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Side light LED troffer tube . In an aspect , a side light LED 
tube is provided that includes a tube having at least one light 
receiving portion configured to receive light and gradient 
optics formed on the tube . The gradient optics providing a 
transparency gradient configured to distribute the light to 
achieve a selected emitted light intensity variation across a 
selected surface of the tube . 
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SIDE LIGHT LED TROFFER TUBE 

CLAIM OF PRIORITY UNDER 35 U.S.C. § 119 

nately , this technique results in a complex troffer design and 
the cost of utilizing a large number of LEDs may be 
prohibitive . 
[ 0007 ] Accordingly , what is needed is a simple and cost 
efficient way to use LED semiconductors in troffers and to 
control the intensity of light emitted from the troffer . 

[ 0001 ] This patent application claims the benefit of prior 
ity from U.S. Provisional Patent Application No. 61/423 , 
018 , entitled “ SIDE LIGHT LED TROFFER TUBE ” filed on Dec. 
14 , 2010 , and assigned to the assignee hereof and hereby 
expressly incorporated by reference herein . SUMMARY 

BACKGROUND 

Field 

[ 0002 ] The present application relates generally to light 
emitting diodes , and more particularly , to a side light LED 
troffer tube that provides selectable light distribution using 
LED light sources . 

Background 
[ 0003 ] A light emitting diode comprises a semiconductor 
material impregnated , or doped , with impurities . These 
impurities add “ electrons ” and “ holes ” to the semiconductor , 
which can move in the material relatively freely . Depending 
on the kind of impurity , a doped region of the semiconductor 
can have predominantly electrons or holes , and is referred to 
as an n - type or p - type semiconductor region , respectively . 
[ 0004 ] In LED applications , an LED semiconductor chip 
includes an n - type semiconductor region and a p - type semi 
conductor region . A reverse electric field is created at the 
junction between the two regions , which causes the elec 
trons and holes to move away from the junction to form an 
active region . When a forward voltage sufficient to over 
come the reverse electric field is applied across the p - n 
junction , electrons and holes are forced into the active region 
and combine . When electrons combine with holes , they fall 
to lower energy levels and release energy in the form of 
light . The ability of LED semiconductors to emit light has 
allowed these semiconductors to be used in a variety of 
lighting devices . For example , LED semiconductors may be 
used in general lighting devices for interior or exterior 
applications 
[ 0005 ] A troffer is a light fixture resembling an inverted 
trough that is typically either recessed in , or suspended from , 
the ceiling . Troffers are typically designed to emit light using 
fluorescent lighting tubes . The fluorescent tubes emit light 
along the entire length of the troffer to produce a desirable 
light distribution pattern . Unfortunately , fluorescent lighting 
tubes may be unreliable , require a warm up period , and 
produce poor color quality and flicker that people may find 
undesirable . Thus , LEDs are attractive candidates for replac 
ing fluorescent lighting tubes in troffers . For example , LEDs 
have no warm up time , are long lasting and power efficient , 
and do not flicker . 
[ 0006 ] However , LEDs are considered to be a point light 
source in that the light is emitted from a relatively small 
region . Thus , utilizing LEDs in troffers present various 
design challenges since it is desirable to control the intensity 
of light emitted across the length of the troffer . For example , 
it may be desirable to have uniformly distributed light 
intensity across the length of the troffer . One technique for 
using LEDs to obtain uniformly distributed light intensity 
across the length of the troffer is to use a large number of 
LEDs that are distributed throughout the troffer . Unfortu 

