(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/200674 Al

15 December 2016 (15.12.2016) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HOIR 12/62 (2011.01) HO5K 3/36 (2006.01) kind of national protection available): AE, AG, AL, AM,
HOIR 24/62 (2011.01) HOIR 12/72 (2011.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
HOSK 1/14 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. L DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/US2016/035476 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
2 June 2016 (02.06.2016) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
. SD, SE, 8@, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
14/737,037 11 June 2015 (11.06.2015) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: TYCO ELECTRONICS CORPORATION TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
[US/US]; 1050 Westlakes Drive, Berwyn, Pennsylvania DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
19312 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Tnventor: THACKSTON, Kevin Michael; 225 Hunter E}I;/IV El{v)[ &?P{\A(IEFI,\IELS%F,TCDG"}S} CM, GA, GN, GQ,
Creek Drive, York, Pennsylvania 17406 (US). > > > S ’
(74) Agents: STROUD, Adam L. et al; The Whitaker LLC, [ ublished:

4550 New Linden Hill Road, Suite 140, Wilmington,
Delaware 19808 (US).

with international search report (Art. 21(3))

(54) Title: ELECTRICAL CONNECTOR HAVING FLEXIBLE PRINTED CIRCUIT BOARD TERMINATION

y

(57) Abstract: An electrical connector (302) includes a housing (310) having a cavity (312) and a wafer stack (314) received in the
cavity. The wafer stack includes a plurality of electrical wafers (320) arranged parallel to each other within the cavity. Each water in-
cludes a dielectric body (323) and a leadframe (321) having plural conductors (322) held in the dielectric body, the conductors hav-
ing terminating contacts (390) and mating contacts (392) with leads (394) therebetween. The terminating contacts are both horizont -
ally staged and vertically staged and exposed in a pocket (378) of the dielectric body for electrical termination. The mating contacts
being exposed for electrical connection. The electrical connector includes a flex harness (328) includes a plurality of FPCBs (330).
The FPCBs are electrically connected to corresponding wafers. Each FPCB has a stepped mating interface with conductors (332)
along the stepped mating interface contigured to be electrically connected to corresponding terminating contacts.

20167200674 AT |1 0 OO0 R0 0

<

W



WO 2016/200674 PCT/US2016/035476

ELECTRICAL CONNECTOR HAVING FLEXIBLE PRINTED
CIRCUIT BOARD TERMINATION

[0001] The subject matter herein relates generally to electrical connectors having

flexible printed circuit board termination, such as to wafers.

[0002] Modern electronic systems such as telecommunications systems and
computer systems often include large circuit boards called backplane boards which are rack
mounted or retained in cabinets and are electrically connected to a number of smaller circuit
boards called daughter cards. Electrical connectors establish communications between the
backplane and the daughter cards. The daughter cards are typically separate from each other
and meet different requirements for different purposes such as transmission of high speed
signals, low speed signals, power, etc. that are transferred to the daughter cards from the
backplane board. Cable connectors are typically electrically connected to various electrical
connectors within the system. However, as the density of such systems increase, the number
of cables increases. The cables add weight to the system and occupy a large amount of space.
In some applications, such as military and acrospace applications, weight reduction and space
reduction are important. In some applications, environmental sealing of connectors is

important.

[0003] Some systems use flexible printed circuit boards (FPCBs) or ribbon cables
rather than cables. However, termination of the flexible printed circuit boards is difficult.
Additionally, while the traces may be tightly packaged within the flexible printed circuit
board, such as on multiple layers, at the terminating interface, the traces are fanned outward
to provide space for all of the traces/pads at 2 common edge. The flexible printed circuit

board has a large size at such interface.

[0004] The problem to be solved is a need for a connector system that is cost

effective and reliable that may provide a weight reduction and/or a space reduction.
BRIEF DESCRIPTION OF THE INVENTION

[0005] The solution is provided by an electrical connector including 2 housing
having a cavity and a wafer stack received in the cavity. The wafer stack includes a plurality

of electrical wafers arranged parallel to each other within the cavity. Each wafer includes a
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diclectric body and a leadframe having plural conductors held in the dielectric body, the
conductors having terminating contacts and mating contacts with leads therebetween. The
terminating contacts are both horizontally staged and vertically staged and exposed in a
pocket of the diclectric body for electrical termination. The mating contacts being exposed
for electrical connection. The electrical connector includes a flex harness includes a plurality
of FPCBs. The FPCBs are electrically connected to corresponding wafers. Each FPCB has a
stepped mating interface with conductors along the stepped mating interface configured to be

electrically connected to corresponding terminating contacts.

