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APPARATUS AND METHOD FOR HIGH
DENSITY DETACHABLE ELECTRICAL
INTERFACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Application No. 62/941,331, filed on Nov. 27, 2019, and
U.S. Provisional Application No. 62/937,956, filed on Nov.
20, 2019. The entire disclosures of each of the above
applications 1s incorporated herein by reference.

STATEMENT OF GOVERNMENT RIGHTS

The United States Government has rights 1n this invention
pursuant to Contract No. DE-ACS52-07NA27344 between
the U.S. Department of Energy and Lawrence Livermore
National Security, LLC, for the operation of Lawrence

Livermore National Laboratory.

FIELD

The present disclosure relates to electrical interface sys-
tems and methods, and more particularly to embodiments
for a high density electrical interface apparatus which 1s
expandable both area-wise and height wise, and which
overcomes the limitations associated with present day pin-
like electrical interface systems, and which 1s 1deally suited
for biomedical applications mvolving electrically interfac-
ing to large numbers of microelectrodes implanted in human
tissue.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

There presently exists a high demand for implantable
microelectrode arrays (MEAs) with high channel count.
MEAs are increasingly being used in various brain-com-
puter interface (BCI) applications. A BCI device provides
collaboration between the MEAs and an external device by
interpreting electrical signals received from the brain. A BCI
system records the electrical signals generated within the
brain from the surface of the cortex, through signaling
devices implanted within the brain or from sensors placed
over the scalp.

At the present time a state-oi-the-art BCI system may
consist of components that facilitate signal acquisition,
signal enhancement, feature extraction, feature classifica-
tion, and a control interface. Having a detachable interface
in 1mplantable devices 1s highly desirable. It allows a
module-to-module electrical interface to be constructed and
helps 1n modular design of implantable sub-systems. This
modular approach also allows replacement of a defective
component instead of having to discard and replace an
entire, expensive system, 1f only one distinct portion of the
system fails.

The current technology with BCI systems has two maJer
drawbacks: (1) limit of stack size and (1) difliculty 1n
controlling the assembly process. Current technology such
as the SYNGUS® implantable contact system, available
from Bal Seal Engineering, Inc. of Foothill Ranch, Calif.,
are common 1n 1mplantable applications such as pacemak-
ers. These types of contact devices are typically assembled

in a vertical stack that limits the number of individual
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contact devices that can be vertically stacked. This 1is
because mserting a single contact pin through the assembled

stack ol contact devices becomes challenging due to an
unfavorable aspect ratio of the path through which a contact
pin must be inserted (1.e., small diameter and elongated)
which can easily result in breakage of the contact pm during
the assembly process. Also, inserting a contact pin through
the stack 1s very dithicult when this step 1s carried out during
surgery because the presence of blood and tissue adds to the
difficulty of handling and inserting the pin without breaking
it. With an internal diameter o1 0.9 mm for the contact device
opening, and a length of 15 mm for the pin, the aspect ratio
1s 16.7. Reducing the form factor of these types of contacts
makes 1t even more unfavorable due to an even higher
probability of bending or breakage during insertion of the
pin.

Another challenge 1s that the insertion force required to
insert the contact pin 1s linearly dependent on the number of
contacts per stack of contact devices. Thus, three linearly
stacked contact devices will require about three times the
isertion force needed to fully insert the contact pin when
compared to iserting it through just a single contact device.

Yet another shortcoming of this linearly stacked device
contact configuration 1s that the contact stacks (of connec-
tors and 1nsulators) need to be held 1n position by external
molding. The molding process often leads to seepage of
molding compound into the electrical contact area, which 1s
very dithcult to correct. Consequently, expensive assemblies
are olten discarded during the manufacturing process.

SUMMARY

This section provides a general summary of the disclo-
sure, and 1s not a comprehensive disclosure of 1ts full scope
or all of 1ts features.

In one aspect the present disclosure relates to a high
density electrical interconnect apparatus for interfacing with
remotely located electrical components. The apparatus may
comprise a housing, a substrate element supported within
the housing, and a plurality of independent substrate inter-
face connect subassemblies arranged 1n a planar grid on the
substrate element. The apparatus may further comprise a
plurality of independent electrical interface connector sub-
assemblies. Each independent electrical interface connector
subassembly may include at least one of a plurality of
independent pin subassemblies or a plurality of independent
plug assemblies, and i1s configured to be coupled to an
associated subplurality of the substrate interface connect
subassemblies, where the subplurality of the substrate inter-
face connect subassemblies include the other one of the
plurality of independent pin subassemblies or independent
plug assemblies. This enables a plurality of electrical com-
munication channels to be formed with the remotely located
clectrical components.

