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Lecture — 55
Simulation: Electro- Thermo- Mechanical Properties of Micro-heater using
COMSOL Multiphysics contd.

Hi. welcome to this module. This module is in continuation with the last module where
we have seen how to use COMSOL Multiphysics as a simulation tool before we go for

fabricating a device.
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Now, we have taken an example of a heater where we have seen how to understand the

electrical potential or the temperature, right when we apply a certain voltage to the pad.
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Post processing - Temperature

Model Builder Settings Graptics  Function Pt Comvergence Plot 1 i
- LT 30 Plot Group aa@f Lebl-M@0 <0 ad
T | s 0
Y — e Tengesre ) By
19 Bectic nsuation 1 s
e It Vabes | v Data =
=l P e — )
4 2\ Wiphyss . )
E? Temperatre Couping 1 tc1) L
L Eectromaguetc Heatng | (emh1) ~ Plot Settings ™
b A Mt
4 Sudy1 vew: .
L s saonay I Showhiten enmes
b b S Gyt [ —
& resits 0
) B Dases Pt dat et edes »
g o [ se——] )
gjpeiec s Frame: [T 0Y,2) g
| ) 3 Tabks &
== R O i
7 W otherma Contours ()
» 1 ettt e
&gt 7 show masum nd o vles
X purs S| | T showunts

| 5| Messages Progress log Table2
—

And how we can see like the material, what how we can select the substrate and then
how can we perform the basic simulations ok. So, what we have seen in last module is
the isotherm temperature, there is a heating and then we have seen the electrical potential

that how if [ apply 12 volts, how it is varying across the resistor.

(Refer Slide Time: 01:03)

Extending to add Thermal expansion to Joule
heating - Solid mechanics interface

Model Builder ¥ Settings Graphics _ Function Plot

==t IS-ERE- Solid Mechanics QRO Lriakl 3ESEER B8RY =B
48 beatig_crcutamph (iot) 5 @E> «n@ ag
4 © cosa petntons Labe: S0 echancs -
"\ parameters T
i M
4 W Component 1 (comp)  Domain Selection
b = pufntons
b A\ Geometry 1 ‘Sekcton: Al domains <]
By
= el o
@ mtaivaes 1
8 Ry oton sppreson . o
» B Heat Transer n Sokds (o) N\
b 9.t Curens,Shl ()
» £ Membrane (mbim) Equation
b & Watphyses + Physics Symbals
» A wen1 |
b syl 7 Enabiphyscs symbols: H
b 8 Reuits Show o hide l physcs symbos v\L,.

seecthl | [(cernl
¥ Structural Transient Behavior

(e %] Messaes Progress log Table2
o\




(Refer Slide Time: 01:10)

Constraining the geometry using Rigid motion
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Now, this module let us see further so, further we can see the solid mechanics where we

need to understand what is a suppression or rigid motion suppression on the chip.

(Refer Slide Time: 01:17)

Multiphysics — Thermal expansion
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Then, we need to see what is the thermal expansion? So, you can see here the thermal
expansion properties we can select for the materials. So, coefficient of thermal expansion
material the strain reference temperature is about 293.15. For the selected material, there
is a thermoelastic imaging and damping for this particular material and the coupled

interfaces for this particular subset is heat transfer in solids and solid mechanics.
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Followed by if I want to go for a stationary then I can select soil mechanics, heat transfer,
electrical current and the multiple physics couplings would be thermal expansion,
temperature coupling and electromagnetic heating. So, combining all this things together

I can understand what is the stress across the film?
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Post processing — Thermal stress
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So, this is very important because what we have seen is the heating and what we have
seen is the electrical potential. Now, I want to know because of the heating of the chip,

what is the stress across the resistor. And you as you see the stress across the resistor as



you move along would be different based on the thermal expansion. And this is a plot
that you can see here where the stress at the end of the chip is extremely less compared
to the compare to the heating substrates and this is stresses because of the extension this

here as well as on this particular area.

Now, this is about 0.8 compare to the almost 0.1 or O stress at the edge of the chip. Now,
there cannot be 0, there will always be some amount of micro stress and this stress is
given in mega Pascal. So, for the current is not really given in mega Pascal the one that

we are showing here is somewhere in the mega Pascal range.
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So, other than that, you can also see the stress on the solid surface. So, surface 1 you
want to see the expression, then you can see the stress that we have seen here right. Now,
if I am showing you the stress, then because of the heating I am I also looking at some

displacement.

Now, this is a very interesting because when you heat up, there is a micrometer of
displacement. You can see here total displacement of few micrometer because of the
expansion of the material and then you can see about 8§ micrometer somewhere around
here there, right. And it is extremely small at the contact pads and that is again due to the
thermal expansion of the material when you heat the material at very high temperature,

there will be slight change in the displacement. So, what you can see is not only stress,



not only temperature, not only electrical potential, but also the displacement for the given

heater.

