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(57) ABSTRACT

A reflective surface sub-assembly for a light-emitting device,
comprising a substrate, at least one area reserved for place-
ment of a light-emitting device assembly on the substrate, and
a diffusive reflective layer applied on selected regions on the
substrate, wherein if the light-emitting device assembly were
placed onto the at least one area then the diffusive reflective
layer would reflect photons emitted by the light-emitting
device assembly is disclosed.

15 Claims, 4 Drawing Sheets
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1
REFLECTIVE SURFACE SUB-ASSEMBLY
FOR A LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

Pursuant to 35 U.S.C. §119(e), this application claims the
benefit of U.S. Provisional Application Ser. No. 61/278,575
filed on Oct. 7, 2009, the contents of which is herby incorpo-
rated by reference in its entirety. This application is further
related to U.S. application Ser. No. 12/861,641, filed on Aug.
23, 2010, titled “Method for Manufacturing A Reflective
Surface Sub-Assembly For A Light-Emitting Device.”

BACKGROUND

1. Field

The present disclosure relates to a light-emitting device,
examples of which are a light-emitting diode (LED) and a
laser diode (LD), and more particularly, to a reflective surface
sub-assembly for such a device.

2. Description of Related Technology

Without any loss of generality, merely to avoid undue
repetitiveness of the disclosure, the state of related technol-
ogy is explained using an LED as a typical example of a
light-emitting device.

The principle of operation of LEDs is based on a property
of a semiconductor p-n junction. When a p-n junction is
forward biased, i.e., a positive voltage is applied on the p-type
semiconductor and a negative voltage is applied on the n-type
semiconductor, charge carriers—electrons and holes—tlow
into the junction. When an electron collides with a hole, the
electron recombines with the hole and because the electron
falls into a lower energy level, the excess energy—equal to the
difference between the electron and hole energy levels
involved—is released in the form of a photon. This effect is
called electroluminescence and the color of the light is deter-
mined by the energy gap of the semiconductor.

Because the collision between the electron and the hole is
statistical in nature, the photons will be emitted from the p-n
junction in random directions. To improve light extraction
from the p-n junction of the light-emitting device, a layer of
reflective material is applied to surfaces that are transparent to
the emitted wavelength or have poor reflectivity of the emit-
ted wavelength in an undesirable direction of emission.
Reflectivity is characterized by a ratio of reflected to incident
light. To achieve the best possible luminous efficiency, mate-
rial with high reflectivity, e.g., noble metals like Pt, Au, Ag, or
other materials, like Al, are used for this purpose. However,
use of some of the materials, e.g., Pt, Au, both from the cost of
the materials and the process of applying the materials to the
surfaces, are relatively expensive. Other materials, e.g., Al,
although relatively inexpensive, require expensive polishing
and always oxides in an oxygen present environment. How-
ever, even after extensive—and expensive—polishing Al’s
reflective power is inferior to polished Ag. Additionally,
although polishing increases total reflectivity, it does so by
increasing specular reflectivity. However, as discussed in
greater detail below, the material should possess diffusive
rather than specular reflectivity. Ag, preferable to Al due to its
superior reflectivity, is prone to oxidation and/or tarnishing,
especially when the Ag surface comes in contact with some of
the chemicals used in light-emitting device manufacturing
process. An example of such would be the use of phosphors
for light conversion in LEDs. Furthermore, Ag coated sub-
strates require utter moisture protection, which increases the
overall cost of an LED package, yet not always results in the
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desired level of performance and/or stability, i.e., resistance
to change of parameters over time, of the device. For example,
although all appropriate precautions have been taken during
the manufacturing process, due to the fact that a case of the
light-emitting device is not hermetically sealed against the
environment in which the light-emitting apparatus is
deployed, oxidation may happen over time, thus causing dete-
rioration of a reflectivity, uniformity of the light and other
parameters over time.