[0006] The invention will now be described by way of example with reference to

the accompanying drawings in which:

[0007] Figure 1 is a schematic illustration of a connector system formed in

accordance with an exemplary embodiment.

[0008] Figure 2 illustrates a connector system formed in accordance with an

exemplary embodiment.

[0009] Figure 3 is a front perspective view of an electrical connector in accordance

with an exemplary embodiment.

[0010] Figure 4 is a front perspective view of a portion of the electrical connector

shown in Figure 3.

[0011] Figure S illustrates an exemplary flexible printed circuit board (FPCB) of the

electrical connector in accordance with an exemplary embodiment.

[0012] Figure 6 is a perspective view of a wafer of the electrical connector formed

in accordance with an exemplary embodiment including a leadframe and a dielectric body.
[0013] Figure 7 is a perspective view of the leadframe without the dielectric body.

[0014] Figure 8 is a cross-sectional view of the wafer with the FPCB terminated

thereto.

[0015] Figure 9 illustrates an exemplary embodiment of a contact sub-assembly of

the electrical connector in accordance with an exemplary embodiment.
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[0016] Figure 10 is a cross-sectional view of a portion of the contact sub-assembly

shown in Figure 9.

[0017] Figure 11 illustrates a portion of an electrical connector of the connector

system in accordance with an exemplary embodiment.

[0018] In one embodiment, an electrical connector is provided including a housing
having a cavity and a wafer stack received in the cavity. The wafer stack includes a plurality
of electrical wafers arranged parallel to each other within the cavity. Each wafer includes a
dielectric body and a leadframe having plural conductors held in the dielectric body, the
conductors having terminating contacts and mating contacts with leads therebetween. The
terminating contacts are both horizontally staged and vertically staged and exposed in a
pocket of the dielectric body for electrical termination. The mating contacts being exposed
for electrical connection. The electrical connector includes a flex harness includes a plurality
of FPCBs. The FPCBs are electrically connected to corresponding wafers. Each FPCB has a
stepped mating interface with conductors along the stepped mating interface configured to be

electrically connected to corresponding terminating contacts.

[0019] In another embodiment, an electrical connector is provided including a
housing having a cavity and a wafer stack received in the cavity. The wafer stack includes a
plurality of electrical wafers arranged parallel to each other within the cavity, each waler
including a dielectric body and a leadframe having plural conductors held in the dielectric
body. The dielectric body has a pocket formed in a mating side of the wafer having a
plurality of steps. The conductors have terminating contacts and mating contacts with leads
therebetween. The terminating contacts are arranged along each of the steps and exposed
along the corresponding steps for electrical termination. The mating contacts are exposed for
electrical connection. The electrical connector includes a flex harness having a plurality of
FPCBs. The FPCBs are electrically connected to corresponding wafers. Each FPCB has a
stepped mating interface with conductors along the stepped mating interface configured to be

electrically connected to corresponding terminating contacts.

[0020] Figure 1 is a schematic illustration of a connector system 100 formed in
accordance with an exemplary embodiment. The connector system 100 includes a first

electrical connector 102 and a second electrical connector 104 configured to be electrically
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connected to the first electrical connector 102. In an exemplary embodiment, the electrical
connectors 102, 104 are high-speed and high density electrical connectors. The electrical
connectors 102, 104 may be used as part of a computer system or a communication system,
such as a backplane system. The electrical connectors 102, 104 may be electrically
connected to a backplane circuit board, a daughtercard circuit board, a switch card, a line card
or another electronic device. In an exemplary embodiment, the connector system 100 is part
of a flexible communication system where various components may be interconnected by
flexible printed circuit boards (FPCBs). For example, in the illustrated embodiment, both the
first and second electrical connectors 102, 104 are terminated to ends of FPCBs. In other
various embodiments, one or more of the electrical connectors 102, 104 may be mounted to a
circuit board. In other various embodiments, one or more of the electrical connectors 102,

104 may be terminated to ends of cables.

[0021] The FPCBs allow flexibility in the design and system layout. The electrical
connectors 102, 104 establish communication between the various components. The
connector system 100 may be designed to meet different requirements for different purposes
such as transmission of high speed signals, low speed signals, power, and the like between
the various components. Because connector space may be limited on circuit boards, the
FPCBs allow electrical connection without the need for one or more circuit boards. For
example, midplane boards, daughtercards and/or backplanes may be eliminated in the

communication system with the use of the FPCBs.

