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TITLE OF THE INVENTION

Microcontact Printed Thin Film Capacitors

FIELD OF THE INVENTION
The invention relates to multilayer capacitors and methods for their

manufacture.

BACKGROUND OF THE INVENTION

The capacitor has substantially shrunk in recent history. Currently, tape
casting and related technologies are utilized for the manufacture of multilayer
capacitors. There is interest in exploring thin film approaches to creating
multilayer capacitors. Ceramic dielectric thin films are commonly formed by a
broad range of deposition techniques, such as chemical solution deposition (CSD),
evaporation, sputtering, physical vapor deposition and chemical vapor deposition.
In order to achieve the requisite dielectric structure, each technique typically
requires either a high-temperature deposition or a high-temperature anneal.

Prior art methods of forming a specific structure such as a dielectric that has
patterned micron or sub-micron features include irradiative lithographic methods
such as photolithography, electron-beam lithography, and x-ray lithography.

Photolithography entails forming a negative or positive resist (photoresist)
onto the exposed surface of a substrate. The resist is irradiated in a predetermined
pattern, and irradiated (positive resist) or non irradiated (negative resist) portions
of the resist are washed from the surface to produce a predetermined pattern of
resist on the surface of the substrate. This is followed by one or more procedures.
An example of such a procedure entails use of the resist as a mask in an etching
process in which areas of the material not covered by resist are chemically
removed, followed by removal of resist to expose a predetermined pattern of the
conducting, insulating, or semiconducting material on the substrate.

Tape casting also has been used to form features which are micron sized in
thickness, but which require an additional technique to enable lateral patterning of
the electrodes. Tape-casting enables the formation of layers which have a thickness
of 0.8 um. It is uncertain, however, as to whether tape casting can achieve films

which have thicknesses of less than 0.2 um. Electrode patterns are typically
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created, at present, by screen printing on the electrode ink. This process typically
produces comparatively rough edges on the electrodes, which is one factor that
leads to the comparatively large margins that are required in typical multilayer
capacitors.

Although irradiative lithographic methods may be advantageous for
patterning the electrode (and potentially the dielectric) in many circumstances,
these methods require sophisticated and expensive apparatus to reproduce a
particular pattern on a plurality of substrates. Additionally, they generally
consume more reactants and produce more by-products. Further, they are
relatively time-consuming.

A need exists for methods of fabrication of thin films useful in devices such
as multilayer capacitors (MLC) which avoid the disadvantages of the prior art

methods.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (a) shows the microstructure of the top surface of a BaTiO, film heat
treated at 1000 °C in 10™ atm O,

FIG. 2 shows a multilayer capacitor formed of blanket thin films of BaTiO,
and LaNiQ,

FIG. 3 shows a SEM image of an array of microcontact printed single layer
thin film capacitors that show alignment of layers.

FIG. 4 shows a fixture used to align successive layers of patterned solutions.

FIG. 5 shows thickness profile of a LaNiQ,/BaTiO,/LaNiO, capacitor made by
micro-contact printing on a Si0,/Si substrate.

FIG. 6 shows thickness profile of a LaNiQ,/BaTiO,/LaNiO, capacitor made by
micro-contact printing on a SiO,/Si substrate.

FIG. 7 shows a scanning electron microscope image of micro-contact printed
LaNiO,/BaTiO,/LaNiO, capacitors made on a Si0O,/Si substrate.

SUMMARY OF THE INVENTION
In a first aspect, a method of forming a microcontact printed layer of a
material having barium titanate therein, such as any of stoichiometric barium

titanate and doped barium titanate such as (BajyM’y)(Ti1«M"x)O3 that where M” is any
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of Mn, Y, Ho, Dy, Mg, Er, Ca, Co or mixtures thereof, or Zr, preferably Mn then 0.005
<x<0.3, preferably x= 0.005 to 0.015 with the proviso that when M” is Zr then x=0.02t0 0.2,
preferably 0.05 to 0.1; and when M’ is any of Sr, Ca, Y, Ho, Dy, Er or Mg then 0.005< y<
0.3 with a first proviso that when M’ is any of Y, Ho, Dy or Er then preferably 0.005
<y<0.05, and with a second proviso that when M’ is Sr, then preferably 0.06<y<0.2 and with
a third proviso that when M’ is Ca, then preferably 0.005 <y<0.1 and with a fourth proviso
that when M’ is Mg then y=0.005 to 0.1, preferably 0.005 to 0.05, and with a fifth proviso
that y may be zero when M’ is Mn on to a substrate such as Ni foil, Cu foil, sapphire,
alumina, cordierite, or cordierite containing glass-ceramics or alumina containing
glass-ceramics, and Si/Si0O, is disclosed. The substraf[e may ultimately be
removable. The method entails forming a precursor solution suitable for
producing a material having barium titanate therein and applying the precursor
solution onto a micro stamp that has a predetermined pattern thereon to form a
coated micro stamp. The coated micro-stamp is compressed onto the substrate to
form a pattern of the precursor solution on the substrate. The pattern is dried,
pyrolyzed and fired to produce a micro contact printed layer of a material having
barium titanate on the substrate. If Ni foil is used as the substrate, it may be any of
annealed Ni foil, virgin Ni foil and 99.99% pure Ni foil.

In a second aspect, a method of manufacture of a multilayer capacitor by
microcontact printing is disclosed. The method entails forming a precursor
solution of an electrode such as LaNiO, and applying the precursor solution onto a

micro stamp having a predetermined pattern to form a coated micro stamp. The

~ stamp is compressed onto a substrate such as any of a Si0O,/Si, alumina, cordierite,

or cordierite or alumina containing glass-ceramics, Cu foil or Ni foil to form a
pattern of the precursor solution of the electrode on the substrate. The pattern is
heat treated to produce a crystallized pattern of electrode on the substrate. A
precursor solution of a dielectric material is applied onto a micro stamp and
compressed onto the electrode pattern to form a pattern of dielectric precursor
solution on the patterned electrode. A micro stamp having a dielectric precursor
solution thereon then is compressed onto the patterned electrode to form a
multilayer monolith that is heat treated to crystallize the dielectric. A third

stamping is used to produce the top electrode to make a capacitor. If desired,
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additional electrode and dielectric layers can be processed in the same way to
make a multilayer capacitor.

