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Welcome to my course Non-Metallic Materials and we are in module number 8, Thin
film growth and fabrication of devices and this is lecture number 43 in the last lecture |
describe the fabrication of certain wide band gap semiconductor material and this lecture

| will cover the processing of mostly insulating ceramic devices.
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CONCEPTS COVERED

» Thick film fabrication

» Tape casting, electrophoretic deposition, screen printing, plasma
spraying

» Ceramics with metal like conductivity

» Substrates for thick film circuits

» Thick film conductor, thick film resistors, multi-layered capacitors,
and thick film dielectrics

Now, | will cover the thick film fabrication techniques. Thin film fabrication already in
one of the earlier lectures | described and this thick film fabrication will include tape
casting electrophoretic deposition, screen printing, plasma spraying which are all

important as far as the industrial practice is concerned.

And again we will come back to ceramics with metal like conductivity, what is done to
fabricate various devices and how to make the substrates for thick film circuits for power

electronics that will be described and then finally, thick film conductor, thick film



register, multi layered capacitor, thick film dielectrics some basic idea you will get if you

take this lecture.

(Refer Slide Time: 01:58)

Tape casting Thick film ceramic devices

+ Ceramic capacitors are made using tape casting. Slurry (slip) contains
powdered ceramics together with complex mixture of solvent and
binder. Mylar sheet is used as substrate.

The thickness is determined by the height of the doctor’s blade.
Fabrication of multi - layered film is also possible.

Slip trou 4 + After drying coated layer is peeled off from the

Skp c;urfam underlying substrate.
Substrafe \ _— = —- * Slurry making is most important:
Prying Stage + Solvent controls viscosity

===+t |- — — — — — |===+ Binder holds the ceramic particle

D + Plasticizers increases the flexibility
; of the green tape
Co"““l?"‘ Ke;-:;u(ﬂf'"g + Dispersants avoid settling of
1"’“% F powder

Now, the first thing that we usually do is tape casting when | was talking about the
lithium (Refer Time: 02:07) battery in one of my earlier lectures, on the conducting
electrode we usually deposit the active material using the binder and conducting material
to form an ink which is coated on the current collector which is either aluminum foil or

copper foil ah.

For thick film kind of ceramic something similar is done and this is actually done to
make the capacitor ah. So, here your active material is not a battery, but a capacitor
which is also energy storage device and this is this capacitors are made by tape casting.
So, for that the slurry which call it slip which contain the powder the active material if
you are using barium titanate, barium titanate is the active material which you give the

capacitance, there is mixed with some kind of solvent a complex solvent and a binder.

So, usually we use a polymer sheet a Mylar sheet as a substrate and then we coat it coat
this slurry on top of this substrate. The thickness is basically determined by the distance
of the blade with the substrate. So, this is my substrate and this is the ink which has been

coated by this doctor’s blade.



So, it is something similar to this you have first film fill the bucket with your slurry and
you have a blade here and this is moving. So, if it moves at a scan rate specific scan rate,

then this doctor’s blade they will put a thin layer on top of it.

So, the thickness will be basically controlled by the height of the doctor’s blade from the
Mylar sheet multi layer ceramic capacitor also you can make. So, this is another example
you take three different materials. So, one top of another you can make multi layer film
and not necessarily that all this three film will be of ceramic capacitor, you can coat it
with conducting layer as well. So, it is a very versatile technique and at the later part of

the lecture we will talk about a case study of a ceramic volatile fabrication.

So, they are also we use this kind of tape casting. So, here the tape casting is something
similar to a rainfall kind of thing. So, here you know the slip the slurry that is pumped
here to this trough and the material you need to put is on a rail here. So, this is a rail you
put it here, then you slowly push it through this slip curtain. So, it is a rain drop kind of
thing. So, it will coat on top of this surface and this is having drying stage different

lamps are there.

So, the slurry will be dried on top of the material you want to coat and then you center it
afterwards. So, this | will describe it in details when we will describe the case study for
volatile fabrication. So, in this case once the ceramic is dried, they are peeled off from
the underlying substrate. So, more important thing is to make the slurry because as you
can understand the solvent that we use that control the viscosity, we use binder into it

that holds the ceramic particle together.