[ 0008 ] In various aspects , a side light LED tube is pro 
vided that can be configured to control the intensity of light 
emitted across the surface of the tube . For example , the tube 
can be used in a troffer housing and configured to uniformly 
distribute light emitted from LED semiconductors mounted 
at the ends of the tube . In various implementations , the tube 
comprises gradient optics that are configurable to provide a 
transparency gradient that operates to control the intensity of 
light emitted across the surface of the tube . Thus , the 
gradient optics can be configured to produce uniform light 
intensity from the tube . In other implementations , the gra 
dient optics can be configured to provide controllable dis 
tribution of emitted light intensity across the surface of the 
tube . 
[ 0009 ] In one implementation , the tube also provides 
integrated power / thermal management module and is socket 
ready to fit into standard troffer sockets used in troffer 
housings . As a result , the side light LED tube can be easily 
installed in a troffer housing to provide configurable distri 
bution of light intensity , such as uniform light intensity , from 
the troffer tube . 
[ 0010 ] In an aspect , a side light LED tube is provided that 
comprises a tube having at least one light receiving portion 
configured to receive light and gradient optics formed on the 
tube . The gradient optics providing a transparency gradient 
configured to distribute the light to achieve a selected 
emitted light intensity variation across the surface of the 
tube . 
[ 0011 ] It is understood that aspects of the present inven 
tion will become readily apparent to those skilled in the art 
from the following detailed description . As will be realized , 
the present invention includes other and different aspects 
and its several details are capable of modification in various 
other respects , all without departing from the spirit and 
scope of the present invention . Accordingly , the Drawings 
and Description are to be regarded as illustrative in nature 
and not as restrictive . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0012 ] The foregoing aspects described herein will 
become more readily apparent by reference to the following 
Description when taken in conjunction with the accompa 
nying drawings wherein : 
[ 0013 ] FIG . 1 shows an exemplary side light LED troffer 
tube that provides controllable distribution of emitted light 
intensity ; 
[ 0014 ] FIG . 2 shows a cross - sectional view of the side 
light LED troffer tube of FIG . 1 ; 
[ 0015 ] FIG . 3 shows exemplary implementations of a 
gradient optics surface suitable for use with the side light 
LED troffer tube ; 
[ 0016 ] FIG . 4 illustrates an exemplary implementation of 
a troffer tube ; 
[ 0017 ] FIG . 5 shows an exemplary integrated power and 
thermal management module ; 
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[ 0018 ] FIG . 6 shows an exemplary troffer housing suitable 
for use with a side light LED troffer tube ; 
[ 0019 ] FIG . 7 shows an exemplary assembly comprising 
the housing of FIG . 6 and the side light troffer tube of FIG . 
1 ; 
[ 0020 ] FIG . 8 illustrates how an exemplary side light 
troffer tube can be configured in a non - linear configuration ; 
[ 0021 ] FIG . 9 shows an exemplary perspective view of a 
non - linear troffer tube ; 
[ 0022 ] FIG . 10 shows an exemplary side light assembly ; 
and 
[ 0023 ] FIG . 11 shows top views of exemplary lighting 
devices formed from the side light assembly shown in FIG . 
10 . 

