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The present disclosure is in the field of electrical circuits and
particularly to circuits characterized by plural conductive
paths supported on a non-conductive substrate. The disclo-
sure relates to ceramic filler compositions and methods for
preparing said compositions. Further, the present disclosure
discloses tluoropolymer-ceramic filler compositions and
their laminates along with their respective methods for pre-
paring the same. Said fluoropolymer-ceramic filler coniposi-
tions provide for excellent properties for dielectric constant,
loss tangent and temperature coefficient of dielectric con-
stant. In addition, electrical substrate materials comprising of
a conductive outer layer supported on a thin sheet of insulat-
ing material is also disclosed.
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CERAMIC FILLED FLUOROPOLYMER
COMPOSITIONS, METHODS AND
APPLICATIONS THEREOF

TECHNICAL FIELD

[0001] The present disclosure is in the field of electrical
circuits and particularly to circuits characterized by plural
conductive paths supported on a non-conductive substrate.
The disclosure relates to ceramic filler compositions and
methods for preparing said compositions. Further, the present
disclosure discloses fluoropolymer-ceramic filler composi-
tions and their laminates along with their respective methods
for preparing the same. Said fluoropolymer-ceramic filler
compositions provide excellent propetties for dielectric con-
stant, loss tangent and temperature coefficient of dielectric
constant. In addition, electrical substrate materials compris-
ing of a conductive outer layer supported on a tlun sheet of
insulating material 18 also disclosed.

BACKGROUND AND PRIOR ART OF THE
DISCLOSURE

[0002] In the field of electrical circuits, manufacture of
dielectric laminates and microwave circuit performance, tem-
perature stability of the dielectric constant {TCK) is an impor-
tant parameter. The dielectric constant of high dielectric
ceramics changes with temperature. As a result, the effective
dielectric constant of the composites comprising of polymer
and ceramic filler also changes with temperature. The change
in temperature during circuit operation affects the electrical
properties of electronic components utilizing the composi-
tions, such as, for example, the operating frequency ofa patch
antenna. This may limit the usefulness of the electronic
devices, since they are only usable within limited temperature
ranges. In particular, the Qutdoor use may be unreliable.

[0003] This problem has so far been tried to be addressed by
several prior arts which disclose compositions of polymer
filled with more than one particulate ceramic material to
control the temperature coefficient of dielectric constant
{TCK). This approach is described in U.S. Pat. No. 5,358,775
wherein a high dielectric constant (KX =4}, low temperature
coefficient of dielectric constant (TCK =150 ppn/® C.) elec-
trical substrate material comprizsing a fluoropolymer filled
with Class 1 capacitor material such as barium neodymium
titanate together with secondary fillers such as silica and
alumina is disclosed. The same approach is extended in U.S.
Pat. No. 5,552,210 wherein, a high dielectric constant (K =5)
and comparatively low thermal coefficient (TCK <200 ppm/®
C.) polymeric composite matrix is disclosed using particulate
fillers such as titania, magnesia, alumina etc. incorporated in
the fluoropolymeric matrix to tune the dielectric propetties.
Further, high capacitance laminates made of thin films com-
prising polytetrafluoroethylene filled with large amounts of
dielectric filler (25 to 85 vol %), in which the films are plated
or clad with conductive material are disclosed in U.S. Pat. No.
4,996,007, The high dielectric fillers which are used include
TiQ,, BaTiO, or a Fetro-electric complex.

[0004] Temperature stable substrate materials have also
heen developed in the ceramic filled non-fluoropolymeric
hased systems which is disclosed in U.S. Pat. No. 5,223,568
wherein, a ceramic filler blend comprising of barivm nonoti-
tanate and silica is incorporated in the poly(l.2-butadiene)
liquid resin.
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[0005] A polymer composition having high dielecttic con-
stant has been disclosed in U.S. Pat. No. 5,739,193 which is
made from poly (phenylene sulfide) (PPS), a thermoplastic
polymer, filled with strontium titanate, barinm neodymmm
titanate, barium strontium titanate/magnesium zirconate etc.
as primary fillers and mica as the secondary filler material. In
addition, a polymeric composition having a dielectric con-
stant K >4 at 20° C. which varies little with temperature is
disclosed in U.S. Pat. No. 5,965,273 wherein, the polymeric
composition is made from a polymer or mixture of polymers
and a ceramic or a mixture of ceramics where the polymer or
mixture of polymers have K in the range of about 1.5 to about
3.5 and TCK which is negative and 13 between 0 and about
=300 ppm/® C. The polymer is selected from a group consist-
ing of poly(phenylene sulfide), cycloolefinic copolymer and
mixtures thereof filled with a first ceramic filler material
consisting of calcium zirconate, strontivm zirconate, CaTi-
SiQ,, PbZr(0,, zirconia and mixmures thereof, each having
dielectric constant in the range of about 15 to about 200 and
TCK >0 up to about 300 ppm/® C. and an optional second
ceramic filler comprising of one or more ceramic selected
from the group consisting of aluminum oxide, magnesium
titanate, mica, silicon dioxide, berylha, spinel and thoria each
having a dielectric constant in the range of about 15 and a
TCK =0 up to about 300 ppn/® C. However, the use of
secondary fillers which is used to control the TCK of the
composite system often adversely atfects fine control over
dielectric constant, homogeneity, rheology etc. of the com-
posite systems. This 15 the reason as to why such temperature
stable high dielectric thermoplastic composite systems {com-
prising secondary fillers) are not available in the open market
for commercial use.

[0006] Hence, there 1s still a need for better and improved
electrical composite substrates which possess extraordinary
properties such as high dielectric constant, low dielectric loss
and low temperature coefficient of dielectric constant.
[0007] The present disclosure aims at overcoming all the
aforesad drawbacks of the prior art.

