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(57) Abstract: A light emitter device, package, or lamp that comprises and light emitter and a light transmission control material
to mask the appearance of at least the light emitter. In one embodiment, a light emitting diode (LED) based lamp is disclosed,
comprising an LED light source. A phosphor is arranged remote to the light source such that light emitted from the light source
passes through this phosphor and is converted by this phosphor. A light transmission control material is applied at least partially
outside the LED light source and the phosphor to reversibly mask the appearance of the LED light source and the phosphor. The
light transmission control material is less masking when the LED light source is active. A method for masking the appearance of
inactive light emitters is also disclosed that comprising providing at least one light emitter. Each of the at least one light emitters is
provided with a light transmission control material over the light emitters to reversibly mask the appearance of the light emitters
while the light emitters are inactive. The light transmission control material is less masking when the LED light source is active.
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LIGHT TRANSMISSION CONTROL FOR MASKING APPEARANCE OF
SOLID STATE LIGHT SOURCES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to light emitters and light
transmission control materials to mask their appearance
when inactive, and in particular to solid state emitters
having light transmission control materials to mask their
appearance when inactive but becoming transparent when

the solid state emitter is active.

Description of the Related Art

[0002] Light emitting diodes (LED or LEDs) are solid
state devices that convert electric energy to light, and
generally comprise one or more active layers of
semiconductor material sandwiched between oppositely
doped layers. When a bias is applied across the doped
layers, holes and electrons are injected into the active
layer where they recombine to generate light. Light is
emitted from the active 1layer and extracted to the
surrounding ambient from all transparent surfaces of the

LED.

[0003] Conventional LEDs cannot generate white light from
their active layers. Light from a blue emitting LED has
been converted to white light by surrounding the LED with
a yellow phosphor, polymer or dye, with a typical
phosphor being cerium-doped vyttrium aluminum garnet
(Ce:YAG) . The surrounding phosphor material

“downconverts” the wavelength of some of the LED’s blue
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light, changing its color to yellow. Some of the blue
light passes through the phosphor without being changed
while a substantial portion of the light is downconverted
to yellow. The LED emits both blue and yellow lighﬁ,
which combine to provide a white 1light. 1In another
approach light from a violet or ultraviolet emitting LED
has been converted to white light by surrounding the LED

with multicolor phosphors or dyes.

[0004] In order to use an LED chip in a circuit or other
like arrangement, it is known to enclose an LED chip in a
package to provide environmental and/or mechanical
protection, color selection, light focusing and the -like.
An LED package also includes electrical leads, contacts
or traces for electrically connecting the LED package to
an external circuit. In a typical LED package 10
illustrated in FIG. 1, a single LED chip 512 is mounted
on a reflective cup 513 by means of a solder bond or
conductive epoxy. One or more wire bonds 511 connect the
ohmic contacts of the LED chip 512 to leads 515A and/or
515B, which may be attached to or integral with the
reflective cup 513. The reflective cup may be filled with
an encapsulant material 516 which may <contain a
wavelength conversion material such as a phosphor. Light
emitted by the LED at a first wavelength may be absorbed
by the phosphor, which may responsively emit light at a
second wavelength. The entire assembly is then
encapsulated in a clear protective resin 514, which may
be molded in the shape of a lens to collimate the 1light
emitted from the LED chip 512. While the reflective cup
513 may direct 1light in an wupward direction, optical
losses may occur when the light is reflected (i.e. some
light may be absorbed by the reflector cup due to the

less than 100% reflectivity of practical reflector
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surfaces). In addition, heat retention may be an issue
for a package, since it may be difficult to extract heat

through the leads 515A, 515B.

[0005] A conventional LED package 520 illustrated in
FIG. 2 may be more suited for high power operations which
may generate more heat. In the LED package 520, one or
more LED chips 522 are mounted onto a carrier such as a
printed circuit board (PCB) carrier, substrate or
submount 523. A metal reflector 524 mounted on the
submount 523 surrounds the LED chip(s) 522 and reflects
light emitted by the LED chips 522 away from the package
520. The reflector 524 also provides mechanical
protection to the LED chips 522. One or more wirebond
connections 527 are made between ohmic contacts on the
LED chips 522 and electrical traces 525A, 525B on the
submount 523. The mounted LED chips 522 are then covered
with an encapsulant 526, which may provide environmental
and mechanical protection to the chips while also acting
as a lens. The metal reflector 524 is typically attached

to the carrier by means of a solder or epoxy bond.

[0006] LED chips, such as those found in the LED package
520 of FIG. 2 can be coated by conversion material
comprising one or more phosphors, with the phosphors
absorbing at least some of the LED light. The LED chip
can emit a different wavelength of 1light such that it
emits a combination of 1light from the LED and the
phosphor. The LED chip(s) can be coated with a phosphor
using many different methods, with one suitable method
being described in U.S. Patent Applications Serial Nos.
11/656,759 and 11/899,790, both to Chitnis et al. and
both entitled ™“Wafer Level Phosphor Coating Method and
Devices Fabricated Utilizing Method”. Alternatively, the
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LEDs can be coated using other methods such as
electrophoretic deposition (EPD), with a suitable EPD
method described in U.s. Patent Application No.
11/473,089 to Tarsa et al. entitled “Close Loop

Electrophoretic Deposition of Semiconductor Devices”.

—

[0007] In these arrangements the phosphor material is on
or in close proximity to the LED epitaxial layers and in
some instances comprises a conformal coat over the LED.
In these arrangements, the phosphor material can be
subjected to direct chip heating which can cause the
phosphor material to heat. In other embodiments the

phosphor is placed remote from the LED.

[0008] Lamps have been developed utiliﬁing solid state
light sources, such as LEDs, with conversion material on
or around the LEDs. Such arrangements are disclosed in
U.S. Patent Application No. 11/974,431 to Keller et al.,
entitled ™“Multiple Conversion Material Light Emitting
Diode Package and Method of Fabricating Same.” Lamps
have also been developed utilizing solid state 1light
sources, such as LEDs, with a conversion material that is
separated from or remote to the LEDs. Such arrangements
are disclosed in U.S. Patent No. 6,350,041 to Tarsa et
al., entitled “High Output Radial Dispersing Lamp Using a
Solid State Light Source.” The lamps described in this
'patent can comprise a solid state light source that
transmits light through a separator to a disperser having
a phosphor. The disperser can disperse the light in a
desired pattern and/or changes its color by converting at

least some of the light through a phosphor.

[0009] These conversion material coatings and dispersers
in solid state emitters are visible to users when the

emitter is inactive or not energized. For example, solid



WO 2012/011936 PCT/US2011/001214

state light sources that generate white light by using
phosphors to convert blue light have distinct yellow or
yellow-orange appearances. In some applications these
visible conversion materials can be considered unsightly
by wusers and consumers, which may lead to adoption
avoidance in the market. To mask this appearance,
present technology relies on diffusive or semitransparent
materials to modify the visibility of conversion
materials in solid state light emitters. These solutions
use materials which remain diffusive or semitransparent
even when the light is energized resulting in significant
transmission losses of 1light, 4% up to 50%, reducing

performance of the light source.

[0010] In other applications, such as windows, privacy
glass, oven windows, and artistic displays, reversibly
light scattering materials have been used within surfaces
or to coat surfaces to change their ability to reversibly
scatter light or transparency. These coatings can be
thermally or electrically triggered. Examples of these
materials and their functions can be found in U.S. Patent

Nos. 6,362,303, 4,273,422, and 6,416,827.

SUMMARY OF THE INVENTION

[0011] The present embodiments advantageously address the
needs above as well as other needs by providing 1light
emitter devices, packages, lamp systems and methods of
manufacturing same. Some embodiments provide a light
emitting diode (LED) <chip, comprising an LED and a
coating at least partially covering the LED. This
coating reversibly masking the appearance of the at least

partially covered LED when the LED is inactive.
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[0012] Other embodiments provide an LED package that
comprises an LED chip and package 1leads electrically
connected to said LED chip. The package further
comprises an encapsulation surrounding the LED chip and
electrical connections and a light transmission control
material at least partially covering the LED chip. This
light transmission control material reversibly masking
the appearance of the at least partially covered LED chip

when the LED chip is inactive.