DESCRIPTION 

[ 0024 ] The present invention is described more fully here 
inafter with reference to the accompanying drawings , in 
which various aspects of the present invention are shown . 
This invention may , however , be embodied in many different 
forms and should not be construed as limited to the various 
aspects of the present invention presented throughout this 
disclosure . Rather , these aspects are provided so that this 
disclosure will be thorough and complete , and will fully 
convey the scope of the present invention to those skilled in 
the art . The various aspects of the present invention illus 
trated in the drawings may not be drawn to scale . Accord 
ingly , the dimensions of the various features may be 
expanded or reduced for clarity . In addition , some of the 
drawings may be simplified for clarity . Thus , the drawings 
may not depict all of the components of a given apparatus 
( e.g. , device ) or method . 
[ 0025 ] Various aspects of the present invention will be 
described herein with reference to drawings that are sche 
matic illustrations of idealized configurations of the present 
invention . As such , variations from the shapes of the illus 
trations as a result , for example , manufacturing techniques 
and / or tolerances , are to be expected . Thus , the various 
aspects of the present invention presented throughout this 
disclosure should not be construed as limited the particu 
lar shapes of elements ( e.g. , regions , layers , sections , sub 
strates , 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 may not be intended to illustrate the 
precise shape of an element and are not intended to limit the 
scope of the present invention . 
[ 0026 ] It will 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 , deposited , etched , attached , connected , coupled , 
or otherwise prepared or fabricated on the other element or 
an intervening element . 
[ 0027 ] 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 described as being on the 
“ lower ” side of other elements would then be oriented on the 
" upper ” sides 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 apparatus 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 . 
[ 0028 ] Unless otherwise defined , all terms ( including tech 
nical and scientific terms ) used herein have the same mean 
ing 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 dictionaries , should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
relevant art and this disclosure . 
[ 0029 ] As used herein , the singular forms “ a ” , “ an ” and 
“ the ” are intended to include the plural forms as well , unless 
the context clearly indicates otherwise . It will be further 
understood that the terms " comprises " and / or " comprising , " 
when used in this specification , specify the presence of 
stated features , integers , steps , operations , elements , and / or 
components , 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 . 
[ 0030 ] It will be understood that although the terms “ first ” 
and “ second ” may be used herein to describe various 
regions , layers and / or sections , these regions , layers and / or 
sections should not be limited by these terms . These terms 
are only used to distinguish one region , layer or section from 
another region , layer or section . Thus , a first region , layer or 
section discussed below could be termed a second region , 
layer or section , and similarly , a second region , layer or 
section may be termed a first region , layer or section without 
departing from the teachings of the present invention . 
[ 0031 ] FIG . 1 shows an exemplary side light LED troffer 
tube 100 that provides controllable distribution of emitted 
light intensity . For example , the troffer tube 100 can be 
configured to provide uniform light intensity across the 
surface of the tube 100. The tube 100 comprises optics tube 
102 , end mounted LEDs 104 and 106 , and integrated power / 
thermal management modules 108. It should be note that 
aspects of gradient optics described herein are suitable for 
use with virtually any type of lighting device and are not 
limited to only implementations of a troffer tube . Thus , the 
descriptions of the troffer tube herein provide exemplary 
implementations but are not intended to limit the various 
aspects to only those implementations . 
[ 0032 ] The optics tube 102 comprises a tube having first 
and second ends . Each end is configured to have a light 
receiving portion that receives light to be emitted from the 
tube 102. In one implementation , the light receiving portion 
is configured to receive light from an LED light source . 
[ 0033 ] The tube 102 comprises an upper portion with an 
interior surface 110 and an exterior surface 112. The tube 
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102 also comprises a lower portion with an interior surface 
114 and an exterior surface 116. In various implementations , 
one or both of the surfaces 110 , 112 of the upper portion are 
reflective so as to reflect light emitted from the LED light 
sources 104 , 106 back into the tube 102. Furthermore , one 
or both of the surfaces 114 , 116 of the lower portion 
comprise gradient optics that operate to control the intensity 
of light emitted from the tube 102. For example , light 
emitted from the LED sources 104 , 106 strikes the reflective 
interior surface 110 and is reflected toward the gradient 
optics provided at the surface 114. The gradient optics 
provides a transparency gradient , shown generally at 118 , to 
control the intensity of the light emitted from the tube 102 . 
In one implementation , the gradient optics are configured to 
provide uniform light intensity from the tube 102 , as indi 
cated at 132. In other implementations , the gradient optics 
are configured to provide controllable emitted light intensity 
variations across the surface of the tube 102 . 
[ 0034 ] It should also be noted that although the optic tube 
102 comprises a round shape ; the optics tube 102 can be 
configured to have a shape selected from a set of shapes 
comprising circular , oval , elliptical , parabolic , and multi 
sided shapes . Thus , it is possible for the optic tube 102 to 
have a cross section forming any type of shape and to have 
any desired length . For example , the length may be selected 
to provide a troffer tube that is compatible ( i.e. , replaceable ) 
with standard florescent tubes , such as standard T8 or T12 
fluorescent tubes . 
[ 0035 ] An integrated power / thermal management module 
108 is coupled at each end of the tube 102 and is designed 
to provide power and thermal management to the LED light 
sources 104 , 106. To facilitate installation in a troffer hous 
ing , the integrated power / thermal management modules 108 
comprise connectors 120 that includes electrical contacts 
designed to mate with conventional troffer sockets . For 
example , the connector 120 is configured to connect to 
standard troffer sockets typically used for fluorescent light 
ing tubes . The connector 120 can be orientated in any 
fashion so that when the tube 102 is installed and connected 
in a troffer housing , the surfaces 110 and 112 are above the 
surfaces 114 and 116 so that emitted light is directed and 
distributed downward . However , in other implementations , 
the connector 120 can be orientated in any position relative 
to the surfaces 110 , 112 and 114 , 116 . 
[ 0036 ] Thus , the overall length of the LED troffer tube 100 
is configured so that it can be an equivalent or replacement 
for standard fluorescent light tubes . It should be noted that 
in various implementations , the LED troffer tube 100 may be 
configured to have any desired dimension , shape , and / or 
length . 
[ 0037 ] The gradient optics is provided at one or both of the 
surfaces 114 and 116. In various implementations , the gra 
dient optics operates to control the intensity of light emitted 
across the surface of the tube 102. For example , in one 
implementation , the gradient optics provides a transparency 
gradient that results in less transparency towards the ends of 
the optics tube 102 and more transparency toward the 
centerline 122 of the optics tube 102 , resulting in even 
distribution of emitted light intensity across the surface of 
the tube 102 . 
[ 0038 ] Transparency graph 118 illustrates how the gradi 
ent optics at the surfaces 114 , 116 of the optics tube 102 are 
designed to provide the transparency gradient . For example , 
at regions 124 and 126 located near the ends of the optics 

