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(54) METHOD FOR MANUFACTURING A FEEDTHROUGH FOR AN ACTIVE IMPLANTABLE 
MEDICAL DEVICE

(57) A method of manufacturing a feedthrough die-
lectric body for an active implantable medical device in-
cludes the steps of: a) forming an alumina ceramic body
in a green state, or, stacking upon one another discrete
layers of alumina ceramic in a green state and pressing;
b) forming at least one via hole straight through the alu-
mina ceramic body; c) filling the at least one via hole with
a ceramic reinforced metal composite paste; d) drying
the alumina ceramic body and the ceramic reinforced
metal composite paste; e) forming a second hole straight

through the ceramic reinforced metal composite paste
being smaller in diameter in comparison to the at least
one via hole; f) filling the second hole with a substantially
pure metal paste; g) sintering the alumina ceramic body,
the ceramic reinforced metal composite paste and the
metal paste; and h) hermetically sealing the feedthrough
dielectric body to a ferrule.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to US patent ap-
plication 15/797,278, filed on 10/30/2017. This applica-
tion also claims priority to the following US provisional
patent applications:

1) 62/443,011, filed on January 6, 2017;
2) 62/450,187, filed on January 25, 2017;
3) 62/461,872, filed on February 22, 2017;
4) 62/552,363, filed on August 30, 2017, and
5) 62/613,500, filed on January 4, 2018.

FIELD OF THE INVENTION

[0002] The present invention generally relates to im-
plantable medical devices and hermetic terminal sub-
assemblies. More particularly, the present invention re-
lates a hermetic terminal for an active implantable med-
ical device having a composite co-fired filled via with a
brazed body fluid side leadwire.

BACKGROUND OF THE INVENTION

[0003] A wide assortment of active implantable medi-
cal devices (AIMDs) are presently known and in com-
mercial use. Such devices include cardiac pacemakers,
cardiac defibrillators, cardioverters, neurostimulators,
and other devices for delivering and/or receiving electri-
cal signals to/from a portion of the body. Sensing and/or
stimulating leads extend from the associated implantable
medical device to a distal tip electrode or electrodes in
contact with body tissue.
[0004] The hermetic terminal or feedthrough of these
implantable devices is considered critical. Hermetic ter-
minals or feedthroughs are generally well-known in the
art for connecting electrical signals through the housing
or case of an AIMD. For example, in implantable medical
devices such as cardiac pacemakers, implantable cardi-
overter defibrillators, and the like, a hermetic terminal
comprises one or more conductive pathways which may
include conductive terminal pins, conductive filled vias,
leadwires and the like supported by an insulative struc-
ture for feedthrough passage from the exterior to the in-
terior of an AIMD electromagnetic shield housing. Her-
metic terminals or feedthroughs for AIMDs must be bio-
compatible as well as resistant to degradation under ap-
plied bias current or voltage (biostable). Hermeticity of
the feedthrough is imparted by judicious material selec-
tion and carefully prescribed manufacturing processing.
Sustainable hermeticity of the feedthrough over the life-
time of these implantable devices is critical because the
hermetic terminal intentionally isolates the internal cir-
cuitry and components of the device (AIMD) from the
external body fluid environment to which the component
is exposed. In particular, the hermetic terminal isolates

the internal circuitry, connections, power sources and
other components in the device from ingress of body flu-
ids. Ingress of body fluids into an implantable medical
device is known to be a contributing factor to device mal-
function and may contribute to the compromise or failure
of electrical circuitry, connections, power sources and
other components within an implantable medical device
that are necessary for consistent and reliable device ther-
apy delivery to a patient. Furthermore, ingress of body
fluids may compromise an implantable medical device’s
functionality which may constitute electrical shorting, el-
ement or joint corrosion, metal migration or other such
harmful consequences affecting consistent and reliable
device therapy delivery.
[0005] In addition to concerns relative to sustained ter-
minal or feedthrough hermeticity, other potentially com-
promising conditions must be addressed, particularly
when a hermetic terminal or feedthrough is incorporated
within an implantable medical device. For example, the
hermetic terminal or feedthrough pins are typically con-
nected to one or more lead conductors of implantable
therapy delivery leads. These implantable therapy deliv-
ery leads can effectively act as antennas that receive
electromagnetic interference (EMI) signals. Therefore,
when these electromagnetic signals enter within the in-
terior space of a hermetic implantable medical device,
facilitated by the therapy delivery leads, they can nega-
tively impact the intended function of the medical device
and as a result, negatively impact therapy delivery in-
tended for a patient by that device. EMI engineers com-
monly refer to this as the "genie in the bottle" effect. In
other words, once the genie (i.e., EMI) is inside the her-
metic housing of the device, it can wreak havoc with elec-
tronic circuit functions by cross-coupling and re-radiating
within the device.
[0006] Another particularly problematic condition as-
sociated with implanted therapy delivery leads occurs
when a patient is in an MRI environment. In this case,
the MRI RF electrical currents imposed on the implanted
therapy delivery leads can cause the leads to heat to the
point where tissue damage is likely. Moreover, MRI in-
duced RF currents (electromagnetic interference - EMI)
may be coupled to implanted therapy delivery leads re-
sulting in undesirable electrical currents which can enter
the AIMD and can disrupt or damage the sensitive elec-
tronics within the implantable medical device.
[0007] Therefore, materials selection and fabrication
processing parameters are of utmost importance in cre-
ating a hermetic terminal (or feedthrough) or a structure
embodying a hermetic terminal (or feedthrough), that can
survive anticipated and possibly catastrophically damag-
ing environmental conditions and that can be practically
and cost effectively manufactured.
[0008] In general, hermetic terminal subassemblies for
AIMDs comprise a titanium ferrule and a gold brazed
alumina insulator. Alternatively, hermetic terminals may
comprise a ferrule and a compression or fusion glass
seal. Hermetic terminals or feedthrough assemblies uti-
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lizing ceramic dielectric materials may fail in a brittle man-
ner. A brittle failure typically occurs when the ceramic
structure is deformed elastically up to an intolerable
stress, at which point the ceramic fails catastrophically.
Most brittle failures occur by crack propagation in a ten-
sile stress field. Even microcracking caused by sufficient-
ly high tensile stress concentrations may result in a cat-
astrophic failure including loss of hermeticity identified
as critical in hermetic terminals for implantable medical
devices. Loss of hermeticity may be a result of design
aspects such as a sharp corner which creates a stress
riser, mating materials with different coefficient of thermal
expansion (CTE) that generate tensile stresses that ulti-
mately result in loss of hermeticity of the feedthrough or
interconnect structure.
[0009] In the specific case of hermetic terminal or
feedthrough designs, a tensile stress limit for a given ce-
ramic based hermetic design structure cannot be spec-
ified because failure stress in these structures is not a
constant. As indicated above, variables affecting stress
levels include the design itself, the materials selection,
symmetry of the feedthrough, and the bonding charac-
teristics of mating surfaces within the feedthrough.
Hence, length, width and height of the overall ceramic
structure matters as do the number, spacing, length and
diameter of the conductive pathways (vias, terminal pins,
leadwires, etc.) in that structure. The selection of the mat-
ing materials, that is, the material that fills the vias (or
leadwire) and the material that forms the base ceramic,
are important. Finally, the fabrication processing param-
eters, particularly at binder burnout, sintering and cool
down, make a difference. When high reliability is required
in an application such as indicated with hermetic termi-
nals or feedthroughs for AIMDs, to provide insurance for
a very low probability of failure it is necessary to design
a hermetic terminal assembly or feedthrough structure
so that stresses imparted by design, materials and/or
processing are limited to a smaller level of an average
possible failure stress. Further, to provide insurance for
a very low probability of failure in a critical ceramic based
assembly or subassembly having sustainable hermetic
requirements, it is also necessary to design structures
embodying a hermetic terminal or feedthrough such that
stresses in the final assembly or subassembly are limited
to a smaller level of an average possible failure stress
for the entire assembly or subassembly. In hermetic ter-
minals and structures comprising hermetic terminals for
AIMDs wherein the demand for biocompatibility exists,
this task becomes even more difficult.
[0010] The most critical feature of a feedthrough de-
sign or any terminal subassembly is the metal/ceramic
interface within the feedthrough that establishes the her-
metic seal. One embodiment of the present invention
therefore provides where a hermetic feedthrough com-
prising a monolithic alumina insulator substrate within
which a platinum, palladium or the like conductive path-
way or via resides or wherein a metallic leadwire (terminal
pin) resides. More specifically in the case of a filled via,

the present invention provides a hermetic feedthrough in
which the hermetic seal is created through the intimate
bonding of a CERMET (ceramic metal) or a platinum met-
al residing within the alumina substrate. As used herein,
the hermetic seal insulator is synonymous with a hermet-
ic seal base body and a hermetic seal ceramic body.
[0011] A traditional ceramic-to-metal hermetic terminal
is an assembly of three components: electrical conduc-
tors (leadwires, pins, terminal pins, filled vias) that con-
duct electrical current, a ceramic insulator, and a metal
housing, which is referred to as the flange or the ferrule
(or even the AIMD housing itself). Brazed joints typically
hermetically seal the metal leadwires and the flange or
ferrule to the ceramic insulator. For a braze-bonded joint,
the braze material is generally intended to deform in a
ductile manner in order to compensate for perturbations
that stress the bond between the mating materials as the
braze material may provide ductile strain relief when the
thermal expansion mismatch between the ceramic and
metal is large. Thus, mating materials with large mis-
matches in CTE can be coupled through braze materials
whose high creep rate and low yield strength reduce the
stresses generated by the differential contraction existing
between these mating materials. Glass seals are also
known in the art, which form a hermetic seal to the ferrule
and one or more leadwires passing through the glass
seal.
[0012] Regarding EMI, a terminal or feedthrough ca-
pacitor EMI filter may be disposed at, near or within a
hermetic terminal or feedthrough resulting in a
feedthrough filter capacitor which diverts high frequency
electrical signals from lead conductors to the housing or
case of an AIMD. Many different insulator structures and
related mounting methods are known in the art for use
of feedthrough capacitor EMI filters in AIMDs, wherein
the insulative structure also provides a hermetic terminal
or feedthrough to prevent entry of body fluids into the
housing of an AIMD. In the prior art devices, the hermetic
terminal subassembly has been combined in various
ways with a ceramic feedthrough filter EMI capacitor to
decouple interference signals to the housing of the med-
ical device.
[0013] In a typical prior art unipolar construction (as
described in U.S. Patent Number 5,333,095), a
round/discoidal (or rectangular) ceramic feedthrough
EMI filter capacitor is combined with a hermetic terminal
pin assembly to suppress and decouple undesired inter-
ference or noise transmission along a terminal pin. The
feedthrough capacitor is coaxial having two sets of elec-
trode plates embedded in spaced relation within an in-
sulative dielectric substrate or base, formed typically as
a ceramic monolithic structure. One set of the electrode
plates are electrically connected at an inner diameter cy-
lindrical surface of the coaxial capacitor structure to the
conductive terminal pin utilized to pass the desired elec-
trical signal or signals. The other or second set of elec-
trode plates are coupled at an outer diameter surface of
the round/discoidal capacitor to a cylindrical ferrule of
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conductive material, wherein the ferrule is electrically
connected in turn to the conductive housing of the elec-
tronic device. The number and dielectric thickness spac-
ing of the electrode plate sets varies in accordance with
the capacitance value and the voltage rating of the co-
axial capacitor. The outer feedthrough capacitor elec-
trode plate sets (or "ground" plates) are coupled in par-
allel together by a metalized layer which is fired, sputtered
or plated onto the ceramic capacitor. This metalized
band, in turn, is coupled to the ferrule by conductive ad-
hesive, soldering, brazing, welding, or the like. The inner
feedthrough capacitor electrode plate sets (or "active"
plates) are coupled in parallel together by a metalized
layer which is either glass frit fired or plated onto the
ceramic capacitor. This metalized band, in turn, is me-
chanically and electrically coupled to the lead wire(s) by
conductive adhesive, soldering, or the like. In operation,
the coaxial capacitor permits passage of relatively low
frequency biologic signals along the terminal pin, while
shielding and decoupling/attenuating undesired interfer-
ence signals of typically high frequency to the AIMD con-
ductive housing. Feedthrough capacitors of this general
type are available in unipolar (one), bipolar (two), tripolar
(three), quadpolar (four), pentapolar (five), hexpolar (6)
and additional lead configurations. The feedthrough ca-
pacitors (in both discoidal and rectangular configura-
tions) of this general type are commonly employed in
implantable cardiac pacemakers and defibrillators and
the like, wherein the pacemaker housing is constructed
from a biocompatible metal such as titanium alloy, which
is electrically and mechanically coupled to the ferrule of
the hermetic terminal pin assembly which is in turn elec-
trically coupled to the coaxial feedthrough filter capacitor.
As a result, the filter capacitor and terminal pin assembly
prevents entrance of interference signals to the interior
of the pacemaker housing, wherein such interference sig-
nals could otherwise adversely affect the desired cardiac
pacing or defibrillation function.
[0014] Therefore, it is very common in the prior art to
construct a hermetic terminal subassembly with a
feedthrough capacitor attached near the inside of the
AIMD housing on the device side. The feedthrough ca-
pacitor does not have to be made from biocompatible
materials because it is located on the device side inside
the AIMD housing. The hermetic terminal subassembly
includes conductive pathways (leadwires, pins, terminal
pins, filled vias, etc.) to hermetically pass through the
insulator in non-conductive relation with the ferrule or the
AIMD housing. As used herein, a "pathway" is synony-
mous with a via and a via hole. As used herein, a con-
ductive pathway is defined as comprising a via or a via
hole that is filled and then co-sintered to form the con-
ductive pathway. The conductive pathways also pass
through the feedthrough hole of the capacitor to electron-
ic circuits disposed inside of the AIMD housing. These
leadwires are typically electrically continuous and, on the
body fluid side, must be biocompatible and non-toxic.
Generally, these conductive pathways are constructed

of platinum or platinum-iridium, palladium or palladium-
iridium, niobium pins or filled vias with conductive pow-
ders, ceramics, gradient materials or the like. Platinum-
iridium is an ideal choice because it is biocompatible,
non-toxic and is also mechanically very strong. The irid-
ium is added to enhance material stiffness and to enable
the hermetic terminal subassembly leadwire to sustain
bending stresses. An issue with the use of platinum for
leadwires is that platinum has become extremely expen-
sive and may be subject to premature fracture under rig-
orous processing such as ultrasonic cleaning or applica-
tion use/misuse, possibly unintentional damaging forces
resulting from Twiddler’s Syndrome. Twiddlers Syn-
drome is a situation documented in the literature where
a patient will unconsciously or knowingly twist the im-
plantable device to the point where attached leads may
even fracture.
[0015] For high density feedthroughs, leadwires are an
expensive solution and paste-filled vias have sustainable
hermeticity issues related to coefficient of thermal expan-
sion (CTE) mismatching between the ceramic insulator
and the metal fill materials caused by post-sinter crack-
ing. Cracking can be imminent, produced during device
assembly, or latently, the latter of which is most danger-
ous as latent hermetic failures are unpredictable.
[0016] Manufacturers of implantable medical devices
are looking to reduce overall device volume with in-
creased functionality. This will require implantable
feedthroughs to possess significantly increased conduc-
tive pathway counts with less overall volume while main-
taining/improving existing product reliability. Reducing
the volumes of the existing feedthrough technology has
been limited by the prior art processes for ceramic insu-
lator manufacturing. Solid pellet ceramic insulators for
implantable feedthroughs have been historically manu-
factured using dry pressing technologies. Dry pressing
requires significant thickness and webbing between vias
to withstand ejection from pressing die and core rods.
Multi-layer laminate ceramic insulators are produced fol-
low a process that punches vias into each layer, fills metal
into each layer, collates the layers and then undergoes
lamination of the collated layers, which typically involves
registration and alignment issues that result in reduced
volumetric efficiency and potentially higher via resistivi-
ties. The prior technology also requires catch pads to
address misalignment (see Fig. 168).
[0017] Accordingly, what is needed is an improved
structure and method of a hermetic seal assembly to pro-
vide a lower cost solution while satisfying all the normal
standards and regulations on hermetic feedthroughs.
The present invention provides these benefits and other
benefits as discussed hereinafter.

SUMMARY OF THE INVENTION

[0018] The present invention offers a novel hermetic
ceramic feedthrough structure and new double drilled (or
multi-drilled) forming process for an Active Implantable
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Medical Device (AIMD) that offers design options in ad-
dition to brazed wires and uses platinum and plati-
num/alumina co-fire materials as the active conductive
pathways through the alumina ceramic insulator. As will
be shown, there may be multiple conductive pathway
structural options through the insulator from one (unipo-
lar), two (bipolar)....to n-polar. For neurostimulator appli-
cations, hundreds of pathways may be required. As de-
scribed herein, double drilling means that the insulator
is first drilled in the green (pre-sintered) state to form a
pathway from a first side to a second side that is then
filled with a Ceramic Reinforced Metal Composite
(CRMC). The first or second side may be disposed to a
hermetic feedthrough body fluid side or device side. Next
is a second drilling step that forms a hole in the center
of the CRMC that is then filled with a substantially pure
metal core. In an embodiment, the insulator may be sub-
stantially pure alumina, the CRMC may comprise alumi-
na and platinum and the substantially pure metal core
may comprise substantially pure platinum. As will be de-
scribed, the substantially pure metal core may include
enlarged platinum contact areas (counterbores/counter-
sinks) and the like. The novel CRMC forming process
includes heat treating or pre-sintering the platinum and
alumina to create a composite construct. This CRMC
construct is then ball milled (or ground down) to a fine
powder blend to which solvents and binders are added
to form a flowable paste or ink for filling the pathway. The
CRMC pre-sintering and ball milling steps are advanta-
geous for the alumina-platinum material to reach a ther-
mally stable phase. As used herein, the "thermally stable
phase" is defined as a physical state, when under the
action of temperature, a phase transformation of struc-
tural origin between two solid phases does not occur.
Examples of factors that induce a thermally stable phase
include temperature, stress (such as ball-milling or grind-
ing), and combinations thereof. During pre-sintering, the
CRMC displays various phases that manifest themselves
as contractions and expansions until the CRMC reaches
a thermally stable phase at >1000°C. Pre-sintering may
be conducted on CRMC powders, pastes, inks and the
like. Once a thermally stable phase is achieved, the
CRMC is ball milled into a particle size and distribution
that, when the paste/ink is prepared, the rheology facili-
tates via filling. The milling mode is fundamentally impor-
tant for the final sintering process in that milling generates
significant amounts of microstructural defects that lower
activation energies of transformation by promoting nu-
cleation and diffusion in the composite.
[0019] Thermal stability is critical for sustained
feedthrough hermeticity. Through one experiment and
dilatometry study, the inventors have determined that
during pre-sintering temperature rise, the CRMC exhibits
an initial shrinkage exhibited by a first phase transforma-
tion followed by a rapid expansion due to a second phase
transformation and another shrinkage exhibited by a third
phase transformation which is its thermally stable phase.
It will be understood that although three main phase

transformations were identified in this testing, under dif-
fering test conditions, either additional secondary or ter-
tiary transformations or transformations less than three
as observed in said testing may occur. In any event, pre-
sintering the CRMC is advantageous in that dramatic ex-
pansion/contraction volume changes associated with
phase transformations are avoided during final co-firing
thereby mitigating development of undesirable residual
stresses that preclude sustained hermeticity after final
co-firing. As used herein, co-firing is synonymous with
sintering. It will be appreciated that pre-sintering and ball
milling (grinding down) a substantially pure ceramic con-
struct can also be done to further enhance structural sta-
bility of a pressed powder or laminated multi-layer insu-
lator (base body) structures during final binder burn-out
and sintering.
[0020] The present invention advantageously affords
significantly smaller conductive pathways/vias, smaller
overall ceramic volume, tighter pitch between vias, in-
creased via pitch count, robust hermetic via configura-
tions, thinner and overall smaller hermetic feedthrough
structural volumes, less costly hermetic feedthrough op-
tions and BGA attachment of both three terminal and two
terminal capacitors Additionally the new ceramic forming
process enables direct injection of precious metal (plat-
inum) into the ceramic vias in the green state preventing
the need for metallizing vias, and providing an alternative
to leadwire assembly and brazing following ceramic sin-
tering. The purpose of this invention is to create a next
generation hermetic feedthrough for Cardiac Rhythm
Management (CRM) and Neuromodulation devices with
significantly higher conductive pathway counts, smaller
volumes and increased product reliability. Additionally,
the present invention offers an alternative to brazed
wires, expanding active implantable medical device
feedthrough design options. Among these options are
platinum and platinum/alumina co-fire materials as the
active pathways in the alumina ceramic insulator and
combinations of co-fired wires, plugs, pins, nailheads,
clips or other solid metal components co-fired within plat-
inum and platinum/alumina co-fire materials as alterna-
tive active pathways in the alumina ceramic insulator.
The change in ceramic forming technology enables all
of the advantages discussed above.
[0021] The prior art fails to explain a hermetic
feedthrough insulator manufacturing process that lami-
nates all the layers first and then machines vias, coun-
terbores, cavities and the ceramic outer diameter of the
insulator after lamination. All prior art multi-layer ceramic
insulators involve processes that punch vias into each
layer, fills metal into each layer, collates the layers and
then laminates the layers. By first laminating and then
machinging the vias, the present invention creates very
uniform vias that resolve prior art registration issues and
eliminates the prior art need for traces on layers or catch
pads between vias to ensure connection. These prior art
necessities significantly reduce current carrying capacity
and demonstrate significant variation via to via and part

7 8 



EP 3 345 652 A1

7

5

10

15

20

25

30

35

40

45

50

55

to part all of which stress optimal performance of implant-
able devices and sometimes precludes use of these prior
art feedthroughs in demanding applications such as car-
dioverters/defibrillators that deliver high voltage and high
current shock. The double or multi-drilling aspect of the
present invention provides for vias that have similar cur-
rent carrying capacity compared to wire and provides for
very little variation between via to via and part to part.
[0022] Prior art uses cermet as the only conductor
through the insulator. Using cermets as the sole conduct-
ing material is overly resistive in comparison to traditional
high purity Pt/Ir pins. Additionally cermet filled vias are
very difficult to weld or solder to because of oxide (alu-
mina) content. The present invention utilizes a CRMC as
a CTE transition layer between a substantially pure plat-
inum core and a substantially pure alumina, thereby pre-
serving attachment while preventing cracks and loss of
hermeticity from thermal shocks, such as customer laser
welding of the hermetic seal subassembly in the opening
of the AIMD housing. Moreover, the use of the pure plat-
inum core maintains the same conductivity as existing
pure pin technology and enables soldering and welding
making this novel structure available for demanding ap-
plications like cardioversion/defibrillation and neuromod-
ulation devices having extremely high conductive path-
way counts. Lastly, the prior art includes feedthroughs
with wires/conductive pathways that range in size from
0.008" to 0.020" in size. The present invention enables
conductive pathways/vias of any size including pure met-
al vias in hermetic medical feedthroughs that are less
than 0.008" in size and greater than or equal to 0.001"
in size.
[0023] As best shown in FIGS. 165, 31 and 32 an ex-
emplary embodiment of the present invention for a meth-
od of manufacturing a feedthrough dielectric body for an
active implantable medical device comprises the steps
of: a) forming an alumina insulator otherwise known as
a ceramic body 188 in a green state FIG. 32, or, stacking
discrete layers of alumina ceramic in a green state upon
one another and pressing to form the alumina ceramic
body in the green state FIG. 31, the alumina ceramic
body having a first side opposite a second side; b) forming
at least one via hole straight through the alumina ceramic
body extending between the first and second sides; c)
filling the at least one via hole with a ceramic reinforced
metal composite paste 185; d) drying the alumina ceram-
ic body and the ceramic reinforced metal composite
paste; e) forming a second hole straight through the ce-
ramic reinforced metal composite paste extending be-
tween the first and second sides, the second hole smaller
in diameter in comparison to the at least one via hole,
wherein a portion of the ceramic reinforced metal com-
posite paste remains in the at least one via hole; f) filling
the second hole with a metal paste which is substantially
free of ceramic 186; g) sintering the alumina ceramic
body, the ceramic reinforced metal composite paste and
the metal paste together to form the feedthrough dielec-
tric body; and h) hermetically sealing 140 in FIG. 33A the