[0013] Other embodiments provide an LED based lamp that
comprises an LED light source. A phosphor is arranged
remote to the light source such that light emitted from
the 1light source passes through the phosphor and is
converted by the phosphor. A light transmission control
material applied at least partially outside the LED light
source and the phosphor to reversibly mask the appearance

of the LED light source and the phosphor.

[0014] Some further embodiments provide a method for
masking the appearance of inactive light emitters. These
embodiments can comprise providing at least one 1light
emitter. Providing a light transmission control material
over the at least one 1light emitter to reversibly mask
the appearance of the at least one 1light emitter while

the at least one light emitter is inactive.

[0015] The above and other aspects, features and
advantages of the present embodiments will be more
apparent from the following more particular description
thereof, presented 1in conjunction with the following

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows a sectional view of one embodiment of

a prior art LED lamp;

[0017] FIG. 2 shows a sectional view of another

embodiment of a prior art LED lamp;

[0018] FIG. 3a is a sectional view of one embodiment of
an LED chip wafer at fabrication steps according to the

present invention;

[0019] FIG. 3b is a sectional view of one embodiment of
an LED chip wafer at fabrication steps according to the

present invention.

[0020] FIG. 3c is a sectional view of one embodiment of
an LED chip wafer at fabrication steps according to the

present invention.

[0001] FIG. 4 is a sectional view of one embodiment of a
flip-chip LED <chip wafer according to the present

invention;

[0021] FIG. 5 is a perspective view of one embodiment of

an LED package according to the present invention;

[0022] FIG. 6a is a perspective view of one embodiment of

an LED package according to the present invention;

[0023] FIG. 6b is a sectional view of one embodiment of

an LED package according to the present invention;

[0024] FIG. 7 is a sectional view of one embodiment of a

lamp according to the present invention;

[0025] FIG. 8 is a sectional view of another embodiment

of a lamp according to the present invention; and
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[0026] FIG. 9 is a sectional view of another embodiment
of a lamp according to the present invention having a

cover.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention 1is directed to different
embodiments of 1light emitter devices, components, and
bulb structures comprising a light transmission control
coating or material that can mask the visibility of these
components while they are inactive, while minimizing loss
of emitter performance while active. This reduces or
eliminates the visibility of conversion materials on
emitters or the presence of several emitters while the
devices are inactive, improving the appearance of these
lighting solutions. The present invention 1is also
directed to lamp structures comprising a light
transmission control coating or material that serves to
mask the phosphor or conversion material from the view by
the lamp user when the lamp is inactive or not energized,
but also becomes clear to allow transfer of light from
the lamp’s 1light source without significant losses of
efficiency such as those caused by the use of a diffuser.
The present invention is also directed to methods of
manufacturing the above. In one embodiment, the 1light
transmission control coating or material can be arranged

to also control light dispersion patterns.

[0028] In different lamp embodiments the conversion
material can comprise one or more phosphors which can be
kept remote from the 1light source or in a phosphor
carrier window. Remote phosphor or phosphor carrier

windows can be visible to users and can be considered
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unsightly, but are advantageous because of many reasons
such as reduction of heat related degradation of the
phosphor and increased reliability. In these embodiments,
an area on the phosphor can be coated with a 1light
transmission control material. This light transmission
control material can mask the appearance of the phosphor
or other conversion material by acting as a light scatter
and appearing white, or any other color, or opaque when
the light emitter is inactive. When the light emitter is
energized or active, the light transmission control
material transitions, losing its light scattering
properties, becoming clear or less-light scattering to
light from the LED and allowing the transfer of this
light.

[0029] The present invention 1is described herein with
reference to certain embodiments but it 1is understood
that the invention can be embodied in many different
forms and should not be construed as limited to the
embodiments set forth herein. In particular, the present
invention is described below in regards to coating LEDs,
light emitters, and lamps with a 1light transmission
control coating that is typically comprised of a polymer,
but it 1is understood that the present invention can be
used to coat LEDs with other materials for 1light
transmission control. It 1is also understood that the
light transmission control can be combined with materials
which have scattering or 1light extraction particles or
materials, and that the coating can be electrically or
thermally active. The light transmission control coatings
or materials can be directly on the LEDs or can be part
of or form structures remote to the LEDs. Remote 1light
transmission control or materials, can be provided 1in

many different shapes including but not 1limited to
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planar, dome, glove, Dbullet, square or other multiple
planar shapes, etc. For the remote embodiments, the light
transmission control cocating or materials can comprise
one or more layers on the inside and/or outside of the
remote structure or can be mixed in or internal to the
remote structure. In other embodiments, the light
transmission control coating or materials can be provided
in a binder material, such as an epoxies, glass,

silicones, plastics, etc.

[0030] The methods according to the present invention can
also be used for coating other semiconductor devices with
different materials. Additionally, single or multiple
coatings and/or layers can be formed on the LEDs. A
coating can include polymers, scattering particles,
and/or other materials. With multiple coatings and/or
layers, each one can include different materials,
different particles, different optical properties, such
as transparency, index of refraction, and/or different
physical properties, as compared to other layers and/or

coatings.

[0031] It is also understood that when an element such as
a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element
or intervening elements may also be present. Furthermore,
relative terms such as “inner”, “outer”, “upper”,
“above”, “lower”, “beneath”, and “below”, and similar
terms, may be used herein to describe a relationship of
one layer or another region. It is understood that these
terms are intended to encompass different orientations of

the device in addition to the orientation depicted in the

figures.

10
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[0032] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components,
regions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish one
element, component, region, layer or section from another
region, layer or section. Thus, a first element,
component, region, layer or section discussed below could
be termed a second element, component, region, layer or
section without departing from the teachings of the

present invention.

[0033] Embodiments of the invention are described herein
with reference to cross-sectional view illustrations that
are schematic illustrations of idealized embodiments of
the invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances are expected. Embodiments of
the invention should not be construed as limited to the
particular shapes of the regions illustrated herein but
are to 1include deviations in shapes that result, for
example, from manufacturing. A region illustrated or
described as square or rectangular will typically have
rounded or curved features due to normal manufacturing
tolerances. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended
to illustrate the precise shape of a region of a device

and are not intended to limit the scope of the invention.

[0034] The present invention can be used in conjunction
with many different solid state emitters, with the
embodiment of the invention below being described in
relation to an LED. It is understood that the present

invention can also be used in other solid state emitter

11
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packages beyond the embodiment shows, from simple “metal
cup” packages known in the art, to more complex packages.
The present invention can also be used with multiple
emitter packages, such as LED packages having more than
one LED. The present invention can also be used with all
types of LEDs, not just the types discussed herein. The
discussion of the present invention with reference to the
following embodiment should not be construed as limiting

to that particular embodiment or similar embodiments.

[0035] In some embodiments the light transmission control
material can be triggered by heat, acting as a thermally
reversible light scattering material. Upon heating the
light transmission control material can change from a
light scattering material to a 1less or non-light
scattering material when hot. When the light
transmission control material 1s 1less hot or at lower
temperatures it can transition back to a light scattering
material. The light transmission control material can be
light scattering transitioning to less or non-light
scattering for all wavelengths of light or for specific
wavelengths of light such as those outputted by the light
emitter. This 1light transmission control material could
be in the form of a polymer, photochromic material,
polychromic material, or other suitable material.
Examples of materials can include polymer dispersed
liquid crystal, polymer stabilized cholesteric texture,
and suspended particle mediums. The 1light transmission
control material <can be applied by spin coating,
printing, Jjet printing, scfeen printing, glass blown,
thermal evaporation, gas coating, CFL, and other methods

known in the art.