STATEMENT OF THE DISCLOSURE

[0008] Accordingly, the present disclosure relates to
ceramic filler selected from a group consisting of calcium
strontium nonotitanate and calcium lanthanum titanate; a
method of obtaining ceramic filler selected from a group
consisting of calcium strontium nonotitanate and calcium
lanthanum titanate, said method comprising acts of: a) react-
ing (1) calcivm carbonate, strontium carbonate and titanium
dioxide to obtain mixture 1, or (ii) calcium carbonate, lantha-
num oXide and titanium dioxide to obtain a mixture 2, b)
subjecting the mixture 1 or mixture 2 to calcination to obtain
the ceramic filler, ¢) optionally, mixing the industrially
acceptable excipient to the ceramic filler and carrying out
silane coating on the ceramic filler; a composition comprising
fluoropolymer and ceramic filler, optionally along with
industrially acceptable excipient, wherein the ceramic filleris
selected from a group consisting of calcium strontivm non-
otitanate and calcium lanthanum titanate; a method of obtain-
ing a composition comprising fluoropolymer and ceramic
filler, optionally along with industrially acceptable excipient,
whierein the ceramic filler is selected from a group consisting
of calcium strontivm nonotitanate and calcivm lanthanum
titanate, said method comprising acts of mixing the fluo-
ropolymer and the ceramic filler, optionally along with the
industrially acceptable excipient to obtain the composition; a



US 2014/0162065 Al

laminate made of composition as clained above; a method of
obtaining a laminate as claimed above, said method compris-
ing acts of extruding, calendering and hot pressing the com-
position to obtain the laminate; and electrical substrate mate-
rial comprising the laminate as claimed above and at least one
layer of metal disposed on at least a portion of said electrical
substrate material.

BRIEF DESCRIPTION OF ACCOMPANYING
FIGURES

[0009] In order that the disclosure may be readily under-
stood and put into practical effect, reference will now be made
to exemplary embodiments as illustrated with reference to the
accompanying figures. The figures together with a detailed
description below, are incorporated n and form part of the
specification, and serve to further illustrate the embodiments
and explain various principles and advaatages, in accordance
with the present disclosure where:

[0010] FIG. 1 depicts the schematic representation of elec-
trical composite substrate of the present disclosure.

[0011] FIG. 2 depicts the Laser Raman Spectra of typical
2xCa0-x8r0-9T10, ceramic particulate fillers.

[0012] FIG. 3 depicts the Laser Raman Spectra of typical
Ca,. . La,,  TiOy; ceramic fillers.

[0013] FIG. 4 depicts the cross sectional SEM image of
typical hot pressed PTFE/2-xCaO-x8r0-9TiO./microfiber
glass composite substrate.

[0014] FIG. 5 depicts the temperature variation versus
dielectric constant (K} of a typical PTFE/2-xCaQ-xSrO-
9TiO,/microfiber glass composite substrates of the present
disclosure.

[0015] FIG. & depicts the comparison of the simulation
result of patch antennas vsing commercially available micro-
wave substrate having a dielectric constant of 2.2 and loss
tangent of 0.002 (A) and the high dielectric microwave sub-
strates (K=13) and loss tangent of 0.002 of the present dis-
closure (B).

[0016] FIG. 7 depicts the photograph of miniaturized patch
antenna fabricated using microwave composite substrate of
the present disclosure having a dielectric constant of 13 and
loss tangent of 0.002.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0017] The present disclosure relates to ceramic filler
selected from a group consisting of calcium strontium non-
otitanate and calcium lanthanum titanate.

[0018] In an embodiment of the present disclosure, the
calcium strontivm nonotitanate is represented by 2-xCaQ-
xSr0-9Ti0, wherein ‘x" ranges from about O to about 2,
preferably about 1.5 to about 1.9; and the calcium lanthanum
titanate 18 represented by Ca,_La,_ . TiQ; wherein x ranges
from about 0.01 to about 0.9, preferably about 0.05 to about
0.3.

[0019] In another embodiment of the present disclosure,
the ceramic filler has particle size ranging from about (.8 um
to about 5 pun, dielectric constant ranging from about 112 to
about 158 and loss tangent ranging from about 0.0001 to
about 0.0005,

[0020] The present disclosure further relates to a method of
obtaining ceramic filler selected from a group consisting of
calcium strontium nonotitanate and calcium lanthanum titan-
ate, sand method comprising acts of: a) reacting (i) calcium
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carbonate, strontium carbonate and titanium dioxide to obtain
mixture 1, or (i) calcium carbonate, lanthanum oxide and
titanium dioxide to obtain a mixture 2, b) subjecting the
mixture 1 or mixture 2 to calcination to obtain the ceramic
filler, ¢y optionally, mixing the industrially acceptable excipi-
ent to the ceramic filler and carrying out silane coating on the
ceramic filler.

[0021] In an embodiment of the present disclosure, the
calcium carbonate in mixture 1 is at a concentration ranging
from about 100 grams to about 187 grams, and in mixture 2 is
at a concentration ranging from about 80 grams to about 120
grams, the strontium carbonate in mixture 1 is at a concen-
tration ranging from about 130 grams to about 210 grams, the
lanthanum oxide in mixture 2 is at a concentration ranging
from about 105 grams to about 115 grams and the titanmm
dioxide in mixture 1 is at a concentration ranging from about
720 grams to about 900 grams, and in mixture 2 is at a
concentration ranging from about 75 grams to about 85
grams.

[0022] In another embodiment of the present disclosure,
the reacting further comprises ball milling for time period
ranging from about 20 hours to about 25 hours.

[0023] In vet another embodiment of the present disclo-
sure, the step (a) further comprises drying the mixture.
[0024] In still another embodiment of the present disclo-
sure, the calcination is carried out for cycles ranging from
about one to about three at temperature ranging from about
1140° C. to about 1260° C., and wherein the step (b) further
comprises cooling the composition at temperature ranging
from about 20° C. to about 30° C.

[0025] In still another embodiment of the present disclo-
sure, the industrially acceptable excipient is binder; and
wherein the binder 13 selected from a group comprising poly-
vinyl alcohol, polyethylene glycol or any combination
thereof.

