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Description

Field of the invention

[0001] The present disclosure relates to color chang-
ing light-emitting device packages.

Background

[0002] For instance, US2016190110A1 describes a
method for producing an optoelectronic semiconductor
chip. A semiconductor body has a pixel area, which has
at least two different subpixel areas. An electrically con-
ductive layer is applied to the radiation outlet surface of
at least one subpixel area. The electrically conductive
layer is designed to at least partially salify with a protic
reaction partner. A conversion layer is deposited onto
the electrically conductive layer by means of a electro-
phoresis process.
[0003] DE102014112769A1 describes a method for
producing an optoelectronic semiconductor component,
comprising the following steps: provision of a semicon-
ductor body; application of a photoconductive layer to a
radiation output surface of the semiconductor body, said
semiconductor body being designed to emit electromag-
netic radiation during operation; irradiation of at least one
sub-region of the photoconductive layer using electro-
magnetic radiation that is produced by the semiconductor
body; deposition of a conversion layer on the sub-region
of the photoconductive layer, by means of electrophore-
sis.
[0004] US2012081033A1 describes a white light emit-
ting diode comprising a light emitting diode chip for emit-
ting a blue light, a first wavelength conversion layer and
a second wavelength conversion layer. The light emitting
diode chip comprises a first lighting area and a second
lighting area through which at least two currents flow,
respectively. The first wavelength conversion layer is
coated on the first lighting area and generates a first con-
version light upon excitation by the blue light. The second
wavelength conversion layer is coated on the second
lighting area and generates a second conversion light
upon excitation by the blue light. The amount of the cur-
rents can be controlled to modify the luminescence in-
tensity of each light area, thus adjusting the color tem-
perature of the white LED.
[0005] US2010109575A1 describes a color variable
light-emitting device which has circuitry with connectors
provided to independently address at least one of three
sets with at least two light emitting diodes interconnected
in series. The light-emitting device comprises a light-
emitting diode die with junctions on one side of a growth
substrate and wavelength converters on the other side
of said growth substrate.

Addressable Color Changeable LED Structure

[0006] There are several ways to construct a color

changing light-emitting device package. A number of in-
dividual light-emitting diodes (LEDs) of different colors
can be placed under a single primary optic. However,
this presents difficulties in mixing the colors. If there is
no mixing, some primary optics will project the different
colors into different directions. When mixing is added, it
makes the effective source size larger or compromises
the design of the primary optics. The result is that either
the beam control is worsened or a larger primary optic is
required. These affect the overall performance, form fac-
tor, and price of the package.
[0007] Alternatively, a number of individual LEDs of
different colors can be each placed under its own primary
optic. In this case, the beams may not completely overlap,
especially at close distances. This can create a color ar-
tifact near the border of shadows. Also, this introduces
a limitation on the optical design. More than one primary
optic is needed and this may not be preferred aestheti-
cally. This is the current solution for color-changing flash
modules.
[0008] A LED light source based on LED pixels has
been discussed for displays, such as a low power ad-
dressable LED arrays for color changeable displays. U.S.
Patent No. 9,041,025 discloses LED pixels arranged in
groups of four pixels, with the LEDs emitting a single
color of light for all pixels. A mold positioned over the
LED pixels accepts phosphors for the individual LED pix-
els in each group. The phosphors in the mold transmit at
least three (3) primary colors for respective ones of the
LED pixels in each group. A fourth LED pixel in the group
can transmit white light.

High Power Addressable LED Structure

[0009] A LED light source based on addressable indi-
vidual or groups of LED pixels that can be turned on or
off has been discussed.
[0010] A number of individual LEDs can be placed near
each other in an array, each under their own primary
optic. However, this requires a large number of LEDs and
primary optics, and will take a lot of space.
[0011] Osram’s Micro Advanced Forward-lighting Sys-
tem (mAFS) concept discloses a multi pixel flip chip LED
array directly mounted to an active driver integrated cir-
cuit (IC). A total of 1024 pixels can be individually ad-
dressed through a serial data bus. Several of these units
can be integrated in a prototype headlamp to enable ad-
vanced light distribution patterns in an evaluation vehicle.
[0012] Vehicle manufacturers have realized the ad-
vantages of selectively addressable LED arrays for head-
lights. For example, U.S. Patent No. 8,314,558 discloses
a vehicle headlamp having a plurality of LEDs positioned
into an array. The array has at least one row and at least
two columns with each LED positioned at an intersection
of a row and a column. A LED is illuminated by selectively
applying a signal to the row and a signal to the column
corresponding to the position of the LED.
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High Tuneability LEDs with Phosphors Deposited on Wa-
fer

[0013] It is difficult to coat different types of phosphors
on LED pixels on the same wafer or tile when the LED
pixels are in close proximity to each other. Phosphors for
one LED pixel may spill over and mix with phosphors of
a neighboring LED pixel. Furthermore, light crosstalk be-
tween phosphors of neighboring LED pixels varies the
color endpoints between packages and reduces the
range of color tuneability between the color endpoints.

Improved Phosphor Deposition System for LEDs

[0014] The use of multi-chip LED fixtures to improve
color intermixing has been discussed. For example, Ac-
claim Lighting describes a color mixing application using
a single lens to produce a homogenized beam with blend-
ed color and minimal color halos or shadowing. Such
multi-chip packages are available from Cree, Osram,
Prolight Opto Technology, and Opto Tech Corp.

Summary

Addressable Color Changeable LED Structure

[0015] Some examples of the present disclosure pro-
vide a color changing light-emitting device package.
Since there is only one LED die in the package, only one
optic is needed.
[0016] The LED die is made of a number of segments,
each emitting a different color of light. The amount of light
emitted from each segment can be changed. The result
is a change in the average color of the whole LED die.
The segments are placed close together to enable effi-
cient color mixing in the optic outside of the LED die. This
means that better optical control can be achieved with a
smaller optic, which reduces cost and form factor.
[0017] The segments can consist of a single junction
or multiple junctions. In a simple example, a LED die is
divided into two segments of different colors, each con-
sisting of an individually controlled junction. In a more
complicated example, a LED die is divided into two seg-
ments of different color, each consisting of nine (9) junc-
tions in parallel or in series.
[0018] The multiple junctions in a single segment can
be continuous or discontinuous. For example, in the case
of two different color segments each consisting of nine
(9) individual junctions, the junctions of different seg-
ments (colors) may be interspersed (placed among each
other) randomly or in a regular pattern. A regular pattern
may be a checkerboard pattern with alternating color
junctions, serpentine segments that spiral outward and
encircle each other, or concentric circular segments of
different (alternating) color junctions.
[0019] The segments define the borders of the color
tuneable region of the LED die. If there are two segments
of different colors, then the average color can be tuned

to either of these endpoint colors or any color on a straight
line between the endpoint colors. If there are three seg-
ments of different colors, the color gamut is defined by a
triangle with corners having the colors of the individual
segments. More segments will result in more shapes in
the color space. In some examples, each segment may
have a different spectral content. This means that all seg-
ments may have the same color but some might have
different color rendition index (CRI) or R9 (red) values.
[0020] The junctions of each color should be small and
preferably interspersed randomly or in a regular pattern.
From an application’s viewpoint, it is better to have the
colors interspersed like a checkerboard, rather than have
a few large junctions of all one color. The size of a single
junction of a color segment should be small. From an
application’s viewpoint, it is better to have the LED die
divided into a 50350 checkerboard grid of two colors
than a 232 grid of two colors. On the other hand, the grid
with fewer, larger elements is easier to manufacture. In
some examples, an LED die includes individual colored
junctions of about 50 to 200 micrometers (mm) in
width/height and has a grid size on the order of 4 to 20
elements 3 4 to 20 elements. In other examples, an LED
die includes individual colored junctions of about 50 to
500 mm in width/height. The size or number of individual
junctions does not need to be uniform.
[0021] The electrodes of the LED die are routed to the
perimeter, where they can be accessed by one or more
drivers. There are a number of ways to wire this.
[0022] The junctions may share a common cathode.
The anode of each junction is individually routed to the
perimeter. The cathode connection can be made on the
LED level (when the junctions are not physically sepa-
rated) or on the package level.
[0023] The junctions may share a common anode. The
cathode of each junction is individually routed to the pe-
rimeter. The anode connection can be made on the LED
level (when the pixels are not physically separated) or
on the package level.
[0024] All the junctions may be connected in series.
The traces that connect each pair of junctions are also
routed to the perimeter, as well as the two unpaired con-
nections. In this way, any junction can be shorted out,
turning it off. Dimming can still be achieved with a pulse
width modulation scheme.
[0025] One group of junctions may be connected using
any of the above methods, and other groups are sepa-
rately connected using any of the above methods. For
example, the first row of junctions can be connected in
series, and the second row of junctions can also be con-
nected in series but in a different string.
[0026] All of the above routing may apply to the LED
die as a whole, or may apply to the junctions of a certain
segment (color). For instance, all of the junctions of one
color may be in a series string, and all of the segments
of a different color may be in a separate series string.
[0027] All LED junctions of a certain segment (color)
may be connected in parallel. For instance, all of the junc-
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tions of color 1 can be in a single parallel string, and the
junctions of color 2 can be a separate parallel string.
[0028] All traces are routed to the perimeter. This offers
ultimate driver flexibility, since any of the above config-
urations can be made outside of the package.

