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LED Assembly

RELATED APPLICATIONS

{30011  This application claims priority to United States Provisional Appln. No.
61/757,420, filed 1S March 2613, to United States Provisional Appln. No. 61/888,566, filed 9
October 2013, and to United States Provisional Appin. No. 61/914,238, filed 10 Becember

2013, all of which are incorporated herein by reference in their entirety.
FIELD OF THE INVENTION

{6682] The present invention relates to field of hight emitting diodes (LEDSs), more

specifically to designs directed toward illurnination with LEDs.
DESCRIPTION OF RELATED ART

{0063}  LEDs are useful for a number of applications. One application that has been quite
successtul in implementing LEDs 1s 1o displays. LEDs, because of their long hife, tend to be
quite beneficial for use in applications such as large flat-screen TVs, mobile devices and
anything in between. For mobtle devices, one major concern is the efficiency of the display
as there is a limited ability to provide power. This has become more interesting to
rnanufactures as mobile device are designed with larger screcns so that users can do more

with their mobile devices.

{30647  Many mobile devices tend to use a back-lit LCD display with LEDs on the edge to
provide the Hlumination (¢.g., an edge-hit design). This currently entails supporting a number
of LEDs and ensuring that the LEDs arc contfigured so that their output is directed toward a
iight guide that is intended to provide a uniform white light emission behind a number of
LCD elements that filter the light (so as to ernit the desired color on the display). Because the
LCD clements control the color, it is desirable to have the light from the LEDS be white. As
most LEDs emat hght in a fairly varcow band (¢.g., are blue or ved or green), this can be done
by having a phosphor convert Light from LEDs into white. This is somewhat inefficient,
however, and therefore, if the LEDs are red, bluer and green then by allow the different
colors of light to mix in the light guide it is possible to provide white light without the Joses

inherent in a phosphor-type solution. Packaging all the LEDs on the side, however, remains
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problematic.  Certain individuals, therefore, would appreciate a design that could provide

high levels of efficiency in a wmore convenicot package.
BRIEF SUMMARY

{00657 An LED assembly is provided that includes a plurality of LEDs mount on a frame.
The phurality of LEDs can include red LEDs, green LEDs and blue LEDs. In an embodiment the
frame can include a common ground and a separate power trace for gach color so that the output
of cach color can be controlled separately, If desired, the LEDs can be selectively controlied so
that different LEDs on the frame provide different levels of illumination. A connector can be
integrated into the frame. Terminals can be insert-molded into the frame and extend into the
integral counector or out a back side of the frame. The traces can be connected to the terminals
with vias to form desired cirenit patterns. The traces can be clectroplated. In an embodiment, a

flex member can be used in place of terminals.
BRIEF DESCRIPTION OF THE DRAWINGS

{0066]  The present invention 18 tllustrated by way of example and not himited in the
accompanying figures in which like reference numerals indicate similar elements and in

which:
100671 Fig. | illustrates a perspective view of an embodiment of an LED assembly.

{00068]  Fig. 2 illustrates an enlarged perspective view of the embodiment depicted in Fig.

I.

{3009  Fig. 3 illustrates a simplified perspective view of the embodiment depicted in Fig.

100187  Fig. 4 tllustrates a schematic diagram of an embodiment of an LED assembly.

10611] Fig. 5 illustrates another schematic diagram of an embodiment of an LED

assembly,
{0012}  Fig.6 illustrates a perspective view of an embodiment of an LED assembly.

{0013}  Fig. 7 tlustrates an enlarged perspective view of the embodiment depicted in Fig,

6.



WO 2014/144305 PCT/US2014/028652

{0014}  Fig. SA illustrates a simplified perspective view of the embodiment depicted in

Fig. 6.

{0818] Fig. 8B illustrates another simplified perspective view of the embodiment depicted

in Fig. 6.
10616  Fig. 9 tllustrates a schematic diagram of an embodiment of an LED assembly.

{18171  Fig. 10 ilustrates another schematic diagram of an embodiment of an LED

assembly,

[0018] Fig. 11 illustrates another scheraatic diagramn of an embodiment of an LED

assembly.