In a third aspect, a method of manufacture of a multilayer capacitor is
disclosed which comprises forming a precursor solution of a dielectric material
such as stoichiometric barium titanate and doped barium titanate such as (Ba.
yM’y)(Ti1xM”)O;3 that where M” is any of Mn, Y, Ho, Dy, Mg, Er, Ca, Co or mixtures
thereof, or Zr, preferably Mn then 0.005 <x<0.3, preferably x= 0.005 to 0.015 with the
proviso that when M” is Zr then x=0.02 to 0.2, preferably 0.05 to 0.1; and when M’ is any of
St, Ca, Y, Ho, Dy, Er or Mg then 0.005<y< 0.3 with a first proviso that when M’ is any of
Y, Ho, Dy or Er then preferably 0.005 <y<0.05, and with a second proviso that when M’ is Sr,
then preferably 0.06<y<0.2 and with a third proviso that when M’ is Ca, then preferably
0.005 <y<0.1 and with a fourth proviso that when M’ is Mg then y=0.005 to 0.1, preferably
0.005 to 0.05, and with a fifth proviso that y may be zero when M’ is Mn on to a subsirate
such as Ni foil, Cu foil, sapphire, alumina, AIN, cordierite, or cordierite containing
glass-ceramics or alumina containing glass-ceramics, and Si/SiO, is disclosed. The
substrate may ultimately be removable. The precursor solution of dielectric is spin
cast onto a substrate such as any of a sapphire single crystal or Ni foil. The
substrate having the precursor solution of dielectric thereon is heat treated to
produce crystallized dielectric and an electrode material such as LaNiO, is spin
cast onto the crystallized dielectric and heat treated to produce a multilayer
capacitor.

In another aspect, a method of manufacture of a multilayer capacitor is
disclosed which entails forming a precursor solution of an electrode material such
as LaNiO;. The precursor solution of the electrode material is coated onto a micro
stamp and compressed onto a SiO,/Si substrate to produce a patterned layer of
electrode precursor solution. The patterned layer is heat treated to produce a
patterned electrode. A precursor solution of dielectric such as stoichiometric
barium titanate and doped barium titanate such as (Ba;.,M’,)}(Ti;M”,)O3 that where
M?” is any of Mn, Y, Ho, Dy, Mg, Er, Ca, Co or mixtures thereof, or Zr, preferably Mn then
0.005 <x<0.3, preferably x=0.005 to 0.015 with the proviso that when M” is Zr then x=0.02
to 0.2, preferably 0.05 to 0.1; and when M’ is any of Sr, Ca, Y, Ho, Dy, Er or Mg then
0.005<y< 0.3 with a first proviso that when M’ is any of Y, Ho, Dy or Er then preferably
0.005 <y<0.05, and with a second proviso that when M” is Sr, then preferably 0.06<y<0.2
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and with a third proviso that when M’ is Ca, then preferably 0.005 <y<0.1 and with a fourth
proviso that when M is Mg then y=0.005 to 0.1, preferably 0.005 to 0.05, and with a fifth
proviso that y may be zero when M’’ is Mn is spin cast onto the patterned electrode.
The precursor solution of dielectric is heat treated to produce crystallized
dielectric. A layer of the electrode precursor solution coated onto a micro stamp
and compressed onto the crystallized dielectric to form a patterned layer of
electrode precursor solution on the crystallized dielectric, and then heat treated to
produce a multilayer capacitor.

Having summarized the invention, the invention is described in further

detail below by reference to the following detailed description.

DETAILED DESCRIPTION OF THE INVENTION
A method is disclosed for the manufacture of patterned materials at high
resolution. The invention is useful for manufacture of electronic devices such as
multiléyer capacitors, varistors, and the like. Although the invention is described
below with reference to the fabrication of multilayer capacitors, it should be
understood that multilayer capacitors is exemplary only and that the invention
may be employed to fabricate other electronic devices where patterned layers of

material are employed.

Dielectric Materials
Various dielectric materials may be utilized. These dielectric materials

include but are not limited to stoichiometric BaTiO,, doped BaTiO; of the formula

" Ba(Ti,, M,)O, where M is any of Mn, Y, Ho, Dy, Er, Mg, Ca, Co or mixtures thereof,

preferably Mn, and 0.005 <x<0.02, preferably x < 0.01 and doped barium titanate
such as (BayM’y)(Ti1«M"x)O;3 that where M” is any of Mn, Y, Ho, Dy, Mg, Er, Ca, Coor
mixtures thereof, or Zr, preferably Mn then 0.005 <x<0.3, preferably x=0.005 to 0.015 with
the proviso that when M” is Zr then x=0.02 to 0.2, preferably 0.05 to 0.1; and when M’ is
any of Sr, Ca, Y, Ho, Dy, Er or Mg then 0.005<y< 0.3 with a first proviso that when M’ is
any of Y, Ho, Dy or Er then preferably 0.005 <y<0.05, and with a second proviso that when
M is Sr, then preferably 0.06<y<0.2 and with a third proviso that when M’ is Ca, then
preferably 0.005 <y<0.1 and with a fourth proviso that when M’ is Mg then y=0.005 to0 0.1,



10

15

20

25

30

WO 2007/053473 PCT/US2006/042094

preferably 0.005 to 0.05, and with a fifth proviso that y may be zero when M”’ is Mn also
may be used.

The dielectric materials may be prepared from precursor solutions thereof.
Stoichiometric BaTiO, is prepared by forming a blend of a Ba precursor solution
and a Ti precursor solution. Ba precursor solutions may be prepared by dissolving
barium acetate in glacial acetic acid to produce a blend. The blend is stirred at
elevated temperature, preferably about 90°C, to form a Ba precursor solution. The
molarity of the solution is about 0.5 to about 1.5 M/1, preferably about 0.85 M
barium acetate per liter.

Ti precursor solution may be formed by mixing a Ti isopropoxide with
acetyl acetone. The molarity of this solution is about 1 to 10 M/l, preferably about
5 M Ti isopropoxide per liter acetyl acetone. The Ti precursor solution may be
combined with the Ba precursor solution to produce a BaTiO, precursor solution
that has a Ba:Ti of about 1.00. The BaTiO, precursor solution is stirred at elevated
temperature such as for 1 hr at 90°C.

The BaTiO, precursor solution then may be diluted with an alkanol such as
any of methanol, ethanol and 2-methoxyethanol or mixtures thereof, preferably
methanol. Preferably, the BaTiO, precursor solution is diluted with methanol to a
molarity of about 0.01 M to about 0.8 M, preferably about 0.1 M to about 0.3 M.
The diluted BaTiO, precursor solution then is agitated until no strias are apparent
as determined visually.