feedthrough dielectric body to a ferrule 140, the ferrule
configured to be installed in an opening of a housing of
the active implantable medical device.
[0024] In other exemplary embodiments, wherein be-
fore step f) now including the step of forming a counter-
bore 195 or countersink in the green state through at
least a portion of the ceramic reinforced metal composite
paste from either the first or second side. See FIGS.
53-54A, 131 Options 4, 4A.
[0025] In other exemplary embodiments, the ceramic
reinforced metal composite paste may contain at least
15% or 20% to 80% ceramic by weight or by volume.
[0026] In other exemplary embodiments, the substan-
tially pure metal paste contains at least 90%, 95%, 98%
metal by weight or by volume.
[0027] In other exemplary embodiments, after step g)
may now include a step i) of inserting a solid leadwire
186W,118 at least partially into a counterbore or coun-
tersink and then in a step j) brazing 138 the solid leadwire
to the counterbore or countersink, the braze attaching at
one end to the solid leadwire and attaching at another
end to either the metal paste and/or the ceramic rein-
forced metal composite paste, wherein the solid leadwire
is electrically connected to the sintered metal paste. See
FIG. 33A.
[0028] In other exemplary embodiments, between
steps f) and g) may now include a step of forming a coun-
terbore or countersink in the green state through the at
least one via hole from either the first or second side, the
counterbore or countersink exposing an inside portion of
the alumina ceramic body. See FIGS. 39, 40. The inven-
tion may include the step i) of applying an adhesion layer
152 to the inside portion of the counterbore or countersink
and to the metal paste. See FIGS. 39, 40. The invention
may include the step j) of applying a wetting layer 150 to
the adhesion layer. See FIGS. 39, 40. The invention may
include a step I) of inserting a solid leadwire 186W,118
at least partially into the counterbore or countersink and
then in a step m) brazing the solid leadwire to the coun-
terbore or countersink, the braze attaching at one end to
the solid leadwire and attaching at another end to the
wetting layer, wherein the solid leadwire is electrically
connected to the sintered metal paste. See FIGS. 39, 40.
[0029] In step b) the forming may be a drilling, a punch-
ing, a machining or a waterjet cutting. Likewise, in step
e) the forming may be a drilling, a punching, a machining
or a waterjet cutting.
[0030] In step b) the pressing may be by hydro-static
pressing, by hot pressing, by cold pressing, by die press-
ing or by mechanical pressing.
[0031] In various embodiments, the ceramic reinforced
metal composite paste surrounds the metal paste. See
FIGS. 31,32. The metal paste may be a substantially pure
platinum paste.
[0032] A backing plate may be placed adjacent the alu-
mina ceramic body during the forming steps b) and e).
The backing plate may include a backing plate hole
aligned to the at least one via hole and wherein the back-
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ing plate hole is larger in diameter in comparison to the
at least one via hole. The backing plate may be a sacri-
ficial alumina body in a green state.
[0033] In various embodiments, before step g) may
now include a step of filling the second hole with a second
ceramic reinforced metal composite paste 185b, wherein
the second ceramic reinforced metal composite paste
has a higher percentage of metal based on weight in
comparison to the ceramic reinforced metal composite
paste, and including a next of forming a third hole straight
through the second ceramic reinforced metal composite
paste, wherein in step f) the metal paste 186 is now filled
into the third hole. See FIG. 164. Before step g) may now
further include a step of filling the third hole with a third
ceramic reinforced metal composite paste 185c, wherein
the third ceramic reinforced metal composite paste has
a higher percentage of metal based on weight in com-
parison to the second ceramic reinforced metal compos-
ite paste, and including a next step of forming a fourth
hole straight through the third ceramic reinforced metal
composite paste, wherein in step f) the metal paste 186
is now filled into the fourth hole. See FIG. 164.
[0034] A gold braze 140 may be used in step h) for
hermetically sealing the feedthrough dielectric body to
the ferrule. See FIG. 170.
[0035] In various embodiments before step h) may now
include the step of removing a thin layer of material from
either the first side and/or the second side.
[0036] In step d) the drying the alumina ceramic body
and the ceramic reinforced metal composite paste may
be by waiting a period of time, heating at an elevated
temperature and/or placing within a vacuum.
[0037] In various embodiments it may now include the
step i) of attaching a conductive leadwire 186W,118 to
the sintered metal paste 186 at either the first or second
side. See FIGS. 41, 42. The attaching method may be
selected from the group consisting of ultrasonic welding,
thermal sonic bonding, laser welding, arc welding, gas
welding, resistance welding, projection welding, butt
welding, slash welding, upset welding, solid state weld-
ing, friction welding, fusion welding, inductive welding,
percussion welding or electron beam welding. See FIGS.
41, 42.
[0038] The ferrule may be a separately manufactured
component attached to the opening of the housing of the
active implantable medical device. See FIGS. 161C,
161D, 161E. Or, the ferrule may be formed as a part of
the housing of the active implantable medical device. See
FIGS. 161A, 161B.
[0039] As shown in FIGS. 29 and 30 an exemplary em-
bodiment of a method of manufacturing a feedthrough
dielectric body for an active implantable medical device
comprises the steps of: a) forming an alumina ceramic
body 188 in a green state FIG. 32, or, stacking discrete
layers of alumina ceramic in a green state upon one an-
other and pressing to form the alumina ceramic body in
the green state FIG. 31, the alumina ceramic body having
a first side 500 opposite a second side 502; b) forming

at least one via hole straight through the alumina ceramic
body extending between the first and second sides; c)
filling the at least one via hole with a ceramic reinforced
metal composite paste 185; d) drying the alumina ceram-
ic body and the ceramic reinforced metal composite
paste; e) forming a counterbore 195 or countersink in the
green state through at least a portion of the ceramic re-
inforced metal composite paste from either the first or
second side; f) filling the counterbore or countersink with
a metal paste which is substantially free of ceramic 186;
g) sintering the alumina ceramic body, the ceramic rein-
forced metal composite paste and the metal paste to-
gether to form the feedthrough dielectric body; and h)
hermetically sealing 140 in FIG. 33A the feedthrough di-
electric body to a ferrule 140, the ferrule configured to be
installed in an opening of a housing of the active implant-
able medical device.
[0040] As shown in FIGS. 53 and 54 an exemplary em-
bodiment of a method of manufacturing a feedthrough
dielectric body for an active implantable medical device
comprises the steps of: a) forming an alumina ceramic
body 188 in a green state FIG. 32, or, stacking discrete
layers of alumina ceramic in a green state upon one an-
other and pressing to form the alumina ceramic body in
the green state FIG. 31, the alumina ceramic body having
a first side opposite a second side; b) forming at least
one via hole straight through the alumina ceramic body
extending between the first and second sides; c) filling
the at least one via hole with a ceramic reinforced metal
composite paste 185; d) drying the alumina ceramic body
and the ceramic reinforced metal composite paste; e)
forming a second hole straight through the ceramic rein-
forced metal composite paste extending between the first
and second sides, the second hole smaller in diameter
in comparison to the at least one via hole, wherein a
portion of the ceramic reinforced metal composite paste
remains in the at least one via hole; f) forming a counter-
bore 195 or countersink in the green state through at
least a portion of the ceramic reinforced metal composite
paste from either the first or second side; g) filling the
second hole and counterbore or countersink with a metal
paste which is substantially free of ceramic 186; h) sin-
tering the alumina ceramic body, the ceramic reinforced
metal composite paste and the metal paste together to
form the feedthrough dielectric body; and i) hermetically
sealing 140 in FIG. 33A the feedthrough dielectric body
to a ferrule 140, the ferrule configured to be installed in
an opening of a housing of the active implantable medical
device.
[0041] A previous exemplary embodiment of the
present invention was of a feedthrough subassembly
(189 shown best in FIGS. 160, 131, 17, 61, 69) attachable
to an active implantable medical device, including: (a) a
co-fired insulator substrate assembly (183 shown best in
FIGS. 29-60) for the active implantable medical device,
the co-fired insulator substrate assembly comprising: i)
an alumina insulator body (188 shown best in FIG. 29)
having a body fluid side (500 shown best in FIG. 29)
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opposite a device side (502 shown best in FIG. 29), the
body fluid side and device side separated and connected
by at least one outer perimeter surface (504 shown best
in FIG. 29); ii) at least one via hole (402 shown best in
FIGS. 77, 97) disposed through the alumina insulator
body (188) extending from the body fluid side to the de-
vice side; iii) a composite fill (185,186 shown best in
FIGS. 131, 160) at least partially disposed within the at
least one via hole extending from a first composite fill end
(526 shown best in FIGS. 139-158) to a second compos-
ite fill end (528 shown best in FIGS. 139-158), wherein
the first composite fill end (526) is disposed at or near
the device side (502) of the alumina insulator body (188),
and wherein the second composite fill end (528) is dis-
posed within the at least one via hole (402) recessed
from the body fluid side (500); iv) wherein the alumina
insulator body (188) and the composite fill (185,186) are
co-fired; (b) a metallic leadwire (118 shown best in FIGS.
139-162) at least partially disposed within the at least
one via hole (402) on the body fluid side (500); i) wherein
the metallic leadwire is gold brazed (138 shown best in
FIGS. 139-162) to a via hole metallization (150, 152
shown best in FIGS. 139-162); ii) wherein the via hole
metallization (150,152) is disposed at least partially with-
in the at least one via hole (402) of the alumina insulator
body (188) on the body fluid side (500); iii) wherein the
via hole metallization (150,152) contacts the second
composite fill end (528) of the composite fill (185,186);
iv) wherein the gold braze (138) forms a first hermetic
seal separating the body fluid side (500) and device side
(502); v) wherein the metallic leadwire (118) is in electri-
cal communication through the gold braze (138), the via
hole metallization (150,152) and the composite fill (185,
186) to the first composite fill end (526) forming an elec-
trically conductive pathway between the metallic lead-
wire (118) and the first composite fill end (526); (c) a
perimeter metallization (150,152 shown best in FIG. 33A)
disposed at least partially on the at least one outer pe-
rimeter surface (504) of the alumina insulator body (188)
or a perimeter ceramic reinforced metal composite (185
shown best in FIGS. 37-42) disposed at least partially on
the at least one outer perimeter surface (504) of the alu-
mina insulator body (188); and (d) a ferrule (122 shown
best in FIG. 33A), comprising a conductive ferrule body
(122) having a first ferrule side (520) opposite a second
ferrule side (522) and a ferrule opening (524) between
and through the first and second ferrule sides, wherein
the alumina insulator body (188) is at least partially dis-
posed within the ferrule opening (524); (e) a perimeter
braze (140) between either the perimeter metallization
(150,152 shown best in FIG. 35) or the perimeter ceramic
reinforced metal composite (185 shown best in FIGS.
37-42) of the alumina insulator body (188) and the con-
ductive ferrule body (122), the perimeter braze (140)
forming a second hermetic seal hermetically sealing the
alumina insulator body (188) to the ferrule opening (524);
and (f) wherein the ferrule (122) is configured to be in-
stalled in an opening of a housing of the active implant-

able medical device.
[0042] In other exemplary embodiments the composite
fill may include: (shown best in FIGS. 131,160) i) a ce-
ramic reinforced metal composite (185) comprising alu-
mina and platinum; and ii) a substantially pure platinum
fill (186).
[0043] At least a portion of the substantially pure plat-
inum fill (186) may be exposed at the device side. (Op-
tions 1, 2, 4, 5 shown best in FIG. 131, 160)
[0044] At least a portion of the substantially pure plat-
inum fill (186) at the device side may not be covered by
either the alumina insulator body (188) or the ceramic
reinforced metal composite (185). (Options 1, 2, 4, 5
shown best in FIG. 131, 160)
[0045] At least a portion of the substantially pure plat-
inum fill (186) extending between the body fluid and de-
vice side may be surrounded by the ceramic reinforced
metal composite (185). (Options 2, 4, 5, 6 best seen in
FIG. 131, 160)
[0046] At least a portion of the substantially pure plat-
inum fill (186) may form a portion of the electrically con-
ductive pathway that is exposed at the device side. (Op-
tions 2, 4, 5 best seen in FIG. 131, 160)
[0047] At the device side the ceramic reinforced metal
composite (185) may not be exposed. (Options 1, 4, 6
best seen in FIG. 131, 160)
[0048] The device side of the at least one via hole may
be fully filled by the substantially pure platinum fill (186).
(Options 1, 4 best seen in FIG. 131, 160)
[0049] A metallic end cap (186C) may be at least par-
tially disposed within the at least one via hole (402) at
device side. (Option 6 best seen in FIG. 131, 160) The
metallic end cap (186C) may comprise platinum. (Option
6 best seen in FIG. 131, 160)
[0050] A platinum wire (186W) may be disposed within
the substantially pure platinum fill. (Option 5 best seen
in FIG. 131, 160)
[0051] The platinum wire (186W) may be at least par-
tially exposed at the device side of the at least one via
hole. (Option 5 best seen in FIG. 131, 160)
[0052] The platinum wire (186W) may not directly
touch the ceramic reinforced metal composite (185). (Op-
tion 5 best seen in FIG. 131, 160)
[0053] The substantially pure platinum fill (186) may
be between the platinum wire (186W) and the ceramic
reinforced metal composite (185). (Option 5 best seen in
FIG. 131, 160)
[0054] The at least one via hole at either of the body
fluid side or the device side may comprise a counterbore
(195) or a countersink (195’). (Shown best in FIGS.
47-54)
[0055] The composite fill may comprise: (shown best
in FIGS. 147-150, Option 3 of FIG. 131 and 160) i) a
ceramic reinforced metal composite (185) comprising
alumina and platinum; and ii) a metallic wire (186W).
[0056] The via hole metallization and/or the perimeter
metallization may comprise an adhesion layer (152) and
a wetting layer (150), wherein the adhesion layer (152)
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is attached to the alumina insulator body (188) and
wherein the wetting layer (150) is attached to the adhe-
sion layer (152).
[0057] Another previous exemplary embodiment of the
present invention was of a feedthrough subassembly at-
tachable to an active implantable medical device, includ-
ing: (a) a feedthrough body comprising a material which
is both electrically insulative and biocompatible, wherein
the feedthrough body is configured to be hermetically
installed within the active implantable medical device
separating a body fluid side from a device side; (b) a via
hole disposed through the feedthrough body extending
from the body fluid side to the device side; (c) a composite
fill partially disposed within the via hole extending from
a first composite fill end to a second composite fill end,
wherein the first composite fill end is disposed at or near
the device side of the feedthrough body, and wherein the
second composite fill end is disposed within the via hole
and recessed from the body fluid side of the feedthrough
body, the composite fill comprising: i) a first portion of a
ceramic reinforced metal composite comprising alumina
and platinum; and ii) a second portion of a substantially
pure platinum fill and/or a platinum wire; (d) a via hole
metallization disposed at least partially within the at least
one via hole of the feedthrough body on the body fluid
side and covering at least a portion of the second com-
posite fill end; (e) a metallic leadwire at least partially
disposed within the via hole on the body fluid side; and
(f) a gold braze on the body fluid side physically and elec-
trically connecting the metallic leadwire and the via hole
metallization.
[0058] In other exemplary embodiments the gold braze
may form a first hermetic seal separating the body fluid
side and device side.
[0059] The metallic leadwire may be in electrical com-
munication through the gold braze, the via hole metalli-
zation and the composite fill to the first composite fill end
forming an electrically conductive pathway between the
metallic leadwire and the first composite fill end.
[0060] A conductive ferrule may comprise a ferrule
opening, the ferrule configured to be disposed into an
opening of an electromagnetically shielded and hermetic
conductive housing of the active implantable medical de-
vice, wherein the feedthrough body hermetically seals
the ferrule opening.
[0061] The composite fill and feedthrough body may
be co-fired before the via hole metallization is applied
and the metallic leadwire is gold brazed to the via hole
metallization.
[0062] Another previous exemplary embodiment of the
present invention was of a feedthrough subassembly at-
tachable to an active implantable medical device, includ-
ing: (a) a co-fired insulator substrate assembly for the
active implantable medical device, the co-fired insulator
substrate assembly comprising: i) an alumina insulator
body having a body fluid side opposite a device side, the
body fluid side and device side separated and connected
by at least one outer perimeter surface; ii) at least one

via hole disposed through the alumina insulator body ex-
tending from the body fluid side to the device side; iii) a
composite fill at least partially disposed within the at least
one via hole extending from a first composite fill end to
a second composite fill end, wherein the first composite
fill end is disposed at or near the device side of the alu-
mina insulator body, and wherein the second composite
fill end is disposed within the at least one via hole re-
cessed from the body fluid side; iv) wherein the alumina
insulator body and the composite fill are co-fired; and (b)
a metallic leadwire at least partially disposed within the
at least one via hole on the body fluid side; i) wherein the
metallic leadwire is gold brazed to a via hole metallization;
ii) wherein the via hole metallization is disposed at least
partially within the at least one via hole of the alumina
insulator body closer to the body fluid side; iii) wherein
the via hole metallization contacts the second composite
fill end of the composite fill; iv) wherein the gold braze
forms a first hermetic seal separating the body fluid side
and device side; v) wherein the metallic leadwire is in
electrical communication through the gold braze, the via
hole metallization and the composite fill to the first com-
posite fill end forming an electrically conductive pathway
between the metallic leadwire and the first composite fill
end.
[0063] In other exemplary embodiments a perimeter
metallization may be disposed at least partially on the at
least one outer perimeter surface of the alumina insulator
body or a perimeter ceramic reinforced metal composite
disposed at least partially on the at least one outer pe-
rimeter surface of the alumina insulator body.
[0064] A ferrule may comprise a conductive ferrule
body having a first ferrule side opposite a second ferrule
side and a ferrule opening between and through the first
and second ferrule sides, wherein the alumina insulator
body is at least partially disposed within the ferrule open-
ing.
[0065] A perimeter braze may be between either the
perimeter metallization or the perimeter ceramic rein-
forced metal composite and the conductive ferrule body,
the perimeter braze forming a second hermetic seal her-
metically sealing the alumina insulator body to the ferrule
opening.
[0066] The ferrule may be configured to be installed in
an opening of a housing of the active implantable medical
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] The accompanying drawings illustrate the in-
vention. In such drawings:

FIGURE 1 is a wire-formed diagram of a generic hu-
man body showing a number of exemplary implant-
able medical devices;
FIGURE 2 is a side view of a prior art cardiac pace-
maker;
FIGURE 3 is a perspective partial cutaway view of
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a unipolar capacitor;
FIGURE 4 is a side sectional view of a similar uni-
polar capacitor of FIG. 3 now mounted to a hermetic
feedthrough for an active implantable medical de-
vice;
FIGURE 5 is an electrical schematic representation
of the unipolar filtered feedthrough assembly previ-
ously illustrated in FIG: 4;
FIGURE 6 is generally taken along lines 6-6 from
FIG. 3 and is an exploded perspective view of the
electrode layer stack up;
FIGURE 7 is a perspective view of a quadpolar
feedthrough capacitor and hermetic terminal assem-
bly;
FIGURE 8 is a sectional view of the feedthrough and
hermetic terminal assembly of FIG. 7 taken along
lines 8-8;
FIGURE 9 is an electrical schematic representation
of the quadpolar filtered feedthrough assembly as
previously illustrated in FIGS. 7 and 8;
FIGURE 10 is an exploded perspective view of the
electrode layer stack up of the structure of FIGS. 7
and 8;
FIGURE 11A illustrates an exploded perspective
view of an internally grounded prior art feedthrough
capacitor;
FIGURE 11B illustrates the structure of FIG. 11A
where now the capacitor is formed as a monolithic
structure;
FIGURE 11C illustrates the structure of FIG. 11B
fully assembled into a feedthrough filtered hermetic
terminal;
FIGURE 11D is the electrical schematic for the
feedthrough filtered hermetic terminal previously de-
scribed in FIGS. 11A, 11B and 11C;
FIGURE 12 illustrates a prior art monolithic ceramic
capacitor;
FIGURE 13 is taken from section 13-13 from FIG.
12, illustrating a cross-section of an MLCC capacitor;
FIGURE 14 is a sectional view taken along lines
14-14 from FIG. 13;
FIGURE 15 is a sectional view taken along lines
15-14 from FIG. 13;
FIGURE 16 illustrates a prior application of an MLCC
capacitors attached to hermetic seal subassembly
of an active implantable medical device;
FIGURE 17 illustrates a prior application of an MLCC
capacitors attached to hermetic seal subassembly
of an active implantable medical device;
FIGURE 18 illustrates a prior application of an MLCC
capacitors attached to hermetic seal subassembly
of an active implantable medical device;
FIGURE 19 illustrates a prior art flat-through capac-
itor;
FIGURE 20 is a multiple sectional view of the elec-
trode plate stack-up of the structure of FIG. 19;
FIGURE 21 illustrates a three-terminal capacitor that
is also known in the industry as X2Y attenuator;

FIGURE 22 illustrates a three-terminal capacitor that
is also known in the industry as X2Y attenuator;
FIGURE 23 illustrates an electrical schematic of the
three-terminal capacitors of FIGS. 21 and 22;
FIGURE 24 is a sectional view taken from prior art
FIG. 9 of U.S. Patent 9,492,659, hereinafter referred
to as the ’659 patent;
FIGURE 25 is a sectional view taken from prior art
FIG. 10 of the ’659 patent;
FIGURE 26 is an enlarged sectional view taken
along lines 26-26 which is from prior art FIG. 10A of
the ’659 patent;
FIGURE 27 is a sectional view taken from prior art
FIG. 11 of the ’659 patent;
FIGURE 28 is an enlarged sectional view taken
along lines 28-28 which is from prior art FIG. 11A of
the ’659 patent;
FIGURE 29 is generally taken from prior art FIG. 14
of the ’659 patent and has been modified to illustrate
Option 1 of the present invention;
FIGURE 30 is generally taken from prior art FIG. 13
of the ’659 patent and has been modified to show
Option 1 A of the present invention;
FIGURE 30A is generally taken from prior art FIG.
15 of the ’659 patent and illustrates Option 1A of the
present invention post sintering;
FIGURE 30B is generally taken from prior art FIG.
16 of the ’659 patent and is a sectional view taken
from section 30B-30B from FIG. 30A illustrating how
the CRMC forms a very tight knit interlaced surface
structure with the alumina ceramic insulator;
FIGURE 31 is generally taken from prior art FIG. 14
of the’659 patent, but has been modified to show
Option 2 of the present invention;
FIGURE 32 illustrates Option 2A of the present in-
vention which is generally taken from prior art FIG.
13 of the ’659 patent and is very similar to FIG. 31,
except in this case, the pre-sintered alumina insula-
tor body 188 is not multilayer;
FIGURE 33 illustrates Option 2B of the present in-
vention which is very similar to FIGS. 31 and 32,
except that a body fluid side counterbore has been
added into the CRMC and the material;
FIGURE 33A illustrates the alumina ceramic insula-
tor assembly of FIG. 33 showing that the insulator is
gold brazed into ferrule;
FIGURE 34 illustrates Option 2C of the present in-
vention where a body fluid side leadwire will be rout-
ed to an implanted lead or an AIMD header block;
FIGURE 34A illustrates Option 2C which is very sim-
ilar to FIG. 34 now illustrating that leadwire may in-
clude a nailheaded solid lead;
FIGURE 35 is similar to the structures illustrated in
FIGS. 33 and 33A, except in this case, the counter-
bore is into the platinum fill;
FIGURE 36 illustrates option 2D of FIG. 35 wherein,
the counterbore hole to accommodate body fluid side
leadwire is not perfectly centered or aligned with the
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platinum;
FIGURE 37 illustrates Option 2E, which is very sim-
ilar to Option 2, except that CRMC material has been
added to the outer diameter or perimeter of the alu-
mina insulator;
FIGURE 38 illustrates Option 2F which is the same
as FIG. 37, except that in this case, the alumina in-
sulator is formed with a solid pellet of ceramic rather
than multilayer, as illustrated in FIG. 37;
FIGURE 39 illustrates Option 2G where the via hole
is first solid filled with CRMC material;
FIGURE 40 is very similar to FIG. 39, except that the
nailhead has been eliminated and leadwire is
straight;
FIGURE 41 illustrates Option 21, which takes the
insulator previously described in FIG. 31 and places
it within a ferrule;
FIGURE 42 illustrates Option 2J which is exactly the
same as previously illustrated in FIG. 41, except in
this case, the alumina insulator is a solid pellet in-
stead of multilayer;
FIGURE 43 illustrates Option 3 which is generally
taken from prior art FIG. 14 of the ’659 patent and
has been modified to illustrate Option 3 of the present
invention;
FIGURE 44 illustrates Option 3A which is taken from
prior art FIG. 13 of the ’659 patent and illustrates the
structure of FIG. 43 except that it is not multilayered;
FIGURE 45 illustrates Option 3B wherein, the lead-
wire, previously described in FIGS. 43 and 44, can
be extended or lengthened into the body fluid side
or into the device side or both;
FIGURE 46 illustrates Option 3C which is the same
as FIG. 45, except that in this case, the insulator is
a solid pellet instead of multilayer;
FIGURE 47 illustrates Option 3D wherein, the insu-
lator has been drilled and then counterbored in the
green state;
FIGURE 48 illustrates Option 3E which is the same
as FIG. 47, except that the insulator is a solid pellet
instead of multilayer;
FIGURE 49 illustrates Option 3D wherein, the insu-
lator of FIG. 47 has been placed at least partially
within a ferrule while at the same time, a leadwire
has been placed through the center of the via hole;
FIGURE 50 illustrates Option 3E which is the same
as FIG. 49, except in this case, the insulator 188 is
a solid pellet instead of multilayer;
FIGURE 51 illustrates Option 3D which is very similar
to FIG. 49 except the counterbore has been replaced
by relatively smaller countersink to hold the gold
braze preform;
FIGURE 52 illustrates Option 3E which is the same
as FIG. 51, except the insulator is a solid pellet in-
stead of multilayer;
FIGURE 53 illustrates Option 4 which is taken from
prior art FIG. 17B of the ’659 patent and illustrates
Option 4 of the present invention;

