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METHOD OF MANUFACTURING AN AUGMENTED LED ARRAY ASSEMBLY

FIELD OF INVENTION

[0001] The disclosure describes a method of manufacturing an augmented LED array
assembly.

BACKGROUND
[0002] High-lumen light-emitting diode (LED) arrays may be used in lighting applications,

such as automotive front lighting applications. For example, an adaptive drive beam system can be

realized using an LED array.

SUMMARY

[0003] An LED array assembly includes a hybridized device and a flexible PCB. The
hybridized device includes a micro-LED array mounted on a driver IC. The driver |C includes driver IC
contact pads on a top surface of the driver IC. The flexible PCB has a bottom surface, first contact
pads on the bottom surface, second contact pads on the bottom surface, and contact bridges. Each
of the contact bridges extends from one of the first contact pads to one of the second contact pads.
Each of the driver IC contact pads is bonded to a corresponding one of the first contact pads of the
flexible PCB.

BRIEF DESCRIPTION OF THE DRAWING

[0004] Fig. 1A is a top view of an example LED array;

[0005] Fig. 1B shows a cross-section through an embodiment of an augmented LED array
assembly;

[0006] Fig. 2 shows a cross-section through a contact bridge carrier of an augmented LED

array assembly;

[0007] Fig. 3 shows a plan view of an embodiment of an augmented LED array assembly;
[0008] Fig. 4 shows a plan view of a further embodiment of an augmented LED array
assembly;

[0009] Fig. 5 shows a cross-section through an embodiment of an LED lighting circuit;
[0010] Fig. 6 shows a prior art LED lighting circuit;

[0011] Fig. 7 is a diagram of an example vehicle headlamp system;

[0012] Fig. 8 is a diagram of another example vehicle headlamp system;
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[0013] Fig. 9 is a flow diagram of an example method of manufacturing an augmented LED
array assembly; and
[0014] Fig. 10 is a flow diagram of an example method of manufacturing an LED lighting

circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] Examples of different light illumination systems and/or light emitting diode (‘LED”)
implementations will be described more fully hereinafter with reference to the accompanying drawings.
These examples are not mutually exclusive, and features found in one example may be combined
with features found in one or more other examples to achieve additional implementations. Accordingly,
it will be understood that the examples shown in the accompanying drawings are provided for
illustrative purposes only and they are not intended to limit the disclosure in any way. Like numbers
refer to like elements throughout.

[0016] It will be understood that, although the terms first, second, third, etc. may be used
herein to describe various elements, these elements should not be limited by these terms. These
terms may be used to distinguish one element from another. For example, a first element may be
termed a second element and a second element may be termed a first element without departing from
the scope of the present invention. As used herein, the term “"and/or* may include any and all
combinations of one or more of the associated listed items.

[0017] It will be understood that when an element such as a layer, region, or substrate is
referred to as being "on" or extending "onto" another element, it may be directly on or extend directly
onto the other element or intervening elements may also be present. In contrast, when an element is
referred to as being "directly on" or extending "directly onto" another element, there may be no
intervening elements present. It will also be understood that when an element is referred to as being
“connected" or “coupled” to another element, it may be directly connected or coupled to the other
element and/or connected or coupled to the other element via one or more intervening elements. In
contrast, when an element is referred to as being "directly connected" or "directly coupled” to another
element, there are no intervening elements present between the element and the other element. It will
be understood that these terms are intended to encompass different orientations of the element in

addition to any orientation depicted in the figures.

[0018] Relative terms such as "below," "above," "upper,", “lower," "horizontal" or "vertical"
may be used herein to describe a relationship of one element, layer, or region to another element,
layer, or region as illustrated in the figures. It will be understood that these terms are intended to

encompass different orientations of the device in addition to the orientation depicted in the figures.
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[0019] Further, whether the LEDs, LED arrays, electrical components and/or electronic
components are housed on one, two or more electronics boards may also depend on design
constraints and/or application.

[0020] An LED array may have a low pixel count, for example 10 — 80 single-die LEDs
arranged in an array formation. For an LED array with a high pixel count, which may provide for greater
resolution, it may be preferred to implement a fully integrated micro-LED device with several thousand
LEDs or pixels.