12
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[0036] Polymer dispersed liquid crystal, (PDLC),
technologies generally involve liquid crystal droplets
either physically dispersed in a polymer matrix, or
liquid crystal droplets formed by phase separation during
curing of a reactive monomer/liquid crystal solution
and/or by solvent removal. Droplet formation in the later
case is due to decreased solubility of the liquid crystal
material in the polymer being formed as compared to a
higher solubility of the liquid crystal material in the
monomer prior to curing. Droplet formation may also be
due to the polymer and the 1liquid crystal both being
soluble in a solvent whereas the liquid crystal is
insoluble or immiscible in the polymer and forms droplets

within the polymer as the solvent is removed.

[0037] In general with PDLC materials, the droplets of
liquid crystal are responsible for the unique behavior of
the material, the index of refraction of the 1liquid
crystal droplets 1is different from the polymer matrix
material and a layer of the droplet containing material
is light scattering and thus appears translucent, frosted
or white. When a layer of PDLC 1is provided between two
transparent electrode layers, a voltage can be applied to
change the index of refraction of the 1liquid crystal
droplets. As the index of refraction of the droplets
approaches that of the polymer matrix the PDLC 1layer
decreases in light scattering and with a high enough
applied voltage the PDLC materials can become
transparent. Thus, these devices are electrically
operated or electrooptic wvariable 1light scattering
devices, though thermally induced changes from 1light
scattering to <clear are also possible for these
materials. Dyes may also be added to the material. When

a dye is used, the dye will preferably be substantially

13
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separated into the liquid crystal phase resulting in the
light modulating material normally having a colored
opaque appearance, which can be changed to a transparent
or clear appearance by application of an electrical

potential or temperature change.

[0038] Suspended particle devices (SPDs), generally
involve a thin film laminate of rod-like particles
suspended in a fluid which is attached to one layer or
placed between two layers of glass or plastic. When no
voltage is applied, the suspended particles are arranged
in random orientations and tend to absorb light, so that
the glass panel looks dark (or opaque), blue or grey or
black color. When voltage 1is applied( the suspended
particles align and let light pass. SPDs can be dimmed,
and allow instant control of the amount of light and heat
passing through. A small but constant electrical current
is required for keeping the SPD smart window 1in 1its

transparent stage.

[0039] Polymer stabilized cholesteric texture, (PSCT),
technologies generally involve a <cholesteric liquid
crystal being mixed with a small amount of a reactive
monomer, and placing this in a very thin film between
conducting layers. The monomer is then allowed to react
while an applied electric field holds the liquid crystal
material in a clear or low light scattering state known
as the homeotropic texture. Thus, the small amount of
polymer matrix formed during the curing process favors or
stabilizes this texture to some extent and the 1liquid
crystal returns to it in the future when voltages of
adequate strength are applied across the liquid crystal
layer. In the absence of an applied voltage the 1liquid

crystal material goes to a light scattering, focal conic

14
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texture. Devices with this technology rapidly switch
between 1light scattering with no applied voltage to
fairly 1low 1light scattering with an applied voltage.
Reverse mode devices are also possible in which there 1is
relatively 1little 1light scattering in the no voltage
applied condition and the device becomes light scattering
when a voltage is applied. PSCT technology lends itself
to thermally reversible 1light scattering as heating a
PSCT material from its mesomorphic phase with focal conic
texture to it isotropic phase causes the polymer
stabilized material to change from light scattering to

less light scattering or clear.

[0040] The source of heat which triggers the change in
light scattering properties may be an electric power
source with a resistive element which heats a transparent
or non-transparent conductive material in thermal contact
with the light transmission control material. Examples
include conventional strip heaters, wire heating coils, a
thin metal foil or a metal film on a substrate and
transparent heaters 1like a layer of tin doped indium
oxide, (ITO), or fluorine doped tin oxide on a flexible
or a rigid substrate. Other resistive heaters, that allow
for light transmission, can be associated with or even
embedded in the light transmission control material and
include an array of fine wires, a fine wire mesh and a
metal grid pattern formed by additive or subtractive
processes. Considering that light transmission
efficiency is important in the use of light emitters, it
may be advantageous to use a heating method which would
be transparent to allow the maximum amount of light to
exit the device without being interrupted by devices such
as reflective wiring. The source of heat may also be a

source of electromagnetic radiation such as ultraviolet,

15
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visible, infrared or microwave radiation 1in radiative
contact with the devices of the invention. For example,
the light emitter itself could be the source of heat
which would cause the light transmission control material
to transition into its less or non-light scattering form.
The temperatures at which the light transmission control
material transitions from 1light scattering to less or
non-light scattering are alterable and can be adjusted to
meet different light applications to account for
differences in variables such as the environment or

special use lighting applications.

[0041] In other embodiments the light transmission
control material can be triggered by electricity, acting
as an electrically reversible light scattering material.
In the absence of an applied electrical field, the
particles in the light transmission control material, for
example a liquid suspension or plastic film, assume
random positions and act as a light scatterer. However,
when an electric field is applied through the 1light
transmission control material, the particles become
aligned and become 1less or non-light scattering. The
light transmission control material 1is thus relatively
transparent in the active or on state. These 1light
transmission control materials when triggered to be less
or non-light scattering would preferably cause no more
than 20% emission loss and in other embodiments no more
than 10% emission loss. In still other embodiments they
would cause no more than 4% emission loss, or allow at

least 96% of light emissions.

[0042] FIGs. 3a, 3b, and 3c show one embodiment of wafer
level LED chip 10 according to the present invention.

The LED chips 10 are shown at a wafer level of their

16
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fabrication process. That is, the LEDs chips 10 have not
been through all the steps necessary before being
separated/singulated from wafer into individual LED
chips. Phantom lines are included to show separation or a
dicing 1line between the LED <chips 10 and following
additional fabrication steps, and the LED chips can be
separated into individual devices. Commonly assigned and
co-pending patent application 11/656,759 to Chtinis et
al., entitled “Wafer Level Phosphor Coating Method and
Devices Fabricated Utilizing Method,” discusses wafer
level device fabrication and coating methods, including
flip-chip devices. The contents of which are
incorporated entirely herein by reference. FIG. 3a also
shows only two devices at the wafer level, but it is
understood that many more LED chips can be formed from a
single wafer. For example, when fabricating LED chips
having a 1 millimeter (mm) square size, up to 4500 LED

chips can be fabricated on a 3 inch wafer.

[0043] Each of the LED chips 10 comprises a
semiconductor LED 12 that can have many different
semiconductor layers arranged 1in different ways. The
fabrication and operation of LEDs is generally known in
the art and only briefly discussed herein. The layers of
the LED 10 can be fabricated using known processes with a
suitable process being fabrication using metal organic
chemical vapor deposition (MOCVD). The layers of the LEDs
12 generally comprise an active layer/region 14
sandwiched between first and second oppositely doped
epitaxial layers 16, 18, all of which are formed
successively on a substrate 20. In this embodiment the
LEDs 12 are shown as separate devices on the substrate
20. This separation can be achieved by having portions of

the active region 14 and doped layers 16, 18 etched down

17
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to the substrate 20 to form the open areas between the
LEDs 12. In other embodiments, the active layer 14 and
doped layers 16, 18 can remain continuous layers on the
substrate 20 and can be separated into individual devices

when the LED chips are singulated.

[0044] It is understood that additional layers and
elements can also be included in the LED 12, including
but not limited to buffer, nucleation, contact and
current spreading layers as well as 1light extraction
layers and elements. The active region 14 can comprise
single quantum well (SQW), multiple quantum well (MQW),
double heterostructure or super lattice structures. 1In
one embodiment, the first epitaxial layer 16 is an n-type
doped layer and the second epitaxial layer 18 is a p-type
doped layer, although in other embodiments the first
layer 16 can be p-type doped and the second layer 18 n-
type doped. The first and second epitaxial layers 16, 18
are hereinafter referred to as n-type and p-type layers,

respectively.