High Power Addressable LED Structure

[0029] Some examples of the present disclosure pro-
vide a light-emitting device package with a single LED
die having addressable junctions. Each junction can be
addressed either individually or in groups (segments).
The junctions can be independently turned on, turned
off, or "dimmed" to an intermediate value. This enables
beam steering, spot reduction, highlighting and dynamic
effect features.
[0030] When the source package is imaged through a
secondary imaging optic, the beam pattern is changed.
The changing beam pattern can be used in a number of
ways. The beam can be steered from one location to
another. Parts of the beam can be turned up to highlight
a location. Parts of the beam can be turned down or off
to reduce or eliminate light in a place where it is not want-
ed. For instance, parts of the beam can be turned down
or off to reduce glare. It can also save energy by only
generating the light that is needed. A dynamic effect can
be created. This may highlight something, illuminate a
moving object, or may be used for artistic effect.
[0031] The junctions may be completely isolated from
each other, or they can share a common cathode or com-
mon anode.
[0032] The junctions are arranged as closes as possi-
ble while still enabling phosphor deposition with an ac-
ceptable amount of phosphor spill-over from adj acent
junctions and light crosstalk. For example, the active re-
gions of two adjacent junctions are 1 to 100 mm apart,
such as 37.9 mm apart in one direction and 25.9 mm apart
in an orthogonal direction. This may be accomplished by
attaching the junctions at once, as a monolithic array, still
all joined together. The junctions may be separated after
the attach process, such as through a laser-liftoff of their
growth substrate.
[0033] The array may be used as-is or a wavelength
converting layer can be applied. This may be used to
make an array of white pixels.
[0034] Traces to the junctions are routed to the perim-
eter, where they may be accessed by one or more drivers.
[0035] As described above, some examples of the
present disclosure enable low cost beam steering without
requiring large separate packages with individual optical
elements. The light-emitting device package allows the
use of a ceramic substrate, which provides more freedom
in choosing the cost, thermal expansion coefficient (in-
fluencing integration into a system), thermal resistance,
and mechanical robustness.
[0036] Some examples of the present disclosure use
smaller numbers of LEDs to achieve a pixilated light
source. For instance, if one desires 18 pixels, the discrete

LED case will require 18 LEDs. If each LED must be 0.5
mm2, then the total LED area is 9 mm2. Compare this to
a single multi-junction LED of only 2 mm2.
[0037] Some examples of the present disclosure use
fewer optics, fewer attach steps, and fewer optic align-
ment steps. There is one LED die attach and one optic,
compared to many LEDs to attach and many optics. This
also results in a lower cost for the light-emitting device
package, especially in cases where large numbers of
LED dies would result in under-driving the LEDs.
[0038] The size of the optics and source is also smaller.
In the discrete LED case, a large array of optics is re-
quired whereas the light-emitting device package uses
only one optic. The size of the optic may be larger than
what is required for a single standard LED but it is not as
large as the array of optics. In some applications, there
is not enough space for a large array of optics. In some
applications, there is an aesthetic value in reducing the
size of the combined optics.

High Tuneability LEDs with Phosphors Deposited on Wa-
fer

[0039] Some examples of the present disclosure pro-
vide discrete strings, lines, or blocks of a transparent con-
ductor such as antimony tin oxide (ATO), indium tin oxide
(ITO), or silver nanowires capable of being deposited on
a growth substrate of an LED die with multiple junctions.
Each grouping of transparent conductor can be deposit-
ed in separate, distinct lines or blocks. Complex curved,
circular, or winding layouts are possible.
[0040] With application of a voltage to a particular
transparent conductor string, phosphors may be electro-
phoretically deposited only on the transparent conductor.
Varying voltage duration will correspondingly vary
amount and thickness of deposited phosphors.
[0041] Separation of phosphor lines may be adjusted
by increasing or decreasing width of underlying transpar-
ent conductor string.
[0042] Some examples of the present disclosure pro-
vide for low cost wafer level deposition of phosphors on
sapphire. Multiple types and thicknesses of phosphors
can be used. When singulating the wafer into LED dies,
variation due to phosphor crosstalk is minimized to im-
prove color tuneability.

Improved Phosphor Deposition System for LEDs

[0043] In some examples of the present disclosure,
phosphors are applied by electrophoretic deposition
(EPD) to specific junctions. A voltage can be applied to
specific groups of electrically connected junctions. Dis-
crete strings, lines, blocks, complex curves, circular,
winding, or checkerboard layouts are possible. Varying
the voltage during the deposition or the duration of the
deposition may correspondingly vary amount and thick-
ness of deposited phosphors.
[0044] To reduce risk of electrical sparking between
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closely spaced junctions during EPD, adjacent junctions
can be held at a non-zero voltage. For example, a first
string of junctions can be held at 800 volts during EPD
while adjacent junctions are held at 400 volts rather than
0 volts.
[0045] If a sharp transition in amount, type, or thickness
of phosphor is desired between closely spaced junctions,
adjacent junctions can also be held at opposite voltage
during EPD. For example, a first string of junctions can
be held at 800 volts during EPD while adjacent junctions
are held at -400 volts rather than 0 volts.
[0046] In some examples, antishock or insulating lay-
ers can be deposited between junctions prior to high volt-
age EPD.

Light emitting device package

[0047] In a first aspect, the invention provides a light-
emitting device package as recited in claim 1.
[0048] In embodiments, the light-emitting device pack-
age further comprises a first group of transparent con-
ductors on the growth substrate over a first plurality of
the junctions and a second group of transparent conduc-
tors on the growth substrate over a second plurality of
the junctions, each group of transparent conductors be-
ing connected in series, in parallel, or a combination
thereof, each transparent conductor comprising a foot-
print smaller than its underlying junction.
[0049] In further embodiments, the first group of trans-
parent conductors and the second group of the transpar-
ent conductors form diagonal strings or diagonally alter-
nating strings.
[0050] In further embodiments, the wavelength con-
verters comprise a first type of wavelength converters
over the first plurality of the junctions and a second type
of wavelength converters over the second plurality of the
junctions.
[0051] In further embodiments, the first type of wave-
length converters comprises a cool-white phosphor lay-
er, the second type of wavelength converters comprises
a warm-white phosphor layer, and the junctions comprise
blue-emitting junctions.
[0052] In further embodiments, each wavelength con-
verter comprises a footprint smaller than its underlying
junction.
[0053] In further embodiments, the wavelength con-
verters are separated by gaps between them.
[0054] In further embodiments, the wavelength con-
verters abut against each other.
[0055] In further embodiments, the light-emitting de-
vice package further comprises a single primary optic
over the LED die, wherein the primary optic comprises
an overmolded silicone lens or window, an overmolded
glass lens or window, a preformed silicone lens or win-
dow, or a preformed glass lens or window.

Method to produce a light-emitting device package.

[0056] In a further aspect, the invention provides a
method to produce a light-emitting device package as
recited in claim 9.
[0057] In embodiments, each wavelength converter
comprises a footprint smaller than its underlying junction.
[0058] In further embodiments, the wavelength con-
verters are separated by gaps between them.
[0059] In further embodiments, the wavelength con-
verters abut against each other.
[0060] In further embodiments, the first plurality of
wavelength converters comprises cool-white phosphor
layers, the second plurality of wavelength converters
comprises warm-white phosphor layers, and the junc-
tions comprise blue-emitting junctions.
[0061] In further embodiments, the performing EPD to
form the first plurality of wavelength converters further
comprises applying a third non-zero voltage to the sec-
ond group of interconnected transparent conductors.
[0062] In further embodiments, the performing EPD to
form the second plurality of wavelength converters fur-
ther comprises applying a fourth non-zero voltage to the
first group of interconnected transparent conductors.
[0063] In further embodiments, the third non-zero volt-
age comprises an opposite polarity as the first voltage.

Brief description of the drawings

[0064] In the drawings:

Fig. 1-1 is a top view of a light-emitting diode (LED)
die in some examples of the present disclosure.

Fig. 1-2 is a cross-sectional view of the LED die of
Fig. 1 in some examples of the present disclosure.

Figs. 2 and 3 illustrate the assembly of a light-emit-
ting device package in some examples of the present
disclosure.

Fig. 4 is a top view of a metalized substrate in some
examples of the present disclosure.

Fig. 5 illustrates in phantom the placement of junc-
tions in the LED die of Fig. 1-2 on pads of the met-
alized substrate of Fig. 4 in some examples of the
present disclosure.

Fig. 6 is a top view of a metalized substrate in some
examples of the present disclosure.

Fig. 7 illustrates in phantom the placement of junc-
tions in the LED die of Fig. 1-2 on pads of the met-
alized substrate of Fig. 6 in some examples of the
present disclosure.

Fig. 8 is a top view of a metalized substrate in some
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example of the present disclosure.

Fig. 9 illustrates in phantom the placement of junc-
tions in the LED die of Fig. 1-2 on pads of the met-
alized substrate of Fig. 8 in some examples of the
present disclosure.

Fig. 10 is a cross-sectional view of a LED die in some
examples of the present disclosure.

Fig. 11 is a cross-sectional view of a LED die in some
examples of the present disclosure.

Fig. 12 illustrates in phantom the placement of junc-
tions in the LED die of Fig. 10 or 11 on the pads of
the metalized substrate of Fig. 4 in some examples
of the present disclosure.

Fig. 13 illustrates in phantom the placement of junc-
tions in the LED die of Fig. 10 or Fig. 11 on the pads
of the metalized substrate of Fig. 6 in some examples
of the present disclosure.

Fig. 14 illustrates a pattern of transparent conductors
on a growth substrate for forming wavelength con-
verters using electrophoretic deposition (EPD) in an
embodiment of the invention as claimed.

Fig. 15-1 illustrates another pattern of transparent
conductors on a growth substrate for forming wave-
length converters using EPD in an embodiment of
the invention as claimed.

Fig. 15-2 illustrates wavelength converters having
smaller footprint than the underlying junctions in an
embodiment of the invention as claimed.

Fig. 15-3 illustrates wavelength converters of differ-
ent colors abutting each other in an embodiment of
the invention as claimed.

Fig. 16 is an International Commission on Illumina-
tion (CIE) 1976 color chart illustrating a hypothetical
color tuning range of the LED die of Fig. 1-2 having
cool-white and warm-white phosphor layers in some
examples of the present disclosure.

Figs. 17 and 18 are top and bottom views, respec-
tively, of a metalized substrate in some example of
the present disclosure.

Figs. 19-1 and 19-2 illustrate the placement of junc-
tions in the LED die of Fig. 1-2 on the metalized sub-
strate of Fig. 17 in some examples of the present
disclosure.

Fig. 20 illustrates electrically connected strings of a
metalized substrate that is a variation of the metal-

ized substrate of Fig. 17 in some examples of the
present disclosure.