[0021] Such a micro-LED device may be provided in an assembly that includes a monolithic
micro-LED array on top of a driver integrated circuit (IC) such as a complementary metal oxide
semiconductor (CMOS) IC, which may control the individual pixels of the LED array. Such a micro-
LED assembly or LED array assembly should be incorporated in the system under consideration of
the required electrical and thermal interfaces. The micro-LED assembly may also be connected to
other circuitry on a printed circuit board (PCB), which may provide the electrical connections to control
circuitry. A heat spreader may also be provided to dissipate heat from the LED array during operation.
[0022] Such an LED array assembly may need to first be attached to the heatsink before it
can be connected to the PCB. The electrical connections to the PCB may be made using wire bonds.
However, such assembly steps may be expensive, and it can be difficult to accurately form a large
number of wire bonds in the confined space available. Embodiments described herein, therefore,
provide for improved mechanisms for incorporating an LED array assembly into a lighting circuit.
[0023] Figure 1A is a top view of an example LED array 102. In the example illustrated in
Figure 1A, the LED array 102 is an array of emitters 124. LED arrays may be used for any application,
such as those requiring precision control of LED array emitters. Emitters 124 in the LED array 102
may be individually addressable or may be addressable in groups/subsets.

[0024] An exploded view of a 3x3 portion of the LED array 102 is also shown in Figure 1A.
As shown in the 3x3 portion exploded view, the LED array 102 may include emitters 124 that each
have a width w1. In embodiments, the width w1 may be approximately 100pm or less (e.g., 40 pm).
Lanes 122 between the emitters 124 may be a width, wa, wide. In embodiments, the width w. may be
approximately 20um or less (e.g., 5ym). The lanes 122 may provide an air gap between adjacent
emitters or may contain other material. A distance d1 from the center of one emitter 124 to the center
of an adjacent emitter 124 may be approximately 120um or less (e.g., 45um). It will be understood
that the widths and distances provided herein are examples only and that actual widths and/or
dimensions may vary.

[0025] It will be understood that, although rectangular emitters arranged in a symmetric

matrix are shown in Figure 1A, emitters of any shape and arrangement may be applied to the
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embodiments described herein. For example, the LED array 102 of Figure 1A may include over 20,000
emitters in any applicable arrangement, such as a 200x100 matrix, a symmetric matrix, a non-
symmetric matrix, or the like. It will also be understood that multiple sets of emitters, matrixes, and/or
boards may be arranged in any applicable format to implement the embodiments described herein.
[0026] As mentioned above, LED arrays, such as the LED array 102, may include up to
20,000 or more emitters. Such arrays may have a surface area of 90 mm2 or greater and may require
significant power to power them, such as 60 watts or more. An LED array such as this may be referred
to as a micro LED array or simply a micro LED. A micro LED may include an array of individual emitters
provided on a substrate or may be a single silicon wafer or die divided into segments that form the
emitters. The latter type of micro LED may be referred to as a monalithic LED.

[0027] Figure 1B shows an embodiment of an augmented LED array assembly 1, and shows
hybridized device 140 configured for inclusion in an LED lighting circuit. In the example illustrated in
Figure 1B, the hybridized device 140 includes an LED array 10, such as the micro-LED array 102 of
Figure 1A, mounted onto a driver integrated circuit 11. In one or more embodiments, the micro-LED
array may include an array of micrometer-scale LED pixels. In embodiments, the pixel size may be
less than 100 um and may even be in the order of 1 pm. The micro-LED array may be provided as a
single die with a two-dimensional array of LEDs or as an array of individual dies. The micro-LED array
can be mounted onto the driver IC in a die-on-die assembly using soldering interconnection such as
solder bumps, micro bumps, copper pillar bumps, etc. A micro-LED array of such an LED assembly
may have a rated power in the order of 60 W.

[0028] In embodiments, the driver IC 11 may be realized using CMOS semiconductor
manufacturing processes. Such a driver IC may simply be referred to as a CMOS driver IC. In one or
more non-limiting embodiments, the driver integrated circuit is a CMOS driver IC. The driver IC 11
may also be referred to as a silicon backplane herein.

[0029] In some embodiments, the micro-LED array has been mounted to the driver IC, for
example in a reflow-solder procedure. The driver IC may be essentially square or rectangular when
viewed from above and may have an arrangement of contact pads near all four edges of its upper
face, for example, 50 - 200 contact pads distributed along the edges of the CMOS IC to drive a micro-
LED array with 1,000 — 20,000 LEDs. The micro-LED array may be centered on the upper surface of
the driver IC.