tube 102 , the transparency of the optics tube 102 is reduced . 
At region 128 , near the center of the optics tube 102 , the 
transparency is increased . Thus , the gradient optics are 
configured to allow more light to pass through the center of 
the optics tube 102 than at its ends to provide for uniform 
emitted light intensity across the surface of the optics tube 
102 . 
[ 0039 ] To further illustrate the operation of the troffer tube 
100 to provide configurable light intensity along its length , 
a cross section indicator 130 indicates a cross sectional of 
the tube 100 that is discussed in further detail below . It 
should be noted that although the gradient optics can be 
configured in a variety of ways to control the emitted light 
intensity from the tube 100 ; for the purpose of this descrip 
tion , the gradient optics have been configured to provide 
uniform light intensity across the surface of the tube 100 . 
However , in other implementations , the gradient optics can 
be configured to provide any desirable light intensity distri 
bution pattern . 
[ 0040 ] FIG . 2 shows a cross - sectional view 200 of the side 
light LED troffer tube 100 shown of FIG . 1. For example , the 
view 200 is taken at cross section indicator 130. The optics 
tube 102 comprises an upper portion 202 and a lower portion 
204. The upper portion 202 comprises the interior surface 
110 and exterior surface 112. The lower portion 204 com 
prises the interior surface 114 and exterior surface 116. In 
various implementations , gradient optics are formed or 
disposed on one or both of the interior surface 114 and 
exterior surface 116. For example , gradient optics provided 
lengthwise along the tube 102 are shown in the cross 
sectional view 200 as the regions 206 , 208 , 210 , 212 , and 
214. Light emitted from the LED source 104 reflects off the 
reflective surface 110 and passes through the gradient optics 
disposed at the surface 114. As a result , the intensity of light 
emitted across the surface of the tube 100 can be controlled . 
[ 0041 ] In one embodiment , the optics tube 102 is made 
from glass , acrylic or plastic material and the gradient optics 
disposed on the surface 114 and / or 116 can be formed in any 
of several ways to provide a desired transparency gradient . 
For example , the transparency gradient provided by the 
gradient optics formed on the surface 114 and / or 116 may be 
obtained using material thickness variation , material varia 
tion , thin film applications , material density variations , 
material layering , surface texturing and / or surface defects . 
Furthermore , the optics tube 102 may comprise any desired 
cross sectional shape to facilitate the desired light distribu 
tion pattern . 
[ 0042 ] FIG . 3 shows exemplary implementations 300 of 
gradient optics formed or disposed on the surface 114 and / or 
the surface 116 of the optics tube 102. For example , in any 
of the exemplary implementations 300 the gradient optics 
may be provided on one or both surfaces as discussed below . 
[ 0043 ] In a first exemplary implementation 302 , the gra 
dient optics 306 are formed on the interior surface 114 of the 
optics tube 102. The gradient optics 306 comprise sections 
of material having varying material thicknesses indicated at 
308 ) to produce the transparency gradient . For example , the 
gradient optics 306 comprises one or more sections of 
material to provide more thickness at the ends of the optics 
tube 102 than in the center region . Thus , the thickness of the 
material provides gradient optics 306 having decreased 
transparency with increasing distance from the center line 
304. The increasing material thickness provides the trans 
parency gradient illustrated at 324 . 
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[ 0049 ] The gradient optics 336 comprise surface texturing 
that provides one or more surface defects . The surface 
defects comprise scratched or sanded regions or other 
defects in the exterior surface 116 which affect light distri 
bution . The surface defects are arranged in any desired 
pattern and / or spacing to provide the transparency gradient 
illustrated at 324. For example , more surface defects are 
provided near the center line 304 to increase transparency . 
Less surface defects are provided as the distance from the 
center line 304 increases to decrease transparency . Thus , the 
fifth implementation 332 illustrates how gradient optics can 
be formed on both the interior surface 114 and the exterior 
surface 116 to provide the transparency gradient illustrated 
at 324 . 
[ 0050 ] It should be noted that although five exemplary 
implementations of gradient optics are shown , other imple 
mentations of gradient optics may be formed on the optic 
tube 102 to provide the transparency gradient 324. Further 
more , implementations of the gradient optics can be con 
figured to provide transparency gradients that are different 
from the transparency gradient 324. For example , the gra 
dient optics can be configured to provide any desirable 
transparency gradient to control the light intensity emitted 
along the length of the tube 100. Thus , the gradient optics 
may be formed individually or formed in any combination 
on the interior and / or exterior surface of the optic tube to 
produce the transparency gradient 324 or other desired 
transparency gradients . 

