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ABSTRACT OF THE DISCLOSURE

An electrical connector assembly 1s provided for connecting at least one electrical
contact pad on a first structure with at least one electrical contact pad on an opposing second
structure. The connector assembly has a body and electrical connectors extending from the
body, and is mountable relative to the first and second structures such that the electrical
connectors engage electrical contact pads on the first and second structures. The electrical
connectors are of a springy metal and are configured to be suitably biased against the contact

pads when the connector assembly 1s assembled with the first and second structures, so as to

provide a contact biasing force preterably in the range of 0.7N % 0.2N.
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ELECTRICAL CONNECTOR ASSEMBLY

FIELD OF THE INVENTION

[0001] This invention relates generally to electrical connectors, particularly for use in
microelectronic devices. More particularly, the invention relates to connectors for connecting

electrical contact pads on opposing structures in such devices.

BACKGROUND OF THE INVENTION

(0002} Electrical connection between electrical contact pads on independent
structures, such as between two printed circuit boards (PCBs), 1s presently achieved through
several methods. Most methods require soldertng. Any hand soldering must be done with
great care with microelectronics, as minute electrical traces can be damaged easily and
microelectronic parts may be dislodged or may be damaged by the heat of a soldering iron.
[0003] An example of such a connection is a connection between an
electroluminescent (EL) backlight panel and a PCB, in a mobile handheld device, for
example. An EL backlight panel 1s connected to a PCB that has circuitry to drive the EL
panel. For connecting an EL backlight panel on a liquid crystal display (LCD) module to a
PCB, hand soldering the pads of the EL panel directly to the PCB is undesirable since the
phosphor layer used 1n an EL is extremely sensitive to humidity and temperature changes and
the EL panel is thus easily damaged by heat and moisture. The laminate used to hold an EL
panel together 1s also sensitive to humidity and heat. Often delamination occurs when an EL
panel 1s exposed to extreme changes in heat and humidity. In small electronic devices, hand
soldering is also difficult to achieve because of the limited amount of space that is usually
allowed between the LCD module and the PCB.

[0004] Another method of connecting the contact pads of an EL backlight panel to a
PCB 1s to solder a wire from a contact pad of the panel to the corresponding contact pad of

the PCB. This type of connection is untidy and occupies valuable room in small electronic

devices.
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[0005] Flex connection is also used as a connection means between an EL backlight
panel and a PCB. “Flex” is difficult to work with in assembly since it can be damaged easily
when handled. A fold or tear in the flex breaks the electrical connection between the EL
panel and the circuitry on the PCB rendering the EL panel inoperative.

(0006] Through-slot 1n a PCB is another connection method between an EL backlight
panel and a PCB. The through-slot method requires a hole drilled through the PCB. The hole
1s plated. The connection for the EL panel in this case is in the form of tabs or pins extending
out from the panel rather than pads on the panel. The tabs are placed in the slot and screwed
or clamped into the slot. Using an EL backlight panel that has tabs to connect to the EL drive
circuitry requires more real estate within an electronic device. As electronic devices
miniaturize, space savings within the device become essential.

[0007] Both flex connection and through-slot methods require soldering and do not
allow for movement between the two boards. When enclosed within an electronic device,
accommodating some movement between the PCBs 1s necessary especially when considering
shear forces on the device in the event that it is dropped.

[0008] There 1s, therefore, a need for an improved means of making connections
between EL panel contact pads and PCB contact pads that does not require soldering. There
1s also a need for a connector that requires minimal space to fit between an EL panel on an

LCD module and the PCB that are used in a small electronic device.

SUMMARY OF THE INVENTION

[0009] In accordance with an embodiment of the invention, an electrical connector
assembly for connecting at least one electrical contact pad on a first structure with at least one
electrical contact pad on an opposing second structure comprises a body having electrical
connectors extending theretrom, said body being mountable relative to said first and second
structures for said electrical connectors to engage electrical contact pads on said first and
second structures, said electrical connectors being of a springy metal and configured to be
biased against said contact pads when said connector assembly is assembled with said first
and second structures.

