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(57) ABSTRACT 

The present disclosure provides a lighting instrument. The 
lighting instrument includes a recessed light fixture, for 
example a troffer light or a batten light. The light fixture 
includes a plurality of light-emitting diode (LED) devices 
located on a board. The light fixture also includes a diffuser 
cap located on the board and housing the LED devices 
therein. The diffuser cap includes a plurality of coating 
regions. Each coating region is coated by a film containing 
white particles. The white particles can reflect and diffuse 
light emitted by the LED devices. The film in each coating 
region has a different white particle concentration level than 
other coating regions. 

20 Claims, 7 Drawing Sheets 
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Mix white particles with resin 
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Dispense the coating solution on a 
predetermined coating region of a diffuser cap 220 

Cure the diffuser cap 230 

No 400 

/ 
START 

DONE FIG.5 Manufacture a diffuser cap 
having white particles mixed therein 

Apply a first coating layer on a first region of 
the diffuser cap, the first coating layer having 
a first concentration level of white particles 

Apply a second coating layer on a second region 
of the diffuser cap, the second coating layer 
having a second concentration level of white 

particles different from the first concentration level 

Place the diffuser cap on a substrate having 
one or more light-emmitting diode (LED) devices 
disposed thereon, such that the one or more 
LED devices are covered by the diffuser cap 
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CHANGING LED LIGHT OUTPUT 
DISTRIBUTION THROUGH COATING 

CONFIGURATION 

TECHNICAL FIELD 

The present disclosure relates generally to light-emitting 
devices, and more particularly, to a light-emitting diode 
(LED) lighting instrument with more uniform light output. 

BACKGROUND 

An LED device, as used herein, is a semiconductor light 
source for generating a light at a specified wavelength or a 
range of wavelengths. LED devices emit light when a voltage 
is applied. LED devices have increasingly gained popularity 
due to favorable characteristics such as small device size, 
long lifetime, efficient energy consumption, and good dura­
bility and reliability. In recent years, LED devices have been 
deployed in various applications, including indicators, light 
sensors, traffic lights, broadband data transmission, and illu­
mination devices. For example, LED devices are often used in 
illumination devices provided to replace conventional incan­
descent light bulbs, such as those used in a troffer light. 
However, existing LED troffer lights may face shortcomings 
with respect to its light output. One shortcoming is that the 
light intensity is too strong in a center region of existing 
troffer lights. Another shortcoming is that the discrete LED 
devices in the troffer light may lead to light output hot spots. 
In other words, existing LED troffer lights may produce a 
light output that is not uniform but that includes a plurality of 
intensely lit regions surrounded by dimmer regions. These 
shortcomings of existing LED troffer lights may cause dis­
comfort for a human user and is therefore undesirable. 

Therefore, while conventional LED troffer lights have 
been generally adequate for their intended purposes, they 
have not been entirely satisfactory in every aspect. It is 
desired to provide an LED troffer light that is free of hot spots 
and that distributes light in more uniform fashion across all 
directions, similar to that of an incandescent light bulb. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom­
panying figures. It is emphasized that, in accordance with the 
standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various features 
may be arbitrarily increased or reduced for clarity of discus­
sion. 

FIG. 1 is a simplified perspective view of a light fixture 
according to various aspects of the present disclosure. 

FIG. 2 is a simplified cross-sectional view of a portion of 
the light fixture of FIG. 1 according to various aspects of the 
present disclosure. 

FIG. 3 is a more detailed cross-sectional view of the portion 
of the light fixture of FIG. 2 according to various aspects of 
the present disclosure. 

FIG. 4A-4B are simplified cross-sectional views of a por­
tion of the light fixture of FIG. 1 according to various aspects 
of the present disclosure. 

FIG. 5 is a flowchart illustrating a method of applying a 
coating film to a light fixture according to various aspects of 
the present disclosure. 

FIGS. 6A-6D and 7 are simplified cross-sectional views of 
a portion of a diffuser cap according to various aspects of the 
present disclosure. 

2 
FIG. 8 is a flowchart illustrating a method of manufacturing 

a light fixture according to various aspects of the present 
disclosure. 

DETAILED DESCRIPTION 

It is to be understood that the following disclosure provides 
many different embodiments, or examples, for implementing 
different features of the invention. Specific examples of com-

10 ponents and arrangements are described below to simplify the 
present disclosure. These are, of course, merely examples and 
are not intended to be limiting. Moreover, the formation of a 
first feature over or on a second feature in the description that 
follows may include embodiments in which the first and 

15 second features are formed in direct contact, and may also 
include embodiments in which additional features may be 
formed interposing the first and second features, such that the 
first and second features may not be in direct contact. Various 
features may be arbitrarily drawn in different scales for the 

20 sake of simplicity and clarity. 
When turned on, light-emitting diode (LED) devices may 

emit radiation such as different colors of light in a visible 
spectrum, as well as radiation with ultraviolet or infrared 
wavelengths. Compared to traditional light sources (e.g., 

25 incandescent light bulbs), LED devices offer advantages such 
as smaller size, lower energy consumption, longer lifetime, 
variety of available colors, and greater durability and reliabil­
ity. These advantages, as well as advancements in LED fab­
rication technologies that have made LED devices cheaper 

30 and more robust, have added to the growing popularity of 
LED devices in recent years. 