[0022] The electrical connectors 102, 104 offer flexibility and customization within
the connector system 100 by using modular components which can be used in a variety of
combinations. For example, the electrical connectors 102, 104 use the FPCBs to route
between various components or connectors. One or both of the electrical connectors 102, 104
may use leadframed electrical wafers at mating interfaces thereof (in the illustrated
embodiment, the first electrical connector 102 uses wafers at the mating interface with the
second electrical connector 104, while the second electrical connector 104 uses contacts to
mate to the wafers of the first electrical connector 102 at a separable interface; however the
second electrical connector 104 has wafers at the mating interface with the FPCBs). The
electrical connectors 102, 104 provide a flexible platform to provide the density, data
throughput, and signal integrity required for various applications in computer,
communications, military, medical, industrial control or other industries. The use of the
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leadframed electrical wafers allows for cost effective sequencing and electrical customization
of the connectors 102, 104. The leadframed electrical wafers provide an efficient interface for
termination of the FPCBs. For example, as described in further detail below, the leadframed
electrical wafer has a stepped interface for terminating a stepped end of the corresponding

FPCB, such as for direct soldering thereto.

[0023] The wafers can be manufactured specifically for differential or single ended
performance and the impedance, propagation delay, and crosstalk of the connector can be
altered per customer requirements. The electrical connectors 102, 104 are scalable and may
include any number of wafers, such wafers may be signal wafers, power wafers or signal and
power wafers. The wafers are not necessarily all of the same type; and further, each can be
functionally independent of the others. That is, the connectors 102, 104 can include a mix of
electrical wafers that perform different functions. Layouts of the leads of the leadframed
electrical wafer can be easily changed by stamping and forming various different leadframes.
The connectors 102, 104 can be customized to a particular need simply by loading the
appropriate wafers in a particular slot or location in the connector 102, 104. For instance, in
an exemplary embodiment, the connectors 102, 104 may be configured to carry signal
information on some wafers and also transfer power on other wafers. Further, in various
embodiments, the signal wafers may be high density signal wafers, low density signal wafers
and/or hybrid signal wafers configured to carry both high speed signals and low speed

signals. In addition, the signal wafers may carry different numbers of signal lines.

[0024] In an exemplary embodiment, the electrical connector 102 includes a wafer
stack 114 having a plurality of electrical wafers 120 arranged parallel to each other. Each
wafer 120 includes conductors, such as traces or leads, extending between a first edge and a
second edge (and optionally a third edge or more edges). The conductors may be stamped
and formed. The conductors may include pads at or near the first and second edges for
electrical terminations to the conductors. The conductors may include other mating
interfaces, such as spring beams, split beams, pins, sockets, tuning forks, or other interfaces.
Optionally, the edges may be at opposite sides from each other and thus define a straight pass
through the wafer 120 of the power or signal. Alternatively, the edges may be perpendicular

to each other.
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[0025] The electrical connector 102 includes a flex harness 128 including a plurality
of FPCBs 130. The FPCBs 130 are electrically connected to corresponding wafers 120 at
mating interfaces 150. The FPCBs 130 may include traces, such as signal traces, ground
traces, power traces and the like. Optionally, as in the illustrated embodiment, the FPCBs
130 may be soldered directly to the wafers 120 at the interfaces 150. For example, the traces
of the FPCBs 130 are electrically connected to the pads of corresponding conductors of the
wafers 120 of the wafer stack 114, such as at the second edge. Optionally, various layers of
the FPCB 130 (e.g., signal layer, ground layer, power layer) may be exposed at the end of the
FPCB 130 in a stepped arrangement. The stepped end of the FPCB 130 may be directly

terminated to a corresponding stepped arrangement and stepped conductors of the wafer 120.

[0026] The electrical connector 104 includes a wafer stack 214 having a plurality of
clectrical wafers 220 arranged parallel to each other. Each wafer 220 includes conductors,
such as traces or leads, extending between a first edge and a second edge (and optionally a
third edge or more edges). The conductors may be stamped and formed. The conductors
may include pads at or near the first and second edges for electrical terminations to the
conductors. The conductors may include other mating interfaces, such as spring beams, split
beams, pins, sockets, tuning forks, or other interfaces. Optionally, the edges may be at
opposite sides from each other and thus define a straight pass through the wafer 220 of the

power or signal. Alternatively, the edges may be perpendicular to each other.