[0026] The present disclosure further relates to a composi-
tion comprising fluoropolymer and ceramic filler, optionally
along with ndustrially acceptable excipient, wherein the
ceramic filler 15 selected from a group consisting of calcium
strontium nonotitanate and calcivm lanthanum titanate.
[0027] In an embodiment of the present disclosure, the
ceramic filler is coated with silane coupling agent in an
amount ranging from about 0.2 volume %6 to about 2 volume
%, and wherein the silane coupling agent is selected from a
group comprising phenyl trimethoxy silane, vinyl trimethoxy
silane, amino ethyl amino trimethoxy silane and a mixture of
phenyl trimethoxy silane and amino ethyl amino propyl tri-
methoxy silage or any combination thereof.

[0028] In another embodiment of the present disclosure,
the fluoropolymer is having concentration ranging from
about 30 volume percent to about 50 volume percent, the
ceramic filler is having concentration ranging from about 40
volume percent to about 60 volume percent, the ndustrially
acceptable excipient is having concentration ranging from
about 2 volume percent to about 6 volume percent.

[0029] In yet another embodiment of the present disclo-
sure, the composition possess dielectric constant ranging
from about 12 to about 16, loss tangent ranging from about
0.0018 to about 0.0036 and thermal coefficient of dielectric
constant ranging from about =51 ppm/® C. to about -831
ppv/® C.

[0030] In still another embodiment of the present disclo-
sure, the composition has particle size ranging from about 1

pm to about 5 pm.
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[0031] The present disclosure further relates to a method of
obtaining a composition comprising fluoropolymer and
ceramic filler, optionally along with industrially acceptable
excipient, wherein the ceramic filler 1z selected from a group
consisting of calcium strontium nonotitanate and calcium
lanthanum titanate, said method comprising acts of mixing
the fluoropolymer and the ceramic filler, optionally along
with the industrially acceptable excipient to obtain the com-
position.

[0032] In an embodiment of the present disclosure, the
calcium strontivm nonotitanate is represented by 2-xCaQ-
xSr()-9Ti0,, wherein x ranges from about 0 to about 2, pref-
erably about 1.5 to about 1.9; and the calcium lanthanum
titanate is represented by Ca, La, . TiO,, wherein X ranges
from about 0.01 to about 0.9, preferably about 0.05 to about
0.3.

[0033] In another embodiment of the present disclosure,
the fluoropolymer is selected from a group comprising poly-
tetrafluoroethylene, hexafluoropropene, tetrafluoropolyeth-
vlene and perfluoroalkylvinyl ether or any combination
thereof, preferably polytetratiuoroethylene, and the industri-
ally acceptable excipient is glass tiber.

[0034] In vet another embodiment of the present disclo-
sure, the glass fiber is selected from a group comprising
microglass fiber, alkali free E-glass fiber and alkali free
S-glass fiber or any combination thereof.

[0035] In still another embodiment of the present disclo-
sure, the fluoropolymer is having concentration ranging from
about 30 volume percent to about 50 volume percent, the
ceramic filler 1s having concentration ranging from about 40
volume percent to about 60 volume percent, the industrially
acceptable excipient is having concentration ranging from
about 2 volume percent to about 6 volume percent.

[0036] In still another embodiment of the present disclo-
sure, the mixing is carried out in sigma mixer at speed ranging
from about 80 rpm to about 120 rpm and time-period ranging,
from about 1 hour to about 2 hours.

[0037] The present disclosure further relates to a laminate
made of composition as claimed above.

[0038] The present disclosure further relates to a method of
obtaining a laminate as claimed above, said method compris-
ing acts of extruding, calendering and hot pressing the com-
position to obtain the laminate.

[0039] In an embodiment of the present disclosure, the
extrusion is carried out with a ram extruder at pressure rang-
ing from about 110 kg/cm? to about 170 kg/cm?, the calen-
dering is carried out by passing the composition between
rollers at speed ranging from about 20 rpm to about 60 rpm,
and the hot pressing is carried out in a die at temperature
ranging fromabout 330° C. to about 380° C., pressure ranging,
from about 110 kg/cm? to about 180 kg/cm? and time period
ranging from about 8 hours to about 20 hours.

[0040] The present disclosure further relates to electrical
substrate material comprising the laminate as claimed above
and at least one layer of metal disposed on at least a portion of
said electrical substrate material.

[0041] The present disclosure relates to electrical circuits
and particularly to circuits characterized by plural conductive
paths supported on a non-conductive substrate. More specifi-
cally, this disclosure is directed to the manufacture of dielec-
tric laminates comprising of a conductive outer layer sup-
ported on a thin sheet of insulating material.

[0042] A high dielectric constant and low loss ceramic
filled fluoropolymer based substrate materials are disclosed.
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The disclosure further relates to the preparation of said lugh
dielectric constant and low loss proprietary ceramic filler
materials, wherein the hydrophilic nature of the filler mate-
rials 18 converted to hydrophobic properties tlirough silane
coating. The overall compositions comprising fluoropolymer
and filler material are prepared through Sigma Mixing, Extru-
sion, Calendering and Hot pressing (SMECH) processes. The
flexible composite substrates thus obtained have dielectric
constants of about 11 to about 135, dielectric loss of about
0.0018 to about 0.0036 and temperature coefficient of dielec-
tric constant of about -51 to about -831 ppny® C. In an
enibodiment, the flexible composite substrates have dielectric
constants of about 12 to about 16, preferably 15; dielectric
loss of about 0.0019 to about 0.0030, preferably 0.002 and
temperature coefficient of dielectric constant of about =25 to
about 400 ppm/® C., preferably 420 ppm/® C. Said composites
are copper cladded through vacuum lamination and/or elec-
troless plating followed by electroplating and are ideally
suited for printed circuit boards (PCBs). The resulting PCBs
exhibit improved electrical performance in terms of dielectric
constant and temperature coeflicient of dielectric constant
over existing printed circuit boards.

[0043] In an embodiment of the present disclosure, a
ceramic filled fluoropolymeric composite having dielectric
constant greater than 14 and a loss tangent less than 0.0023
with little change in dielectric constant with respect to tem-
perature (of about 0-100° C.) is disclosed. A dielectric con-
stant of greater than 1013 particularly desirable in such mate-
rials for reducing the circuit size. It is also important that the
PCB substrate materials exhibit a low thermal coefticient of
dielectric constant {TCK) together with high dielectric con-
stant {K). The dielectric properties of thin laminates disclosed
in the present disclosure are measured in the X-band fre-
quency region using waveguide cavity perturbation tech-
nique.