In another aspect the present disclosure relates to a high
density electrical interconnect apparatus for interfacing with
remotely located electrical components. The apparatus may
comprise a housing, a substrate element supported in the
housing, and a plurality of independent substrate interface
connect subassemblies arranged in a planar X-Y grid on a
portion of the substrate element. The apparatus may further
include a plurality of independent electrical interface con-
nector subassemblies, which form at least one of a plurality
of independent plug subassemblies or a plurality of 1nde-
pendent pin subassemblies, and where the plurality of inde-
pendent substrate interface connect subassemblies form the
other one of the independent pin subassemblies or the
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independent plug subassemblies. Each pin subassembly may
include a pin and an annular element electrically 1solated
from one another. The pin subassemblies are configured to
be coupled to an associated subplurality of the plug subas-
semblies, to thus form a plurality of electrical communica-
tion channels therewith. A ribbon cable portion may be
included to connect with each of the interface electrical
connector subassemblies and interface to remote electrical
components. Fach plug subassembly may include first and
second annular interface elements, an mnsulator panel and an
clectrically conductive coupling ring arranged to form a hole
extending perpendicular to a surface of the substrate ele-
ment. Fach hole i1s configured to recetve a pin of an
associated one of the pin subassemblies, and to make
independent electrical contact with the annular element of
the associated one of the plug subassemblies, to enable a
plurality of independent electrical communication channels
to be formed between each pin subassembly and each plug
subassembly.

In still another aspect the present disclosure relates to a
method for forming a high density electrical interconnect
apparatus for iterfacing with remotely located electrical
components. The method may comprise providing a hous-
ing, supporting a substrate element within the housing, and
supporting a plurality of independent substrate interface
connect subassemblies arranged in a planar grid on the
substrate element. The method may further include using a
plurality of independent electrical interface connector sub-
assemblies to form a plurality of independent electrical
communication channels with the substrate interface con-
nect subassemblies, wherein each independent electrical
interface connector subassembly includes at least one of a
plurality of independent pin subassemblies or a plurality of
plug subassemblies, and the independent substrate interface
connect subassemblies comprise the other one of the plu-
rality of independent pin subassemblies or independent plug
subassemblies. The plug subassemblies and the pin subas-
semblies connect to form the plurality of independent elec-
trical communication channels.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-

poses of illustration only and are not intended to limit the
scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

Corresponding reference numerals indicate correspond-
ing parts throughout the several views of the drawings.

FIG. 1 1s a perspective view of one embodiment of a high
density interface apparatus in accordance with the present
disclosure, which provides a large plurality of substrate
interface connect subassemblies arranged i a planar X-Y
orid, and a plurality of interface connect subassemblies for
communication therewith, to provide significantly increased
high connection density when electrically interfacing to
large pluralities of 1implanted microelectrodes;

FI1G. 2 1s a perspective view of the apparatus of FIG. 1 but
with the interface connect subassemblies removed to better
illustrate the elongated recesses formed in the top wall of the
housing and the openings which allow electrical communi-
cation with substrate interface subassemblies, and also with
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4

the sidewall of the housing shown translucently to help
illustrate the components mounted inside the housing;

FIG. 3 1s a cross sectional perspective view of the
interface stack of FIG. 4 taken in accordance with direc-
tional line 3-3 1n FIG. 1;

FIG. 4 1s a high level perspective illustration showing the
components of one of the substrate interface connect sub-
assemblies, as well as the attachment of one of the interface
connect pin subassemblies thereto;

FIG. 5 1s a cross-sectional side view taken 1n accordance
with section arrow 5-5 1n FIG. 4 showing the internally
housed electrical coupling ring of the substrate interface
connect subassembly;

FIGS. 6a and 6b are perspective cross sectional views of
the apparatus from orientations different from that shown in
FIG. 5, and showing arrows illustrating the two separate
clectrically conductive paths formed through the substrate
interface connect subassembly when one of the pin subas-
semblies 1s coupled thereto;

FIG. 7 1s a bottom plan view of one of the interface
connect subassemblies showing eight independent pin sub-
assemblies, forming sixteen independent communication
channels, with the pin assemblies arranged 1n a straight path;

FIG. 8 shows the iterface connect subassembly of FIG.
7 but from a side view in accordance with directional line
8-8 1n FIG. 7;

FIG. 8a shows the interface connect subassembly of FIG.
7 from a perspective view;

FIG. 9 shows another embodiment of a high density
clectrical interconnect apparatus in accordance with the
present disclosure which makes use of two planar, vertically
arranged layers of interconnects, essentially forming a two
layer implementation of the apparatus of FIG. 1;

FIG. 10 shows another embodiment of the present dis-
closure which 1s similar to that shown 1n FIG. 9, but with the
ribbon cable portions of the interconnect subsystems extend-
ing perpendicularly out from the two layers of interconnects;

FIG. 11 1s another embodiment of the apparatus of the
present disclosure which 1s similar to FIG. 10, but with the
ribbon cable portions extending out from the apparatus in
opposite directions;

FIG. 12 1s an exploded perspective view of an electrical
interconnect apparatus in accordance with another embodi-
ment of the present disclosure 1n which a plurality of pin
subassemblies are fixedly mounted 1n a substrate assembly,
and a plurality of independent plug assemblies are config-
ured to be pressed onto the pin subassemblies; and

FIG. 13 1s an assembled view of the apparatus of FIG. 12.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings.