[0027] The electrical connector 104 includes at least one contact sub-assembly 240
terminated to the wafer stack 214. In the illustrated embodiment, a single contact sub-
assembly 240 is terminated to the wafer stack 214 as a unit; however, in alternative
embodiments, individual contact sub-assemblies 240 may be separately terminated to each
corresponding wafer 220. In an exemplary embodiment, the contact sub-assembly 240
includes a rigid printed circuit board (RPCB) and contacts extending from the RPCB.
Housings may be mounted to both sides of the RPCB to hold the contacts. The contact sub-
assembly 240 is terminated to the wafer stack 214 such that the contacts are terminated to
corresponding traces of the wafers 220 at mating interfaces 250. Optionally, one or more of
the edges of each of the wafers 220 may define separable interfaces with the contacts of the
contact sub-assembly 240. The wafers 120 may extend from the housing of the contact sub-
assembly 240. The contact sub-assembly 240 may include mating contacts defining a mating
interface with the first electrical connector 102, such as to the wafers 120.
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[0028] The electrical connector 104 includes a flex harness 228 having a plurality of
FPCBs 230. The wafers 220 are provided between the contact sub-assembly 240 and the flex
harness 228 and provide the electrical connection therebetween. Each FPCB 230 may be
separately terminated to the wafer 220 at corresponding mating interfaces 252. The FPCBs
230 may include traces, such as signal traces, ground traces, power traces and the like.
Optionally, as in the illustrated embodiment, the FPCBs 230 may be soldered directly to the
wafers 220 at the interfaces 252. For example, the traces of the FPCBs 230 are electrically
connected to the pads of corresponding conductors of the wafers 220 of the wafer stack 214,
such as at the second edge. Optionally, various layers of the FPCB 230 (e.g., signal layer,
ground layer, power layer) may be exposed at the end of the FPCB 230 in a stepped
arrangement. The stepped end of the FPCB 230 may be directly terminated to a

corresponding stepped arrangement and stepped conductors of the wafer 220.

[0029] Figure 2 illustrates a connector system 300 formed in accordance with an
exemplary embodiment. The connector system 300 includes a first electrical connector 302
and a second electrical connector 304 configured to be electrically connected to the first
electrical connector 302. In an exemplary embodiment, the electrical connectors 302, 304 are
modular rectangular connectors for use in aerospace or military applications and may have
size, shape and mating interface requirements corresponding to the European standardized
EN4165 connectors. For example, the electrical connectors 302, 304 may have features
similar to DMC-M connectors designed and developed by TE Connectivity., Other types of

electrical connectors may be provided in alternative embodiments.

[0030] Figure 2 shows the first electrical connector 302 poised for mating with the
second electrical connector 304. Figure 3 is a front perspective view of the electrical
connector 302. Figure 4 is a front perspective view of a portion of the electrical connector
302. In an exemplary embodiment, the electrical connector 302 includes a shell or housing
310 having a cavity 312. The housing 310 has a mating end 306 and a flange 308 for
mounting the housing 310 in a device, panel or other structure. The electtical connector 302
is shown without the housing 310 in Figure 4. In an exemplary embodiment, the housing 310
is conductive and provides electrical shielding for the components therein. The housing 310

may be a die cast housing. The housing 310 may be a plated plastic housing.
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[0031] The electrical connector 302 includes a wafer assembly 314, which is
received in the cavity 312. The wafer assembly 314 includes a plurality of electrical wafers
320 stacked together and arranged parallel to each other within the cavity 312. Optionally,
the wafers 320 may be sealed at the housing 310, such as at the rear of the housing 310 with a
seal or gasket received in the cavity 312 or with potting or another compound in the cavity
312. Each wafer 320 includes a leadframe 321 having a plurality of conductors 322 held
within a dielectric body 323 of the wafer 320. The dielectric body 323 may be an
overmolded diclectric body 323 overmolded over the leadframe 321. Alternatively, the
dielectric body 323 may include body halves mated together, such as a clam shell body,
which may be hinged. The leadframe 321 may be a stamped and formed leadframe, The
conductors 322 of the leadframe 321 extend between opposite edges of the wafer 320 (for
example, front and rear edges of the wafer 320). The conductors 322 may include pads 324
at or near the first and/or second edges for electrical terminations to the conductors 322. The
conductors 322 may include other mating interfaces other than pads in alternative

embodiments.