Doped BaTiO, precursor solutions for preparation of (Ba, ,M’))(Ti, M”,JO,
where M’ and M” are dopants also may be employed. Doped BaTiO; precursor
solutions may be prepared by blending an M precursor solution such as a solution
of M acetate in acetic acid with a precursor solution of Ba such as Ba acetate in
acetic acid as described above. The resulting blend of solutions is mixed with Ti
isopropoxide. For example, Mn doped BaTiO, precursor solution for preparation of
Ba(Ti, Mn,)O, may be prepared by adding Mn acetate to the Ba precursor solution,
and then reacting the resulting solution with Ti isopropoxide.

Suspensions of dielectric materials such as BaTi0O, and doped BaTiO, or
mixtures thereof Microcontact printing of a suspension of BaTiO, in any
combination of an alcohol, aliphatic or cyclic hydrocarbon or aqueous medium

combined with additives suitable to create a film forming base such as, but not
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limited to, polyvinyl butyral, polyvinyl alcohol or the like, having an inorganic
solids loading from 10 to 70 wt% and with additives levels from 1 wt% to 20w%,

comprised of BaTiO, of particle size ranging from 10 nm to 500 nm.

Electrode materials

Various electrode materials may be employed. These include but are not
limited to metallically conducting ruthanates, nickelates, cobaltates, and
manganates, as well as metals such as Ag, Ag-Pd alloys, Ni, Cu, Pd, Pt and alloys
thereof. The electrode materials are prepared from precursor solutions thereof.

One example of a solution-based electrode solution is LaNiQ,.

LaNiQ, precursor solutions may be prepared from water-based solutions and
from alkoxy alkanol based solutions such as 2-methoxyethanol-based LaNiO,
solutions. Water based LaNiQ, solutions may be prepared by mixing reagent grade
(La(NO,),6H,0 and (Ni(CH,COOQ),4H,0) in a molar ratio of lanthanum/nickel of 1:1,
and then dissolving into purified acetic acid at room temperature while stirring.
The concentration of the solutions is adjusted to 0.3M and 0.5 M by adding
purified acetic acid. The 2-methoxyethanol-based 1.aNiQ, solutions may be
prepared by dissolving (La(NQ,),6H,0 in 2-methoxyethanol and then adding
monoethanolamine and (Ni(CH,COO),4H,0) in this sequence. The La/Ni molar
ratio is fixed at 1.0.

Suspensions of electrode materials such as Nialso may be used. Generally,
these are suspensions of an electrode material such as Ni in any conducting matrix,
such as metallically conducting ruthenates, nickelates, cobaltates, and manganates,
as well as metals such as Ni, Cu, Pd, Pt and alloys thereof. Typically, the electrode
materials have a particle size range of about 10nm to about 500 nm, more typically
about 10nm to about 100nm and a solids content of about 10 to about 70 wt. %

based on total weight of the suspension.

Substrates

Various substrate materials may be employed. These substrate materials
include but are not limited to Ni substrates such as virgin Ni foil, annealed Ni foil,
and Ni film on polyesters such as Mylar®, SiO,/Si, cordierite, cordierite containing

glass-ceramics, alumina containing glass-ceramics, sapphire single crystals, AIN,
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Cu foil and polycrystalline ceramic oxide substrates such as alumina, preferably Ni
foil, more preferably 99.99% pure Ni foil. Substrates such as Si0,/Si may be
obtained from Nova Electronics Materials Co., sapphire single crystals may be
obtained from Commercial Crystal Labs Co., and 99.99% pure Ni foil may be
obtained from Alfa Aeser Co.

Annealed Ni foils which may be used as substrates include those which
have been thermally annealed. The Ni films may be annealed at about 800°C to
about 1000°C, preferably about 900 °C, for about 10 min to about 300 min,
preferably about 60 min at 900 °C in low partial pressures of oxygen of about 10
to about 10 *’atm. The annealed Ni films typically have a RMS surface roughness
of about 7.5 nm as measured by atomic force microscopy.

Before deposition of a thin film precursor solution onto a substrate such as
Ni foil, the substrate is cleaned, such as by using deionized water, isopropyl
alcohol and acetone (in an ultrasonic cleaner), to remove surface contaminates

such as oils.

Formation of Blanket Thin Films By Chemical Solution Deposition

Blanket films of a dielectric or an electrode may be formed by spin casting a
precursor solution thereof onto a substrate and then heat treating the deposited
solution to form a thin film of the dielectric or electrode. Spin rate may vary but is
typically about 3000 rpm for about 30 sec. Deposited films may be dried, pyrolyzed
and fired using rapid thermal annealing until crystallization.

The thickness of a blanket thin film layer of a precursor solution typically is
about 20 nm to 200 nm dependent on the spin rate, as well as concentration and
viscosity of the precursor solution employed. Multiple spin coatings may be used
to achieve increased film thickness.

When a blanket thin film of stoichiometric BaTiO, is to be formed,
stoichiometric BaTiO, precursor solution made as described above is spin coated
onto a substrate such as 99.99% pure Ni foil at about 1000 RPM to about 4000 RPM.
The BaTiO, precursor solution is dried at about 100 °C to about 200 °C, preferably
about 180 °C in air, and then pyrolyzed at about 250 °C to about 370°C, preferably
about 360 °C for about 0.5 min to about 5 min, preferably about 3 min in air. The

resulting pyrolyzed film is crystallized using rapid thermal annealing at about 650
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°C to about 750°C, for about 0.5 min to about 5 min, preferably about 1 min in air,
oxygen, or reducing atmosphere. This process may be repeated to build up large
thicknesses of BaTiQ,. Alternatively, a plurality of films of precursor solutions may
be deposited over each other prior to drying, pyrolyzing and firing to form a
crystalline dielectric film of such as BaTiO,. As a further alternative, suspensions
of barium titanate may be substituted for the barium titanate precursor solutions.

When a blanket thin film of LaNiQ, is to be formed, a LaNiO, precursor
solution made as described above is spin coated onto the dielectric layer of such as
BaTiO,at about 1000 RPM to about 4000 RPM. The LaNiQ, precursor solution is
dried at about 100 °C to about 200 °C, preferably about 180 °C in air, and then
pyrolyzed at about 200 °C to about 400°C, preferably about 380 °C for about 0.5 min
to about 5 min, preferably about 3 min in air. The resulting pyrolyzed LaNiO, is
crystallized using rapid thermal annealing at about 550 °C to about 850°C,
preferably about 750 °C for about 0.5 min to about 5 min, preferably about 1 min in
air. This process may be repeated to build up large thicknesses of LaNiQ,.
Alternatively, a plurality of films of precursor solutions may be deposited over
each other prior to drying, pyrolyzing and firing to form a crystalline electrode film
of LaNiQ,. As a further alternative, suspensions of LaNiO, or other conducting
particles may be substituted for the LaNiO, precursor solutions.