[0010] According to another embodiment of the invention, a product assembly for

connecting electrical contact pads on opposing first and second structures comprises a frame
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having means for engaging and aligning said first structure on a first side of said frame and
means for engaging and aligning said second structure on a second side of said frame, and an
electrical connector assembly mounted within said frame, for connecting at least one
electrical contact pad on said first structure with at least one electrical contact pad on said
second structure, said connector assembly comprising a body having electrical connectors
extending therefrom, said body being mountable relative to said first and second structures
for said electrical connectors to engage electrical contact pads on said first and second
structures, said electrical connectors being of a springy metal and configured to be biased
against said contact pads when said connector assembly is assembled with said first and
second structures.

[0011] A mobile electronic device in accordance with another embodiment of the
invention comprises a first and second structure, and an electrical connector assembly to
connect at least one electrical contact pad on said first structure with at least one electrical
contact pad on said second structure, said electrical connector assembly comprising a body
having electrical connectors extending therefrom, said body being mountable relative to said
first and second structures for said electrical connectors to engage electrical contact pads on
said first and second structures, said electrical connectors being of a springy metal and
configured to be biased against said contact pads when said connector assembly is assembled
with said first and second structures.

[0012] According to a further aspect of the invention, a mobile electronic device has
an EL panel with at least one electrical contact pad thereon adjacent an edge thereof, said EL
panel having a tab portion adjacent at least one said electrical contact pad, said tab portion
extending outwardly from said edge by a distance d, where said distance d is sufficient to
permit placement of said electrical contact pad with an outer edge thereof generally aligned
with said edge of said EL panel beyond said tab portion.

[0013] Other aspects and teatures of the invention will become apparent upon review
of the following description of specific embodiments of the invention in conjunction with the

accompanying figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Embodiments of the invention will now be described, by way of exampie only,

with reference to the attached Figures, wherein:

Fig. 1 is an isometric view of an electrical connector assembly.

Fig. 2 is a side view of the electrical connector assembly.

Fig. 3 is an isometric view of a pre-manufactured connector.

Fig. 4 is an isometric view of a connector.

Fig. 5 1s a side view of a connector.

Fig. 6 is a view of an exemplary frame in which the connector assembly may
be mounted.

Fig. 7 is a front view of the exemplary frame with the connector assembly
mounted therein.

Fig. 8 is a detailed drawing of an opening for the connector assembly in the
frame.

Fig. 9 is a detailed drawing of the front of the frame with the electrical
connector assembly mounted within the frame.

Fig. 10 i1s a detailed drawing of the back of the frame with the electrical
connector assembly mounted within the frame.

Fig. 11 is a cross-section of the connector assembly within the frame in an
assembly with a first and second structure.

Fig. 12 is an exploded view of an exemplary assembly using the frame with
the mounted connector assembly.

Fig. 13 is a front view of an LCD module.

Fig. 14 1s a rear view of an LCD module.

Fig. 15 1s a detailed drawing of the contact pads of an EL panel.

DETAILED DESCRIPTION

[0015]

Fig. 1 1s an i1sometric view of a preferred embodiment of an electrical

connector assembly 10 according to an aspect of the invention. The connector assembly has a
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body 14 and electrical connectors 16 extending therefrom to connect electrical contact pads
on a first structure with electrical contact pads on a second structure, as described below
[0016] The body 14 of the connector assembly 1s a plastic, injection over-molded
around portions 33 (Figs. 4 and 5) of the electrical connectors 16. The electrical connectors
16 are a conductive spring material such as phosphor bronze with gold plating, or an
equivalent.