Referring to FIGS. 1 and 2 there 1s shown a high density
interface apparatus 10 1n accordance with one embodiment
of the present disclosure. The apparatus 10 1n this example
includes a housing 12 formed from a bottom wall 12a, a
sidewall 126 and a top wall portion 12¢. In this example the
sidewall portion has two perpendicularly extending flanges
124 with openings 12¢ (shown only 1n FIG. 2) that permit
attachment of an external cover member (not shown) via
conventional fasteners (e.g., threaded fasteners). A plurality
of 1dentical interface connector subassemblies 14a-14/4,
cight 1 this example, and arranged in separate elongated
recesses 121 on the top wall portion 12¢. The components of
the housing 12 are preferably formed from a suitable high
strength plastic, but other materials, for example stainless
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steel, may also be used. The cover (not shown), may also be
plastic. Preferably the cover 1s attached in a manner so that
the housing 12 forms a fully hermetically sealed housing.

FIG. 2 shows the housing 12 but with the interface
connector (“IC”) subassemblies 14a-14/ omitted to better
illustrate the recesses 12/. While the recesses 12/ are shown
as elongated linear shaped, parallel arranged recesses, this 1s
but one example, and they could just as easily be formed in
other shapes (e.g., concentric circles). Accordingly, the
arrangement shown 1 FIG. 2 1s but one example, and the
apparatus 10 may be configured with a greater or lesser
number of the IC subassemblies 14a-14/ arranged 1n dif-
ferent patterns or groups. Each recess 12f in the top wall
portion 12¢ includes a row of evenly spaced apart openings
12¢ arranged 1n a straight line, the purpose of which will be
described 1n the following paragraphs. In this example eight
openings 12¢g are formed 1n each recess 121,

A principal advantage of the apparatus 10, as will become
more apparent in the following description, 1s that the
apparatus can be expanded, both area-wise and height-wise,
to 1ncorporate a significantly greater number of interface
connector subassemblies to meet the needs of different
applications. This provides the apparatus 10 with a high
degree of modularity to meet the needs of diferent appli-
cations.

FIG. 3 shows a cross-sectional view of a portion of the
apparatus 10 of FIG. 2 to illustrate a plurality of substrate
interface connect subassemblies 16 (“SI connect™ subassem-
blies). The SI connect subassemblies 16 are partially visible
in FIG. 2 as well, and 1n this embodiment form a plurality
of plug subassemblies arranged in parallel rows, with the
example of FIGS. 2 and 3 showing eight separate rows.
Accordingly, underneath each recess 12f in the top wall
portion 12¢ 1s located eight separate ones of the SI connect
subassemblies 16 arranged in a straight line, with each SI
subassembly being located below an associated one of the
openings 12g. The SI connect subassemblies 16 are collec-
tively supported on, and 1n electrical communication with, a
planar substrate element 18. The planar substrate element 18
may be supported from an interior wall portion 12/ having
suitable openings therein (not visible) to enable electrical
connections to be made between the substrate interface
subassemblies 16 and one or more electronic components
(memory, controller, mput/out communication circuit, etc.)
which may be located 1n area 12i of the housing 12.

FIGS. 4, 5, 6a and 65 1llustrate the construction of the SI
connect subassemblies 16 1n greater detail. Each SI connect
subassembly 16 includes an annular first interface element
20, upper and lower electrical insulator panels 22a and 2256
positioned 1n axial alignment with the first interface element
20, and an annular second interface element 24, seated on
the upper msulator panel 22a, and axially aligned with the
first interface element 20. The axial alignment of compo-
nents 20, 22a, 2256 and 24 1s 1llustrated 1n FIGS. 5 and 6. The
annular first and second interface elements 20 and 24 are
preferably metallic, and are thus are electrically conductive.
A typical material for the annular interface elements 20 and
24 1s copper, although virtually any electrically conductive
material may be used.