So, this we have taken an example of a heater, but we can use a different example like a
strain gauge, we can use a example like a pressure sensor, we can use example like
microfluidic system and lot of other devices. So, almost all the devices which are micro
fabricated and which we have seen in the in this particular course, you can perform
simulations right. So, just to go through quickly about how to do COMSOL how to use
COMSOL multiphysics? Let us see once again a quick review of what how we can use

this particular tool.
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The you start with a the GUI, open a new model wizard, select the space dimension

which is 3 D.
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Then, you go for electrical currents and the heat transfer, there will be the physics that
you have selected because we are using heater that is why you have selected the heat

transfer. We have to apply a voltage that is why we have select a electrical currents.
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Then, we go for the stationary where we have understood why we have to select a

stationary.
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And then, you have to go for the length of the heater, the angular degree what is a model.

This is geometry you create a geometry of the heater.
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And then, you apply the parameter what will be the parameter that you are applying
voltage, thickness, conductivity of silver. Because, you know what is the conductivity of
the contact pair, conductivity of the nichrome and then you have to understand, what is
the temperature of the room what is a heated air, what is a fluid heat temperature and

what is the heat transfer coefficient?
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And once you select the parameter, you can always select the length. So, this is length

right, you can say length is in millimeter, you can also select micrometer, you can select




centimeter the degrees and then you have square 1, square 2 and filet 1, filet 2. This is

work plane or plane geometry.
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Now, you select the area when you say that first you select is the material on which you

are going to fabricate a heater that is your silica or glass or silica glass is same thing. And

then you know that when you select the material from this list right, then you will

understand that for a given material what are the properties.
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Then, you select the contact pads, the material for the contact pad is silver, you can again

see the properties of the silver.
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Add blank material - Nichrome
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You select the material for the heater which is your nichrome. You can see the properties
of the nichrome which is thermal conductivity, density, heat capacity, electrical
conductivity, relative permittivity and of course, you have Young’s modulus and

Poisson’s ratio.
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Heat transfer in solids
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Heat transfer in solids — Thin layer
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Then, you see we select heat transfer in solids then, you select a thin layer and then, you

go for the heat flux.
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Heat transfer in solids- Heat flux on top
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Heat transfer in solid — Heat flux on bottom
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Electric current, shells — Electric potential

Model Builder 4 Settings Graphics Function Plot - Convergence Plot 1
- LT Electric Potentia Qa®e el @EEER
W Moteos | EE> «n@ a@
b i Skagass mty) et et potent |
b i sher mat)
b & Nhvone () . Edge Selecion
> 18 Heat Tanes n Soks () 5 e ——
£ et Curents, S ()
% Cunent Consenaten 1
%5 gectc sbton | -
i intavoes | actve L}
w
T
b & Mitphyscs
b A w1
By Overide and Contibution
Step 1: Stationary.
b " Solver Configurations Equation
‘8 ey ~ Eleticotental
)2 osases
b L s Votoge: .
£ Derved Vabes. Vo Vo v
» B Tabs '-\L.x
» W Tempere () o

b & Isothermal Contours (he)
b Bectc Ptenta ()
® Boot

12 [V] - Defined in Parameter
Messages Progress Log Table2

sy ~@

And, heat flux to one front and back side. Then, you go for the electrical potential where

you are applying. So, you are applying between this terminal and this terminal so, you

are applying 12 volts here ground here.
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Multiphysics — Heat transfer to Electric
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Multiphysics — Electric currents to Heat
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And then, you go for the temperature coupling electromagnetic heating followed by the

meshing so, you are creating a mesh, top layer is a triangular mesh, you have swept

mesh, the top meshing layer.
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Mesh — Swept mesh the top meshing layer
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After you swept this mesh, then what is the next term, you have to select the heat transfer
in solids, the temperature, electromagnetic heating. You select the temperature, you will
see the profile, you select the electrical potential and you see the profile that how the
electrical potential changing followed by the solid mechanics. Where you are looking at
the region motion suppression, you are looking at the thermal expansion, you are looking

at the stationary fields and you are also looking at the stress as well as the displacement.

So, this is how you can use the heater as an example for COMSOL multiphysics. Like I
said that most of the devices that we have discussed in our course, you can use those for
you use this system to simulate those devices. Again, if you are stuck with any problem
in using the COMSOL multiphysics, please get back to us and we will help you out
through the forum.

This is a just a quick example because of the limited amount of slot available for the
completion of this course. I could not take more than one particular example; however,
we will be talking about simulation tools in detail in the next course in the coming
semester. So, till then, I wish you all the best for your term exam and if you have any
doubt do contact me, we will be very happy to help you out with your doubt. This
COMSOL multiphysics like I said is only one of many available simulation tools, right
but these are all simulation tools used for microsensors transducers, original MEMS or

microfluidic kind of devices ok.



So, that will be end for this particular module and I will get back to you if you have any
doubts I have already given my email ID, you already have email ID. If it is really
important and again I am repeating this thing as I have done in my online slot course slot
that if you pass by IISC and if you want to want to discuss anything that you have come
up with a novel idea or you are stuck with anything that you want to discuss one on one

right, feel free to send me a email and I will be I will get back to you.

If you are traveling here for any reason, if you want to stop by and visit my lab you are
welcome to visit my laboratory as well. The having said that I wish you all the luck for
your this course and many more such courses which you will be learning through this

beautiful NPTEL platform.

Till then, you take care, have fun, bye.