[0030] An augmented LED array assembly, according to one or more embodiments, may be
understood to mean that the hybridized device is augmented by the planar contact bridge carrier and
that the completed augmented LED array assembly can be handled as a separate component. Thus,

in some embodiments, the second contact pads of the contact bridge carrier may essentially be
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electrical connections to the driver IC contact pads. In a subsequent manufacturing stage, the
augmented LED array assembly may be easily mounted in a lighting circuit since there will not be any
need to form wire bonds to the driver IC contact pads.

[0031] In some embodiments, an augmented LED array assembly may enable the planar
contact bridge carrier to be used to assist in handling the assembly. For example, a tool, such as a
pick-and-place machine, can apply suction against the upper surface of the contact bridge carrier to
hold the assembly when moving it from one location to another. Such ease of handling may ensure
that damage to the assembly, such as the emission face of the LED array, can be avoided. This may
be in contrast to conventional assemblies, in which an LED assembly may not include the contacts
that may later be needed to connect to a PC, and for which these contacts must later be made using
wire bonds after the LED assembly is mounted onto the heatsink. Augmented LED array assemblies,
such as described herein, however, may already include the contacts in the form of the contact bridge
carrier such that the process of connecting the augmented LED array assembly to a PCB may be
greatly simplified.

[0032] In embodiments, the augmented LED array assembly may include a number of
passive circuit components, such as capacitors and resistors, mounted on the contact bridge carrier.
[0033] Figure 2 illustrates a manufacturing stage of the augmented LED array assembly 1,
and shows a flexible contact bridge carrier 12 relative to one side of the driver IC 11. The driver IC 11
may include contact pads 11C, such as gold bumps of a ball grid array (BGA), which may serve to
electrically connect the driver IC 11 to external circuitry.

[0034] In some embodiments, the contact bridge carrier 12 may be an essentially planar
flexible carrier with a number of contact bridges 120. In some embodiments, the contact bridge
carrier 12 may be a thin flexible PCB with contact bridges 120 in its interior. A contact bridge 120 may
extend between a first inner contact pad 120C_a and a second outer contact pad 120C_b. The contact
pads 120C_a, 120C_b can be made by depositing or printing copper or any other suitable metal.
[0035] In embodiments, the contact bridge carrier 12 may be a single-layer carrier where
the contact bridges are printed or deposited as conductive tracks on one face of the carrier, such as
its lower face. In embodiments, the contact bridge carrier can include a multi-layer substrate with the
contact bridges formed in an interior layer of the carrier. The outer layers of the flexible PCB may be
a suitable material, such as polyimide. In some embodiments, the contact bridge carrier may be
flexible with thin conductive tracks enclosed in layers of a material, such as polyimide.

[0036] Each contact pad 11C of the driver IC 11 may be soldered or bonded to an inner
contact pad 120C_a of the contact bridge carrier 12 to achieve a permanent bond 1B, as shown in

Figure 1B, which also indicates an underfill 16 applied to the solder bond 1B in order to prevent
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damage to the electrical connection during handling of the assembly 1. In the example illustrated in
Figure 1B, the upper face 12F of the contact bridge carrier 12 is no higher than the emission face 10F
of the micro-LED array 10. The underfill 16 may be used, for example, because the planar carrier
may be very thin and have an inherent degree of flexibility. In such embodiments, the underfill 16
may protect the solder bonds at the first contact pads of the contact bridge carrier. The underfill 16
may completely surround a solder bond or may be applied along one or more sides of a solder bond,
for example.

[0037] Figure 3 shows a plan view of an embodiment of an augmented LED array
assembly 1. In the example illustrated in Figure 3, the contact bridge carrier 12 has four sections 12a,
12b, 12c and 12d arranged along the four sides of the LED array assembly 1. Each carrier section
12a, 12b, 12¢c and 12d can connect one quarter of the driver contacts to a circuit board assembly. A
number of contact pads 120C_a, 120C_b and contact bridges 120 are indicated by the broken lines
on the right-hand carrier section 12b.

[0038] In embodiments, the number of sections may be more than four or less than four
(e.g., two L-shaped contact bridge carriers or up to four sections). Each section may extend outwards
in the direction of the PCB to which the LED assembly will be connected.

[0039] Figure 4 shows a plan view of a further embodiment of an augmented LED array
assembly 1. In the example illustrated in Figure 4, the planar carrier has the form of a square collar
and extends about the four sides of the LED array assembly 1. The outer perimeter of the driver IC
11 is indicated by the dotted line.

[0040] In embodiments, the square collar may include a square aperture for the light-emitting
surface of the micro-LED array and may have first contact pads along all four inner edges and second
contact pads along all four outer edges.