Fig. 21 is a flowchart of a method for making a light-
emitting device package in examples of the present
disclosure.

Fig. 22 is a flowchart of a method for making a LED
die in examples of the present disclosure.

Fig. 23 illustrates applications of the light-emitting
device package of Fig. 3 in examples of the present
disclosure.

[0065] Use of the same reference numbers in different
figures indicates similar or identical elements.

Detailed description

[0066] Fig. 1-1 is a top view of a light-emitting diode
(LED) die 100 in some examples of the present disclo-
sure. LED die 100 may be a segmented or multi-junction
LED die. LED die 100 includes an array of junctions
102-1, 102-2, ..., and 102-n (collectively as "junctions
102" or individually as a generic "junction 102") formed
on a growth substrate 104. The array of junctions 102 in
LED die 100 is not limited to any size or shape. Trenches
106 down to growth substrate 104 surround junctions
102 to completely electrically insulate them from each
other. Trenches 106 may be formed by wet etch, dry etch,
mechanical saw, laser scribe, or another suitable tech-
nique.
[0067] Fig. 1-2 is a cross-sectional view of LED die 100
in some examples of the present disclosure. Each junc-
tion 102 has a semiconductor structure including an ac-
tive region 108 between an n-type semiconductor layer
110 and a p-type semiconductor layer 112. Each junction
102 has a cathode 114 coupled to its n-type semicon-
ductor layer 110 by an ohmic p-contact through an open-
ing in an insulator (dielectric) layer, and each junction
102 has an anode 116 coupled to its p-type semiconduc-
tor layer 112 by an ohmic n-contact through an opening
in the insulator layer. Surface treatment may be per-
formed on growth substrate 104, such as photoelectro-
chemical (PEC) etching or mechanical roughening, or a
thin film of anti-reflective coating may be applied. In some
examples, growth substrate 104 is removed from LED
die 100 after LED die 100 is mounted on another me-
chanical support.
[0068] LED dies 100 are formed on a growth wafer.
The layers for the semiconductor structure of LED dies
100 are grown on the growth wafer, followed by the ohmic
contacts and then the cathodes and the anodes. Trench-
es 106 are formed in these layers down to the growth
wafer to create junctions 102 in each LED die 100. Indi-
vidual LED dies 100 are singulated from the resulting
device wafer.
[0069] LED die 100 includes individual wavelength
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converters 118. Wavelength converters may be phos-
phor layers or ceramic phosphor plates. Each wave-
length converter 118 is located over a different junction
102. Wavelength converters 118 are formed on growth
substrate 104 or directly on junctions 102 when growth
substrate 104 has been removed from LED die 100 after
LED die 100 is mounted on another mechanical support.
Wavelength converters 118 are made of a number of
different materials to generate different colors of light,
such as whites of different correlated color temperatures
(CCTs) or primary colors of red, green, and blue. Instead
of individual wavelength converters 118, a single contin-
uous wavelength converter of the same material may be
used to generate a single color of light. Wavelength con-
verters 118 may also be omitted so junctions 102 emit
their native color(s) of light based on their bandgap en-
ergies.
[0070] Wavelength converters 118 may be formed on
the growth wafer before LED dies 100 are singulated
from the device wafer, or on growth substrates 104 after
LED dies 100 are singulated from the device wafer. Al-
ternatively, wavelength converters 118 are formed direct-
ly on junctions 102 in LED dies 100 after growth sub-
strates 104 have been removed from LED dies 100 after
LED dies 100 are mounted on other mechanical sup-
ports.
[0071] Figs. 2 and 3 illustrate the assembly of a mon-
ochromatic or color changing light-emitting device pack-
age 300 in some examples of the present disclosure.
Package 300 includes a LED die 100, a metalized sub-
strate 202, and a primary optic 204. LED die 100 is mount-
ed on metalized substrate 202, and primary optic 204 is
mounted over LED die 100 on metalized substrate 202.
Instead of mounting LED die 100 on metalized substrate
202, individual junctions 102 singulated from a device
wafer maybe picked and placed on metalized substrate
202.
[0072] Metalized substrate 202 is a single-layer or mul-
ti-layer tile, which may be made of aluminum nitride ce-
ramic, aluminum oxide ceramic, or another suitable ma-
terial. Metalized substrate 202 has a top surface 206, top
pads 208 on top surface 206, top traces 210 on top sur-
face 206, and a bottom surface 212. Top pads 208 are
arranged about the center of top surface 206 to receive
the electrodes (cathodes 114 and anodes 116) of junc-
tions 102 in LED die 100. Cathodes 114 and anodes 116
are attached to top pads 208 by gold-gold interconnect,
large-area gold-gold interconnect, solder, or another suit-
able interconnect. Top traces 210 connect to top pads
208 and fan out to the perimeter of metalized substrate
202 where top traces 210 can be connected to external
driving circuitry. Top traces 210 may connect certain top
pad 208 from different junctions 102 in series, in parallel,
or a combination thereof.
[0073] When metalized substrate 202 is a multi-layer
tile, it may include bottom pads 214 on bottom surface
212 and vias 216 that connect top pads 208 to bottom
pads 214. Metalized substrate 202 may also include low-

er level (buried) traces 218 and vias 220 that connect top
pads 208 to traces 218. Traces 218 may connect certain
top pad 208 from different junctions 102 in series, in par-
allel, or a combination thereof. Traces 218 may also fan
out to the perimeter of metalized substrate 202 where
they can be connected to external driving circuitry.
[0074] Primary optic 204 is a silicone hemispheric lens
or flat window molded over LED die 100 on metalized
substrate 202. Alternatively, primary optic 204 is a pre-
formed silicone or glass hemispheric lens or flat window
mounted over LED die 100 on metalized substrate 202.
Primary optic 204 may include scattering particles. Al-
though shown mounted on metalized substrate 202, pri-
mary optic 204 may be spaced apart from metalized sub-
strate. Typically, the primary optic is used to tune light
extraction efficiency and radiation pattern of an LED. For
a color changing light-emitting device package, the pri-
mary optic may also be used to tune the color saturation
and color cross-talk of the package. For example, while
a hemispheric lens may extract more light from LED die
100, a flat window may create a more saturated color by
recycling more of the pump (e.g., blue) light from LED
die 100 through wavelength converters 118. Primary op-
tic 204 may be shaped to increase color saturation and
reduce cross-talk between wavelength converters 118
of different materials. In some examples, primary optic
204 may be a beam homogenizer, such as a microlens
array.
[0075] Fig. 4 is a top view of a metalized substrate 400
in some examples of the present disclosure. Metalized
substrate 400 may be metalized substrate 202 in pack-
age 300 (Fig. 3). Metalized substrate 400 is a single-layer
tile. Metalized substrate 400 includes a 6 by 7 array of
top pads 402 (only four are labeled), and top traces 404
connected to top pads 402. Top traces 404 fan out to the
perimeter of the metalized substrate 400. To help under-
stand the layout of top pads 402 and top traces 404, a
specific pad is identified by its row and column numbers,
and a specific trace is identified by its pad’s row and col-
umn numbers. For example, the first (leftmost) pad in the
first (top) row is identified as 402(1,1), and the trace to
pad 402(1,1) is identified as 404(1,1). Cardinal directions
are also used to describe the paths of top traces 404.
[0076] In the first row of pads 402, traces 404(1,1) and
404(1,7) fan out to the west and the east, respectively,
toward the perimeter of metalized substrate 400. Traces
404(1,2) to 404(1,6) fan out to the north toward the pe-
rimeter of metalized substrate 400.
[0077] In the second row of pads 402, traces 404(2,1)
and 404(2,7) fan out to the west and the east, respec-
tively, toward the perimeter of metalized substrate 400.
Trace 404(2,2) fans out diagonally to the northwest and
then to the west to pass between pads 402(1,1) and
402(2,1). Trace 404(2,3) fans out to the north, then di-
agonally to the northwest, and finally to the north to pass
between pads 402(1,2) and 402(1,3). Trace 404(2,4)
fans out to the north, then diagonally to the northwest,
and finally to the north to pass between pads 402(1,3)
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and 402(1,4). Trace 404(2,5) fans out to the north, then
diagonally to the northeast, and finally to the north to pass
between pads 402(1,5) and 402(1,6). Trace 404(2,6)
fans out diagonally to the northeast and then to the east
to pass between pads 402(1,7) and 402(2,7).
[0078] In the third row of pads 402, traces 404(3,1) and
404(3,7) fan out to the west and the east, respectively,
toward the perimeter of metalized substrate 400. Trace
404(3,2) fans out diagonally to the northwest and then
to the west to pass between pads 402(2,1) and 402(3,1).
Trace 404(3,3) fans out diagonally to the northwest and
then to the north to pass between pads 402(2,2) and
402(2,3). Trace 404(3,3) continues diagonally to the
northwest, to the west to pass between pads 402(1,2)
and 402(2,2), diagonally to the northwest, and finally to
the north to pass between pads 402(1,1) and 402(1,2).
Trace 404(3,4) fans out diagonally to the northeast, to
the north to pass between pads 402(2,4) and 402(2,5),
and continues to the north to pass between pads 402(1,4)
and 402(1,5). Trace 404(3,5) fans out diagonally to the
northeast and then to the north to pass between pads
402(2,5) and 402(2,6). Trace 404(3,5) continues diago-
nally to the northeast, to the east to pass between pads
402(1,6) and 402(2,6), diagonally to the northeast, and
finally to the north to pass between pads 402(1,6) and
402(1,7). Trace 404(3,6) fans out diagonally to the north-
east and then to the east to pass between pads 402(2,7)
and 402(3,7).
[0079] Traces 404 for pads 402 in the fourth, the fifth,
and the sixth rows mirror the configuration of traces 404
in the third, the second, and the first rows.
[0080] Fig. 5 illustrates in phantom the placement of
junctions 102 (only six are labeled for clarity) in LED die
100 on pads 402 (only one is labeled) of metalized sub-
strate 400 in some examples of the present disclosure.
In this configuration, each junction 102 connects to a dif-
ferent pair of pads 402. A dashed line indicates junctions
102 with a first type of wavelength converters 118 that
emits a first color of light, and a dashed-double dotted
line indicates junctions 102 with a second type of wave-
length converters 118 that emits a second color of light.
One or more junctions 102 that have the same type of
wavelength converters 118 form a segment in LED die
100. Junctions 102 from different segments (colors) in-
tersperse with each other in a regular pattern, such as in
a checkerboard pattern (as shown), serpentine seg-
ments that spiral outward and encircle each other, or con-
centric circular segments. Junctions 102 from different
segments may also intersperse randomly.
[0081] Fig. 6 is a top view of a metalized substrate 600
in some examples of the present disclosure. Metalized
substrate 600 may be metalized substrate 202 in pack-
age 300 (Fig. 3). Metalized substrate 600 is a single-layer
tile. Metalized substrate 600 includes a 4 by 10 array of
top pads 602 (only six are labeled), and top traces 604
(only six are labeled) connected to pads 602. Top traces
604 fan out to the perimeter of the metalized substrate
600. To help understand the layout of top pads 602 and