The dielectric permittivity of crystallized dielectric thin film may be
increased by heat treatment. In the case of BaTiO, thin films, the film is heated to
about 900 °C to about 1100°C , preferably about 1000 °C in oxygen partial pressures
of about 10™ to about 10™** atmospheres, for about 1 min to about 240 min,
preferably about 60 min. Following cooling the BaTiO, dielectric is heat treated at
about 400 °C to about 800 °C, preferably about 600°C at about 10 to about 10® atm
oxygen partial pressure for about 5 min to about 240 min, preferably about 30 min.

The invention is further illustrated below by reference to the following non-

limiting examples.

Example 1: Formation of Blanket Thin Film of Stoichiometric BaTiO; on Ni Foil
Substrates by Chemical Solution Deposition

A Ba precursor solution is made by dissolving 0.01 mol of Ba acetate in

11.74 ml glacial acetic acid. The resulting solution is stirred for 1 hr at 90 °C.
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A Ti precursor solution is made by dissolving 0.01 mol of Ti isopropoxide in
2 ml of acetyl acetone.

A stoichiometric BaTiO; precursor solution is made by mixing the Ba
precursor solution and the Ti precursor solution, and stirring for 1 hr at 90 °C.
Methanol is added to reduce the stoichiometric BaTiO, precursor solution molarity
to 0.1M.

The BaTiO, precursor solution is spin cast at 3000 RPM for 30 sec onto a
99.99% pure Ni foil substrate that is preannealed at 900 °C. The film of BaTi(,
precursor solution is dried at 180 °C, pyrolyzed at 360°C and crystallized by rapid
thermal annealing at 750 °C. This sequence of steps is repeated 8 times to produce
a BaTiO, film thickness of 350 nm. The dielectric constant of the film is 1600 at
room temperature and 1450 at 150 °C. BaTiO, films heat treated at 1000 °C are fine-

grained, as shown in FIG. 1.

Example 1.1:

The procedure of example 1 is followed except that the sequence of steps is
repeated six times to yield a BaTiO, film thickness of 265 nm. The dielectric
constant of the film is 1750 at room temperature and 1600 at 150 °C.

Example 1.2:
The procedure of example 1 is followed except that the sequence of steps is
repeated four times to yield a BaTiO, film thickness of 173 nm. The dielectric

constant of the film is 1300 at room temperature and 1250 at 150 °C.

Example 2: Formation Of Blanket Thin Film Of LaNiO, By Chemical Solution
Deposition

A LaNiQ, precursor solution made as described above adjusted to a molarity
of 0.3M is used. The precursor solution is spin cast at 3000 RPM for 30 sec on to a
Ni substrate. The film of LaNiO, precursor solution is dried at 180 °C, pyrolyzed at
360 °C and crystallized by rapid thermal annealing at 650°C.

10
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Example 2A:
The procedure of example 2 is followed except that thermal annealing is
done at 750 °C.

Example 3: Formation Of Blanket Thin Film of Ba(Ti, Mn,)O, by Chemical
Solution Deposition where x =0.01

A Ba precursor solution made as in example 1 is employed. 0.01 Mole of the
Ba precursor is mixed with 0.01x Mole Mn acetate and then combining with 11.74
ml glacial acetic acid to produce a Mn doped Ba precursor solution.

A Ti precursor solution is made by mixing 0.01(1-x) M Ti in 2 ml acetyl
acetone and stirring until mixed.

The Ti solution and the Mn doped solutions are mixed at 90 °C for 45
minutes while rotating the flask at 500 rpm.. The resulting Mn doped barium
titanate precursor solution is spin cast on to a 99.99% pure Ni foil substrate that is
preannealed at 900 °C, dried, pyrolyzed, and crystallized using the same conditions

as in Example 1.

Patterned Thin Films

In a further aspect, patterned thin films are produced by microcontact
printing.

Microcontact printing is performed using a micro stamp formed of
polydimethylsiloxane stamp (PDMS). PDMS is prepared by mixing Part A (base) of
Sylgard Silicone elastomer 184 and Part B (curing agent) of Sylgard Silicone
elastomer 184 from Dow Corning to form a reaction mixture and subjecting the
surface of the reaction mixture to a vacuum for 20 min to eliminate bubbles.

A micro stamp of PDMS is made by pouring the PDMS into a patterned Si
mold. The surface feature height of the Si mold may vary over a wide range.
Typically, the surface feature height is about 4 um to about 10 um. The micro
stamp of PDMS is cured for >12 hours at 50°C and peeled away from the Si mold.
The micro stamp of PDMS may be treated with an oxygen plasma ashing step prior
to use. Oxygen plasma ashing may be performed in a barrel asher, or other tool

used for the removal of photoresist.

11
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Any of electrode and dielectric precursor solutions, as well as suspensions
of any of dielectric and electrode, may be deposited onto the micro stamp. A micro
stamp containing, such as, a deposited precursor solution is spin cast to “doctor”
the deposited solution to a desired thickness on the stamp. The micro stamp
having the doctored precursor solution then is compressed onto a substrate to
transfer a pattern of the precursor solution onto the substrate. Micro stamps which
have the same or different patterns for each patterned layer of precursor solution of
the dielectric and electrode may be employed. The micro stamps may be
compressed onto a substrate in any suitable atmosphere such as air, inert gas and
vacuum.

The deposited layer of patterned precursor solution is dried and additional
patterned layers of dielectric or electrode precursor solution may be deposited over
the previously deposited layer. In an alternative embodiment, a blanket layer may
be deposited over a patterned layer. For example, dielectric may be deposited as a
blanket film over a patterned electrode.

In one aspect, each patterned layer of dielectric precursor solution such as
BaTiO, precursor solution is heat treated prior to deposition of an additional layer
of dielectric precursor and/or electrode precursor solutions. In another aspect, a
plurality of layers may be deposited without drying between successive deposited
layers. Thus, a monolith of several layers of patterned precursor solutions of
dielectric, electrode as well an alternating layers of dielectric and electrode may be
deposited and heat treated to build a capacitor or varistor device of a desired
configuration. The substrate on which the patterned solutions are formed may be

removed or retained prior to thermal processing.