{6619]  Fig. 12 illustrates an clevated side view of an embodiment of an LED assembly.
{6028]  Fig. 13 illustrates a perspective view of the LED assembly depicted in Fig. 12
{6021}  Fig. 14 llustrates a plan view of the LED assembly depicted in Fig. 12.

[6022]  Fig. 1S illustrates an clevated side view of an embodiment of an LED assembly

mounted on a circuit board.
{0023}  Fig. 16 illustrates an enlarged plan view of the embodiment depicted in Fig. 15

{0024}  Fig. 17 illustrates a perspective view of an embodiment of an LED assembly with a

fight guide.
{0025]  Fig. 18 dllustrates a perspective view of the LED assembly depicted in Fig. 17.

{30267 Fig. 19 illustrates a partially exploded perspective view of the LED asserobly

depicted in Fig. 18.
{30271 Fig. 20 illustrates a perspective view of the LED assembly depicted in Fig. 18.

{30287 Fig. 21 illustrates another perspective view of the LED assembly depicted in Fig.

18,
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{6029]  Fig. 22 illustrates an enlarged perspective view of the LED assembly depicted in
Fig. 21.

{00387  Fig. 23 illustrates a perspective view of another embodiment of LED asserobly.
{3031}  Fig. 24 illustrates another perspective view of the embodivoent depicted wn Fig. 23.

{00321 Fig. 25 lusirates an enlarged perspective view of the embodiment depicted in Fig.

23.

{30331  Fig. 26 illustrates another perspective view of the embodiment depicted in Fig. 25.

{1034] Fig. 27A iilustrates a schematic representation of an embodiment of an LED

assembly,

[0035]  Fig. 27B illustrates another schematic representation of an embodiment of an LED

assembly.

DETAILED DESCRIPTION

{6036]  The detailed description that follows describes exemplary embodiments and is not
intended to be limited to the expressly disclosed combination{s). Thercfore, unless otherwise
noted, features disclosed herein may be combined together to form additional corubinations

that were not otherwise shown for purposes of brevity.

{38371  As can be appreciated, the depicted embodiments help provide a compact design
that allows for high levels of control of LEDs (thus local dimuming is readily attainable) while
still ensuring desirable levels of efficiency. Compared to convention designs it is expected
that the disclosed designs can offer improvements of more than 10% efficiency and many
cases the froprovements can be greater than 20%, depending on the performance of the LEDs
being used. Thus, the depicted designs have the potential to allow for a substantial increase

in usable life of an end device and will also allow the end device to be made more compactly.

[6038]  Figs. 1-3 llusirate features of an exeraplary emobodimoent of a LED assembly 2 that
may be coupled to a light guide so as to provide a light panel. The light guide can be a
convention construction such as a silicone-based matenial that is configured to direct light

provided on the edges toward a face in a relatively even and consistent manner (e.g., can be a
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printed, etched, V-groove or microlens constructions). The LED assembly 2 would thus be
roounted against a side of the hight guide and be configured to divect hight in to an edge of the
light guide 1n a first direction A while hight would emit from the light guide in a second
direction B {such as 15 depicted in Fig. 17).  As can be appreciated, different levels of
assemblics are possible. A simiple configuration could have LEDs positioned along only one
cdge of a light guide. Alternatively, LEDs could be positioned on two or roore sides.
Naturally, increasing the number of LED assemblies would increase costs but should not
have a significant impact on efficiency as cach of the LED assernblies could output less light
and thus could be driven at lower power levels. Thus, for some designs it may be more
desirable to have LED assemblics on two sides or four sides of the light guide (particularly if
iocal divaming is deswrable). As the design and construction of hight panels with hight guides

is known, additional discussions regarding the resultant light panels is not included herein.

10039%]  The depicted LED assembly 2 includes a strip 5 that can be formed of a standard
metal alloy (such as a copper-based alloy). A dielectric frame 20 is provided on the strip.
The frame can be less than 1 mm thick while having a length of more than 50 mm. It is
expected that the frame will have a length to thickness ratio of greater than 20 to 1 and more
likely will be greater than 50 to 1. The frame 20 includes a mounting side 20a. In an
embodiment, traces are placed on the diclectric frame with a laser direct structuring (LDS)
process and electroless plating. The traces can all be electrically connected to the strip 5,
cither by termainals 64 or by fingers 7, so that an clectrical potential can be applied to all the
traces and they can then be electroplated. Thus, the depicted embodiments can include
electroplated traces rather than just clectroless plated traces. One benefit of this is that it is
possible to provide fraces that can carry more current for a given width using electroplated

traces because the thickness of the coating can be readily increased.