As shown 1n FIG. 4, the first interface element 20 includes
a laterally projecting portion 20a having a slot 205, while the
second 1nterface element similarly has a projecting arm 24qa
and a leg 24) having a slot 24¢. The slot 205 receives a {first
clectrically conductive feed through pin 26, while the slot
24¢ receives a second electrically conductive feed through
pin 28. Thus, the first feed through pin 26 places the first
interface element 20 1n electrical communication with an
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6

clectrical circuit trace or element (not shown) being carried
on the substrate element 18. Similarly, the second feed
through pin 28 places the second interface element 24 in
clectric communication with a separate circuit trace or
clement (not shown) 1n the substrate element 18, and thus
forms a second independent communication path through
the substrate. Thus, 1t will be appreciated that each of the SI
connect subassemblies 16 provides two independent com-
munication paths to associated electrical traces or conduc-
tors 1n (or on) the substrate element 18.

Referring to FIGS. 7, 8 and 8a, one of the IC subassem-
blies 14a 1s shown 1n greater detail. The IC subassemblies
14a-14/ 1n this example form pin subassemblies. The 1C
subassemblies 14a-14/ 1n this example are further all 1den-
tical 1n construction, so only the construction for IC subas-
sembly 14a will be described. The IC subassembly 14a
includes an over-molded substrate 30, which may be com-
prised of plastic or another other suitably strong yet elec-
trically insulative material, which supports or substantially
encases a plurality of groups of electrical conductors 32a
and 32b. One each of conductors 32a and 325 (i.e., one pair
consisting of one conductor 32a and one conductor 32b) 1s
coupled to a pin subassembly 34. The IC subassembly 14a
in this example includes eight independent, spaced apart pin
subassemblies 34. Each pin subassembly 34 includes a
ring-like, annular element 34a and perpendicularly arranged
pin 34b. The annular element 34a and the pin 345 are
separated by a portion of the over-molded substrate 30
matenal (1.e., typically plastic) which forms an insulative
bushing-like component 34c¢ that physically and electrically
separates the annular element 34a and the pin 345. As such,
one conductor 32a 1s electrically coupled to the annular
clement 34a, and one conductor 325 1s electrically coupled
to the pin 34b. This enables each pin subassembly 34 to
communicate two independent electrical signals received
from 1ts associated pair of conductors 32a and 326 to an
associated one of the SI connect subassemblies 16. Alter-
natively, each pin subassembly 34 can be used to transmit
signals received via its associated SI connect subassembly
16 out to external elements (e.g., probe-like elements) that
may be implanted 1n human tissue, and thus be used to apply
excitation signals to an area of an anatomy. Still further, one
of the conductors 32a or 326 may be used to receive a signal
which 1s transmitted through the SI connect subassembly 16,
while the other conductor i1s used to transmit a signal
received from the SI connect subassembly out over the other
one of the two conductors 32a or 3256. All of the conductors
32a and 32b are grouped into a ribbon cable portion 34c¢
which may extend longitudinally from one end of the
over-molded substrate 30, and 1n longitudinal alignment
with the over-molded substrate, to other implantable probe-
like elements. Thus, each IC connect subassembly 16 pro-
vides sixteen independent communication channels, or in
other words two channels associated with each pin subas-
sembly 34.

With further reference to FIGS. 4, 5, 6a and 65, the
connection between a single one of the SI connect subas-
semblies 16 and one of the pin subassemblies 34 can be seen.
In FIGS. §, 6a and 65, each SI connect subassembly 16 can
also be seen to include an electrically conductive coupling
ring 36, which 1s seated within a beveled 1inner wall portion
20c of the first interface element 20. The coupling ring 36
has a slightly smaller internal diameter than the components
20, 22 and 24 such that 1t projects slightly into the linear hole
formed by the axially aligned components 20, 22a and 24.
The electrically conductive coupling ring 36 1s a commer-
cially available component. The annular element 34a and the
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pin 345 are shown in FIGS. 4, 6a and 6b without the
over-molded substrate 30 to help illustrate the electrical
connection that 1s made with the SI connect subassembly
14a. When the pin subassembly 34 1s fully assembled on to
the SI connect subassembly 16, the pin 346 extends through
an axial opening formed by the components 20, 22a and 24,
and through the electrically conductive coupling ring 36
(FIGS. 5-7), and makes electrical contact with the electri-
cally conductive coupling ring 36. This creates a continuous
clectrical communication path (1.e., channel) through the pin
34b, the electrically conductive coupling ring 36, the first
interface element 20, the first feed through pin 26, and a
circuit trace or conductor (not shown) which 1s mounted on
(or housed within) the substrate element 18. This connection
path 1s illustrated 1n FIG. 6a by arrows 38. The annular
clement 34a, however, makes contact with a planar surface
24c¢ of the second interface element 24, which 1s 1n electrical
contact with the second interface element 24, the second
teed through pin 28, and a separate electrical conductor or
circuit trace (not shown) mounted in the substrate element
18. This connection thus forms a continuous, second com-
munications path or channel which 1s denoted by arrows 40
in FIG. 6b. The two independent electrical connections
described immediate above are created by simply pressing
the pin 345 1nto the axial opening of the SI connect sub-
system 16 until the annular element 34a seats on the second
annular interface element 24.