[0045] The region 14 and layers 16, 18 of the LEDs 12 may
be fabricated from different material systems, with
preferred material systems being Group-III nitride based
material systems. Group-III nitrides refer to those
semiconductor compounds formed between nitrogen and the
elements in the Group III of the periodic table, usually
aluminum (Al), gallium (Ga), and indium (In). The term
also refers to ternary and quaternary compounds such as
aluminum gallium nitride (AlGaN) and aluminum indium
gallium nitride (AlInGaN). In a preferred embodiment, the
n- and p-type layers 16, 18 are gallium nitride (GaN) and
the active region 14 is InGaN. In alternative

embodiments the n- and p-type layers 16, 18 may be AlGaN,
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aluminum gallium arsenide (AlGaAs) or aluminum gallium

indium arsenide phosphide (AlGaInAsP).

[0046] The substrate 20 can be made of many materials
such as sapphire, silicon carbide, aluminum nitride
(AIN), GaN, with a suitable substrate being a 4H polytype
of silicon <carbide, although other silicon carbide
polytypes can also be used including 3C, 6H and 15R
polytypes. Silicon carbide has certain advantages, such
as a closer crystal lattice match to Group III nitrides
than sapphire and results in Group III nitride films of
higher quality. Silicon carbide also has a very high
thermal conductivity so that the total output power of
Group-I1I _nitride devices on silicon carbide 1is not
limited by the thermal dissipation of the substrate (as
may be the case with some devices formed on sapphire).
SiC substrates are available from Cree Research, Inc., of
Durham, North Carolina and methods for producing them are
set forth in the scientific literature as well as in a
U.S. Patents, Nos. Re. 34,861; 4,946,547; and 5,200,022.
In the embodiment shown, the substrate 20 is at the wafer
level, with the plurality of LEDs 12 formed on the wafer
substrate 20.

[0047] Each of the LEDs 12 can have first and second
contacts 22, 24. In the embodiment shown, the LEDs have a
vertical geometry with the first contact 22 on the
substrate 20 and the second contact 24 on the p-type
layer 18. The first contact 22 is shown as one layer on
the substrate, but when the LED chips are singulated from
the wafer the first contact 22 will also be separated
such that each LED chip 10 has its own portion of the
first contact 22. An electrical signal applied to the

first contact 22 spreads into the n-type layer 16 and a
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signal applied to the second contact 24 spreads into the
p-type layer 18. In the case of Group-III nitride
devices, it 1is well known that a thin semitransparent
current spreading layer typically covers some or all of
the p-type layer 18. It is understood that the second
contact 24 can include such a layer which is typically a
metal such as platinum (Pt) or a transparent conductive
oxide such as indium tin oxide (ITO). The first and
second contacts 22, 24 are hereinafter referred to as the

n-type and p-type contacts respectively.

[0048] The present invention can also be used with LEDs
having lateral geometry wherein both contacts are on the
top of the LEDs. A portion of the p-type layer 18 and
active region is removed, such as by etching to expose a
contact mesa on the n-type layer 16. The boundary of the
removed portion of the active region 14 and p-type layer
18 is designated by vertical phantom line 25. A second
lateral n-type contact 26 (also shown in phantom) 1is
provided on the mesa of the n-type layer 16. The contacts
can comprise known materials deposited using known

deposition techniques.

[0049] According to the present invention, a p-type
contact pedestal 28 is formed on the p-type contact 24
that is utilized to make electrical contact to the p-type
contact 24 after coating of the LEDs 12. The pedestal 28
can be formed of many different electrically conductive
materials and can be formed using many different known
physical or chemical deposition processes such as
electroplating, electroless plating, or stud bumping,
with the preferred contact pedestal being gold (Au) and
formed using stud bumping. This method is typically the

easiest and most cost effective approach. The pedestal 28
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can be made of other conductive materials beyond Au, such
as copper (Cu) or nickel (Ni) or Indium, or combinations

thereof.

[0050] The process of forming stud bumps is generally
known and only discussed briefly herein. Stud bumps are
placed on the contacts (bond pads) through a modification
of the "ball bonding" process used in conventional wire
bonding. In ball bonding, the tip of the bond wire is
melted to form a sphere. The wire bonding tool presses
this sphere against the contact, applying mechanical
force, heat, and/or ultrasonic energy to create a
metallic connection. The wire bonding tool next extends
the gold wire to the connection pad on the board,
substrate, or lead frame, and makes a "stitch" bond to
that pad, and finishes by breaking off the bond wire to
begin another cycle. For stud bumping, the first ball
bond is made as described, but the wire is then broken
close above the ball. The resulting gold ball, or "stud
bump”" remains on the contact and provides a permanent,
reliable connection through to the underlying contact
metal. The stud bumps can then be flattened (or "coined")
by mechanical pressure to provide a flatter top surface
and more uniform bump heights, while at the same time

pressing any remaining wire into the ball.

[0051] The height of the pedestal 28 can vary depending
on the desired thickness of the phosphor coating and
light transmission control coating 40 and should be high
enough to match or extend above the top surface of at
least one of these coatings from the LED. The height can
exceed 200 pm, with typical pedestal height in the range
of 20 to 60 pum. In some embodiments, more than one stud

bump can be stacked to achieve the desired pedestal
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height. The stud bumps or other forms of the pedestal 28
can also have a reflecting layer or can be made of a

reflective material to minimize optical losses.

[0052] For the vertical geometry type LEDs 12 shown, only
one pedestal 28 is needed for the p-type contact 24. For
alternative lateral geometry LEDs a second n-type
pedestal 30 (shown in phantom) is formed on the lateral
geometry n-type contact 26, typically of the same
materials, to substantially the same height as the p-type

pedestal 28, and formed using the same processes.

[0053] In FIG. 3a the wafer is blanketed by a phosphor
coating 32 that covers each of the LEDs 12, and its
contact 22, and has a thickness such that it
covers/buries the pedestal 28. For lateral geometry
devices, the contact 26 and pedestal 30 are also buried.
The present invention provides the advantage of
depositing the phosphor coating over the LEDs 12 at the
wafer level without the need for alignment over
particular devices or features. Instead, the entire wafer
is covered, which provides for a simpler and more cost
effective fabrication process. The phosphor coating can
be applied wusing different processes such as spin
coating, electrophoretic deposition, electrostatic
deposition, printing, Jjet printing or screen printing.
In the embodiment of FIG. 3a the 1light transmission
control coating 40 can be applied after the pedestals are
exposed by thinning the phosphor coating, as described
below. Alternately, as in FIG. 3b and 3¢, the 1light
transmission control coating 40 can be applied over the
phosphor coating beginning at a level below the top of
the pedestal 28 and extending over and covering/burying

the pedestal 28 (FIG. 3b) to be thinned by processes
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described below (FIG. 3c). The phosphor can be
deposited, cured, and thinned using a variety of methods
such as those described in US Patent Application No.

11/656,759.

[0054] In a preferred embodiment, the light transmission
control coating 40 can be deposited over the wafer in a
light transmission control mixture using spin coating or
other suitable coating method known 1in the art. Spin
coating 1s generally known in the art and generally
comprises depositing the desired amount of light
transmission control mixture at the center of the
substrate and spinning the substrate at high speed. The
centrifugal acceleration causes the mixture to spread to
and eventually off the edge of the substrate. Final layer
thickness and other properties depend on the nature of
the mixture (viscosity, drying rate, surface tension,
etc.) and the parameters chosen for the spin process. For
large wafers it may be useful to dispense the 1light
transmission control mixture over the substrate before

spinning the substrate at high speed.

[0055] The light transmission control coating 40 can then
be cured using many different curing methods depending on
different factors such as the type of light transmission
control used. Different curing methods include but are
not limited to heat, ultraviolet (UV), infrared (IR) or
air curing. The light transmission control coating 40
can also have different concentrations of light

transmission control materials.

[0056] As discussed above, the pedestal 28 (and pedestal
30 for lateral devices) may be buried by either the
phosphor coating 32 (FIG. 3a) or partially by the
phosphor coating 32 and then by the light transmission
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control coating 40 (FIG. 3b and 3c), which allows for the
LED chips 10 to be coated without the need for alignment.
After the initial coating of the LED chips, further

processing is needed to expose the pedestal 28.