FIGURE 53A is very similar to FIG. 53, except in this
case, the enlarged platinum nailhead fill is disposed
on just one side;
FIGURE 54 is taken from prior art FIG. 13 of the ’659
patent and illustrates Option 4A of the present inven-
tion wherein the insulator is a solid pellet instead of
multilayer;
FIGURE 54A is the same as FIG. 53A, except in this
case, the ceramic is formed from a solid pellet;
FIGURE 55 illustrates Option 5 which is taken from
prior art FIG. 14 of the ’659 patent and is very similar
to FIG. 43 herein, except that the pure platinum wire
is surrounded by two different layers;
FIGURE 56 illustrates Option 5A which is taken from
prior art FIG. 13 of the ’659 patent and illustrates the
structure of FIG. 55 except that the insulator is not
multilayer;
FIGURE 57 illustrates Option 5B which is very similar
to FIG. 55, except that it shows that the solid leadwire
can be extended into the body fluid side or into the
device side or both;
FIGURE 58 illustrates Option 5C which is the same
as FIG. 57, except that in this case, the ceramic in-
sulator is a solid pellet instead of multilayer;
FIGURE 59 illustrates Option 6 which is taken from
prior art FIG. 14 of the ’659 patent;
FIGURE 60 illustrates Option 6A which is taken from
prior art FIG. 13 of the ’659 patent and illustrates that
the structure of FIG. 59 does not require a multilayer
alumina structure 188, but rather was made from a
pellet;
FIGURE 61 is taken from prior art FIG. 17A of the
’659 patent and illustrate an embodiment of the
present invention where the alumina insulator, after
sintering, can be sputtered, including an adhesion
layer and a wetting layer, such that a gold braze to
a titanium ferrule can be accomplished;
FIGURE 62 is taken from prior art FIG. 17B of the
’659 patent and illustrates an embodiment of the
present invention where the alumina insulator, after
sintering, can be sputtered, including an adhesion
layer and a wetting layer, such that a gold braze to
a titanium ferrule can be accomplished;
FIGURE 62A is generally taken from section 62A-
62A from FIG. 62 and it illustrates that the counter-
bore 195 may be a countersink;
FIGURE 62B is an enlarged sectional view 62B-62B
taken from FIG. 61;
FIGURE 63 is very similar to FIG. 30 except that a
thin layer of gold is disposed on top of the body fluid
side platinum via fill;
FIGURE 63A is an enlarged sectional view taken
from section 63A-63A from FIG. 63 illustrating gold
braze layer on top of the platinum via fill;
FIGURE 63B is very similar to FIG. 63A except that
the platinum end cap, on the body fluid side, has
been eliminated and the gold braze has been directly
brazed to the layers and then to the CRMC;
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FIGURE 63C is very similar to FIG. 43 except that a
device side leadwire has been co-brazed on the body
fluid side;
FIGURE 64 is taken from prior art FIG. 19A of the
’659 patent, illustrating that any of the options of the
present invention lend themselves to very high den-
sity packaging;
FIGURE 65 is taken from prior art FIG. 19D of the
’659 patent indicating that the alumina insulator of
FIG. 64 can be round instead of rectangular;
FIGURE 66 is taken from prior art FIG. 22A of the
’659 patent and illustrates that the present invention
does not require a ferrule;
FIGURE 67 illustrates that the feedthrough capacitor
may be mounted to or adjacent the novel alumina
ceramic insulator assembly of the present invention;
FIGURE 68 illustrates that the feedthrough capacitor
may be mounted to or adjacent the novel alumina
ceramic insulator assembly of the present invention;
FIGURE 69 illustrates that ball grid arrays can be
used for mounting a feedthrough capacitor;
FIGURE 70 illustrates that ball grid arrays can be
used for mounting a feedthrough capacitor;
FIGURE 71 illustrates that ball grid arrays can be
used for mounting a feedthrough capacitor;
FIGURE 72 illustrates the feedthrough capacitor af-
ter the ball grid array has been flowed and the
feedthrough capacitor has therefore been soldered
to the pure platinum end of the present invention;
FIGURE 73 illustrates that the conventional
feedthrough capacitor must have an electrical con-
nection from its outer diameter metallization to the
ferrule;
FIGURE 74 illustrates section 74-74 from FIG. 73
showing how the ball grid array solder wets directly
to the pure platinum fill;
FIGURE 75 illustrates an alternative embodiment of
the present invention;
FIGURE 76 illustrates an alternative embodiment of
the present invention;
FIGURE 77 shows a bar of ceramic material;
FIGURE 78 illustrates the device side of the bar;
FIGURE 79 illustrates the body fluid side of the bar;
FIGURE 80 is a sectional view taken from section
80-80 from FIGS. 77 and 78;
FIGURE 81 is taken from FIGS. 77 and 78 along
section 81-81;
FIGURE 82 shows that all of the via holes have been
filled with a conductive deposit paste in accordance
with the present invention;
FIGURE 83 is a sectional view taken generally along
the line 83-83 from FIG. 82 and illustrates that the
slots only penetrate a portion of the way into the
green bar;
FIGURE 84 is taken from section 84-84 from FIG. 82;
FIGURE 85 illustrates the green ceramic bar previ-
ously described in FIGS. 77 through 84, illustrating
how the four separate insulators have at least par-

tially been milled out of the bar;
FIGURE 86 illustrates the body fluid side as opposed
to the device side as previously illustrated in FIG. 85
and illustrates that the individual insulators have not
yet quite been cut out of the bar;
FIGURE 87 is through section 87-87 from FIG. 86
showing the slot cut nearly all the way through the
bar;
FIGURE 88 illustrates the insulator after it is broken
out of the bar in isometric view on the body fluid side;
FIGURE 89 is the same sintered insulator previously
illustrated in FIG. 88, except that it has been inverted
to show the device side instead of the body fluid side;
FIGURE 90 illustrates the insulator of FIGS. 88 and
89 placed into an opening of a ferrule;
FIGURE 91 is a cross-section 91-91 taken from FIG.
90;
FIGURE 92 illustrates the device side of the
feedthrough terminal of FIG. 90, illustrating the gold
braze;
FIGURE 93 is taken from section 93-93 from FIG.
92, which illustrates the slot with the gold braze in
cross-section;
FIGURE 94 is very similar to the insulator to FIG. 89
now with multiple novel slots;
FIGURE 95 is a sectional view showing how a gold
braze fills the slots of FIGS. 88-94 and is connected
to the ferrule;
FIGURE 96 is very similar to FIG. 77, except that the
slots are deeper but do not penetrate all the way
through the bar of the ceramic wafer;
FIGURE 97 is a top view of the device side of the
ceramic bar of FIG. 96;
FIGURE 98 is the body fluid side of the bar from FIG.
96;
FIGURE 99 is taken from section 99-99 from FIG.
97 showing the slot and the pull hole shown in cross-
section;
FIGURE 100 is taken from section 100-100 from FIG.
97, showing one of the via holes;
FIGURE 101 illustrates the bar of FIG. 96 after holes
and slots have been filled with a combination of paste
and platinum, in accordance with any of the options
of the present invention;
FIGURE 102 is taken from section 102-102 from FIG.
101 illustrating the filled slot and filled pull through
hole;
FIGURE 103 is taken from section 103-103 from FIG.
101 illustrating two of the via holes in cross-section;
FIGURE 104 is a sectional perspective view of one
step in the process of forming the hermetically sealed
via hole where the via hole is first filled with the
CRMC;
FIGURE 105 is similar to FIG. 104 but is now the
next step where the filled via is drilled out;
FIGURE 106 is similar to FIG. 105 but is now the
next step where the via hole is filled with a platinum
paste similar to Option 4;
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FIGURE 107 shows that prior to sintering, the indi-
vidual insulators are removed from the bar;
FIGURE 108 illustrates the body fluid side of the de-
vice side image of FIG. 107;
FIGURE 109 is a sectional view similar to FIGS.
104-106 now showing the capacitors partially cut out
from the bar;
FIGURES 110 and 111 illustraterespectively the
body fluid side and the device side of the insulator
after it is sintered with sputter layers and applied;
FIGURE 112 illustrates an alternative embodiment
of the present invention;
FIGURE 113 is a cross-sectional view taken from
section 113-113 from FIG. 112 illustrating that the
slot 403 is filled with platinum;
FIGURE 114 illustrates a novel milled or micro-blast-
ed slot exposing the side of the slot which may be
filled with platinum as shown, or a Cermet or CRMC
material;
FIGURE 115 illustrates the sputter layers can be ap-
plied to the side of the insulator, as shown, but also
importantly, the sputter layer would also be applied
to the exposed part of the platinum fill of slot;
FIGURE 116 illustrates the insulator of FIG. 115 gold
brazed into an AIMD ferrule;
FIGURE 117 illustrates that the grounding slot may
be replaced by a slot filled with a Platinum-Alumina
Cermet CRMC or platinum of the present invention;
FIGURE 117A is taken from partial section 117A-
117A from FIG. 117 and illustrates a different em-
bodiment, in that, sputter layers have been eliminat-
ed and the gold braze is shown wetting between the
ferrule and the CRMC material;
FIGURE 118 is very similar to FIG. 74 illustrating that
the Platinum-Alumina Cermet (CRMC) filled slot may
also include a layer of pure platinum;
FIGURE 119 is a sectional view showing a peninsula
structure extending from the ferrule that has a gold
braze for connection to a solder dot or the like;
FIGURE 120 illustrates a feedthrough capacitor
which includes one solid-filled capacitor feedthrough
holes and one hollow-filled capacitor feedthrough
hole;
FIGURE 121 illustrates one possible electrical sche-
matic of the internally grounded filtered hermetic
feedthrough assembly of FIG. 120;
FIGURE 122 is very similar to FIG. 117, except that
slot filled with CRMC includes a counterbore, includ-
ing pure platinum of the present invention;
FIGURE 123 illustrates a hermetic insulator of the
present invention with MLCC chip capacitors elec-
trically attached between the active vias and to the
ferrule and ferrule gold;
FIGURE 124 is one possible electrical schematic of
the filtered capacitor structure with MLCC chips il-
lustrated in FIG. 123;
FIGURE 125 illustrates a circuit board and MLCC
capacitors that are attached through a metal addition

to the ferrule;
FIGURE 126 illustrates circuit board with circuit trace
routed from the active via hole to the device elec-
tronics;
FIGURE 127 illustrates a direct electrical connection
on the left-hand side on the MLCC capacitor;
FIGURE 128 is very similar to FIG. 127, except that
in this case, the active circuit traces are embedded
within circuit board;
FIGURE 129 illustrates a circuit board mounted to
the ferrule of a hermetic terminal subassembly for
an AIMD;
FIGURE 130 is a sectional view taken from section
130-130 from FIG. 131 of the ground plane of the
circuit board of FIG. 129;
FIGURE 131 is a sectional view taken from section
131-131 from FIG. 129;
FIGURE 132 illustrates section 132-132 from FIG.
129 showing how the MLCC capacitors are connect-
ed to the ground trace and are grounded through via
holes;
FIGURE 133 is an enlarged view generally taken
from section 133-133 from FIG. 131 illustrating how
the leadwire is co-joined with electrical connection
material to the platinum end of the via hole, including
the Cermet CRMC;
FIGURE 134 illustrates Option 1 and 1A of the
present invention with a composite platinum-alumina
via fill CRMC with platinum conductor end fills co-
fired into a feedthrough with a device side solder
coat;
FIGURE 135 is similar to FIG. 134 however the in-
sulator was multilayered;
FIGURE 136 is similar to FIG. 135 however the plat-
inum ends have been widened to facilitate ease of
electrical attachment;
FIGURE 137 is similar to FIG. 136 however now the
platinum ends are connected with a center portion
of platinum, which corresponds to Option 4;
FIGURE 138 is similar to Option 1 and 1A, now show-
ing a solder coat for facilitating an oxide resistant
attachment of solder bump;
FIGURE 139 is very similar to FIG. 29 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 140 is similar to FIG. 139 now showing a
monolithic insulator;
FIGURE 141 is very similar to FIG. 31 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 142 is similar to FIG. 141 now showing a
monolithic insulator;
FIGURE 143 is very similar to FIG. 33 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 143A is similar to FIG. 143 now showing a
second gold braze hermetically sealing it to the fer-
rule;
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FIGURE 144 is very similar to FIG. 34 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 144A is similar to FIG. 144 now showing a
nail head leadwire;
FIGURE 145 is very similar to FIG. 139 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 146 is similar to FIG. 145 now showing a
monolithic insulator;
FIGURE 147 is very similar to FIG. 43 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 148 is similar to FIG. 147 now showing a
monolithic insulator;
FIGURE 149 is very similar to FIG. 45 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 150 is similar to FIG. 149 now showing a
monolithic insulator;
FIGURE 151 is very similar to FIG. 53 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 152 is similar to FIG. 151 now showing a
monolithic insulator;
FIGURE 153 is very similar to FIG. 55 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 154 is similar to FIG. 153 now showing a
monolithic insulator;
FIGURE 155 is very similar to FIG. 57 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 156 is similar to FIG. 155 now showing a
monolithic insulator;
FIGURE 157 is very similar to FIG. 59 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill;
FIGURE 158 is similar to FIG. 157 now showing a
monolithic insulator;
FIGURE 159 is very similar to FIG. 126 now showing
a body fluid side leadwire brazed and electrically
coupled to the composite fill with a circuit board on
the device side;
FIGURE 160 is very similar to FIG. 131 now showing
a body fluid side leadwire brazed and electrically
coupled to the different embodiments of the compos-
ite fills previously shown and described;
FIGURE 161 illustrates a feedthrough having a body
fluid side leadwire brazed and electrically coupled to
a cermet (CRMC);
FIGURE 161A illustrates a partial sectional view of
another embodiment of the present invention with a
ferrule-less connection to an AIMD housing;
FIGURE 161B illustrates a partial sectional view of
another embodiment of the present invention with a
ferrule-less connection to an AIMD housing;
FIGURE 161C illustrates a partial sectional view of

another embodiment of the present invention with a
stamped ferrule connection to an AIMD housing;
FIGURE 161D illustrates a partial sectional view of
another embodiment of the present invention with a
stamped ferrule connection to an AIMD housing;
FIGURE 161E illustrates a partial sectional view of
another embodiment of the present invention with a
stamped ferrule connection to an AIMD housing;
FIGURE 162 is very similar to FIG. 161 now showing
a gold braze extending inwards on the device side
such that an electrical connection can be made to a
device side leadwire facilitating the use of an inter-
nally grounded feedthrough capacitor;
FIGURE 163 is very similar to FIG. 162 now showing
a clip disposed within the gold braze thereby facili-
tating proper formation of the gold braze due to cap-
illary action with the clip;
FIGURE 163A is a perspective view of an exemplary
clip similar to that in FIG. 163;
FIGURE 163B is a perspective view of another ex-
emplary clip similar to that in FIG. 163;
FIGURE 163C is an enlarged view taken along lines
163C-163C of FIG. 163 showing the clip surrounded
by the gold braze on both sides;
FIGURE 163D is a perspective view of another ex-
emplary clip similar to that in FIG. 163 now having a
post attached to the clip;
FIGURE 164 shows a multiple drilling and filling
method of manufacturing with varying percentages
of ceramic to metal pastes being layered around a
center metallic paste;
FIGURE 165 illustrates in a block form diagram one
embodiment of the present invention;
FIGURE 166 shows a variation of the present inven-
tion wherein misregistered sheets with CRMC fill are
simultaneously drilled and filled;
FIGURE 167 illustrates in block form diagram the
embodiment of FIG. 166;
FIGURE 168 shows a prior art structure having mis-
registered filled via holes with catch pads;
FIGURE 169 illustrates in block form diagram the
embodiment of FIG. 168;
FIGURE 170 shows a device side wire connected to
the sintered metal paste;
FIGURE 170A is a perspective view of the device
side wire of FIG. 170 showing its shape in more de-
tail;
FIGURE 171 shows a device side wire connected to
the sintered metal paste;
FIGURE 171A is a perspective view of the device
side wire of FIG. 171 showing its shape in more de-
tail;
FIGURE 172 shows a device side wire about to be
connected to the sintered metal paste;
FIGURE 172A is a perspective view of the device
side wire of FIG. 172 showing its shape in more de-
tail;
FIGURE 173 is similar to FIG. 172, now showing the
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device side wire connected to the sintered metal
paste;
FIGURE 173A is a perspective view of the device
side wire of FIG. 173 showing its shape in more de-
tail;
FIGURE 174 shows a device side wire connected to
the sintered metal paste;
FIGURE 174A is a perspective view of the device
side wire of FIG. 174 showing its shape in more de-
tail;
FIGURE 175 shows a device side wire connected to
the sintered metal paste;
FIGURE 175A is a perspective view of the device
side wire of FIG. 175 showing its shape in more de-
tail; and
FIGURE 176 is a sectional view of a dielectric body
being drilled using a backing plate.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0068] As previously described in-whole or in-part with-
in U.S. provisional applications 62/443,011, 62/450,187,
62/461,872, 62/552,363 and 62/613,500 filed January 6,
2017, January 25, 2017, February 22, 2017, August 30,
2017 and January 4, 2018 respectively, the present in-
vention now includes various embodiments of different
options. The following detailed description is now for 110
sheets of drawings, which are labeled FIGS. 1 through
FIGS. 176. Certain FIGURES illustrate one option while
other FIGURES illustrate another option. Some FIG-
URES illustrate several options in just one figure. It will
be understood that any of the FIGURES that describe
the present invention are applicable to any of the options.
In other words, the FIGURES illustrate a variety of ways
in which the various options can be reduced to practice.
[0069] FIGURE 1 illustrates various types of active im-
plantable and external medical devices 100 that are cur-
rently in use. FIG. 1 is a wire formed diagram of a generic
human body showing a number of implanted medical de-
vices. 100A is a family of external and implantable hear-
ing devices which can include the group of hearing aids,
cochlear implants, piezoelectric sound bridge transduc-
ers and the like. 100B includes an entire variety of neu-
rostimulators and brain stimulators. Neurostimulators are
used to stimulate the Vagus nerve, for example, to treat
epilepsy, obesity and depression. Brain stimulators are
similar to a pacemaker-like device and include electrodes
implanted deep into the brain for sensing the onset of a
seizure and also providing electrical stimulation to brain
tissue to prevent the seizure from actually happening.
The lead wires that come from a deep brain stimulator
are often placed using real time imaging. Most commonly
such lead wires are placed during real time MRI. 100C
shows a cardiac pacemaker, which is well-known in the
art, may have endocardial or epicardial leads. Implanta-
ble pacemakers may also be leadless. The family of car-
diac pacemakers100C includes the cardiac resynchro-

nization therapy devices (CRT-D pacemakers) and lead-
less pacemakers. CRT-D pacemakers are unique in that,
they pace both the right and left sides of the heart. The
family also includes all types of implantable loop record-
ers or biologic monitors, such as cardiac monitors. 100D
includes the family of left ventricular assist devices
(LVAD’s) and artificial hearts. 100E includes an entire
family of drug pumps which can be used for dispensing
of insulin, chemotherapy drugs, pain medications and
the like. Insulin pumps are evolving from passive devices
to ones that have sensors and closed loop systems. That
is, real time monitoring of blood sugar levels will occur.
These devices tend to be more sensitive to EMI than
passive pumps that have no sense circuitry or externally
implanted lead wires. 100F includes a variety of external
or implantable bone growth stimulators for rapid healing
of fractures. 100G includes urinary incontinence devices.
100H includes the family of pain relief spinal cord stim-
ulators and anti-tremor stimulators. 100H also includes
an entire family of other types of neurostimulators used
to block pain. 100I includes a family of implantable car-
dioverter defibrillator (ICD) devices and also includes the
family of congestive heart failure devices (CHF). This is
also known in the art as cardio resynchronization therapy
devices, otherwise known as CRT devices. 100J illus-
trates an externally worn pack. This pack could be an
external insulin pump, an external drug pump, an external
neurostimulator, a Holter monitor with skin electrodes or
even a ventricular assist device power pack. Referring
once again to element 100C, the cardiac pacemaker
could also be any type of biologic monitoring and/or data
recording device. This would include loop recorders or
the like. Referring once again to FIG. 1, 1001 is described
as an implantable defibrillator. It should be noted that
these could be defibrillators with either endocardial or
epicardial leads. This also includes a new family of sub-
cutaneous defibrillators. ICDs, as used herein, include
subcutaneous defibrillators and also CRT-D devices.
CRT devices are cardiac resynchronization therapy de-
vices that could also provide high-voltage defibrillation.
In summary, as used herein, the term AIMD includes any
device implanted in the human body that has at least one
electronic component.
[0070] FIGURE 2 illustrates a prior art cardiac pace-
maker 100C showing a side view. The pacemaker elec-
tronics are housed in a hermetically sealed and conduc-
tive electromagnetic shield 102 (typically titanium). There
is a header block assembly 104 generally made of ther-
mal-setting non-conductive plastic, such as Tecothane®.
This header block assembly 104 houses one or more
connector assemblies generally in accordance with ISO
Standards IS-1, IS-2, or more modern standards, such
as IS4 or DF4. These header block connector port as-
semblies are shown as 106 and 106’. Implantable lead-
wires 110, 110’ have proximal plugs 108, 108’ and are
designed to insert into and mate with these header block
connector cavities 106 and 106’, or, in devices that do
not have header block assemblies built directly into the
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pulse generator itself.
[0071] As used herein, the term "lead" refers to an im-
plantable lead containing a lead body and one or more
internal lead conductors. A "lead conductor" refers to the
conductor that is inside of an implanted lead body. The
term "leadwire" or "lead wire" refers to wiring that is either
inside of the active implantable medical device (AIMD)
housing or inside of the AIMD header block assembly or
both. Furthermore, as used herein, in general, the terms
lead, leadwire and pin are all used interchangeably. Im-
portantly, they are all electrical conductors. This is why,
in the broad sense of the term, lead, leadwire or pin can
all be used interchangeably since they are all conductors.
The term "conductive pathway" can also be used to be
synonymous with lead conductor, lead, leadwire or pin
or even a circuit trace. As described herein, composite
conductive sintered paste filled vias passing through an
insulator in nonconductive relation with a ferrule electri-
cally acts the same as leadwire, lead wire, or pin. These
sintered paste filled vias may also incorporate co-fired
solid leadwires. As used herein, the term paste generally
refers to pastes, inks, gels, paints, Cermets, and other
such metal and/or metal/ceramic sinterable material
combinations that can be flowable, injectable, pressed,
pulled, pushed or otherwise movable into an orifice or
via. Post-sintering, the solvents and binders are baked
out and, after sintering, the paste becomes a densified
solid with monolithic structure. Additionally, AIMD, as de-
fined herein, includes electronic circuits disposed within
the human body that have a primary or secondary battery,
or have an alternative energy source, such as energy
induced by motion, thermal or chemical effects or through
external induction. As used herein, the term "header
block" is the biocompatible material that attaches be-
tween the AIMD housing and the lead. The term "header
block connector assembly" refers to the header block
including the connector ports for the leads and the wiring
connecting the lead connector ports to the hermetic ter-
minal subassemblies which allow electrical connections
to hermetically pass inside the device housing. It is also
understood by those skilled in the art that the present
invention can be applicable to active implantable medical
devices that do not have a header block or header block
connector assemblies such as pulse generators.
[0072] FIGURE 3 illustrates an isometric cut away view
of a unipolar feedthrough capacitor. Shown, in cut away
view, are active electrode plates 134 and ground elec-
trode plates 136 both disposed within a capacitor dielec-
tric 171. There is a feedthrough hole (passageway) 176,
including metallization 130. There is also an outside di-
ameter metallization 132.
[0073] FIGURE 4 shows the unipolar capacitor of FIG.
3 in section, mounted to the ferrule 122 of a hermetic
seal subassembly 116 for an active implantable medical
device. As shown, the ferrule 122 is configured to be
laser welded 128 into an opening of an AIMD housing
previously illustrated in FIG. 2 as element 102. The AIMD
housing is generally of titanium or other biocompatible

conductive material and forms an overall electromagnet-
ic shield to help protect AIMD electronics from electro-
magnetic interference emitters, such as cell phones and
the like. Accordingly, referring back to FIG. 4, we see the
ground symbol 144 representing that EMI signals that
may be coupled onto the body side of the lead 118, can
be decoupled or diverted through the feedthrough capac-
itor 124 to the equipotential shield. When high frequency
electromagnetic signals are diverted from lead 118 to the
AIMD housing 102, they circulate around the shield and
are converted into meaningless heat (just a few milli or
microwatts).
[0074] FIGURE 5 is the schematic diagram for the
feedthrough capacitor of FIGS. 3 and 4. One can see
that this is known as a three-terminal device and that
there is significant high frequency attenuation along the
length of the leadwire between 118 and 118’. According-
ly, the first terminal is on the body fluid side 118 and the
second terminal is on the device side 118’, the third ter-
minal being the ground 102,144, where undesirable elec-
tromagnetic interference is diverted to the AIMD housing.
It is known in the art that three-terminal feedthrough ca-
pacitors have very little to no parasitic series inductance
and are therefore, are very broadband low pass filters.
This means that low frequency signals, such as thera-
peutic pacing pulses or biologic signals pass along from
the body fluid side of the lead conductor 118 to the device
side 118’ without degradation or attenuation. However,
at high frequencies, the capacitive reactance drops to a
very low number and ideally, high frequency signals are
selectively shorted out from the lead conductor 118, 118’
to the ferrule 122 and in turn, to the conductive housing
102.
[0075] FIGURE 6 is an exploded view of the unipolar
capacitor of FIG. 3 showing that it has ceramic cover
plates 154, active electrode plates that are interleaved
with ground electrode plates 136 and one or more cover
sheets disposed on the other end 154. In ceramic engi-
neering, the ceramic dielectrics would typically be of BX
or X7R having a dielectric constant of approximately
2000 or higher. It will also be appreciated that NP0, which
is generally a low k dielectric with a dielectric constant
below 200, could also be used, as taught in U.S. Patent
8,855,768.
[0076] FIGURE 7 illustrates a quadpolar feedthrough
capacitor and hermetic terminal subassembly 116 where
it has four leadwires 118a - 118d and four feedthrough
holes (quadpolar). It has a metallic ferrule 122 generally
of titanium which is ready for laser welding 128 into the
AIMD housing 102 (not shown).
[0077] FIGURE 8 is a prior art sectional view taken
generally from section 8-8 from FIG. 7. This illustrates
the hermetic terminal subassembly leadwires 118a-d
passing through the hermetic terminal subassembly in-
sulator 120 in non-conductive relationship and also
through the feedthrough capacitor 124 wherein the active
electrode plates 134 are electrically connected 146 to
the hermetic terminal subassembly leadwire 118 and
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wherein the feedthrough capacitor ground electrode
plates 136 are electrically connected 148 to the hermetic
terminal subassembly ferrule 122 and gold braze 140.
[0078] Referring once again to FIGS. 7 and 8, in each
case it is seen that the hermetic terminal subassembly
leadwires 118a-d pass all the way through the entire
structure, namely, the hermetic terminal subassembly
116 and the feedthrough capacitor 124. In general, these
hermetic terminal subassembly leadwires 118a-d are
electrically and mechanically continuous (single materi-
al) and pass through from the body fluid side to the inside
of the device 100 housing 102. Because the hermetic
terminal subassembly leadwires 118a-d pass through
from the body fluid side to the inside of the device housing
by way of header block connector assembly 104 or the
like, it is very important that these hermetic terminal su-
bassembly leadwire 118 materials be biocompatible, bi-
ostable and non-toxic. Generally, in the prior art, these
hermetic terminal subassembly leadwires are construct-
ed of platinum or platinum-iridium, palladium or palladi-
um-iridium, niobium or the like. Platinum-iridium is an ide-
al choice because it is biocompatible, non-toxic and is
also mechanically very strong. The iridium is added to
enhance material ductility and to enable the hermetic ter-
minal subassembly leadwire to sustain bending stresses.
[0079] FIGURE 9 is an electrical schematic represen-
tation of the quadpolar filtered feedthrough assembly
116, 124, as previously illustrated in FIGS. 7 and 8. Re-
ferring once again to FIG. 4C, one can see that these are
feedthrough capacitors and are three-terminal devices.
For example, feedthrough capacitor 116, 124 has a first
terminal 118a, a second active terminal 118’a and a
ground terminal 102, 122. In the art, feedthrough capac-
itors are known as broadband low pass filters. They have
practically zero series inductance and are desirable in
that, they work over a very wide range of frequencies. In
general, feedthrough capacitors and their internal elec-
trode geometries are well known in the prior art. In this
case, the feedthrough capacitor is a diverter element, in
that, it diverts RF signals on all four leads to the AIMD
housing as previously described. This is important for the
capacitance reactance formula. At very low frequencies,
such as biologic sensing frequencies or biologic therapy
frequencies, the capacitor impedance is extremely high
and the capacitor acts like it’s not present. However, at
very high frequencies, such as frequencies around the
area of a cell phone (950 MHz), the capacitor tends to
look more like a short circuit and diverts those undesir-
able signals to the AIMD housing. One is referred to U.S.
Patents 4,424,551; 5,333,095; 5,978,204; 6,643,903;
6,765,779.
[0080] FIGURE 10 is an exploded view of the quad
polar capacitor 132 of FIG. 7. In the exploded view, you
can see that there are four active electrode plates 134
and one ground plate 136. The effective capacitance ar-
ea comes from the overlap of the active electrode 134
with the ground electrode 136. The greater this overlap
area is, the higher the capacitance of the feedthrough