top traces 604, a specific pad is identified by its row and
column numbers, and a specific trace is identified by its
pad’s row and column numbers. Cardinal directions are
also used to describe the paths of the top traces 604.
[0082] In the first row of pads 602, traces 604(1,1) to
604(1,10) fan out to the north toward the perimeter of
metalized substrate 600.
[0083] In the second row of pads 602, traces 604(2,1)
to 604(2,10) fan out diagonally to the northwest and then
to the north toward the perimeter of metalized substrate
600. In particular, trace 604(2,2) passes between pads
602(1,1) and 602(1,2), trace 604(2,3) passes between
pads 602(1,2) and 602(1,3), ..., and trace 604(2,10)
passes between pads 602(1,9) and 602(1,10).
[0084] Traces 604 for pads 602 in the third and the
fourth rows mirror the configuration of traces 604 for pads
602 in the second and the first rows.
[0085] Fig. 7 illustrates in phantom the placement of
junctions 102 (only eight are labeled) in LED die 100 on
pads 602 (only one is labeled) of metalized substrate 600
in some examples of the present disclosure. In this con-
figuration, each junction 102 connects to a different pair
of pads 602. A dashed line indicates junctions 102 with
a first type of wavelength converters 118 that emits a first
color of light, and a dashed-double dotted line indicates
junctions 102 with a second type of wavelength convert-
ers 118 that emits a second color of light. One or more
junctions 102 that have the same type of wavelength con-
verters 118 form a segment in LED die 100. Junctions
102 from different segments (colors) intersperse with
each other in a regular pattern, such as in a checkerboard
pattern (as shown), serpentine segments that spiral out-
ward and encircle each other, or concentric circular seg-
ments. Junctions 102 from different segments may also
intersperse randomly.
[0086] Fig. 8 is a top view of a metalized substrate 800
in some example of the present disclosure. Metalized
substrate 800 may be metalized substrate 202 in pack-
age 300 (Fig. 3). Metalized substrate 800 is a multi-layer
tile. Metalized substrate 800 includes a 2 by 6 array of
top pads 802 and traces 804-1, 804-2, ..., and 804-8 (col-
lectively "traces 804") connected to top pads 802. Traces
804 fan out to the perimeter of the metalized substrate.
To help understand the layout of metalized substrate 800,
a specific pad is identified by its row and column numbers.
Cardinal directions are also used to describe the paths
of the top traces 804.
[0087] In the first row of pads 802, a top trace 804-1
fans out from pad 802(1,1) and travels to the north toward
the perimeter of metalized substrate 800. A top trace
804-2 has a diagonal portion that connects pads 802(1,2)
and 802(2,3), and a straight portion extending from the
diagonal portion to the north toward the perimeter of me-
talized substrate 800. A top trace 804-3 has a diagonal
portion that connects pads 802(2,4) and 802(1,5), and a
straight portion extending from the diagonal portion to
the north toward the perimeter of metalized substrate
800. A top trace 804-4 fans out from pad 802(1,6) and
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travels to the north toward the perimeter of metalized
substrate 800.
[0088] In the second row of pads 802, a top trace 804-5
fans out from pad 802(2,1) and travels to the south toward
the perimeter of metalized substrate 800. A lower level
trace 804-6 has a diagonal portion that connects pads
802(2,2) and 802(1,3), and a straight portion extending
from the diagonal portion to the south toward the perim-
eter of metalized substrate 800. A lower level trace 804-7
has a diagonal portion that connects pads 802(1,4) and
802(2,5), and a straight portion extending from the diag-
onal portion to the south toward the perimeter of metal-
ized substrate 800. A top trace 804-8 fans out from pad
802(2,6) and travels to the south toward the perimeter of
metalized substrate 800.
[0089] Fig. 9 illustrates in phantom the placement of
junctions 102-1, 102-2, ..., and 102-6 in a LED die 100
on pads 802 (only one is labeled) of metalized substrate
800 in some examples of the present disclosure. In this
configuration, each junction 102 connects to a different
pair of pads 802. A dashed line indicates junctions 102-1,
102-3, and 102-5 have a first type of wavelength con-
verters 118 that emits a first color of light, and a dashed-
double dotted line indicates junctions 102-2, 102-4, and
102-6 have a second type of wavelength converters 118
that emits a second color of light. Junctions 102-1, 102-3,
and 102-5 form a first segment in LED die 100 where the
junctions connect in series. Junctions 102-2, 102-4, and
102-6 form a second segment in LED die 100 where the
junctions connect in series. Junctions 102 from different
segments (colors) intersperse with each other in a regular
pattern, such as in a checkerboard pattern (as shown),
serpentine segments that spiral outward and encircle
each other, or concentric circular segments. Junctions
102 from different segments may also intersperse ran-
domly. Any junction 102 mounted on a pair of pads 802
in a segment may be bypassed by shorting the two traces
804 connected to the two pads 802. For example, when
junction 102-5 in the first segment is to be bypassed,
traces 804-2 and 804-3 connected to pads 802(2,3) and
802(2,4) may be shorted by an external switch (shown
in phantom).
[0090] Fig. 10 is a cross-sectional view of LED die 1000
in some examples of the present disclosure. LED die
1000 is similar to LED die 100 (Fig. 1-2) but its junctions
102 share a common cathode 1014, which takes the
place of one junction 102 in the LED die 1000. In LED
die 1000, trenches 1006 surround junctions 102. Trench-
es 1006 reach down to an n-type semiconductor layer
1010 so junctions 102 are only partially electrically insu-
lated from each other as they share a continuous n-type
semiconductor layer 1010. In this configuration, all junc-
tions 102 are devoid of cathodes 114 (Fig. 1-2).
[0091] Fig. 11 is a cross-sectional view of LED die 1100
in some examples of the present disclosure. LED die
1100 is similar to LED die 100 (Fig. 1-2) except its junc-
tions 102 share a common anode 1116, which takes the
place of one junction 102 in the LED die 1100. In LED

die 1100, trenches are formed around each junction’s n-
type semiconductor layer 110 and active region 108. An
insulator 1106 fills these trenches before a continuous
p-type semiconductor layer 1112 is formed. Junctions
102 are only partially electrically insulated from each oth-
er as they share p-type semiconductor layer 1112. In this
configuration, all junctions 102 are devoid of anodes 116
(Fig. 1-2).
[0092] Fig. 12 illustrates in phantom the placement of
junctions 102 (only one is labeled) in a LED die 1000
(Fig. 10) or 1100 (Fig. 11) on pads 402 (only one is la-
belled) of metalized substrate 400 in some examples of
the present disclosure. In this configuration, each junc-
tion 102’s anode 116 or cathode 114 (Fig. 10 or 11) con-
nects to a different pad 402, and common cathode 1014
or common anode 1116 (Fig. 10 or 11) connects to one
pad 402. A dashed line indicates junctions 102 with a
first type of wavelength converters 118 that emits a first
color of light, and a dashed-double dotted line indicates
junctions 102 with a second type of wavelength convert-
ers 118 that emits a second color of light. One or more
junctions 102 that have the same type of wavelength con-
verters 118 form a segment in LED die 1000 or 1100.
Junctions 102 from different segments (colors) inter-
sperse with each other in a regular pattern, such as in a
checkerboard pattern (as shown), serpentine segments
that spiral outward and encircle each other, or concentric
circular segments. Junctions 102 from different seg-
ments may also intersperse randomly.
[0093] To help understand the layout of the two ser-
pentine segments, a specific junction 102 is identified by
its row and column numbers. Junctions 102 in a first seg-
ment (color) may include junctions 102(3,4), (3,5), (4,5),
(5,5), (5,4), (5,3), (5,2), (4,2), (3,2), (2,2), (1,2), (1,3),
(1,4), (1,5), (1,6), (1,7), (2,7), (3,7), (4,7), and (5,7). Junc-
tions 102 in a second segment (color) may be made up
of the remaining junctions 102.
[0094] Fig. 13 illustrates in phantom the placement of
junctions 102 (only one is labeled) in a LED die 1000
(Fig. 10) or 1100 (Fig. 11) on pads 602 (only one is la-
beled) of metalized substrate 600 in some examples of
the present disclosure. In this configuration, each junc-
tion 102’s anode 116 or cathode 114 (Fig. 10 or 11) con-
nects to a different pad 602, and common cathode 1014
or common anode 1116 (Fig. 10 or 11) connects to one
pad 602. A dashed line indicates junctions 102 with a
first type of wavelength converters 118 that emits a first
color of light, and a dashed-double dotted line indicates
junctions 102 with a second type of wavelength convert-
ers 118 that emits a second color of light. One or more
junctions 102 that have the same type of wavelength con-
verters 118 form a segment in LED die 1000 or 1100.
Junctions 102 from different segments (colors) inter-
sperse with each other in a regular pattern, such as in a
checkerboard pattern (as shown), serpentine segments
that spiral outward and encircle each other, or concentric
circular segments. Junctions 102 from different seg-
ments may also intersperse randomly.
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[0095] Fig. 14 illustrates a pattern 1400 of transparent
conductors on growth substrate 104, such as a sapphire
substrate, for forming wavelength converters 118 (Fig.
1-2) using electrophoretic deposition (EPD) in an embod-
iment of the invention as claimed. The transparent con-
ductors may be antimony tin oxide (ATO), indium tin oxide
(ITO), or silver nanowire. The transparent conductors in-
clude blocks 1402 and diagonal lines 1404. Each block
1402 is located over a different junction 102 (only two
are shown in phantom) in LED die 100, 1000, or 1100
(Fig. 1-2, 10, or 11). Although shown as squares, blocks
1402 may be other shapes such as rectangles, circles,
and ovals. Each block 1402 is separated from its neigh-
boring blocks 1402 by a gap 1406 in the horizontal direc-
tion and a gap 1408 in the vertical direction. Lines 1404
connect blocks 1402 to form strings of serially connected
blocks 1402, such as diagonal strings in pattern 1400.
Anti-shock or insulating layers may be deposited be-
tween junctions 102 prior to high voltage EPD.
[0096] Fig. 15-1 illustrates another pattern 1500 of
transparent conductors on growth substrate 104 for form-
ing wavelength converters 118 (Fig. 1-2) using EPD in
an embodiment of the invention as claimed. Lines 1404
connect blocks 1402 to form diagonally alternating
strings (every-other-junction) in pattern 1500.
[0097] For illustrative purposes, assume an LED die
100 includes junctions 102 that emit blue light and wave-
length converters 118 are cool-white and warm-white
phosphor layers that convert blue light to cool-white and
warm-white colors, respectively. In a first EPD process,
a first voltage is applied to a first group of strings in pattern
1400 or 1500 and cool-white phosphors are electropho-
retically deposited on the first group of strings. During
the first EPD process, a second voltage is applied to a
second group of strings in pattern 1400 or 1500 so cool-
white phosphors are not formed on the second group of
strings. To reduce the risk of electrical sparking between
neighboring strings, a non-zero second voltage is applied
to the second group of strings. For example, the first volt-
age may be 800 volts while the second voltage may be
400 volts. To create a sharp transition in amount, type,
or thickness of phosphor between neighboring strings, a
second voltage of the opposite polarity is applied to the
second group of strings. For example, the first voltage
may be 800 volts while the second voltage may be -400
volts. Alternatively, the second group of strings in pattern
1400 or 1500 is not biased but kept floating.
[0098] In a second EPD process, a third voltage is ap-
plied to the second group of strings and warm-white phos-
phors are electrophoretically deposited on the second
group of strings. During this second EPD process, a
fourth voltage is applied to the first group of strings so
warm-white phosphors are not formed on the first group
of strings. To reduce the risk of electrical sparking be-
tween neighboring strings, a non-zero fourth voltage is
applied to the first group of strings. To create a sharp
transition in amount, type, or thickness of phosphor be-
tween neighboring strings, a fourth voltage of the oppo-