{0040]  The frame 20 includes an integral connector 60 with the torminals 64, the terminals
64 being insert~-molded into the frame 20. To operation, the traces can be arranged so that
they are connected to the terminals 64 in the desired pattern.  As can be appreciated,
depending on the size of the frarae there will only be a limited amount of arca to route traces.
Therefore, for increased granularity of control {e.g., if it is desirable to selectively turn off or
dira certain LEDS) it may be desirable to have roore than one connector and associated

terminals.
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{0841}  Once the traces are formed, LEDs are placed on the mounting side of the frame 20
and connected to the appropriate traces to form the desired electrical circuit. Exemplary
embodiments of potential circuit designs are depicted schematically in Figs. 4-6. As can be
appreciated, Fig. 4 illustrates schematically that LEDs 151, 152, 153 mounted on the
mounting side 120a of frame 120 and the frame 120 includes certain traces that are also
positioned on top surface 120b. A bar 180 connects the various cathodes together. Thus Fig.
4 illustrates the use of a common negative trace and just uses separate anodes for cach LED.

Naturally, an anode can be shared with a group of LEDs of g particular color or location.

{0042}  Fig. S illustrates a schematic representation of three sides of frame (8 mounting
stde 120a, a top side 120b and a bottom side 120c). As depicted, LEDs 151, 152, 153 are
mounted on the mounting side 120a. Traces 171, 172 and 173 are provided on the mount
surface 120a and one of either the top side 120b or the botlom side 120¢ and serve, 1o
connection with common trace 174, to power the LEDSs. As can be appreciated, each of the
traces 171, 172, 173 are configured fo actuate two LEDs. If the LEDs are arranged to provide
an RGB output then LED 151 could be red, LED 152 could be green and LED 153 could be
bluc. The depicted embodiment thus allows the red, green and blue level to be separately
controtled for two sets of LEDs (a set could include one red, one green and one blue LED),
however, it 18 not possible with this configuration to scparately countrol the red, green and
blue output for cach set of LEDSs as the red, green and blue LEDs of the two sets of LEDs are

connected 1 parallel.

{0043]  As can be appreciated, the actual circuit design will vary depending on the nurober
of LEDs, whether there are multiple colors of LEDs, whether one or more of the LEDs need
to be connected in series, and the granularity of conirol over the LEDs that is desired. The
connection between the LEDs and the traces can be provided via conventioval wire bonds.
As noted above, the traces can be connected to terminals that are formed into a connector that
is wtegral with the frame and if additional granularity 1s desired then additional ferroinals can

be used.

{1044] It should be noted that while the use of three separate colors are discussed {e.g., the
depicted design s suitable for a typical RGB solution), solutions with additional LED colors
arc also contemplated. As can be appreciated, having a good red, green and blue LED is

sufficient to provide s white light but depending on the performance of the different colors of
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LEDs it may be desirable to have one or more additional colors incorporated into the
solution. In addition, if the LEDs are configured to provide white light {e.g., bhue pumps
configured to activate a phosphor coating, for example, or include dic that can produce
multiple wavelengths of light) then ounly one type of LED color (white) would be needed and
a simpler circuit couple be used. If local dimming is desirable, however, then even with the
use of white light producing LEDs it may be desirable to have regions of LEDs scparately

controtlable. Thus, the depicted circuit configurations are not intended to be limiting.

{1045]  Figs. 6-8B illustrate another embodiment of an LED assembly 202 is disclosed. A
frame 220 mcludes an LED array 250 connected to traces 270 that are oniginally connected to
strip 205 so that the traces 270 can be electroplated as discussed above. It should be noted
that once the traces are fully plated the strip 205 can be removed and the internal structure of

terminals and the pattern of traces can be used to provide the desired electrical circut.