We will have to also use a plasticizer that increase the flexibility of the green tape
because the green tape should be flexible it should not break away into pieces and we
also use dispersant to avoid the settling of the powders. So, while they are unstore, we
need to have dispersant or deflocculating agent so, that the ceramic suspension that

remains in the suspension it does not settle down.
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* Plasma spray gun consists of tungsten tipped Thermal spraying using plasma arc
copper cathode (electrode) and annular
copper anode (nozzle). These electrodes are ﬁ'l

water cooled.

* Adcarcis created and plasma forming gas is —
forced through the annular space between
cathode and anode. )

+ lonization of nitrogen while passing through 5 &
an arc produces plasma. Plasma extends out
of plasma gun in the form of a flame.

+ The feedstock material is injected into the
plasma by a powder feeder.

+ The powders melt, gain momentum from the %77
expanding plasma gas and finally impact
upon a substrate to form splat.

* Layer by layer growth of the material takes
place on the substrate

Another important thing to make this type of ceramic coating is thermal spray using
plasma arc. So, for that we use this kind of plasma gun which consists of a tungsten
tipped copper. So, this is the tungsten tip copper which we call a electrode and an
annular type of copper anode we call its a nozzle and this electrode are water cooled. So,
arrangement is there to water cool it this arrangement because a huge temperature will be

raised and ceramic powder basically they are melt and then deposit.

So, after that a dc arc is created and the plasma is formed by a gas which is forced
through the annular space between this electrode usually nitrogen is used nitrogen
hydrogen carrier gas is used. So, when it passes through this through this nozzle which

are kept at a potential, it produces plasma and this plasma is extended like this.

So, now you have a feedstock the ceramic powder which is feed into this plasma, the
powders melt and they get momentum along with this expanded plasma and finally,
impact upon the substrate and forms some kind of splat. So, layer by layer growth is

possible using this type of thermal plasma spray.
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Electrophoretic Deposition (EPD)

EPD is a colloidal process where the charged particulates dispersed in stable suspension are forced to move
towards the oppositely charged electrode under the influence of an applied electric field and get deposited onto
it to form an uniform coating.

Major influencing factors of EPD: (#) ) g bk

(a) Suspension related parameters

* Particle size of the dispersing powder
+ Zeta potential

+ Stability of the suspension

Connter
dectrode

Depaiting
SRS cectrode DC Poer e

(b) Process parameters Vi
+ Applied voltage =+ —
+ Deposition time 2

Another important technique which is used to make thick ceramic film, I did not define
what is thick usually it is very difficult to define what is thin and what is thick usually
anything around 1 micron we call it thick and anything which is above 50 micron, 50 to
100 micron 200 micron 150 micron we call it say thick.

Now, this thin and thick there is a gap and very few processing techniques are there
which can fill up this gap. So, that is in between 1 micron to say 10 micron or 1 to 5
micron. So, other techniques are there, but that is not part of this course ah, but thick film

means which is more than 50 micron thick.

So, this EPD is basically a colloidal process where you use the charged particle you want
to deposit. So, here also you disperse and make it is a stable suspension and then with the
application of electric field you force them to move opposite charge particle will be
moved in the different direction as you apply the electric field and this will eventually

get deposited to form an uniform coating.

So, the influencing parameter that is important is the particle size of the dispersing
powder, zeta potential 1 will define what is exactly the zeta potential. So, that is
important and of course, stability of the suspension is also related to zeta potential. So,
both this factor together is important and process parameters they are very simplified

either applied voltage or deposition time.



These two you can control to increase the film thickness. So, schematically this
something similar to this is happening you see that electrode is kept under negative
potential and your positive the particle is made positive potential around and they are
forced to deposit in a nice way on the substrate.
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Salient features of EPD films

+ Simplicity and cost-effectiveness

+ Uniform and porous microstructure

* High deposition rate

+ Excellent control on film thickness

+ Little or no shape restriction of the depositing substrate
+ Excellent adherent property of the deposited film

*+ Good reproducibility and scaling-up capability

o= == N
Porous microstructure Uniform distribution

g—
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Excellent thickness control Uniform film deposition Superior adherence property
on tubular substrate

Now, the EPD is a very powerful technique because of its simplicity and also you can
deposit porous layer uniform thickness porous layer you can deposit deposition rate is
quite high and film thickness can easily be controlled and there is no shape restriction,
you can coat it on flat surface you can coat it on the roll surface here is one of the

examples you see that the film of tungsten oxide that is coated on a cylindrical surface.