site polarity is applied to the first group of strings. The
same or different voltages described for the first EPD
process may also be used for the second EPD process.
Alternatively, the first group of strings in pattern 1400 or
1500 is not biased but kept floating. Note the EPD proc-
esses may be applied on a wafer scale to multiple LED
dies 100 in a device wafer or individually to discrete LED
die 100 singulated from the device wafer.
[0099] Each phosphor layer (wavelength converter)
118 has sufficient thickness to fully or substantially con-
vert light entering the phosphor layer 118. The phosphor
thickness is controlled by the applied voltage, applied
current, or the applied duration in the EPD process.
[0100] The size of phosphor layers 118 may be adjust-
ed by increasing or decreasing the size of the underlying
transparent conductor blocks 1402. The size of the trans-
parent conductor blocks 1402 may be increased to make
the footprint of phosphor layers 118 larger than the un-
derlying junctions 102, and the size of the transparent
conductor blocks 1402 may be decreased to make the
footprint of phosphor layers 118 smaller than the under-
lying junctions 102 as shown in Fig. 15-2 in an embodi-
ment of the invention as claimed. Separation of phosphor
layers 118 can be adjusted by increasing or decreasing
gaps 1404 and 1406 between the underlying transparent
conductor blocks 1402. By decreasing gaps 1404 and
1406, phosphors layers 118 of different colors may abut
against each other as shown in Fig. 15-3 in an embodi-
ment of the invention as claimed. By increasing gaps
1404 and 1406, phosphors layers 118 of different colors
may be separated by gaps between them.
[0101] Fig. 16 is an International Commission on Illu-
mination (CIE) 1976 color chart illustrating a hypothetical
color tuning range of a LED die 100 having cool-white
and warm-white phosphor layers in some examples of
the present disclosure. The actual color tuning range of
LED die 100 may be determined by simulation or exper-
imentation. LED die 100 theoretically produces only a
cool-white color at point 1602 when the cool-white seg-
ment is turned on and the warm-white segment is turned
off. LED die 100 theoretically produces only a warm-white
color at point 1604 when the warm-white segment is
turned on and the cool-white segment is turned off. LED
die 100 produces a color along a line 1606 drawn be-
tween color endpoints 1602 and 1604 when a combina-
tion of junctions 102 in the cool-white segment and the
warm-white segment are turned on. The color of the blue
light emitted by the underlying junctions 102 is indicated
as point 1608.
[0102] It may be desired to change color endpoints
1602 and 1604 to more desirable colors by allowing blue
light to leak from junctions 102 in the cool-white and the
warm-white segments. To allow blue light to leak from
junctions 102 in the cool-white segment, each cool-white
phosphor layer 118 is made with a smaller footprint than
its underlying junction 102. The ratio of the converted
area to the unconverted area, and any blue light that es-
capes through the cool-white phosphor layer 118 itself,
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determines the blue light leakage for the cool-white phos-
phor layer 118 and sets a new cool-white color with
leaked blue light at point 1610. Similarly, each warm-
white phosphor layer 118 is made with a footprint smaller
than its underlying junction 102. The ratio of the convert-
ed area to the unconverted area, and any blue light that
escapes through the warm-white phosphor layer 118 it-
self, determines the blue light leakage for the warm-white
phosphor layer 118 and sets a new warm-white color with
leaked blue light at point 1612.
[0103] The actual color tuning range of LED die 100 is
not between new endpoints 1610 and 1612. This is be-
cause the actual color tuning range is reduced by cross-
talk between neighboring junctions 102 caused by blue
light emitted near the edge of one junction 102 entering
another junction’s phosphor layer 118 and converting to
a different color. Thus, the actual color turning range 1614
is between a cool-white color with leaked blue light and
crosstalk at point 1616 and a warm-white color with
leaked blue light and crosstalk at point 1618. Fortunately,
each phosphor layer 118 only partially covers its under-
lying junction 102 so the phosphor layer 118 is separated
from its neighboring phosphor layers 118. This separa-
tion reduces the crosstalk between phosphor layers 118
of neighboring junctions 102 and thereby increases the
actual color tuning range 1614 of LED die 100.
[0104] Figs. 17 and 18 are top and bottom views, re-
spectively, of a metalized substrate 1700 in some exam-
ple of the present disclosure, and Fig. 19 illustrates in
phantom the placement of junctions 102 (only one is la-
beled) of a LED die 100 (Fig. 1-2) on metalized substrate
1700 in some examples of the present disclosure. In-
stead of mounting a LED die 100 on metalized substrate
1700, individual junctions 102 singulated from a device
wafer may be picked and placed on metalized substrate
1700. Metalized substrate 1700 may be metalized sub-
strate 202 in package 300 (Fig. 3). Metalized substrate
1700 is a multi-layer tile. Metalized substrate 1700 is con-
figured to connect junctions 102 of a LED die 100 in two
segments, such as a cool-white segment and a warm-
white segment. Each segment has its junctions 102 con-
nected in parallel, and junctions 102 from the cool-white
segment and the warm-white segment are interspersed
with each other in regular pattern, such a checkerboard
pattern (as shown in Figs. 19-1 and 19-2), serpentine
segments that spiral outward and encircle each other, or
concentric circular segments. Junctions 102 from the
cool-white segment and the warm-white segment may
also interspersed randomly. In other examples, a seg-
ment may be a saturated color or pure blue. For example,
the two segments may be a red segment and a green
segment.
[0105] Referring to Fig. 17, the top surface of metalized
substrate 1700 includes a 6 by 6 array of top pads 1702
(only two are labeled), and top traces 1704-1, 1704-2,
1704-3, and 1704-4 (collectively as "traces 1704") con-
nected to top pads 1702. To help understand the layout
of top pads 1702, a specific pad is identified by its row