capacitor becomes. One can also say that it is a multilayer
structure. In FIG. 10, there are two active and ground
plates shown. This has the effect of increasing the ca-
pacitor’s effective capacitance area. It will be appreciated
that as many as 400 or more ground and active layers
could be used.
[0081] FIGURES 11A, 11B and 11C illustrate an inter-
nally grounded prior art feedthrough capacitor. In gener-
al, internally grounded feedthrough capacitors are known
in the prior art with reference to U.S. Patents 5,905,627;
6,529,103; 6,765,780 and the like. Referring once again
to FIG. 11A, one can see an internally grounded
feedthrough capacitor, which is octapolar (eight active
leads). The eight active leads are labeled 118a through
118h on the body fluid side and on the inside of the AIMD
housing they are labeled 118’a through 118’h. The ferrule
122 has a peninsula structure 139, which is connected
to an internal ground pin 118gnd. Referring now to the
octapolar feedthrough capacitor active electrode plates
134, they are designed to overlay in a sandwich fashion
the ground electrode plates 136. One skilled in the art
will realize that one can stack up as many of these inter-
leaved layers as is required in order to achieve the re-
quired capacitance value and other design factors. The
internal ground lead 118gnd is electrically connected to
the ground electrode plate layers 136. The active elec-
trodes 134a through 134h are each electrically connect-
ed through their respective leadwires 118’a through
118’h. The overlap between the active electrodes 134
and the ground electrodes 136 create what is known as
effective capacitance area (or ECA). The active and
ground electrode layers may be interleaved with addi-
tional ceramic layers to build up the dielectric thickness
(not shown). In general, the monolithic ceramic
feedthrough capacitor 124, as shown in FIG. 6 as element
124, is a result of laminating the various electrode layers
together and then sintering them at a high temperature
to form a rigid monolithic ceramic block. This is known
as a single feedthrough capacitor that is multipolar (in
this case these are octapolar or eight active filtered cir-
cuits). One can see that there is a perimeter metallization
132 on the outside of the round capacitor from FIGS. 3
and 7 whereas, in this case in FIG. 6, there is no perimeter
metallization 132 at all.
[0082] There are several major advantages to internal
grounding and removal of the perimeter or diameter met-
allization 132. This is best understood by referring back
to FIGS. 3 through 8. In contrast to FIG. 4, with internal
grounding there is no longer a need to apply a diameter
metallization 132 as shown in FIGS. 11A, 11B and 11C.
In addition, the electrical connection 148 has been en-
tirely eliminated between the capacitor diameter metal-
lization 132 and the gold braze 140 and ferrule 122. The
elimination of this electrical connection 148 also makes
the capacitor structure 124’ much more resistant to me-
chanical damage caused by subsequent laser welding
128 of the hermetic seal assembly 116 into the AIMD
housing 102. A significant amount of heat is produced
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by laser welding 128 and there is also a mismatch in
thermal coefficient of expansion materials. By elimination
of the electrical connection material 148, the capacitor
124’ is free to float and is therefore, much more resistant
to such stresses. Referring once again to FIG. 11B, one
can see that the internal ground lead 118’gnd makes a
low impedance connection from the capacitor’s internal
electrode plates 136 to the ferrule 122. This is what elim-
inates the need for the electrical connection material 148,
as previously illustrated in FIG. 4. It will be appreciated
that only one ground pin is shown in FIG. 6, but some
designs may require a multiplicity of ground pins spaced
apart such that, there is a very low impedance connection
effectively grounding the capacitor internal electrodes
136 at multiple points.
[0083] Referring once again to FIG. 11B, one can see
the ceramic capacitor subassembly 124’ ready to be in-
stalled onto the hermetic terminal subassembly 189.
These are shown joined together in FIG. 11C resulting
in a hermetically sealed feedthrough capacitor filter as-
sembly 116.
[0084] Referring back to FIG. 11B, it is important to
clarify some confusion as terms of art. The feedthrough
capacitor 124’ can also be described as a three-terminal
feedthrough capacitor with multiple via holes or
feedthrough holes. In a confusing manner, the hermetic
terminal subassembly 189 is often referred to in the art
as a hermetic feedthrough. Therefore, we have the term
feedthrough applying both to the feedthrough capacitor
and to the hermetic terminal assembly. As used herein,
these are two separate and distinct subassemblies,
which are joined together in FIG. 11C to become a
feedthrough filter hermetic terminal assembly 116 ready
for installation into an opening of an AIMD housing. Re-
ferring once again to FIGS. 11A and 11B, one will appre-
ciate that leadwires or lead conductors 118’, 118 are con-
tinuous leadwires. In other words, on the body fluid side,
the leadwire is of the same material as on the device
side. This is typical in the prior art. Referring once again
to FIG. 11B, one can see that the internal ground lead
118’gnd does not extend through to the body fluid side
of the hermetic terminal feedthrough subassembly 189.
It will be appreciated that it could be easily and readily
extended to the body fluid side, but in most embodiments,
it is not necessary.
[0085] An issue with the use of platinum for hermetic
terminal subassembly leadwires 118a-d is that platinum
has become extremely expensive and may be subject to
premature fracture under rigorous processing such as
ultrasonic cleaning or application use/misuse, possibly
unintentional damaging forces resulting from Twiddler’s
Syndrome. Accordingly, what is needed is a filtered struc-
ture like a feedthrough capacitor assembly 116 which
eliminates these high-priced, platinum, platinum-iridium
or equivalent noble metal hermetic terminal subassembly
leadwires 118. For additional examples of hermetic ter-
minal subassemblies with feedthrough capacitors that
employ leadwires 118, one is referred to U.S. Patents

5,333,095, 5,896,267, 5,751,539, 5,905,627, 5,959,829,
5,973,906, 6,008,980, 6,159,560, 6,275,379, 6,456,481,
6,529,103, 6,566,978, 6,567,259, 6,643,903, 6,765,779,
6,765,780, 6,888,715, 6,985,347, 6,987,660, 6,999,818,
7,012,192, 7,035,076, 7,038,900, 7,113,387, 7,136,273,
7,199,995. 7,310,216, 7,327,553, 7,489,495, 7,535,693,
7,551,963, 7,623,335, 7,797,048, 7,957,806, 8,095,224,
8,179,658.
[0086] FIGURE 11D is the electrical schematic for the
feedthrough filtered hermetic terminal 116 previously de-
scribed in FIGS. 11A, 11B and 11C. Referring once again
to FIG. 11D, one can see the telemetry pin T, which pass-
es through the filtered hermetic terminal assembly 116
without any appreciable capacitance to ground. In other
words, it would be undesirable to have any high frequen-
cy filtering of the telemetry terminal since this would pre-
clude the ability to recover stored information or program
the AIMD device remotely. Leadwires 118a through 118h
all have feedthrough capacitor hermetic terminal assem-
blies 116, 124 as shown. The internal ground pin 118gnd
is shown only on the device side of the hermetic terminal
subassembly 189. Referring once again to FIGS. 11A,
11B, 11C and 11D, it will be noted that the feedthrough
filter hermetic seal subassembly has been inverted with
reference to FIGS. 2, 3 and 4. It should also be noted
that the capacitor 124 is still on the device side; it’s just
drawn inverted.
[0087] FIGURE 12 illustrates a prior art monolithic ce-
ramic capacitor 194. These are otherwise known as ML-
CCs. Monolithic ceramic capacitors are very well known
in the prior art and are produced daily in the hundreds of
millions. It will be appreciated that MLCCs are also com-
monly referred to as multilayer ceramic capacitors. ML-
CCs are common components in every electronic device,
including computers, modern smart phones and the like.
It should be noted here that not all rectangular 2-terminal
capacitors, as illustrated in FIG. 12, must be ceramic. As
used herein, MLCC or monolithic ceramic capacitors
shall also include all kinds of stacked tantalum, stacked
film and other dielectric type capacitors that form 2-ter-
minal rectangular shapes. It will also be appreciated that
any of the 2-terminal capacitors in the art, including ce-
ramic, film and tantalum could also have other shapes
other than rectangular, including cylindrical and the like.
[0088] FIGURE 13 taken from section 13-13 from FIG.
12, illustrates a cross-section of an MLCC capacitor. As
can be seen, the prior art MLCC is a two-terminal device
having a metallization on the left 130 and a metallization
on the right 132. It has overlapping electrodes as illus-
trated in FIGURES 14 and 15. It has an effective capac-
itance area ECA created by the overlap of the left-hand
electrodes 134 with the right-hand electrodes 136.
[0089] FIGURES 16, 17 and 18 illustrate prior applica-
tions of MLCC capacitors 194 attached to hermetic seal
subassemblies of active implantable medical devices.
These patents include: U.S. 5,650,759; 5,896,267;
5,959,829 and 5,973,906. Referring once again to FIG.
17, one can see that there is a hermetic seal insulator

33 34 



EP 3 345 652 A1

20

5

10

15

20

25

30

35

40

45

50

55

120,188 disposed within a ferrule 122. In this FIG., the
insulator 120,188 is hermetically sealed by a gold braze
140 between the insulator 120,188 and ferrule 122. There
is also a leadwire 118, which on the body fluid side is
labeled 118 and on the device side is labeled 118’. This
leadwire is continuous from the body fluid side to the
device side. There is also a hermetic seal gold braze 138,
which hermetically seals the leadwire 118 to the insulator
120,188. Throughout this specification, it will be under-
stood that the insulator 120,188 is sometimes single-
numbered as 120, sometimes single-numbered as 188
or in some cases, is labeled 120,188. It will also be ap-
preciated that the gold braze insulator is typically of a
high purity alumina ceramic. It will also be appreciated
that the insulator could include a glass seal in which case,
the gold brazes 138 and 140 would not be necessary.
[0090] FIGURE 19 illustrates a prior art flat-through ca-
pacitor. This is better understood by referring to its inter-
nal electrode plates as illustrated in FIGURE 20. This is
also known as a three-terminal capacitor because there
is a circuit current i1 that passes through its electrode
plate 175 from the first terminal 180. If there is a high
frequency electromagnetic interference signal being con-
ducted along this electrode plate, then it comes out the
other side at a second terminal 182. Referring back to
FIG. 19, there is a general disadvantage to such capac-
itors in that, at very high frequency EMI 188 can cross-
couple from the left side of the MLCC capacitor to the
right side.
[0091] FIGURE 21, 22 and 23 illustrate a three-termi-
nal capacitor that is also known in the industry as X2Y
attenuator. These are well known in the prior art. It will
be appreciated by one skilled in the art, that any of these
flat-thru or X2Y attenuators can be applied to the present
invention.
[0092] FIGURES 24, 25 and 26 are taken from prior
art FIGS. 9, 10 and 10A of U.S. Patent 9,492,659.
[0093] FIGURES 27 and 28 are taken from prior art
FIGS. 11 and 11A of the ’659 patent. In FIGS. 11 and
11A of the ’659 patent, the alumina insulator was desig-
nated by the number 120. However, now in FIGS. 27, 28
and all following drawings, the alumina insulator will be
referred to by the number 188.
[0094] FIGURE 29 is generally taken from prior art FIG.
14 of the ’659 patent and has been modified to illustrate
Option 1 of the present invention. PAC is a Platinum-
Alumina Cermet and is numbered as element 185.
[0095] In this application we will refer to this Platinum-
Alumina Cermet PAC (which prior to sintering is a paste
or ink) as a Ceramic Reinforced Metal Composite or
CRMC. A CRMC is specifically intended to have a CTE
between that of a substantially pure metal and a substan-
tially pure insulator, the CRMC comprising at least 15%
of pure ceramic by weight or by volume. Alternatively,
the CRMC may comprise a range between 20% to 80%
ceramic by weight or by volume. More than one layer of
CRMC may be used, each layer having a CTE so that
transition from the substantially pure metal CTE to the

substantially insulator CTE mitigates undesirable resid-
ual stresses induced by CTE mismatch during sintering.
CRMC are noted herein as element 185. As used herein,
substantially pure metal 186 is at least 90%, 95%, 98%
and 99% pure metal by weight or by volume. Substantially
pure ceramic 188 as used herein is at least 96%, 98%,
99% and 99.99% pure ceramic by weight or by volume.
An example of substantially pure metal includes substan-
tially pure platinum 186, and an example of substantially
pure ceramic includes substantially pure alumina 188.
An example of a CRMC 185 would include 20% alumina
80% platinum by weight or by volume. Alternatively, an-
other example of a CRMC 185 would include 80% alu-
mina 20% platinum by weight or by volume. It will be
understood that any combination within these ranges are
possible. The above discussion is applicable to all the
embodiments disclosed herein. As will be described later
on, CRMC may comprise a wide variety of different types
of ceramics and metal fills. This CRMC paste is disposed
within laminates L2 through L7. Laminates L1 and L8 com-
prise a via fill of substantially pure platinum (Pt) 186. It
will be appreciated that any number of laminate layers
Ln may be used. It will also be understood throughout
this patent that when Cermets, Platinum-Alumina Cer-
mets or even pure platinum are referred to, that in gen-
eral, these are pastes or inks which will have solvents
and binders that will be baked out during sintering proc-
esses. The structure of FIG. 29 is laminated all together
and then co-fired to form a solid monolithic structure. Sub-
stantially, pure platinum end caps 186 are disposed on
the top and bottom of the via, as shown. The structure
offers a number of very important advantages. The
CRMC very closely matches the thermal coefficient of
expansion of the alumina substrate 188. This results in
a very good hermetic seal between the CRMC and the
alumina insulator 188. The substantially pure caps 186
on the tops and bottoms provide for a very high conduc-
tivity. Under certain processing conditions Cermets may
form a thin glass layer or even an alumina layer over the
via ends. It may be necessary therefore that an additional
manufacturing step, such as acid etch, lapping or me-
chanical abrasion, may be necessary to remove this
formed layer. The present invention offers a substantial
advantage over the prior art by co-firing substantially pure
platinum end caps 186. By removing the alumina from
these end caps, one avoids the glassy phases that may
degrade resistivity. In the case of the specific structure
of FIG. 29, the pure platinum/Cermet interface at the ends
of the via will inherently provide a concentration gradient
along the longitudinal axis of the via, extending from the
Cermet through the platinum cap. A concentration gra-
dient will also exist along the length of the platinum ex-
tending through the via. Concentration gradients at ce-
ramic/metal interfaces have been thoroughly discussed
in Kingery with predictive models for degree of concen-
tration dating back to Becker’s 1938 bond count method.
Referring to Claim 1 of U.S. Pat. 8,841,558, a concen-
tration gradient is claimed. It should be noted that no-

35 36 



EP 3 345 652 A1

21

5

10

15

20

25

30

35

40

45

50

55

where in the ’558 specification is a concentration gradient
discussed. Moreover, as taught by Kingery and others,
concentration gradients are inherent when sintering ce-
ramics to metals. The inherency follows physical and
chemical laws of nature and has been demonstrated
through research efforts as discussed in the Karbasi dis-
sertation which specifically discusses the platinum/alu-
mina interface.
[0096] Referring back to FIG. 29, the alumina insulator
body 188 may be defined as having a first insulator side
500 opposite a second insulator side 502. The first insu-
lator side and second insulator side then are separated
and connected by at least one outside perimeter surface
504 of the alumina insulator body.
[0097] FIGURE 30 is generally taken from prior art FIG.
13 of the ’659 patent and has been modified to show
Option 1A of the present invention. In this case, the alu-
mina body 188 is formed as a solid pellet and not of layers
as previously discussed in FIG. 29. As used herein the
word "pellet" is synonymous with a single body of green
ceramic (pre-sintered). A ceramic pellet can be formed
by pressing ceramic paste into a mold or other such form-
ing apparatus. In contrast, multilayer ceramics comprise
stacking of layers that are then pressed and co-sintered
to create a solid body. One method of manufacturing the
device of Option 1A would be to fill the entire via bore
with the CRMC and then use drilling, machining or other
processes to remove a top and bottom portion, which is
then filled with substantially pure platinum 186. After firing
(otherwise known as sintering), the Option 1A version
(solid pellet) becomes indistinguishable over the Option
1 (multilayer) version. The Option 1A version, according-
ly, has all of the advantages described for Option 1.
[0098] FIGURE 30A is generally taken from prior art
FIG. 15 of the ’659 patent and illustrates Option 1A of
the present invention post sintering.
[0099] FIGURE 30B is generally taken from prior art
FIG. 16 of the ’659 patent and is a sectional view taken
from section 30B-30B from FIG. 30A illustrating how the
CRMC 185 forms a very tight knit interlaced surface struc-
ture 191 with the alumina ceramic insulator 188. As pre-
viously discussed, the present invention provides for a
highly reliable hermetic structure in the interface of the
CRMC and a ceramic insulator structure 188 while at the
same time, providing for a very low resistive and highly
conductive pure platinum end cap 186 on the top and
bottom.
[0100] Referring once again to FIG. 30B, one can see
that there is porosity as indicated by 190, 190’ and 190".
Some porosity is normal and even desirable as this po-
rosity, not only is stress absorbing, but also tends to deter
crack formation.
[0101] FIGURE 31 is generally taken from prior art FIG.
14 of the’659 patent, but has been modified to show Op-
tion 2 of the present invention. In this case, the insulator
188 is multilayer and the entire via hole is first filled with
the CRMC paste 185 and then, in the green state, the
inner diameter is drilled out so that it can be filled with

pure platinum 186. A layer of CRMC 185 which surrounds
the pure platinum 186, forms a buffer during sintering
and subsequent thermal shock, such that, there is a gra-
dation of the differential and coefficient of thermal expan-
sion. The thickness of the CRMC 185 can be adjusted
along with the diameter of the pure platinum 186 such
that during co-firing, no stress cracks are induced in the
alumina body 188.
[0102] A partial solid wire, nailhead, crimp posts and
the like can be co-fired within the via structure to optimize
via conductivity and/or connectability as shown in various
FIGS. provided by U.S. publication 2015/0314131 and
the ’659 patent.
[0103] FIGURE 32 illustrates Option 2A which is gen-
erally taken from prior art FIG. 13 of the ’659 patent and
is very similar to FIG. 31, except in this case, the pre-
sintered alumina insulator body 188 is not multilayer.
[0104] FIGURE 33 (Option 2B) is very similar to FIGS.
31 and 32, except that a body fluid side counterbore 195
(or device side) has been added into the CRMC 185 and
the 186 material. It is important to note that the counter-
bore 195 drilling has left a thin layer of the CRMC material
on the inside walls of the bore in the via hole. Providing
a thin layer of CRMC material will allow gold braze 138
to wet without the need for the previously described sput-
tering layers 150 and 152.
[0105] FIGURE 33A (Option 2B) illustrates the alumina
ceramic insulator assembly 188 of FIG. 33 showing that
the insulator is gold brazed 140 into ferrule 122. Gener-
ally, during the same gold brazing operation a second
gold braze 138 is formed in the counterbore 195 of FIG.
33. A solid leadwire 186W is inserted and is co-brazed
138 into the inside of this counterbore 195. The gold
braze 138 wets and flows to the CRMC material on the
inside of the counterbore and also to the end of the pure
platinum fill 186. Referring back to FIG. 33, the insulator
assembly, consisting of insulator 188, CRMC 185 and
platinum fill 186, are generally co-sintered (also known
as co-firing) at a high temperature forming a strong mon-
olithic structure. It is then ready for co-brazing at a lower
temperature, as described in FIG. 33A. Referring once
again to FIG. 33, the counterbore 195 is easily formed in
the green state. In ceramic engineering terms, "green"
means "before firing." Green materials are generally rel-
atively soft and still contain binders and solvents, making
them pliable and easy to machine. Alternatively, referring
back to FIGS. 31, 32 and 33, the insulator structure 188
could have been sintered at high temperature and then
the counterbore 195 of FIG. 33 could be formed by ma-
chining the hard, sintered ceramic materials.
[0106] Referring back to FIGS. 33 and 33A, it will be
appreciated that the body fluid side leadwire 186W could
be alternatively placed on the device side or even on both
the body fluid and device side.
[0107] Furthermore, the conductive ferrule body 122
may be defined as having a first ferrule side 520 opposite
a second ferrule side 522. A ferrule opening 524 is then
between and through the first and second ferrule sides.
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This means the alumina insulator body is at least partially
disposed within the ferrule opening.
[0108] FIGURE 34 (Option 2C) represents a body fluid
side leadwire 186W which will be routed to an implanted
lead or an AIMD header block (not shown). The insulator
could be drilled all the way through or even drilled with a
counterbore (as shown) and then completely filled with
CRMC material 185. Then a hole is drilled through so
that the platinum fill 186 can be accomplished leaving
room for a leadwire, such as a platinum solid leadwire
186W. This is then sintered at very high temperatures
wherein, the CRMC material forms a strong hermetic seal
between the alumina insulator 188 and also the solid
leadwire 186W, which would generally be of platinum or
other high-temperature, biocompatible materials. By
having the pure platinum fill 186 be very close to or abut
the solid leadwire 186W, one is assured that a very low
resistance connection is made from the body fluid side
to the device side, which is very important for high current
applications, such as those from a high voltage shock
from an implantable cardioverter defibrillator.
[0109] FIGURE 34A illustrates Option 2C which is very
similar to FIG. 34 illustrating that leadwire 186W may
include a nailheaded solid lead 186W. The nailhead NH
feature aids in pull strength and overall mechanical
strength of the package.
[0110] FIGURE 35 is similar to the structures illustrated
in FIGS. 33 and 33A, except in this case, the counterbore
is into the platinum fill 186, as illustrated. Also illustrated
is a gold braze 138. Ideally, the hole drilled to accommo-
date leadwire 186 would be perfectly aligned, as illustrat-
ed in FIG. 35, thereby allowing the gold braze to wet
directly to the platinum fill 186. However, the inventors
have discovered that it is not always possible to perfectly
align the counterbore hole with the platinum fill 186.
[0111] FIGURE 36 illustrates option 2D of FIG. 35
wherein, the counterbore hole to accommodate body flu-
id side leadwire 186W is not perfectly centered or aligned
with the platinum. This is not a problem, in fact, the hole
can be so misaligned that it encounters the platinum on
part of the hole 186 and CRMC on another portion as
shown. The gold braze 138 will still wet both to the plat-
inum 186 and to the now exposed off-centered CRMC
material 185. In both cases, we end up with a mechani-
cally robust and high integrity hermetic seal on the device
side. As previously described, in any of these drawings,
leadwire 186W could also be placed on the device side
or even on both the device side and the body fluid side.
[0112] FIGURE 37 illustrates Option 2E, which is very
similar to Option 2, except that CRMC material 185 has
been added to the outside diameter or perimeter of the
alumina insulator 188. The co-firing of the CRMC material
185 on the outside diameter or perimeter of the hermetic
seal eliminates the need for sputter layers 150 and 152.
The CRMC layer is intended so that gold braze can wet
directly to it.
[0113] FIGURE 38 illustrates Option 2F which is the
same as FIG. 37, except that in this case, the alumina

insulator 188 is formed with a solid pellet of ceramic rather
than multilayer, as illustrated in FIG. 37.
[0114] As previously mentioned, the pellet can be
formed by pressed alumina ceramic powders. It should
also be appreciated that solid slabs of green alumina can
be machined to form a solid pellet 188.
[0115] FIGURE 39 illustrates Option 2G wherein, the
via hole is first solid filled with CRMC material 185. The
via hole is then drilled and is completely filled with the
platinum paste 186. Then both the CRMC 185 and the
platinum fill 186 are counterbored. As can be seen, there
is also a perimeter or diameter CRMC 185. It will be ap-
preciated that the outside diameter or perimeter CRMC
layer 185 could be replaced by adhesion and wetting
layers 150 and 152, as previously described. Referring
once again to FIG. 39, one can see that after sintering,
the inside diameter and sides and bottom of the counter-
bore hole are sputtered 150, 152. Then in a subsequent
co-brazing operation (with a ferrule 122 not shown), nail-
head or straight leadwire 186W, 118 are co-brazed 138
to the sputter layers as indicated.
[0116] FIGURE 40 is very similar to FIG. 39, except
that the nailhead has been eliminated and leadwire
186W, 118 is straight. Again, it will be appreciated that
the outside diameter or outside perimeter CRMC material
185 could be replaced by one or more sputter layers to
facilitate adhesion and wetting of gold.
[0117] FIGURE 41 illustrates Option 21, which takes
the insulator previously described in FIG. 31 and places
it within a ferrule 122. In general, the alumina insulator
188 and platinum fill 186 and CRMC 185 have already
been sintered at a very high temperature forming a solid
monolithic structure. It will also be appreciated that the
outside diameter or perimeter of the insulator 188 also
embodies a CRMC surface 185, which would be co-
brazed 140 into the ferrule 122, as previously described.
In an optional lower temperature gold brazing operation,
a gold braze 140 is formed between ferrule 122 and the
CRMC layer 185 on the insulator structure 188. Alterna-
tively, at the same time during the, a lead 186W, 118 is
co-brazed 138 to the end of the via hole consisting of
platinum fill 186 and CRMC material 185. Mechanically
strong hermetic seals are thereby formed between the
insulator material 188 and ferrule 122. A hermetic seal
has been previously formed during the sintering of the
insulator 188 between the CRMC material 185 and its fill
186. By using gold braze material 138, one achieves a
very low resistance and strong mechanical connection
between the body fluid side leadwire 118 and the via hole
fill 186.
[0118] Referring once again to FIG. 41, it will be ap-
preciated that the outside diameter or perimeter gold
braze 140 can be formed at the same time as the gold
braze attachment between the lead and the CRMC
185/platinum fill 186 in a conventional high temperature
gold brazing furnace process.
[0119] FIGURE 42 illustrates Option 2J which is exact-
ly the same as previously illustrated in FIG. 41, except
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in this case, the alumina insulator is a solid pellet instead
of multilayer.
[0120] FIGURE 43 illustrates Option 3 which is gener-
ally taken from prior art FIG. 14 of the ’659 patent and
has been modified to illustrate Option 3 of the present
invention. FIG. 43 is very similar to FIG. 31, except that
the substantially pure platinum paste 186 has been re-
placed by a substantially pure platinum solid wire 186W.
The platinum wire 186W is surrounded by the novel
CRMC layer of the present invention and the entire struc-
ture is co-fired along with insulator 188.
[0121] FIGURE 44 illustrates Option 3A which is taken
from prior art FIG. 13 of the ’659 patent and illustrates
the structure of FIG. 43 except that it is not multilayered.
[0122] It will be appreciated throughout the drawing
descriptions of this invention that the words "sintering"
and "firing" are synonymous. It will also be appreciated
that, to those skilled in the art, there could be lower tem-
perature solvent and binder bake-out processes that are
then fired by a higher temperature firing or sintering op-
eration. The objective is to remove the volatiles, such as
solvents and binders and then sinter the alumina insula-
tor into a solid monolithic and dense, hard structure.
[0123] FIGURE 45 illustrates Option 3B wherein, the
leadwire 186W, previously described in FIGS. 43 and 44,
can be extended or lengthened into the body fluid side
or into the device side or both. By lengthening this lead-
wire on the body fluid side, one could connect it, for ex-
ample, to header block connectors. By extending it into
the body fluid side, it could then be routed to an AIMD
electronic circuit board.
[0124] FIGURE 46 illustrates Option 3C which is the
same as FIG. 45, except that in this case, the insulator
188 is a solid pellet instead of multilayer.
[0125] FIGURE 47 illustrates Option 3D wherein, the
insulator 188 has been drilled and then counterbored 195
in the green state. Then a CRMC layer 185 has been
added to the inside surfaces of the via hole and counter-
bore, as shown, and a layer of CRMC material 185 has
also been added to a portion of the outside or perimeter
of the insulator. It is noted that the outside diameter or
perimeter of the insulator can be stepped STP as shown
in order to better support that CRMC material during high
temperature sintering. This step feature STP is consid-
ered optional.
[0126] FIGURE 48 illustrates Option 3E which is the
same as FIG. 47, except that the insulator 188 is a solid
pellet instead of multilayer.
[0127] FIGURE 49 illustrates Option 3D wherein, the
insulator of FIG. 47 has been placed at least partially
within a ferrule 122 while at the same time, a leadwire
118,186W has been placed through the center of the via
hole. Gold brazes 138 and 140 are generally formed at
the same time in a brazing furnace. Mechanically strong
and hermetic bonds are formed between the gold braze
material 138 and the CRMC material 185 of the via as
well as the lead 118,186W. In this case, since the lead
118,186W is exposed on the body fluid side, the use of