Pretty good uniform thickness is achieved you can control the thickness from 4 micron to
about 60 micron as has been shown.You can make the film quite porous for certain
application and all the elements are eventually deposited by EDS spectra you know about
EDS I have talked it in my ECM course ECM lecture.

So, you can control I mean you can have a uniform distribution and the layer is quite
stable you can have this kind of deposition say on copper substrate you have a black
colored coating and you can just rotate it, you see that it has been wrapped on a pen with
a very small radius of curvature, but due to his adherent nature it will never come out of
the substrate and it is a reproducible properties and one can easily scale it up. So, that is

why industrially they are acceptable.
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Plausible mechanism of EPD

1) Formation of Iyosphere . PR A 3 '.' et o 2) Distortion of the electrical
(charge particle + oppositely  * 5 mll, ':.,."'. double layer due to fluid dynamics
charge double layer) B A ’o’::':-'“' and applied electric field
.. : .' i 0: S8
3) Thinning of the double layer due to 58 _‘. .. ,:".
repulsion of co-ions and attraction of ::. i ":
counter ions in suspension g e et
-

4) Approach of other Iyospheres; . / ' ’ . I
London Vander Waals attractive force [ *" SR
dominates to enable deposition Cee ' ' . _\3 x \

{

So, the mechanism is pretty straight forward the first a lyosphere; that means, a charge
particle and oppositely charged double layer is formed and once you apply the field then

there is a distortion of the electric double layer and you have counter ions along with the
double layer.

So, then this counter ion actually force it to break. So, it is smaller in size. So, other
charged particle can approach it and due to the London’s Vander Waals force they get

deposited on the substrate. So, this is the basic mechanism of EPD.
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EPD kinetics
The relation between deposited mass and the deposition parameters is given by Hamaker eq.

W= C,uSEt,W is deposited mass, Cs is suspension concentration, y is electrophoretic mobility (cm’'V-!), E
is applied electric field (V em™), S is deposition area (cm?) and t is the deposition time (s).

The linear variation of deposited mass with deposition time requires all these parameters to remain
unchanged with time. This fact limits the application of the Hamaker expression to short deposition
time as for prolonged deposition, due formation of a insulating film on the depositing electrode a
potential drop is observed.

For prolonged deposition, the deposited mass is obtained by the following eq.
w=wy(l-e "')andk=—— -AE)

Where, w is deposited mass, t is deposition period, k is the kinetics constant, A is the
deposition area of the electrode, V is the volume of the suspension, ¢ is the dielectric
constant of the dispersing medium, £ is the zeta potential of the suspended particles, n is
the viscosity of the suspension, E is the applied DC voltage and AE is the voltage drop
across the deposited layer at the electrode



So, Kinetics is pretty straight forward and it is the important thing is w the deposited
mass and concentration of the suspension, then its electrophoretic mobility, applied
electric field deposition area and the deposition time they are all processing parameter.
So, as you can see its having a linear relationship with the time of deposition which is
good.

So, ah, but once you deposit a conducting film then there you will be a voltage drop
because otherwise you are depositing on a conducting substrate and insulating film. So,
initially it is layer it is a linear type of deposition, but once the film attains certain

thickness then the linearity is not maintained.

So, for prolonged deposition to get a thicker film this is a tentative equation which has
been empirical equation which has been derived and this voltage drop must be taken into
consideration if you want to make an uniform layer uniform thick layer. So, for smaller
layer like 10 micron 20 micron its not a problem, but for larger film thickness it poses a

problem.
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Zeta potential

For successful deposition an electrostatically stable suspension is essential.
Zeta potential of the dispersed particulates determines the stability of the
suspension

When a charged particle is dispersed in a suspension, it affects the ions present '
at its surrounding. As a result, an increase in the concentration of counter ions i ;
(oppositely charged ions) is observed at its vicinity. The region over which this i
influence exists is known as electrical double layer.

This layer is thought to have two separate region: The stern layer (close to the particle
surface), where the counter ions are firmly attached is to the particle surface. An outer
layer of loosely associated counter ions called the diffuse layer.