[ 0044 ] It should be noted that although shown as increas 
ing material thickness , the gradient optics 306 may comprise 
material of varying densities which do not change the 
overall material thickness but accomplish the same trans 
parency result . In another implementation , material varia 
tions are used to provide the transparency gradient . The 
material variations comprise different types of material that 
are layered as illustrated at 308 to provide the desired 
transparency gradient . Thus , the gradient optics 306 can be 
provided by any combination of material thickness , material 
variation , material layering , and / or material density . 
[ 0045 ] In a second exemplary implementation 310 , the 
gradient optics 312 are formed on the interior surface 114 of 
the optics tube 102. The gradient optics 312 comprise a 
surface coating that provides the transparency gradient illus 
trated at 324. The surface coating may be formed using a 
variety of techniques . For example , the surface coating may 
be a diffuser film applied to the tube or a polymer material 
that is painted onto the tube . The surface coating is designed 
to provide more transparency near the center line 304 , as 
illustrated by the light region 314 , and less transparency as 
the distance from the center line increases , as illustrated by 
the dark region 316. The different transparency regions of 
the surface coating provide the transparency gradient illus 
trated at 324. In another implementation , the gradient optics 
312 comprises sections of different materials , where each 
material provides a different transparency to achieve the 
transparency gradient 324 . 
[ 0046 ] In a third exemplary implementation 318 , the gra 
dient optics 320 are formed on the interior surface 114 of the 
optics tube 102. The gradient optics 320 comprise surface 
texturing that provides one or more surface features 322 . 
The surface features 322 may be ridges , bumps or other 
surface features that are arranges in any desired pattern 
and / or spacing to provide the transparency gradient illus 
trated at 324. For example , in one implementation , the 
surface features 322 comprise ribs that are gradually less 
concentrated near the center line 304 to provide for 
decreased transparency as the distance from the center line 
304 increases . 
[ 0047 ] In a fourth exemplary implementation 326 , the 
gradient optics 328 are formed on the interior surface 114 of 
the optics tube 102. The gradient optics 328 comprise 
surface texturing that provides one or more surface defects , 
as illustrated at 330. The surface defects 330 comprise 
scratched or sanded regions or other defects in the interior 
surface 114 which affect light distribution . The surface 
defects are arranged in any desired pattern and / or spacing to 
provide the transparency gradient illustrated at 324. For 
example , more surface defects are provided near the center 
line 304 to increase transparency . Less surface defects are 
provided as the distance from the center line 304 increases 
to decrease transparency . 
[ 0048 ] In a fifth exemplary implementation 332 , the gra 
dient optics 334 and 336 are formed on the interior surface 
114 and the exterior surface 116 of the optics tube 102. The 
gradient optics 334 comprise a surface coating that provides 
the transparency gradient illustrated at 324. The surface 
coating may be formed using a variety of techniques . For 
example , the surface coating may be a diffuser film applied 
to the acrylic or a polymer material that is painted onto the 
acrylic . The surface coating is designed to provide more 
transparency near the center line 304 and less transparency 
as the distance from the center line increases . 