biocompatible or noble materials are required. For ex-
ample, lead 118,186W could be platinum, palladium, tan-
talum, titanium or the like. A mechanically strong hermet-
ic seal 140 is also formed by gold brazing between the
ferrule structure 122 (which is generally titanium) and the
CRMC layer 185 as shown.
[0128] FIGURE 50 illustrates Option 3E which is the
same as FIG. 49, except in this case, the insulator 188
is a solid pellet instead of multilayer.
[0129] FIGURE 51 illustrates Option 3D which is very
similar to FIG. 49 except the counterbore has been re-
placed by relatively smaller countersink 195’ to hold the
gold braze preform 138.
[0130] FIGURE 52 illustrates Option 3E which is the
same as FIG. 51, except the insulator 188 is a solid pellet
instead of multilayer.
[0131] FIGURE 53 illustrates Option 4 which is taken
from prior art FIG. 17B of the ’659 patent and illustrates
Option 4 of the present invention. FIG. 53 is very similar
to FIG. 31 herein, except that there are counterbores 195
disposed on the top and bottom of the via so that a pure
platinum larger end cap 186’ is formed on both the body
fluid side and the device side. It will be understood that
depending on the application, this counterbore 186’ could
be disposed on either side, either just the body fluid side
or just the device side or both, as required for the appli-
cation. Referring once again to FIG. 53, one can see that
there is a CRMC layer 185 disposed throughout the cent-
er of the via to grade the thermal coefficient of expansion
and enhance hermetic sealing of the assembly.
[0132] FIGURE 53A is very similar to FIG. 53, except
in this case, the enlarged platinum nailhead fill 186 is
disposed on just one side. As shown, it can be disposed
on the body fluid side or the device side. The insulator
of FIG. 53A is multilayer, including layers L1 through Ln.
[0133] FIGURE 54 is taken from prior art FIG. 13 of
the ’659 patent and illustrates Option 4A of the present
invention wherein the insulator 188 is a solid pellet in-
stead of multilayer.
[0134] FIGURE 54A is the same as FIG. 53A, except
in this case, the ceramic 188 is formed from a solid pellet.
[0135] FIGURE 55 illustrates Option 5 which is taken
from prior art FIG. 14 of the ’659 patent and is very similar
to FIG. 43 herein, except that the pure platinum wire
186W is surrounded by two different layers. In this case,
the entire via bore hole is first filled with the CRMC paste
185. Then, it is drilled out and filled with a substantially
pure platinum paste 186, then the substantially pure plat-
inum paste is drilled out and a thin pure platinum wire
186W is inserted, and then co-fired along with the overall
multilayer alumina insulator 188.
[0136] FIGURE 56 illustrates Option 5A which is taken
from prior art FIG. 13 of the ’659 patent and illustrates
the structure of FIG. 55 except that the insulator 188 is
not multilayer.
[0137] FIGURE 57 illustrates Option 5B which is very
similar to FIG. 55, except that it shows that the solid lead-
wire 186W can be extended into the body fluid side or
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into the device side or both.
[0138] FIGURE 58 illustrates Option 5C which is the
same as FIG. 57, except that in this case, the ceramic
insulator 188 is a solid pellet instead of multilayer.
[0139] FIGURE 59 illustrates Option 6 which is taken
from prior art FIG. 14 of U.S. Pat. 9,492,659 hereinafter
referred to as the ’659 patent. This FIG. is very similar to
FIG. 53 herein, except that machined pure platinum solid
metal end caps 187 have been co-fired into the pure plat-
inum 186. An advantage to the pure platinum cap 187
illustrated in FIG. 59 is that it provides for a very flat wire
bonding surface for later assembly operations. It will also
be appreciated that any of the structures previously illus-
trated in the present invention, could be lapped on the
top and bottom thereby also providing a very flat and
uniform surface. It will also be appreciated that end caps
187 could include other materials pending location (body
fluid side or device side) and also may be achieved by
other methods such as applying a gold containing solder
or other biocompatible or oxide resistant material, swag-
ing a gold or other appropriate metal preform, nickel, cop-
per, into the cavity and the like.
[0140] FIGURE 60 illustrates Option 6A which is taken
from prior art FIG. 13 of the ’659 patent and illustrates
that the structure of FIG. 59 does not require a multilayer
alumina structure 188, but rather was made from a pellet
188.
[0141] FIGURES 61 and 62 are taken from prior art
FIGS. 17A and 17B of the ’659 patent and illustrate var-
ious embodiments of the present invention where the alu-
mina insulator, after sintering, can be sputtered, including
an adhesion layer 152 and a wetting layer 150, such that
a gold braze 140 to a titanium ferrule 122 can be accom-
plished. Titanium ferrules 122 are well known in the prior
art and is suitable for laser welding 128 into the housing
of an AIMD 102. Referring now to FIG. 62 and 62A, one
can see that the diameter/width/size of the platinum via
fill 186 at the surface of each end of the via has been
extended beyond the CRMC 185 providing a larger elec-
tric contact/bonding area for connection to AIMD circuits
on the device side and/or electrical leads on the body
fluid side. FIG. 62 illustrates that the enlarged area may
be a counterbore 195 and FIG. 62A may be a countersink
195’. It will be appreciated that the counterbore 195 of
FIG. 62 and the countersink 195’ of FIG. 62A may be on
the body fluid side of the insulator 188 or the device side
or both. It will also be appreciated that these features
could be round as shown, but also may be square, rec-
tangular, oval or other geometries.
[0142] FIGURE 62A is generally taken from section
62A-62A from FIG. 62. It illustrates that the counterbore
195 may be a countersink 195’.
[0143] FIGURE 62B is an enlarged sectional view 62B-
62B taken from FIG. 61. FIG. 62B shows an optional
embodiment where the sputtering layers 150, 152 are
replaced by the CRMC material 185 on the outside di-
ameter or perimeter of the insulator 188. It will be appre-
ciated that the application of CRMC material on the out-

side diameter or perimeter of the insulator requires less
labor, eliminates secondary operations such as vacuum
sputtering, ion implantation and the like, making the man-
ufacturing process more efficient.
[0144] FIGURE 63 is very similar to FIG. 30 except that
a thin layer of gold 141 is disposed on top of the body
fluid side platinum via fill 186. As shown, the platinum fill
186 is recessed below the body side surface of the insu-
lator 188. Sputter layers 150, 152 are present but not
shown. It would be preferred that 141 be a gold braze
and be formed at the same time that gold braze 140 to
the ferrule 122 is formed. It will be understood that gold
braze 141 could be disposed on the body fluid side as
shown or on the device side not shown or both.
[0145] Referring once again to FIG. 63, it will also be
appreciated that the thin layer of gold braze 141 need
not be flush with the surface of the insulator 188. In other
words, it could stick up or be proud of the insulator (not
shown).
[0146] FIGURE 63A is an enlarged sectional view tak-
en from section 63A-63A from FIG. 63 illustrating gold
braze layer 141 on top of the platinum via fill 186. It will
be appreciated that gold braze layer 141 can be added
to any of the Options 1 through 6 as described herein.
Now, one can see layers 150 and 152 to which one can
attach to the gold braze 141.
[0147] FIGURE 63B is very similar to FIG. 63A except
that the platinum end cap 186, on the body fluid side, has
been eliminated and the gold braze 141 has been directly
brazed to the layers 150, 152 and then to the CRMC.
[0148] FIGURE 63C is very similar to FIG. 43 except
that a device side leadwire 118 has been co-brazed 141
on the body fluid side. This leadwire 118 could be routed
to an AIMD header block 104, as shown in FIG. 2, and
connector 106 or directly to an implanted lead 110.
[0149] It will be appreciated that for any of the above
embodiments, the gold braze layer 141 and or the plati-
num fill layer 186 may be flush, sub-flush or proud of
either the body side of the insulator 188, the device side
of the insulator 188 or both.
[0150] FIGURE 64 herein is taken from prior art FIG.
19A of the ’659 patent, illustrating that any of the options
of the present invention lend themselves to very high
density packaging.
[0151] FIGURE 65 is taken from prior art FIG. 19D of
the ’659 patent indicating that the alumina insulator 188
of FIG. 64 can be round instead of rectangular. It will be
known to one skilled in the art from this teaching that
round and rectangular are not limiting in that any shape
may be utilized to achieve a desired structure.
[0152] Referring back to FIGS. 64 and 65, it will be
appreciated that the end view 185 of the CRMC layer,
can be modified to incorporate any of the options as pre-
viously disclosed.
[0153] FIGURE 66 is taken from prior art FIG. 22A of
the ’659 patent and illustrates that the present invention
does not require a ferrule 122. In this case the insulator
188 is brazed 140 to an opening in the AIMD housing
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102. Referring once again to FIG. 66, one can see that
on the left hand side, the filled via comprises a CRMC
185 with platinum end caps 186, which is consistent with
Option 1 A of the present invention, as previously shown
in FIG. 30. The right hand via hole, illustrated in FIG. 66,
illustrates Option 4 of the present invention, as previously
illustrated in FIG. 53. Referring once again to FIG. 66,
one can see that a feedthrough capacitor 124, which has
been manufactured in a completely separate manufac-
turing process, has been surface mounted to the device
side of insulator 188. Electrical attachments 202 attach
the feedthrough capacitor active electrodes to the plati-
num 186 of the via hole. Generally, electrical connection
material 202 could be solder, including solder in the form
of a ball grid array, solder paste or thermal-setting con-
ductive adhesives (or even low temperature welds). The
capacitor’s ground electrodes are connected in parallel
through the capacitor diameter or external perimeter met-
allization 132. There is an electrical connection 148 from
the capacitor metallization 132 to at least a portion of the
gold braze 140 of the AIMD housing 102 (or a ferrule 122
not shown). It will also be appreciated that the
feedthrough capacitor can have one feedthrough hole
(unipolar) or any other number of poles all the way to "n"
poles. The feedthrough holes are metallized with metal-
lization 130, which connects the active electrode plate
sets. The active electrode plate sets overlap the ground
plates thereby forming feedthrough capacitors.
[0154] FIGURES 67 and 68 illustrate that the
feedthrough capacitor 124 may be mounted to or adja-
cent the novel alumina ceramic insulator assembly 189
of the present invention. In general, when referring to
FIGS. 67 through 74, the hermetic feedthrough assembly
189 can be built with any of the Options 1 through 6 of
the present invention.
[0155] FIGURES 69, 70 and 71 illustrate that ball grid
arrays 202 or 202’ can be used for mounting a
feedthrough capacitor 124. It is contemplated that the
solder bumps may be applied to the insulator, to the ca-
pacitor, or to both.
[0156] FIGURE 72 illustrates the feedthrough capaci-
tor 124 after the ball grid array 202 has been flowed and
the feedthrough capacitor has therefore been soldered
to the pure platinum end 186 of the present invention.
[0157] FIGURE 73 illustrates that the conventional
feedthrough capacitor 124 must have an electrical con-
nection 148 from its outside diameter metallization 132
to the ferrule 122.
[0158] FIGURE 74 illustrates section 74-74 from FIG.
73 showing how the ball grid array solder 202 wets di-
rectly to the pure platinum fill 186.
[0159] FIGURES 75 and 76 illustrate alternative em-
bodiments of the present invention. Referring once again
to FIG. 75, one can see that the left hand filled via rep-
resents Option 1 of the present invention, as previously
illustrated in FIG. 30. The middle via hole illustrates Op-
tion 2, of the present invention, as previously illustrated
in FIG. 32. The right hand via hole of FIG. 75 illustrates

Option 4 of the present invention, as previously illustrated
in FIG. 53. FIG. 76 best illustrates how low cost leadwires
118’ can be co-soldered through ball grid array 202 to
the internally grounded feedthrough capacitor 124’ and
also to the pure platinum end 186 of the novel vias of the
present invention in the hermetic seal insulator 188. Re-
ferring once again to FIGS. 75 and 76 herein, the
feedthrough capacitor 124’ is internally grounded, mean-
ing there is no need for an outside diameter or perimeter
electrical connection 148 to the ferrule 122. Internally
grounded feedthrough capacitors are well known in the
prior art, as previously described in FIGS. 11A, 11B and
11C.
[0160] FIGURE 77 shows a bar of ceramic material
400. In the green state, this bar is comprised principally
of alumina ceramic and has a number of vehicles and
binders making it relatively soft and pliable. In the green
state, it is easily drilled. As will be seen, in this example,
this will result in four ceramics used to produce a hermetic
seal. It will be understood that high density bars may
even include over a hundred hermetic seals. Referring
back to FIG. 77, each of these have a ground slot 403
and 12 active pins. It will also be understood that any
number of active pins or ground slots may be incorporat-
ed. In this case, the slots 403 do not go all the way through
the thickness of the bar 400.
[0161] FIGURE 78 illustrates the device side of the bar
400.
[0162] FIGURE 79 illustrates the body fluid side of the
bar 400. Referring back to FIGS. 77 through 79, it will be
appreciated that the holes 402 in the bar may also incor-
porate counterbores in accordance with any of the Op-
tions previously described in the present invention.
[0163] FIGURE 80 is a sectional view taken from sec-
tion 80-80 from FIGS. 77 and 78. As can be seen, the
slot 403 only partially is disposed in the green ceramic
bar 400 (in other words, it does not go all the way through.
[0164] FIGURE 81 is taken from FIGS. 77 and 78 along
section 81-81. This section is taken through two of the
via holes 402. Again, it will be appreciated that one or
more counterbores could be added in accordance with
the present invention.
[0165] FIGURE 82 shows that all of the via holes 402
have been filled with a conductive deposit paste in ac-
cordance with the present invention. FIG. 82 illustrates
Option 1; however, it will be appreciated that any of the
other options described herein, may also be incorporat-
ed. Importantly, slots 403 do not penetrate through to the
body fluid side and they are not filled with the conductive
paste. One method of filling the via holes 402 with paste
would be a vacuum pull, a pressure push, a squeegee
fill or other equivalent process, which is well known in
the prior art. In general, the conductive paste would com-
prise either a ceramic reinforced metal composite paste
185 and can be in combination, as previously described
with a platinum paste 186. Again, any of the previously
described options may be applied to FIG. 82.
[0166] FIGURE 83 is a sectional view taken generally
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along the line 83-83 from FIG. 82. FIG. 83 clearly illus-
trates that the slots 403 only penetrate a portion of the
way into the green bar 400.
[0167] FIGURE 84 is taken from section 84-84 from
FIG. 82. The sectional view from FIG. 84 illustrates Op-
tion 1 of the present invention, but can be modified in
accordance with any of the options of the present inven-
tion. Referring once again to FIG. 84, one can see that
the pre-sintered CRMC paste 185 fills the via with pure
platinum end caps 186. Again, this is in accordance with
Option 1.
[0168] FIGURE 85 illustrates the green ceramic bar
400 previously described in FIGS. 77 through 84, illus-
trating how the four separate insulators have at least par-
tially been milled out of the bar. They can also be stamped
(like a cookie cutter) or cut out using various machine
tools. This step is known as separating the individual in-
sulators from the bar 400.
[0169] FIGURE 86 illustrates the body fluid side as op-
posed to the device side as previously illustrated in FIG.
85. FIG. 86 illustrates that the individual insulators have
not yet quite been cut out of the bar. This is best under-
stood by referring to FIG. 87, which is a sectional view
taken from section 87-87 of FIG. 86. Referring once again
to FIG. 87, one can see that the individual insulators have
almost been milled 404 all the way out of the bar. One
common technique is to mill them almost all the way out
of the bar and then simply break them loose from the bar.
[0170] FIGURE 87 is through section 87-87 from FIG.
86 showing the slot 404 cut nearly all the way through
the bar 400.
[0171] FIGURE 88 illustrates the insulator 188 after it
is broken out of the bar 400 in isometric view on the body
fluid side. Referring once again to FIG. 88, one will see
that removal from the bar, the insulator 188 has been
sintered at a high temperature to form a solid monolithic
insulative body. Also shown are sputter layers, which in-
clude an adhesion layer 152 and a wetting layer 150 for
acceptance to gold braze. As shown, the metallization is
disposed approximately half way up the side of the insu-
lator, but it will be appreciated that the metallization could
extend all the way up the side or any portion of the side.
In accordance with the present invention, the via holes
are filled with platinum 186 in accordance with Option 1A
of the present invention. It will be appreciated that the
via holes could comprise any of the options of the present
invention.
[0172] FIGURE 89 is the same sintered insulator pre-
viously illustrated in FIG. 88, except that it has been in-
verted to show the device side instead of the body fluid
side. Importantly, the sputter layer metallization 150, 152
extends into a novel slot 403, as shown. Again, in ac-
cordance with Option 1 of the present invention, the via
hole fills are shown to be pure platinum 186, but again,
these filled could be modified with any of the options of
the present invention. As can be seen, the sputter layers,
including the sputtering in slot 403, will accept a gold
braze 140s as will be shown.

[0173] FIGURE 90 illustrates the insulator of FIGS. 88
and 89 placed into an opening of a ferrule 122. As pre-
viously described, ferrule 122 is designed to be laser
welded into an opening of an AIMD housing. The insu-
lator, through its wetting sputter layer, has been gold
brazed to the ferrule, but this is not doable in FIG. 90.
[0174] FIGURE 91 is a cross-section 91-91 taken from
FIG. 90. Referring to the cross-section, one can see the
gold braze 140s and 140. The metallization layers 150,
152 are not shown for simplicity, but are known to be
present. Therefore, the gold braze 140 forms a strong
mechanical and hermetic seal between the ferrule 122
and the insulator body 188. The gold braze also extends
into slot 140s.
[0175] FIGURE 92 illustrates the device side of the
feedthrough terminal of FIG. 90, illustrating the gold
braze 140. The metallization layers 150, 152 on the alu-
mina insulator 188 have been eliminated for clarity. It will
be understood throughout the rest of these FIGS. that if
the metallization layers are not shown, they will be
present. In general, the surface of the alumina insulator
188 is flush with the top of the ferrule 122 as shown in
FIG. 92. It will be appreciated that the insulator structure
188 could be recessed below the ferrule surface 122 or
stand proud of it. It is preferred that the insulator be
flushed to accommodate the mounting of a feedthrough
capacitor 124’ to be described later.
[0176] Referring once again to FIG. 92, one can see a
demarcation line 401 separating gold braze 140 from the
gold braze in the slot 140s. This demarcation line isn’t
necessarily a straight line, as shown, but does indicate
that during the gold brazing operation, due to capillary
action, the molten gold braze wants to flow out of the thin
slot 403 and, instead, flow to the perimeter (or the cir-
cumference of round insulators not shown) gold braze
140. Actual experiments by the inventors have indicated
that, in some cases, the gold braze and the slot 140s
becomes very thin or has pulled away completely. Ac-
cordingly, in a secondary low temperature gold braze op-
eration, an additional gold braze material 140’s is added
to adequately fill the gold braze slot 140’s, 140s. Refer-
ring once again to FIG. 92, the secondary low tempera-
ture braze 140’s does not need to be biocompatible since
it is never exposed to body fluids. Accordingly, this braze
material could consist of TiCuSil, CuSil or a number of
other low temperature braze materials. In other words,
this does not have to be of pure gold. Secondary low
temperature gold braze 140’s could comprise a substan-
tially pure gold, such as a nano-gold material, which
would reflow at a lower temperature. There are a number
of other usable low temperature brazes (again, they do
not need to be biocompatible).
[0177] FIGURE 93 is taken from section 93-93 from
FIG. 92, which illustrates the slot 140’s, 140s in cross-
section. Again, demarcation line 401 is shown as a
straight line for simplicity, but it could be a gradation of
the gold braze 140s, which would be thinned in the slot,
140s or even a thin layer of the original gold braze 140s
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that’s overlayed by the lower temperature braze 140’s.
[0178] FIGURE 94 is very similar to the insulator to
FIG. 89 with novel slot 403. In this case, there are three
novel grounding slots 403, 403’ and 403". It will be ap-
preciated that this will allow for three grounding locations
with gold braze 140s. Multiple grounding points are nec-
essary as the active lead count goes up in order to provide
a low impedance path across the internal ground elec-
trode plates 134, 136 of the internally grounded
feedthrough capacitor 124’. This is known as a multipoint
grounding system and it ensures that each active pin of
the filtered hermetic terminal will have a high insertion
loss. Insertion loss is a measure of filter performance.
[0179] FIGURE 95 is a sectional view now showing
how the slot of FIGS. 88-94 is filled with a gold braze.
The gold braze electrically couples the ferrule 122 to the
solder bump 202 which in turn is connected to the lead-
wire 118’. The internally grounded capacitor 124’ is then
able to dissipate electrical energy from its right-hand side
lead 118’ to the ferrule 122.
[0180] FIGURE 96 is very similar to FIG. 77, except
that the slots 403 are deeper but do not penetrate all the
way through the bar of the ceramic wafer 400, 188.
[0181] FIGURE 97 is a top view of the device side of
the ceramic bar 400 of FIG. 96. Referring once again to
FIG. 97, one will see that the slot 403 also comprises a
through-hole 405.
[0182] FIGURE 98 is the body fluid side of the bar from
FIG. 96. It will be appreciated that studying FIGS. 97 and
98 indicate that the slot 403 does not go all the way
through the bar 400, but the slot in addition to the through-
hole 405 does penetrate all the way through. During the
filling of the slot in the hole with CRMC and then subse-
quent platinum fills, in general requires a vacuum pull or
a pressing of CRMC paste. The through-hole 405 is very
important so that a pressure bubble is not formed and
material can escape and completely fill the interior sur-
faces comprising 403, 405. If hole 405 didn’t go all the
way through the bar and you tried to brush a ceramic
paste in from the device side, an air bubble would form,
thereby preventing a full fill of the material.
[0183] FIGURE 99 is taken from section 99-99 from
FIG. 97 showing the slot 403 and the pull hole 405 shown
in cross-section. Referring once again to FIG. 99, the
individual insulators, when they are cut out of the bar,
will be cut in a way that the through-hole 405 is eliminated
and discarded. This is also better understood in FIG. 97,
where one can see the through-hole 405. When the in-
dividual insulators are cut out of the bar, as shown in
FIGS. 107 and 109, again, it will be appreciated that the
through-hole of 405 is eliminated and is not part of the
final insulator structure.
[0184] FIGURE 100 is taken from section 100-100 from
FIG. 97, showing one of the via holes. It will be noted that
the number of via holes 402 can vary anywhere from one
via hole all the way to "n" via holes. As previously de-
scribed, there could also be a number of ground slots
403, and relief holes 405.