[0017] The body 14 of the connector assembly 10 1s mountable between the first and
second structure. In a preferred embodiment, the body 14 fits within a frame 40 and is
removable from the frame, as shown in Fig. 6. A release point 18 on the body 14 allows for
removal of the connector assembly from the frame when pressure i1s applied to the release
point 18. The body 14 has a plurality of protrusions 20, 22, to aid in supporting and locking
the body within the frame. That 1s, the connector assembly 10 1s snapped into a frame and
held and locked in position by the protrusions 20 and 22 on the body 14 of the connector
assembly.

[0018] Fig 2 is a side view of the connector assembly. Each electrical connector 16
has two contact arms 32 that extend outwardly from the connector assembly 10. Each contact
arm 32 ends in a contact area 28 that engages the contact pads of the first and second
structure.

[0019] Fig. 3 is a view of an unformed electrical connector. The connector is a single
stamped metal piece 30. The metal 1s formed into two contact arms 32 having a common
portion 33 (Figs. 4 and 3). Fig. 4 1s an 1sometric view of the completed electrical contact. Fig.
5 1s a side view of the completed electrical contact. To form the contact, the contact arms 32
are bent at an angle 34 relative to the common portion 33. The amount of bending depends on
the biasing force desired for biasing the contacts against the contact pads. In an exemplary
embodiment, for example, the angle 34 1s 19.8 degrees, to provide compression of 0.7 mm on

each contact arm when 1n contact with the contact pads, intended to provide a biasing force
preferably in the range of 0.7N + 0.2N. The stamped metal 30 has hinging strips 36 between
the two arms that connect the two arms 32. The two arms 32 are folded over 180 degrees at
the hinging strips 36 to form the connector so that the two arms 32 diverge from each other at
the bend in the arms. The bend 1n the arms forms a spring when the arms 32 are folded over.
Each arm 32 ends 1n a contact arca 28, which is rounded to increase the surface area where

the contact area engages a contact pad. The rounded contact area 28 may have a protuberance

_ 5.
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38 to augment the connection between the contact pad and the contact area 28. The body 14
of the connector assembly 10 is overmolded over the common portion 33 of the connector 30.
[0020] Fig. 6 1s an exploded view of an exemplary product or frame assembly 39.
Such an assembly may be used in electronic devices to connect contact pads on opposing
PCBs. The connector assembly 10 is mounted within an opening 42 in a frame 40. The frame
40 has a means for alignment for aligning the first structure, in this particular embodiment an
LCD module 74 (Fig. 12). The L.LCD module has an EL panel 80 (Fig. 13) attached to its
underside, having contact pads 102 (Fig. 15). In this example, the alignment means is a recess
44 tor holding and aligning a first structure to the frame 40 and thereby to the connector
assembly 10. The frame 40 preferably has cushioning 46 that fits within the recess to cushion
the first structure 1n the frame assembly 39 from damage when a device is dropped or shaken.
Fig. 7 1s a top view of the exemplary frame assembly 39 with the connector assembly 10
mounted therein.

[0021] Fig. 8 1s a detailed drawing of the opening 42 on the bottom side of the frame
40. A plurality of protuberances 20, on the body 14 matches notches 50 within the opening 42
of the frame 40. The bottom side of the frame is supported by a second structure.
Alternatively, the bottom of the frame may also have a recess for accommodating and
aligning the second structure. In a further alternative embodiment, the bottom of the frame 40
may have an alignment means for aligning the second structure. In the example in Fig. 8, the
alignment means for the second structure is a plurality of clamps 48 to align the second
structure to the frame 40 and thereby align the second structure to the connector assembly 10.
[0022) Fig. 9 1s a detailed drawing of the back of the frame with the electrical
connector assembly mounted within the frame. Protrusions 20 on each end of the body 14 of
the connector assembly 10 rest within the notches 50 of the opening 42 when the connector
assembly 10 1s mounted within the frame 40, thereby locking the connector assembly 10 into
the opening 42. The body preferably has a release point 18 on which to push to deform the
body, and allow for removal from the frame 40. Fig. 10 is a detailed drawing of the top of
the frame with the electrical connector assembly mounted within the frame. Protrusions 22
along the length of the body 14 rest on top of a ledge recess 52 in the opening, keeping the
body 14 of the connector assembly 10 from falling through the opening 42 of the frame.