Gradient Optics Performance 
[ 0051 ] In various implementations , the gradient optics 
provides a transparency gradient that operates to control the 
light intensity emitted from the LED troffer tube . For 
example , the transparency gradient can be configured to 
provide uniformly distributed light intensity emitted from 
the LED troffer tube . The gradient optics may be formed 
and / or disposed on the troffer tube using one or more of the 
implementations discussed with respect to FIG . 3 to achieve 
a light output having a desired light intensity distribution . 
[ 0052 ] Thus , in one implementation of the gradient optics , 
the variation in light intensity emitted from the optics tube 
is configured to vary by substantially 100 percent . In this 
implementation , the gradient optics are configured to pro 
vide at least one surface region where substantially no light 
is emitted from the optics tube , and at least one other surface 
region where a maximum amount of light is emitted from the 
optics tube . This configuration results in substantially a 100 
percent variation in the intensity of emitted light . 
[ 0053 ] In other implementations of the gradient optics , the 
variation in light intensity emitted from the optics tube is 
configured to vary by any amount less than 100 percent . For 
example , the gradient optics can be configured to provide 
any desired variation in light intensities across the surface 
regions of the optics tube to achieve a desired emission or 
corresponding illumination pattern . 
[ 0054 ] FIG . 4 illustrates an exemplary implementation of 
a tube 400 comprising gradient optics . The tube 400 com 
prises a lower tube portion 402 coupled to an integrated 
power and thermal management module 414 . 
[ 0055 ] The integrated power and thermal management 
module 414 comprises an LED 416 that emits light along the 
length of the tube 400 as indicated by the dashed lines . The 
module 414 provides power to the LED 416 and regulates 
the dissipation of heat generated by the LED 416. Also 



US 2020/0408369 A1 Dec. 31 , 2020 
5 

illustrated is LED 418 , which emits light along the length of 
the troffer 400 from the end opposite of the LED 416 , as 
indicated by the dashed lines . For clarity , a corresponding 
integrated power and thermal management module associ 
ated with the LED 418 is not shown . 
[ 0056 ] The lower tube portion 402 comprises gradient 
optics formed on an interior surface . In this example , the 
gradient optics are formed using a thin film application onto 
the interior surface . For example , the thin film application 
provides multiple gradient optic surface regions and each 
region provides a selected transparency . The tube 402 is 
divided into crosswise sections that extend across the tube 
102 , as illustrated at 404 , 406 , 408 , 410 , and 412. The tube 
402 is also divided into lengthwise sections that extend 
along the length of the tube , as illustrated at 420 , 422 , 424 , 
and 426. The crosswise and lengthwise sections define 
surfaces of the tube 402 having gradient optics that provide 
selected transparency gradients . For example , crosswise 
surface regions include 428 , 430 , 432 and 434 and length 
wise surface regions include 436 , 438 , 430 , 440 , and 442 . 
Each of the crosswise and lengthwise surface regions are 
configured with gradient optics to provide a corresponding 
transparency gradient that allows light emitted from the 
LEDs 416 and 418 to pass through the lower tube portion 
402 with a selected intensity characteristic . 
[ 0057 ] The transparency graph 444 , illustrates the trans 
parency provided by the gradient optics at the surfaces of the 
lengthwise section 422. For example , the surface regions 
436 and 442 provide the least transparency , the surface 
regions 438 and 440 provide additional transparency and the 
surface region 430 provides the most transparency . The 
gradient optics provided at the regions 436 , 438 , 430 , 440 
and 442 operate to control the intensity variation of light 
emitted across the identified surfaces of the tube 402 . 
[ 0058 ] The transparency graph 446 , illustrates the trans 
parency provided by the gradient optics at the surfaces of the 
crosswise section 408. For example , the surface regions 428 
and 434 provide the least transparency and the surface 
regions 430 and 432 provide additional transparency . The 
gradient optics provided by the surface regions 428 , 430 , 
432 , and 434 operates to control the intensity variation of 
light emitted across the identified surfaces of the tube 402 . 
[ 0059 ] It should be noted that gradient optics can be 
provided on any number of surface regions to create any 
desired transparency characteristics across the surface of the 
tube . Thus , the tube 402 is configured with crosswise and 
lengthwise surfaces having respective gradient optics 
formed on one or both of the interior and exterior surfaces 
of the tube . The gradient optics provide a transparency 
gradient provided at each surface region is configured to 
distribute light to achieve a selected emitted light intensity 
variation across the surface of the tube . 
[ 0060 ] FIG . 5 shows an exemplary integrated power and 
thermal management module 500. For example , the module 
500 is suitable for use as the module 108 shown in FIG . 1 . 
The module 500 comprises a connector 502 , power supply 
504 , LED 506 , and thermal management circuit 508 . 
[ 0061 ] The connector 502 is configured to provide a 
mechanical and electrical coupling to a socket in a troffer 
housing . For example , the connector 502 is configured to 
connect to a standard fluorescent light tube connector in a 
troffer housing and carry electric signals comprising power 
and / or control signals to the power supply 504 . 