With brief reference to FIGS. 3 and 5, during assembly the
lower sulator panel 225 1s initially 1nstalled on the interior
wall portion 12/ of the housing 12. Each one of the first
interface elements 20 1s seated within an associated recess
2261 1n the lower insulator panel 2256, with 1ts associated
clectrically conductive coupling ring 36 housed within 1it,
and contacting the planar surface 20c¢. The upper 1nsulator
panel 22a 1s then installed over all of the first interface
clements 20. Each one of the second interface elements 24
1s then seated in an associated recess 22al 1n the upper
insulator panel 22a. Top wall portion 12¢ 1s then placed over
all of the second interface elements 24 which serves to
clamp them together. The IC subassemblies 14a can then all
be 1nstalled so that the pin subassemblies 34 make contact
with the electrically conductive coupling rings 36 and the
second interface elements 24. Finally, a cover member (not
shown) secured over the top wall portion 12c.

With further reference specifically to FIGS. 6a and 65, the
two communication channels from each SI connect subas-
sembly 16 may be coupled via suitable pins 42 and 44
assembled into the substrate element 18 to an external
mating electrical connector (not shown), which 1s 1 turn
coupled to one or more other electronic subsystems such an
input/output interface of a microcomputer. In one example,
the mating electrical connector may be positioned 1n area 12
of the housing 12. Optionally, a portion of, or all of, the
clectronics communicating with the SI subsystems 16 may
also be located within the area 12i of the housing 12.

FIG. 9 shows an apparatus 100 in accordance with another
embodiment of the present disclosure, which forms a two
layer high density electrical interconnect apparatus. The
apparatus 100 essentially takes two of the apparatuses 10
shown 1n FIG. 1 and couples the housing portions 12 and 112
together, to double the interconnect capacity without
increasing the lengthxwidth footprint of the apparatus. All of
the ribbon cable portions 34¢ of the IC subassemblies 14
extend from one side of the apparatus 10. In this regard 1t
will also be appreciated that the housing 12 and the housing,
112 may be formed with a mating ledges or other features
that enable the housing 12 to be centered on the housing 112
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during assembly. Separate connecting elements or features
(not shown) may be used to removably couple the two
housing sections 12 and 112 together.

FIG. 10 shows an apparatus 200 which 1s similar to the
apparatus 100 but has the ribbon cable portions 34¢ from
housings 12 and 112 extending from perpendicular walls of
the apparatus.

FIG. 11 shows an apparatus 300 which 1s similar to the
apparatus 200 but has the ribbon cable portions 34¢ extend-

ing from oppositely facing wall portions of the apparatus
housings 12 and 112.

From FIGS. 9-11 1t will be appreciated that an even
greater multi-layer apparatus may be constructed which has
three, four or more distinct layers of the apparatus 10
coupled together. Such would provide dramatically
increased connection density without increasing the length
by width footprint of the assembled apparatus.

FIGS. 12 and 13 1llustrate an apparatus 300 1n accordance
with another embodiment of the present disclosure. The
construction of the apparatus 300 1s similar to the apparatus
10 but the positions of the SI connect subassemblies 14 and
the interface connector subassemblies 16 are reversed;
instead the SI connect subassemblies 14, which form plug
subassemblies 1n this embodiment, are the separable por-
tions, and the interface connector subassemblies 16, which
form pin subassemblies 1n this embodiment, are fixedly
mounted 1n the housing 12. Otherwise the constructions of
the subsystems 14 and 16 are substantially the same. One
specific difference 1s that the SI connect subassemblies 14
are configured as a 3x3 grid of interface elements 20 each
forming a plug assembly, with the ribbon cable 34¢ com-
municating electrical signals between all of the remote
clectrical components and the interface connector subassem-
blies 16. Similarly, the interface connector subassemblies 16
are configured in segmented groups of nine pin subassem-
blies. However, 1t will be appreciated that the apparatus 300
1s not limited to a 3x3 array. For example for a 64 connection
array, the apparatus 300 can be configured with the interface
connector subassemblies 16 1n a 4x4 group, or a 2x8 group
instead of the illustrated 3x3 configuration. The modular
design of the system 300 enables virtually any combination/
layout of array to be formed to meet the needs of a specific
implementation.