[0041] Figure 5 shows an embodiment of a LED lighting circuit 3 at a manufacturing stage.
In the example illustrated in Figure 5, the LED lighting circuit 3 includes a circuit board assembly 2
with a circuit board 20 mounted onto a heat spreader 21. The circuit board 20 may have contact pads
20C configured for electrical connections to the driver IC 11 of the LED array assembly 1.

[0042] In some embodiments, the circuit board 20 may be a PCB that is formed to receive
an LED assembly. Such a PCB may be formed to have a cut-out that is large enough to receive the
LED assembly.

[0043] Figure 5 shows an embodiment of an augmented LED array assembly 1 after forming
a thermal bond 13 between the driver IC 11 and the heat spreader 21 of the circuit board assembly 2.
In this embodiment, the heat spreader 21 is shaped to have a raised seat 210 configured to receive

the driver IC 11. On the left-hand side of the diagram, the outer or second contact pad 120C_b of the
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flexible carrier 12 is about to be soldered to a corresponding contact pad 20C of the circuit board 20.
To this end, a hot bar soldering tool may press the flexible carrier 12 towards the circuit board 20,
while applying heat. The combination of heat and pressure may bond the second contact pad 120C_b
to the PCB contact pad 20C. On the right-hand side of the diagram, the outer or second contact pad
120C_b of the flexible carrier 12 has already been soldered to a corresponding contact pad 20C of
the circuit board 20. The flexibility of the carrier 12 may make it easy to form the bonds and may also
allow a considerable difference in height to be overcome.

[0044] In some embodiments, the LED lighting circuit may make it simple to make the
electrical connections between contact pads of the PCB and the second contact pads of the contact
bridge carrier. It may also be relatively easy to design the contact bridge carrier so that, when the
augmented LED array assembly is put into place, the set of second contact pads of the contact bridge
carrier are aligned with high precision over the PCB contact pads. A precise alignment may ensure
that solder connections can be easily and accurately made.

[0045] In some embodiments, the circuit board 20 may include an aperture exposing a
region of the heat spreader 21, and the aperture may be shaped to accommodate the LED array
assembly 11. The clearance can serve to improve heat dissipation during operation. In embodiments,
the pedestal 210 may extend upward into the aperture.

[0046] Figure 6 shows an LED lighting circuit 6 with a driver IC 11 mounted on a heat sink
61 arranged in an aperture of a circuit board 20. In the example illustrated in Figure 6, wire bonds 60
are used to connect the contact pads 20C of the circuit board 20 to contact pads 11C of the driver IC
11. This type of assembly can be expensive when the driver IC 11 has many contact pads 11C, for
example 200 contact pads 11C, requiring 200 wire bonds 60.

[0047] The contact bridge carrier described herein may provide an improvement over the
conventional approach of using wire bonds to connect an LED assembly to a PCB. However, the
contact bridge carrier may not be restricted to providing bridges between PCB contacts and driver IC
contacts. In some embodiments, the contact bridge carrier may also include conductive tracks for
additional switching circuitry. Such tracks can be embedded in the body of the carrier, with contact
pads at the upper or lower surface of the carrier, as appropriate. One or more embodiments of an
augmented LED assembly can also include a number of switching circuit components mounted onto
the contact bridge carrier. In this way, part of the control circuitry that would otherwise be provided on
the PCB can instead be provided on the contact bridge carrier. With such an embodiment, the PCB
of the lighting circuit can be smaller than the PCB of a comparable conventional lighting circuit.
Furthermore, because the switching circuit components can be closer to the CMOS IC, this can reduce
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[0048] Figure 7 is a diagram of an example vehicle headlamp system 300 that may
incorporate the augmented LED array assembly 1. The example vehicle headlamp system 300
illustrated in Figure 7 includes power lines 302, a data bus 304, an input filter and protection module
306, a bus transceiver 308, a sensor module 310, an LED direct current to direct current (DC/DC)
module 312, a logic low-dropout (LDO) module 314, a micro-controller 316 and an active head lamp
318. In embodiments, the active head lamp 318 may include an augmented LED array assembly 1,
such as described herein.