{3046] Fig. 7 illustrates an colarged view of the frawe 220, which wncludes a mounting
side 220a, a top side 220b and a bottom side 220c. Traces 270 include trace 270a, 270b, 270¢
and 270d. As can be appreciated, cach trace extends along two sides {¢.g., trace 270a exteuds
along mounting side 220a and 220b). The traces 270 are connected to terminals by vias 277.
The traces 270 are configured to provide power to LEDs 251, 252, 253, which are arranged
as a red, green and bine LEDs. It should be noted that while each is depicted as a different
size, that size different 1s mainly for purposes of illustration. The LEDs could be different
sizes or all the same size, depending on the efficacy of cach LED and the desired amount of
power provided to cach LED. A strip 205 with apertures 206 1s used to support the frame

during the counstruction process and allows for the electroplating discussed above.

{3847}  As can be appreciated from Figs. 8-9B, terminals 207a, 207b, 207¢ extend from
strip 203 and are connected to the traces by the vias 277, Once electroplated, the strip 205
can be removed so that the terminals 207 can be isolated and the traces 270 and terrainals 207
can be used together to provide the desired clectrical pattern. The LEDs 251, 252, 253 can be
secured to the fraroe 220 and/or to the traces 270 and can elecirically connected to the fraces
270 with conventional wire bonding techniques. It should be noted certain traces can be
electrically connected to other traces by having both traces clectrically connected to the same
termminal.  In addition, a single trace, such as trace 270b, can be elecirically connected to

raultiple LEDs. Thus, as can be appreciated, relatively complex structures are possible and
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the configuration can provide a three-dimensional circuit. The actual structure will depend on

the desired circuit,

{3048]  Figs. 9-11 provide three schematics of potential diagraros that could be used. v
Fig. 9, a mounting side 320a, a top side 320b and a bottom side 320c are depicted. LEDs
351, 352 and 353 are provided and cach of these LEDs is a different color. Trace 371
connects LED 351 to a via 377 on the top side while traces 372, 373 connect LEDs 332, 353
to vias on the bottom side 320c. A common trace 374 (which can cxtend along 4 back of a
frame or be provided internally in the frame) connects all the LEDs to via 377, thus there is a

common cathode while the anodes are each scparate.

{004%]  Figs. 10 and 11 illustrate variations of the embodiment depicted in Fig. 9. Both
ilustrate a schematic representation with a mounting side 4280a, a top side 420b and a bottom
side 420¢. Both have the same LED 451 used multipie times (thus LED 451 15 an example of
a white light LED). The difference is that while both have vias 477a, 477b, 477¢, 477d
connected as the anode for different LEDs 451, the cathode via 477¢ is shared in Fig. 10
while there are separate cathode vias 477¢ associated with each LED 451 in Fig. 11, Thus,

the same LED array 450 can be powered by different configurations of traces.

{0058]  Figs. 12-16 iliustrate an embodiment that can advantage of separate traces for cach
LED. An LED asscrably 502 includes a carrier 520 and terminals 507 insert molded into the
carrier while an LED array 550 is provided on a mounting side 520a and the LED array 550
includes sets of LEDs 551, 552, 553 that can cach be configured to provide a different color
{c.g., red, green, blue) as previously discussed. Traces 570, which can be configured in
complex shapes as discussed above with respect to Figs. 6-8B, are provided on a tope side
520b and a botiom side b20¢ of the carrier 520. The terminals 507, which can be counfigured
similarly with different lengths and shapes like what was depicted in Figs. 6-8B, can be
connected to the traces 570 with vias 577 and extend out a back side S20d of the carrier 520
and can be configured to be soldered directly onto pads 504 on a PCB 503, As can be
appreciated, such a construction avowds the need for distinct connectors to a PCB 503, which
generally is needed to support a controller and other driver components. In addition, the
ability to have a substantial portion of the PCB positioned within the frame of the carnier

allows for a very low profile system where the eutire solution is less than three times the
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thickness of the PCB. Furthermore, it is possibic to contrel the LEDs with a very high degree

of gramularity. Thus, a nuruber of benefits can be realized by such a construction.