This potential difference between Stern layer and the diffuse layer is called the zeta potential

The sign of zeta potential (+ or -) depends on the nature of the surface charge

So, | was talking about the zeta potential that is a important factor that control the
stability and it is related to the double layer formation. So, you have your particle here
and which will acquire a charge and this is dispersed in a electrolytic media. So, the
opposite charge will form a double layer and then once you are applying an electric field

at some part this double layer will get detached. So, that particular hydrodynamic shear



plane where from this double layer is getting detached that potential is called zeta

potential.

Usually for a normal suspension, you can control the zeta potential by varying the p h.
So, if you for example, in alumina you see that in most of the acidic range p h its having
a positive zeta potential, but when the p h is about 9, then the zeta potential is 0. So, the

zeta potential when it is 0, we call this is a isoelectric point or point of zero charge.

So, you have ah to maintain the zeta potential which is away from the isoelectric point
so, that two similar type of charged particle will repel to each other and be stable inside
the suspension. If you want to make a hetero coagulation if you might want to make a
composite then one zeta potential positive another zeta potential negative you mix this
two suspension together, they will form hetero coagulation ah. So, for processing this

kind of concepts are taken into account.
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Thick = film circuits

Itis a single /multi-layered structures using a ceramic
substrates and specially formulated ink. Three basic class
of materials are used : conductors, resistors and
dielectrics. They are all fabricated in the form of a paste
or ink. The paste or ink contains:

1. Functional components in the form of a fine powder.

2. Organic binder usually provide the necessary green
strength.

3. Organic solvents have low boiling point and it

provides the required viscosity for the paste to

deposit on the ceramic substrates.

So, one can make the thick film circuit and this is for single or multi layered structure
using ceramic substrate, using a specially formulated ink. So, three basic class of
material is used for this one is conductor, another one is resistor and third one is
dielectric for a particular simple circuit elements ah. So, they are all fabricated in the
form of a paste and this paste contains the functional component that is the fine powder

form.



So, if you want to make a resistor the functional component is a resistive ceramics, if you
want to make a dielectric material it is a dielectric ceramic, barium titanate powder and if
you want to make a conducting layer ruthenium oxide can be used. Organic binder they
are usually provide the necessary green strength because up upon drying it should not
crack an organic solvent have low boiling point and it provides the required viscosity for

the paste to be deposited on the ceramic substrate.
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Screen printing

* Thick film is deposited onto flat substrates by screen
printing. Also used to print designs and logos onto T = shirts.

*  As shown the ceramic paste is forced through the holes in a
screen using a rubber made squeezee.

+ Viscosity control is very important (pine oil, terpineol, butyl
carbitol acetate are used). Low viscosity is required for high
shear rate (thixotropic).

+ After the design is transferred the viscosity should rise
rapidly to prevent spreading of the deposited film.

So, screen printing is one way to make a particular pattern on the substrate and this is
usually done for the flat substrates you can use the screen print. So, here it is very

common for designing the logo in the T shirt this screen printing is used.

So, this paste is forced through the holes in a screen using this rubber squeeze. So, first
you put this ink here and then with the squeeze you can just squeeze the ceramic
suspension, we call it a ink through this small holes and you can design this holes

depending on your design.

So, the viscosity control is very important usually pine oil or terpineol or butyl carbitol
acetate they are used and they make it thixotropic. So, once you apply a shear stress they
become fluid and easily they transfer and when the shear stress is removed then again
they the viscosity goes up. So, that is very important because after design is transferred,
the viscosity must rise rapidly to prevent the spreading of the deposited film. So, various

types of design one can make by screen printing.
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Fabrlcatlng multi-layered ceramic capacitors

Preparing the slurry : contains up to 35 vol% liquid , either water based with
latex binder or organic based slurry

Tape casting of the dielectric.

Drying

+ Cutting dried sheet.

Screen printing of Ag - Pd electrodes. Cost is an concern. Fugitive
electrode process is adopted. Carbon based electrodes are used and
removed during sintering. Molten lead or tin - lead alloy are pressure
infiltrated to make electrode.

Stackmg the electrode sheets.