Accordingly, there is a need in the art for improvements in
light-emitting devices to increase light output, simplify
manufacturing process, decrease cost, and provide additional
advantages evident to a person skilled in the art.

SUMMARY

In one aspect of the disclosure, a reflective surface sub-
assembly for light-emitting device according to appended
independent claims is disclosed. Preferred additional aspects
are disclosed in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects described herein will become more
readily apparent by reference to the following description
when taken in conjunction with the accompanying drawings
wherein:

FIG. 1 depicts a conceptual cross section of an exemplary
light-emitting device in accordance with an aspect of this
disclosure;

FIG. 2 depicts a conceptual cross section of a substrate with
a diffusive reflective layer applied on the substrate;

FIG. 3 depicts a conceptual cross section of an exemplary
light-emitting device in accordance with another aspect of
this disclosure; and

FIG. 4 depicts details of an area around a light-emitting
device assembly, i.e., reflective layer creating a cavity.

DETAILED DESCRIPTION

Various aspects of the present invention will be described
herein with reference to drawings that are schematic illustra-
tions of idealized configurations of the present invention. As
such, variations from the shapes of the illustrations as a result,
for example, manufacturing techniques and/or tolerances, are
to be expected. Thus, the various aspects of the present inven-
tion presented throughout this disclosure should not be con-
strued as limited to the particular shapes of elements (e.g.,
regions, layers, sections, substrates, etc.) illustrated and
described herein but are to include deviations in shapes that
result, for example, from manufacturing. By way of example,
an element illustrated or described as a rectangle may have
rounded or curved features and/or a gradient concentration at
its edges rather than a discrete change from one element to
another. Thus, the elements illustrated in the drawings are
schematic in nature and their shapes are not intended to illus-
trate the precise shape of an element and are not intended to
limit the scope of the present invention.

Itwill be understood that when an element such as a region,
layer, section, substrate, or the like, is referred to as being
“on” another element, it can be directly on the other element
or intervening elements may also be present. In contrast,
when an element is referred to as being “directly on” another
element, there are no intervening elements present. It will be
further understood that when an element is referred to as
being “formed” on another element, it can be grown, depos-



US 8,182,112 B2

3

ited, etched, attached, connected, coupled, or otherwise pre-
pared or fabricated on the other element or an intervening
element.

Furthermore, relative terms, such as “lower” or “bottom™
and “upper” or “top,” may be used herein to describe one
element’s relationship to another element as illustrated in the
drawings. It will be understood that relative terms are
intended to encompass different orientations of an apparatus
in addition to the orientation depicted in the drawings. By way
of example, if an apparatus in the drawings is turned over,
elements disclosed as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The term “lower” can therefore encompass
both an orientation of “lower” and “upper,” depending of the
particular orientation of the apparatus. Similarly, if an appa-
ratus in the drawing is turned over, elements described as
“below” or “beneath” other elements would then be oriented
“above” the other elements. The terms “below” or “beneath”
can therefore encompass both an orientation of above and
below.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and this disclosure.

As used herein, the singular forms “a,” “an,” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “comprise,” “comprises,” and/or “comprising,”
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof. The term “and/or”
includes any and all combinations of one or more of the
associated listed items.

Various disclosed aspects may be illustrated with reference
to one or more exemplary configurations. As used herein, the
term “exemplary” means “serving as an example, instance, or
illustration,” and should not necessarily be construed as pre-
ferred or advantageous over other configurations disclosed
herein.

Furthermore, various descriptive terms used herein, such
as “on” and “transparent,” should be given the broadest mean-
ing possible within the context of the present disclosure. For
example, when a layer is said to be “on” another layer, it
should be understood that that one layer may be deposited,
etched, attached, or otherwise prepared or fabricated directly
or indirectly above or below that other layer. In addition,
something that is described as being “transparent” should be
understood as having a property allowing no significant
obstruction or absorption of electromagnetic radiation in the
particular wavelength (or wavelengths) of interest, unless a
particular transmittance is provided.