[0057] In the embodiment shown in FIG. 3a the phosphof
coating which has buried the pedestals is thinned or
planarized so that the pedestals 28 are exposed through
the coating’s top surface. Many different thinning
processes can be used including known mechanical
processes such as grinding, lapping or polishing,
preferably after the binder has cured. Other fabrication
methods can comprise a squeegee to thin the coating
before cured or pressure planarization can also be used
before the coating is cured. Still in other embodiments
the coating can be thinned using physical or chemical
etching, or ablation. The thinning process not only
exposes the pedestals, but also allows for planarizing of
the coating and for control of the final thickness of the
coating. After this thinning, the 1light transmission
control coating 40 is applied to at least a portion of
the top layer of the wafer to cover the phosphor areas.
The light transmission control coating 40 would need to
be aligned to leave open access to the pedestals or a
removal process would be required to open access to the
pedestals. The light transmission control coating may be
made of a variety of materials including those discussed

earlier.

[0058] In the embodiment shown in FIG. 3b and 3c the
light transmission control coating 40 which has buried
the pedestals in FIG. 3b is thinned or planarized so that
the pedestals 28 are exposed through the coating’s top

surface, as shown in FIG. 3c. Many different thinning
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processes can be used including known mechanical
processes such as grinding, lapping or ©polishing,
preferably after the binder has cured. Other fabrication
methods can comprise a squeegee to thin the coating
before cured or pressure planarization can also be used
before the coating is cured. Still in other embodiments
the coating can be thinned using physical or chemical
etching, or ablation. The thinning process not only
exposes the pedestals, but also allows for planarizing of
the coating and for control of the final thickness of the

coating.

[0059] In some embodiments the surface can be textured
during planarization. In other embodiments, after
planarization the coating or other surfaces, can be
textured such as by laser texturing, mechanical shaping,
etching (chemical or plasma), or other processes, to
enhance light extraction. Texturing results in surface
features that are 0.1-5 pm tall or deep, and preferably
0.2-1 pm. In other embodiments, the surface of the LEDs
12 can also be textured or shaped for improved 1light

extraction.

[0060] The individual LED chips 10 can be singulated
from the wafer using known methods such as dicing, scribe
and Dbreaking, or etching. The singulating process
separates each of the LED chips 10 with each having
substantially the same thickness of coating 32 and 40,
and as a result, substantially the same amount of
phosphor, emission, and light transmission control
characteristics. This allows for reliable and consistent
fabrication of LED <chips 10 having similar emission
characteristics. Following singulating the LED chips can

be mounted in a package, or to a submount or printed
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circuit board (PCB) without the need for further
processing to add phosphor or light transmission control
material. In one embodiment the package/submount/PCB can
have conventional package leads with the pedestals
electrically connected to the leads. A conventional
encapsulation can then surround the LED chip and
electrical connections. In another embodiment, the LED
chip can be enclosed by a hermetically sealed cover with
an inert atmosphere surrounding the LED chip at or below
atmospheric pressure. The 1light transmission control
material can also be added as a coating after the
encapsulant or enclosure has been placed over the LED

chip.

[0061] For the LED chips 10, light from the LED 12 that
is emitted toward substrate 20 can pass out of the LED
chip 10 through the substrate without passing through the
phosphor coating 32. This can be acceptable for
generating certain colors or hues of light. In
embodiments where this substrate emission 1is to be
prevented or minimized, the substrate 20 can be opagque so
that light from the LED 12 emitted toward the substrate
20 is Dblocked or absorbed so that most light emitting
from the LED chip 10 comes from light passing through the

coating 32.

[0062] In another embodiment, as shown in FIG. 4, the
light transmission control coating can also be applied on
devices which are flip-chip mounted. FIG. 4 shows
another embodiment of LED chips 400 having LEDs 402
having an active region 405 between n- and p-type layers
406, 408, on a growth substrate 404. It is understood
that the LEDs 402 can also be provided with the growth

substrate thinned or after the growth substrate has been
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removed. The LEDs also have n-type and p-type contacts
407, 409. The LEDs 402 are diced or singulated and flip-
chip bonded to a submount/carrier wafer 410. Conductive
traces 412 are formed on the submount/carrier wafer 410
with each of the LEDs 402 mounted on the traces 412, with
the first trace 412a in electrical contact with the n-
type layer 406 and the second trace 412b in contact with
the p-type layer 408. Conventional traces can be used
comprising aluminum (Al) or Au deposited using known
techniques such as sputtering. The LED 402 is mounted to
the traces 412 by flip-chip bonds 413 that <can be
arranged in conventional ways using known materials such
as Au, or gold/tin solder bumps or stud bumps. The chip
in FIG. 4 can structured and fabricated as described in
Application 11/656,759, which has been incorporated

entirely herein by reference.

[0063] An n-type pedestal 414 is formed on the first
trace 412a and a p-type pedestal 416 is formed on the
second trace 412b, with both pedestals being formed using
the methods described above. A phosphor/binder coating
418 is included over the LEDs 402, burying the pedestals
414, 416. The coating 418 can then be planarized to
expose the pedestals 414, 416 for contacting, or in other
embodiments the recesses can be formed in the coating to
expose the pedestals 414, 416. The LED chips can then be
singulated using the processes described above. Before
or after singulation the LED chips can be coated by a
light transmission material coating 40 as described
aboye. In addition a 1light transmission control
triggering structure can be added if desired, such as
resistive heating elements or electrically coupling the

light transmission material coating 40 to the LED chip.
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[0064] In the embodiments shown in FIGs. 3a, 3b, 3¢, and
4, the 1light transmission control coating 40 works to
mask the appearance of the LED when the emitter is
inactive, by appearing opaque, white, or any other
suitable color. The light transmission control coating
40 becomes transparent to at least the light of the LED,
or any other desired wavelength, when the LED is active
or energized. The light transmission control coating 40
can be triggered to become transparent either thermally
or electrically. Thermal triggering can be achieved from
the heat of the LED itself, through thermal coupling, or
the source of heat which triggers the change in 1light
scattering properties may be an electric power source
with a resistive element which heats a transparent or
non-transparent conductive material 1in thermal contact
with the light transmission control material. Examples
include conventional strip heaters, wire heating coils, a
thin metal foil or a metal film on a substrate and
transparent heaters 1like a layer of tin doped indium
oxide, (ITO), or fluorine doped tin oxide on a flexible
or a rigid substrate, or other suitable materials.
Electric triggering can be achieved by electrically
coupling the 1light transmission control coating to the
light and applying an electric field through the 1light
transmission control material, causing the particles in
the 1light transmission control coating 40 to become

aligned and become less or non-light scattering.

[0065] It is wunderstood that the 1light transmission
control coatings according to the present invention can
be triggered from one state (e.g. opaque, white or other
color) to another state (e.g. 1light transmitting) in
response to many different stimuli beyond those described

in the present application. For example, in some
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embodiments the change in state can occur optically, such
as in response to certain wavelengths of 1light. In some
embodiments this can include 1light from the LED 1light
source, while in other embodiments it can include 1light
from a remote 1light source. For embodiments where the
material 1s responsive to 1light from the LED 1light
source, the material can be opaque or white when the LED
is not transmitting light and then can change state to
light transmitting when the LED is emitting light. 1In
still other embodiments, the change 1in state can be

chemically triggered.

[0066] FIGs. 5, 6a, and 6b show one embodiment of an LED
package 110 according to the present invention. Cqmmonly
assigned and co-pending patent application 11/974,431 to
Keller et al., entitled "“Multiple Conversion Material
Light Emitting Diode Package and Method of Fabricating

”

Same, discusses LED packages and fabrication methods.
The contents of which are incorporated entirely herein by
reference. The LED package 110 generally comprises a
substrate/submount (“submount”) 112, an LED 114 mounted
on the substrate 112 and a reflector cup assembly
(“reflector cup”) 116 also mounted on the submount 112.
Primary optics, such as a lens 118 can be placed over the
LED 114, such as on the reflector cup 116 and bonded to
the package using different mounting methods such that
light from the LED 114 passes through the lens 118. For
example, the space between the bottom of the lens 118 and
the remainder of the package 110 can be filled with an
encapsulating material such as a silicone polymer (not
shown) with the bottom of the lens 118 in contact with
the gel. The package 110 can then be heat cured, which
causes the encapsulating material to solidify and adhere

to the lens 118, bonding the lens 118 in place over the
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LED 114 and reflector cup 116. Many different lenses and .
encapsulating materials can be used 1in the packages
according to the present invention to provide different
output characteristics. Furthermore, lenses of various
materials can also be mounted directly to the substrate
without the reflector. Alternatively, 1lenses can be

entirely omitted for other package embodiments.