The present apparatus 10 and method overcomes the
disadvantage present with the large aspect ratio of conven-
tional interconnect systems presently in use in biomedical
applications. An important benefit of the pin subassemblies
34 1s that the aspect ratio of the pin 345 length relative to 1ts
thickness can be kept to about 2-1, or possibly even closer
to 1-1. This 1s important considering that the diameter of the
pin 345 1s typically less than 1 millimeter when using a high
density interconnect device 1n biomedical applications. With
an aspect ratio of pin length to thickness of about 2-1, the pin
subassemblies 34 can be attached much more easily and
with much less chance of bending the pin portion 345, as
compared to conventional pin connection assemblies, which
often require an aspect ratio of pin length to thickness of 6-1,
8-1 or even greater. The desirable 2-1 aspect ratio of each pin
34b of the apparatus 10 enables the attachments to be made
casily even in demanding applications, such as during sur-
gery, where a surgeon’s fingers may be covered with fluids
such as blood, thus making handling and 1nsertion of tradi-
tional high aspect ratio pin connector elements challenging.
The shorter aspect ratio of the pin subassembly 34 described
herein also dramatically reduces the possibility that a pin
will be bent during msertion or handling, and thus not make
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tull electrical contact with the mating conductive surfaces
that the pin needs to contact over 1ts length.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used 1n a
selected embodiment, even if not specifically shown or
described. The same may also be varied in many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled 1n the art. Numerous specific details are set
forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed
that example embodiments may be embodied in many
different forms and that neither should be construed to limait
the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and
well-known technologies are not described 1n detail.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and i1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be mntended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “comprises,” “comprising,” “including,” and
“having,” are inclusive and therefore specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof. The method
steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in
the particular order discussed or illustrated, unless specifi-
cally 1dentified as an order of performance. It 1s also to be
understood that additional or alternative steps may be
employed.

When an element or layer 1s referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another
clement or layer, 1t may be directly on, engaged, connected
or coupled to the other element or layer, or intervening
clements or layers may be present. In contrast, when an
clement 1s referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled
to” another element or layer, there may be no intervening,
clements or layers present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.). As used herein, the
term “and/or” mcludes any and all combinations of one or
more of the associated listed items.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
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region, layer or section without departing from the teachings
of the example embodiments.

Spatially relative terms, such as “iner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

What 1s claimed 1s:

1. A high density electrical interconnect apparatus for
interfacing with remotely located electrical components, the
apparatus comprising:

a housing having a plurality of recesses each having a

predetermined configuration;

a substrate element supported within the housing;

a plurality of independent substrate interface connect
subassemblies arranged 1n a planar grid on the substrate
element; and

plurality of independent electrical interface connector
subassemblies, each said independent electrical inter-
face connector subassembly including;:
an over-molded substrate shaped generally 1n accor-

dance with the predetermined configuration of the
recesses of the housing, so as to fit within and be
housed within an associated one of the recesses of
the housing;
at least one of a plurality of independent pin subas-
semblies or a plurality of independent plug assem-
blies housed by the over-molded substrate, and con-
figured to be coupled to an associated subplurality of
the substrate interface connect subassemblies, where
the subplurality of the substrate interface connect
subassemblies include the other one of the plurality
of independent pin subassemblies or independent
plug assemblies, and are held 1n a fixed arrangement
by the over-molded substrate enabling communica-
tion with a subplurality of the plurality of indepen-
dent substrate interface connect subassemblies, to
form a plurality of electrical communication chan-
nels with the remotely located electrical compo-
nents; and
a cable assembly extending into the over-molded sub-
strate, and communicating with each one of the
plurality of independent pin subassemblies or each
one of the plurality of independent plug assemblies.

2. The apparatus of claam 1, wherein the pin subassem-
blies are segmented 1nto separate groups, and the pin sub-
assemblies of each said separate group are arranged to form
a straight line.

3. The apparatus of claim 1, wherein the substrate inter-
face connect subassemblies are arranged 1n an X-Y grid on
the substrate element.

4. The apparatus of claim 1, further comprising an addi-
tional housing section including an additional plurality of
substrate iterface connect subassemblies and an associated
additional subplurality of interface connector subassem-
blies, the additional housing being the same 1n length and
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width as the housing and being positioned on the housing to
form a multilayer, high density electrical interconnect appa-
ratus.

5. The apparatus of claim 1, wherein the plug subassem-
blies are segmented 1n a plurality of separate groups, with
cach said separate group comprising a plurality of plugs
arranged 1n a grid.

6. The apparatus of claim 5, wherein the cable assembly
of each one of the independent electrical interface connector
subassemblies 1ncludes a ribbon cable portion including a
plurality of electrical conductors.

7. The apparatus of claim 1, wherein each one of the
independent electrical interface connector subassemblies
includes:

a plurality of electrical conductors associated with the

cable assembly;

the over-molded housing portion further supporting each
of at least one of the plurality of independent pin
subassemblies or each one of the plurality of indepen-
dent plug subassemblies 1n a linear spaced apart
arrangement; and

the cable assembly including a nibbon cable portion
extending from the over-molded housing for support-
ing a portion of the electrical conductors.

8. The system of claim 1, wherein the photo-sensitive

resin comprises a photo-sensitive resin bath.

9. The system of claim 1, further comprising a projection
lens for scaling the at least one of the optical imtiation
images and the at least one of the optical inhibition 1mages
in accordance with selected dimensions for the 3D part.

10. A system for forming a three dimensional (3D) part,
the system comprising:

a first electronic controller;

a digital mask subsystem having a plurality of electroni-

cally individually addressable pixels;

a 3D model 1n communication with the first electronic
controller:;

a beam delivery subsystem responsive to the first elec-
tronic controller for generating first and second optical
signals, the beam delivery subsystem including;

a first light source for generating a first optical signal;

a second light source for generating a second optical
signal;

a beam splitter for recerving the first and second optical
signals and directing the first and second optical
signals 1n a first direction toward the digital mask
subsystem;

the beam splitter further configured to receive the first
and second optical signals from the digital mask
subsystem and to direct the first and second optical
signals 1n a second direction therethrough towards
the digital mask subsystem; and

a beam delivery electronic controller 1n communication
with the first electronic controller, and configured to
control the first and second light sources;

the first electronic controller configured to control the
digital mask subsystem to receive the first and second
optical signals from the beam splitter, and the 3D
model, and to create from the 3D model and the first
optical signal a primary 2D image, the primary 2D
image being transmitted through the beam splitter 1n a
second direction opposite to the first direction, and
generated for a first predetermined time period and
causing activation of a polymerization species of a
photo-sensitive resin 1n accordance with illuminated
areas of the primary 2D 1mage, to thus cause polym-
erization of select portions of the photo-sensitive resin,
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within a predetermined depth of the photo-sensitive
resin, to mitiate formation of a first layer of the 3D part;

the first electronic controller further configured to control
the digital mask subsystem to receive at least one of the
second optical signals and to create therefrom a sec-
ondary 2D immage, the secondary 2D 1mage being
projected through the beam splitter 1n the second direc-
tion, and for a second predetermined time period, the
secondary 2D 1mage being a negative of the primary
2D 1mmage, and which i1s projected 1n the same prede-
termined depth of the photo-sensitive resin, as the
primary 2D 1image, and which 1nitiates stimulated emis-
ston depletion of select subportions of the polymeriza-
tion species within the same predetermined depth as the
primary 2D 1mage, over at least portions of the first
layer, where the select subportions defined by the
secondary 2D 1mage were previously i1lluminated using,
the primary 2D 1mage, to enhance resolution of one or
more select portions of the photo-sensitive resin 1n the
same predetermined depth;

wherein the primary 2D image and the secondary 2D

image differ from one another and are created 1n
alternating fashion using the digital mask subsystem to
form each layer of the 3D part; and

wherein the primary 2D image and the secondary 2D

image are both projected into an upper surface of the
photo-sensitive resin.

11. The system of claim 10, further comprising:

a spatial light modulator responsive to the electronic

controller; and

the digital mask subsystem and the spatial light modulator

cooperating to create the primary and secondary 2D
images Ifrom the first and second optical signals,
respectively.

12. The apparatus of claim 1, wherein the housing
includes upper and lower electrical insulator panels; and

wherein each one of the substrate interface connect sub-

assemblies includes:

an annular first interface element positioned on the
lower 1nsulator panel;

an electrically conductive coupling ring positioned on
an inner wall of the annular first interface element;

the upper electrical insulator panel positioned on the
annular first interface element;

an annular second interface element positioned on the
upper electrical msulator panel; and

the annular first interface element, the electrically con-
ductive coupling ring and the annular second inter-
face element being axially aligned to provide a hole
therethrough.

13. The apparatus of claim 12, wherein the inner wall of
the annular first interface element comprises a beveled wall
portion, and wherein the coupling ring 1s supported on the
beveled wall portion.

14. The system of claim 1, wherein the digital mask
subsystem further includes a spatial light modulator for
modulating the optical signals received from the beam
delivery subsystem.

15. The apparatus of claam 14, further comprising a
separate first feed through pin disposed 1n the slot of each
said annular first interface element, and extending into
clectrical contact with an element carried by the substrate
clement.

16. The system of claim 1, further comprising a 3D
computer aided design (CAD) modeling system for supply-
ing a 3D model of a part to the digital mask subsystem.
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17. The apparatus of claim 16, further comprising a
separate second feed through pin disposed 1n the slot of each
said annular second interface element, and extending into
clectrical contact with an element carried by the substrate
clement.

18. A high density electrical interconnect apparatus for
interfacing with remotely located electrical components, the
apparatus comprising:

a housing;

a substrate element supported in the housing;

a plurality of independent substrate interface connect
subassemblies arranged 1n a planar X-Y grid on a
portion of the substrate element;

a plurality of independent electrical interface connector
subassemblies, each said independent electrical inter-
face connector subassembly including:
at least one of a plurality of independent plug subas-

semblies or a plurality of independent pin subassem-
blies, and where the plurality of independent sub-
strate interface connect subassemblies form the other
one ol the independent pin subassemblies or the
independent plug subassemblies;

cach said pin subassembly including a pin and an annular
clement electrically 1solated from one another; and the
pin subassemblies configured to be coupled to an
associated subplurality of the plug subassemblies, to
form a plurality of electrical communication channels
therewi1th; and
a ribbon cable portion configured to be connected to

remotely located electrical components;

cach said plug subassembly including first and second
annular interface elements, an 1nsulator panel and an
clectrically conductive coupling ring arranged to form
a hole extending perpendicular to a surface of the
substrate element, and

cach said hole configured to receive a pin of an associated
one of the pin subassemblies, and to make independent
clectrical contact with the annular element of the asso-
ciated one of the plug subassemblies, to enable a
plurality of independent electrical communication
channels to be formed between each said pin subas-
sembly and each said plug subassembly.

19. The apparatus of claim 18, wherein the first annular
interface element includes a beveled 1nner wall portion for
supporting the electrically conductive coupling ring.

20. A method for forming a high density electrical inter-
connect apparatus for interfacing with remotely located
clectrical components, the method comprising:

providing a housing having a plurality of recesses each
having a predetermined configuration;

supporting a substrate element within the housing;

supporting a plurality of independent substrate interface
connect subassemblies arranged 1n a planar grid on the
substrate element;

using a plurality of independent electrical interface con-
nector subassemblies to form a plurality of independent
clectrical communication channels with the substrate
interface connect subassemblies, wherein each said
independent electrical interface connector subassembly
1s configured to 1nclude;
an over-molded substrate shaped generally 1n accor-

dance with the predetermined configuration of the
recesses of the housing, each one of the independent
clectrical interface connector subassemblies config-
ured to be placed within an associated one of the
recesses ol the housing;
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a separate cable assembly extending at least partially
into the over- molded substrate; and

at least one of a plurality of independent pin subas-
semblies or a plurality of plug subassemblies elec-
trically communicating with the cable assembly, and
wherein the independent substrate interface connect
subassemblies comprise the other one of the plurality
of independent pin subassemblies or independent
plug subassemblies, and where the independent plug
subassemblies and the independent pin subassem-
blies connect to form the plurality of independent
clectrical communication channels.

21. The method of claim 20, further comprising using a
second housing with an additional plurality of substrate
interface connect subassemblies and an associated addi-
tional subplurality of interface connector subassemblies, the
additional housing being the same 1n length and width as the
housing and being positioned on the housing to form a
multilayer, high density electrical interconnect apparatus.

22. A high density electrical interconnect apparatus for
interfacing with remotely located electrical components, the
apparatus comprising:

a housing;

a substrate element supported within the housing;

a plurality of independent substrate interface connect
subassemblies arranged 1n a planar grid on the substrate
element; and

plurality of independent electrical interface connector
subassemblies, each said independent electrical inter-
face connector subassembly including at least one of a
plurality of independent pin subassemblies or a plural-
ity ol independent plug assemblies, and configured to
be coupled to an associated subplurality of the substrate
interface connect subassemblies, where the subplural-
ity ol the substrate interface connect subassemblies
include the other one of the plurality of independent pin
subassemblies or independent plug assemblies, to form
a plurality of electrical communication channels with
the remotely located electrical components;

wherein the plug subassemblies are segmented 1n a plu-
rality of separate groups, with each said separate group
comprising a plurality of plugs arranged 1n a grid; and

wherein each one of the independent electrical interface
connector subassemblies includes a ribbon cable por-
tion 1ncluding a plurality of electrical conductors.

23. A high density electrical interconnect apparatus for
interfacing with remotely located electrical components, the
apparatus comprising:

a housing;

a substrate element supported within the housing;

a plurality of independent substrate interface connect
subassemblies arranged 1n a planar grid on the substrate
element;

plurality of independent electrical interface connector
subassemblies, each said independent electrical inter-
face connector subassembly including at least one of a
plurality of independent pin subassemblies or a plural-
ity of independent plug assemblies, and configured to
be coupled to an associated subplurality of the substrate
interface connect subassemblies, where the subplural-
ity ol the substrate interface connect subassemblies
include the other one of the plurality of independent pin
subassemblies or independent plug assemblies, to form
a plurality of electrical communication channels with
the remotely located electrical components; and

wherein each one of the plurality of independent electrical
interface connector subassemblies includes:
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a plurality of electrical conductors;

an over-molded housing portion for at least one of
supporting or at least partially housing the plurality
of electrical conductors;

the over-molded housing portion further supporting s
cach of at least one of the pin subassemblies or the
plug subassemblies 1n a linear spaced apart arrange-
ment; and

a ribbon cable portion for supporting a portion of the
electrical conductors. 10
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