FIG. 1(a) depicts a conceptual cross section of an exem-
plary reflective surface sub-assembly 100 for a light-emitting
device in accordance with an aspect of this disclosure. A
substantially flat substrate 102 in addition to being a mechani-
cal support is often used as a means for heat dissipation from
the light-emitting device. When used in the latter function the
substrate 102 is made from a material with high thermal
conductivity. Such material may comprise metals, e.g., Al
Cu, Si-based materials, or any other material whose thermal
conductivity is appropriate for the light-emitting device in
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question. A person skilled in the art will appreciate that mate-
rial appropriate for a light-emitting device with power dissi-
pation of, e.g., 35 milliwatts (mW) is different than material
appropriate for a light-emitting device with power dissipation
of, e.g., 350 mW. Flatness is understood to be different than
roughness in the sense that flatness describes irregularities
whose spacing is greater than the roughness sampling length.
A material is considered to be substantially flat if the irregu-
larities in flatness would not cause light to be reflected by such
irregularities.

An upper face 104 of the substrate 102 does not need to be
treated, e.g., by polishing, buffing, or any other process, to
acquire any specific reflectivity. Instead, the desired reflec-
tivity is achieved by applying a layer 106 of a material with
high reflectivity onto select region(s) of the upper face 104.
This concept is clarified in reference to FIG. 2. The descrip-
tion of like elements between FIG. 1 and FIG. 2 is not
repeated, the like elements have reference numerals differing
by 100, i.e., reference numeral 102 of FIG. 1 becomes refer-
ence numeral 202 in FIG. 2.

Referring to FIG. 2, the upper face 204 of the substrate 202
is depicted with roughness characterized by a parameter
R, Lsstrater Re subsiraze 18 @ difference between the height of
the highest peak and the depth of the deepest valley in the
upper face 204. The layer 206, applied directly on the upper
face 204 of the substrate 202, is depicted with an upper face
207. The variable thickness of the layer 206 is characterized
by a parameter R, ,, .- R, ;. is a difference between the
upper face 207 and the depth of the deepest valley in the upper
face 204. Aslong as R, ;... =R, _ 1./ az» the layer 206 fills
the irregularities in the upper face 204. In other words, the
material of the layer 206 builds up the substrate 202 to the
level 207 of the upper face 204. Consequently, the substrate
202 has no effect on the reflectivity, which is determined
solely by the composition of the layer 206. A person skilled in
the art will appreciate that although the layer 206 is applied
directly on the upper face 204 of the substrate 202, an addi-
tional thin layer of constant thickness (not shown) essentially
copying, therefore, not altering, the roughness of the upper
face 204, can be can be applied as disclosed in greater details
below.

It is well known to person skilled in the art that an expense
of fabrication increases with decreased surface roughness, an
appropriate choice of material for layer 206 and/or technol-
ogy for application oflayer 206 directly on the upper face 204
of'the substrate 202 will affect the required roughness. In one
aspect the upper face 204 roughness is between 0.05 and 5
microns.

Referring back to FIG. 1(a), a material is considered to be
ot high reflectivity, if a total reflectivity of the resulting layer
106 is greater than or equal to 75%. As discussed in greater
detail below, the material for the layer 106 should also possess
diffusive rather than specular reflectivity. Out of the at least
75% total reflectivity, at least 50% should be diftusive reflec-
tivity. Of course, the higher the percentage of diffusive reflec-
tivity, the better the luminous efficiency; thus materials with
70% of total reflectivity, or nearly 100% total reflectivity are
preferable. Additional desirable properties of the material for
layer 106 would be, e.g., non-oxidative surface, low cost, and
ease of application on the substrate.