[0185] FIGURE 101 illustrates the bar of FIG. 96 after
holes 402 and slots 403 have been filled with a combi-
nation of paste and platinum, in accordance with any of
the options of the present invention.
[0186] FIGURE 102 is taken from section 102-102 from
FIG. 101 illustrating the filled slot 403 and filled pull
through hole 405. In this case, it will be noted that both
the slot 403 and the through-hole 405 have been filled
with CRMC material 185.
[0187] FIGURE 103 is taken from section 103-103 from
FIG. 101 illustrating two of the via holes 402 in cross-
section. Referring to FIG. 103, one can see that the via
holes 402 have been filled in accordance with Option 4
of the present invention, as previously illustrated in FIG.
53. Accordingly, there is a CRMC layer 185 and then a
platinum fill 186, 186’ forming the dumbbell shapes, pre-
viously illustrated in FIG. 53. In subsequent drawings, it
will be explained how the fill of FIG. 103 is accomplished.
[0188] FIGURE 104 through 106 explain the process
as to how the filled via hole 402, illustrated in FIG. 103,
is accomplished. Referring to FIG. 104, the via holes 402
are first filled completely with CRMC paste 185, which in
the present invention, in one embodiment, is a platinum-
ceramic paste, otherwise known as a CRMC.
[0189] FIGURE 105 illustrates that a hole is drilled all
the way through the CRMC 185. After drilling a hole all
the way through, then counterbores are drilled or formed
on the top and bottom, as illustrated.
[0190] In FIGURE 106, in a subsequent operation, the
through-hole and counterbores are filled with a pure plat-
inum paste 186. This forms the Option 4 configuration,
as previously illustrated in FIG. 3. Again, the alumina-
ceramic bar 188 is still in the green state (in other words,
not sintered) and the paste still contains solvents and
binders, which during a subsequent sintering operation,
will be baked out. Pending the viscosity of the fill material,
a simple drying process may be used to prevent material
loss prior to drilling, counterboring, cutting or other such
material removal process.
[0191] FIGURE 107 shows that prior to sintering, the
individual insulators 188 are removed from the bar 400.
Accordingly, a slot 404 is formed by machining, by cut-
ting, by punching or the like. In some embodiments, they
can be punched or cut all the way out of the bar in one
operation. However, FIGURE 109 illustrates that the slot
404 can be formed almost all the way through the thick-
ness of the bar 188, 400, such that it only takes a small
pushing operation to literally break away the individual
insulators 188 from the bar 400.
[0192] FIGURE 108 illustrates the body fluid side of
the device side image of FIG. 107. In this case, the slot
404 has not gone all the way through to the body fluid
side, therefore, it is not visible in FIG. 108. In this case,
the individual insulators 188 are ready to be broken out
of the bar 400 by a simple pushing operation say, with a
finger or with a robot. After the insulators are removed
from the bar, they are sintered at a high temperature form-
ing a solid monolithic structure.
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[0193] FIGURE 110 illustrates the insulator 188 after
it’s sintered with sputter layers 150 and 152 applied. FIG-
URE 110 illustrates the body fluid side of the insulator
and FIGURE 111 illustrates the device side. As previous-
ly described, there is a grounding slot 185, 403. In this
case, the material is CRMC 185. The adhesion layers
are also applied to the CRMC material guaranteeing a
low resistivity electrical connection. Again, this adhesion
layer 152 and wetting layer 150 can be done in a single
sputtering operation or even plating operations or the like.
Importantly, gold braze will not wet directly to a sintered
alumina 188 without an intermediate metallic layer to
which the gold can wet.
[0194] FIGURES 112 and 113 illustrate an alternative
embodiment. In this case, the slot 403 incorporates an
aligned hole 405’. FIG. 112 illustrates the sintered insu-
lator structure 188 prior to application of sputter layers
150, 152. The sputter layers are eliminated in this case,
for simplicity. Referring once again to FIG. 112, one can
see on the device side, the via holes, including a coun-
terbore with pure platinum 186, in accordance with Op-
tion 4 of the present invention.
[0195] FIG. 113 is a cross-sectional view taken from
section 113-113 from FIG. 112 illustrating that the slot
403 is filled with platinum 186. This would be accom-
plished by filling the entire slot and its aligned through-
hole 405’ with platinum 186. It will be understood that
instead of filling with platinum, any number of CRMC ma-
terials or Cermet materials could be used. Then from the
body fluid side, a counterbore is shown in the area illus-
trated as 405’. At this point, the insulator 188 is co-fired
with the fill 186 (or Cermet). In a subsequent operation,
a platinum leadwire or pin 186W is brazed 138 to the
insulator body 188 forming a hermetic seal. There would
be sputter layers 150, 152, not shown for clarity.
[0196] Referring to FIG. 113, it is not yet shown how
the slot 403, 186 would be grounded to facilitate the at-
tachment of an internally grounded feedthrough capaci-
tor 124’.
[0197] Referring to FIG. 114, a novel milled or micro-
blasted slot 406 exposes the side of the slot 403, which
may be filled with platinum 186 as shown, or a Cermet
or CRMC material, not shown. The novel slot 406 would
be machined, abrasively grit micro-blasted or milled, as
shown, to expose the side of the post sintered platinum
fill 186.
[0198] FIGURE 115 illustrates the sputter layers 150
and 152 can be applied to the side of the insulator, as
shown, but also importantly, the sputter layer would also
be applied to the exposed part of the platinum fill 186 of
slot 403.
[0199] FIGURE 116 illustrates the insulator of FIG. 115
gold brazed 140 into an AIMD ferrule 122. It will be noted
that the gold braze 140 also contacts the metallization
150, 152, which makes a very low resistance and low
impedance electrical connection to the slot fill material
186. Again, the slot fill material 186 could be pure plati-
num, or any combination of the options of the present

invention. Referring back to FIG. 113 and comparing it
to FIG. 116, one would see that the through-hole 405’
would be optional. In other words, in one embodiment as
illustrated in FIG. 116, there would be no through-hole
from the ground slot 403 going all the way to the body
fluid side. Referring once again to FIG. 116, one can see
that the insulator structure on the device side is proud of
the surface of the ferrule 122. As previously described,
it could be flush or even sub-flush. For simplicity in FIG.
116, the sputter layers 150, 152 are shown as a single
layer. Again, there are also single layer sputtering tech-
niques or even plating or other metallization application
techniques that could be used.
[0200] FIGURE 117 illustrates that the grounding slot
140s may be replaced by a slot 403 filled with a Platinum-
Alumina Cermet CRMC 185 or platinum 186 of the
present invention. This provides a significant alternative
to a gold braze moat 140s as previously. It is contem-
plated that slot 403 may alternately be filled with a metal
paste such as a platinum paste, or combinations of dif-
ferent metal pastes, different CRMCs, or a combination
of at least one metal paste and at least one CRMC.
[0201] FIGURE 117A is taken from partial section
117A-117A from FIG. 117. FIG. 117A illustrates a differ-
ent embodiment, in that, sputter layers 152, 150 have
been eliminated and the gold braze 140 is shown wetting
between the ferrule 122 and the CRMC material 185.
Accordingly, gold braze 140 makes a mechanical con-
nection and a hermetic seal between the ferrule 122, the
Cermet 185 and the alumina ceramic insulator 188. It will
be appreciated that solder bump 202 is easily attached
to the surface of the Cermet material, which facilitates a
ground connection to an internally grounded feedthrough
capacitor 124’ (not shown).
[0202] FIGURE 118 is very similar to FIG. 74 illustrat-
ing that the Platinum-Alumina Cermet CRMC 185 filled
slot 403 may also include a layer of pure platinum 186.
The thin layer of pure platinum 186 facilitates ready wet-
ting by solder of the ball grid array 202. Throughout this
invention, it will be appreciated that the ball grid array
202 may encompass a solder, a solder paste, a thermal-
setting conductive adhesive or the like. Furthermore, to
join sub-components, ball grid array solder bumps 202
may be applied to at least one component of a subassem-
bly, more than one component of a subassembly or all
components of a full assembly. For example, solder
bumps 202 may be applied to at least one surface of an
insulator via hole of a hermetic feedthrough embodying
any of the options previously described, or at least one
metallized feedthrough hole of a feedthrough capacitor,
or to both. (See FIG. 117)
[0203] FIGURE 119 is best understood by first studying
prior art drawings 11A, 11B and 11 C herein. Referring
once again to FIG. 119, the ferrule 122 has been ma-
chined thereby providing a peninsula structure 139.
There has been a small circular machined indentation or
slot or groove 139g that has been filled with gold braze
140d. This allows the ball grid array dot 202 to make
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contact to a non-oxidized very low impedance connec-
tion. This facilitates the attachment of an internally
grounded feedthrough capacitor 124’, as illustrated in
FIGURE 120 herein.
[0204] FIGURE 120 illustrates a feedthrough capacitor
124’ which includes one solid-filled capacitor
feedthrough holes 119" and one hollow-filled capacitor
feedthrough hole 119’. Referring to FIG. 119, note that
the gold braze 140 is formed on the device side, whereas
in FIG. 120, the gold braze 140 is formed on the body
fluid side.
[0205] FIGURE 121 illustrates one possible electrical
schematic of the internally grounded filtered hermetic
feedthrough assembly 116 of FIG. 120. The telemetry
pin conductor T is optional. It will be appreciated that
telemetry via conductors can be constructed of any of
the Options 1 through 6 as described herein, but they
would not be connected to any type of filter capacitor. It
will be appreciated that body fluid side leadwires 118 and
device side leadwires 118’ may be connected in accord-
ance with Options 1 through 6 as shown in any of the
schematics herein.
[0206] FIGURE 122 is very similar to FIG. 117, except
that slot 403, CRMCs 185 includes a counterbore, includ-
ing pure platinum 186 of the present invention, thereby
providing a high conductivity connection 202 to a
feedthrough capacitor or a circuit board (not shown). On
the right-hand side of the structure of FIG. 122 is illus-
trated Options 2, 2A of the present invention previously
illustrated in FIGS. 31 and 32.
[0207] FIGURE 123 illustrates a hermetic insulator 116
of the present invention with MLCC chip capacitors 194
electrically attached between the active vias and to the
ferrule 122 and ferrule gold 140. The electrical connec-
tion material 143 can be a thermal-setting conductive ad-
hesive or a solder or the like. A connection on the device
side to AIMD electronics is required, but not shown.
[0208] FIGURE 124 is one possible electrical schemat-
ic of the filtered capacitor structure with MLCC chips il-
lustrated in FIG. 123. In this case, there would be four
chip capacitors 194, 194’, 194" and 194"’.
[0209] FIGURE 125 illustrates a circuit board 147 and
MLCC capacitors 194 that are attached through a metal
addition 159 to the ferrule 122. Oxide resistant or oxide-
free metal additions are further described in U.S. Patents
9,108,066 and 9,427,596.
[0210] FIGURE 126 illustrates circuit board 147 with
circuit trace 157 routed from the active via hole 402, 185,
186 to the device electronics. An MLCC capacitor 194 is
shown connected to the ferrule through a metal addition
159.
[0211] FIGURE 127 illustrates a direct electrical con-
nection on the left-hand side on the MLCC capacitor 194.
This electrical connection 143 is from the left-hand ter-
mination 132 of the MLCC capacitor to the gold braze
140 of the ferrule 122. This makes for a very low imped-
ance low resistance electrical connection. It is well known
that titanium can form oxides, which make for very poor

electrical connections. Accordingly, contact to gold 140
is required.
[0212] FIGURE 128 is very similar to FIG. 127, except
that in this case, the active circuit traces 157 and 157’
are embedded within circuit board 147. As illustrated,
circuit trace 157 is conductively coupled to the via hole
185, 186 with electrical connection material 143, as
shown. There could be any number of additional circuit
traces, such as 157’. Circuit trace 157’ is shown not con-
nected to the illustrated via hole, but would instead be
connected to other via holes (not shown) further into the
circuit board.
[0213] FIGURE 129 illustrates a circuit board 147
mounted to the ferrule 122 of a hermetic terminal sub-
assembly 116 for an AIMD.
[0214] FIGURE 130 is a sectional view taken from sec-
tion 130-130 from FIG. 131 of the ground plane GND,
161 of the circuit board 147 of FIG. 129. The ground plane
GND, 161 is connected at its left side and its right side
to the ferrule 122 as will be shown in FIG. 131.
[0215] FIGURE 131 is a sectional view taken from sec-
tion 131-131 from FIG. 129. This illustrates the internal
ground trace 161. It also illustrates that there is a pin
118’gnd on the left side disposed through the entire thick-
ness of the ferrule and terminates at the body fluid side.
The pin 118’gnd at the body fluid side may be flush, sub-
flush or proud of the ferrule 122 surface on the body fluid
side. The pin 118’gnd is co-brazed 140p into the hermetic
seal ferrule 122. As illustrated, the right-hand ground pin
118’gnd is electrically connected with a solder, a thermal-
setting conductive material 143 to circuit board via hole,
which is in contact with circuit board ground trace 161. It
will also be noted that the electrical connection material
143 also contacts a gold braze dot or platform 140d,
which has been previously gold brazed to the ferrule 122.
As previously discussed, this provides a low impedance
and low resistance electrical connection between the
ground pin 118’gnd and the ferrule 122. Referring once
again to FIG. 131, it will be appreciated that a multiplicity
of ground layers 161 may be employed to reduce the
inductance and impedance across the circuit board
ground plane (also sometimes called ground plates). In
one embodiment, there could be several internal ground
plates 161 and even an external ground plate 161 dis-
posed between the circuit board and the device side of
the insulator and/or ferrule. In one embodiment, for ex-
ample, there could be two internal or embedded ground
plates 161, in addition to one external ground plate dis-
posed between the bottom of the circuit board and the
device side of the insulator and/or ferrule 122. It is noted
that the gold braze 140p to the pin 118’gnd is formed at
the same time as the gold braze 140. Forming both gold
brazes at the same time facilitates gold flow and enhanc-
es bond integrity in addition to reducing assembly costs.
Otherwise, forming two gold brazes on opposite sides
increases labor, complicates assembly and may require
two separate brazing steps, likely with two different braze
material formulations or brazes having different melting
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temperatures. Additionally, to prevent reflow of a first pe-
rimeter braze, multi-stage or active brazing methods may
need to be employed. FIG. 131 also shows that on the
right side there is a ground pin 118’gnd that is attached
by electrical connection material 143 to a gold braze dot
or a gold braze filled recess into ferrule 122. It will be
appreciated that in accordance with the present inven-
tion, this could be gold braze dots with BGA connections
202. Note that each via shows one distinct inventive Op-
tion embodiment as disclosed herein. Beginning with the
left end of FIG. 131, Options 1 or 1A are shown in the
first pin to the right of ground pin 118’gnd. This via illus-
trates a Platinum/Alumina Cermet CRMC in the mid-por-
tion of the via fill with substantially pure platinum 186 at
both device and body fluid sides for mechanical attach.
Option 2, 2A is shown in the second pin to the right of
ground pin 118’gnd. This via fill shows a central pure
platinum 186 with a Platinum-Alumina Cermet CRMC
185 to the right and the left of the cross-section. In the
finished assembly, a layer of Platinum-Alumina Cermet
CRMC 185 surrounds the pure platinum 186. Option 3,
3A is shown in the third pin to the right of ground pin
118’gnd. Option 3, 3A is similar to Option 2, 2A except
that the substantially pure platinum paste 186 has been
replaced by a substantially pure platinum solid wire
186W. Option 4, 4A is shown in the fourth pin to the right
of ground pin 118’gnd. Option 4, 4A illustrates larger end
caps created by counterbores disposed on the top and
bottom of the via previously filled with Platinum/Alumina
Cermet CRMC. The counterbores are then filled with
pure platinum 186 to form a larger end cap on both the
body fluid side and the device side leaving a Plati-
num/Alumina Cermet CRMC 185 disposed throughout
the center of the via between the larger end cap exten-
sions. Option 5, 5A is shown in the fifth pin to the right of
ground pin 118’gnd. In Option 5, 5A, the pure platinum
wire 186W is surrounded by two layers of material having
different compositions. On the sixth pin to the right of the
ground pin Option 6, 6A embodying end caps 186c as
shown. It will be appreciated that the alumina insulator
188 can be counterbored to accommodate end caps
186c to provide a larger diameter contact area to attach
electrical wires or ribbon cables (not shown). It will also
be appreciated that the via end counterbores or counter-
sinks filled with platinum may be added to Option 1 or
1A; or Option 4 or 4A, on the body fluid side, the device
side or both, to increase the contact area as previously
illustrated. It will be appreciated that these countersinks
may have other configurations other than the ones show.
It will also be understood to one skilled in the art that the
final assembly of FIG. 131 may be configured to have all
the same via fill options or may be configured to contain
any combination of via fill Options previously described
herein.
[0216] FIG. 131 currently shows a ground pin 118’gnd
on the left that is gold brazed 140p to the ferrule 122.
However, in another embodiment (not shown), the
ground pin 118’gnd may be replaced with filled vias that

directly connect with electrical connection material 143
to the gold braze 140 on a device side as previously
shown in FIG. 107. Referring to the right side of FIG. 131,
an alternative ground pin 118’gnd is illustrated which is
electrically connected 143 to a gold braze dot or moat
140d that is gold brazed to the ferrule 122. It will be ap-
preciated that the pins 118’ of FIG. 131 would be routed
to AIMD electronic circuits or to a circuit board(s) (not
shown).
[0217] FIGURE 132 illustrates section 132-132 from
FIG. 129 showing how the MLCC capacitors are con-
nected to the ground trace 161 and are grounded through
via holes 163B and 163E. Referring back to FIG. 131, it
will be appreciated that the leadwires, as shown, could
be replaced by any of the Options 1 through 6 of the
present invention. This is illustrated on the left side of
FIG. 131 wherein the via hole is filled with a Platinum/Alu-
mina Cermet CRMC 185 with platinum end caps 186C.
Referring once again to FIG. 131, one can appreciate
that a leadwire routed to the device side electronics may
be provided and co-joined, as shown, to the platinum cap
186C at the same time it is connected to leadwire 118’f.
[0218] FIGURE 133 is an enlarged view generally tak-
en from section 133-133 from FIG. 131 illustrating how
the leadwire 118’a is co-joined with electrical connection
material 143 to the platinum end 186 of the via hole, in-
cluding the Cermet CRMC. Again, it will be appreciated
that any of Options 1 through 6 of the present invention
are applicable to any of the previously described FIGS.
herein. FIG. 133 on the left side shows a new embodi-
ment wherein the ground pin 118’gnd can be a two-part
pin consisting of a short platinum leadwire 117gnd where-
in a low cost leadwire 118’gnd is co-joined with electrical
connection material 143 to a short platinum pin 117gnd
which is gold brazed 140p into ferrule 122. It will be ap-
preciated that a single ground pin 118’gnd can be used
in place of the two-part pin as illustrated. Two-part pins
are further described by U.S. application 15/603,521. It
also will be appreciated that gold braze 140 may be
formed on the device side such that the gold braze 140p
is formed at the same time in a single gold braze furnace
operation. Referring once again to FIG. 110, it will be
appreciated that gold brazes 140, 140p may also be dis-
posed on the device side, or, alternatively, both be dis-
posed on the body fluid side.
[0219] FIGURES 134, 135 and 136 illustrate Options
1 and 1A of the present invention with a composite plat-
inum-alumina via fill CRMC with platinum conductor end
fills 186 co-fired into a feedthrough with a device side
solder coat 197 made by dipping the sintered via and
alumina substrate 188 into a solder bath of Sn63Pb37
composition typically at -200C (other solder alloys and
temperatures may be used). The solder coating 197 may
be applied to any of the Options 1, 2, 3, 4, 5, 6 described
herein. An acid etch (or active flux) is generally required
to remove any oxides to facilitate solder wetting. For op-
timal coverage, a feedthrough 188 may be repeatedly
solder dipped 197 until a desired coverage/coating cover
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is achieved. A coverage of at least 95% is desirable. This
solder dipping manufacturing operation would most likely
be performed after the insulator 188 is brazed 140 to
ferrule 122.
[0220] Pending material selection and processing pa-
rameters, prior to solder dipping, acid etching is a pre-
ferred method to remove oxides from the surface of the
feedthrough filled via (such as oxides of platinum). In
addition, before solder dipping, an acid etch may also be
used to remove a thin layer of ceramic or a thin layer of
diffused glass that may form at the ends of a feedthrough
via fill during sintering as discussed by Karbasi3. Oxides
of platinum, and/or thin layers of glass such as SiO2, MgO
or CaO, or even a thin layer of alumina ceramic (Al2O3),
are very resistive and undesirably reduce the conductivity
through the via hole. SiO2, MgO or CaO are common
trace elements in Alumina ceramics and may diffuse and
form at surfaces of metal-ceramic paste filled via holes
186. Lapping, grinding or other mechanical processes
may also be used in lieu of fluxes (or in combination with
fluxes) to remove these coatings to facilitate pin hole free
minimum 95% solder coverage 197. As discussed by
Karbasi3 these glasses also diffuse into the via hole fill
material such as Platinum-Alumina Cermet CRMC and
form a concentration gradient (this concentration gradi-
ent discussed by Kingery forms during sintering, and has
been well known as early as 1938 as evidenced by Beck-
er’s use of bond counting technology to establish com-
position concentration gradients at metal/oxide interfac-
es) and is a natural result of sintering a metal paste filled
via in an alumina insulator 188. In the case of Pt/Al2O3
filled vias (CRMC 185), the onset of platinum particle
coalescence and fusion enables mobility of alumina par-
ticles through the platinum fill. Given processing time and
temperature, and that platinum in and of itself facilitates
alumina growth, the potential for alumina migration
through the platinum increases the possibility of the entire
surface of each via end to be covered with an alumina
layer, thereby unfavorably affecting electrical conductiv-
ity at these via end surfaces.
[0221] An embodiment as illustrated in FIG. 134 in-
cludes a first assembly having a solder pad 197 that is
attachable to a second assembly (such as a leadwire, a
ribbon cable, a feedthrough capacitor, an MLCC capac-
itor, an X2Y capacitor, or a circuit board), wherein a solder
flux would not be required (or only a mildly active flux or
no-clean flux) for attachability and wherein the resultant
component may comprise a clean board with, but not
limited to, an electroless nickel/electroless nickel gold
plated pad on, for example, a PCB board. No-clean or
washable acid fluxes that leave low or no post process
residues are desired for long term reliability and chemical
stability of the solder connection inside the AIMD. The
resultant assembly may comprise two components hav-
ing a solder reflow temperature wherein the solder does
not require flux to create a solder pad or dome 197. The
inventors (Greatbatch Cardiac & Neurology) have con-
firmed that with enough time and temperature, device

side solder can be conformed to various intermetallics,
in particular, with compositions for this kind of phase di-
agram; common intermetallics that conform to soldered
microelectronic components are desired.
[0222] It will be appreciated that any of the previously
illustrated embodiments and options may be solder coat-
ed 197 to facilitate connectability of a BGA bump 202, a
feedthrough filter capacitor 124, an adjacent filter circuit
board, an MLCC capacitor 194, a leadwire 118,119, a
ribbon or round cable/wire or the like. The solder coating
197 greatly facilitates connection to an AIMD electronics
circuit.
[0223] Referring once again to FIGS. 134 through 137,
the solder coat 197 need not be done by dipping, but
could be done by localized application of an acid or flux
and application of a localized solder dot. In other words,
one need not need to dip the entire ferrule and insulator
assembly into molten solder.
[0224] Referring to FIGURE 138, one can see solder
coat 197 facilitating an oxide resistant attachment of sol-
der bump 202 that enables attachment of feedthrough
capacitor 124 and device side leadwires 118’, 119 that
would be attached to AIMD electronic circuits such as a
circuit board 147.
[0225] FIGURE 139 is very similar to FIG. 29 (Option
1). The insulator structure of FIG. 139 is no longer sym-
metrical in that it has a body fluid side and a device side.
The device side is identical to that previously described
in FIG. 29 comprising a pure platinum 186 and a platinum
alumina CERMET or ceramic reinforced composite 185.
Now referring to the body fluid side, a body fluid side
leadwire 118 is shown, which would be biocompatible.
This means, not only must leadwire 118 be biocompati-
ble, but must also be biostable and non-toxic. Biostable
means that in the presence of body fluids and electrical
pulses, such as therapeutic pacing pulses, that the lead
118 and its hermetic seal 138 to the insulator 120,188
not degrade over time. Accordingly, the list of materials
that are generally acceptable for body fluid side leadwire
118 is a relatively short list. Included are all of the noble
metals, including platinum, palladium, gold and the like.
However, leadwires of titanium, niobium or tantalum are
also acceptable in that, they meet the biocompatible,
non-toxic and biostable criteria. In general, these lead-
wires are hermetically sealed to the insulator 120,188 by
first applying sputter layers 152 and 150 as shown. First
sputter layer 152 is applied as an adhesion layer, which
adheres to the high purity alumina ceramic 120,188. This
adhesion layer, which is sputtered on, can include nio-
bium, molybdenum or other suitable materials. Over the
adhesion layer, there is a wetting layer 150, which is sput-
tered, which is generally comprised of titanium. It is also
known in the art that one could sputter on a single layer
which would have both high adhesion and wetting prop-
erties. The wetting property is important for gold braze
138, which is generally applied in a high temperature gold
reflow furnace. In this case, the gold braze forms an elec-
trical and hermetic seal to the leadwire 118 and also the
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wetting layer 150. This forms a mechanically strong and
robust hermetic seal 138. In general, hermetic seals form
by gold brazing 138 achieve a minimum helium leak rate
of 1x10-7 standard CCs helium per second. It will also be
appreciated that instead of sputtering on adhesion layers
152 and 150 and gold braze 138 that this hermetic seal
could also comprise a glass seal. Importantly, the gold
braze 138 flows underneath the pin 118 thereby, provid-
ing a very low resistivity (high conductivity) electrical con-
nection between body fluid side leadwire 118 and the
platinum alumina ceramic 185.
[0226] Referring once again to FIG. 139, it will be ap-
preciated that the alumina insulator body 120,188 is gen-
erally first co-fired with the platinum alumina ceramic 185
and platinum end cap 186. This changes the alumina
ceramic 120,188 from a flexible green state into a post
sintered solid state. After this co-firing or sintering oper-
ation, then sputter layers 152 and 150 are applied and
then the lead is gold brazed in a separate operation 138
as indicated. It is important to understand the manufac-
turing steps of the hermetic insulator 120,188 in FIG. 139.
First, a via hole would be drilled all the way through the
structure and then the via hole would be filled with the
platinum alumina ceramic or ceramic reinforced metal
composite paste 185. Then there are two counter-bores.
First counter-bore area 186 is formed and then filled with
pure platinum 186 as shown. Then a second counter-
bore would be formed on the body fluid side. At this point,
the alumina insulator 120,188 is co-fired along with PAC
or CRMC 185 and platinum fill 186. It is after this that the
sputtering layers 152 and 150 are applied and then the
leadwire 118 is gold brazed as shown. During the co-
firing or co-sintering of the alumina insulator 120,188
along with the via hole fills 185 and 186, it has been dis-
covered that a glass layer or a thin layer of alumina itself
may disperse over the top. In general, the alumina ce-
ramic insulator 120,188 is of high purity; however, all alu-
mina ceramics particularly have a certain amount of
glass, such as silicon dioxide, magnesium oxide and cal-
cium oxide. It is well known to experts in the co-sintering
of alumina ceramics and CERMETS that a concentration
gradient occurs wherein, either glass additives or impu-
rities of glass can disperse over the surfaces 526 and
528, as described. Also a thin layer of alumina itself can
occur during certain sintering conditions over these are-
as. The concern is that these glasses or thin layer of
alumina are insulative. In other words, undesirably a layer
of glass or a layer of alumina or both could reside between
the top of the PAC or CRMC layer 185 and sputter layer
152. This could create a high resistivity connection, which
would be particularly undesirable for pacing pulses and
very undesirable for an ICD defibrillation pulse, which
involves very high currents. This is the reason for the co-
fired platinum cap 186 on the device side, such that it
forms a very low resistivity connection to PAC or CRMC
material 185 and such that one has a pure platinum cap
186 exposed on the device side.
[0227] In the present invention, after the alumina ce-

ramic insulator 120,188 is co-sintered with CRMC/PAC
via fill 185 and 186, it is desirable to have a mechanical
or abrasive grit blasting operation on both the device side
and on the bottom of the counter-bore on the body fluid
side, such that any formation of glass or ceramic across
the tops of the CRMC or PAC 185 is removed. Referring
once again to FIG. 139, one can see the grit blasted area
526 on the device side of the composite fill, which is also
defined as the first side of the composite fill. Grit blaster
location 528 is shown disposed on the body fluid side of
the composite fill. Again, this is an area that is grit blasted
prior to application of sputter layers 152 and 150. Loca-
tion 528 is herein defined as the second composite fill in.
Various embodiments of the co-sintered ferrules or com-
posite ferrules will be shown, but one thing that does not
change is that the first side 526 is always disposed toward
the device side and the second side 528 is always dis-
posed towards the body fluid side and recessed to the
exact location where the sputter layer 152 is applied. At
this point, the sputtering is applied, such that a very low
resistance and high conductivity and electrical connec-
tion is formed between leadwire 118 and the CRMC/PAC
via hole 185 is achieved. One could also use selective
etching to make sure that any layer of alumina or glass
was removed prior to sputtering 152.
[0228] Throughout this invention, it will be appreciated
that the platinum or alumina ceramic or ceramic rein-
forced metal composite 185 can embody any CERMET
material.
[0229] Referring once again to FIG. 139, one would
appreciate that there would also be sputter layers on the
diameter or perimeter of the insulator 120,188 (not
shown). This would be to accommodate the gold brazing
(generally at the same time) between the insulator and
a ferrule structure 122. Gold brazing to a ferrule structure
has been previously described in FIG. 35. The ferrule
structures have been eliminated from FIGS. 139 and on
for simplicity, but it will be understood that the gold braz-
ing of leadwire 118 would be done at the same time that
a hermetic seal gold braze was formed between the in-
sulator 120,188 and the ferrule 122.
[0230] FIGURE 140 is very similar to FIG. 139, except
that FIG. 139 is a multilayer green ceramic 120,188 and
in FIG. 140, it is a solid monolithic ceramic, such as a
pressed or machined ceramic from a solid block.
[0231] FIGURE 141 is very similar to FIG. 31 in that,
the via hole is first filled with CRMC paste 185 and then
it is drilled out and filled with pure platinum 186. FIGURE
141 is very similar to FIG. 31, except that it has been
modified to have a gold brazed body fluid side leadwire
118 as previously described in FIG. 139.
[0232] FIGURE 142 is the same as FIG. 141, except
instead of being a multilayer alumina insulator 188, it is
a monolithic insulator 188.
[0233] FIGURE 143 is very similar to FIG. 33, except
that it has been modified to add the body fluid side gold
braze leadwire 118 as previously described in FIG. 139.
[0234] FIGURE 143A illustrates the hermetic seal in-
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sulator of FIG. 143, except that it’s been gold brazed 140
into a ferrule 122 for an active implantable medical de-
vice. Referring back to FIG. 143A, one can see that the
ferrule 122 comprises a body fluid side surface 520. Also
shown is surface 522, which is also known as a ferrule
device side surface. Surface 524 defines a ferrule open-
ing or inside surface into which the insulator 188 is either
fully or partially disposed. Referring once again to FIG.
143A, it will be appreciated that the insulator 188 can
stand proud above the body fluid side 520 of the ferrule
122 or be recessed relative to the ferrule surface 520.
The same is true on the device side. The ferrule 188 can
stand proud of ferrule surface 522, be even with it, as
illustrated or be recessed below it (not shown).
[0235] FIGURE 144 is very similar to FIG. 34 (Option
2C), except that it’s been modified to have a body fluid
side leadwire 118, as previously described in FIG. 139.
[0236] FIGURE 144A is very similar to FIG. 144 except
that the body fluid side leadwire 118 has been replaced
with a body fluid side metallic insert 118,NH. NH stands
for nail head, but it will be appreciated that it could also
be a short pin or even a wire bond cap. The nail head
NH could be proud, as illustrated or flush or even sub-
flush depending upon the geometry of the counter-bore
and the overall height of the nail head.
[0237] FIGURE 145 is very similar to FIG. 139, except
that the CERMET 185 has been replaced on the outside
diameter or perimeter of the alumina insulator 188 with
sputter layers 152 and 150. These sputter layers are to
accommodate subsequent gold brazing into a ferrule
structure 122 (not shown). FIG. 145 illustrates a multi-
layer alumina structure 188.
[0238] FIGURE 146 is the same as FIG. 145, except
that the alumina structure 188 is monolithic.
[0239] FIGURE 147 is very similar to FIG. 43, except
that body fluid side leadwire 118 has been added, which
is gold brazed as shown. This is as previously described
in FIG. 139.
[0240] FIGURE 148 is the same as FIG. 147, except
that the insulator structure 188 is monolithic instead of
multilayer.
[0241] FIGURE 149 is very similar to FIG. 45, except
that a body fluid side leadwire 118 has been gold brazed
138 into a multilayer insulator structure 188.
[0242] FIGURE 150 is the same as FIG. 149, except
in this case, the insulator structure is monolithic.
[0243] FIGURE 151 is very similar to FIG. 53, except
that a body fluid side leadwire 118 has been gold brazed
138 into the multilayer insulator 188.
[0244] FIGURE 152 is the same as FIG. 151, except
that the insulator structure 188 is monolithic. Referring
once again to FIG. 152, one can see that on the device
side, an optional counter-sink is shown 186’. One will
appreciate that this can also be a counter-bore. This is
to increase the area for bonding to a device side filter
capacitor leadwire to a circuit board and the like.
[0245] FIGURE 153 is very similar to FIG. 55, except
that a body fluid side leadwire 118 has been gold brazed