Some of the LED-based applications include LED illumi­
nation devices, for example, LED lamps. These LED illumi­
nation devices are capable ofreplacing traditional illumina-

35 tion devices (such as incandescent light bulbs) in many 
aspects. However, existing LED illumination devices such as 
LED troffer lights may suffer from drawbacks involving non­
uniform light distribution intensity ( or luminous intensity or 
lumen density). For example, existing LED troffer lights may 

40 have a substantially greater light intensity at the center of its 
output (i.e., the front direction along which light is projected). 
As another example, existing LED troffer lights use a plural­
ity of discrete LED devices (e.g., LED emitters) that may 
cause the troffer light output to contain a plurality of brighter 

45 spots surrounded by dimmer regions, which is otherwise 
known as a hot spot phenomenon. Due at least in part to these 
unfavorable light output characteristics, existing LED troffer 
lights may not be able to conform to the light distribution 
patterns of incandescent illumination devices. Therefore, the 

50 light output characteristics for existing LED troffer lights 
need to be improved. 

According to various aspects of the present disclosure, 
described below is an improved LED troffer light that sub­
stantially overcomes the non-uniform light distribution issues 

55 associated with conventional LED troffer lights. In more 
detail, FIG. 1 is a diagranimatic perspective view of a troffer 
light fixture 20 according to certain embodiments of the 
present disclosure. The troffer light fixture 20 includes a body 
30. The body 30 may be made of a metal material such as 

60 Aluminum in some embodiments, or may be made of other 
suitable materials in other embodiments. The body 30 is a 
concave structure and includes a rear frame 40 surrounded by 
sidewalls 50. Sidewall reflectors 65 are also disposed on at 
least two of the sidewalls 50. The sidewall reflectors 65 have 

65 a reflective surface operable to reflect light. The troffer light 
fixture 20 also includes a plurality of protruding structures 60 
protruding outwards from the rear frame 40. The protruding 
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structures 60, along with the rear frame 40, the sidewalls 50 
and the sidewall reflectors of the body 30, form a plurality of 
recesses 70. 

A light module 80 is implemented within each of the 
recesses 70. In the illustrated embodiments, the light module 5 

80 has an elongate tubular shape and extends substantially 
from one sidewall 50 of the body 30 to another opposite 
sidewall 50. A plurality of discrete LED devices is imple­
mented inside each light module 80. The surface of the light 
module 80 is a diffuser cap operable to diffuse and reflect light 10 

emitted by the LED devices housed therein. The light pen­
etrating the diffuser cap (i.e., the light coming out of the light 
module 80) is reflected by the adjacently located protruding 
structures 60 and/or the sidewall reflectors 65, so as to help 
direct the light propagation along an intended path. In other 15 

words, the light output profile of the troffer light is partially 
shaped by the protruding structures 60 (which are also 
referred to as reflectors) as well as the sidewall reflectors 65. 

FIG. 2 is a diagrammatic fragmentary cross-sectional side 
view of a portion of the troffer light fixture 20 of FIG. 1. 20 

Referring to FIG. 2, an LED chip 100 is illustrated as an 
example one of the LED devices for each light module 80. 
The LED chip 100 may also be referred to as an LED emitter 
or an LED die. When the troffer light 20 includes multiple 
LED chips, the multiple LED chips are configured in an array 25 

for a desired illumination effect. For example, the multiple 
LED chips are configured in a manner such that the collective 
illumination from individual LED chips contributes to the 
emitted-light in a large angle with enhanced illumination 
uniformity. In some cases, the various LED chips collectively 30 

provide white illumination or other illumination effects 
according to particular applications. In various embodiments, 
each of the LED chips may further include one LED or a 
plurality of LEDs. As one example, when an LED chip 
includes multiple LEDs, those devices are electrically con- 35 

nected in series for high voltage operation, or further electri­
cally connected in groups of series-coupled diodes in parallel 
to provide redundancy and robustness. 

4 
nitride sub-layer is formed on a gallium nitride sub-layer, and 
another gallium nitride sub-layer is formed on the indium 
gallium nitride sub-layer, and so on and so forth. Each of the 
sub-layers within the MQW layer is oppositely doped from its 
adjacent sub-layer. That is, the various sub-layers within the 
MQW layer are doped in an alternating p-n fashion. The light 
emission efficiency depends on the number oflayers of alter­
nating layers and their thicknesses. 

The doped layers and the MQW layer may all be formed by 
epitaxial growth processes known in the art. After the comple­
tion of the epitaxial growth processes, an LED device is 
created by the disposition of the MQW layer between the 
doped layers. When an electrical voltage is applied to the 
doped layers of the LED chips 100, the MQW layer emits 
light. The color of the light emitted by the MQW layer cor­
responds to the wavelength of the radiation. The radiation 
may be visible, such as blue light, or invisible, such as ultra­
violet (UV) light. The wavelength of the light ( and hence the 
color of the light) may be tuned by varying the composition 
and structure of the materials that make up the MQW layer. 