[0032] The electrical connector 302 includes a flex harness 328 including a plurality
of FPCBs 330. The FPCBs 330 are electrically connected to corresponding wafers 320.
Optionally, flex seals may be provided at the connection of the FPCBs 330 to the wafers 320
to provide sealing and/or strain relief. Figure 5 illustrates an exemplary FPCB 330. The
FPCB 330 may be a multi-layer FPCB including a plurality of layers 331. The layers 331
may be dedicated layers, having conductors 332 dedicated as signal conductors, ground
conductors, power conductors and the like. Alternatively, the layers 331 may have more than
one type of conductor 332, such as both signal and ground conductors on the same layer 331.
In the illustrated embodiment, the FPCB 330 includes both signal conductors 333 and ground
conductors 334, The FPCB 330 includes cover layers 335 on the outer sides of the FPCB
330. The conductors 332 have pads 336 for terminating to the wafer 320 (Figure 6).

[0033] In an exemplary embodiment, the layers 331 are exposed for termination to
the corresponding wafer 320. For example, the FPCB 330 may be laser ablated to expose
various layers 331, such as in a stepped arrangement. Exposing the various layers may create
a stepped FPCB 330 at the terminating end. Each step exposes different conductors 332. The
conductors 332 are thus arranged and offset at different vertical heights (e.g., stepped
vertically). As such, the conductors 332 are non-coplanar; however, the conductors 332 on
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one layer 331 are in a common plane (e.g., coplanar within the layer 331) and the conductors
332 in another layer 331 are in a parallel plane that is non-coplanar with the other layers 331.
The conductors 332 are also arranged and offset at different horizontal positions (e.g.,
stepped longitudinally). As such, the conductors 332 are horizontally staged at different
distances from a distal end or edge of the FPCB 330. Optionally, multiple conductors 332 are

provided at each step and are offset at different horizontal positions (e.g., laterally offset).

[0034] Returning to Figures 2, 3 and 4, each FPCB 330 within the flex harness 328
is terminated to the corresponding wafer 320 in the wafer assembly 314. Optionally, the
FPCB 330 may be sealed using one or more flex seals. During assembly, the FPCB 330 is
configured to be terminated to the wafer 320. For example, the FPCB 330 may be soldered
directly to the wafers 320. For example, the conductors 332 of the FPCB 330 are aligned
with corresponding pads 324 of the wafer 220. Solder is provided between the conductors
322, 332 to electrically connect the FPCB 330 to the wafer 220. Optionally, because the
FPCB 330 is stepped, the wafer 220, at the terminating end, may be stepped in a

complementary manner to ensure that each of the conductors 322, 332 mate with each other.

[0035] Figure 6 is a perspective view of the wafer 320 formed in accordance with an
exemplary embodiment including the leadframe 321 and the dielectric body 323. Figure 7 is
a perspective view of the leadframe 321 without the dielectric body 323. Figure 8 is a cross-

sectional view of the wafer 320 with the FPCB 330 terminated thereto.

[0036] The dielectric body 323 includes a first side 370 (e.g., a top side) and a
second side 372 (e.g., a bottom side) extending between a mating end 374 and a terminating
end 376. The FPCB 330 is configured to be terminated to the wafer 320 at the terminating
end 376. The mating end 374 is configured to be mated to another component, such as a

contact subassembly or a mating connector.

[0037] In an exemplary embodiment, the dielectric body 323 includes a pocket 378
open at the first side 370 that receives the FPCB 330. The pocket 378 may be open at the
terminating end 376 to allow the FPCB 330 to extend from the pocket 378 or to extend into
the pocket 378. The pocket 378 may be used to polarize, position, and/or key the FPCB 330
relative to the dielectric body 323. The conductors 322 are exposed at the first side 370 in the
pocket 378 for termination to the FPCB 330. The conductors 322 are exposed at the mating

9.
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end 374. In the illustrated embodiment, the conductors 322 have pads 324 at the terminating
end 376 and at the mating end 374. Optionally, the dielectric body 323 may have a recess
380 at the mating end 374 exposing the pads 324 of the conductors 322 at the mating end
374.

[0038] The pocket 378 is stepped and includes a plurality of steps 382. The steps
382 are stepped vertically between the first and second sides 370, 372. The steps 382 may
rise vertically, such as in a Z direction defined between the first and second sides 370, 372,
and the steps 382 may run horizontally, such as in an X direction defined between the mating
end 374 and the terminating end 376. The X direction may be a longitudinal direction. The
X direction may be the direction of the longitudinal axis of the FPCB 330. The steps 382

may also span horizontally across the dielectric body 323 in a Y direction.