The region(s), to which the layer 106 is applied, are
selected in accordance with determined placement of light-
emitting device assembly(ies) 108 on the substrate 102, so
that the photons emitted form the light-emitting device
assembly(ies) 108 in undesirable directions are reflected from
the layer 106. The placement of the light-emitting device
assembly(ies) 108 is a design choice depending on multiple
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considerations, e.g., type of light-emitting device assembly,
number and arrangement of the light-emitting device assem-
bly(ies), thermal conductivity of the material 106, and other
considerations known to a person skilled in the art.

Accordingly, FIG. 1(a) depicts a design in which the
selected region(s) do not include the region(s) that were deter-
mined to be occupied by the light-emitting device assemblies
108 during the design. Although FIG. 1(a) depicts a plurality
of'n light-emitting device assemblies 108(1)-108(7), the dis-
closure is equally applicable to a single light-emitting device
assembly 108, i.e., considering only the part of FIG. 1 delim-
ited by an arrow 114.

As depicted, each light-emitting device assembly 108 com-
prises a light-emitting device chip 110 with a layer 112 of
material with high reflectivity on the bottom of light-emitting
device chip 110. In order to avoid unnecessarily cluttering of
FIG. 1, only the first light-emitting device assembly 108(1) is
depicted with the reference numerals 110(1) and 112(1). Such
a light-emitting device assembly 108 is commercially avail-
able for high power light-emitting devices, in which the layer
112 further provides a heat-sinking capability. Consequently,
the layer 112 accomplishes the function of layer 106 for
reflecting those photons that are emitted with the direction
towards the bottom of the light-emitting device chip 110, as
well as providing low thermal resistance to the substrate 102.

Although in principle the layer 106 could be also applied
on the region occupied by the light-emitting device assembly
108, this might increase the thermal resistance between the
light-emitting device assembly 108 and the substrate 102. A
person skilled in the art will understand that the material
comprising the layer 112 may, but need not be identical to the
material comprising the layer 106.

In contrast, some lower power light-emitting device assem-
blies omit the layer 112, thus comprising only the light-
emitting device chip 110. Because, as disclosed above, the
substrate 102 is not treated to acquire any specific reflectivity,
loss of luminous efficiency due to absorption of photons
emitted with the direction towards the bottom of the light-
emitting device assembly may result. FIG. 1(b) depicts a
conceptual cross section of an exemplary reflective surface
sub-assembly 100 for a light-emitting device in accordance
with such an aspect of this disclosure. Should the potential
loss of luminous reflectivity be unacceptable, the layer of the
material 106 can be applied also on the region occupied by the
light-emitting device chip 110 (not shown in FIG. 1).
Although such a design may increase the thermal resistance
between the light-emitting device assembly 108 and the sub-
strate 102, due to the low power of the light-emitting device,
the design may be preferable to an alternative, i.e., placing the
light-emitting device assembly 108 on the substrate and treat-
ing the substrate 102 under the light-emitting device chip 110
to provide a specific reflectivity.

The desirability of the diffusive property of the material
with high reflectivity used for layer 106 will now be described
in reference to FIG. 3. The description of like elements
between FIG. 1 and FIG. 3 is not repeated, the like elements
have reference numerals differing by multiple of 100, i.e.,
reference numeral 102 of FIG. 1 becomes reference numeral
302 in FIG. 3.

Referring now to FIG. 3(a), a reflective surface sub-assem-
bly 300 for a light-emitting device further comprises a case
316. The case 316 serves as means for protection from sur-
rounding environment and may, optionally, also serve as
means for focusing or diffusing the emitted photons in desired
direction. A photon 318 emitted from the light-emitting
device assembly 308(r) propagates along the path depicted
by broken line arrow 320 through the medium characterized
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by a refraction index n; and reaches the case 316 made from
material characterized by a refraction index n,. The differ-
ence in the refraction indexes n,, n, creates a reflective inter-
face. Depending on the refraction indexes n,, n, and the angle
of arrival of the photon 318 with respect to a normal to the
case 316 may cause the photon 318 to be reflected from the
case 316. The reflected photon 318 then propagates back and
reaches the layer 106 made from material characterized by a
refraction index n;. As such the difference in the refraction
indexes n,, n; creates a reflective interface and, if the layer
306 were specularly reflective, following the law of reflec-
tion, reflects with the angle of reflection equal to the angle of
incidence towards the case 316. This behavior may be
repeated until the energy of the photon 318 is lost.