[0067] The LED 114 can have many different semiconductor
layers arranged in different ways as discussed above. It
is also understood that additional layers and elements
can also be included in the LED 114. The submount 112
may be formed in many different shapes and sizes and of
many different materials with a preferred material being
electrically insulating. Suitable materials include, but
are not limited to ceramic materials such as aluminum
oxide or aluminum nitride. Alternative substrate
configurations could use electrically conductive metal
lead frame assemblies that are bonded with thermoset or
thermoplastic resin materials. The reflector cup 116
should be formed of durable, high melting temperature
material that can withstand subsequent packaging
manufacturing steps and the heat generated by the package
during operation. Many different materials can be used,
such as high melting temperature material including
plastics, such as ©Novella resin, or 1liquid crystal
polymers. The submount has a top surface comprising
electrical traces 120 and a mounting pad (not shown),
with LED 114 mounted to the mounting pad and the
electrical traces 120 providing a conductive path for
electrical connection to the LED 114 using known

contacting methods.
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[0068] In the embodiment shown, the conversion material'
123 is shown covering the LED 114 and comprises a first
phosphor material 124 and a second phosphor material 126
dispersed evenly over the LED 114. It should be noted
that any number of phosphors can be used for the purpose
of the present invention. The second phosphor 126 1is
shown dark for illustrative purposes to distinguish from
the first phosphor 124. The first and second phosphors
124, 126 can also be included in other areas of the
package 110, including but not limited to the
encapsulating material or the 1lens 118. The phosphors
124, 126 are shown with even distribution over the LED
114 although in other embodimehts the phosphor 124, 126
can be segregated to a particular area and can have
different concentrations over the LED 114. The phosphors
124, 126 are typically held on the LED by binder such as

a silicone or epoxy.

[0069] In some embodiments the light transmission control
coating 40 can be applied on the encapsulant. 1In other
embodiments the light transmission control coating 40 can
be applied on the lens 118. In other embodiments the
light transmission control material can be included in
the encapsulation material itself. 1In other embodiments
the light transmission control material can be included
in yet another layer or encapsulant which is placed over
the package using compression molding or other known
method. In embodiments according to the present
invention the light transmission control material is
placed on or outside of the areas which are intended to
be hidden when the light emitter is inactive or not
energized. The light transmission control material

coatings can be applied using multiple thin film
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coatings, one thick bulk coating, or any other suitable

known method.

[0070] Different embodiments of the present invention can
include a lamp or bulb structure comprising a rembte
conversion material with a 1light transmission control
material over the conversion material areas or the lamp
or bulb structure itself. Embodiments can include lamp
structures comprising a light transmission control layer
that not only serves to mask the phosphor from the. view
by the lamp user, but if desired can also disperse or
redistribute the 1light from the remote phosphor and/or
the lamp’s light source into a desired emission pattern.
As further described below, the lamps according to the
present invention can be arranged in many different ways.
In some embodiments the light sources can comprise solid
state light sources, such as different types of LEDs, LED
chips or LED packages. In some embodiments a single LED
chip or package can be used, while in others multiple LED
chips or packages can be used arranged in different types
of arrays. The LED packages can comprise LEDs which are

encapsulated or unencapsulated.

[0071] One embodiment of an LED based lamp according to
the present invention comprises an LED light source and a
phosphor arranged remote to the 1light source. Light
emitted from the light source passes through the phosphor
and at least some of the 1light is converted by the
phosphor. FIG. 7 shows one embodiment of an LED lamp 50
according to the present invention. This embodiment
comprises a heat sink structure 52 having an optical
cavity 54 with a platform 56 for holding a light source
58. The 1light source 58 can comprise many different

emitters with the embodiment shown comprising an LED or
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LED chip. Many different commercially available LED chips
or LED packages can be used including but not limited to
those LEDs and LED packages commercially available from
Cree, Inc. located in Durham, North Carolina. The 1light
source 58 can be mounted to the platform 56 using many
different known mounting methods and materials with light
from the light source 58 emitting out the top opening of
the cavity 54. In some embodiments light source 58 can be
mounted directly to the platform 56, while in other
embodiments the light source can be included on a
submount or printed circuit board (PCB) that is then
mounted to the platform 56. The platform 56 and the heat
sink structure 52 can comprise electrically conductive
paths for applying an electrical signal to the 1light
source 58, with some of the conductive paths being
conductive traces or wires. All or portions ~of the
platform 56 can also be made of a thermally conductive
material and the thermally conductive material can be
thermally coupled to or integral to the heat sink

structure 52.

[0072] The heat sink structure 52 can at least partially
comprise a thermally conductive material, and many
different thermally conductive materials can be used
including different metals such as copper or aluminum, or
metal alloys such a brass. The heat sink structure 52 can
also comprise other heat dissipation features such as
heat fins 60 that increase the surface area of the heat
sink facilitate more efficient dissipation into the
ampbient. Reflective layers 53 can also be included on the
heat sink structure 52, such as on the surface of the of
optical cavity 54. In some embodiments the surfaces can
be coated with a material having a reflectivity of

approximately 75% or more to the lamp light, while in
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other embodiments the material can have a reflectivity of
approximately 85% or more to the lamp light. In still
other embodiments the material can have a reflectivity to

the lamp light of approximately 95% or more.

[0073] The heat sink structure 52 can also comprise
features for connecting to a source of electricity such
as to different electrical receptacles. In some
embodiments the heat sink structure cén comprise a
feature of the type to fit in conventional electrical
receptacles. For example, it can include a feature for
mounting to a standard Edison socket, which can comprise
a screw-threaded portion which can be screwed into -an
Edison socket. In other embodiments, it can include a
standard plug and the electrical receptacle can be a
standard outlet, or can comprise a GU24 base unit, or it
can be a clip and the electrical receptacle can be a
receptacle which receives and retains the clip (e.g., as
used in many fluorescent lights). These are only a few of
the options for heat sink structures and receptacles, and
other arrangements can also used that safely deliver

electricity from the receptacle to the lamp 50.

[0074] A phosphor carrier window 62 is included over the
top opening of the cavity 54 and in the embodiment shown
it covers the entire opening. In other embodiments
multiple phosphor carrier windows may be used. Other
embodiments of the phosphor <carrier window can also
comprise features to enhance light extraction from the
lamp. In the embodiment shown, the cavity opening 1is
circular and the phosphor carrier window 62 is a circular
disk but it is understood that the cavity opening and the

phosphor carrier window can be many different shapes and
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sizes. It is also understood that the phosphor carrier

window 62 can cover less than the entire cavity opening.

[0075] The carrier windows according to the present
invention are characterized as comprising a conversion
material and thermally conductive 1light transmitting
material. The light transmitting material should be
transparent to the light emitted from the light source 54
and the conversion material should be of the type that
absorbs the wavelength of light from the light source and
re-emits a different wavelength of 1light. In the
embodiment shown, the thermally conductive light
transmitting material comprises a carrief layer 64 and
the conversion material comprises a phosphor layer 66 on
the carrier window. As further described below, different
embodiments can comprise many different arrangements of
the thermally conductive light transmitting material and
the conversion material. The light transmitting material
can be in the form a iayer on one or both sides of the
window 62, such as in a binder, or the material can be

integral (i.e. mixed in) the window 62.