[0049] The power lines 302 may have inputs that receive power from a vehicle, and the data
bus 304 may have inputs/outputs over which data may be exchanged between the vehicle and the
vehicle headlamp system 300. For example, the vehicle headlamp system 300 may receive
instructions from other locations in the vehicle, such as instructions to turn on turn signaling or turn on
headlamps, and may send feedback to other locations in the vehicle if desired. The sensor module
310 may be communicatively coupled to the data bus 304 and may provide additional data to the
vehicle headlamp system 300 or other locations in the vehicle related to, for example, environmental
conditions (e.g., time of day, rain, fog, or ambient light levels), vehicle state (e.g., parked, in-motion,
speed of motion, or direction of motion), and presence/position of other objects (e.g., vehicles or
pedestrians). A headlamp controller that is separate from any vehicle controller communicatively
coupled to the vehicle data bus may also be included in the vehicle headlamp system 300. In Figure
7, the headlamp controller may be a micro-controller, such as micro-controller (uc) 316. The micro-
controller 316 may be communicatively coupled to the data bus 304.

[0050] The input filter and protection module 306 may be electrically coupled to the power
lines 302 and may, for example, support various filters to reduce conducted emissions and provide
power immunity. Additionally, the input filter and protection module 306 may provide electrostatic
discharge (ESD) protection, load-dump protection, alternator field decay protection, and/or reverse
polarity protection.

[0051] The LED DC/DC module 312 may be coupled between the filter and protection
module 306 and the active headlamp 318 to receive filtered power and provide a drive current to
power LEDs in the LED array in the active headlamp 318. The LED DC/DC module 312 may have
an input voltage between 7 and 18 volts with a nominal voltage of approximately 13.2 volts and an
output voltage that may be slightly higher (e.g., 0.3 volts) than a maximum voltage for the LED array
(e.g., as determined by factor or local calibration and operating condition adjustments due to load,
temperature or other factors).

[0052] The logic LDO module 314 may be coupled to the input filter and protection module

306 to receive the filtered power. The logic LDO module 314 may also be coupled to the micro-
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controller 314 and the active headlamp 318 to provide power to the micro-controller 314 and/or the
silicon backplane (e.g., CMOS logic) in the active headlamp 318.

[0053] The bus transceiver 308 may have, for example, a universal asynchronous receiver
transmitter (UART) or serial peripheral interface (SPI) interface and may be coupled to the micro-
controller 316. The micro-controller 316 may translate vehicle input based on, or including, data from
the sensor module 310. The translated vehicle input may include a video signal that is transferrable
to an image buffer in the active headlamp module 318. In addition, the micro-controller 316 may load
default image frames and test for open/short pixels during startup. In embodiments, an SPI interface
may load an image buffer in CMOS. Image frames may be full frame, differential or partial frames.
Other features of micro-controller 316 may include control interface monitoring of CMOS status,
including die temperature, as well as logic LDO output. In embodiments, LED DC/DC output may be
dynamically controlled to minimize headroom. In addition to providing image frame data, other
headlamp functions, such as complementary use in conjunction with side marker or turn signal lights,
and/or activation of daytime running lights, may also be controlled.

[0054] Figure 8 is a diagram of another example vehicle headlamp system 400. The
example vehicle headlamp system 400 illustrated in Figure 8 includes an application platform 402,
two LED lighting systems 406 and 408, and optics 410 and 412. The two LED lighting systems 406
and 408 may be augmented LED array assemblies, such as the augmented LED array assembly 1,
or may include the augmented LED array assembly 1 plus some of all of the other modules in the
vehicle headlamp system 300 of Figure 7. In the latter embodiment, the LED lighting systems 406
and 408 may be vehicle headlamp sub-systems.

[0055] The LED lighting system 408 may emit light beams 414 (shown between arrows 414a
and 414b in Fig. 4). The LED lighting system 406 may emit light beams 416 (shown between arrows
416a and 416b in Fig. 4). In the embodiment shown in Figure 8, a secondary optic 410 is adjacent
the LED lighting system 408, and the light emitted from the LED lighting system 408 passes through
the secondary optic 410. Similarly, a secondary optic 412 is adjacent the LED lighting system 412,
and the light emitted from the LED lighting system 412 passes through the secondary optic 412. In
alternative embodiments, no secondary optics 410/412 are provided in the vehicle headlamp system.
[0056] Where included, the secondary optics 410/412 may be or include one or more light
guides. The one or more light guides may be edge lit or may have an interior opening that defines an
interior edge of the light guide. LED lighting systems 408 and 406 (or the active headlamp of a vehicle
headlamp sub-system) may be inserted in the interior openings of the one or more light guides such
that they inject light into the interior edge (interior opening light guide) or exterior edge (edge lit light

guide) of the one or more light guides. In embodiments, the one or more light guides may shape the
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light emitted by the LED lighting systems 408 and 406 in a desired manner, such as, for example, with
a gradient, a chamfered distribution, a narrow distribution, a wide distribution, or an angular
distribution.