138 into the multilayer insulator structure 188, as shown.
[0246] FIGURE 154 is the same as FIG. 153, except
that the insulator structure 188 is monolithic.
[0247] FIGURE 155 is very similar to FIG. 57, except
that a body fluid side leadwire 118 is shown gold brazed
138 into the multilayer insulator 188.
[0248] FIGURE 156 is the same as FIG. 155, except
that the insulator structure 188 is monolithic.
[0249] FIGURE 157 is very similar to FIG. 59, except
that a body fluid side leadwire 118 is shown gold brazed
138 into the multilayer insulator 188, as previously de-
scribed in FIG. 139.
[0250] FIGURE 158 is the same as FIG. 157, except
that the alumina insulator 188 is monolithic.
[0251] FIGURE 159 is very similar to FIG. 126, except
that on the body fluid side leadwire 118 is shown gold
brazed 138 into the insulator structure 188. A second
gold braze 14 is generally formed at the same time as
gold braze 138 which provides a hermetic seal between
the insulator 188 and the ferrule 122. It will be appreciated
that the hermetic seal, between the insulator 188 and the
ferrule 122, could also be accomplished by a glass, a
glass-ceramic or a ceramic bonded to a glass, each being
biocompatible and biostable. Suitable glasses include
but are not limited to aluminaborate, boroaluminasilicate,
boroaluminate, borosilicate, aluminasilicate, lanthanob-
orate, aluminophosphate, calcium aluminoborate, mag-
nesium aluminoborate, calcium magnesium auminobo-
rate, calcium phosphate, barium silicate, barium alumi-
nosilicate, silicate, phosphate, borate, doped calcium
phosphate, calcium phosphate with transition metal ox-
ide additions and combinations thereof. Suitable glass-
ceramics include but are not limited to lithium disilicate,
alumina lanthanoborate, titania lanthanoborate, ceramic
oxide silicates, ceramic oxide borates, ceramic oxide alu-
minates, ceramic oxide phosphates, and combinations
thereof. It is anticipated that the ceramic oxide formula-
tions may be alumina, titania, zirconia and/or various sta-
bilized or partially stabilized zirconia including ZTA and
ATZ, fused silica, silicon nitride, alumina toughened zir-
conia, zirconia toughened alumina, zirconium dioxide, yt-
trium-toughened zirconium oxide, aluminum nitride,
magnesium oxide, piezoceramic materials, barium (Zr,
Ti) oxide, barium (CE, Ti) oxide, sodium-potassium-nio-
bate, calcium oxide, cerium oxide, titanium oxide, apatite-
wollastonite (A-W) glass ceramic, boron nitride, alumina
silicate, and combinations thereof
[0252] FIGURE 160 is very similar to FIG. 131 showing
the various options in the invention all with a body fluid
side leadwire 118a through 118f. The leadwires 118a-f
have been gold brazed into the insulator structures, as
previously described in FIG. 139. Each leadwire 118a-f
is respectively in electrical communication with its com-
posite fill. Electrical communication means they are con-
ductively coupled such that electricity is able to flow from
and between the structures, whether the connection is
made with one metallization layer, two metallization lay-
ers or a plurality of conductive connections. As shown in
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FIG. 160, the composite fill 185, 186 can take on many
different embodiments. The composite fill 185, 186 is co-
fired with the feedthrough body 188 to form a hermetically
sealed structure and then the metallization layers and
gold braze electrically couple the composite fill to the
leadwires 118a-f.
[0253] FIGURE 161 illustrates an alumina ceramic in-
sulator 188 gold brazed 140 into ferrule structure 122.
Also shown are body fluid side leadwires 118 that are
gold brazed 138 into the insulator 188, as previously de-
scribed in FIG. 139. A feedthrough capacitor assembly
124 is illustrated where the capacitor has been attached
to the insulator and the ferrule 122. One will see that
there are electrical connections between the capacitor
via holes and the insulator conductive pathways thereby,
connecting a feedthrough capacitor for the purpose of
acting as a broadband low pass filter to protect sensitive
AIMD electronic circuits from electromagnetic interfer-
ence. This is a conventional capacitor in that, it’s outside
diameter or perimeter metallization 132, which contacts
ground electrodes are electrically contacted 148 either
with a solder, a thermal-setting conductive adhesive or
the like to both the ferrule structure 122 and importantly,
to gold braze area 140. Contact to gold braze 140 is nec-
essary to have a very low impedance and oxide-free con-
nection. Device side leadwires 118’ are optionally shown
and can be co-soldered 202 at the same time the elec-
trical connection to the capacitor via holes are made.
[0254] Referring once again to FIG. 161, one can see
that the solder bump 202, also known as a BGA bump
or even a thermal-setting conductive adhesive, makes a
three-way connection. That is, a connection to the insu-
lator via hole sintered fill materials CRMC 185 and plat-
inum core 186, at the same time that it makes a connec-
tion to the feedthrough capacitor inside diameter metal-
lization 130 and the device side low cost leadwire 118’.
[0255] FIGURES 161A through 161E are very similar
to FIG. 161 except the ferrule was either replaced or re-
shaped using various structures. These structures are
only examples of possible embodiments and are not in-
tended to be limiting. FIG. 161A does not require a ferrule.
(In other words, the gold braze 140 directly contacts the
conductive housing 102 of the AIMD.) FIG. 161B is es-
sentially the same as FIG. 161A except that the stamping
of the AIMD housing 102 is oriented upward instead of
downward. FIG. 161C illustrates that instead of a ferrule
122, one could use a piece of stamped titanium 122,
which is then subsequently laser welded 128 to the AIMD
housing 102. FIG. 161D is very similar to FIG. 161C ex-
cept illustrated is a stress absorbing U-type shape for
ferrule 122. FIG. 161E is very similar to FIGS. 161C and
161 D except in this case, the stamped ferrule 122 com-
prises an S-shape.
[0256] FIGURE 162 is very similar to FIG. 161, except
that in this case, the capacitor is internally grounded. In-
ternally grounded feedthrough capacitors are taught in
prior art drawings 11A through 11C herein. In this case,
a gold braze moat 138,140,408 creates a peninsula

ground very similar to that illustrated in FIG. 11B as ele-
ment 139. As previously illustrated, it will be appreciated
that the peninsula structure could be machined from the
ferrule, as illustrated in FIG. 11b, comprised of a metal
clip 410 as seen in FIG. 163 or even a PAC or CRMC
material 185. As previously described in FIG. 141, a body
fluid side leadwire 118 has been gold brazed 138 into
the alumina insulator 188. Referring once again to FIG.
162, in this case, the height of the insulator is such that
it only partially resides within the ferrule structure 122. It
will also be appreciated that the insulator structure 188
could sit on top of the ferrule 122 (not shown). In other
words, it is not necessary that the insulator 188 be dis-
posed partially or entirely inside of the ferrule opening,
but could reside entirely on its body fluid side or its device
side surface.
[0257] FIGURE 163 shows the use of the novel metallic
clip 410. The metallic clip 410 is disposed within the gold
braze and helps the gold braze moat 138, 140, 408 form
in a consistent and even manner. This is accomplished
through capillary action of the gold braze interacting be-
tween the metallization 150,152 and the metallic clip 410.
A thinning of the gold braze is thereby prevented and a
good and reliable electrical connection is maintained.
[0258] FIGURE 163A is an isometric view of the novel
clip 410 that is shown in cross-section in FIG. 163. This
clip 410 could be of any suitable conductive material or
metal, including titanium. It will also be appreciated that
this clip could be of any solderable material, such as gold,
palladium, platinum and the like. It will also be appreci-
ated that the clip 410 could first be laser welded or at-
tached to ferrule 122 prior or after the gold brazing 138,
140, 408. The laser weld is not shown for simplicity. FIG-
URE 163B is the clip of FIG. 163A with a hole 410h. The
hole 410h facilitates the flow of gold braze 138, 140, 408
around and up into it thereby, facilitating a low impedance
oxide-free electrical connection 202 as previously de-
scribed. FIGURE 163C is generally taken from section
163C-163C from FIG. 163. This shows the clip 410, as
previously illustrated in FIG. 163A (without a hole 410h).
In this case, due to capillary action, the gold braze 138,
140, 408 wets between sputter layers 150 and 152 of the
alumina insulator 188 and also to both sides of the tita-
nium clip 410. The word titanium is used in this context,
but as previously described, any suitable metal or con-
ductive material could be used for the clip. Referring once
again to FIG. 163C, one can see that the BGA, ball grid
array or thermal-setting conductive adhesive dot 202 de-
sirably contact a thickness of gold braze 138, 140, 408.
In the case where the clip, for example, would be of tita-
nium 410, it could be of heavily oxidized material. Ac-
cordingly, the gold braze forms a metallurgical bond pen-
etrating through any oxide layer and consequently, the
electrical connection material 202 makes a very low im-
pedance and oxide free connection to the clip 410 and
in turn, to the ferrule 122. As previously described, pro-
viding a low impedance and oxide-free connection is very
important, such that the filter capacitor 124’ provide prop-
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er filtering at high frequencies. FIGURE 163D shows an
alternative form of the clip 410 (shown inverted with re-
spect to FIG. 163) and that in this case, a device side
leadwire 118’gnd is either co-brazed or is laser welded
to the clip. This is an important alternative, referring back
to prior art FIG. 11B. The unfiltered hermetic feedthrough
terminal assembly 189 of prior art FIG. 11B, illustrates
traditional leadwires penetrating through the insulator of
the feedthrough. Also shown, is an internal ground lead
118’gnd. The peninsula structure 138 of the ferrule 122
is very expensive to manufacture. This is because one
must start with a solid block of titanium and then cut out
the opening for the insulator 120. This results in a great
amount of labor and titanium scrap. The novel clip 410
and terminal pin of FIG. 163D, replaces the peninsula
structure 139 in a very low cost manner. These clips can
be formed by punching or stamping (or even by machin-
ing). A punched or stamped clip is far less expensive and
as one will appreciate, it would also be much less expen-
sive to machine the ferrule and simply add the clip 410
as described in FIG. 163. The novel clip 410 was first
disclosed in FIG. 29 of U.S. Patent Application
15/603,521, filed on May 24, 2017.
[0259] As used throughout this specification, a multi-
layer body structure 120,188 are all of the same con-
struction. For example, see the multi-layer structure, as
illustrated in FIGS. 29, 31, 37, 39, 41, 43, 45, 47, 49, 51,
53, 53A, 55, 57, 59, 61, 62 and the like are formed from
stacking discrete layers of the green, generally alumina
ceramic, and then pressing it either through hydro-static
or equivalent processes to form a solid green body. After
pressing, it is very difficult to distinguish the green body
from solid bodies, as illustrated in FIG. 30 and the like.
After sintering, it is literally impossible to distinguish (un-
less there is some knit line or delamination present) the
multi-layer body 120, 188 of FIG. 29 from the solid body
120, 188 of FIG. 30. Solid bodies are generally formed
from either cutting or pressing green layers of thick alu-
mina or by a preferred method, a green powder slurry is
pressed into molds and then sintered forming the shape
as shown in FIG. 30. Referring back to FIGS. 29 and 30
and their equivalents throughout the specification, the
passage way or via hole through the capacitor is gener-
ally formed in the green state either by drilling, pressing,
molding or equivalent processes. Referring back to FIG.
29, after the body has been pressed 120, 188, a hole is
drilled or formed all the way through the structure and
then the entire structure is filled with the CRMC paste
185. This is identical to the process of FIG. 30 wherein,
the solid body 120,188 has a passageway formed by
drilling or equivalent process from the body fluid side to
the device side of the structure. In the green state, the
CRMC paste 185 was vacuumed or pressure pressed or
mechanically forced into the through passageway. This
is followed by a drying step wherein, certain solvents or
volatiles that are contained within the CRMC paste 185
are allowed to dry. This makes the CRMC paste 185 me-
chanically strong enough to hold its shape (but it is not

yet sintered). Then, as shown in FIG. 29, using a counter-
bore tool or equivalent mechanical process, counter-
bores 186 are formed and then filled as shown with pure
platinum 186. The process for the multi-layer structure
FIG. 29 and that of FIG. 30 are identical. After placing
the pure platinum paste 186, then the entire structure is
co-sintered, meaning that the alumina ceramic body
120,188 is co-sintered at the same time as the CRMC
paste 185 and the platinum end caps 186. The CRMC
material 185 drying process can be done by just leaving
the parts at room temperature or may be accelerated by
heat, vacuumed or any combination of all of those. The
exact drying technique and the amount of drying time
varies with the thickness and the diameter of the CRMC
paste and the platinum filled caps. One may even perform
an elevated binder bake-out process, which will remove
almost all of the solvents and binders prior to sintering.
Referring now to FIG. 31 and FIG. 32, one can see that
after pressing both of the ceramic bodies 188 are gen-
erally solid in the green state. A through-hole is first
formed either during original formation of the alumina
structure 188 or by subsequent drilling in the green state.
The drilled hole is first filled all the way from the body
fluid side to the device side with CRMC paste 185. Then
as previously described, the CRMC paste is either al-
lowed to dry or deliberately dried in one of the various
processes described. At this point, the CRMC paste will
be mechanically strong enough to hold its shape, while
a second drilling operation is formed. A second hole is
drilled right down through the center so that it can be later
filled with a substantially pure platinum paste 186. Re-
ferring back to FIG. 31, prior to placement of the CRMC
or the platinum fill, the empty hole or passageway ex-
tending through the green ceramic 188 from the body
fluid side to the device side, may be formed by an auto-
mated printed circuit board drilling machine. There may
be a backing plate or a suspension plate that has a larger
diameter so that the green ceramic body 188 is held firmly
in place as the drill is drilled all the way through. Alterna-
tively, a backing plate of a disposable short green ceram-
ic, such as an alumina may be used, and then the part
subsequently separated. It will also be appreciated that
water-cutting or punching processes could also be used
to form the hole or passageway. After this passageway
is formed, as described, then the CRMC paste 185 is
inserted into the passageway to completely fill it from top
to bottom. After that paste is suitably dried, then a second
hole or second drilling operation is performed, such that
the center of the hole can be filled with the substantially
pure platinum 186.
[0260] After the entire structure of FIGS. 31 or 32 are
co-sintered and become a hard-monolithic body, there
may be one or more mechanical or lapping operations
performed on the top or bottom of the device. This is to
remove a thin layer material from the entire top and the
entire bottom, such that, the top and bottom of the pure
platinum fill 186 is cleanly exposed and is free of the
possibility of any glasses or alumina ceramic contamina-
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tion 188 that could occur. These lapping processes could
also be performed by a mechanical or grinding process-
es, by water-cutting or jetting processes, or by grit-blast-
ing or the like.
[0261] During sintering or co-sintering of the structure,
such as shown in FIGS. 31 and 32, it is common that at
sintering temperatures, that materials will diffuse or even
form a concentration gradient. In other words, it would
be common for the pure platinum 186 to diffuse at least
somewhat into the surrounding CRMC paste 185 and
that the metals and glasses of the CRMC paste 185 would
also diffuse into the alumina body 188. It is also common
that alumina ceramics have as a contamination product
various glasses, including SiO2, MgO and CaO. The dif-
fusion of these materials can occur over the two ends of
the pure platinum fill 186 and inhibit conductivity. This is
why subsequent lapping or cleaning of the top and bottom
of the platinum filled via can become important. Referring
once again to FIG. 31, one will appreciate that there are
manufacturing tolerances involved in any manufacturing
process. Having the CRMC fill 185 precisely and perfectly
aligned with the pure platinum fill 186 is ideal, but gen-
erally not completely possible. Recent advances in print-
ed circuit board and automated drilling machines have
led to great precision recently; however, it will be appre-
ciated that the diameter of the CRMC material 185 is
sufficiently large to accommodate any off-centering of
the drilling of the pure platinum fill area 186, such that,
at least a thin layer of the CRMC 185 is always present.
[0262] Referring once again to FIGS. 31 and 32, it will
be appreciated that the CRMC material may be of any
CERMET or metal containing ceramic paste. Also the
substantially pure platinum fill 186 could also comprise
any number of other substantially pure metals. A com-
plete listing of these appears later in the specification.
[0263] As mentioned, ideally, the platinum fill or sub-
stantially pure metal fill would be highly concentric with
the CRMC material 185. The wall thickness between the
ceramic 186 of the CRMC 185 is important and depends
upon the thermal coefficient of expansion of the insulator
material 188, the CRMC 185 and the metal fill 186. Where
there is a great difference in thermal coefficient of expan-
sion, it becomes necessary that the CRMC buffer layer
be thicker. When the thermal coefficient of expansion of
the surrounding materials are greatly mismatched, then
the concentricity of the platinum fill 186 with the CRMC
becomes even more important. When there is very little
mismatch between surrounding materials, then a higher
degree of mismatch and concentricity can be tolerated.
[0264] Referring now to FIGURES 39 and 40, one can
see that the same manufacturing methods are employed,
in that, a passageway through the insulator structure 188
is first built with a CERMET 185. After drying, the CER-
MET is drilled (in this case, we would call this double-
drilled) and then the passage from the body fluid side to
the device side, would be filled with a substantially pure
platinum fill 186. Then, in the green state, the green ma-
terials would be counter-bored to form a counter-bored

hole for post-sintered sputtering 150, 152 and gold braz-
ing 138. In other words, after the alumina insulator 188
is co-fired along with CRMC 185 and substantially pure
platinum paste 186, then the post-sintered monolithic and
rigid body is sputtered 150,152 so that a gold braze 138
may be accepted and formed between the alumina ce-
ramic base 188 and leadwire 186w,118.
[0265] FIGURE 164 is very similar to FIGS. 39 and 40,
except in this case, it is not double drilled, but multiple
drilled. The word "drill" is a short-hand way of saying holes
are formed either by a drilling, punching or water-jet, laser
cut, CNC machining or equivalent process. Referring
once again to FIG. 164, one can see that a first large
passageway is formed and that entire passageway is
filled with a CRMC 185c. In this case, the CRMC would
have a relatively lower metal content, such as on the
order of 20% by weight. It should be understood that this
is not intended to be limiting. It could be 5%, 10%, 25%
and the like. It is just an example. Then after that CRMC
layer 185c is dried, it is then drilled out and filled with a
second CRMC material 185b. In general, this 185b
CRMC material would have a higher metal content than
186c, for example, on the order of 40%. After drying, then
a third drilling (or equivalent) operation is formed to open
up a passageway for CRMC material 185a. For example,
CRMC material 185a could have a 70% metal fill. After
drying, then the center of the 185a CRMC material is
drilled out and then filled with a substantially pure plati-
num 186 fill, as shown. At this time, the entire structure,
including the alumina insulator 188 can all be co-fired.
The advantage of having CRMC layers with varying metal
content is that stresses induced by thermal coefficient of
expansion (CTE mismatches) may be graded across the
structure, such that the insulator 188 is not cracked and
that a mechanically strong and robust hermetic seal is
formed. FIG. 164 is illustrative only. It will be appreciated
that there may be one CRMC layer, two, three or..."n"
layers.
[0266] Referring once again to FIG. 164, one will ap-
preciate that the diameter of the substantially pure me-
tallic or platinum fill 186 varies with the application. For
example, for a retinal stimulator, the currents that must
be passed through such a feedthrough are extraordinarily
small (on the order of just a microamp). Accordingly, the
robust and high conductivity conductor formed by the 186
fill, can be relatively small in diameter. On the other ex-
treme, if the application is for an implantable cardioverter
defibrillator, where a high voltage shock pulse consisting
of many amps must pass, then the diameter and the con-
ductivity of the pure platinum via center 186 must be par-
ticularly large and robust. It will be appreciated that what-
ever the core 186 conductor material is, which will be of
post-sintered substantially pure metal, its conductivity
will vary with its material property and also its length and
cross-sectional area. All of these properties are applica-
tion specific and must be carefully designed for each spe-
cific application depending upon the current density re-
quired.
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[0267] FIGURE 165 illustrates the basic manufacturing
process steps of the present invention. As will be seen,
one can form, as described, a solid block of the green
alumina insulator or one can form it from sheets that are
collated and then laminated. Then, the outer hole of the
passageway through the insulator is drilled and com-
pletely filled with CRMC paste in accordance with the
present invention. As previously described, this could al-
so embody multiple drills with multiple metal fill densities
of CRMC layers. After suitable drying, then the inner hole
is drilled through CRMC material, which is then filled with
platinum paste. The bar, which can contain many insu-
lators (for example, 200 insulators), is then singulated.
Singulating means that they are separated from each
other so they can be placed on setters and sintered, also
known as fired.
[0268] FIGURE 166 illustrates a variation of the
present invention, in that, it is possible to form individual
sheets or layers of the ceramic 120,188 and individually
fill each one of these layers with CRMC material 185.
Then, one would collate these layers, otherwise known
as stacking them up and then laminating them together.
The handling of these individual layers is generally not
preferred as it provides a stacking registration error
shown by the staggered pattern of the CRMC layers 185
in FIG. 166. After the individual layers (up to "n" layers)
are collated, stacked and laminated, then a hole is drilled
186, which is filled with the pure platinum paste of the
present invention. Then, this entire structure is ready for
co-sintering. Then, after singulation, this entire structure
is ready for co-sintering. It is important to realize that
unipolar structures have been illustrated in many cases
in the present invention. It will be appreciated that these
could be multipolar. For example, one is referred to FIGS.
97 and 98, which illustrate a bar having four different
insulator structures. As mentioned, in a real bar, these
could be many more, such as even hundreds. FIG. 107
illustrates the bar in the process of singulation. In other
words, each one of the individual four insulators is about
to be removed from the base bar. FIGS. 110 and 111
illustrate one example of an insulator after it’s been sin-
gulated and is ready for sintering or firing.
[0269] FIGURE 167 illustrates the manufacturing proc-
ess steps of the multilayer structure previously described
in FIG. 166. First alumina sheets are formed and the in-
dividual thin alumina sheets are punched with one to a
multiplicity of holes. Once these outer holes are punched,
they are completely filled with a metal composite or
CRMC paste 185. The individual sheets are then collated
and laminated or pressed together. Then what is formed
at this point, is called a green bar. The green bar is then
drilled such that a new hole is formed all the way through
each one of the CRMC layers 185. This hole is filled with
a substantially pure paste, in this case, a platinum paste
186. The individual insulators are then singulated from
the bar and are then fired, otherwise known as sintering.
[0270] FIGURE 168 illustrates a prior art device, which
is very common in the art and employs catch pads 180cp.

