storage    

Irreversible thermal process computation using 
COMSOL+MATLAB

- Inkjet printhead

Electromagnetic for infinite region 



Electronics from Panasonic 
Home appliances

Laptop & cell phone
http://panasonic.jp

Automotive

EnergyLighting & Health 



Industrial inkjet printhead



600 dpi = 42.3um

Paper feeding 
direction 

Industrial inkjet printhead



Nozzle

Actuator Thin film PZT

Individual ink channel

Inlet
Common ink reservoir

Industrial inkjet printhead

Cross section of the head



Principle of PZT inkjet 

6x6 6x3
6x1

3x1

3x6 3x3

6x1

3x1

Strain
Charge density 

displacement

Stress

Electric field

Compliance Piezoelectric coupling 

Permittivity

Strain-charge form 

constitutive equation

d-matrix



Principle of PZT inkjet 
Use this 

strain

Normal strain

PZT only

Shear strain

Ez

PZT

Ez

PZT

Linear

Unimorph: PZT+ linear material



Statement of the problem 

Piezoelectric Free surface Navier-Stokes



COMSOL 4.0a modeling 

PZT thin film

Ink reservoir

Nozzle

Ink channel



Industrial inkjet printhead



The first 4 modes around 2MHz 



Pico-litter droplet formation 

Single pulse

Pressure

Small dot

Low density

Large dot

High density

Double pulse

Pressure



Surface tension vs pinch off timing

J. Yu, S. Sakai, J. A. Sethian, “A coupled levelset projection method applied to 
inkjet simulation”.



Consideration of surface tension

Definition of curvature using Levelset function

2nd

derivative

J. Yu, S. Sakai, J. A. Sethian, “A coupled levelset projection method applied to 
inkjet simulation”.



Consideration of surface tension

Surface tension term in COMSOL (from manual)

Weak form

Conservative body force



Consideration of surface tension

Surface tension as surface force by Melcher, Bansch

Eberhard Bansch, “Finite element discretization of the Navier-Stokes 
equations with a free capillary surface”, Numer. Math. (2001)

Surface force



Consideration of surface tension

Surface tension as surface force by Mizuyama 

Surface force in 

weak form

Definition from 

differential geometry

s:Arc length



Grayscale photolithography 
technology for optical pickup 



Grayscale mask 



Laser direct write



Laser direct write
Laser power 
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Transmission changes as laser power



Statement of the problem 

Surface heat source

Transmission

Gaussian beam

Transmission vs temperature

Irreversible process



COMSOL with MATLAB

Irradiation updated 

in a loop



Mesh in 1/4 model
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COMSOL+MATLAB simulation 

Temperature Transmittance



Temperature transition
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Storage

Objective 
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Holographic data storage



Retrieval
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Holographic data storage



Holographic data storage

Fringes in a volume 
hologram

Information light 
retrieved

Reference light

volume hologram



Statement of the problem 

Infinite region problem 

Sommerfeld
radiation condition



Equivalent problem with DtN map 

Finite region problem 

Steklov-Poincare
operator



Weak form 



Thank you!