Lamination

* Dicing

* Burning out the binder

+ Sintering 1200 - 1400 °C

+ Application of external electrodes (Ag - Pd ink)

Now, one of the very important thing is to make a multi layer ceramic capacitor using the
tape cast layer. We already talked about how to make the tape cast layer. So, first you
prepare a slurry usually 35 volume percent liquid is used either it could be water based or
it could be organic based with some kind of binder and then you tape cast on the Mylar

sheet and you get this kind of brown tape.

You dry it should be flexible I told that we will have to add some kind of plasticizer to
make it flexible. So, after drying it is flexible and then you can cut it you take it off from
the Mylar sheet and you cut it in different shape, and then you screen print the silver

palladium electrode which are conducting in nature.

Cost is a major concern you can use gold for sudden multi layer capacitor, gold was also

used initially gold platinum or various types of alloys.

Now, base metals are used, but silver palladium is more or less ok as far as the cost is
concerned sometimes you can use fugitive electrode process where carbon based
electrode are used which are removed during sintering because remember this will have
to be sintered so, that because otherwise it is a particulate coating and binder should be

removed and you should get sintered.

So, during sintering this carbon goes out and then you infiltrate tin and lead alloy with

pressure to make this electrode that is a much cheaper process then you will have to



stack this electrode the way it is shown in between electrodes are there. So, you stack it
and then you do the lamination the whole of it. So, all this is connected in parallel. So,
the capacitor connected in parallel is will add up the capacitance value. So, you laminate
it and then dice it according to the shape small shape and then apply electrode at this two

end and lead also can be applied ah.

So, after dicing you binder removal takes place and then you will have to sinter it to get
the final strength usually the sintering is done at 1200 to 1400 degree Celsius and that is
why noble metal electrode is important otherwise those electrode will get oxidized. And
then application of the external electrode as you can see to make a parallel plate
capacitor, they are connected in parallel to get a huge capacitance in a multi layer

ceramic capacitor is a huge market is there.
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Substrate for thick - film circuits Materials

* Al 0, with 4% glass containing Mg0, Ca0 and
Si0, is the common substrate.

+ These substrates are made using tape casting

+ Alumina does not have sufficient thermal
conductivity, hence BeO was used, however,
high cost and toxicity is of concern.

Requirements

+ Surface roughness between 20 -40 um

*Minimal distortion

+ Ability to withstand temperature up to 1000°C

+ Tight dimensional tolerance (+0.07 - 0.10 mm
in size and £ 0.02 - 0.10 mm thickness) * AIN has better thermal conductivity

* Strength (~ 170 Wm''K)

*  High thermal conductivity Its thermal expansion coefficient

* High electrical resistivity closely matches with Si in the

+ Chemical compatibility with paste constituents ~ temperature range 25 - 400 °C.

*  Low dielectric constant * AINis more expensive than Al,0,

+ Economic. * The adhesion of pastes is low as
compared to Al,0; unless pre -

oxidized

So, substrate is also used for thick film circuit. So, this substrate they should have
roughness about 20 to 40 micron, they should not be distorted, they can they should
withstand high temperature, dimensional tolerance will be pretty high, they should be
strong have high thermal conductivity, high electrical resistivity so, that the electrical

component will not get short.

Chemical compatibility with the ink that you are putting on top of it and low dielectric
constant and finally, they should be economic. So, this kind of substrate is used for high

power electronics where lot of heat is generated. So, normal PVC will not be used. So,



this alumina based material is usually used and 4 percent glass containing material is

used so, that the sintering is quite good to remove all the porosity.

And this substrate is used by making the tape cast layer which | already described, but
alumina does not have sufficient thermal conductivity. Sometimes barium oxide was
used, but that is toxic material and also cost is of another concern. So, aluminum nitride
nowadays is being used it is having a good thermal conductivity about 170 Watt per

meter per Kelvin.