[0023] Fig. 11 is a cross-section of an apparatus 60 to connect contact pads 62 on a

first structure 64 with contact pads 66 on a second structure 68 with the connector assembly
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10 mounted within the frame 40. When the connector assembly body 14 is mounted within
the frame 40, the connectors 16 of the connector assembly extend outwardly from the frame
40 such that the contact areas 28 of the connectors 16 engage the contact pads 62 of the first
structure 64 the contact pads 66 of the second structure 68. The frame 40 aligns the first
structure 64 and second structure 68 so that their respective contact pads 62, 66 are aligned
with the connector contact arecas 28. The frame may have cushioning 46 between the first
structure 64 and the frame 40 to cushion the first structure 64 from damage when dropped or
shaken.

[0024] Fig. 12 1s an exploded view of an exemplary product assembly 70 for
connecting contact pads of an EL panel, attached to an LCD module, to contact pads on a
PCB. This product assembly is typically used in mobile electronic devices where space is
limited within the device, such as a cellular phone, or a PDA, or other wireless
communication devices. The product assembly connects the internal PCB with an LCD
module and its EL panel 1n a configuration to minimize the thickness of the assembly and to
minimize movement between the two structures within an electronic device.

[0025] An EL panel 80 (shown 1n Fig. 13 and Fig. 14) is attached to the back of an
LCD module 74, which sits within the recess 44 of the frame 40. The frame 40 may sit on the
PCB 72 or interlock with the PCB 72 using clamps 48 on the frame 40 that secure the PCB
72 to the frame 40. The LCD module 74 has a circuit on flex 76 (Fig. 14) which has a flex
connector 90 that fits through a hole in the frame 40 and connects to a receptacle (not shown)
on the PCB 72 to power and drive the LCD module 74. The EL panel 80, attached to the
bottom of the LCD module 74, has contact pads 102 (shown in Figs. 14 and 15), which align
with the contact areas 28 of the connectors 16 of the connector assembly 10 at the front side
of the frame 40. The remaining connector contact areas 28 align with the contact pads 78 on
the PCB 72.

[0026] Fig. 13 1s a front view of an LCD module 74 that is used in the apparatus in
Figs. 11 and 12. The LCD module 74 has a top glass 84, a bottom glass 86, a flex circuit 76
(Fig. 13), a flex connector pin 90, and an EL panel contact pad tab 88. The top glass 84 has a
viewing area 92 and an active area 94. The viewing area 92 is the entire area of the top glass
84 of the LCD module 74 that is viewable when in use in an electronic device. The active

area 94 is the area of the top glass 84 where pixels 96 are driven to form images. The bottom
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glass 86 or top glass 84 is connected to the flex circuit 76 via a heat-sealed flex connection
98.

[0027] Fig. 14 1s a view of the back of the LCD module in Fig. 12. The EL panel 80
fits over and is attached to the bottom glass 86 using an adhesive. When the EL panel 80 is
activated, the light from the panel 80 shines through the bottom glass 86 of the LCD module
to 1lluminate the viewing area 92. The flex circuit 76 has LCD driver circuitry 104 and a
connection 98 to the bottom glass 86 or the top glass 84. A strip of flex material 100 holds the
flex connector pin 90 and fits through an appropriate opening within the frame (not shown).
The flex connector pin 90 connects the flex circuitry 76 to a receptacle (not shown) on the
PCB 72 thereby connecting the LCD driver circuitry 104 to the PCB 72.