[0076] The carrier layer 64 can be made of many different
materials such as quartz, silicon carbide (SiC) (thermal
conductivity ~10 W/m-k), glass (thermal conductivity of
1.2-1.4 W/m-k) or sapphire (thermal conductivity of ~
40W/m-k). The carrier window can also have different
thicknesses depending on the material being used, with a
suitable range of thicknesses being 0.lmm to 10mm or
more. It is understood that other thicknesses can also be
used depending on the characteristics of the material for
the carrier layer. The material should be thick enough to
provide sufficient lateral heat spreading for the

particular operating conditions. Generally, the higher
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the thermal conductivity of the material, the thinner the
material can be in providing the necessary thermal
dissipation. These materials can effectively spread heat
laterally and as a result do not need the large area
required by materials with lower thermal conductivity.
Different factors can impact which carrier window
material is used including but not limited to cost and
transparency to the light source light. Some materials
may also be more suitable for larger diameters, such as
glass or quartz. These can provide reduced manufacturing
costs by formation of the phosphor layer on the larger
diameter carrier layers and then singulation into the

smaller carrier layers.

[0077] In this embodiment a light transmission control
coating 40 can be included over at least a part of the
phosphor carrier window 62. The 1light transmission
control coating 40 works to mask the appearance of the
lamp and phosphor carrier when the emitter is inactive,
by appearing opaque, white, or any other suitable color.
The 1light transmission control coating 40 becomes
transparent when the lamp is active or energized. The
light transmission control coating 40 can be triggered to
become transparent either thermally or electrically.
Thermal triggering can be achieved from the heat of the
lamp itself, through thermal coupling, or the source of
heat which triggers the change in 1light scattering
properties may be an electric power source Wwith a
resistive element which heats a transparent or non-
transparent conductive material in thermal contact with
the light transmission control material. This conductive
material may be the material already included in the
phosphor carrier or may4.édditional material. Examples

include conventional strip heaters, wire heating coils, a
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thin metal foil or a metal film on a substrate and
transparent heaters 1like a layer of tin doped indium
oxide, (ITO), or fluorine doped tin oxide on a flexible
or a rigid substrate, or other suitable material.
Electric triggering can be achieved by electrically
coupling the 1light transmission control coating to the
light and applying an electric field through the 1light
transmission control material, causing the particles in
the 1light transmission control coating 40 to become

aligned and become less or non-light scattering.

[0078] FIG. 8 shows another embodiment of a lamp 210
similar to the lamp 50 described above and shown in FIG.
7. The lamp 210 comprises a heat sink ~structure 212
having a cavity 214 with a platform 216 arranged to hold
a light source 218. A phosphor carrier window 220 can be
included over and at least partially covering the opening
to the cavity 214. In this embodiment, the light source
218 can comprise a plurality of LEDs arranged in separate
LED packages or arranged in an array in single multiple
LED packages. For the embodiments comprising separate LED
packages, each of the LEDs can comprise its own LED lens
222. In embodiments having a single multiple LED package,
a single array lens 224 covering all the LEDs. It 1is
understood that the LEDs can be provided without lenses
and that in the array embodiments each of the LEDs can
have its own lens. Like the lamp 50, the heat sink
structure and platform can be arranged with the necessary
electrical traces or wires to provide an electrical
signal to the 1light source 218. As in FIG. 7, this
embodiment can include a 1light transmission control
coating 40 over at least a part of the phosphor carrier
window 220. The light transmission control coating can

also be placed on or mixed into the LED lens 222 or
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single array lens 224, depending on which area 1is
intended to be masked when the lamp is off or not

energized.

[0079] FIG. 9 shows still another embodiment of lamp 300
according to the present invention that comprises an
optical cavity 302 within a heat sink structure 305. An
LED based light source 304 1s mounted to the platform
306, and a phosphor carrier window 308 is mounted to the
top opening of the cavity 302, with the phosphor carrier
window 308 having any of the features of those described
above. The phosphor carrier window 308 may comprise a
thermally conductive transparent material and a phosphor,
and is mounted to the cavity with thermally conductive
material or device as described above. The cavity 302 can
have reflective surfaces to enhance the emission
efficiency as described above. As in FIGs. 7 and 8, this
embodiment can include a 1light transmission control
coating 40 over at least a part of the phosphor carrier
window 308. The light transmission control coating can
also be placed on LED based light source 304 depending on
which area is intended to be masked when the lamp is off

or not energized.

{0080] Light from the light source 304 passes through the
phosphor carrier window 308 where a portion of it 1is
converted to a different wavelength of 1light by the
phosphor in the phosphor carrier window 308. In one
embodiment the 1light source 304 can comprise Dblue
emitting LEDs and the phosphor carrier window 308 can
comprise a yellow phosphor as described above that
absorbs a portion of the blue light and re-emits yellow
light. The lamp 300 emits a white light combination of
LED 1light and yellow phosphor 1light. Like above, the
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light source 304 can also comprise many different LEDs
emitting different colors of 1light and the phosphor
carrier window can comprise other phosphors to generate

light with the desired color temperature and rendering.

[0081] The lamp 300 also comprises a shaped cover.310
mounted over the cavity 302. In some embodiments this
cover can be dome shaped, but it is understood that this
cover can also be any other appropriate shape. In some
embodiments this cover <can be coated with a 1light
transmission control material coating 40, preferably on
the inside for protection of the coating material, or the
cover itself may include light transmission control
material within itself, provided in a curable binder that
is formed in the general shape of the cover. In the
embodiment shown, the cover 310 is mounted to the heat
sink structure 305 and has an enlarged portion at the end
opposite the heat sink structure 305. Different binder
materials can be used as discussed above such as
silicones, epoxies, glass, inorganic glass, dielectrics,
BCB, polymides, polymers and hybrids thereof. The 1light
transmission control material can have an opaque
appearance or a white. color that hides the light emitter
structure and color of the phosphor in the phosphor
carrier window 308 in the optical cavity when the light
source 1is 1inactive or not energized. This gives the
overall lamp 300, and cover 310, a white appearance that
is generally more visually acceptable or appealing to
consumers than the color of the phosphor. The 1light
transmission control coating 40 becomes transparent when
the lamp is active or energized. The light transmission
control coating 40 or cover containing such can be
triggered to Dbecome transparent either thermally or

electrically. Thermal triggering can be achieved from
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the heat of the lamp itself, through thermal coupling, or
the source of heat which triggers the change in 1light
scattering properties may be an electric power source
which resistively heats a transparent or non-transparent
conductive material in thermal contact with the 1light
transmission control material. This conductive material
may be the material already included in the phosphor
carrier, when the light transmission control coating is
on the phosphor carrier, or may be additional conductive
material. Examples of methods or matefials which may be
used to heat the 1light transmission control material
regardless of where it 1is located include conventional
strip heaters, wire heating coils, a thin metal foil or a
metal film on a substrate and transparent heaters like a
layer of tin doped indium oxide, (ITO), or fluorine doped
tin oxide on a flexible or a rigid substrate. Electric
triggering can be achieved by electrically coupling the
light transmission control coating to the 1light and
applying an electric field through the light transmission
control material, causing the particles in the 1light
transmission control coating 40 to become aligned and

become less or non-light scattering.

[0082] The cover 310 can provide the added advantage of
distributing the light emitting from the optical cavity
in a more uniform special pattern. Light from the optical
cavity can be emitted in a generally Lambertian pattern
and the shape of the cover 310 can be coupled with added
scattering particles causing light to emit from the cover
in a more omnidirectional emission pattern. An engineered
cover can have scattering particles in different
concentrations in different regions or can be shaped to a
specific emission pattern. In one embodiment the cover

can be engineered so that the emission pattern complies
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with the Department of Energy (DOE) Energy Star defined
omnidirectional distribution criteria. The lamp 300,
along with the other lamp embodiments described herein
can comprise A-type retrofit LED bulb that meets the DOE
Energy Star standards and 1is simple and easy to
manufacture. Different lamp embodiments according to the
present invention can have many different shapes and

sizes.