[0044] In another embodiment of the present disclosure, a
flvoropolymer containing composite material is disclosed.
The composite materials further comprizse about 30 to 60
volume % of ceramic filler material with respect to the weight
ofthe composite material, to tailor the dielectric properties of
the final circuit laminates. The ceramic filler material is uni-
formly distributed in fluoropolymeric matrix through
SMECH process. The composite also coatains about 2 to 6
volume % of microfibre glass for reinforcement purpose. Said
composite material exhibits a dielectric constant (K) up to 15
and a TCK of less than 200 ppm/°® C.

[0045] In another embodiment of the present disclosure,
the fluoropolymer matrix of the composite material com-
prises any fluoropolymer that exlubits a low dielectric con-
stant (K=1.8-4.2), low loss (tan 6=0.01-0.0003) and relatively
high service temperature {about 50-280° C.). In still another
enibodiment, the fluoropolymer having dielectric constants
of about 1.8 to about 2.55, preferably 2.1; dielectric loss of
about 0.005 to about 0.0002, preferably 0.0003 and service
temperature of about 207 C. to about 280° C., preferably up to
2507 C. is chosen. Polytetrafluoroethylene {PTFE), hexafluo-
ropropene (HEP), tetrafluoropolyethylene (TFE), and pet-
fluoroalkylviny] ether (PAVE) are some of the examples of
suitable fluoropolymer matrix materials. In a preferred
embodiment, Polytetratluoroethylene (PTFE) is the fluo-
ropolymer matrix material.

[0046] In yet another embodiment of the present disclo-
sure, the ceramic filler material of the present disclosure
comprises hydrophobic pliase pure 2-xCaQ-x8¢0-9Ti0, and



US 2014/0162065 Al

Ca, [La, ,Ti0, ceramic fillers with particle size ranging
from about 0.8 wm to about 5 um. In still another embodiment,
the present disclosure comprises ceramic fillers with particle
si1ze of about 0.8 pm to about 10 pm, preferably 5 pm. In a
preferred embodiment, 2-xCaQ-xSrQ-9T10, filler material in
the composition is found to be particularly suitable owing to
its high dielectric constant (K=117-160) and low loss tangent
{tan §=0.0001-0.0005). In still another embodiment, the
ceramic filler of the present disclosure has dielectric constant
of about 120 to about 160, preferably 156 and loss tangent of
about 0.0001 to about 0.0003, preferably 0.00015.

[0047] In another embodiment of the present disclosure,
the ceramic filler is coated with a silane coating material
which renders the surface of the filler hiydrophobic thereby
precluding undesirable water absorption into the composite
substrates. The silane coatings also contribute unexpected
improvements to substrate/copper adhesion, strength and
dimensional stability. In the present disclosure, the ceramic
filler is coated with silane coupling agent in an amount rang-
ing from about 0.2 volume % to about 2 volume % and the
silane coupling agents are selected from a group of p-chlo-
romethyl phenyl trimethoxy silane, amino ethyl amino tri-
methoxy silane and a mixture of phenyl trimethoxy silane and
amino ethyl amino propyl trimethoxy silane. In still another
embodiment, the preferred silane coupling agents are vinyl
trimethoxy silane and phenyl trimethoxy silane and are
present in an amount ranging from about (.5 volume % to
about 2.5 volume %, preferably 2 volume %.

[0048] In still another embodiment of the present disclo-
sure, the inorganic filler patticles comprize of about 30 to 70
volume % of the composite material of the present invention.
In a preferred embodiment, the weight of the inorganic filler
particles ranges from about 35 volume % to about 65 volume
% of the composite matetial of the present disclosure, pref-
erably 48 volume %. In a preferred embodiment, composition
of the present disclosure comprises from about 40 volume %o
to about 65 volume % of the inorganic filler material prefer-
ably 50 volume %.

[0049] Additional embodiments and features of the present
disclosure will be apparent to one of ordinary skill in art based
upon description provided herein. However, the examples
and the figures should not be construed to limit the scope of
the present disclosure.

Materials Used for Arriving at the Examples of the Instant
Disclosure:

[0050] PTFE powder sold by M/s. Hindustan Fluorocarbon
Limited, Hyderabad, India under the trade name H71 A is
vsed. Microfiber glass is obtained from M/s Binani glass,
Goa, India. JD1 grade copper foils are obtained from M/s
Gould Electronics, Germany. M/s. Shipley, Germany make
chemical solutions are used for the electroless and electro-
plating processes.

Examiple 1

Preparation of Ceramic Filler Compositions

[0051] (a) The ceramic filler compositions, calcium stron-
tium nonotitanate [2-xCa0-x5r0-9TiQ, (0=x<2)] system are
prepared by allowing to react high purity calcium carbonate
{CaCQ,), strontium carbonate (SrCO,) and titanivm dioxide
(Ti0,) powder through the solid state ceramic route. The
powders are weighed according to the stoichiometry
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(CaCO,=100 gm-187 gm, SrCO,=130 gm-210 gm,
Ti0,=720 gm-900 gm), ball milled for about 20 hours-25
hours in distilled water medium in a polypropylene bottle
using zirconia balls. The mixture is dried and calcined at
temperature of about 1140° C. to about 1260° C. by single or
repeated calcination for ditferent durations and cooled to
room temperature {of about 20° C.-30° C.). The calcined
powder is ground well and about 5 wt, % Polyvinyl alcohol
(PVA) 1s added as the binder, dried and subsequently ground.
The resultant powder 1s uniaxially pressed n cylindrical
shape having a diameter of about 9 mm-16 mm and height of
about 5 mm™'° mm, suitable for microwave measurement.
The sintering of the cylindrical compact is carried out at
different temperatures ranging from about 1350° C.-1400° C.
The sintered samples are polished well to avoid any surface
irregularities and are used for structural and dielectric prop-
erty measurements. The low frequency (<13 MHz) dielectric
properties of the prepared ceramic filler samples are mea-
sured using an impedance analyzer. Highly conducting silver
paste is applied on both surfaces of the sintered ceramic
compacts and copper leads are fixed on both sides for the
dielectric constant measurements. The microwave dielectric
constant is measured using Hakki & Coleman dielectric post
resonator method wherein, the resonator is placed between
two gold coated copper plates and microwave energy is
coupled through E-field probes to excite various resonant
modes. TE,,;, mode is selected carefully from the resonant
spectrum for the dielectric constant measurements. The end
members of ceramic fillers have a dielectric constant of 117
and 158 with a loss tangent of 0.0001 and 0.0005 respectively
for Ca and Sr compositions.