In some embodiments, the LED chip 100 includes phos-
phor to convert the emitted light to a different wavelength of 
light. The scope of embodiments is not limited to any particu­
lar type of LED, nor is it limited to any particular color 
scheme. In some embodiments, one or more types of phos-
phors are disposed around the light-emitting diode for shift­
ing and changing the wavelength of the emitted light, such as 
from ultra-violet (UV) to blue or from blue to yellow. The 
phosphor is usually in a powder form and is carried in other 
material such as epoxy or silicone (also referred to as phos-
phor gel). The phosphor gel is applied or molded to the LED 
chip 100 with suitable technique and can be further shaped 
with proper shape and dimensions. 

The LED chip 100 may also contain electrodes for estab­
lishing electrical connections to its n-type and p-type layers, 
respectively. Each LED chip may be attached to a circuit 
board 110, which may be considered a portion of a carrier 
substrate. Wiring interconnections may be used to couple the 
electrodes of the LED chip 100 to electrical terminals on the 
circuit board. The LED chip 100 may be attached to the circuit 
board 110 through various conductive materials, such as sil­
ver paste, soldering, or metal bonding. In further embodi­
ments, other techniques, such as through silicon via (TSV) 
and/or metal traces, may be used to couple the LED chip 100 
to the circuit board 110. 

If more than one LED chip 100 is used, those LED devices 
may share one circuit board 110. In certain embodiments, the 
circuit board 110 is a heat-spreading circuit board to effec­
tively distribute and dissipate heat. In one example, a metal 
core printed circuit board (MCPCB) is utilized. MCPCBs can 
conform to a multitude of designs. An exemplary MCPCB 
includes a base metal, such as aluminum, copper, a copper 
alloy, and/or the like. A thin dielectric layer is disposed upon 

The device compositions of each LED device 100 are now 
described in greater detail. The LED chip 100 includes oppo- 40 

sitely doped semiconductor layers (i.e., semiconductor layers 
having different types of conductivities). In some embodi­
ments, the oppositely doped semiconductor layers each con­
tain a "III-V" family ( or group) compound. In more detail, a 
III-V family compound contains an element from a "III" 45 

family of the periodic table, and another element from a "V" 
family of the periodic table. For example, the III family ele­
ments may include Boron, Aluminum, Gallium, Iridium, and 
Titanium, and the V family elements may include Nitrogen, 
Phosphorous, Arsenic, Antimony, and Bismuth. In some 50 

embodiments, the oppositely doped semiconductor layers 
include a p-doped gallium nitride (GaN) material and an 
n-doped gallium nitride material, respectively. The p-type 
dopant may include Magnesium (Mg), and then-type dopant 
may include Carbon (C) or Silicon (Si). 

According to various embodiments, each LED chip 100 
also includes a multiple-quantum well (MQW) layer that is 
disposed in between the oppositely doped layers. The MQW 
layer includes alternating (or periodic) sub-layers of active 
material, such as gallium nitride and indium gallium nitride 60 

(InGaN). For example, the MQW layer may include a number 

55 the base metal layer to electrically isolate the circuitry on the 
printed circuit board from the base metal layer below and to 
allow thermal conduction. The LED chip 100 and its related 
traces can be disposed upon the thermally conductive dielec­
tric material. 

of gallium nitride sub-layers and a number of indium gallium 
nitride sub-layers, wherein the gallium nitride sub-layers and 
the indium gallium nitride sub-layers are formed in an alter­
nating or periodic manner. In one embodiment, the MQW 65 

layer includes ten sub-layers of gallium nitride and ten sub­
layers of indium gallium nitride, where an indium gallium 

In some examples, the metal base is in direct contact with 
a heat sink, whereas in other examples, an intermediate mate­
rial between the heat sink and the circuit board 110 is used. 
Intermediate materials can include, e.g., double-sided ther­
mal tape, thermal glue, thermal grease, and the like. Various 
embodiments can use other types of MCPCBs, such as 
MCPCBs that include more than one trace layer. The circuit 
board 110 may also be made of materials other than 
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MCPCBs. For instance, other embodiments may employ cir­
cuit boards made ofFR-4, ceramic, and the like. 

In certain embodiments, the circuit board 110 may further 
include a power conversion module. Electrical power is typi­
cally provided to indoor lighting as alternating current (AC), 
such as 120V/60 Hz in the United States, and over 200V and 
50 Hz in much of Europe and Asia, and incandescent lamps 
apply the ac power directly to the filament in the bulb. The 
LED chip 100 utilizes the power conversion module to 
change power from the typical indoor voltages/frequencies 
(high voltage alternating current (AC)) to power that is com­
patible with the LED chip 100 (low voltage direct current 
(DC)). In other examples, the power conversion module may 
be provided separately from the circuit board 110. 

The LED chip 100 and/or the circuit board 110 may also be 
thermally coupled to a heat sink that dissipates the heat gen­
erated by the LED chip 100. According to various embodi­
ments, the heat sink may include a metal, such as aluminum, 
copper, or other suitable thermally conductive materials. For 
reasons of simplicity, however, the heat sink is not illustrated 
herein. 