[0081]  Figs. 17-22 illustrate an ermbodiment of an LED assembly 602 that includes a flex
member 610 and the LED assembly 602 18 coupled to a light guide 695. In general, light
gutdes are planar and are typically contfigured so that hight is emitted from the surface of the
light guide in a substantially uniform nature. Thus, in general, light is directed into an edge
of the light guide by an LED assembly (e.g., in an A dircction} and then s divected out of &
planar surface {e.g., in a B direction} by the light guide. As depicted, for exampie, light is
directed frorn the LED assembly 602 by a light ramp 690, which includes a mating surface
694 that presses against the light guide and hight emits from planar surface 696 of the hight

guide 695 due to internal features of the light guide (not shown}.

{00852}  As can be appreciated, providing a light ramp that directs light from the LED array
on the frame to the light guide can help improve performance of the overall system. Notably,
if the light ramp has a mating surface that is configured to press against the light gunide and
that interface {s compliant then it is possible to provide a betier optical interface {e.g., an

interface with less loss of light) between the LEDs and the light guide.

{0853] A light ramp 690 is shown separable from the frame 620 and in an embodiment the
light ramp 690 could be formed separately and then pressed onto the frame.  Alternatively,
the light ramp 690 could be formed of a compliant silicon material that is molded over a
mounting side 620a of the frarac 620 and is configured to optically couple the LEDs to the
light guide. The light ramp 690 preferable will be configured so as to provide internal
reflections for the wave lengths being emitted from the LED array 650 wherever the hight

rarap 690 15 not pressed up against the hight guide 695,

{0854]  The frame 620 includes top side 620b and bottom side 620¢ and traces 670 and
vias 677 can be provided on the frame 620 in manner similar to the embodiments discussed
above so as to provide the desired electrical pattern. One difference is that a flex member
610 is msert-molded into the frame instead of terminals. Traces 670 are thus connected to
conductive lincs 611 by the vias 677, Flex member 610 can be a multi-layer flex that
includes multiple conductive lines 611 but unlike a PCHB, the flex member 610 is flextble and
thus can be bent or shaped into a desired orientation.  As can be appreciated, for displays

where it is desirable to have the visual screen extend to nearly the edge of the device, such a

-9.
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construction will allow the flex member 610 to be folded over and just the frame and light
guide can be positioned outside of the actual display. Thus can allow for a relatively thin
bezel (the frame and light ramp can be configured to be in the range of about 5 mm or less

from the back of the frame to the front of the hight rarap) around the display.

[6855]  Thus, while the depicted embodiment of the flex member shows the conductive
lines extend foward an edge {¢c.g., they make a 00 degree tum to one side), the conductive
lines in the flex member could extend straight back and due to the ability to bend the flex
member, the flex member could connect to a circuit board in a manner similar fo that

depicted in Figs. 27A or 27B.

{0036}  For cxample, g frame 820 could be coupled to a PCB 803 by a curved tlex raember
810 or by a flex mewber 8107 that has sharper angles formed into 1. As the use of flex
members are well known, no further discussion regarding the design and construction of them

is provided herem.

{0087} Unlike the configuration depicied 1o Figs. 12-016, the conductive lines 611 can be
provided in groups 610a, 610b that are configured to control sets of LEDs. Thus one
conductive line (assurning the cathode was a shared line as discussed above) could power
ong, two or more LEDs at the same time and the LEDSs being powered could cach be in
paraliel or i serics. For example, the embodiment depicted in Figs. 17-22 15 provided with
enough conductors to control 8 sets of LEDs. As can be appreciated, a portion of the LED
asscrnbly with § sets of LEDs can be contigured so as to have 24 LEDs spaced apart so that
the sets of LEDs, where each set of LEDs mncludes one red, one green and one blue LED, are
provided every 2.5 mm. I the colors are controlled separately, the controlling 8 sets of LEDs
at the same timae can provide granuvlavity of about 20 mm {e.g., the amount of red, green
and/or blue light being emitted could be controlled separately over a 20 mim distance). Thus,
the granularity of cootrol would be about 20 rom.  Alfernatively, if each set of LEDs was
controlled separately then the granularity could be 2.5 mum. Depending on the configuration
of the display and the desirability/use of local dimming the increased granularity way or may

not be beneficial,

{30S8]  Figs. 23-26 illustrate an embodiment of an LED assembly 702 that has a frame 720
that supports an LED array 750. The frame 720 supports scts of termunals 707 that are

configured to be solder attached to a printed circuit board. The frame 720 includes traces 770