and column numbers. Metalized substrate includes vias
1708-1, 1708-2, 1708-3, and 1708-4. Referring to Fig.
18, the bottom surface of metalized substrate 1700 in-
cludes bottom pads 1706-1, 1706-2, 1706-3, and 1706-4
connected to vias 1708-1, 1708-2, 1708-3, and 1708-4,
respectively.
[0106] Referring to Figs. 19-1 and 19-2, trace 1704-1
connects to bottom pad 1706-1 (Fig. 17) through via
1708-1. Trace 1704-1 further connects to pads
1702(1,1), (1,3), (1,5), (5,1), (4,2), (5,3), (4,4), (5,5), (4,6).
With junctions 102 of a LED die 100 mounted on metal-
ized substrate 1700, trace 1704-1 connects anodes 116
of junctions 102 in a first segment in parallel to bottom
(anode) pad 1706-1. Junctions 102 in the first (e.g.,
warm-white) segment are indicated by a dashed line and
have a first type of wavelength converters 118 that emits
a first color of light (e.g., warm-white).
[0107] Trace 1704-3 connects to bottom pad 1706-3
(Fig. 17) through via 1708-3. Trace 1704-3 further con-
nects to pads 1702(6,1), (6,3), (6,5), (3,6), (3,4), (3,2),
(2,1), (2,3), (2,5). With junctions 102 of a LED die 100
mounted on metalized substrate 1700, trace 1704-3 con-
nects cathodes 114 of junctions 102 in the first segment
in parallel to bottom (cathode) pad 1706-3.
[0108] Trace 1704-2 connects to bottom pad 1706-2
(Fig. 17) through via 1708-2. Trace 1704-2 further con-
nects to pads 1702(1,6), (1,4), (1,2), (4,1), (4,3), (4,6),
(5,6), (5,4), (5,2). With junctions 102 of a LED die 100
mounted on metalized substrate 1700, trace 1704-2 con-
nects cathodes 114 of junctions 102 in a second segment
in parallel to bottom (cathode) pad 1706-2. Junctions 102
in the second (e.g., cool-white) segment are indicated by
a dashed-double dotted line and have a second type of
wavelength converters 118 that emits a second color of
light (e.g., cool-white).
[0109] Trace 1704-4 connects to bottom pad 1706-4
(Fig. 17) through via 1708-4. Trace 1704-4 further con-
nects to pads 1702(6,2), (6,4), (6,6), (2,6), (3,5), (2,4),
(3,3), (2,2), (3,1). With junctions 102 of a LED die 100
mounted on metalized substrate 1700, trace 1704-4 con-
nects anodes 116 of junctions 102 in the second segment
in parallel to bottom (anode) pad 1706-4.
[0110] The top surface of metalized substrate 1700 in-
cludes bias lines 1710 and 1712 connected to vias
1708-2 and 1708-3, respectively. Bias lines 1710 and
1712 are used to bias (apply voltage to) the two segments
during EPD to form wavelength converters 118.
[0111] The top surface of metalized substrate 1700
may include secondary paths to bias lines 1710 and 1712
to physically reduce the total length of each string and
therefore reduce total parasitic resistance. For example,
a trace 1714 (shown in phantom) connects the far end
of trace 1704-2 to bias line 1710, and a trace 1716 (shown
in phantom) connects the far end of trace 1704-3 to bias
line 1712.
[0112] Metalized substrate 1700 may include a tran-
sient-voltage-suppression (TVS) diode to each segment.
For example, metalized substrate 1700 includes a TVS
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diode 1718 connected to bottom (anode) pad 1706-1
through trace 1704-1, and a via 1720 that connects TVS
diode 1718 to bottom (cathode) pad 1706-3. Metalized
substrate 1700 includes a TVS diode 1722 connected to
bottom (anode) pad 1706-4 through trace 1704-4, and a
via 1724 that connects TVS diode 1722 to bottom (cath-
ode) pad 1706-2.
[0113] Fig. 20 illustrates electrically connected strings
of a metalized substrate 2000 that is a variation of met-
alized substrate 1700 in some example of the present
disclosure. Metalized substrate 2000 is similar to metal-
ized substrate 1700 except top traces are changed so
that each segment has three sets of junctions 102 con-
nected in parallel.
[0114] In the first (e.g., warm-white) segment, a trace
2004-1 connects via 1708-1 to pads 1702(1,1), (1,3),
(1,5). Traces 2004-2 connect pad 1702(2,1) to pad
1702(3,6), pad 1702(2,3) to pad 1702(3,2), and pad
1702(2,5) to pad (3,4). Traces 2004-3 connect pad
1702(4,2) to pad 1702(5,3), pad 1702(4,4) to pad
1702(5,5), and pad 1702(4,6) to pad 1702(5,1). A trace
2004-4 connects pads 1702(6,1), (6,3), and (6,5) to via
1708-3.
[0115] With junctions 102 in a LED die 100 mounted
on metalized substrate 2000, traces 2004 connect three
(3) sets of junctions 102 in parallel between vias 1708-1
and 1708-3. The first set includes junctions 102 mounted
on a pair of pads 1702(1,1) and (2,1), a pair of pads
1702(3,6) and (4,6), and a pair of pads 1702(5,1) and
(6,1). The second set includes junctions 102 mounted on
a pair of pads 1702(1,3) and (2,3), a pair of pads
1702(3,2) and (4,2), and a pair of pads 1702(5,3) and
(6,3). The third set includes junctions 102 mounted on a
pair of pads 1702(1,5) and (2,5), a pair of pads 1702(3,4)
and (4,4), and a pair of pads 1702(5,5) and (6,5).
[0116] In the second (e.g., cool-white) segment, a trace
2006-1 connects via 1708-4 to pads 1702(6,2), (6,4),
(6,6). Traces 2006-2 connect pad 1702(5,2) to pad
1702(4,1), pad 1702(5,4) to pad 1702(4,3), and pad
1702(5,6) to pad (4,5). Traces 2006-3 connect pad
1702(3,1) to pad 1702(2,2), pad 1702(3,3) to pad
1702(2,4), and pad 1702(3,5) to pad 1702(2,6). A trace
2006-4 connects pads 1702(1,2), (1,4), and (1,6) to via
1708-2.
[0117] With junctions 102 in a LED die 100 mounted
on metalized substrate 2000, traces 2006 connect three
(3) sets of junctions 102 in parallel between vias 1708-4
and 1708-2. The first set includes junctions 102 mounted
on a pair of pads 1702(6,2) and (5,2), a pair of pads
1702(4,1) and (3,1), and a pair of pads 1702(2,2) and
(1,2). The second set includes junctions 102 mounted on
a pair of pads 1702(6,4) and (5,4), a pair of pads
1702(4,3) and (3,3), and a pair of pads 1702(2,4) and
(1,4). The third set includes junctions 102 mounted on a
pair of pads 1702(6,6) and (5,6), a pair of pads 1702(4,5)
and (3,5), and a pair of pads 1702(2,6) and (1,6).
[0118] For illustrative purposes, assume growth sub-
strate 104 has been removed from junctions 102 of a

LED die 100 mounted on metalized substrate 1700 or
2000, and cool-white phosphor layers and warm-white
phosphor layers are to be formed on junctions 102 using
EPD. In a first EPD process, a first voltage is applied to
the warm-white segment through via 1708-1 and warm-
white phosphors are electrophoretically deposited on
junctions 102 of the warm-white segment. During the first
EPD process, a second voltage is applied to the cool-
white segment through via 1708-4 so warm-white phos-
phors are not formed on junctions 102 of the cool-white
segment. To reduce the risk of electrical sparking be-
tween neighboring strings, a non-zero second voltage is
applied to the cool-white segment. For example, the first
voltage may be 800 volts while the second voltage may
be 400 volts. To create a sharp transition in amount, type,
or thickness of phosphor between the two segments, a
second voltage of the opposite polarity is applied to the
cool-white segment. For example, the first voltage may
be 800 volts while the second voltage may be -400 volts.
Alternatively, the cool-white segment is not biased but
kept floating.
[0119] In a second EPD process, a third voltage is ap-
plied to the cool-white segment through via 1708-4 and
cool-white phosphors are electrophoretically deposited
on junctions 102 of the cool-white segment. During this
second EPD process, a fourth voltage is applied to the
warm-white segment through via 1708-1 so cool-white
phosphors are not formed on junctions 102 of the warm-
white segment. To reduce the risk of electrical sparking
between neighboring strings, a non-zero fourth voltage
is applied to the warm-white segment. To create a sharp
transition in amount, type, or thickness of phosphor be-
tween the two segments, a fourth voltage of the opposite
polarity is applied to the warm-white segment. The same
voltages described for the first EPD process may also be
used for the second EPD process. Alternatively, the
warm-white segment is not biased but kept floating.
[0120] Fig. 21 is a flowchart of a method 2100 for mak-
ing light-emitting device package 300 in examples of the
present disclosure. Method 2100 may begin in block
2102.
[0121] In block 2102, a LED die is provided. The LED
die includes junctions. The LED die may be LED die 100,
1000, or 1100 (Fig. 1-2, 10, or 11). The LED die may
include wavelength converters on its growth substrate
over its junctions. Block 2102 is followed by block 2104.
[0122] In block 2104, a metalized substrate is provided.
The metalized substrate has pads and traces connected
to the pads. The metalized substrate may be metalized
substrate 400, 600, 800, 1700, or 2000 (Fig. 4, 6, 8, 17,
or 20). Block 2104 may be followed by block 2106.
[0123] In block 2106, the LED die is mounted on the
metalized substrate. For example, the junctions are
mounted on the pads of the metalized substrate to create
individually addressable segments. Each segment has
one or more junctions. If wavelength converters are not
present in the LED die, they are formed on the growth
substrate of the LED die after the LED die is mounted on
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the metalized substrate. Alternatively, the growth sub-
strate of the LED die is removed and the wavelength
converters are formed on the junctions in the LED die.
Block 2106 may be followed by block 2108.
[0124] In block 2108, a primary optic is mounted over
the LED die.
[0125] Fig. 22 is a flowchart of a method 2200 for mak-
ing a LED die in examples of the present disclosure.
Method 2200 may begin in block 2202.
[0126] In block 2202, junctions are formed that are at
least partially electrically insulated from each other. Block
2202 may be followed by block 2204.
[0127] In block 2204, wavelength converters are
formed. Each wavelength converter is located over a dif-
ferent junction and separated by a gap from neighboring
wavelength converters.
[0128] The devices described above may be used in
any suitable application, such as general lighting, back-
lighting, or specialized lighting applications. Fig. 23
shows a system 2300 in some examples of the present
disclosure. System 2300 includes a package 300 mount-
ed on a printed circuit board (PCB) 2302. Package 300
has traces to its junctions connected by PCB traces to
one or more drivers 2304 and 2306 on the PCB 2302,
which are controlled by a microcontroller 2308. System
2300 may be part of a headlight assembly 2310 of a motor
vehicle 2312 where the headlight assembly 2310 is ca-
pable of beam steering, spot reduction, highlighting and
dynamic effect features. For a color changing package
300, system 2300 may be part of a flash 2314 for a cam-
era 2316 in a mobile phone 2318 where the flash 2314
is capable of color adjustment.
[0129] The devices described above may be light emit-
ting pixel arrays that support applications benefitting from
fine-grained intensity, spatial, and temporal control of
light distribution. This may include, but is not limited to,
precise spatial patterning of emitted light from pixel
blocks or individual pixels. Depending on the application,
emitted light may be spectrally distinct, adaptive over
time, and/or environmentally responsive. The light emit-
ting pixel arrays may provide pre-programmed light dis-
tribution in various intensity, spatial, or temporal patterns.
The emitted light may be based at least in part on received
sensor data and may be used for optical wireless com-
munications. Associated optics may be distinct at a pixel,
pixel block, or device level. An example light emitting
pixel array may include a device having a commonly con-
trolled central block of high intensity pixels with an asso-
ciated common optic, whereas edge pixels may have in-
dividual optics. Common applications supported by light
emitting pixel arrays include camera flashes, automotive
headlights, architectural and area illumination, street
lighting, and informational displays.
[0130] A light emitting pixel array may be well suited
for camera flash applications for mobile devices. Typi-
cally, an intense brief flash of light from a high intensity
LED is used to support image capture. Unfortunately,
with conventional LED flashes, much of the light is wasted