[0028] The EL panel 80 has contact pads 102 that are electrically connected to the
PCB 72 to connect to EL panel driver circuitry (not shown) on the PCB 72. The EL contact
pads 102 are printed in layers onto the EL panel 80. The EL contact pads 102 are typically
layers of carbon, silver, or a combination of layers of carbon and silver. The electrical
connector assembly 10 mounted in the frame 40 engages these contact pads 102 through the
connector assembly’s contact areas 28 when the LCD module 74 is sitting in the recess 44 of
the trame 40. The associated contact pads 78 on the PCB 72 are engaged with the connector
assembly’s contact areas 28 on the other side of the frame 40, thereby electrically connecting
the two contact pads.

[0029] Fig. 15 1s a detailed drawing of the EL panel contact pads tab 88. The EL
panel juts out at the contact pads 102 forming a tab that protrudes from the edge of the LCD
module 74 by a distance d. An EL contact pad is formed by printing conductive layers of
carbon, silver, or a combination of layers of carbon and silver onto the laminate of the EL
panel. EL panel manufacturers have tolerances that will not allow printing these layers to the
edge of an EL panel. These tolerances for printing contact pads on an EL panel prevent shorts
between the layers of the contact pad and the EL panel. By forming a protruding tab 88, the
contact pads can be printed to a “virtual” edge. That is, the tab allows an EL panel
manufacturer to print the contact pads on the tab to the manufacturer’s allowed tolerance such
that if the contact pads had been printed on an EL without a tab, the contact pads would come
to the edge of the EL panel. This protruding tab 88 enlarges the surface area of the EL panel
contact pads 102 and increases the amount of contact made between the EL panel contact

pads 102 with the connector assembly 10 when the LCD module 74 is assembled in the frame
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40. This overhang also allows for movement of the LCD module 74 within the frame while
the connectors 16 stay contact with the EL panel contact pads 102. Because the LCD module
74 can move with respect to the PCB 72, when the apparatus 70 is assembled, damage to the
EL panel 80 is minimized. In the case of soldering the EL contact pads 102 to the PCB
contact pads 72, movement between the module 74, and the contact pads 72 may rupture the
EL panel 80 or cause broken solder connections.

[0030] In other words, the EL panel has a tab portion adjacent its normal edge
extending outwardly from that edge by a distance d, where that distance d 1s sutficient to
permit placement of one or more electrical contact pads with the contact pad outer edge(s)
generally aligned with the “normal” edge of the EL panel, 1.e. the edge in the area beyond the
tab portion.

[0031]) The example of the connector assembly 1in Figs. 1-14 shows a connector
assembly with three connectors. However, the connector assembly 1s not limited to a certain
number of connectors. For example, in the case where a connector assembly is required to
connect a single contact pad on a first structure to a single pad on a second structure, only one
connector is required on the connector assembly. The connector assembly may have one, or
more, connectors depending on the number of connections required between the first and
second structures.

[0032] The connector assemblies of Figs 1-14 show a body 14 that fits into an
opening in a frame. The body 14 of the connector assembly 1s not limited to this shape and
may have any shape such that the connector assembly 10 is mountable between two opposing
structures and such that the connectors 16 extend outwardly to connect contact pads on the
two opposing structures. The connector assembly body 14 may also be permanently mounted
within a frame as opposed to being removable from a tframe.

[0033] The above-described embodiments of the invention are intended to be
examples only. Alterations, modifications and variations may be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,

which 1s defined solely by the claims appended hereto.
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CLAIMS:

. An electrical connector assembly for connecting at least one electrical contact pad on
a first structure with at least one electrical contact pad on an opposing second structure, said
connector assembly comprising a body having electrical connectors extending therefrom, said
body being mountable relative to said first and second structures for said electrical connectors
to engage electrical contact pads on said first and second structures, said electrical connectors
being of a springy metal and configured to be biased against said contact pads when said

connector assembly is assembled with said first and second structures.

2. An electrical connector assembly as in claim 1, wherein said body i1s mountable

between said first and second structures.

3. An electrical connector assembly as in claim 2, in combination with a frame, said
body being mountable in said frame, said frame having top and bottom sides having means
for engaging and aligning said opposing first and second structures, one on each side of said

frame.