{0083] Like the embodiments above, the lamp 300 can
comprise a mounting mechanism of the type to fit 1in
conventional electrical receptacles. In the embodiment
shown, the lamp 300 includes a screw-threaded portion 312
for mounting to a standard Edison 'socket. Like the
embodiments above, the lamp 300 can include standard plug
and the electrical receptacle can be a standard outlet,
or can comprise a GU24 base unit, or it can be a clip and
the electrical receptacle can Dbe a receptacle which
receives and retains the clip (e.g., as used 1in many

fluorescent lights).

[0084] Although the present invention has been described
in detail with reference to certain preferred
configurations thereof, other versions are possible.
Therefore, the spirit and scope of the invention should

not be limited to the versions described above.
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WE CLAIM:

1. A light emitting diode (LED) chip, comprising:

an LED; and

a coating at least partially covering said LED, said
coating masking the appearance of said at least partially
covered LED when said LED is inactive, and wherein said

coating is less masking when said LED is active.

2. The LED chip of claim 1, wherein said coating becomes

less masking in response to thermal changes.
3. The LED chip of <claim 1, wherein said coating
becomes less masking in response to an increase 1in

temperature.

4. The LED chip of claim 3, wherein said coating is

thermally coupled to said LED chip.

5. The LED chip of claim 1, wherein said coating becomes

less masking in response to an electrical signal.

6. The LED chip of claim 5, wherein said coating is

electrically coupled to said LED chip.

7. The LED chip of claim 1, wherein said coating

comprises a polymer.

8. The LED chip of claim 2, wherein said coating causes

less than 4% emission loss when said LED is active.
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9. The LED chip of c¢laim 1, wherein said coating

becomes less masking in response to an optical stimulus.

10. A light emitting diode (LED) package comprising:

an LED chip:

package 1leads electrically connected to said LED
chip;

encapsulation surrounding said LED chip and
electrical connections; and

a light transmission control material at least
partially covering said LED chip, wherein said 1light
transmission control material masks said LED chip when
said LED chip is inactive, and transmits at least some

LED light when said LED chip is active.

11. The LED package of claim 10, wherein said 1light
transmission control material is included within a

coating at least partially on said encapsulation.

12. The LED package of claim 10, wherein said 1light
transmission control material = 1is within said
encapsulation.

13. The LED package of claim 10, wherein said 1light

transmission control material is less masking when said

LED chip is active.
14. The LED package of c¢laim 13, wherein said 1light

transmission control material causes at most 4% emission

loss when said LED chip is active.
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15. The LED package of claim 10, wherein said 1light
transmission control material changes from masking to

transmitting in response to thermal changes.

16. The LED package .of claim 15, wherein said 1light
transmission control material 1is thermally coupled to

said LED chip.

17. The LED package of claim 16, wherein said thermal
coupling includes a conductive material in thermal

contact with the light transmission control material.

18. The LED package of claim 17, wherein said conductive

material is transparent.

19. The LED package of c¢laim 10, wherein said 1light
transmission control material changes from masking to

light transmitting in response to an electrical signal.

20. The LED package of claim 19, wherein said light
transmission control material is electrically coupled to

said LED chip.

21. The LED package of claim 20, wherein said 1light
transmission control material is electrically coupled to

said LED chip using a transparent electrode.
22. The LED package of claim 10, wherein said 1light

transmission control material changes from masking to

light transmitting in response to light.
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23. The LED package of claim 10, wherein said 1light
transmission control material is applied to said

encapsulation by molding.

24. A light emitting diode (LED) based lamp, comprising:
an LED light source;

a phosphor arranged remote to said light source such
that light emitted from said light source passes through
said phosphor and is converted by said phosphor; and

a light transmission control material applied at
least partially over said LED 1light source and said
phosphor to mask the appearance of said LED light source
and/or said phosphor when said LED is active and to
transmit at least some of said light from said LED and/or

said phosphor when said LED is active.

25. The LED based lamp of claim 24, wherein said light
transmission control material comprises a coating at

least partially on said phosphor.

26. The LED based lamp of claim 24, further comprising a

cover over said LED light source and said phosphor.

27. The LED based lamp of claim 26, wherein said cover

is coated with said light transmission control material.

28. The LED based lamp of claim 26, wherein said cover

is comprised of said light transmission control material.
29. The LED based lamp of claim 24, wherein said light

transmission control material is less masking when said

LED light source is active.
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30. The LED based lamp of claim 29, wherein said 1light
transmission control material allows at least 96% of

light emission when said LED light source is active.

31. The LED based lamp of claim 22, wherein said light
transmission control material changes from masking to

light transmitting in response to changes in temperature.

32. The LED based lamp of claim 31, wherein said light
transmission control material 1is thermally coupled to

said LED light source.

33. The LED based lamp of claim 24, wherein said light
transmission control material changes from masking to

light transmitting in response to electricity.

34. The LED based lamp of claim 33, wherein said 1light
transmission control material is electrically coupled to

said LED light source.

35. The LED package of c¢laim 24, wherein said 1light
transmission control material is applied to said

encapsulation by compression molding.

36. The LED package of claim 26, wherein said cover

disperses light in a desired pattern.
37. The LED based lamp of claim 24, wherein said light

transmission control material changes from masking to

light transmitting in response to optical stimulus.
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38. A method for masking the appearance of inactive
light emitters, comprising; '

providing at least one light emitter; and

providing a light transmission control material over
said at least one light emitter to reversibly mask the
appearance of said at least one light emitter while said

at least one light emitter is inactive.

39. The method of c¢laim 38, wherein said 1light
transmission control material is less masking when said

at least one light emitter is active.

40. The method of claim 39, wherein said 1light
transmission control material allows at least 96% of
light emission when said at least one light emitter is

active.

41. The method of claim 38 further comprising providing

an encapsulant over said light emitter.

42. The method of claim 41, wherein said providing of
said light transmission control material comprises
applying said light transmission control material as a

coating over said encapsulant.

43, The method of claim 41, wherein said providing of
said light transmission control material comprises
applying said 1light transmission control material over

said encapsulant by compression molding.

44 . The method of claim 41, wherein said encapsulant is

comprised of said light transmission control material.
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45. The method of claim 38 further comprising providing

phosphor remote to said light emitter.

46. The method of claim 45, wherein said phosphor is at
least partially coated with said light . transmission

control material.

47. The method of claim 38, further comprising providing

a cover over said at least one light emitter.

48. The method of claim 47, wherein said providing of
said 1light transmission <control material comprises
applying said light transmission control material over

said cover.

49, The method of claim 47, wherein said cover is

comprised of said light transmission control material.

50. The method of c¢laim 39, wherein said 1light
transmission control material changes from masking to

less masking in response to thermal changes.

51. The method of claim 50, further comprising thermally
coupling said light transmission control material to said

at least one light emitter.

52. The method of c¢laim 51, wherein said thermal
coupling comprises providing a conductive material in
thermal contact with said light transmission control

material and said at least one light emitter.

53. The method of claim 52, wherein said conductive

material is transparent.
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54. The method of <c¢laim 39, wherein said 1light
transmission control material changes from masking to

less masking in response to an electrical signal.

55. The method of claim 54, further comprising
electrically coupling said 1light transmission control

material to said at least one light emitter.

56. The method of claim 55, wherein said electrical
coupling comprises providing a transparent electrode in
contact with said light transmission control material and

said at least one light emitter.

57. The method of claim 38, wherein said 1light
transmission control material is applied to said

encapsulation by molding.

58. The LED package of claim 47, wherein said cover

disperses light in a desired pattern.

59. A light emitting device, comprising:

a light emitting diode (LED); and

a diffusing material at 1least at 1least partially
covering said LED, wherein said diffusing material 1is
less diffusing when said LED is active compared to when

said LED is active.
60. The device of <claim 59, wherein said diffusing

material becomes less diffusing in response to thermal

changes.
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61. The device of <claim 59, wherein said diffusing
material becomes less diffusing in response to

electricity.

62. The device of claim 59, wherein said diffusing

material becomes less diffusing in response to light.

63. A light emitting device, comprising:

a light emitting diode (LED); and

a masking material optically coupled to said LED,
said masking material changing from masking to 1light

transmitting in response to light from said LED.
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