on illumination of areas that are already well lit or do not
otherwise need to be illuminated. Use of a light emitting
pixel array may provide controlled illumination of portions
of a scene for a determined amount of time. This may
allow the camera flash to, for example, illuminate only
those areas imaged during rolling shutter capture, pro-
vide even lighting that minimizes signal to noise ratios
across a captured image and minimizes shadows on or
across a person or target subject, and/or provide high
contrast lighting that accentuates shadows. If pixels of
the light emitting pixel array are spectrally distinct, color
temperature of the flash lighting may be dynamically ad-
justed to provide wanted color tones or warmth.
[0131] Automotive headlights that actively illuminate
only selected sections of a roadway are also supported
by light emitting pixel arrays. Using infrared cameras as
sensors, light emitting pixel arrays activate only those
pixels needed to illuminate the roadway while deactivat-
ing pixels that may dazzle pedestrians or drivers of on-
coming vehicles. In addition, off-road pedestrians, ani-
mals, or signs may be selectively illuminated to improve
driver environmental awareness. If pixels of the light emit-
ting pixel array are spectrally distinct, the color temper-
ature of the light may be adjusted according to respective
daylight, twilight, or night conditions. Some pixels may
be used for optical wireless vehicle to vehicle communi-
cation.
[0132] Architectural and area illumination may also
benefit from light emitting pixel arrays. Light emitting pixel
arrays may be used to selectively and adaptively illumi-
nate buildings or areas for improved visual display or to
reduce lighting costs. In addition, light emitting pixel ar-
rays may be used to project media facades for decorative
motion or video effects. In conjunction with tracking sen-
sors and/or cameras, selective illumination of areas
around pedestrians may be possible. Spectrally distinct
pixels may be used to adjust the color temperature of
lighting, as well as support wavelength specific horticul-
tural illumination.
[0133] Street lighting is an important application that
may greatly benefit from use of light emitting pixel arrays.
A single type of light emitting array may be used to mimic
various street light types, allowing, for example, switching
between a Type I linear street light and a Type IV semi-
circular street light by appropriate activation or deactiva-
tion of selected pixels. In addition, street lighting costs
may be lowered by adjusting light beam intensity or dis-
tribution according to environmental conditions or time
of use. For example, light intensity and area of distribution
may be reduced when pedestrians are not present. If
pixels of the light emitting pixel array are spectrally dis-
tinct, the color temperature of the light may be adjusted
according to respective daylight, twilight, or night condi-
tions.
[0134] Light emitting arrays are also well suited for sup-
porting applications requiring direct or projected displays.
For example, warning, emergency, or informational signs
may all be displayed or projected using light emitting ar-
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rays. This allows, for example, color changing or flashing
exit signs to be projected. If a light emitting array is com-
posed of a large number of pixels, textual or numerical
information may be presented. Directional arrows or sim-
ilar indicators may also be provided.
[0135] Various other adaptations and combinations of
features of the embodiments disclosed are within the
scope of the invention as defined by the following claims.

Claims

1. A light-emitting device package (300), comprising:
a light-emitting diode (LED) die, comprising:

a growth substrate (104);
junctions (102) formed on a first side of the
growth substrate, the junctions (102) being at
least partially electrically insulated from each
other in the die;
transparent conductors (1402) formed on a sec-
ond side of the growth substrate (104),
wherein the transparent conductors are trans-
parent electrical conductors; and
wavelength converters (118) formed on the
transparent conductors, each wavelength con-
verter (118) being located over a different junc-
tion (102).

2. The package (300) of claim 1, further comprising a
first group of transparent conductors on the growth
substrate (104) over a first plurality of the junctions
(102) and a second group of transparent conductors
on the growth substrate (104) over a second plurality
of the junctions (102), each group of transparent con-
ductors being connected in series, in parallel, or a
combination thereof, each transparent conductor
comprising a footprint smaller than its underlying
junction (102).

3. The package (300) of claim 2, wherein the first group
of transparent conductors and the second group of
the transparent conductors form diagonal strings or
diagonally alternating strings.

4. The package (300) of claim 2, wherein the wave-
length converters (118) comprise a first type of wave-
length converters (118) over the first plurality of the
junctions (102) and a second type of wavelength
converters (118) over the second plurality of the junc-
tions (102), wherein the first type of wavelength con-
verters (118) comprises a cool-white phosphor layer,
the second type of wavelength converters (118)
comprises a warm-white phosphor layer, and the
junctions (102) comprise blue-emitting junctions
(102).

5. The package (300) of any one of claims 1-4, wherein

each wavelength converter (118) comprises a foot-
print smaller than its underlying junction (102).

6. The package (300) of any one of claims 1-5, wherein
the wavelength converters (118) are separated by
gaps between them.

7. The package (300) of any one of claims 1-5, wherein
the wavelength converters (118) abut against each
other.

8. The package (300) of any one of claims 1-7, further
comprising a single primary optic (204) over the LED
die, wherein the primary optic (204) comprises an
overmolded silicone lens or window, an overmolded
glass lens or window, a preformed silicone lens or
window, or a preformed glass lens or window.

9. A method to produce a light-emitting device package
(300) comprising a light-emitting diode (LED) die,
comprising:

mounting junctions (102) on a first side of a
growth substrate (104), the junctions (102) be-
ing at least partially electrically insulated from
each other;
patterning on a second side of the growth sub-
strate a first group of interconnected transparent
conductors over a first plurality of the junctions
(102) and a second group of interconnected
transparent conductors over a second plurality
of the junctions (102), wherein the transparent
conductors are transparent electrical conduc-
tors;
performing electrophoretic deposition (EPD) by
applying a first voltage to the first group of inter-
connected transparent conductors to form a first
plurality of wavelength converters (118) there-
on; and
performing EPD by applying a second voltage
to the second group of interconnected transpar-
ent conductors to form a second plurality of
wavelength converters (118) thereon.

10. The method of claim 9, wherein each wavelength
converter (118) comprises a footprint smaller than
its underlying junction (102).

11. The method of any one of claims claim 9-10, wherein
the wavelength converters (118) are separated by
gaps between them.

12. The method of any one of claims claim 9-10, wherein
the wavelength converters (118) abut against each
other.

13. The method of any one of claims 9-12, wherein the
first plurality of wavelength converters comprises
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cool-white phosphor layers, the second plurality of
wavelength converters comprises warm-white phos-
phor layers, and the junctions (102) comprise blue-
emitting junctions (102), and wherein said perform-
ing EPD to form the first plurality of wavelength con-
verters further comprises applying a third non-zero
voltage to the second group of interconnected trans-
parent conductors.

14. The method of claim 13, wherein said performing
EPD to form the second plurality of wavelength con-
verters further comprises applying a fourth non-zero
voltage to the first group of interconnected transpar-
ent conductors.

15. The method of any one of claims 13-14, wherein the
third non-zero voltage comprises an opposite polar-
ity as the first voltage.

Patentansprüche

1. Gehäuse für eine lichtemittierende Vorrichtung
(300), umfassend:
einen lichtemittierenden Dioden (LED)-Chip, umfas-
send:

ein Wachstumssubstrat (104);
Verbindungen (102), die auf einer ersten Seite
des Wachstumssubstrats gebildet sind, wobei
die Verbindungen (102) mindestens teilweise
elektrisch voneinander im Chip isoliert sind;
transparente Leiter (1402), die auf einer zweiten
Seite des Wachstumssubstrats (104) gebildet
sind,
wobei die transparenten Leiter transparente
elektrische Leiter sind; und
Wellenlängen-Umwandler (118), die auf den
transparenten Leitern gebildet sind, wobei jeder
Wellenlängen-Umwandler (118) über einer ver-
schiedenen Verbindung (102) angebracht ist.

2. Gehäuse (300) nach Anspruch 1, weiter umfassend
eine erste Gruppe von transparenten Leitern auf
dem Wachstumssubstrat (104) über einer ersten
Vielzahl der Verbindungen (102) und eine zweite
Gruppe von transparenten Leitern auf dem Wachs-
tumssubstrat (104) über einer zweiten Vielzahl der
Verbindungen (102), wobei jede Gruppe von trans-
parenten Leitern in Reihe, parallel oder einer Kom-
bination davon verbunden ist, wobei jeder transpa-
rente Leiter eine Grundfläche umfasst, die kleiner
als ihre darunter liegende Verbindung (102) ist.

3. Gehäuse (300) nach Anspruch 2, wobei die erste
Gruppe von transparenten Leitern und die zweite
Gruppe von transparenten Leitern diagonale Strän-
ge oder diagonale alternierende Stränge bilden.

4. Gehäuse (300) nach Anspruch 2, wobei die Wellen-
längenumwandler (118) eine erste Art von Wellen-
längenumwandlern (118) über der ersten Vielzahl
der Verbindungen (102) und eine zweite Art von Wel-
lenlängenumwandlern (118) über der zweiten Viel-
zahl der Verbindungen (102) umfasst, wobei die ers-
te Art von Wellenlängenumwandlern (118) eine kalt
weiße Phosphorschicht umfasst, die zweite Art von
Wellenlängenumwandlern (118) eine warm weiße
Phosphorschicht umfasst, und die Verbindungen
(102) blau emittierende Verbindungen (102) umfas-
sen.