[0052] (b) In another embodiment, the ceramic filler com-
positions, calciom lagthanum  titanate [Ca, La, Ti0,
(0.05=x=0.3)] system are prepared by allowing to react lugh
purity calcium carbonate (about 80 gm-120 gm), lanthanum
oxide (about 105 gm-115 gm) and titanium dioxide (about 75
gm-85 gm) powders through the solid state ceramic route
similar to the process described in example 1{a}). The mixture
is calcined at a temperature of about 1150° C.-1250° C. and
sintered at about 13007 C.-1400° C. The sintered samples are
polished well to avoid any surface irregularities and are used
for structural and dielectric property measurements. The low
frequency (<13 MHz) dielectric properties of the prepared
ceramic filler samples are measured using an impedance ana-
lyzer. Highly conducting silver paste is applied on both sur-
faces of the sintered ceramic compacts and copper leads are
fixed on both sides for the dielectric constant measurements.
The microwave dielectric constant is measured nsing Halda
& Coleman dielectric post resonator method wherein, the
resonator is placed between two gold coated copper plates
and microwave energy 1s coupled through E-field probes to
excite various resonant modes. TE,,,, mode is selected care-
fully from the resonant spectrum for the dielectric constant
measurements. The end members of ceramic fillers have a
dielectric constant of 120 and 145 with a loss tangent of
0.0008 and 0.0001 respectively for La and Ca compositions.
[0053] FIGS. 2 and 3 depict the Laser Raman Spectra of the
typical ceramic particulate fillers of the present disclosure.

Example 2

Preparation of Fluoropolymer-Ceramic Filler
Coniposites
[0054] A series of composites comprising of polytetrafluo-
roethylene (PTFE), 2-xCaO-x8¢0-9T10, (1=x<2) and alkali
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free E-glass fiber (microfiber glass) are made. Theoretical
modeling (based on the modified Lichtenecker-Rother
approach)}is employed to arrive at the desired composite ratio
(for example, PTFE=60-80 gms, 2-xCaO-xSr0-9Ti0,
(l=x=2)=120-136 gms, Microfiber glass=4-8 gms, Lubn-
cant=124-160 ml) which provides the required dielectric
properties. Being a leterogeneous system, the effective
dielectric constant of the ceramic filled PTFE composites is
predicted using modified Lichtenecker-Rother approach
{Equation 1) by judiciously accounting the depolarization of
the particulate filler, shape factor, the effect of interface
region, ceramic-ceramic connectivity and other similar fac-
tors.

2, Equation 1
loge, = vilogey + vyl —leog{f] (Equation 1]
£

where v, v,,, are the volume fractions and €, <, are the
dielectric constant of the filler and matrix respectively, kis the
fitting factor and €, 1s the effective dielectric constant of the
composite.

[0055] Inan exemplary embodiment, dimensionally stable
ceranmic filled PTFE laminates of the present disclosure are
prepared through Sigma Mixing, Extrusion, Calendering fol-
lowed by Hot pressing (SMECH ) process. Inthe said process,
the starting materials {PTFE, ceramic filler and microfiber
glass) are initially mixed well (for example, PTFE=60-80
gms, 2-xCa0-x5r0-9Ti0, {1=x=2)=120-136 gms, Microfi-
ber glass=4-8 gms) in the presence of a lubricant preferably
D1 propylene Glycol (about 124-160 ml) through sigma mix-
ing. Said mixing of the ingredients is performed in a Sigma
Mixer having counter rotating blade rotating at about 80-120
rpm for about 1 to 2 hours. The finely mixed dough at this
stage has an average particle size ranging from about 2 to 5
(un which is measured using a particle size analyzer. The said
mixed dough is then subjected to paste extrusion at a pressure
of about 110-170 kg/cm? using a ram extruder to obtain pre-
forms of size of about 4 to & cm{width)x2 mm to 4 mm
(thick). The preforms thus obtained are calendered by passing
the petrforms through the rollers of a calendering machine
which has an rpm ratio of about 1:1.2 (roller speed of about 20
to 60 rpm) for imparting better shear force. Greentapes of less
than 100 pm having uniform filler distribution are calendered
without having pinholes. The calendered tapes are stacked
one over the other and placed inside the stainless steel die for
Lot pressing at temperature ranging from about 330° C. to
about 380° C., pressure ranging from about 110 Kg/cm? to
about 180 Kg/cm? and for a time period of about 8-20 hours
to obtain pore free and dimensionally stable laminates having
desired final thickness {about 625 to 1600 wm thick and a
width ranging from about 150 to 200 mm). The processes
sigma mixing, extrusion and calendering ensure uniform dis-
tribution of the filler in the PTFE matrix, whereas, hot press-
ing of the stacked calendered tapes inside stainless steel die
results in homogeneous and dimensionally stable PTFE lami-
nates.

[0056] Wlule preferred embodiments have been shown and
described, various modifications and substitutions may be
made thereto without departing from the spirit and scope of
the present disclosure. Accordingly, it is to be understood that
apart from polytetrafluoroethylene (PTFE), other fluoropoly-
mers including but not limiting to hexa fluoropropene (HFP),
tetrafluoroethylene (TFE), and perfluoro alkyl vinyl ether
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(PAVE) can be made use by a person of average skill in the art
to prepare electrical composite substrates having the ceramic
fillers of the present disclosure. Such replacement of one
known fluoropolymer with another fluoropolymer 13 within
the scope of the present disclosure and does not require any
extraordinary technical effort.