[0057] The application platform 402 may provide power and/or data to the LED lighting
systems 406 and/or 408 via lines 404, which may include one or more or a portion of the power lines
302 and the data bus 304 of Figure 7. One or more sensors (which may be the sensors in the system
300 or other additional sensors) may be internal or external to the housing of the application platform
402. Alternatively, or in addition, as shown in the example LED lighting system 300 of Figure 7, each
LED lighting system 408 and 406 may include its own sensor module, connectivity and control module,
power module, and/or LED array.

[0058] In embodiments, the vehicle headlamp system 400 may represent an automobile with
steerable light beams where LEDs may be selectively activated to provide steerable light. For
example, an array of LEDs (e.g., the LED array 102) may be used to define or project a shape or
pattern or illuminate only selected sections of a roadway. In an example embodiment, infrared
cameras or detector pixels within LED systems 406 and 408 may be sensors (e.g., similar to sensors
in the sensor module 310 of Figure 7) that identify portions of a scene (e.g., roadway or pedestrian
crossing) that require illumination.

[0059] Figure 9 is a flow diagram 900 of an example method of manufacturing an augmented
LED array assembly. In the example illustrated in Figure 9, the method includes providing a hybridized
device (902). The hybridized device may include a micro-LED array mounted onto a driver integrated
circuit. The driver integrated circuit may include a number of driver integrated circuit contact pads on
a top surface of the driver integrated circuit.

[0060] The method may also include providing a flexible PCB (904). The flexible PCB may
have a bottom surface, a number of first contact pads on the bottom surface, a number of second
contact pads on the bottom surface, and a number of contact bridges. Each of the contact bridges
may extend between one of the first contact pads and one of the second contact pads.

[0061] The method may also include mounting the flexible e PCB to the hybridized device
(906). This may be done, for example, by forming solder bonds between the first contact pads of the
flexible PCB and the driver integrated circuit contact pads.

[0062] Figure 10 is a flow diagram 1000 of an example method of manufacturing an LED
lighting circuit. In the example illustrated in Figure 10, the method includes providing an LED array
assembly (1002). In embodiments. The LED array assembly may include an LED array assembly
and a flexible PCB. The LED array assembly may include a micro-LED array mounted on a driver IC.

The driver IC may include driver |C contact pads on a top surface of the driver IC. The LED array
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assembly may also include a flexible PCB that has a bottom surface, a number of first contact pads
on the bottom surface, a number of second contact pads on the bottom surface, and a number of
contact bridges. Each of the contact bridges may extend from one of the first contact pads to one of
the second contact pads. Each of the driver IC contact pads may be bonded to a corresponding one
of the first contact pads of the flexible PCB.

[0063] The method may also include providing a circuit board assembly (1004). The circuit
board assembly may include a circuit board mounted onto a heat spreader and circuit board assembly
contact pads.

[0064] The method may also include mounting the LED array assembly to a heat spreader
(1006). This may be done, for example, by first applying a thermally-conductive adhesive layer to a
dedicated mounting surface of the heat spreader. This mounting surface can be a region of the heat
spreader exposed by an aperture in the PCB. The thermally-conductive adhesive layer may be any
of a layer of thermally conductive glue, a thermal paste, a silver thermal compound, a double-sided
adhesive tape, etc. In embodiments, a heat-curable thermal adhesive may be used. In this case, the
mounting the augmented LED array assembly to the heat spreader may be followed by oven-curing
the thermally-conductive adhesive layer.

[0065] The method may also include bonding the second contact pads of the flexible PCB
to the circuit board (1008). This may be done, for example, by hot bar soldering. To this end, one or
both sets of contact pads may be coated with a solder filler metal. Assuming the contact pads of each
pair are in alignment, they can be permanently bonded together by simply applying pressure and heat.
This can be done by pressing the heated tip of a tool (e.g., hot bar) onto the upper face of the contact
bridge carrier.

[0066] In some embodiments, the flexible contact bridge carrier may be used to
accommodate a height difference of, for example, several millimeters between its outer perimeter and
the upper face of the PCB. With a sufficiently flexible contact bridge carrier, the outer perimeter may
be deflected downwards during a bonding step, such as described above.

[0067] Having described the embodiments in detail, those skilled in the art will appreciate
that, given the present description, modifications may be made to the embodiments described herein
without departing from the spirit of the inventive concept. Therefore, it is not intended that the scope

of the invention be limited to the specific embodiments illustrated and described.

* * *
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