Example 4: Manufacture of Patterned Stoichiometric BaTiO, by Micro Contact
Printing '

BaTiQ, precursor solution is made as in example 1. The solution is
deposited onto a PDMS micro stamp and spin cast at 3000 RPM for 30 sec. The
stamp then is compressed onto a Si0O,/Si substrate. The patterned film of BaTiO,
precursor solution is dried at 150 °C, pyrolyzed at 350°C and crystallized by rapid
thermal annealing at 750 °C. The film has a thickness of 40 nm for a 0.1 M solution

and a line edge roughness of 1 pm.
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Example 4A:
The procedure of example 4 is followed except that molarity of the BaTiO,
precursor solution is diluted to 0.68M. The thickness of the film is 245 nm.

Example 4B:
The procedure of example 4 is employed except that the Ni foil substrate of
example 1 is substituted for the SiO,/Si substrate.

Example 4C:
The procedure of example 4 is employed except that alumina is substituted
for the Si0,/Si substrate.

Example 4C:
The procedure of example 4 is employed except that cordierite is substituted
for the Si0,/Si substrate.

Example 5: Manufacture of patterned Ba(Ti, ,Mn,)O, where x =0.01 by micro
contact printing.

The procedure of example 4 is employed except that the precursor solution
of example 3 employed to form Ba(Ti, ,Mn,)O, where x =0.01 is substituted for the

BaTiO, precursor solution employed in example 4.

Example 5A:
The procedure of example 5 is employed except that the Ni foil substrate of

example 1 is substituted for the Si0,/Si substrate employed in example 4.

Example 5B:
The procedure of example 5A is employed except that alumina is
substituted for the Ni foil substrate.

Example 5C:
The procedure of example 5A is employed except that cordierite is

substituted for the Ni foil substrate.
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Example 5D:
The procedure of example 5A is employed except that Cu foil is substituted
for the Ni foil substrate.

Example 5E:
The procedure of example 5A is employed except that Pt foil is substituted
for the Ni foil substrate.

Example 6: Manufacture of Patterned LaNiO, by Micro Contact Printing

The LaNiO, precursor solution employed in Example 2 is used. The solution
is deposited onto a PDMS micro stamp and spin cast at 3000 RPM for 30 sec. The
stamp then is compressed onto a Si0,/Si substrate. The patterned film of precursor
is dried at 150 °C, pyrolyzed at 360 °C and crystallized by rapid thermal annealing
at 750 °C. The film has a thickness of 40 nm and a line edge roughness of 1pm.

Example 6A:
The procedure of example 6 is employed except that the Ni foil substrate of
example 1 is substituted for the SiO,/Si substrate.

Example 6B:
The procedure of example 6A is employed except that alumina is

substituted for the Ni foil substrate.

Example 6C:
The procedure of example 6A is employed except that cordierite is

substituted for the Ni foil substrate.
Example 6D:

The procedure of example 6A is employed except that Cu foil is substituted
for the Ni foil substrate.
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Example 6E:
The procedure of example 6A is employed except that Pt foil is substituted
for the Ni foil substrate.

Manufacture of Multilayer Capacitors by Blanket Thin Films Formed By
Chemical Solution Deposition

Using the procedure employed above for deposition of blanket thin films by
chemical solution deposition, blanket thin films of BaTiO, and LaNiQ, are

deposited onto a substrate to produce a multilayer capacitor.

Example 7: Manufacture of LaNiO,/ BaTiO,/ LaNiO, multilayer capacitor by
chemical solution deposition

Precursor solutions of 0.1 M BaTiO, and 0.3M LaNiO, made as described
above are used. The BaTiO, precursor solution is deposited onto a sapphire single
crystal and spin cast at 3000 RPM for 30 sec. The BaTiO, precursor layers are then
dried at 180 °C for 3 min to remove solvent, pyrolyzed at 260 °C for 3 min. and
crystallized at 750 °C for 1 min in O,. An additional layer of BaTiO, precursor
solution is spin cast over the previously deposited BaTiO, layer and the heat
treatment is repeated.

The LaNiO, precursor solution then is deposited onto the crystallized film of
BaTiO; and spin cast at 3000 RPM for 30 sec. The deposited LaNiO,film is heated
on a hot plate at 180°C for 3 min to remove solvent, pyrolyzed at 260°C for 3 min.,
and crystallized by rapid thermal annealing at 650°C for 1 minute in O,.

A set of two layers of BaTiO, precursor using the procedure above then is
deposited onto the crystallized LaNiQ, layer and spin cast at 3000 RPM for 30 sec.
The solvent is removed by heating to 180 °C for 3 min and pyrolyzed at 260°C for 3
min. The BaTiO, layer is crystallized at 750°C for 1 minute in O,. This process is
repeated four times to produce a monolithic multilayer capacitor stack of five
BaTi0, films of 100 nm thickness alternating with four LaNiQ, films of <50 nm
thickness as shown in FIG. 2,

The monolith multilayer capacitor is fractured and etched with hydrochloric

acid to enable the individual layers of the capacitor to be identified. The monolith
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multilayer capacitor did not exhibit delamination or cracking. Also, the LaNiO,

electrode layers remained coherent to thicknesses less than 100nm.

Example 7A:
The procedure of example 7 is employed except that the Ni foil substrate of

example 1 is substituted for the sapphire single crystal substrate.

Example 7B:
The procedure of example 7A is employed except that alumina is
substituted for the Ni foil substrate.

Example 7C:
The procedure of example 7A is employed except that cordierite is
substituted for the Ni foil substrate.

Example 7D:
The procedure of example 7A is employed except that Cu foil is substituted
for the Ni foil substrate.

Example 7E:
The procedure of example 7A is employed except that Pt foil is substituted
for the Ni foil substrate.

Manufacture of multilayer capacitors which have patterned dielectric and/or
electrode layers by microcontact printing

Example 8: Manufacture of LaNiO,/BaTiO,/LaNiO, Multilayer Capacitors by
Microcontact Printing

A 0.3 M 2-methoxyethanol based LaNiO, precursor solution made as
described above is spin coated onto a PDMS micro stamp at 3000 rpm for 30 sec.
The coated micro stamp is compressed onto a Si0,/Si substrate to produce a
patterned layer of the LaNiO, precursor solution. The layer of LaNiO, precursor

solution is dried at 150°C for 3 min in air, pyrolyzed at 360°C for 3 min in air and
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crystallized at 750°C for 1 min. by rapid thermal annealing in a N, atmosphere to
achieve a LaNiQ, layer of 40 nm thickness.