- 10~
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on top side 720b and bottom side 720c and includes vias 777 that connect the traces 770 to
other traces or to internal conductors so as to allow for control of LEDs 751, 752, 753 {which
are depicted as being arranged in sets of red, green and blue LEDs) that are provided on a
mounting side 720a of the frame 720. As can be appreciated, the number of terminals 18
stmilar to the number of conductive Hues provided in the embodiment depicted in Figs. 17-
22. Thus, the use of separate ternunals for cach LED, such as depicted in Figs. 12-16 can be
replaced with an embodiment that uses a lesser number of terminals that are electrically
connected to a plurality of LEDs {cither in serics or in parallel) such as is provided in LED
assembly 702 depicted in Figs. 23-26. Such an LED assembly will naturally provide less
granularity regarding the ability to countrol cach LED mdividually but will alse require less
counections to a supporting board, thus application level design issues will hikely dictate

which approach is to be used.

100597  Thus, as can appreciated from the depicted circuits, a large degree of flexibility is
enabled by the depicted features and they can be combined together so as to provide a large
mumber of different combinations.  Thus, as noted above, the particular configurations

depicted, unless otherwise noted, are not intended to be himiting.

{08606] The disclosure provided herein describes features in terms of preferred and
exemplary embodiments thereof.  Numerous other embodiments, wodifications and
vartations within the scope and spirit of the appended claims will occur to persons of ordinary

skill in the art from a review of this disclosure.
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We claim:

1. An LED assembly, comprising:

a framoe extending in a first direction, the frame having a leongth and a thickness so as
to define a mounting side, the frame further including a top surface and a bottom surface;

a plurality of traces provided on the frame, the traces being electroplated, at least one
of the plurality of traces being provided on one of the top surface and the bottom surface; and

a plurality of LED positioned 1n a row on the mounting side, the plurality of LEDs

connected to the electroplated traces.

2. The LED assembly of claim 1, further comprising a connector integrally
formed into the frame, the connector including a plurality of termunals that are electrically

connected to the electroplated traces.

-~

3. The LED assembly of claim 2, wherein the plurality of termiinals extend out a

back side of the frame.

4. The LED assembly of claim 3, further comprising a circuit board with a
plurality of contact pads positioned on a first surface, wheren the terromals are soldered to

the contact pads.

5. The LED assembly of claim 2, wherein the plurality of LEDs includes sets of
LEDs and the plurahity of terminals are provided in pairs, wherein cach pair of the terminals
is electrically connected to at least two LEDs of the plurality of LEDs, the at least two LEDs

being connected 11 serics.

6. The LED asscrably of claim 1, further comprising a flex mernber positioned in
the frame, the flex member including line conductors that are electrically connected to the
electroplated traces.

7. The LED assembly of claim 6, wherein at least two LEDs of the plurality of
LEDs are covnuected i series, the at least two LEDs being configured to be powered by a pawr

of line conductors provided by the flex member.

5. An LED assembly, comprising:
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a frame extending in a first direction, the frame having a length and a thickness so as
to define a mounting side;

traces provided on the frame, the traces being electroplated;

a plurality of LEDs posttioned i a row ou the mounting side, the plarality of LEDs
connected to the electroplated traces; and

a light rarap provided over the LEDs, the light ramp including a mating surface
configured, in operation, to mate with a light guide, the light ramp configured to direct light
emitied by the plurality of LEDs toward a mating surface, the mating surface being

compliant.

8. The LED assembly of claim 8, wherein the frame supports a plorality of
terminals and all the traces are electrically connected to at least one of the pharality of

terminals.

10, The LED asscmbly of claiva 9, wherein the termunals are configured to provide
a plurality of anodes and cathodes and the plurality of LEDs are configured so that at least
two LEDs of the plorality of LEDs are electrically connected between cach anode and

cathode.

1. The LED assembly of claim 10, wherein the at least two LEDs are connected

12, The LED asscmbly of clairo 8, wherein the frame supports a flex circuit that
includes a plurality of conductors and all the traces are electrically connected to at least one

of the plurality of conductors.
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