[0057] In another embodiment of the present disclosure,
the bare hot pressed composite substrates thus obtained are
chemically etched to obtain better adhesion to metal surfaces.
The PTFE/ceramic substrates are chemically etchied using
sodium naphthalate based etchant solution. The etchant solu-
tion prepared by dissolving naphthalene {about 10-15 wt %)
in moisture free tetra hydrofuran (about 80 to 90 wt %) and
subsequently adding about 1-4 wt % of metallic sodium.
Sodium takes about 3-4 hours to react completely, resulting in
the formation of a black coloured etchant solution, The PTFE/
ceramic substrates are immersed in the above prepared
sodium naphthalene based etching solution for about 0.5
minutes to about 2 minutes and then washed thoroughly with
acetone followed by drying for about | hour to about 2 hours.
Post etching, copper foils are vacuum laminated to the surface
of the flat composites. Alternately, the metallic conductor
layer over the composite substrates are build up through elec-
troless and electroplating processes. The electroless plating
followed by electroplating is done for the chemically etched
substrate as follows: the chemically etched PTFE/ceramic
substrate is dipped in the Cleaner conditioner {about 95% DI
water and about 5% Cleaner conditioner 3233) bath for about
10x1 minutes at about 43+3° C. followed by rinsing with
water for about 20-40 seconds at room temperature {about
20° C.-30° C.). Then, the sample is pre-activated by immers-
ing in a pre-activator bath [CATAPOSIT PRE-DIP 404] at
room tempetature of about 20° C.-30° C. for a time-period of
about 2 to 3 howurs followed by rinsing with water. The pre-
activated sample is now again immersed in an activator bath
(CATAPOSIT PRE-DIP 404 and CATAPOSIT 44) for about
5 to 10 minutes at about 40 to 45° C. followed by thorough
water rinse. The pre-activated sample is now subjected to
electroless copper plating on activated substrate using CIR-
CUPQOSIT EL COPPER 3330 M, CIRCUPOSIT EL 3330 A
and CIRCUPOSIT EL COPPER 3350 B for about 20 to 30
minutes at temperature ranging from about 40 to about 45° C.
The electroless plated substrate is then rinsed thoroughly with
water for about 10-20 minutes. On the other hand, electro-
plating process is carried out in a standard electroplating bath
@ about 0.5 micrometer/minute.

[0058] The FIG. 1 represents filled fluoropolymeric circuit
laminate of the present disclosure (denoted as 10). 12 repre-
sents the dielectric composite laminate placed between the
copper conducting layers {represented by 14 and 16).

[0059] FIG. 4 depicts the cross sectional SEM image of hot
pressed composite substrates of the present disclosure. The
cross section micrograph of the composite substrate shows
uniform distribution of filler in the PTFE matrix. Also, dense
microstructure together with good filler/matrix interface can
be observed in the SEM Picture. Further, FIG. 5 further
depicts the temperature variation of dielectric constant (TCK )
of temperature stable composite substrates of the present
disclosure. The figure showcases that the composite sub-
strates of the present disclosure are stable at a temperature of
about 0° C, to about 100° C.

[0060] FIG. 6 shows a comparison between simulation
result of patch antenna using commercially available micro-
wave substrate having dielectric constant of 2.2 and loss
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tangent of 0.002 & lugh dielectric substrates (K=13) of the
present disclosure. The figure shows that the patch antenna
made using the composite substrate of the present disclosure
is considerably less in size compared to the one fabricated
using commercially available substrates.

[0061] FIG. 7 shows a photograph of miniaturized patch
antenna fabricated vsing the composite substrate of the
present disclosure having a dielectric constant of 13 and loss
tangent of 0.002.

Example 3

Properties of PTFE-Ceramic Filler Composites

[0062] (a) PTFE-2-xCa0-xSrQ-9Ti0, Composites PTFE-
2-xCa0-x8r0-9TiQ, composite samples (Sample A) are pre-
pared using 33.5 gms of xCaO-ySr(0-9Ti0, (0.5=x=0.7,
1 5=y=1.3)filler, 15.5 gms of PTFE, 1 gm of micro fiber glass
{E-glass) and 0.5 ml of Poly acrylic acid (surfactant). The
constituents are mixed well and the circuit laminates are
prepared through SMECH process as described in Example 2.
[0063] PTFE-2-xCaO-xSrQ-9TiO, (Sample B) is prepared
using 33.5 gms of calcm strontium titanate xCaO-ySrO-
9Ti0, (0=x=0.2, 1.8=y=2) filler, 15.5 gms of PTFE, 1 gm of
micro fiber glass and 15 ml of lubricant (D4 propylene Gly-
col). Further, sample C is prepared using 2SrQ-9Ti0, and
with the same filler to PTFE ratio (i.e. 33.5 gms of 25r0-
9TiO, and 15.5 gms of PTFE) under the same conditions. In
an embodiment, the microwave dielectric properties of the
samples obtained are measured in the X-band region using
waveguide cavity perturbation technique and the results are
given n table 1. In the X-band waveguide cavity perturbation
techmique, the frequency (f.) and quality factor () of each
resonant modes of the empty cavity is measured first. Then
the sample is introduced in to the cavity and each resonant
mode is perturbed. The sample inside the cavity i3 moved
within the cavity to get maximum deflection of the resonant
mode from the initial position. The resonant frequency (f) and
quality factor (Q,) at maxinmum perturbed position are noted.
Using these valuves the real and imaginary parts of dielectric
constant is calculated vsing Equations 2 and 3.

{Equation 2)

. Je— KV,
=1+ 7, [\—;)

{Equation 3

"

= %[QQ_QQ]

TABLE 1

Microwave dielectric propenties of PTFE
2-xCa0—x8rD—YTiO/E-plass composite systerm

Sample K tanf TCK(ppmi= C.)
A 14.6 00018 =31
B 142 00021 =232
C 158.2 00022 —154

[0064] The ahove table 1 illustrates that different samples
of PTFE/2-xCa(-x5r0-9Ti0, composites exhibit excellent
dielectric constant, loss tangent and thermal coefficient of
dielectric constant results which 13 in the range of about
14-16, 0.0018-0.0022 and -51 to =159 respectively. There-

Jun, 12, 2014

fore, the composites prove to be wmproved and excellent
materials for electrical applications.