The thermal expansion coefficient is also quite good match with silicon in the
temperature range of 25 to 400 degree Celsius, but it is more expensive than alumina. So,
the addition of paste is low as compared to alumina, alumina you can easily coat with the
metal coated layer, but in order to do that in aluminum nitride you are supposed to
oxidize the substrate and so, that this electrode layer is properly pasted.
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Thick film conductor
* Usually metals are used in a
thick film conductor. Examples /S x.' Frit bonding - 2-10 % glass powder is added to the
include: Ag, Pd - Ag, Pt-Ag, Au, ) \ paste formulation. During firing glass softens, wet
1

Mechanisms involved for good adhesion

Pd - Au, Pt - Au, Cu, and Ni. { /4| the substrate, and penetrate into the metal network.
* Important criteria include: /‘L-'; Lead borosilicate glasses are used (63% PbO - 25%
+ Low electrical resistivity ~ « U 8,0,-12%Si0)).
* Good adhesion to substrate * Reactive bonding = A small amount of
* Good line definition CuO or CdO is added to the paste
+ Ability to be wire bonded of formulation. During firing the oxides
soldered react with the alumina substrate to
* Resistance to electro - form a copper or cadmium spinel
migration CuAl,0,.
+  Compatibility with other * Inreactive bonding very small amount of
thick film components like additives are needed.
resistor and dielectrics + Surface of the conductor is nearly pure metal
* Economic which aids wire bonding. Some compositions are

mixed bonded.

You can use a thick film conductor. So, usually metal is used here as a thick film

conductor.

So, silver, palladium, palladium gold, palladium, palladium all those types of noble
metals are used and they should have low electrical resistivity adhesion with the
substrate should be quite good with alumina they have very good adhesion and then they

can have different connectors and you see through the hole you can put the other



component like filter or resonator you can put on top of it on this base and they should

have compatibility with the other thick film kind of this thing.

So, the good adhesion is one thing which is very common. So, usually two types of thing
is done first one is a frit bonding 2 to 10 percent of glass powder is added to the paste
formulation and during firing this glass softens, wet the substrate and penetrates into the
metal network and usually this composition is used lead oxide and boron oxide based
composition along with little bit of silicon dioxide that is mixed with your conducting

element ah.

So, this is a frit bonding. So, ceramic bonding is quite strong. So, it is good adhered on

the substrate.

And sometimes reactive bonding is done. So, small amount of copper oxide or cadmium
oxide if it is added in the paste then during firing this oxide they react with the
underlying aluminum substrate to form some kind of spinel for example, in copper it
forms copper aluminate spinel. So, if you are going for a reactive bonding between this
thick film conductor and the underlying substrate then the amount of this material is
pretty small.

And also the surface of the conductor nearly pure metal remains because if you are using
a glass 2to 10 percent then the conductivity that is affected, but not in the reactive

bonding materials.
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Thick film resistor

* For air fired paste: RuO,, Bi,Ru,0,, Pb,Ru,0; and Ag
- Pd - PdO mixtures . For nitro-gen fired pastes TaN
is used. The resistance is specified in terms of sheet
resistance.

+  See the sheet resistor of length | width w and
thickness d having resistance R

R=pL/dw, here p is the resistivity. If L = w d

(square) then

R = p/d. Thus sheet resistance depends only on the

resistivity and thickness.

* Thick film resistors are available with sheet
resistance values in the range of 0.1 - 10M Q/.

* By blending different quantities of conductive
material and an electrically insulating glass the ’
resistivity is controlled. '\ ‘

An important characteristics is TCR.

Slope of AR/R vs T curves are important.

For different formulations two straight -
lines bound the resistance deviation. E

So, thick film resistor is also important for air fired paste we use ruthenium oxide which
is highly conducting, bismuth ruthenate, lead ruthenate that is used, but you will have to
control the actual resistivity. So, usually it is controlled by putting glassy material which

is insulating in nature.

So, the property that is important is the sheet resistance. So, you see that R | defined as
resistivity into L divided by the area d into w right. So, here if you just cut this in such a
way. So, its a square resistivity. So, in case of square resistivity L and w is same. So, that
term will cut from here L and w will cut. So, your sheet resistivity is only the function of
sorry sheet resistance is a function of resistivity and the thickness. So, it is a pretty good

way to handle this.

So, thick film resistor is usually having a sheet resistance sometimes in the range of 0.1
to 10 mega ohm per sheet and by blending as I said different quantities of conducting

material electrical insulating glass the resistivity is controlled. So, it is purely metallic.

So, you need to have a little bit insulating material mix it in proper proportion and many
of the instances the proportion volume proportion into respective conductivity that works
quite well, the mixture rule and you can have this exact value of the resistor made for

your purpose.