As discussed above, each light module 80 includes a dif­
fuser cap 120. The diffuser cap 120 may include a poly 
carbonate material and provides a cover for the LED chip 100 
therebelow. Stated differently, the LED chip 100 is partially 
encapsulated by the diffuser cap 120. In some embodiments, 
the diffuser cap 120 has a curved surface or profile. In some 
embodiments, the curved surface may substantially follow 
the contours of a semicircle, so that each beam oflight emitted 
by the LED chip 100 may reach the surface of the diffuser cap 
120 at a substantially right incident angle, for example, within 
a few degrees of 90 degrees. The curved shape of the diffuser 
cap 120 helps reduce Total Internal Reflection (TIR) of the 
light emitted by the LED chip 100. In some embodiments, the 
diffuser cap 120 has a textured surface for further scattering of 
the incident light. 

A film 130 is coated ona surface of the diffuser cap 120. In 
some embodiments, the film contains white particles that are 
operable to reflect and diffuse light emitted by the LED chip 
100. The film 130 may be coated on various regions of the 
diffuser cap 120, and the white particle concentration level of 
the film 130 in each region may be different. The diffuser cap 
120 and the film 130 are discussed in greater detail below. 

6 
In other words, a coating film 130A is applied to the coating 
region 120A, a coating film 130B is applied to the coating 
region 120B, etc. 

The coating films 130A-130C each contain white particles, 
5 which are particles that diffuse and reflect light emitted by the 

LED chip 100. In some embodiment, the white particles 
include calcium sulfate, zinc oxide, barium sulfate, or tita­
nium oxide. The coating films 130A-130C also each contain 
resin and/ or silicone. In the illustrated embodiments, the coat-

l O ing regions 130A-130C have varying white particle concen­
tration levels. Depending on the respective white particle 
concentration level, each coating region can have a corre­
sponding light reflection and transmission characteristic. 

15 
For example, in some embodiments, a greater white par-

ticle concentration level corresponds to greater light reflec­
tion and less light transmission through the diffuser cap 120. 
Thus, by carefully configuring the coating regions (both of 
the number of coating regions and the geometries of each 

20 coating region) and by adjusting the white particle concen­
tration level in each coating region, a desired light output 
profile can be obtained. As an example, since the LED-based 
troffer light fixture 20 tends to have a much greater light 
output intensity near its apex 170 (i.e., the center of the 

25 diffuser cap facing the LED chip 100), the white particle 
concentration level of the coating film 130A coated at the 
apex 170 may be configured to be the greatest ( e.g., greater 
than that of the coating films 130B and 130C), so as to reduce 
glare and improve light output uniformity. In various other 

30 embodiments, a plurality of additional coating regions may 
be implemented, and the coating film for each region may be 
individually configured as necessary to achieve the desired 
light output pattern. In this manner, the light output of the 

35 
troffer light fixture 20 may be substantially devoid of hot 
spots and may be more uniform compared to traditional trof­
fer lights. 

FIG. 4A is a diagrammatic fragmentary cross-sectional 
side view of a portion of the troffer light fixture 20 of FIG. 1 

40 according to another embodiment of the present disclosure. 
For reasons of clarity and consistency, similar features in 
FIGS. 2 and 4 are labeled the same. Referring to FIG. 4A, the 
diffuser cap 120 is housed within a cover tube 180. The cover 
tube 180 may also be coated with a film 185. The film 185 

45 may contain white particles and may include one or more 
regions that have different white particle concentrations, 
similar to the film 130 (FIGS. 2-3). As such, the cover tube 
180 (by way of its different coating regions similar to the 
diffuser cap 120) can further improve the light output unifor-

Also as discussed above with reference to FIG. 1, the light 
module 80 is disposed on the rear frame 40, and the protrud­
ing structures 60 and the sidewall reflectors 65 serve as reflec­
tors to reflect light propagating out of the light module 80. The 
troffer light fixture 20 may also optionally include a front 
cover 150 located opposite the rear frame 40. The front cover 
150 may be substantially transparent to allow light emitted by 
the light module 80 to propagate therethrough. In some 
embodiments, the front cover 150 may also be textured to 
allow further scattering of the light emitted by the light mod­
ule 80. The front cover 150 also provides mechanical protec- 55 

tion for the light modules 80. In some embodiments, the front 
cover 150 may be secured to the rest of the troffer light fixture 

50 mity and reduce light output hot spots. In some embodiments, 
a cover tube similar to the cover tube 180 may be imple­
mented for the embodiments of the light fixture 20 shown in 
FIGS. 1-3. 

