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Outline

- Inkjet printhead
Piezoelectric + free surface fluid dynamics
coupling

- Grayscale photolithography for
optical pickup

Irreversible thermal process computation using
COMSOL+MATLAB

- Holographic data storage

Electromagnetic for infinite region
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Industrial inkjet printhead
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Industrial inkjet printhead

Paper feeding

direction \

600 dpi = 42.3um




Industrial inkjet printhead
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Principle of PZT inkjet

Compliance Piezoelectric coupling

Strain
Charge density

displacement

d-matrix ; 0 0 x 0 U:|

@ (]33 d33 0O 0 O

Strain-charge form
constitutive equation




Principle of PZT inkjet

Use this
strain

Normal strain

Shear strain




Statement of the problem

Pliezoelectric Free surface Navier-Stokes
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COMSOL 4.0a modeling

3 pztink room nozzle -1.mph - COMSOL Multiphysics

| Ii- —i,.?—
File Edit Options Help
T8 8 | ;|_'= v
"I7 Model Builder = SN — U || ¢h Graphics ) [_] m -
4 1% pzt ink room nozzle -1.mph {rooi 118
= Global Definitions
4[U Model1 (modd) U Model
= Definitions
e « Model [dentifier
Geometry 1
& Materials Identifier. modl
% Piezoelectric Devices ‘pze
4 58 Mesh1 v Unit System
i Override global s
Free Tetrahedral 1
== Studyl
(&1 Results
Geometry shape orde
Ink channel
-2
x107¢
o] : -4
Ink reservoir
5
z
x107*
y
" Nozzl
10 =
OZZ e %1073
Messages Progress Results
Finished
L -
Progress | Log
Description Progress Convergence Parameter Value
4 » 4 m L]
Working set: 764 MB Virtual memony: 834 MB




Industrial inkjet printhead
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The first 4 modes around ZMHz



Pico-litter droplet formation

Single pulse Double pulse

Small dot Large dot
Low density High density

Pressure Pressure
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Surface tension vs pinch off timing
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Figure 16: The relation between the time of pinch oftf and the surface tension.

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

n Vg m:V-n:V-<v¢>:>

Bz Vel

coordinates (r, z). the curvature can be expanded as
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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)

Force Terms

The four forces on the right-hand side of Equation 0-1 are due to gravity, surface tension, a force due to an external
contribution to the free energy (using the phase field method only), and a user defined volume force.

® The surface tension force for the level set method acting at the interface between the two fluids is

lﬁ

s = OKon

where o is the surface tensions coefficient (SI unit: N/m), « is the curvature, and n is the unit normal to the interface,
as defined in Variables For Geometric Properties of the Interface. 8 (SI unit: 1/m) is a Dirac delta function

concentrated to the interface. k depends on second derivatives of the level set function ¢ . This can lead to poor
accuracy of the surface tension force. Therefore, the program uses the alternative formulation

F,. = V- (o(I-(nn"))3) Conservative body force

In the weak formulation of the momentum (fluid-flow) equations, it is possible to move the divergence operator, using

integration by parts, to the test functions for the velocity components.

(oxnd)v dv = [ o(I — (nn"))d) Vv dw
Q Q
o(I — (nn"))d)vdx

I




Consideration of surface tension

Surface tension as surface force by Melcher, Bansch

in (1) ). If ¢ 1s a smooth vector valued function on /" we can integrate by

parts to get
Surface force

/H:f'p— /[_\ifff}-,:—— /Tidf'v\?:.
r r r

and the Laplace—Beltrami operator

_\f = du (\;’Hdet- g 91‘] aug ”r. QX ,)).—
vdetg j\

see for instance [11,18]. We will make use of the identity

é{(}f =RV

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




Consideration of surface tension

Surface tension as surface force by Mizuyama

i — &)
(2 + 2)3/2

K =

(Fﬂ’)i

ds?

d2
/va&nds = —J/v—fds
r r ds

Surface force in / dv da
=0
I

RN,; = —

weak form ol o




Grayscale photolithography

technology for optical pickup
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Grayscale mask
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Laser direct write

Vislon system

Auto-focus system
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Laser direct write

Laser power
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Statement of the problem

( 1 .
pc,——V - (kVT)=0 inQ

ot Surface heat source
kVT -n=[I(z,t)r” only

kVT -n=0 on I ng

T =T, on I'p
Transmission
I(z,t) = Io(=,t)(1 ~{7(z, 8)F o)

Io(z,t) = exp {—(.cz: — z. —vt)/w? — (y — yc)2/w§

T(T) = Tmin + (Tmaac _ Tmin)SinQ(WT/QTO) T < T[]

T(z,t) = max{T'(z,t'),t’ <t} Irreversible process




COMSOL with MATLAB

[ Editor - C:\working\my files\my paper\COMSOL conference Boston 2010\LDW\LDW2_2.m =n el
File Edit Tet Go Cell Tools Debug Desktop Window Help ¥ A X

@i | [
e | (10

[ T S T o5 R % T 8 |
¥ (R
S T e s T W - TR ¢ T (Y = s T ) |

(R

= exXp (- (Xx—x0-vx*tt) . " 2/wx"2-

(vy-y0-vy*tt) . "2/wy"2 );

-
T4
-
£
-
£

PP

Irrad new = I0* (1-r0-tau new) .*qg;
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clear

fena() . cype='interp'; Irradiation updated

fcns{l}.nam

fcns{1}.method='linear’ in a IOOP
fcns{l}.extmethod='const';

fecne{l}.x=cellstr (numZscr(xx(:)")):;

fecns{l}.y=cellstr({numZstriyyv(:)")):
4

fcns{l}.data=cellstr (numZstr(Irrad new(:)")):
fem.functions = fcns;

clear bnd

bnd.g0 = {0
bnd.type = {'qg
bnd.T0 = {0,0,0};
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File Edit View Insert Tools Desktop Window Help
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Mesh in 1/4 model




COMSOL+MATLAB simulation

Temperature Transmittance
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Holographic data storage

Storage

Gaussian Beam Quarter

Wave Plate

Polarization
Coherent Laser Beam Splitter
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Spatial Light
Modulator

Objective
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Photosensitive
Material

Fringe




Holographic data storage

Retrieval

Gaussian Beam Quarter

Polarization
Coherent Laser Beam Splitter Wave Plate
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Statement of the problem
Infinite region problem




Equivalent problem with DtN map
Finite region problem




Weak form
a(u,v) + s(u,v) = (f,v) Yu eV

a0 = /(Vu Vo — k*uv)dz
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