[0039] The steps 382 are non-coplanar. The pocket 378 includes side walls 384 at
opposite sides of the steps 382. The FPCB 330 is received in the pocket 378 between the side
walls 384. Optionally, the FPCB 330 may be secured in the pocket 378 at the side walls 384,
such as using adhesive or epoxy, which may provide strain relied between the FPCB 330 and
the wafer 320. The FPCB 330 may be sealed in the pocket 378 at the side walls 384, such as
using a sealant. The dielectric body 323 includes wings 386 on opposite sides of the pocket
378. Portions of the leadframe 321 may be contained within the wings 386.

[0040] With reference to Figure 7, the leadframe 321 includes a plurality of the
conductors 322. The conductors 322 include terminating contacts 390 and mating contacts
392 with leads 394 therebetween. The terminating contacts 390 are configured to be exposed
in the pocket 378 of the dielectric body 323 for electrical termination to the FPCB 330. The
mating contacts 392 are exposed at the mating ends 374 of the dielectric body 323, such as in
the recess 380, for electrical termination. The leads 394 are routed between the terminating
contacts 390 and the mating contacts 392, such as in the dielectric material of the dielectric

body 323. For example, the leads 394 may be routed in the wings 386.

[0041] Optionally, the leads 394 may be encased in the dielectric material of the
dielectric body 323. For example, in an exemplary embodiment, the dielectric body 323 is
overmolded over the leadframe 321 such that the leads 394 are encased in the dielectric

material of the dielectric body 323. Alternatively, the leads 394 may be received in pre-
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formed grooves in pre-molded dielectric body halves of the dielectric body 323 that are
coupled together around the leadframe 321.

[0042] As noted above, the conductors 322 may be signal conductors, ground
conductors, power conductors or other types of conductors. The pinout of the terminating
contacts 390 may correspond to a pinout or layout of the conductors 332 of the FPCB 330 for
electrical termination thereto. The pinout or layout of the mating contacts 392 may
correspond to the layout of corresponding conductors or contacts of the contact subassembly
or mating connector that the wafer 320 is connected to at the mating end 374. While the
terminating contacts 390 are illustrated as pads 324, other types of texrminating contacts may
be provided in alternative embodiments for electrical connection to the conductors 332 of the
FPCB 330. Similarly, while the mating contacts 392 are illustrated as pads 324, other types
of mating contacts may be provided in alternative embodiments. For example, the mating
contacts 392 may be spring beams, split beams, pins, sockets, tuning forks, or other
interfaces, which may extend forward of the edge of the dielectric body 323 at the mating end

374 for mating to the contact subassembly or the mating connector.

[0043] The terminating contacts 390 are stepped to correspond with the steps 382 of
the dielectric body 323. In an exemplary embodiment, the terminating contacts 390 are both
horizontally staged and vertically staged for termination to the FPCB 330. For example, the
terminating contacts 390 may be vertically staggered at various vertical stages (e.g., at
different vertical heights or at different Z positions). Similarly, the terminating contacts 390
may be horizontally staggered at various horizontal stages or steps (e.g., longitudinally
staggered at different X positions and/or laterally staggered at different Y positions).
Optionally, multiple terminating contacts 390 are provided at each. stage. Any number of
terminating contacts 390 may be provided at each stage, and each stage may have a different

number of terminating contacts 390.

[0044] Optionally, a plurality of the terminating contacts 390 may be electrically
commoned and electrically connected to a common lead 394 and/or a common mating
contact 392. For example, ground terminating contacts 390 may be electrically commoned.
Optionally, the ground terminating contacts may be provided between certain signal
terminating contacts or pairs of signal terminating contacts, such as to provide electrical

isolation between the signal leads and/or pairs of signal leads.
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[0045] The terminating contacts 390 are non-coplanar. For example, one or more of
the terminating contacts 390 may be positioned at a first vertical height while one or more
other terminating contacts 390 are positioned at a different, second vertical height above the
second side 372. In the illustrated embodiment, the terminating contacts 390 are provided in
four stages at four different vertical heights. Optionally, one of the stages may be coplanar
with the mating contacts 392, such as along a mating plane (the mating plane contains the
mating contacts 392). The other stages of terminating contacts 390 are vertically staged at

various vertical heights below the mating plane of the mating contacts 392.

[0046] In an exemplary embodiment, the leads 394 transition vertically and/or
horizontally between. the terminating contacts 390 and the mating contacts 392. For example,
the leads 394 include runner segments 396 extending horizontally and riser segments 398,
extending, at least partially, vertically. For example, the riser segments 398 may be angled
transversely and extend both horizontally and vertically. Alternatively, the riser segments
398 may be perpendicular to the runner segments 396. Optionally, the riser segments 398
may correspond with and be generally aligned with the steps 382.