A 0.1 M BaTiQ, precursor solution made as described above is then spin
coated onto a second PDMS stamp at 3000 rpm for 30 sec. The coated micro stamp
is aligned with respect to the first pattern of LaNiQ, and then compressed onto the
LaNiO, pattern to form a patterned layer of BaTiO, precursor on the LaNiO, pattern.
The thickness of the BaTiO, precursor layer is 60 nm. The film of BaTiO,
precursor solution is dried at 150 °C, pyrolyzed at 350°C and crystallized by rapid
thermal annealing at 750 °C.

A second layer of the above LaNiO, precursor solution is microcontact
printed over the patterned layer of BaTiO, precursor solution using the procedure
employed with the first layer of LaNiO, The second LaNiO, layer is heat treated
accordingto the procedure used for the first layer. The thickness of the second
LaNiO, film produced is 40 nm.

Successive patterned layers of such as LaNiO, and BaTiO, are optically
aligned in a transmission mode to about 1 micron precision using the alignment
fixture 1 shown in FIG. 4. Alignment fixture 1 includes optical microscope 5 with
separate movable stages 10 of a Cascade microprobe station for each of the PDMS
stamp and the substrate in each of X, Y and Z directions. As shown in FIG. 3, each
layer is cléarly patterned, and alignment between successive printings is achieved.

FIGS. 5 and 6 show thickness profiles of the L.aNiO,/BaTiO,/LaNiO,
capacitor made by micro-contact printing on a Si0O,/Si substrate, and FIG. 7 shows
a scanning electron microscope image of micro-contact printed
LaNiO,/BaTiO,/LaNiO, capacitors made on a Si0,/Si substrate.

Example 8A: Manufacture of LaNiO,/BaTiO,/LaNiO, Multilayer Capacitors by
Microcontact Printing

The procedure of example 8 is followed except that the Ba(Ti, Mn,)O,
where x = 0.01 precursor solution of example 3 is substituted for the BaTiO,

precursor solution.
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Example 8B:
The procedure of example 8 is employed except that the Ni foil substrate of
example 1 is substituted for the Si0,/Si substrate.

Example 8C:
The procedure of example 8B is employed except that alumina is substituted
for the Ni foil substrate.

Example 8D:
The procedure of example 8B is employed except that cordierite is
substituted for the Ni foil substrate.

Example 8E:
The procedure of example 8B is employed except that Cu foil is substituted
for the Ni foil substrate.

Example 8F:
The procedure of example 8B is employed except that Pt foil is substituted
for the Ni foil substrate.

Example 9: Manufacture of multilayer capacitor with films deposited by chemical
solution deposition and by microcontact printing

The 2-methoxyethanol based LaNiQ, precursor solution employed in
example 8 is spin coated onto a PDMS micro stamp at 3000 rpm for 30 sec. The
coated micro stamp is compressed onto a Si0,/Si substrate to produce a patterned
layer of the LaNiO, precursor solution. The layer of LaNiO, precursor solution is
dried at 150°C for 3 min in air, pyrolyzed at 360°C for 3 min in air and crystallized
at 750°C for 1 min. by rapid thermal annealing in air.

A stoichiometric BaTiO, precursor solution made as described above is spin
cast at 3000 RPM for 10sec onto the patterned layer of LaNiQO,. The blanket film of
BaTiO, precursor solution is dried at 150°C, pyrolyzed at 360°C and crystallized by
rapid thermal annealing at 750°C.
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A second layer of the above LaNiQ, precursor solution is microcontact
printed over the layer of BaTiO, precursor solution using the procédure employed
with the first layer of LaNiO, The second LaNiQ, layer is heat treated accordingto
the procedure used for the first layer of LaNiO,,.

Example 9A:
The procedure of example 9 is employed except that the Ni foil substrate of
example 1 is substituted for the SiO,/Si substrate.

Example 9B:
The procedure of example 9A is employed except that alumina is
substituted for the Ni foil substrate.

Example 9C:
The procedure of example 9A is employed except that cordierite is

substituted for the Ni foil substrate.

Example 9D:
The procedure of example 9A is employed except that Cu foil is substituted
for the Ni foil substrate.

Example 9E:
The procedure of example 9A is employed except that Pt foil is substituted
for the Ni foil substrate.

Example 9F:
The procedure of example 9 is employed except that Ba(Ti, , Mn,)O, where
x = 0.01 precursor solution of example 3 is substituted for the BaTiO; precursor

solution.
Example 9G:

The procedure of example 9F is employed except that the Ni foil substrate of
example 1 is substituted for the SiO,/Si substrate.
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Example 9H:
The procedure of example 9G is employed except that alumina is
substituted for the Ni foil substrate.

Example 91:
The procedure of example 9G is employed except that cordierite is
substituted for the Ni foil substrate.

Example 9J:
The procedure of example 9G is employed except that Cu foil is substituted
for the Ni foil substrate.

Example 9K:
The procedure of example 9G is employed except that Pt foil is substituted
for the Ni foil substrate.

The invention may be used to produce patterned thin films of, such as,
stoichiometric BaTiO, for use in avariety of multilayer capacitors and other devices.
Examples of such devices include but are not limited to standard multilayer
capacitors such as surface mount or embedded configuration capacitors; reverse
termination multilayer capacitors such as surface mount or embedded
configuration capacitors; floating, trim or same side termination electrode
multilayer capacitors such as for reduced ESR, greater capacitance precision or
high voltage devices; interdigitated multilayer capacitors; adjustable ESR
configuration capacitors such as those which have a designed resistivity material
as electrode; array multilayer capacitors such as surface mount or embedded
capacitors; EMI C filters such as surface mount, embedded, panel mount or
connector filters; EMI L, pi, T or multi-element filters such as cofired with an
inductor material, surface mount, embedded, panel mount or connector filters;
discoidal multilayer configuration capacitor such as panel mount or connector
tubular capacitor devices such as leaded devices; rolled foil capacitors such as

those similar to film or aluminum electrolytic configuration; embedded capacitor
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configurations such as embedded CLR or CL or CR device or the like and silicon

capacitor devices.
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Claims

1. A method of forming a microcontact printed layer of stoichiometric barium
titanate therein on a Ni foil substrate comprising,

reacting a Ba precursor solution with a Ti precursor solution to
produce a precursor solution suitable for producing stoichiometric barium
titanate,

applying the precursor solution onto a micro stamp that has a
predetermined pattern thereon to form a coated micro stamp,

compressing the coated micro stamp onto a Ni foil substrate to form a
pattern of the precursor solution on the Ni foil substrate,

drying the pattern,

pyrolyzing the pattern and

firing the pattern to produce a micro contact printed layer of

stoichiometric barium titanate on the Ni foil substrate.