The above-described mechanism changes with the layer of
the material 306 being diffusively reflective, as depicted in
FIG. 3(b). Because of the granular or uneven surface of the
diffusively reflective layer of the material 306, the photon 318
may be reflected under a different angle, and, consequently,
not be reflected back when the photon 318 reaches the case
316 because the incident angle with the case 316 has been
altered.

Referring to FIG. 1 and FIG. 3 the layer 106 (306) is
depicted as abutting the light-emitting device assembly 108
(308), i.e., the area not covered by the layer 106 (306) is
equivalent to the area of the light-emitting device assembly
108 (308). A person skilled in the art will understand that the
terms “abutting” and “equivalent” are to be interpreted in a
technical rather than a strict literal meaning, i.e., the fit
between the layer 106 (306) and the light-emitting device
assembly 108 (308) will not have zero tolerance. However,
such a non-zero tolerance will cause only negligible decrease
in light extraction due to some photons generated by the
light-emitting device chip 110 (310) being emitted in a direc-
tion allowing the photons to reach and be reflected by the
upper face 104 (304) of the substrate 102 (302) rather than the
layer 106 (306). Nevertheless, achieving such a fit may be
difficult and/or expensive in a production environment. Con-
sequently, FIG. 4 depicts an alternative arrangement. The
description of like elements between FIG. 1, FIG. 2 and FIG.
4 is not repeated; the like elements have reference numerals
differing by multiples of 100.

Considering FIG. 4(a), the requirement on the fit between
the layer 406 and the light-emitting device assembly 408 have
been relaxed. Rather than abutting, the layer 406 extends to
proximity what would be a typical dimension of the light-
emitting device assembly 408, creating a cavity 422. Conse-
quently, a non-negligible decrease of luminous efficiency will
be caused due to some photons being emitted by the light-
emitting device chip 410 in the direction allowing them to
reach the bottom ofthe cavity 422, and be thus reflected by the
upper face 404 of the substrate 402 rather than the layer 406.
The decreased luminous efficiency may be mitigated by other
measures, e.g., polishing the upper face 404 of the substrate
402 in at least the cavity, or by an alternative aspect as
depicted in FIG. 4(b).

FIG. 4(b) differs from FIG. 4(a) in that an additional layer
424 ofreflective material is added on the upper face 404 ofthe
substrate 402 to further improve light extraction by improv-
ing reflection of the photons reaching the bottom of the cavity
422. As discussed above, the additional layer 424 has constant
thickness, thus essentially copying, therefore, not altering,
the roughness of the upper face 404. Such reflective material
may be, for example, any of the above-mentioned noble met-
als. As depicted in FIG. 4(5), the layer 424 extends under the
entire area occupied by the light-emitting device assemblies
408. Consequently, it is possible that the light-emitting device
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assemblies 408 may comprise only the light-emitting device
chip 410 since the function of the layer 412 is provided by the
layer 424. In an alternative (not shown), the layer 424 may
abut the area occupied by the light-emitting device assem-
blies 408, which should comprise both the light-emitting
device chip 410 and the layer 412.

A person skilled in the art will understand that what com-
prises a negligible decrease in light extraction is dependent on
an application. Thus, for example, for an LED intended for
application indication states “on” (LED emitting light) and
“oft” (LED not emitting light) several percent or perhaps even
tens of percent of decrease in light extraction are negligible.
On the other hand, for an LED intended for application in
lighting, only units of percent or perhaps even less may be
considered negligible.