{(b) PTFE-Ca,_La,, . TiO, Composites Composites of poly-
tetraflucroethylene (PTFE), Ca, La,, . TiO, (x=0.1) and
alkali free microfiber glass fiber are prepared via. SMECH
process as described in Example 2. Sample A is prepared by
blending 30.69 gms of PTFE with 66.33 gms of Ca,_La,.,
sTi0, and 1.98 gms of microfiber glass. The constituents are
mixed well and circuit laminates are prepared through the
SMECH process. The same processes are repeated with 67.55
egmofCa, lLa, ,Ti0, (x=0.12),30.8% gm of PTFE, and 1.46
gms of microfiber glass for sample B and 69.42 gm of Ca,,
«La, ,Ti0, (x=0.9), 29.32 gm of PTFE, and 1.26 g of
microfiber glass for sample C respectively.

[0065] The microwave dielectric properties of the lami-
nated composite substrates are measured in the X-band
region using waveguide cavity perturbation technique and
results are compiled in Table 2.

TABLE 2

Microwave dielectric properties of

PTFE/Ca, La, 1TiO:F-olass fiber composite systermn

Sample K tand TCK tpp™ )
A 12.8 0.0028 -480
B 13.8 0.0031 -623
C 14.6 0.0036 —§31
[0066] The above table 2 illustrates that ditferent samples

of PTFE/Ca, La, . TiQ, composites exhibit excellent
dielectric constant, loss tangent and thermal coefficient of
dielectric constant results which is in the range of about 12 to
15, 0.0028 to 0.0036 and -480 to -831 respectively. There-
fore, the composites prove to be improved and excellent
materials for electrical applications.

[0067] Inan embodiment of the present disclosure, the *x*
values of calcium strontium nonotitanate {2-xCaO-xSrO-
9Ti0,) range from about 0 to about 2, preferably about 1.5 to
about 1.9 and the ‘x’ valves of calcivm lanthanum titanate
(Ca,_La, ,Ti0,) range from about 0.01 to about 0.9, pref-
erably about 0.05 to about 0.3

Example 4

Comparative Study of Fluoropolymer-Filler
Composites of the Present Disclosure with Currently
Available Composites

[0068] Table 3 provides a comparative data showcasing the
advantages of the composite material of the present disclo-
sure with respect to the currently available materials.

TABLE 3

Comparative stuly of various composite materials-

Temperature
Dielectric Loss coefficient of
constant tangent dielectric
Composite (€, (tan &) constant (v,,)
systern at 10 GHz at 10 GHz (ppmd® C.)
RT/dureid 6010 102 =025 00023 =425
ROF010 T 10.2 20,30 00G22 =250
RO3210 T 10.2 £ 0.30 00027 —434
Thib101 9.8 20,245 G2 -43
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TABLE 3-continued

Comparative study of vanous composite materials-

Temperature

Dielectric Loss coefficient of

constant tangent dielectric
Composite (€} (tan &) constant (¥,
system at 10GHz at 10 GHz (ppmi C.)
AD 1000 10,2 =030 00023 =380
Fluoropolymer-Filler 14.6 = (.30 0.001% =51to =831
Compaosites of the

present disclosure

[0069] As observed from the above table, the composite
material of the present disclosure is superior in all the prop-
erties such as dielectric constant, loss tangent, temperature
coeflicient of dielectric constant and temperature stability
and is able to successfully overcome the various drawbacks to
provide for improved products when compared to the cur-
rently available materials. In other words, the major advan-
tages showcased by the composite substrates of the present
invention involves the size reduction of microwave antennas
and circuits because of the lugh dielectric constant wluch 1s
stable with varying temperature when compared to commer-
cially available materials. For example, miniaturized patch
antennas can be deployed in space which reduces the payload
in satellites. In addition, low temperature coefficient of
dielectric constant of the present compuosites enable them to
use for various outdoor wireless applications.

[0070] The composite materials of the present disclosure
can be employed in numerous electrical applications such as
printed circuit boards (PCBs), wireless communication appli-
cations such as mobile base station applications, patch anten-
nas, satellite communications, wireless cable TV and local
loop antenna systems. The composite substrates can also be
vsed for GPS, filters and couplers, ground radar surveillance
systems, power amplifiers, low noise amplifiers and collision
avoidance system and many other applications.

[0071] In coaclusion, the present disclosure introduces
fluoropolymer-filler substrate materials having high dielec-
tric constant and low loss. The preparation of high dielectric
and low loss proprietary ceramic filler materials, wherein the
hydrophilic nature of the filler materials is converted to
liydrophobic properties through silane coating is also dis-
closed. The overall substrate materials comprising tluo-
ropolymer and filler material are prepared through Sigma
Mixing, Extrusion, Calendering and Hot pressing (SMECH)
processes. The flexible composite substrates thus obtained
have high dielectric constants of 11 to 15, dielectric loss of
0.0018 to 0.002 and temperature coeflicient of dielectric con-
stant of =51 to =678 ppm/T. PCBs comprising these substrate
materials exlubit improved electrical performance in terms of
dielectric constant, loss and temperature coefficient of dielec-
tric constant over existing printed circuit boards.

1-24. (canceled)

25. Ceramic filler selected from a group consisting of cal-
cium strontinm nonotitanate and calcinm lanthanum titanate.

26. The ceramic filler as claimed in claim 25, wherein the
calcium strontium nonotitanate is represented by 2-xCaO-
xSr()-9Ti0, wherein x ranges from about 0 to about 2, pref-
erably about 1.5 to about 1.9; and the calcium lanthanum
titanate is represented by Ca, La,. TiO); wherein x ranges
from about 0.01 to about 0.9, preferably about 0.05 to about
03
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27. The ceramic filler as claimed in claam 25, wherein the
ceramic filler has particle size ranging from about (.8 ym to
about 5 pm, dielectric constant ranging from about 112 to
about 158 and loss tangent ranging from about 0.0001 to
about 0.0005.