So, the important characteristics for this resistors are temperature coefficient of
resistance. So, that is nothing, but this slope R T del R versus R. So, for variety of
material you can see that the curve is something like this. So, once you increase the
temperature usually resistance goes down for certain material depending on what type of
metal you have used or metallic component, you have used you are you are having a

positive coefficient as well.

So, usually for a particular composition this range is important. So, how much maximum
and how much minimum that you are achieving out of this composition that is important.
So, this two straight line they bound the resistant deviation and basically you are getting
a straight line and you can easily calibrate the value of the resistance with temperature or
you take the experimental value and then do a linear fit and achieve the same

information.
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Thick film dielectric

Dielectrics are used in several different applications in thick film circuit
1. Dielectric isolates circuit lines in multi-layer structure

2. Asadielectric layer in thick film capacitors

3. Toencapsulate circuit components.

For multi layer applications the functional material is glass or glass ceramics. Usually they have low dielectric
constant and their thermal expansion coefficient is matched with underlying substrate do prevent
deformation of the substrate. The dielectric film must also be stable during thermal cycling.
For thick film capacitor, material with high dielectric constant is used (such as BaTiO,)

As encapsulation dielectric layers are used to protect the circuit components from humidity,
reactive organic solvents and also protect silver - containing conductors from silver

migration. The glass composition is chosen that is contains significant proportion of PbO
And B,0; for low temperature softening.

Finally, we talk about the thick film dielectric material. So, usually the dielectrics are

used in several different types of applications in the thick film circuit.

So, first is this isolates the circuit in the multi layer structure remember when we will
talk about the micro heater based sensor fabrication, then you have seen silicon nitride
dielectric layer is used to separate one set of circuit with the other one. So, that is one
application dielectric later dielectric layer can also be used as a thick film capacitor and

also sometimes it is used to encapsulate the circuit component.



For multi layer application the functional material is glass or glass ceramics, there is a
first here the multi layer structure usually glass and glass ceramics is used usually they
are having low dielectric constant and their thermal expansion coefficient is matched
with underlying substrate to prevent the deformation of the substrate otherwise the

substrate will bow down.

The dielectric film must also be stable during the thermal cycling. So, that dielectric

should withstand the temperature of the fabrication of the device.

For thick film capacitor which is used as a dielectric layer, the material with high
dielectric constant like barium titanate is used. So, this is nothing, but a parallel plate
capacitor and you have seen in multi layer ceramic capacitor not a single layer is used
multiple layers are used and then they are connected in parallel configuration. So, the in
a small area you get a huge capacitance using this material.

So, this concept of barium titanate and then your electrically conducting layer and then
laminate it make a multi layer ceramic capacitor. So, you get a huge capacitance of this

materials.

Encapsulation of dielectric layer that are used to protect the circuit from humidity
reactive organic solvents, that also protect the silver containing conductors from silver
migration you know sulphur is a problem otherwise the silver coating they will turn they
will form silver sulphide and the conductivity will loss will be lost. So, this dielectric
layer they protect it.

The glass composition contains significant proportion of lead oxide and boron oxide, that
is basically for low temperature softening operation because ultimately will to cover the

substrate well to protect the other electronic circuitry.



(Refer Slide Time: 33:36)

» C. Barry Carter, M.G. Norton Ceramic Materials Science and Engineering, Chapter - 27,
Coating and thick film, page 481-493, Springer , 2007 (Study material)

» A.J. Moulson and J.M. Herbert, Electroceramics, Chapter - 4 Ceramic conductors, Wiley 2™
Edition (Supplementary study materials)

» K.L Chopra Thin film device applications, Springer, 1983

So, this part of the lecture is mostly taken by the book of Barry Carter chapter number 27
coating and thick film and also as a supplementary material you should read the book by

Moulson and Herbert chapter 4 which is ceramic conductor.
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* Thick film fabrication

+ Tape casting

*  Plasma spraying

+ Electrophoretic deposition

+ Screen printing

* Substrate for thick film circuits

*  Thick film conductor and resistors
*  Multi-layered ceramic capacitors and thick film dielectrics

So, in this particular lecture we talked about thick film fabrication, then introduced the
concept of tape casting, plasma spraying electrophoretic deposition, screen printing, then

we talked about the substrate for thick film circuits thick film conductor and resistors we



have talked about and multi layered ceramic capacitor and thick film dielectrics have

been introduced.

Thank you for your attention.