Still referring to FIG. 4A, the cover tube 180 (and the 
diffuser cap 120 and the LED chip 100 housed therein) is at 
least partially surrounded by reflectors 190. The reflectors 
190 may include a light-reflective material, such as aluminum 
sheet, stainless steel plate, plastic plate (with minor coating) 
or other suitable reflective materials. The reflectors 190 may 

20 through a fastening mechanism 160. 
FIG. 3 is a diagrammatic fragmentary cross-sectional side 

view of the LED chip 100 and the diffuser cap 120 in more 60 

detail. In the illustrated embodiments, the diffuser cap 120 is 
divided into a plurality of coating regions, for example coat­
ing regions 120A, 120B, and 120C. These coating regions 
120A-120C may have different sizes, shapes, and geometries 
from each other. For example, one of them may be substan- 65 

tially larger than the others. For each of the coating regions 
120A-120C, a respective coating film 130A-130C is applied. 

be configured to have different shapes and/ or patterns, so that 
they can reflect light 195 emitted by the LED chip 100 in a 
desired manner. For example, in the embodiments illustrated 
in FIG. 4A, the reflectors 190 may have a somewhat curved 
shape or curved surface. Depending on the specific shape of 
the reflectors 190, the light 195 emitted by the LED chip 100 
may hit and may be reflected by the reflectors 190 in various 
angles. 
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As another example, in the embodiments illustrated in FIG. 
4B, the cover tube 180 is at least partially surrounded by 
reflectors 191, which are similar to the reflectors 190 but have 
different shapes. For instance, the reflectors 191 may have a 
substantially straight shape or a flat surface. Thus, the light 
195 emitted by the LED chip 100 may hit and may be 
reflected by the reflectors 191 in a different manner than with 
the reflectors 190. Stated differently, by configuring the 
reflectors 190-191 in different curves or slope angles around 
the cover tube 180, the side-emitting light 195 propagating 10 

out of the tube 180 can be distributed to have various photo­
metrical patterns. 

8 
In certain embodiments, the diffuser cap may be substantially 
transparent before any coating process is performed. In other 
embodiments, the diffuser cap itself may be manufactured to 
have white particles mixed therein before any white particle 
coating process is performed. For example, white particles 
may be mixed within a poly carbonate material, and this 
white-particle-containing poly carbonate material may then 
be molded into a proper diffuser cap shape, thereby forming 
a diffuser cap having white particles mixed therein. 

Taking the application of phosphor materials into consid-
eration, there are several different embodiments for con­
structing and applying a coating material (which may or may 
not include phosphor) to the diffuser cap 120. Referring to 
FIG. 6a, in one embodiment, the diffuser cap 120 includes a 

In some embodiments, the light reflectors 190-191 may be 
implemented for the embodiments of the light fixture 20 
shown in FIGS.1-3 as well, that is, the cover tube 180 may not 15 poly carbonate (PC) material diffusion lens 350, which is less 

than or equal to about 1.3 millimeter (mm) in thickness in 
some embodiments. In other embodiments, the diffuser cap 
120 may include poly methyl methacrylate (PMMA), glass, 
or other suitable materials. The diffusion lens 350 can be 

be necessary, and the reflectors 190-191 directly surround the 
diffuser cap 120. Furthermore, though only two reflectors 
190-191 are illustrated herein as examples, any other number 
oflight reflectors may be used in various embodiments. In the 
case where a plurality of reflectors are used, each of the 20 

reflectors may have its own shape and pattern, or a subset of 
the reflectors may have the same or substantially similar 
shapes or patterns. The particular shapes and patterns of the 
light reflectors may be configured flexibly as dictated by the 
design concerns and manufacturing requirements. 

formed by any suitable technique, such as injection molding 
or extrusion molding. 

A relatively thin coating layer 352 is applied on the diffu­
sion lens 350. The coating layer 352 contains white particles 
for reflecting and diffusing light. The coating layer 352 may 

25 also contain resin and/or silicone. In some embodiments, the 
white particles and the resin have a mixing ratio of about 1 :2. 
In the embodiment shown in FIG. 6a, no phosphor is coated 
on the diffuser cap 120. Instead, a phosphor layer is coated on 

FIG. 5 is a flowchart of a method 200 of manufacturing and 
applying the coating film to the diffuser cap 120. The method 
200 begins at step 210, in which the white particles are mixed 
with resin and/or silicone to form a coating solution. The 
coating solution is mixed to have a predefined white particle 30 

concentration level. The method 200 proceeds to step 220, in 
which the coating solution is loaded into a dispensing con­
tainer. The dispensing container is used to apply the coating 
solution on a predetermined coating region of a diffuser cap. 
The method 200 then proceeds to step 230, in which the 35 

diffuser cap is cured at a predetermined temperature for a 
predetermined amount of time. For example, in some 
embodiments, the diffuser cap may be cured at a temperature 
ranging from about 20 degrees Celsius to about 30 degrees 
Celsius for about 5 minutes to about 15 minutes. Thereafter, 40 

the method 200 proceeds to a decision block 240 to determine 
whether all the predetermined coating regions have been 
coated. If the answer is yes, then the method 200 may con­
clude. If the answer is no, then the method 200 may repeat the 
steps 210-230 again. During the repetition, the white particle 45 

concentration level may be adjusted to be at a different white 
particle concentration level, and the corresponding coating 
solution may be applied on a different coating region of the 
diffuser cap. This cycle may be repeated any number of times 
until all of the predetermined coating regions have been 50 

coated. In this manner, each coating region may have a dif­
ferent white particle concentration level. 