28. A method of obtaining ceramic filler selected from a
group consisting of calcivm strontivm nonotitanate and cal-
cium lanthanum titanate, said method comprising acts of:

a) reacting;

1. calcium carbonate, strontium carbonate and titanium diox-
ide to obtain mixture 1; or

ii. calcium carbonate, lanthanum oxide and titanivm dioxide
to obtain a mixture 2,

b} subjecting the mixture 1 or mixture 2 to calcination to

obtain the ceramic filler;

c) optionally, mixing the industrnally acceptable excipient
to the ceramic filler and carrying out silane coating on
the ceramic filler.

29. The method as claimed in claum 28, wherein the cal-
cium carbonate in mixture 1 is at a concentration ranging
from about 100 grams to about 187 grams, and in mixture 2 is
at a concentration ranging from about 80 grams to about 120
grams, the strontium carbonate in mixture 1 is at a concen-
tration ranging from about 130 grams to about 210 grams, the
lanthanum oxide in mixture 2 is at a concentration ranging
from about 1035 grams to about 115 grams and the titanium
dioxide in mixture 1 is at a concentration ranging from about
720 grams to about 900 grams, and in mixture 2 is at a
concentration ranging from about 75 grams to about 85
grams.

30. The method as claimed in claim 28, wherein the react-
ing further comprises ball milling for time period ranging
from about 20 hours to about 25 hours.

31. The method as claimed inclaim 28, wherein the step (a)
further comprises drying the mixture.

32. The method as claimed in claim 28, wherein the calci-
nation is carried out for cycles ranging from about one to
about three at temperature ranging from about 1140° C. to
about 1260° C., and wherein the step (b) further comprises
cooling the composition at temperature ranging from about
20° C. to about 307 C.

33. The method as claimed in claim 28, wherein the indus-
trially acceptable excipient is binder; and whetein the binder
15 selected from a group comprising polyvinyl alcohol, poly-
ethylene glycol or a combination thereof.

34. A composition comprising fluoropolymer and ceramic
filler, optionally along with industrially acceptable excipient,
wherein the ceramic filler is selected from a group comprising
of calcium strontium nonotitanate and calcium lanthamim
titanate.

35. The method as claimed in claim 28 and the composition
as claimed in claim 34, wherein the ceramic filler is coated
with silane coupling agent 1 an amount ranging from about
0.2 volume % to about 2 volume %, and wherein the silane
coupling agent is selected from a group comprising phenyl
trimethoxy silane, vinyl trimethoxy silane, amino ethyl
amino trimethoxy silane and a mixture of phenyl trimethoxy
silane and amino ethy] amino propy] trimethoxy silane or any
combination thereof.

36. The composition as claimed in claim 34, wherein the
fluoropolymer is having concentration ranging from about 30
volume percent to about 30 volume percent, the ceramic filler
15 having concentration ranging from about 40 volume per-
cent to about 60 volume percent, the industrially acceptable



US 2014/0162065 Al

excipient 1s having concentration ranging from about 2 vol-
ume percent to about 6 volume percent.

37. The composition as claimed in claim 24, wherein the
composition has particle size ranging from about 1 pm to
about 5 pun; and wherein the composition possess dielectric
constant ranging from about 12 to about 16, loss tangent
ranging from about 0.0018 to about 0.0036 and thermal coef-
ficient of dielectric constant ranging from about -51 ppm/° C.
to about -831 ppm/° C.

38. The composition as claimed in claim 34, wherein said
composition is obtained by a method comprising acts of mix-
ing the fluoropolymer and the ceramic filler, optionally along
with the industrially acceptable excipient to obtain the com-
position.

39. The composition as claimed in claim 34, wheren the
calcium strontivm nonotitanate is represented by 2-xCaQ-
xSr()-9Ti0,, wherein x ranges from about 0 to about 2, pref-
erably about 1.5 to about 1.9; and the calcium lanthanum
titanate is represented by Ca, La, . TiO,, wherein X ranges
from about 0.01 to about 0.9, preferably about 0.05 to about
0.3.

40. The composition as claimed in claim 34, wherein the
fluoropolymer 1s selected from a group comprising polytet-
rafluoroethylene, hexafluoropropene, tetrafluoropolyethyl-
ene and perfluoroalkylvinyl ether or any combination thereof,
preferably polytetrafluoroethylene, and the industrially
acceptable excipient is glass fiber; and wherein the glass fiber
is selected from a group comprising microglass fiber, alkali
free E-glass fiber and alkal: free S-glass fiber or any combi-
nation thereof.
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41. The composition as claimed n claim 38, wherein the
fluoropolymer is having concentration ranging from about 30
volume percent to about 30 volume percent, the ceramic filler
15 having concentration ranging from about 40 volume per-
cent to about 60 volume percent, and the industrially accept-
able excipient is having concentration ranging from about 2
volume percent to about 6 volume percent.

42. The composition as claimed in claim 38, wherein the
mixing is carried out in sigma mixer at speed ranging from
about 80 rpm to about 120 rpm and time-period ranging from
about 1 hour to about 2 hours.

43. The composition as claimed n claim 34, wherein said
composition 1s employed to prepare a laminate; and wherein
said laminate is obtained by a method comprising acts of
extruding, calendering and hot pressing the composition.

44. The composition as claimed in claim 43, wherein the
extrusion is carried out with a ram extruder at pressure rang-
ing from about 110 kg/cm? to about 170 kg/cm?, the calen-
dering is carried out by passing the composition between
rollers at speed ranging from about 20 rpm to about 60 rpm,
and the hot pressing is carried out in a die at temperature
ranging from about 330° C. to about 380° C_, pressure ranging
from about 110 kgfem? to about 180 kg/cm® and time period
ranging from about 8 hours to about 20 hours.

45. Electrical substrate material coniprising the laminate as
prepared in claim 43 and at least one layer of metal disposed
on at least a portion of said electrical substrate material.

& & * * *