5. Gehäuse (300) nach einem der Ansprüche 1 - 4,
wobei jeder Wellenlängenumwandler (118) eine
Grundfläche umfasst, die kleiner als ihre darunter
liegende Verbindung (102) ist.

6. Gehäuse (300) nach einem der Ansprüche 1 - 5,
wobei die Wellenlängenumwandler (118) durch Zwi-
schenräume zwischen sich getrennt sind.

7. Gehäuse (300) nach einem der Ansprüche 1 - 5,
wobei die Wellenlängenumwandler (118) gegenein-
ander anstoßen.

8. Gehäuse (300) nach einem der Ansprüche 1 - 7,
weiter umfassend eine einzige Primäroptik (204)
über dem LED-Chip, wobei die Primäroptik (204)
ein(e) überformte(s) Silikonlinse oder -fenster, ein(e)
überformte(s) Glaslinse oder -fenster, ein(e) vorge-
formte(s) Silikonlinse oder -fenster oder ein(e) vor-
geformte(s) Glaslinse oder -fenster umfasst.

9. Verfahren zum Herstellen eines Gehäuses einer
lichtemittierenden Vorrichtung (300), umfassend ei-
nen lichtemittierenden Dioden (LED)-Chip, umfas-
send:

Montieren von Verbindungen (102) auf einer
ersten Seite eines Wachstumssubstrats (104),
wobei die Verbindungen (102) mindestens teil-
weise elektrisch voneinander isoliert sind;
Mustern auf einer zweiten Seite des Wachs-
tumssubstrats einer ersten Gruppe von mitein-
ander verbundenen transparenten Leitern über
einer ersten Vielzahl der Verbindungen (102)
und einer zweiten Gruppe von miteinander ver-
bundenen transparenten Leitern über einer
zweiten Vielzahl der Verbindungen (102), wobei
die transparenten Leiter transparente elektri-
sche Leiter sind;
Durchführen einer elektrophoretischen Ab-
scheidung (EPD) durch Anwenden einer ersten
Spannung auf die erste Gruppe von miteinander
verbundenen transparenten Leitern, um eine
erste Vielzahl von Wellenlängenumwandlern
(118) darauf zu bilden; und
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Durchführen einer EPD durch Anwenden einer
zweiten Spannung auf die zweite Gruppe von
miteinander verbundenen transparenten Lei-
tern, um eine zweite Vielzahl von Wellenlängen-
umwandlern (118) darauf zu bilden.

10. Verfahren nach Anspruch 9, wobei jeder Wellenlän-
genumwandler (118) eine Grundfläche umfasst, die
kleiner als ihre darunter liegende Verbindung (102)
ist.

11. Verfahren nach einem der Ansprüche 9 - 10, wobei
die Wellenlängenumwandler (118) durch Zwischen-
räume zwischen sich getrennt sind.

12. Verfahren nach einem der Ansprüche 9 - 10, wobei
die Wellenlängenumwandler (118) aneinander an-
stoßen.

13. Verfahren nach einem der Ansprüche 9 - 12, wobei
die erste Vielzahl von Wellenlängenumwandlern kalt
weiße Phosphorschichten umfasst, die zweite Viel-
zahl von Wellenlängenumwandlern warm weiße
Phosphorschichten umfasst, und die Verbindungen
(102) blau emittierende Verbindungen (102) umfas-
sen, und wobei die Durchführung einer EPD, um die
erste Vielzahl von Wellenlängenumwandlern zu bil-
den, weiter das Anwenden einer dritten Nicht-Null-
Spannung auf die zweite Gruppe von miteinander
verbundenen transparenten Leitern umfasst.

14. Verfahren nach Anspruch 13, wobei die Durchfüh-
rung einer EPD, um die zweite Vielzahl von Wellen-
längen-Umwandlern zu bilden, weiter das Anwen-
den einer vierten Nicht-Null-Spannung auf die erste
Gruppe von miteinander verbundenen transparen-
ten Leitern umfasst.

15. Verfahren nach einem der Ansprüche 13 - 14, wobei
die dritte Nicht-Null-Spannung eine entgegenge-
setzte Polarität zur ersten Spannung umfasst.

Revendications

1. Dispositif électroluminescent (300), comprenant :
une matrice de diode électroluminescente (LED),
comprenant :

un substrat de développement (104) ;
des jonctions (102) formées sur un premier côté
du substrat de développement, les jonctions
(102) étant au moins partiellement isolées élec-
triquement les unes des autres au sein de la
matrice ;
des conducteurs transparents (1402) formés sur
un second côté du substrat de développement
(104),

dans lequel les conducteurs transparents sont
des conducteurs électriques transparents ; et
des convertisseurs de longueur d’onde (118)
formés sur les conducteurs transparents, cha-
que convertisseur de longueur d’onde (118)
étant situé par-dessus une jonction différente
(102).

2. Dispositif (300) selon la revendication 1, comprenant
en outre un premier groupe de conducteurs trans-
parents sur le substrat de développement (104), par-
dessus une première pluralité de jonctions (102), et
un second groupe de conducteurs transparents sur
le substrat de développement (104) par-dessus une
seconde pluralité de jonctions (102), chaque groupe
de conducteurs transparents étant relié en série, en
parallèle, ou une combinaison de ceux-ci, chaque
conducteur transparent comprenant une empreinte
plus petite que sa jonction sous-jacente (102).

3. Dispositif (300) selon la revendication 2, dans lequel
le premier groupe de conducteurs transparents et le
second groupe de conducteurs transparents forment
des chaînes diagonales ou des chaînes alternées
en diagonale.

4. Dispositif (300) selon la revendication 2, dans lequel
les convertisseurs de longueur d’onde (118) com-
prennent un premier type de convertisseurs de lon-
gueur d’onde (118) par-dessus la première pluralité
de jonctions (102) et un second type de convertis-
seurs de longueur d’onde (118) par-dessus la se-
conde pluralité de jonctions (102), dans lequel le pre-
mier type de convertisseurs de longueur d’onde
(118) comprend une couche de phosphore blanc
froid, le second type de convertisseurs de longueur
d’onde (118) comprend une couche de phosphore
blanc chaud, et les jonctions (102) comprennent des
jonctions qui émettent du bleu (102).

5. Dispositif (300) selon l’une quelconque des reven-
dications 1 à 4, dans lequel chaque convertisseur
de longueur d’onde (118) comprend une empreinte
plus petite que sa jonction sous-jacente (102).

6. Dispositif (300) selon l’une quelconque des reven-
dications 1 à 5, dans lequel les convertisseurs de
longueur d’onde (118) sont séparés par des espaces
entre eux.

7. Dispositif (300) selon l’une quelconque des reven-
dications 1 à 5, dans lequel les convertisseurs de
longueur d’onde (118) butent les uns contre les
autres.

8. Dispositif (300) selon l’une quelconque des reven-
dications 1 à 7, comprenant en outre une seule op-
tique principale (204) par-dessus la matrice de LED,
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dans lequel l’optique principale (204) comprend une
lentille ou une fenêtre en silicone surmoulée, une
lentille ou une fenêtre en verre surmoulée, une len-
tille ou une fenêtre en silicone préformée, ou une
lentille ou une fenêtre en verre préformée.

9. Procédé de fabrication d’un dispositif (300) compre-
nant une matrice de diode électroluminescente
(LED), comprenant :

des jonctions de montage (102) sur un premier
côté d’un substrat de développement (104), les
jonctions (102) étant au moins partiellement iso-
lées électriquement les unes des autres ;
la gravure, sur un second côté du substrat de
développement, d’un premier groupe de con-
ducteurs transparents interconnectés par-des-
sus une première pluralité de jonctions (102), et
d’un second groupe de conducteurs transpa-
rents interconnectés par-dessus une seconde
pluralité de jonctions (102), dans lequel les con-
ducteurs transparents sont des conducteurs
électriques transparents ;
la réalisation d’un dépôt électrophorétique
(EPD) en appliquant une première tension au
premier groupe de conducteurs transparents in-
terconnectés afin de former une première plu-
ralité de convertisseurs de longueur d’onde
(118) dessus ; et
la réalisation d’un dépôt électrophorétique en
appliquant une seconde tension au second
groupe de conducteurs transparents intercon-
nectés afin de former une seconde pluralité de
convertisseurs de longueur d’onde (118) des-
sus.

10. Procédé selon la revendication 9, dans lequel cha-
que convertisseur de longueur d’onde (118) com-
prend une empreinte plus petite que sa jonction
sous-jacente (102).

11. Procédé selon l’une quelconque des revendications
9 à 10, dans lequel les convertisseurs de longueur
d’onde (118) sont séparés par des espaces entre
eux.

12. Procédé selon l’une quelconque des revendications
9 à 10, dans lequel les convertisseurs de longueur
d’onde (118) butent les uns contre les autres.

13. Procédé selon l’une quelconque des revendications
9 à 12, dans lequel la première pluralité de conver-
tisseurs de longueur d’onde comprend des couches
de phosphore blanc froid, la seconde pluralité de
convertisseurs de longueur d’onde comprend des
couches de phosphore blanc chaud, et les jonctions
(102) comprennent des jonctions qui émettent du
bleu (102), et dans lequel ladite réalisation de dépôt

électrophorétique afin de former la première pluralité
de convertisseurs de longueur d’onde comprend en
outre l’application d’une troisième tension non nulle
au second groupe de conducteurs transparents in-
terconnectés.

14. Procédé selon la revendication 13, dans lequel ladite
réalisation de dépôt électrophorétique afin de former
la seconde pluralité de convertisseurs de longueur
d’onde comprend en outre l’application d’une qua-
trième tension non nulle au premier groupe de con-
ducteurs transparents interconnectés.

15. Procédé selon l’une quelconque des revendications
13 à 14, dans lequel la troisième tension non nulle
comprend une polarité opposée à celle de la premiè-
re tension.
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