Of course, the method 200 illustrated in FIG. 5 is merely 
one of the many ways of coating a diffuser cap according to 
the various aspects of the present disclosure. Other embodi- 55 

ments may utilize modified process flows without departing 
from the spirit and the scope of the present disclosure. For 
example, in some embodiments, the repetition of the coating 
cycles may be performed before the curing step-that is, all of 
the coating regions are coated before a curing process is 60 

performed. In some embodiments, the diffuser cap may 
undergo an optional texturing process, in which the surface of 
the diffuser cap becomes textured. For example, the diffuser 
cap may be sandblasted to achieve the textured surface. Alter­
natively, a plurality of small patterns, such as triangles, 65 

circles, squares, or other random polygons may be formed on 
the surface of the diffuser cap to achieve the textured surface. 

the LED emitters that are housed under the diffuser cap 120. 
As discussed above, the phosphor layer is used to convert a 
portion of the emitted light to a different wavelength. 

Referring to FIG. 7, the coating material 352 can be applied 
to the diffusion lens 350 by a dispenser such as a spray nozzle 
360. The spray nozzle 360 applies the coating material 352 to 
the inner surface of the diffusion lens 350. In some embodi­
ments, nearly all of the inner surface of the diffusion lens 350 
may be coated with the coating material 352. In other embodi­
ments, the diffusion lens 350 may be partially coated on the 
diffusion lens. In addition, the diffusion lens 350 may be 
divided into different coating regions that have various geom­
etries and that are coated with different concentrations of 
white particles. After the coating material 352 is applied, it is 
cured at a predetermined temperature for a predetermined 
amount of time. 

Referring now to FIG. 6b, in another embodiment, the 
coating of the diffusion lens 350 is a multi-step process. A first 
step applies the coating material 352, discussed above with 
reference to FIGS. 6a and 7.Afterwards, a phosphor layer 364 
is applied to the diffusion lens 350. The phosphor layer can be 
applied by a spray nozzle as discussed with reference to FIG. 
7, or other conventional process. In this embodiment, the 
LED emitters housed under the diffuser cap 120 need not be 
applied a phosphor coating, since phosphor is already coated 
remotely on the diffuser cap. 

Referring now to FIG. 6c, in another embodiment, the 
coating material and phosphor layer are mixed together to 
form a single coating layer 366, which is then applied to the 
diffusion lens 350. The coating layer 366 can be applied by a 
spray nozzle as discussed with reference to FIG. 7, or other 
conventional process. Once again, the LED emitters housed 
under the diffuser cap 120 need not be applied a phosphor 
coating, since phosphor is already coated remotely on the 
diffuser cap 

Referring now to FIG. 6d, in yet another embodiment, 
phosphor material can be combined with PC material to form 
a diffusion lens 368. The diffusion lens 368 can be formed by 
any suitable technique, such as injection molding or extrusion 
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molding. Afterwards, the coating material 352 is applied to 
the diffusion lens 350, as discussed above with reference to 
FIGS. 6a and 7.As is in the case for the embodiments shown 
in FIGS. 6b and 6c, the LED emitters housed under the 
diffuser cap 120 need not be applied a phosphor coating, since 
phosphor is already coated remotely on the diffuser cap 

10 
as discussed above. Furthermore, the specifics regarding the 
diffuser cap and its coating configurations discussed above 
and shown in FI GS. 3-6 are merely examples and not intended 
to be limiting. Alternative arrangements of the diffuser cap 
and its coating configurations are contemplated according to 
design needs and manufacturing concerns, but they are not 
discussed herein for reasons of simplicity. 

One of the broader forms of the present disclosure involves 
a lighting apparatus. The lighting apparatus includes: a plu-

FIG. 7 is a flowchart ofa method 400 of manufacturing a 
lighting instrument, for example a troffer light or a batten 
light. The method 400 includes a step 410, in which a diffuser 
cap is manufactured. The diffuser cap has white particles 
mixed therein. The white particles are operable to reflect and 
diffuse light. In some embodiments, the white particles 
include calcium sulfate, zinc oxide, barium sulfate, or tita­
nium oxide. The method 400 includes a step 420, in which a 
first coating layer is applied on a first region of the diffuser 
cap. The first coating layer has a first concentration level of 
white particles. The method 400 includes a step 430, in which 

10 rality of light-emitting diode (LED) devices disposed on a 
substrate; a diffuser cap located over the substrate, the LED 
devices being housed under the diffuser cap; and a plurality of 
coating films each disposed on a different coating area on the 
diffuser cap, wherein the coating films have varying coating 

15 characteristics from one another; wherein the lighting appa­
ratus is a troffer light or a batten light. 

a second coating layer is applied on a second region of the 
diffuser cap. The second coating layer has a second concen­
tration level of white particles different from the first concen- 20 

tration level. In some embodiments, the first region and the 
second region have different sizes and shapes. In some 
embodiments, one or more additional white-particle-contain­
ing coating layers are applied on one or more additional 
regions of the diffuser cap. The additional regions are differ- 25 

ent from the first and second regions. In some embodiments, 
an apex region of the diffuser cap is coated with a coating 
layer having a highest concentration of white particles. The 
method 400 includes a step 440, in which the diffuser cap is 
placed on a substrate having one or more light-emitting diode 30 

(LED) devices disposed thereon, such that the one or more 
LED devices are covered by the diffuser cap. 