Although as understood, any highly reflective material
with diffuse reflection satistying the disclosed parameters
may be used, the inventors discovered that good results were
achieved with titanium oxide or other oxide phases or com-
positions such as TiO,, Ti,0;, and the like. The improvement
of luminous efficiency over that of related technologies using
noble metal based coating was by 5 to 25%, depending on
specificity of the substrate/light-emitting device assembly
geometry, even though titanium oxide is known to have
specular reflectivity inferior to the specular reflectivity of the
above mentioned noble metals. This further confirms the
importance of diffusive reflectivity inherent in, e.g., the
above-mentioned titanium oxide or other oxide phases or
compositions such as TiO,, Ti,0;, and the like. The diffusive
reflectivity is provided by the random orientation of the crys-
tals of the titanium oxide or other oxide phases or composi-
tions such as TiO,, Ti,O;, and the like. In addition to high
total and diffusive reflectivity, titanium oxide or other oxide
phases or compositions as utilized according to this disclo-
sure possesses many of the properties desirable for material
for layer 106, i.e., non-oxidative surface, diffusive reflection,
relatively low cost, and the like.

Referring back to FIG. 1, different methods may be used
for applying layer 106 directly on the substrate 102, e.g.,
dispersing, brushing, and the like. However, screen-printing,
which utilize well known thick film technology has been
found to be effective especially with regards to layer 106
being titanium dioxide. Consequently, for the purposes of
simplicity, the manufacturing process will be described in
regards to the titanium dioxide. However, a person skilled in
the art would understand that the manufacturing process is
equally applicable to other materials, which could comprise
layer 106, in accordance with concepts disclosed herein. A
person skilled in the art would further understand that the
term “thick-film” refers to a particular technology and is not
restricted to any particular thickness for each layer.

After the design of the light-emitting apparatus has been
finished, a substrate 102 is manufactured from the appropriate
material. A stencil or a screen is then prepared with selected
regions for a transfer of a curable titanium dioxide paste,
which after curing will create the layer 106, directly on the
chosen substrate 102. Good results have been achieved with a
titanium dioxide paste composition comprising polymer
matrix, titanium dioxide filler, and additional rheological
additives which adjust rheological properties of the paste. The
additional rheological additives comprise, e.g., silica,
alumna, zinc oxide, magnesium oxide, talc, and other addi-
tives known to a person skilled in the art, used either indi-
vidually or in combination. The constituting composition
elements, e.g., choice of polymer, particle sizes, loading level
and the like, need to be optimized to assure that the rheology
of the paste follows pseudo-plastic behavior.
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Based on the foregoing requirement, in one aspect, the
polymer matrix may comprise any curable silicone ensuring
a good bond of the titanium dioxide paste with the surface of
the chosen substrate 102. Preferably, polymers that possess
hydride, hydroxyl or other reactive functionalities are
selected for their superior bonding characteristics. The tita-
nium dioxide filler may comprise particles with average size
between 100 nm to 20 microns, and the loading level may be
between 10% to 75%, depending on specific surface area of
the titanium dioxide particles. The particle sizes and loading
levels of the rheological additives are selected to appropri-
ately adjust the rheological properties as disclosed above.
Thus, by means of an example, the silica, e.g., untreated
fumed silica, may comprise particles with average size of
tenths of microns, and the loading level from 0% to 4%,
combined with the alumna, e.g., fumed alumina, with a load-
ing level from 0.1% to 2%.

Once the titanium dioxide paste is prepared according to
the disclosed guidelines, the titanium dioxide paste is trans-
ferred onto the screen of the screen printer and screen printing
proceeds according to methodology known in the art. Thus a
conventional screen printer may be used to screen-print the
titanium dioxide paste onto the chosen substrate. Upon trans-
fer of the titanium dioxide paste on the substrate, the tem-
perature is kept at room temperature for a first interval. In one
aspect the first interval is 20 minutes. The substrate with the
titanium dioxide paste thereon is then placed into an oven for
pre-curing during a second interval. In one aspect the oven
temperature is then raised to 110° C. during the second inter-
val. In one aspect the second interval is one to two hours. The
temperature is then raised and the titanium dioxide paste is
cured at this third temperature for a third time interval. In one
aspect the third temperature is approximately 150° C. and the
third time interval is between 2-4 hours depending on the
composition of the paste.