4. An electrical connector assembly as 1n claim 3, wherein at least one said electrical
connector extends outwardly from said top side of said frame and at least one extends
outwardly from said bottom side of said frame, to contact said electrical contact pads on said

opposing structures.

5. An electrical connector assembly as 1n claim 4, wherein a pair of said electrical
connectors are from one piece of a metal spring material having two electrical contact arms
extending from an Integral common portion, bent at an angle relative to said common portion

to provide said biasing against said contact pads, said common portion being captured by

overmolding of said body.

0. A product assembly for connecting electrical contact pads on opposing first and

second structures, said product assembly comprising:
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a frame having means for engaging and aligning said first structure on a first side of
said frame, and means for engaging and aligning said second structure on a second side of
said frame; and

an electrical connector assembly mounted within said frame, for connecting at least
one electrical contact pad on said first structure with at least one electrical contact pad on said
second structure, said connector assembly comprising a body having electrical connectors
extending therefrom, said body being mountable relative to said first and second structures
for said electrical connectors to engage electrical contact pads on said first and second
structures, said electrical connectors being of a springy metal and configured to be biased
against said contact pads when said connector assembly is assembled with said first and

second structures.

7. A product assembly as in claim 6, wherein said first and second structures are printed
circuit boards.
8. A product assembly as in claim 6, wherein said first structure is an electroluminescent

panel and said second structure 1s a printed circuit board.

9. A product assembly as in claim 8, wherein said electroluminescent panel is attached

to a liquid crystal display module.

10. A mobile electronic device, comprising a first and second structure, and an electrical
connector assembly to connect at least one electrical contact pad on said first structure with at
least one electrical contact pad on said second structure, said electrical connector assembly
comprising a body having electrical connectors extending therefrom, said body being
mountable relative to said first and second structures for said electrical connectors to engage
electrical contact pads on said first and second structures, said electrical connectors being of a
springy metal and contigured to be biased against said contact pads when said connector

assembly 1s assembled with said first and second structures.

11. A mobile electronic device as in claim 10, wherein said body is mountable between

said first and second structures.

- 11 -
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12. A mobile electronic device as in claim 11, 1n combination with a frame, said body
being mountable in said frame, said frame having top and bottom sides having means for
engaging and aligning said first and second structures, one on each side of said frame such

that said structures are opposing one another.

13. A mobile electronic device as in claim 12, wherein at least one said electrical
connector extends outwardly from said top side of said frame and at least one extends

outwardly from said bottom side of said frame, to contact said electrical contact pads on said

opposing structures.

14. A mobile electronic device as in claim 13, wherein a pair of said electrical connectors
are from one piece of a metal spring material having two electrical contacts arms extending
from an integral common portion, bent at an angle relative to said common portion to provide
sald biasing against said contact pads, said common portion being captured by overmolding

of said body.

15. A mobile electronic device as in claim 12, wherein said first and second structures are

printed circuit boards.

16. A mobile electronic device as in claim 12, wherein said first structure is an

electroluminescent panel and said second structure is a printed circuit board.

7. A mobile electronic device as in claim 12, wherein said electroluminescent panel is

attached to a liquid crystal display module.

18. A mobile electronic device, having an EL panel with at least one electrical contact
pad thereon adjacent an edge thereof, said EL panel having a tab portion adjacent at least one
said electrical contact pad, said tab portion extending outwardly from said edge by a distance
d, where said distance d is sufficient to permit placement of said electrical contact pad with

an outer edge thereof generally aligned with said edge of said EL panel beyond said tab

portion.

. 12-
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19. A mobile electronic device as in claim 18, where at least one said electrical contact
pad has an outer edge thereof generally aligned with said edge of said EL panel beyond said

tab portion.
20. A mobile electronic device as in claim 19, wherein said EL panel comprises at least

one said tab portion having a plurality of said electrical contact pads generally aligned with

said edge of said EL panel beyond said tab portion.

- 13 -
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