[0047] With reference to Figure 8, when the FPCB 330 is received in the pocket
378, the conductors 332 of the FPCB 330 are configured to be terminated to corresponding
conductors 322 of the wafer 320. For example, the conductors 332 may be soldered to
conductors 322. The stepped terminating end of the FPCB 330 fits in the stepped pocket 378.
The layers 331 are aligned above corresponding steps 382 and corresponding terminating

contacts 390 on such steps 382.

[0048] Returning to Figure 4, in an exemplary embodiment, the electrical connector
302 includes a confact sub-assembly 340 provided at the front of the wafer assembly 314.
Figure 9 illustrates an exemplary embodiment of the contact sub-assembly 340. Figure 10 is
a cross-sectional view of a portion of the contact sub-assembly 340. The contact sub-
assembly 340 includes a RPCB 342 having a first side 344 and a second side 346. The RPCB
342 may include plated vias 348 therethrough. The contact sub-assembly 340 includes wafer
contacts 350 received in corresponding vias 348 and extending from the first side 344 of the
RPCB 342 and mating contacts 352 received in corresponding vias 348 and extending from
the second side 346 of the RPCB 342. For example, the contacts 350, 352 may have

compliant pins received in the vias 348.
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[0049] Optionally, the wafer contacts 350 are tuning-fork style contacts including a
socket configured to receive the wafer 320 therein. Other types of wafer contacts 350 may be
provided in alternative embodiments. The wafer contacts 350 are configured to be terminated
to the mating contacts 392 (shown in Figure 6) of the wafers 320. The wafer contacts 350
may terminate to one or both sides of the wafer 320. The wafer contacts 350 may create a
compression connection to the wafer 320. The wafer 320 may be connected to the contact
sub-assembly 340 by an interference connection. The wafer contacts 350 may be soldered to

the wafers 320 in some embodiments.

[0050] Optionally, the mating contacts 352 are spring beam style contacts having a
deflectable spring beam configured to be mated with the electrical connector 304, such as to
wafers of the electrical connector 304. The mating contacts 352 may define separable
intetfaces with the wafers of the electrical connector 304. The mating contacts 352 may be
other types of contacts in alternative embodiments. The mating contacts 352 may be

configured to be terminated to other components in alternative embodiments.

[0051] In an exemplary embodiment, the contact sub-assembly 340 includes a front
housing 360 extending from the second side 346 of the RPCB 342 and a rear housing 362
extending from the first side 344 of the RPCB 342. The front housing 360 holds the mating
contacts 352. For example, the front housing 360 may include a plurality of contact channels
that hold corresponding mating contacts 352. The front housing 360 includes a plurz;lity of
slots 364 configured to receive wafers of the second electrical connector 304. The mating
contacts 352 are configured to be electrically connected to the wafers received in the slots
364 at separable interfaces of the mating contacts 352. The rear housing 362 may define a
wafer housing that holds the wafer contacts 350. The rear housing 362 has a plurality of slots
366 at a rear end 368. Each slot 366 is configured to receive a corresponding wafer 320 of
the wafer assembly 314. The wafer contacts 350 may be terminated to such wafers 320

within the slots 366.

[0052] Returning to Figure 2, and with additional reference to Figure 11, which
illustrates a portion of the electrical connector 304, the electrical connector 304 is configured
to be mated with the electrical connector 302. The electrical connector 304 includes a
housing 410 (Figure 2) having a cavity 412. In an exemplary embodiment, the housing 410 is

conductive and provides electrical shielding for the components therein. The housing 410
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may be a die cast housing. A wafer assembly 414 is received in the cavity 412. The wafer
assembly 414 includes a plurality of electrical wafers 420 stacked together and arranged
paraliel to cach other within the cavity 412. Optionally, the electrical connector 304 may
include a securing feature 411 for securing the electrical connector 304 to the electrical
connector 302. The securing feature 411 may include a latch. The securing feature 411 may
be slidably coupled to the housing 410 and may slide forward to latch or lock to the housing

310 of the electrical connector 302.

[0053] The wafers 420 may be similar to the wafers 320 (Figure 6). For example,
the wafers 420 may be leadframed wafers. In an exemplary embodiment, the wafers 420 may
include a leadframe 421 and a dielectric body 423. The leadframe 421 may be a stamped and
formed leadframe. The dielectric body 423 may be an overmolded dielectric body
overmolded over the leadframe 421. Optionally, the wafers 420 may be sealed at the housing

410 and/or at the interface with the electrical connector 302.