The various aspects of this disclosure are provided to
enable one of ordinary skill in the art to practice the present
invention. Modifications to various aspects of a presented
throughout this disclosure will be readily apparent to those
skilled in the art, and the concepts disclosed herein may be
extended to other applications. Thus, the claims are not
intended to be limited to the various aspects of the reflective
surfaces for a light-emitting device presented throughout this
disclosure, but are to be accorded the full scope consistent
with the language of the claims. All structural and functional
equivalents to the elements of the various aspects described
throughout this disclosure that are known or later come to be
known to those of ordinary skill in the art are expressly
incorporated herein by reference and are intended to be
encompassed by the claims. Moreover, nothing disclosed
herein is intended to be dedicated to the public regardless of
whether such disclosure is explicitly recited in the claims. No
claim element is to be construed under the provisions of 35
U.S.C. §112, sixth paragraph, unless the element is expressly
recited using the phrase “means for” or, in the case of a
method claim, the element is recited using the phrase “step

23

for!

What is claimed is:
1. A reflective surface sub-assembly for a light-emitting
device, comprising:

a substrate;

at least one area reserved for placement of a light-emitting
device assembly on the substrate; and

a diffusive reflective layer applied on selected regions on
the substrate as a paste comprising
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a polymer matrix,

a titanium oxide or other oxide phases or compositions

filler, and

a rheological additive comprising a silica and an alumna;

wherein

upon placing the light-emitting device assembly onto the at

least one area then the diffusive reflective layer would
reflect photons emitted by the light-emitting device
assembly.

2. The apparatus according to claim 1, wherein the sub-
strate is substantially flat.

3. The apparatus according to claim 1, wherein the diffu-
sive reflective layer is characterized by at least 50% diffusive
reflectivity.

4. The apparatus according to claim 1, wherein the diffu-
sive reflective layer is characterized by at least 70% diffusive
reflectivity.

5. The apparatus according to claim 1, wherein the reflec-
tive layer fills irregularities in a face of the substrate.

6. The apparatus according to claim 1, wherein the diffu-
sive reflective layer comprises titanium oxide or other oxide
phases or compositions.

7. The apparatus according to claim 1, wherein the diffu-
sive reflective layer comprises titanium dioxide.

8. The apparatus according to claim 1, wherein the loading
levels of the paste’s composition comprise:

the titanium oxide or other oxide phases or compositions

filler in an amount of 10%-75%,
the silica in an amount of 0%-4%, and

the alumna in an amount of 0.1-2%.
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9. The apparatus according to claim 8, wherein the titanium
oxide or other oxide phases or compositions filler comprises
titanium dioxide filler.

10. The apparatus according to claim 1, wherein the
selected regions on the substrate exclude the at least one area
reserved for placement of a light-emitting device assembly.

11. The apparatus according to claim 1, wherein the
selected regions on the substrate include the at least one area
reserved for placement of a light-emitting device assembly.

12. The apparatus according to claim 1, wherein the at least
one area reserved for placement of the light-emitting device
assembly is equivalent to the area of the light-emitting device
assembly to be placed on the at least one area reserved for
placement.

13. The apparatus according to claim 1, wherein the at least
one area reserved for placement of the light-emitting device
assembly is greater than the area of the light-emitting device
assembly to be placed on the at least one area reserved for
placement.

14. The apparatus according to claim 1, further comprising
a light-emitting device assembly placed on the at least one
area reserved for placement of the light-emitting device
assembly.

15. A light emitting device assembly, comprising the
reflective surface sub-assembly of claim 1, and a semicon-
ductor light emitting device.