2. A method of forming a microcontact printed layer of Ba(Ti, M,)O; where M
is a dopant thereof on to a Ni foil substrate comprising,

forming an M precursor solution where M is any of Mn, Y, Ho, Dy, Er,
Mg, Ca, Co or mixtures thereof,

forming a Ba precursor solution,

mixing the M precursor solution with the Ba precursor solution to
produce a blended solution,

reacting the blended solution with a Ti precursor solution to produce
a Ba(Ti, M,)O, precursor solution where 0.005 <x<0.02,

applying the Ba(Ti, . M,)O, precursor solution onto a micro stamp that
has a predetermined pattern thereon to form a coated micro stamp,

compressing the coated micro stamp onto a Ni foil substrate to form a
pattern of the Ba(Ti,,M,)O, precursor solution on the Ni foil substrate,

drying the pattern,

pyrolyzing the pattern and

firing the pattern to produce a micro contact printed layer of Ba(Ti,.
M,)O, on the Ni foil substrate.
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3. The method of claim 1 wherein the Ni foil substrate is any of annealed Ni
foil, virgin Ni foil and 99.99% pure Ni foil.

4. The method of claim 2 wherein the Ni foil substrate is any of annealed Ni

foil, virgin Ni foil and 99.99% pure Ni foil.

5. The method of claim 4 wherein M is Mn.

6. The method of claim 5 wherein x = 0.01.

7. A method of manufacture of a multilayer capacitor by microcontact printing
comprising,

forming a precursor solution of an electrode,

applying the precursor solution of the electrode onto a micro stamp
having a predetermined pattern to form a coated micro stamp,

compressing the coated micro stamp onto a Ni foil substrate to form a
pattern of the precursor solution of the electrode on the substrate,

heat treating the precursor solution of the electrode to produce a
crystallized layer of patterned electrode on the substrate,

forming a precursor solution of a dielectric material,

applying the precursor solution of the electrode onto a micro stamp
having a predetermined pattern to form a dielectric precursor material coated
micro stamp,

compressing the dielectric precursor material coated micro stamp
onto the patterned electrode to form a pattern of the dielectric precursor
solution on the patterned electrode,

applying the precursor solution of the electrode onto a micro stamp
having a predetermined pattern to form a coated micro stamp,

compressing the coated micro stamp onto the patterned precursor
solution of dielectric to form a multilayer monolith comprising a precursor
solution of dielectric on crystallized electrode and precursor solution of

electrode on the precursor solution of the dielectric, and
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heat treating the monolith to produce a multilayer capacitor.

8. A method of manufacture of a multilayer capacitor by microcontact printing
comprising,

forming a precursor solution of an electrode,

applying the precursor solution of the electrode onto a micro stamp
having a predetermined pattern to form a coated micro stamp,

compressing the coated micro stamp onto a SiO,/Si substrate to form
a pattern of the precursor solution of the electrode on the substrate,

heat treating the precursor solution of the electrode to produce a
crystallized layer of patterned electrode on the substrate,

forming a precursor solution of a dielectric material,

applying the precursor solution of the dielectric material onto a micro
stamp having a predetermined pattern to form a dielectric precursor material
coated micro stamp,

’ compressing the dielectric precursor material coated micro stamp
onto the patterned electrode to form a pattern of the dielectric precursor
solution on the patterned electrode,

applying the precursor solution of the electrode onto a micro stamp
having a predetermined pattern to form a coated micro stamp,

compressing the coated micro stamp onto the patterned precursor
solution of dielectric to form a multilayer monolith, and

heat treating the monolith to produce multilayer capacitor.

9. A method of manufacture of a multilayer capacitor comprising,

forming a precursor solution of a dielectric material,

applying the precursor solution of the dielectric on to a sapphire
single crystal substrate and spin casting the substrate having the precursor
solution of dielectric thereon,

heat treating the precursor solution to produce crystallized dielectric,

forming a precursor solution of an electrode material,

applying the precursor solution of electrode material onto the

crystallized dielectric and spin casting,
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heat treating the precursor solution of electrode material to produce a
layer of crystallized electrode material on the crystallized layer of dielectric
material,

applying the precursor solution of the dielectric on to the crystallized
electrode material and spin casting, and

heat treating to produce a multilayer capacitor.

10. A method of manufacture of a multilayer capacitor comprising,

forming a precursor solution of a dielectric material,

applying the precursor solution of the dielectric on to a Ni foil
substrate and spin casting the substrate having the precursor solution of
dielectric thereon,

heat treating the precursor solution to produce crystallized dielectric,

forming a precursor solution of an electrode material,

applying the precursor solution of electrode material onto the
crystallized dielectric and spin casting,

heat treating the precursor solution of electrode material to produce a
layer of crystallized electrode material on the crystallized layer of dielectric
material,

‘applying the precursor solution of the dielectric on to the crystallized
electrode material and spin casting, and

heat treating to produce a multilayer capacitor.

11. The method of claim 7 wherein the electrode is LaNiQ, and the dielectricis
BaTiO,.

12. The method of claim 8 wherein the electrode is LaNiO, and the dielectricis
BaTiO,.

13. The method of claim 9 wherein the electrode is LaNiO, and the dielectricis
BaTiQ,.
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14. The method of claim 10 wherein the electrode is LaNiO, and the dielectricis
BaTiO,.

15. The method of claim 7 wherein the electrode is LaNiO, and the dielectricis
Ba(Ti,.M,)O, where M is any of Mn, Y, Ho, or Dy, Er, Mg, Ca, Co, Sr, Zr or

mixtures thereof.

16. The method of claim 8 wherein the electrode is LaNiO, and the dielectricis
Ba(Ti,, M,)O, where M is any of Mn, Y, Ho, Dy, Er, Mg, Ca, Co, Sr, Zr or

mixtures thereof.

17.The method of claim 9 wherein the electrode is LaNiO, and the dielectricis
Ba(Ti,, M,)O, where M is any of Mn, Y, Ho, Dy, Er, Mg, Ca, Co, Sr, Zr or

mixtures thereof.

18. The method of claim 10 wherein the electrode is LaNiO, and the dielectricis
Ba(Ti,.M,)O, where M is any of Mn, Y, Ho, Dy, Er, Mg, Ca, Co, Sr, Zr or

mixtures thereof.