[0054] Each wafer 420 includes conductors 422, such as signal conductors and/or
ground conductors. The conductors 422 may include pads 424 for electrical termination,
such as to the mating contacts 352 (Figure 10) and/or to corresponding FPCB. The wafer 420
may include one or more ground layers which may be exposed at predetermined locations for

electrical termination.

[0055] In an exemplary embodiment, the electrical connector 304 includes a wafer
holder 426 (Figure 11) configured to hold each of the wafers 420 of the wafer assembly 414.
For example, the wafer holder 426 may hold the wafers 420 at predetermined spacing. The
wafer holder 426 may have slots that hold the wafers 420. The wafer holder 426 is
configured to be received in the housing 410. For example, the wafer holder 426 may be
sized and shaped to fit in the cavity 412. The wafer holder 426 may be manufactured from a

dielectric material, such as a plastic material.

[0056] The electrical connector 304 includes a flex harness 428 having a plurality of
FPCBs 430. The FPCBs 430 may be similar to the FPCBs 330 (Figure 6). The FPCBs 430
may be terminated to the wafers 420 in a similar manner as described above. For example,
the FPCB 430 may be received in a stepped pocket of the wafer 420 and the conductors of the
FPCB 430 may be soldered to corresponding conductors 422 of the wafers 420.

-14-
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WHAT IS CLAIMED I5:
1. An electrical connector (302) comprising:
a housing (310) having a cavity (312);

a wafer stack (314) received in the cavity, the wafer stack comprising a
plurality of electrical wafers (320) arranged parallel to each other within the cavity, each
wafer including a dielectric body (323) and a leadframe (321) having plural conductors (322)
held in the dielectric body, the conductors having terminating contacts (390) and mating
contacts (392) with leads (384) thercbetween, the terminating contacts being both
horizontally staged and vertically staged and exposed in a pocket (378) of the dielectric body

for electrical termination, the mating contacts being exposed for electrical connection; and

a flex harness (328) comprising a plurality of flexible printed circuit boards
(FPCBs) (330), the FPCBs being electrically connected to corresponding wafers, each FPCB
having a stepped mating interface with conductors (332) along the stepped mating intetface

configured to be electrically connected to corresponding terminating contacts.

T2, The electrical connector (302) of claim 1, wherein the pocket (378) has
a plurality of steps (382), the terminating contacts (390) being arranged along corresponding

steps and being exposed along the steps for electrical termination.

3. The electrical connector (302) of claim 1, wherein the leadframe (321)
is a stamped and formed leadframe, the leads being stepped to vertically stagger the

terminating contacts (390) at various vertical stages.

4, The electrical connector (302) of claim 1, wherein the terminating

contacts (390) are non-coplanar.

5. The electrical connector (302) of claim 1, wherein the dielectric body
(323) includes a first side (370) and a second side (372), the pocket (378) being open at the
first side, the terminating contacts (390) being vertically offset at various vertical stages
between the first and second sides, each vertical stage having plural terminating contacts

thereon.
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6. The electrical connector (302) of claim 1, wherein the mating contacts
(332) are coplanar on a mating plane, the terminating contacts (390) being vertically staged at

various vertical stages below the mating plane.

7. The electrical connector (302) of claim 1, wherein the conductors

(332) of the FPCB (330) are soldered to the corresponding terminating contacts (390).

8. The electrical connector (302) of claim 1, wherein the dielectric body

(323) is an overmolded dielectric body overmolded over the leadframe (321).

9. The electrical connector (302) of claim 1, wherein the dielectric body
(323) includes a terminating zone at the pocket (378), the dielectric body including wings
(386) flanking the terminating zone, the leads (394) being routed in the wings between the

terminating contacts (390) and the mating contacts (392).

10.  The electrical connector (302) of claim 1, wherein the terminating
contacts (390) are termination pads (324) and the mating contacts (392) are mating pads

(324).

11.  The electrical connector (302) of claim 1, wherein the mating contacts
(392) are separable mating contacts extending forward of an edge of the dielectric body for

electrical connection to corresponding mating contacts of a mating connector.

12.  The electrical connector (302) of claim 1, wherein the conductors

comprise signal conductors and ground conductors.

13.  The electrical connector (302) of claim 1, wherein the FPCB (330)
comprises multiple layers including at least signal layer and at least one ground layer, each
layer having corresponding conductors, the conductors of each layer being terminated to

corresponding conductors of the wafer at different vertical stages.

14.  The electrical connector (302) of claim 1, wherein each of the leads
have at least one runner segment extending horizontally and a majority of the leads have at

least one riser segment extending, at least partially, vertically.
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