This illustrates either a CERMET or a substantially pure
metal fill, such as a platinum fill 188 along with catch pads
180cp. The catch pads make up for misalignment, but
are very volumetrically inefficient. An extreme example
of catch pads, which are actually little circuit traces, are
illustrated in FIG. 4 of U.S. Patent 6,414,835 and FIGS.
16 and 17 of U.S. Patent 8,841,558. The present inven-
tion completely avoids the use of catch pads by the final
drilling of the substantially pure metal hole, as a last drill-
ing step.
[0271] FIGURE 169 illustrates a typical prior art proc-
ess, which differs very significantly from the present in-
vention. For a typical prior art process, one is referred
again to U.S. Patent 8,841,558. As taught in the prior art,
alumina sheets are punched to form a hole that is filled
with a metal composite paste, which is also known in the
art as a CERMET. Then, screen print catch pads on each
layer to accommodate stacking misalignments, then they
are collated and laminated. This forms a structure similar
to that shown in FIG. 168 herein. The individual insulators
are singulated and then fired in accordance with the prior
art. For example, refer to FIG. 16 of U.S. Patent
9,418,778. Importantly, none of these prior art patents
involve drilling a second hole and filling it with substan-
tially pure metal, such as a pure metal paste. In fact, the
only invention of which the inventors are aware that even
begins to incorporate a CRMC layer that relieves thermal
stresses to a substantially pure platinum center hole is
Troetzschel 8,886,320. Referring now to Troetzschel
FIG. 2, one can see that there is a sintered CERMET
fringe body 40 that is co-sintered along with a CERMET
layer 50. This structure incorporates what they call a base
body, which can be of substantially pure alumina ceram-
ic. Now here is where the substantial difference occurs.
In all of Troetzschel family, they teach that a bushing
body 20 is formed outside of the base body 10 and is
embedded in one or more layers of a transitional layer
30, which is defined as the CERMET having a 20-70%
metal content. Troetzschel consistently teaches that this
bushing body and transitional layer are formed outside
of the base body and then somehow (with no real de-
scription or enablement) inserts it into the base body.
One is referred to the Troetzschel ’320 patent column 3
starting on line 19 and ending on line 39, which describes
the Troetzschel process. The following is quoted from
the ’320 patent: "forming the base body green blank from
a ceramic slurry or a ceramic powder such as to have at
least one bushing opening that extends through the base
body green blank; forming the at least one bushing body
green blank from a cermet slurry, a cermet powder, a
metal powder and/or a slurry made of a metal powder,
whereby a shape of the at least one bushing body green
blank and a shape of the at least one bushing body open-
ing are complementary to each other at least in sections
thereof and prevent slippage of the bushing body green
blank through the bushing opening; inserting the at least
one bushing body green blank into the at least one bush-
ing opening of the base body green blank to form the
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composite green blank; applying at least one force to the
bushing body green blank and/or the base body green
blank and sintering the composite green blank while ap-
plying the at least one force, whereby the at least one
force is directed in the direction of a bracketing of the at
least one bushing body green blank in the at least one
bushing opening of the base body green blank." (Under-
line added for emphasis) In summary, Troetzschel teach-
es away from forming a passageway, filling it completely
with a CERMET or CRMC, drying it and then drilling it
out and then filling it with a substantially pure metallic
material, such as pure platinum.
[0272] FIGURE 170 is very similar to FIG. 41, except
in this case, the gold braze body fluid side leadwire 186W,
118 has been removed for simplicity. Referring once
again to FIG. 41, it will be appreciated that leadwire
186W, 118 could have also been co-brazed on the device
side forming a device side leadwire 118’. However, for
the body fluid side, it is desirable to gold braze 138 be-
cause on the body fluid side, the leadwire 186W, 118
must be biocompatible, non-toxic and biostable. There
are a very short list of materials and attachments that
meet all of these requirements. This short list includes
platinum leadwires, palladium leadwires, niobium lead-
wires, tantalum leadwires and titanium leadwires and var-
ious alloys thereof. The problem with this list of materials
is that they are either extremely expensive (such as gold,
platinum or palladium) or they are heavily oxidized (such
as niobium, tantalum and the like). This makes them un-
desirable for use on the device side where a connection
to a circuit AIMD electronics or an AIMD circuit board 126
(not shown) can be accomplished in a cheaper and more
efficient manner. Referring to FIG. 170, one can see that
there is a ribbing cable 118’ which is electrically connect-
ed primarily to the platinum sinter-fill 186 of the alumina
insulator via hole. It will be appreciated that multipolar
hermetic insulators are very common in the art, but uni-
polars are shown herein for simplicity. An electrical con-
nection 600 is formed between the ribbon cable 118’,
which is better illustrated in FIG. 170A. In one embodi-
ment, this could be a thin gold ribbon, but in a lower cost
alternative, it could consist of many other materials, in-
cluding copper. An electrical attachment 600 is made by
ultrasonic or thermal sonic bonding. This is a very com-
mon process for attachment of ribbon cables, which can
be adapted for the present purpose. During thermal sonic
or ultrasonic bonding or equivalent bonding processes,
a probe head comes down and localized melting 118’
occurs as this is in the area depicted by numeral 600, in
other words no new material has been added. It will ap-
preciated that the ribbon cable 118’ can be attached to
the platinum fill 186 and/or the CRMC 185 with any of
the following processes, including at least one of laser
welding, arc welding, gas welding, resistance welding,
projection welding, butt welding, slash welding, upset
welding, solid state welding, friction welding, ultrasonic
welding, fusion welding, induction welding, percussion
welding or electron beam welding. It will be appreciated

that equivalent processes could be used. All of these
processes, as described in FIG. 170, the ribbon cable
has a general rectangular cross-section as better illus-
trated in FIG. 170A. It will be understood that any of the
wire bonding techniques described herein on the device
side could be applied to the body fluid side as long as
the materials used are biocompatible and non-toxic.
[0273] Referring now to FIGURE 171, one can see an
alternative ribbon cable, which is better illustrated in FIG-
URE 171A. In this case, the ribbon cable includes a hole
604 that is punched or formed through it. This accommo-
dates electrical attachment 202, 602 by soldering, by ball
grid array, by solder bump, by thermal-setting conductive
adhesives or the like. The weld can also be used with
any of the welding or attachment processes previously
described for FIG. 170.
[0274] FIGURE 172 illustrates a rectangular wire bond
cable 118’ before being attached to the platinum fill 186
and/or CRMC 185. In this case, a bump or ball grid
202,606 of either a solder, a solder paste or a thermal-
setting conductive adhesive is first dispensed. Then, the
ribbon wire 118’, as illustrated in FIGURE 172A, is posi-
tioned over it and held in place while the entire assembly
is raised to an elevated temperature. (It will be appreci-
ated that the bump 202,606 could be applied to the ribbon
cable 118’ or to both the ribbon cable and the CRMC
sintered paste.) The temperature elevation is either to
reflow the solder or cure a conductive thermal-setting
adhesive, such as a conductive epoxy or a conductive
polyimide.
[0275] FIGURE 173 illustrates the assembly of FIG.
172 after it’s been raised to an elevated temperature and
the electrical connection 202, 606 has been formed. FIG-
URE 173A illustrates that in this case, a wire is a rectan-
gular ribbon wire in cross-section.
[0276] FIGURE 174 is exactly the same as FIG. 173
and FIG. 173A, except in this case, the wire 118’ is round
in cross-section as illustrated in FIGURE 174A. In this
case, all of the attachment methods previously described
for FIG. 174, still apply, such as resistance welding, pro-
jection welding, ultra-sonic welding and the like. Refer-
ring to attachment material 608 in FIG. 174, one will ap-
preciate that it could also be a solder or a thermal-setting
conductive adhesive.
[0277] Referring now back to FIG. 170 and comparing
it to FIG. 131, one will see that this is described as Options
2 and 2A of the present invention. This embodies double
drilling as previously described.
[0278] FIGURE 175 illustrates Option 1 and 1A when
referring back to FIG. 131. In this case, the hole is formed
entirely through the insulator and is filled entirely with
CRMC material 185. In the present invention, this is al-
ways the first step, but in this case, a hole is drilled all
the way through the center of the CRMC material 185.
Then, each end of the CRMC material is counter-bored
forming the dumbbell shape illustrated in Options 1 and
1A of FIG. 131 and in FIG. 175. This dumbbell shape is
then completely filled with substantially pure platinum
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paste (or equivalent metal paste) in accordance with the
present invention. Post-sintering, this forms a hard-mon-
olithic structure. A ribbon cable 118’, which is illustrated
in cross-section FIG. 175A, is then attached 600 by any
of the attachment processes previously described in FIG.
170. Referring back to FIG. 175, one will appreciate the
attachment processes on the device side in order to pro-
vide a low-cost connection to AIMD electronic circuits,
can be applied to any of the options shown in FIG. 131,
including Options 1, 1A, 2, 2A, 3, 3A, 4, 4A, 5, 5A, 6 and
6A. It will be appreciated that wire 118’ could be a round
wire, oval wire, rectangular wire or any other shape and
that all of the techniques taught herein could be applied
to the body fluid side as long as the materials are bio-
compatible and non-toxic. One will also appreciate that
the wire 118’ could be disposed perpendicular to the
feedthrough surface such that it is aligned with the CRMC
paste 185 and metal paste 186. This structure could then
be used with a nail head wire on the body fluid side as
previously illustrated in FIG. 41.
[0279] FIGURE 176 is a sectional view of a
feedthrough dielectric body 188 resting upon a backing
plate 610. A drill chuck 616 can then capture an appro-
priate sized drill bit 614 that will be used to drill through
the feedthrough dielectric body 188. As can be seen, a
hole 612 can be aligned with the hole to be drilled through
the feedthrough dielectric body 188. The hole 612 can
be larger in diameter in comparison to the drill bit 614.
As an alternative, the backing plate 610 can be made
without the hole 612 and be made as a sacrificial alumina
body in the green state.
[0280] Platinum and platinum/iridium materials are
generally chosen for AIMD feedthroughs, however, after
sintering, they are not necessarily readily solderable, re-
sulting in it being more difficult for attachment of critical
elements within the device. The present invention re-
solves this issue by providing a device side solder coat
197 that simplifies attachment of critical device elements,
is cost effective, and enhances manufacturability.
[0281] It should be noted that, although insulators of
alumina (Al2O3) are described throughout, other biocom-
patible insulator materials, including but not limited to
glass, insulating metal oxide, glass ceramic and other
ceramic materials, formulations or combinations thereof
may be used instead of alumina or in conjunction with
alumina. For example, zirconia (ZrO2) and/or various sta-
bilized or partially stabilized zirconia including ZTA and
ATZ may be used. Other material options include fused
silica, silicon nitride, alumina toughened zirconia, zirco-
nia toughened alumina, zirconium dioxide, yttrium-tough-
ened zirconium oxide (Y-TZP), aluminum nitride (AlN),
magnesium oxide (MgO), piezoceramic materials, bari-
um (Zr, Ti) oxide, barium (CE, Ti) oxide, sodium-potas-
sium-niobate, calcium oxide, cerium oxide, titanium ox-
ide, apatite-wollastonite (A-W) glass ceramic, boron ni-
tride, alumina silicate, and combinations thereof.
[0282] Additionally, it is also contemplated insulators
comprising at least one Cermet or CRMC layer on at least

one surface of an insulator body may also be used to
provide for a robust insulator/conductor interface via ce-
ramic to metal joining methods. Also contemplated is the
use of laminates, single pressed preforms, solid pellets,
pre-sintered laminates, pressed preforms and combina-
tions thereof. It is also contemplated that multilayer insu-
lators may be of the same composition, differing compo-
sitions, the same or varying resistivity, the same or var-
ying thermal expansion coefficient, combinations thereof
and may have various layering structures. Layering struc-
tures may be across a width, along a length, about a
perimeter, sandwich like, wavelike and combinations
thereof.
[0283] Conductive via fill materials of alumina/platinum
or pure platinum are described, but other materials in-
cluding Cermets may be used. For example, it will be
known to those skilled in the art from this teaching that
other nonlimiting ceramics, glass ceramics, and/or glass
oxides may be added to the metal-containing inks/pastes
to customize CTE matching/transition pending core ma-
terial and/or insulator material selections. Palladium may
be used instead of platinum. Other nonlimiting biocom-
patible metals and alloys that may be used in place of
platinum include niobium, platinum/palladium, stainless
steels, and titanium. Furthermore any of the following list
of materials may be used alone or combination with any
of the materials already discussed or within this list.

Gold (Au), silver (Ag), iridium (Ir), rhenium (Re), rho-
dium (Rh), titanium (Ti), tantalum (Ta), tungsten (W),
zirconium (Zr), and vanadium (V)
Cobalt Chromium Molybdenum Alloy
Cobalt Chromium Nickel Iron Molybdenum Manga-
nese Alloy
Cobalt Chromium Tungsten Nickel Iron Manganese
Foil
Cobalt Nickel Chromium Iron Molybdenum Titanium
Alloy
Cobalt Nickel Chromium Iron Molybdenum Tungsten
Titanium Alloy
Cobalt Nickel Chromium Molybdenum Alloy
Copper Aluminum Nickel Alloy
Copper Zinc Alloy
Copper Zinc Aluminum Nickel Alloy
] Copper Zinc Silver Alloy
Gold Platinum Palladium Silver Indium Alloy
Iron Chromium Alloy
Iron Chromium Nickel Alloy
Iron Chromium Nickel Aluminum Alloy
Iron Chromium Nickel Copper Alloy
Iron Chromium Nickel Copper Molybdenum Niobium
Alloy
Iron Chromium Nickel Copper Niobium Alloy
Iron Chromium Nickel Copper Titanium Niobium Al-
loy
Iron Chromium Nickel Manganese Molybdenum Al-
loy
Iron Chromium Nickel Molybdenum Alloy
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Iron Chromium Nickel Molybdenum Aluminum Alloy
Iron Chromium Nickel Titanium Molybdenum Alloy
Iron Manganese Chromium Molybdenum Nitrogen
Alloy
Nickel Platinum Alloy
Nitinol
Nickel Titanium Alloy
Nickel Titanium Aluminum Alloy
Niobium-Titanium Alloy
Platinum Iridium Alloy
Platinum Palladium Gold Alloy
Titanium Aluminum Vanadium Alloy
Titanium Based Aluminum Iron Alloy
Titanium Based Aluminum Molybdenum Zirconium
Alloy
Titanium Based Molybdenum Niobium Alloy
Titanium Based Molybdenum Zirconium Iron Alloy
Titanium based Niobium Zirconium Alloy
Titanium based Niobium Zirconium Tantalum Alloy
Titanium Molybdenum Alloy
Titanium Niobium Alloy
Titanium Platinum Alloy
Titanium-based Molybdenum Zirconium Tin Alloy
Examples of some PAC, Cermet, CRMC ceram-
ic/metal pairings include, but are not limited to:

a. Alumina (Al2O3) or zirconia (ZrO2) including
various stabilized or partially stabilized zirconia
like zirconia toughened alumina (ZTA) and alu-
mina toughened zirconia (ATZ) with platinum
(Pt) or palladium (Pd)
b. Alumina (Al2O3) or zirconia (ZrO2) with irid-
ium, rhenium, rhodium, various Pt alloys (e.g.,
Pt-Ir, Pt-Pd, Pt-Rh, Pt-Re, Pt-Au, Pt-Ag etc.), Pd
alloys (e.g., Pd-Ir, Pd-Re, Pd-Rh, Pd-Ag, Pd-Au,
Pd-Pt, Pd-Nb, etc.), Au alloys (e.g., Au-Nb, Au-
Ti, etc.), Au alloys (e.g., Au-Nb, Au-Ti, etc.), and
Ti alloys (e.g., Ti-Al-V, Ti-Pt, Ti-Nb, etc.)

[0284] Any combination of the ceramics and metals is
theoretically suitable for a Cermet used as disclosed
herein.
[0285] It will be understood to one skilled in the art that
more than one metal/ceramic, metal/glass oxide, or met-
al/ceramic/glass oxide formulation may be used to sur-
round the core conductive material of ink/paste, wire, or
combinations of both, to create a layering effect about
the core material(s) along the longitudinal axis of the via
to achieve optimal transition for CTE matching at the re-
spective mating material interface(s).
[0286] It should also be noted that the structures dis-
closed herein may be provided through other methods
in addition to those described herein. For example, use
of laminates, single pressed preforms, solid pellets, pre-
sintered assemblies/subassemblies or other such com-
ponents and/or related methods of manufacture using
and or leveraging developmental or commercially avail-
able processes to augment component or assembly form

and function. Furthermore, methods other than already
disclosed herein may also be used. Various methods that
may be used to provide component structures, sub-
assemblies and assemblies may include, but are not lim-
ited to, multi-stage brazing, reactive brazing, solder or
BGA attachment, diffusion bonding, transient liquid
phase bonding, transient liquid phase diffusion bonding,
partial transient liquid phase bonding, sputtering, joining,
pre-sintering, multi-stage sintering or sintering.
[0287] Additionally, flexible ceramics may be used in
any of the structures disclosed herein. The term "flexible
ceramics" is used herein to include ultrathin flexible ce-
ramics, such as those disclosed in the article "Ultrathin
Flexible Ceramics for Electronic Applications" by John
A. Olenick, nanoceramics, which is more than 85% air
and is very light, strong, flexible and durable, and syn-
thetic ceramics such as Eurekite’s "flexiramics", which is
formed to retain the positive properties of ceramics while
being flexible rather than brittle. Ultrathin ceramic or ce-
ramic-based materials provide very thin, flexible layers
which are crimpable, rollable, bendable, and foldable.
Moreover flexible ceramics may be made into a number
of circuitous shapes, sizes and multilayer structures com-
mensurate with component, subassembly or assembly
design. As these materials are highly flexible, they can
even be rolled into cylindrical shapes, conform to rectan-
gular, square, triangular, oval or some other shape,
wrapped about an object such as a wire, lead, ribbon,
braid, mandrel or other elongate object. There are a
number of flexible ceramic products commercially avail-
able, such as, but not limited to, alumina (or aluminum
oxide), barium titanate, zirconia-based ceramics such as
YSZ (yttria-stabilized zirconia), alumina based compos-
ites, glass ceramics such as alumina-silica, and the like.
Additionally, these flexible ceramic materials may be
used in conjunction with flexible polymer materials to cre-
ate any of the ceramic circuits and circuit boards de-
scribed herein. Polymeric material examples include
polydimethylsoloxanes (PDMS), polyethyleneterephtha-
late (PET), teflons, teflons doped with dielectrics or other,
polytetrafluoroethylene (PTFE), ethylenetetrafluoroeth-
ylene (ETFE), parylenes, polyether block amide
(PEBAX), polyetheretherketone (PEEK), polystyrenes,
polysulfones, polypropylenes, polycarbonates, polyvinyl
chloride (PVC), polyxylylene polymers, polyamides,
polyimides, nylon, epoxies, and other such suitable pol-
ymers, elastomers and gels, including combinations
thereof.
[0288] It should be noted that U.S. Patents 4,424,551,
5,333,095, 5,650,759, 5,751,539, 5,896,267, 5,905,627,
5,959,829, 5,973,906, 5,978,204, 6,008,980, 6,159,560,
6,275,379, 6,456,481, 6,529,103, 6,566,978, 6,567,259,
6,643,903, 6,765,779, 6,765,780, 6,888,715, 6,985,347,
6,987,660, 6,999,818, 7,012,192, 7,035,076, 7,038,900,
7,113,387, 7,136,273, 7,199,995, 7,310,216, 7,327,553,
7,489,495, 7,535,693, 7,551,963, 7,623,335, 7,797,048,
7,957,806, 8,095,224, 8,179,658 8,841,558, 8,855,768,
9,108,066, 9,427,596 and 9,492,659, U.S. Publication
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2015/0314131 and U.S. Provisional Applications
62/418,834, 62/443,011, 62,450,187, and 62,461,872
are all specifically referred to.
[0289] Additionally, reference is made to the the fol-
lowing literature:

Textbook "Introduction to Ceramics" in 1960 by
Kingery et al. (Chapters 5 and 6)
Becker: Ann. Phys., 1938, vol. 32, pp. 128-40

[0290] Dissertation "Developing a High Density Pt/Alu-
mina Hermetic Feedthrough" submitted to Florida Inter-
national University on June 15, 2012 in partial fulfillment
of the requirements for the degree of Doctor of Philoso-
phy in Materials Science and Engineering by Ali Karbasi
[0291] "Ultrathin Flexible Ceramics for Electronic Ap-
plications," John A. Olenick, Ceramic Industry, October
2016 pgs. 30-31.
[0292] The headings (such as "Introduction" and
"Summary") and sub-headings used herein are intended
only for general organization of topics within the present
disclosure, and are not intended to limit the disclosure of
the technology or any aspect thereof. In particular, sub-
ject matter disclosed in the "Introduction" may include
novel technology and may not constitute a recitation of
prior art. Subject matter disclosed in the "Summary" is
not an exhaustive or complete disclosure of the entire
scope of the technology or any embodiments thereof.
Classification or discussion of a material within a section
of this specification as having a particular utility is made
for convenience, and no inference should be drawn that
the material must necessarily or solely function in accord-
ance with its classification herein when it is used in any
given composition.
[0293] The citation of references herein does not con-
stitute an admission that those references are prior art
or have any relevance to the patentability of the technol-
ogy disclosed herein.
[0294] The description and specific examples, while
indicating embodiments of the technology, are intended
for purposes of illustration only and are not intended to
limit the scope of the technology. Moreover, recitation of
multiple embodiments having stated features is not in-
tended to exclude other embodiments having additional
features, or other embodiments incorporating different
combinations of the stated features. Specific examples
are provided for illustrative purposes of how to make and
use the apparatus and systems of this technology and,
unless explicitly stated otherwise, are not intended to be
a representation that given embodiments of this technol-
ogy have, or have not, been made or tested.
[0295] As referred to herein, all compositional percent-
ages are by weight of the total composition, unless oth-
erwise specified. As used herein, the word "include," and
its variants, is intended to be non-limiting, such that rec-
itation of items in a list is not to the exclusion of other like
items that may also be useful in the materials, composi-
tions, devices, and methods of this technology. Similarly,

the terms "can" and "may" and their variants are intended
to be non-limiting, such that recitation that an embodi-
ment can or may comprise certain elements or features
does not exclude other embodiments of the present tech-
nology that do not contain those elements or features.
[0296] "A" and "an" as used herein indicate "at least
one" of the item is present; a plurality of such items may
be present, when possible. "About" when applied to val-
ues indicates that the calculation or the measurement
allows some slight imprecision in the value (with some
approach to exactness in the value; approximately or rea-
sonably close to the value; nearly). If, for some reason,
the imprecision provided by "about" is not otherwise un-
derstood in the art with this ordinary meaning, then
"about" as used herein indicates at least variations that
may arise from ordinary methods of measuring or using
such parameters. In addition, disclosure of ranges in-
cludes disclosure of all distinct values and further divided
ranges within the entire range.

Claims

1. A method of manufacturing a feedthrough dielectric
body for an active implantable medical device, the
method comprising the steps of:

a) forming an alumina ceramic body in a green
state, or, stacking discrete layers of ceramic in
a green state upon one another and pressing to
form the alumina ceramic body in the green
state, the alumina ceramic body having a first
side opposite a second side;
b) forming at least one via hole straight through
the alumina ceramic body extending between
the first and second sides;
c) filling the at least one via hole with a ceramic
reinforced metal composite paste;
d) drying the alumina ceramic body and the ce-
ramic reinforced metal composite paste;
e) forming a second hole straight through the
ceramic reinforced metal composite paste ex-
tending between the first and second sides, the
second hole smaller in diameter in comparison
to the at least one via hole, wherein a portion of
the ceramic reinforced metal composite paste
remains in the at least one via hole;
f) filling the second hole with a substantially pure
metal paste;
g) sintering the alumina ceramic body, the ce-
ramic reinforced metal composite paste and the
metal paste together to form the feedthrough di-
electric body; and
h) hermetically sealing the feedthrough dielec-
tric body to a ferrule, the ferrule configured to be
installed in an opening of a housing of the active
implantable medical device.
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2. The method of manufacturing the feedthrough die-
lectric body of claim 1, wherein the ceramic rein-
forced metal composite paste of step c) is at least
partially made from a pre-sintered metal and ceramic
construct that is ball milled , ground down or other-
wise reduced to powder form.

3. The method of manufacturing the feedthrough die-
lectric body of claim 1 or claim 2, wherein before step
f) now including the step of forming a counterbore or
countersink in the green state through at least a por-
tion of the ceramic reinforced metal composite paste
from either the first or second side.

4. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein the ceramic reinforced metal composite
paste contains at least 15% ceramic by weight or by
volume and preferably 20% to 80% ceramic by
weight or by volume.

5. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein the substantially pure metal paste contains
at least 90% , at least 95%, or at least 98% metal by
weight or by volume.

6. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein between steps f) and g) now including a step
of forming a counterbore or countersink in the green
state through the at least one via hole from either
the first or second side, the counterbore or counter-
sink exposing an inside portion of the alumina ce-
ramic body, and including the step of sputtering an
adhesion and/or wetting layer to the inside portion
of the counterbore or countersink; and including a
step I) of inserting a solid leadwire at least partially
into the counterbore or countersink and then in a
step m) brazing the solid leadwire to the counterbore
or countersink, the braze attaching at one end to the
solid leadwire and attaching at another end to the
wetting layer, wherein the solid leadwire is electri-
cally connected to the sintered metal paste; and
wherein a gold braze is used in step h) for hermeti-
cally sealing the feedthrough dielectric body to the
ferrule.

7. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein in step b) or in step e) the forming is a drilling,
a punching, a machining or a waterjet cutting.

8. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein the metal paste is a substantially pure plat-
inum paste.

9. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein between step g) and step h) now including
the step of removing a thin layer of material from
either the first side and/or the second side by lapping,
grinding, water-cutting, jetting processes or by grit-
blasting.

10. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein in step d) drying the alumina ceramic body
and the ceramic reinforced metal composite paste
is by waiting a period of time, heating at an elevated
temperature and/or placing within a vacuum.

11. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims, in-
cluding the step i) of attaching a conductive leadwire
to the sintered metal paste at either the first or second
side, and wherein the attaching method is selected
from the group consisting of ultrasonic welding, ther-
mal sonic bonding, laser welding, arc welding, gas
welding, resistance welding, projection welding, butt
welding, slash welding, upset welding, solid state
welding, friction welding, fusion welding, inductive
welding, percussion welding or electron beam weld-
ing.

12. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein the ferrule is a separately manufactured
component attached to the opening of the housing
of the active implantable medical device.

13. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein the ferrule is formed as a part of the housing
of the active implantable medical device.

14. The method of manufacturing the feedthrough die-
lectric body of any one of the preceding claims,
wherein the ceramic reinforced metal composite
paste comprises alumina and platinum.

15. The method of manufacturing the feedthrough die-
lectric body of claim 14, wherein the ceramic rein-
forced metal composite paste comprises ceramic re-
inforced metal composite powder substantially con-
sisting of alumina and platinum, preferably wherein
the ratio of alumina to platinum is in the range 20:80
to 80:20 by weight or volume.
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