The embodiments of the present disclosure discussed 
above offer advantages over existing methods. However, not 
all advantages of the present disclosure are necessarily dis- 35 

cussed herein, and other embodiments may offer different 
advantages, and that no particular advantage is required for 
any embodiment. One advantage is that, unlike conventional 
LED troffer lights, the troffer light of the present disclosure 
does not have a light intensity that is substantially greater near 40 

the center ( or apex). The white particle coating concentration 
can be configured to be higher near the center regions of the 
diffuser cap so as to reduce the intensity of the light output at 
the center regions, thereby reducing glare. Another advantage 
of the troffer light of the present disclosure is that hot spots 45 

caused by discrete LED emitters can be substantially elimi­
nated. By applying different coating layers having different 
white particle concentration levels to various regions of the 
diffuser cap, the collective light output can be configured to 
be substantially uniform, thereby making it difficult for a 50 

human eye to detect that the light is actually coming from a 
plurality of discrete light sources. Another advantage of the 
present disclosure is that by carefully configuring the coating 
regions of the diffuser cap and their respective white particle 
concentration levels, a desired light output profile may be 55 

achieved. In other words, the light output profile is reconfig­
urable. Yet another advantage of the present disclosure is that 
by configuring the light reflectors to have different shapes, 
sizes, or geometrical patterns around the cover tube (inside 
which the LED die is placed), each light reflector may reflect 60 

light differently (for example at different angles), and there­
fore the output light uniformity may be further improved. 

Though the present disclosure uses troffer light as an 
example of recessed lighting fixtures, other forms of light 
fixtures may also incorporate the various aspects of the 65 

present disclosure to achieve similar benefits. For example, a 
batten light fixture may also be configured in a similar manner 

In some embodiments, the coating films each contain white 
particles for reflecting and diffusing light emitted by the LED 
devices. 

In some embodiments, the coating films have varying con­
centrations of white particles. 

In some embodiments, a coating film located at an apex of 
the diffuser cap has a greatest white particle concentration 
level. 

In some embodiments, the diffuser cap itself has white 
particles mixed therein. 

In some embodiments, the particles include at least one of: 
calcium sulfate, zinc oxide, barium sulfate, and titanium 
oxide. 

In some embodiments, the coating films each further con­
tain silicone and resin. 

In some embodiments, the diffuser cap has a shape that is 
one of: a half hemisphere shape, an elliptical shape, and a 
polygonal shape; and the coating areas have different sizes 
and shapes from one another. 

In some embodiments, the lighting apparatus further 
includes a plurality of reflectors located around the diffuser 
cap, wherein the reflectors have different shapes. 

Another one of the broader forms of the present disclosure 
involves a lighting instrument. The lighting instrument 
includes a recessed light fixture. The recessed light fixture 
includes: a plurality of light-emitting diode (LED) devices 
located on a board; a diffuser cap housing the LED devices 
therein, wherein the diffuser cap includes a plurality of coat-
ing regions, and wherein each coating region is coated by a 
film containing white particles operable to reflect and diffuse 
light emitted by the LED devices, and wherein the film in each 
coating region has a different white particle concentration 
level. 

In some embodiments, the recessed light fixture is a troffer 
light fixture. 

In some embodiments, the diffuser cap has white particles 
mixed therein, and the coating regions have varying geom­
etries. 

In some embodiments, the white particles include at least 
one of: calcium sulfate, zinc oxide, barium sulfate, and tita­
nium oxide; and the film further contains silicone or resin. 

In some embodiments, the white particle concentration 
level is highest at an apex region of the diffuser cap. 

In some embodiments, the lighting instrument further 
includes a plurality of light reflectors, wherein at least some 
of the light reflectors have different geometric patterns. 

Another one of the broader forms of the present disclosure 
involves a method of manufacturing a lighting instrument. 
The method includes: manufacturing a diffuser cap having 
white particles mixed therein, the white particles being oper-
able to reflect and diffuse light; applying a first coating layer 
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on a first region of the diffuser cap, the first coating layer 
having a first concentration level of white particles; applying 
a second coating layer on a second region of the diffuser cap, 
the second coating layer having a second concentration level 
of white particles different from the first concentration level; 
and placing the diffuser cap on a substrate having one or more 
light-emitting diode (LED) devices disposed thereon, such 
that the one or more LED devices are covered by the diffuser 
cap. 

In some embodiments, the first region and the second 10 

region have different sizes and shapes. 
In some embodiments, the particles include at least one of: 

calcium sulfate, zinc oxide, barium sulfate, and titanium 
oxide. 

In some embodiments, the method further includes: apply- 15 

ing one or more additional white-particle-containing coating 
layers on one or more additional regions of the diffuser cap, 
wherein the additional regions are different from the first and 
second regions. 

In some embodiments, an apex region of the diffuser cap is 20 

coated with a coating layer having a highest concentration of 
white particles. 

In some embodiments, the lighting instrument is a troffer 
light or a batten light. 