19. A method of manufacture of a multilayer capacitor comprising,

forming a precursor solution of an electrode material,

applying the precursor solution of the electrode material on to a
micro stamp to form a micro stamp coated with the precursor solution of
electrode,

compressing the coated micro stamp onto a SiO,/Si substrate to
produce a patterned layer of electrode precursor solution,

heat treating the electrode precursor solution to produce a patterned
electrode,

forming a precursor solution of dielectric and spin casting the
precursor solution of dielectric onto the patterned electrode,

heat treating the precursor solution of dielectric to produce

crystallized dielectric,
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applying a layer of the precursor solution of electrode on to a second
micro stamp to form a micro stamp coated with the precursor solution of
electrode material, '

compressing the second micro stamp coated with the precursor
solution of electrode material onto the crystallized dielectric to form a patterned
layer of electrode precursor solution on the crystallized dielectric, and

heat treating to produce a multilayer capacitor.

20.The method of claim 19 wherein the electrode is LaNiO, and the dielectric is
BaTiO,.

21.The method of claim 19 wherein the electrode is LaNiO, and the dielectric is
Ba(Ti, , Mn,)O, where x = 0.01.

22. A method of manufacture of a multilayer capacitor comprising,

forming a precursor solution of an electrode material,

applying the precursor solution of the electrode material on to a
micro stamp to form a micro stamp coated with the precursor solution of
electrode,

compressing the coated micro stamp onto a Ni foil substrate to
produce a patterned layer of electrode precursor solution,

heat treating the electrode precursor solution to produce a patterned
electrode,

forming a precursor solution of dielectric and spin casting the
precursor solution of dielectric onto the patterned electrode,

heat treating the precursor solution of dielectric to produce
crystallized dielectric,

applying a layer of the precursor solution of electrode on to a
second micro stamp to form a micro stamp coated with the precursor solution
of electrode material,

compressing the second micro stamp coated with the precursor
solution of electrode material onto the crystallized dielectric to form a patterned

layer of electrode precursor solution on the crystallized dielectric, and
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heat treating to produce a multilayer capacitor.

23.The method of claim 22 wherein the electrode is LaNiQ, and the dielectric is
BaTiQO,.

24. The method of claim 22 wherein the electrode is LaNiO, and the dielectric is
Ba(Ti, ,Mn,)O, where x = 0.01.

25. A method of forming a microcontact printed layer of Ba(Ti, . M,)O, where M
is a dopant thereof on to a substrate comprising,
forming an M precursor solution where M is any of Mn, Y, Ho, Dy, Er,
Mg, Ca, Co or mixtures thereof,
forming a Ba precursor solution,
mixing the M precursor solution with the Ba precursor solution to
produce a blended solution,
reacting the blended solution with a Ti precursor solution to produce
a Ba(Ti, ,M,)O, precursor solution where 0.005 <x<0.02,
applying the Ba(Ti, ,M,)O, precursor solution onto a micro stamp that
has a predetermined pattern thereon to form a coated micro stamp,
compressing the coated micro stamp onto a substrate selected from
the group consisting of Cu foil, alumina, cordierite, cordierite containing glass-
ceramics alumina containing glass-ceramics, and Si/Si0, to form a pattern of
the Ba(Ti, M,)O, precursor solution on the substrate,
drying the pattern,
pyrolyzing the pattern and
firing the pattern to produce a micro contact printed layer of Ba(Ti, ,M,)O,

on the substrate.

26. A method of manufacture of a multilayer capacitor by microcontact printing
comprising,
forming a precursor solution of an electrode,
applying the precursor solution of the electrode onto a micro stamp

having a predetermined pattern to form a coated micro stamp,
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compressing the coated micro stamp onto a substrate selected from
the group consisting of Cu foil, alumina, cordierite, cordierite containing glass-
ceramics alumina containing glass-ceramics, and Si/SiO, to form a pattern of
the precursor solution of the electrode on the substrate,

heat treating the precursor solution of the electrode to produce a
crystallized layer of patterned electrode on the substrate,

forming a precursor solution of a dielectric material,

applying the precursor solution of the electrode onto a micro stamp
having a predetermined pattern to form a dielectric precursor material coated
micro stamp,

compressing the dielectric precursor material coated micro stamp
onto the patterned electrode to form a pattern of the dielectric precursor
solution on the patterned electrode wherein the dielectric precursor material is
a precursor for stoichiometric barium titanate,

applying the precursor solution of the electrode onto a micro stamp
having a predetermined pattern to form a coated micro stamp,

compressing the coated micro stamp onto the patterned precursor
solution of dielectric to form a multilayer monolith comprising a precursor
solution of dielectric on crystallized electrode and precursor solution of
electrode on the precursor solution of the dielectric, and

heat treating the monolith to produce a multilayer capacitor.

27.A method of manufacture of a multilayer capacitor comprising,

forming a precursor solution of a dielectric material for stoichiometric
barium titanate,

applying the precursor solution of the dielectric on to a substrate
selected from the group consisting of Cu foil, alumina, cordierite, cordierite
containing glass-ceramics alumina containing glass-ceramics, and Si/Si0O, and
spin casting the substrate having the precursor solution of dielectric thereon,

heat treating the precursor solution to produce crystallized dielectric,

forming a precursor solution of an electrode material,

applying the precursor solution of electrode material onto the

,crystallized dielectric and spin casting,
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heat treating the precursor solution of electrode material to produce a
layer of crystallized electrode material on the crystallized layer of dielectric
material,

applying the precursor solution of the dielectric on to the substrate
and spin casting, and

heat treating to produce a multilayer capacitor.

28. A method of manufacture of a multilayer capacitor comprising,

forming a precursor solution of a dielectric material wherein the
dielectric precursor material is a precursor for stoichiometric barium titanate,

applying the precursor solution of the dielectric on to a substrate
selected from the group consisting of Cu foil, alumina, cordierite, cordierite
containing glass-ceramics alumina containing glass-ceramics, and Si/SiO, and
spin casting the substrate having the precursor solution of dielectric thereon,

heat treating the precursor solution to produce crystallized dielectric,

forming a precursor solution of an electrode material,

applying the precursor solution of electrode material onto the
crystallized dielectric and spin casting,

heat treating the precursor solution of electrode material to produce a
layer of crystallized electrode material on the crystallized layer of dielectric
material,

applying the precursor solution of the dielectric on to the crystallized
electrode material and spin casting, and

heat treating to produce a multilayer capacitor.
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FIG. 5

Thickness profile of LNO/BTO/LNO structure
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FIG. 6

Profile of the LN-BTO-LNO/SiO,/Si structure




WO 2007/053473 PCT/US2006/042094

5/5

e

#

M e g

-t

A,
b

it




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings

