wo 2010/065596 A1 I 10K 0 DO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Peoperty Organization. /g3 | I WY OE 0000 O 0 OO
International Bureau Wi 0%
3 i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
10 June 2010 (10.06.2010) PCT WO 2010/065596 Al
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
HOIR 12/18 (2006.01) HO5K 1/14 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HOS5K 3/36 (2006.01) HOIR 13/22 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. o KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Application Number: ME. MG. MK. MN. MW. MX. MY. MZ. NA. NG. NI
PCT/US2009/066348 NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(22) International Filing Date: SE, 8G, SK, SL, 8M, ST, SV, 8Y, TJ, TM, TN, TR, TT,
2 December 2009 (02.12.2009) TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
(30) Priority Data: ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,
61/119.290 2 December 2008 (02.12.2008) US TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
12/628,805 1 December 2009 (01.12.2009) Us ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
(71) Applicant (for all designated States except US): TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

RAYTHEON COMPANY [US/US]; 870 Winter Street, ML, MR, NE, SN, TD, TG).

Waltham, MA 02451-1449 (US).
(Us) Declarations under Rule 4.17:

72) Inventor; and . , .
275; Inventor/Applicant (for US only): STRICKLAND, 99 [0 applicant’s entitlement to apply for and be granted
Julie, N. [US/US]; 2620 Grand Canyon Court, McKin- a patent (Rule 4.17(i}))
ney, TX 75070-2331 (US). — as to the applicant's entitlement to claim the priority of

the earlier application (Rule 4.17(iii))
(74) Agent: WILLIAMS, Bradley, P.; Baker Botts, LLP,
2001 Ross Avenue, Suite 600, Dallas, TX 75201 (US). Published:

(81) Designated States (unless otherwise indicated, for every —  With international search report (Art. 21(3))
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: ELECTRICAL INTERCONNECTION SYSTEM

10
e 12 24 v 12 -
d
28a \}7*\\ 1/ i 14~y £ 28b
7, \ 16—~

'g:im N 14 — Sz
t
283 30a N N 16 L \%Ob 2\23b

FIG. 14

(57) Abstract: According to one embodiment, an electrical interconnection system (10) includes a pair of printed wiring boards
(12a and 12b) formed of a printed wiring board material. Each printed wiring board has multiple surtace pads (18a and 18b)
formed on a surface of the printed wiring board adjacent its outer edge. The surface of each printed wiring board is operable to be
placed adjacent to one another such that an electrical circuit (134) coupled to one printed wiring board (12a) is electrically cou-
pled to another electrical circuit of the other printed wiring board (125) by contact of the surface pads of each printed wiring
board with one another.



10

15

20

WO 2010/065596 PCT/US2009/066348

ELECTRICAL INTERCONNECTION SYSTEM

TECHNICAL FIELD OF THE DISCLOSURE

This disclosure generally relates to electrical
devices, and more particularly, to an electrical
interconnection system that may be used to couple

electrical circuits to one another.

BACKGROUND OF THE DISCLOSURE

Complex electrical systems are often designed to
have multiple subsystems that are electrically coupled
together to perform some useful function. Each subsystem
usually performs a portion of the overall functicnality
of its electrical system. The design of electrical
systems with multiple subsystems may allow designers to
accommodate these electrical systems in wvarious types of

enclosures. Multiple subsystems may also provide an

_efficient approach for periodic upgrading of the various

functional elements of the electrical system without

affecting other portions of the electrical system.

DAL01:1106487.1
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SUMMARY OF THE DISCLOSURE

According to one embodiment, an electrical
interconnection system includes a pair of printed wiring
boards formed of a printed wiring board material. Each
printed wiring board has multiple surface pads formed on
a surface of the printed wiring board adjacent its outer
edge. The surface of each printed wiring board is
operable to be placed adjacent to one another such that
an electrical circuit coupled to one printed wiring board
is electrically coupled to another electrical circuit of
the other printed wiring board by contact of the surface
pads of each printed wiring board with one another.

Some embodiments of the disclosure may provide
numerous technical advantages. For example, one
embodiment of the electrical interconnection system may
provide denser packaging of electrical systems comprising
multiple subsystems. Known implementations of connectors
are relatively large in size and may be cumbersome to
work with when physically coupled to printed wiring
boards or flex circuits. The electrical interconnection
system according to certain embodiments of the present
disclosure may be relatively compact such that subsystems
may be interconnected with relatively lower profiles than
typically provided by known electrical connectors.

Some embodiments may benefit from some, none, or all
of these advantages. Other technical advantages may be

readily ascertained by one of ordinary skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of embodiments of the

disclosure will be apparent from the detailed description

DAL01:1106487.1
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taken in conjunction with the accompanying drawings in
which:

FIGURES 1A and 1B show a cross-sectional, side view
and a top view, resgpectively, of one embodiment of an
electrical interconnection system according to the
teachings of the present disclosure;

FIGURES 2A and 2B show a plan view and an enlarged,
partial, elevational view, respectively, of another
empbodiment of the electrical interconnection system
according to the teachings of the present disclosure; and

FIGURES 3A and 3B show a plan view and an enlarge,
partial, elevational view, respectively, of another
embodiment of the electrical interconnection system

according to the teachings of the present disclosure.

DETATILED DESCRIPTION OF EXAMPLE EMBODIMENTS

It should be understood at the outset that, although
example implementations of embodiments are illustrated
below, various embodiments may be implemented using any
number of techniques, whether currently known or not.
The present disclosure should in no way be limited to the
example implementations, drawings, and techniques
illustrated below. Additionally, the drawings are not
necessarily drawn to scale.

Complex electrical systemsg are often configured with
multiple subsystems that function together to perform a
useful function. These subsystems are usually coupled
together using electrical interconnection systems that
electrically couple certain nodes of one subsystem to
those of another. Interconnection of electrical circuits

to one another is wusually provided by complementary

DAL0O1:1106487.1
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connectors configured on mnmultiple electrical circuits.
Conventional connectors typically have a generally rigid
structure, which may present various design problems when
used 1in conjunction with electrical circuits, such as
flex circuits having a profile or thickness that is
typically less than the profile of its associated
connector. For example, as a result of using such
conventional bulky connectors, special designs may need
to be created which in turn can consume a relatively
large amount of volume. With such difficulties, certain
embodiments recognize that an electrical interconnection
system may be implemented requiring relatively less space
than conventional connectors and may be coupled and/or
separated in a relatively quick manner.

FIGURES 1A and 1B show a cross-sectional, side
view and a top view, respectively, of one embodiment of
an electrical interconnection system 10 according to the
teachings of the present disclosure. Electrical
interconnection system 10 includes a pair of printed
wiring boards 12a and 12b that each have an outer edge 14
and a surface 16 adjacent to its outer edge 14. The
surface 16 of each printed wiring board 12a and 12b is
configured with multiple surface pads 18a and 18b.
Printed wiring boards 12a and 12b are configured with
corresponding electrical circuits 20a and 20b, which in
this particular embodiment are flex circuits, such that
electrical circuits 20a and 20b may be alternatively
coupled or decoupled from one another by placing surfaces
16 of each printed wiring board 12a and 12b adjacent one

another.

DAL01:1106487.1
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In the particular embodiment shown, the surface 16
of printed wiring board 12a forms a portion of a tab 24
while the surface 16 of printed wiring board 12b forms a
portion of a slot 26. Tab 24 and slot 26 are dimensioned
such that tab 24 may be inserted into slot 26 with a
press-in type fit. In other embodiments, multiple tabs
may be formed in printed wiring board 1l2a for insertion
or removal from multiple slotsg formed in printed wiring
board 12b.

Printed wiring boards 12a and 12b may be formed of
any rigid or flexible printed wiring board material, such
as a fiber reinforced resin material that has a structure
for placement of surface pads 18a and 18b and conductors
30a and 30b. Examples of suitable types of printed
wiring board materials may include flame resistant 4
(FR4) material, woven quartz, resin impregnated cellulose
paper, or resin reinforced chopped felt. The printed
wiring boards 12a and 12b provide gufficient structural
integrity for insertion and removal of tab 24 from slot
26.

Electrical circuits 12a and 12b may be any generally
flexible or rigid structure that is configured to carry
electrical current. In the particular embodiment shown,
electrical circuits 12a and 12b comprise £flex circuits
that each includes one or more flexible layers 28a and
28b made of flexible insulative material on which
conductors 30a and 30b are placed. The flexible,
insulative material of this type may include a polyimide
material, such as Kapton™ material manufactured by DuPont

Corporation, located in Wilmington, Delaware.

DAL(1:1106487.1
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Certain embodiments using printed wiring boards 12a
and 12b formed of printed wiring beocard material may
provide an advantage when manufactured with electrical
circuits 20a and 20b. Manufacture of electrical circuits
20a and 20b typically uses a layering process 1in which
several layers of flexible material, such as polyimide
material are formed with one or more conductors 30a and
30b, such as copper traces. During this manufacturing
process, additional layers of similar or differing
materials may be applied at one end to form printed
wiring boards 12a and 12b. Thus, electrical
interconnection to electrical circuits 20a and 20b may be
accomplished without bulky electrical connectors that may
be cumbersome to use, expensive, and prone to damage.

Surface pads 18a and 18b configured on tab 24 and
slot 26 are electrically coupled to conductors 30a and
30b of electrical circuits 20a and 20b, respectively.
Surface pads 18a and 18b are made of a conductive
material, such as copper and may be formed on tab 24 and
slot 26 wusing any suitable process, such as those
processes used for manufacturing copper traces on printed
wiring board materials. Tab 24 has a dimensional size
that allows for insertion into slot 26. When inserted,
surface pads 18a on tab 24 form an electrical connection
with surface pads 18b on slot 26 such that conductors 30a
are electrically coupled with conductors 30b.

In one embodiment, surface pads 18a and 18b are
integrally formed with conductors 30a and 30b using an
etching process commonly associated with the manufacture
of electrical printed wiring boards. In another

embodiment, surface pads 18a and/or 18b may have a

DAL01:1106487.1
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resilience for providing a spring-like force against
their corresponding surface pads 18b and/or 18a when
printed wiring boards 12a and 12b are mated together.
This resilience characteristic may be imparted in any
suitable manner. For example, conductive metal strips
may be goldered onto the surface of surface pads 18a
and/or 18b. These metal strips may have an unattached
end that project outwards from surfaces 16 of either
printed wiring board 12a or 12b such that, when its
complementary printed wiring board 12b or 12a is
inserted, metal strips are bent away from their resting
shape in order to apply physical pressure on its
associlated surface pad 18a or 18b.

Although the present embodiment describes printed
wiring boards 12a and 12b coupled to electrical circuits
20a and 20b comprisging flex circuits, they may be coupled
to any suitable type of electrical circuit for which
electrical interconnection may be desired. For example,
some embodiments of printed wiring boards 12a and 12b may
be coupled to electrical circuits including, but not
limited to, printed wiring boards (PWBs), electrical
circuits, flex rigid circuits, rigid circuits, circuit
card assemblies (CCAs), cable bundles, multiple discrete
wires, and/or any combination thereof. For example,
either printed wiring board 1l2a or 12b may be integrally
formed with an electrical circuit comprising a generally
rigid or flexible printed wiring board such that printed
wiring board 12a or 12b and 1its associated electrical
circuit are made one continuous piece. As another
example, either printed wiring board 12a or 12b may be

electrically coupled to an electrical circuit that may

DAL01:1106487.1
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be, for example, a cable bundle or multiple elongated
wires that terminate at printed wiring board 12a or 12b.

FIGURES 22 and 2B show a plan view and an enlarged,
partial view, respectively, of another embodiment of the
electrical interconnection system 100 according to the
teachings of the present disclosure. Electrical
interconnection system 100 includes a pair of printed
wiring boards 112a and 112b, each having surfaces 116
formed on a portion of a tab 124 and a slot 126,
respectively, and configured with multiple surface pads
118a and 118b and conductors 130a and 130b that are
similar in design and function to those of electrical
interconnection system 10 of FIGURES 1A and 1B.
Electrical interconnection system 100 differs, however,
in that printed wiring boards 112a and 112b each comprise
one or more electrical components 134.

Electrical components 134 configured on either
printed wiring board 1l2a or 112b may be any suitable
type of electrical circuit. For example, electrical
components 134 on printed wiring board 112a may be a
motherboard while electrical components 134 on printed
wiring board 112b may be a daughter card that performs a
certain sub-task of the functionality provided by its
motherboard. ITn this case, the elements of electrical
interconnection system 100 is integrally formed during
manufacture of printed wiring boards 112a and 112b such
that electrical interconnection of daughter card to its
associated motherboard may not require additional
connectors. Thus, certain embodiments of electrical
interconnection system 100 may provide enhanced utility

by reducing complexity and assembly costs associated with

DALO01:1106487.1
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ancillary connectors mounted to printed wiring boards
112a and 112b.

FIGURES 3A and 3B show a plan view and a partial,
enlarged elevational view, respectively, of another
embodiment of the electrical interconnection system 200
according to the teachings of the present disclosure.
Electrical interconnection system 200 includes a pair of
printed wiring boards 212a and 212b, each having surfaces
216 formed on a portion of a tab 224, and configured with
multiple surface pads 218a and 218b and conductors 230a
and 230b that are similar in design and function to those
of electrical interconnection system 10 of FIGURES 1A
and 1B. Electrical interconnection system 200 differs,
however, in that surfaces 216 are formed on tabs 224
configured on both printed wiring boards 212a and 212b.

In the particular embodiment shown, tabs 224 are
created in both printed wiring boards 212a and 212b by
forming notches in their outer edges 214. Tabs 224 may
be formed in any suitable manner. Tn one embodiment,
tabs 224 may be formed by a machining process in which
material is removed by grinding or ablating a portion of
printed wiring Dboards 212a and 212b. In another
embodiment, tabs 224 may be formed during manufacture of
printed wiring boards 212a and 212b in which tabs 224 are
formed by a layering process that leaves tabs 224
relatively narrower than the other portion of printed
wiring boards 212a and 212b. Using this process, once
sufficient layers are deposited to form tabs 224, a solid
layer of copper may be applied and subsequently etched to
form surface pads 218a and 218b and their associated

conductors 230a and 230b.

DAL01:1106487.1
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Electrical interconnection system 200 may also
include multiple holes 234 fashioned at regular intervals
across each surface 216. Fasteners, such as bolts 236
may be inserted through holes 234 and secured using their
associated nuts 238 for holding printed wiring board 212a
to printed wiring board 212b. In other embodiments,
other types of fasteners, such as rivets or adhesives may
be used to hold printed wiring boards together. In a
likewise manner, the embodiments as described with
reference to FIGURES 1A through 2B may also Dbe
implemented with fasteners for holding printed wiring
board 12a or 112a to printed wiring board 12b or 112b,
respectively. In other embodiments, one Or more
interconnect systems may be implemented that apply a
spring force to ensure electrical contact between printed
wiring board 212a and printed wiring board 212b in a
fixed relation to one another. For example,
interconnects, such as those made by Neoconix™, samtec™,
or Cinch™, may be formed of a resilient material that
resists a deformed shape when applied over printed wiring
boards 212a and 212b.

Although only a portion of printed wiring boards
212a and 212b are shown, it should be understood that
printed wiring boards 212a and/or 212b may be
electrically coupled to any suitable type of electrical
circuit such as those described above with reference to
FIGURES 1A and 1B.

Modifications, additions, or omissions may be made
to electrical interconnection system 10, 100, or 200
without departing from the scope of the invention. The

components of electrical interconnection system 10, 100,

DAL(01:1106487.1
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or 200 may be integrated or separated. For example,
surface pads 18a and 18b may be integrally formed with
conductors 30a and 30b, or they may be formed separately
and coupled together 1in a later processing step.
Moreover, the operations of electrical interconnection
system 10, 100, or 200 may be performed by more, fewer,
or other components. For example, surface pads 18a and
18b of the electrical interconnection system 10 of
FIGURES 1A and 1B may be formed on a single side of tab
24 or may be formed on both sides of tab 24. As used in
this document, “each” refers to each member of a set or
each member of a subset of a set.

Although the present disclosure and its advantages
have been described in detail, it should be understood
that various changes, substitutions, and alterations can
be made therein without departing from the spirit and
scope of this disclosure as defined by the appended

claims.

DALO01:1106487.1
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What is claimed is:

1. An electrical interconnection system comprising:

a pair of printed wiring boards that are each formed
of a fiber reinforced resin material, the surface of one
printed wiring board being formed on a tab of the printed
wiring board and the surface of the other printed wiring
board is formed in a slot of the other printed wiring
board, each printed wiring board comprising:

a plurality of surface pads being formed of a
layer of copper; and

a surface adjacent an outer edge of the printed
wiring board on which the plurality of surface pads are
configured, the surface of the printed wiring board
operable to be placed adjacent to the surface of the
other printed wiring board such that the electrical
circuit coupled to the ©printed wiring board is
electrically coupled to the electrical circuit of the
other printed wiring board by contact of the plurality of
surface pads of the printed wiring board with the
plurality of surface pads of the other printed wiring
board, the pair of printed wiring boards operable to be

held together using one or more fasteners.

2. An electrical interconnection system comprising:

a pair of printed wiring boards that are each formed
of a printed wiring board material, each printed wiring
board comprising:

a plurality of surface pads; and
a surface adjacent an outer edge of the printed
wiring board, the surface of the printed wiring board

operable to be placed adjacent to the surface of the

DAL(01:1106487.1
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other printed wiring board such that an electrical
circuit coupled to the printed wiring board is
electrically coupled to another electrical circuit
coupled to the other printed wiring board Dby contact of
the plurality of surface pads of the printed wiring board
with the plurality of surface pads of the other printed

wiring board.

3. The electrical interconnection system of Claim 2,
wherein the surface of one printed wiring board is formed
on tab of the printed wiring board and the surface of the
other printed wiring board is formed in a slot of the

other printed wiring board.

4. The electrical interconnection system of Claim 2,
further comprising tabs on both printed wiring boards,

each tab comprising the surface.

5. The electrical interconnection system of Claim 2,
wherein at least one printed wiring board is integrally

formed with the electrical circuit.

6. The electrical interconnection system of Claim 2,
further comprising one or more fasteners operable to hold

the pair of printed wiring boards together.

7. The electrical interconnection system of Claim 2,
wherein the electrical circuit is selected from the group
consisting of a printed wiring board (PWB), a flex

circuit, a flex rigid circuit, a rigid circuit, a circuit

DAL01:1106487.1
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card assembly (CCA), a cable bundle, and a plurality of

wires.

8., The electrical interconnection system of Claim 2,
wherein at least one printed wiring board is coupled to
one or more layers of flexible material comprising a
polyimide material with a plurality of conductors

electrically coupled to the plurality of surface pads.

9. The electrical interconnection system of Claim 2,
wherein the plurality of surface pads are formed of a

layer of copper.

10. The electrical interconnection system of Claim
2, wherein the plurality of surface pads are resilient
for providing a spring-like force against the plurality

of surface pads of the other printed wiring board.

11. the electrical interconnection system of Claim
2, wherein the first layer of rigid material and the
second layer of rigid material comprises a fiber
reinforced resin material.

12. An electrical interconnection method comprising:

providing a pair of printed wiring boards that are
each formed of a printed wiring board material, each
printed wiring board comprising a plurality of surface
pads configured on a surface adjacent an outer edge of
the printed wiring board; and

placing the surface of the printed wiring board
adjacent to the surface of the other printed wiring board

such that the electrical circuit coupled to the printed

DAL0L1:1106487.1



10

15

20

25

30

WO 2010/065596

15

wiring board is electrically coupled to the electrical
circuit of the other printed wiring board by contact of
the plurality of surface pads of the printed wiring board
with the plurality of surface pads of the other printed

wiring board.

13. The method of Claim 12, wherein providing a pair
of printed wiring boards comprises providing one printed
wiring board with a tab comprising the surface and the
other printed wiring board with a slot comprising the

other surface.

14 . The method of Claim 12, wherein providing a pair
of printed wiring boards comprises providing a pair of
printed wiring boards that each have a tab comprising the

surface.

15. The method of Claim 12, wherein providing a pair
of printed wiring boards comprises providing at least one
of the printed wiring boards that is integrally formed

with the electrical circuit.

16. The method of Claim 12, further comprising
holding the pair of printed wiring boards together using

one or more fasteners.

17. The method of Claim 12, wherein the electrical
circuit is selected from the group consisting of a
printed wiring board (PWB), a flex circuit, a flex rigid
circuit, a rigid circuit, a circuit card assembly (CCA),

a cable bundle, and a plurality of wires.

DAL01:1106487.1
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18. The method of Claim 12, further comprising
coupling at least one printed wiring board to one of more
layers of flexible material comprising a polyimide
material using a plurality of conductors that are

electrically coupled to the plurality of surface pads.

19. The method of Claim 12, wherein providing a pair
of printed wiring boards comprises providing a pair of
printed wiring boards that each have a plurality of

surface pads formed of a layer copper.

20. The method of Claim 12, wherein providing a pair
of printed wiring boards that each has a plurality of
gsurface pads comprises providing one printed wiring board
with a plurality of resilient surface pads for providing
a spring-like force against the plurality of surface pads

of the other printed wiring board.

21. the method of Claim 12, wherein providing a pair
cf printed wiring boards that each has a plurality of
surface pads comprises providing a pair of printed wiring
boards that each comprises a fiber reinforced resin

material.

DALO01:1106487.1
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