12 
6. The lighting apparatus of claim 1, wherein the cover tube 

is at least partially surrounded by a plurality ofreflectors. 
7. The lighting apparatus of claim 1, wherein: 
the curved shape of the diffuser cap conforms to one of: a 

half hemisphere shape and an elliptical shape; and 
the coating areas have different sizes and shapes from one 

another. 
8. A lighting instrument, comprising: 
a recessed light fixture that includes: 

a plurality oflight-emitting diode (LED) devices located 
on a board; 

a diffuser cap housing the LED devices therein, wherein 
the diffuser cap has a curved shape such that the LED 
devices are collectively encircled by the diffuser cap 
and the board, and wherein the diffuser cap includes a 
plurality of coating regions, and wherein each coating 
region is coated by a film containing white particles 
operable to reflect and diffuse light emitted by the 
LED devices, and wherein the film in each coating 
region has a different white particle concentration 
level; and 

a cover tube inside which the diffuser cap is disposed, 
wherein the cover tube is coated with a layer that 
contains further white particles, and wherein the layer 
includes one or more regions having different concen-
trations of the further white particles. 

9. The lighting instrument of claim 8, wherein the recessed 
light fixture is a troffer light fixture. 

30 10. The lighting instrument of claim 8, wherein: 

The foregoing has outlined features of several embodi- 25 

ments so that those skilled in the art may better understand the 
detailed description that follows. Those skilled in the art 
should appreciate that they may readily use the present dis­
closure as a basis for designing or modifying other processes 
and structures for carrying out the same purposes and/or 
achieving the same advantages of the embodiments intro­
duced herein. Those skilled in the art should also realize that 
such equivalent constructions do not depart from the spirit 
and scope of the present disclosure, and that they may make 
various changes, substitutions and alterations herein without 35 

departing from the spirit and scope of the present disclosure. 

the diffuser cap has white particles mixed therein; and 
the coating regions have varying geometries. 
11. The lighting instrument of claim 8, wherein: 
the white particles include at least one of: calcium sulfate, 

zinc oxide, barium sulfate, and titanium oxide; and 
the film further contains silicone or resin. 

What is claimed is: 
1. A lighting apparatus, comprising: 
a plurality oflight-emitting diode (LED) devices disposed 

on a substrate; 

12. The lighting instrument of claim 8, wherein the white 
particle concentration level is highest at an apex region of the 

40 diffuser cap. 
13. The lighting instrument of claim 8, further comprising: 

a plurality of light reflectors that are disposed around the 
cover tube. 

a diffuser cap located over the substrate, wherein the dif­
fuser cap has a curved shape such that the LED devices 
are at least partially encircled by the diffuser cap in a 
cross-sectional view; 

14. A method of manufacturing a lighting instrument, com-
45 prising: 

a plurality of coating films each disposed on a different 
coating area on the diffuser cap, wherein the coating 
films have varying coating characteristics from one 
another and 

a cover tube that houses the diffuser cap within, wherein 50 

the cover tube is coated with a layer that contains white 
particles; 

wherein the lighting apparatus is a troffer light or a batten 
light. 

2. The lighting apparatus of claim 1, wherein the coating 55 

films each contain white particles for reflecting and diffusing 
light emitted by the LED devices, and wherein the coating 
films have varying concentrations of white particles. 

3. The lighting apparatus of claim 2, wherein the coating 
film located at an apex of the diffuser cap has a greatest white 60 

particle concentration level. 
4. The lighting apparatus of claim 2, wherein the diffuser 

cap itself has white particles mixed therein. 
5. The lighting apparatus of claim 2, wherein: 
the particles include at least one of: calcium sulfate, zinc 65 

oxide, barium sulfate, and titanium oxide; and 
the coating films each further contain silicone and resin. 

manufacturing a diffuser cap having white particles mixed 
therein, the white particles being operable to reflect and 
diffuse light, wherein the diffuser cap has a curved 
shape; 

applying a first coating layer on a first region of the diffuser 
cap, the first coating layer having a first concentration 
level of white particles; 

applying a second coating layer on a second region of the 
diffuser cap, the second coating layer having a second 
concentration level of white particles different from the 
first concentration level; 

placing the diffuser cap on a substrate having one or more 
light-emitting diode (LED) devices disposed thereon, 
such that the one or more LED devices are at least 
partially circumferentially covered by the diffuser cap; 
and 

placing a cover tube over the diffuser cap such that the 
diffuser cap is housed within the cover tube, wherein the 
cover tube is coated with a film containing white par­
ticles. 

15. The method of claim 14, wherein the first region and the 
second region have different sizes and shapes. 
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16. The method of claim 14, wherein the particles include 
at least one of: calcium sulfate, zinc oxide, barium sulfate, and 
titanium oxide. 

17. The method of claim 14, further comprising: applying 
one or more additional white-particle-containing coating lay­
ers on one or more additional regions of the diffuser cap, 
wherein the additional regions are different from the first and 
second regions, and wherein an apex region of the diffuser 
cap is coated with a coating layer having a highest concen-
tration of white particles. 10 

18. The method of claim 14, wherein the lighting instru­
ment is a troffer light or a batten light. 

19. The lighting apparatus of claim 1, wherein the layer that 
is coated on the cover tube is divided into a plurality ofregions 
having different concentrations of the white particles. 15 

20. The method of claim 14, wherein the film coated on the 
cover tube includes a plurality of regions having varying 
white particle concentrations. 

* * * * * 
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