[ 0062 ] The power supply 504 is configured to receive the 
input electrical signals and generate a power signal to the 
LED 506. The power supply 504 may convert , amplify , 
attenuate or perform other functions to the input electrical 
signals to produce the power signal that is provided to the 
LED 506 . 
[ 0063 ] The LED 506 comprises any suitable LED for use 
in a troffer tube . The thermal management circuit 508 
operates to receive thermal indicators associated with the 
operation of the LED 506 and provide control signals to the 
power supply 504 to adjust the power signal provided to the 
LED 506. The thermal management circuit 506 may also 
provide a heat sink to allow dissipation of heat from the LED 
506. Thus , the thermal management circuit 508 operates to 
receive a thermal feedback indicator and adjust and manage 
the power supply 504 to control the temperature of the LED 
506 . 
[ 0064 ] It should be noted that the integrated power and 
thermal management module 500 illustrates just one imple 
mentation and that other implementations that combine or 
redistribute the described functions are possible . 
[ 0065 ] FIG . 6 shows an exemplary troffer housing 600 
suitable for use with the side light LED troffer tube 100 
shown in FIG . 1. The troffer housing 600 comprises a 
housing 602 that is illustrated in side 604 , bottom 606 and 
end 608 views . For example , the housing may be a 2'x6 ' 
housing typically used for fluorescent lighting . 
[ 0066 ] Referring to the bottom view 606 , the housing 602 
comprises an internal reflective surface 610 which is 
designed to reflected light to the bottom portion of the 
housing . Referring to the end view 608 , the reflective 
surface 610 is more clearly shown . 
[ 0067 ] The housing 602 comprises two sockets 612 
mounted therein . The sockets 612 are spaced apart from 
each other and configured to mate with the connectors 120 
of the side light LED troffer tube 100. Thus , the side light 
LED troffer tube can be mechanically and electrically 
coupled to the apparatus 600 to produce evenly distributed 
light from end mounted LEDs . 
[ 0068 ] FIG . 7 shows an exemplary troffer assembly 700 
comprising the troffer housing 600 of FIG . 6 and the side 
light LED troffer tube 100 of FIG . 1. For example , the troffer 
assembly 700 is suitable for use as an internal lighting 
device , such as a ceiling light . In the troffer assembly 700 , 
the side light LED troffer tube 100 is coupled to the 
connectors 612 at the bottom portion of the housing 602. It 
should be noted that the side light LED troffer tube 100 
provides a transparency gradient configured to provide for 
even light distribution . 
[ 0069 ] During operation , light is emitted from the side 
light LED troffer tube 100 in an intensity distribution pattern 
as indicated at 702. For example , light is emitted from the 
end mounted LEDs within the troffer tube and passes 
through a transparency gradient provided by the gradient 
optics of the troffer tube to result in the intensity distribution 
having substantially no intensity variation , as illustrated at 
702. Thus , the troffer assembly 700 operates to provide 
evenly distributed light from a side light LED troffer tube 
having an associated transparency gradient . 
[ 0070 ] FIG . 8 illustrates how a linear side light LED 
troffer tube can be configured in a non - linear configuration . 
For example , it is possible to reconfigure the side light LED 
troffer tube 100 into the non - linear tube 802. For example , 
sections of the linear tube 100 are shown in their new 
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location at the non - linear tube 802. For instance , the section 
804 is relocated to section 806 of the non - linear tube 802 . 
The LEDs 104 and 106 are relocated to the LEDs 808 and 
810. In the non - linear configuration 802 , the LEDs 808 and 
810 are positioned back - to - back and emit light into the tube 
802 in different directions . 
[ 0071 ] Thus , it is possible to produce various non - linear 
implementations of the linear side light LED troffer tube 
100. Because FIG . 8 shows a top view of the non - linear tube 
802 , the transparency gradient is facing down or into the 
page . Additional description of the non - linear tube 802 and 
associated transparency gradient is provided below . 
[ 0072 ] FIG.9 shows an exemplary perspective view of the 
non - linear tube 802. As discussed above , the non - linear tube 
802 comprises LEDs 808 and 810 mounted back - to - back 
and emitting light into the tube 802 in different directions . In 
various implementations , the LEDs 808 and 810 may be 
powered through electrical connections ( not shown ) or 
inductively . 
[ 0073 ] The non - linear tube 802 comprises a top portion 
902 and a bottom portion 904. The top portion 902 includes 
a reflective interior surface configured to reflect light back 
toward the bottom portion 904. The bottom portion 904 
includes gradient optics ( internally , externally or both ) that 
provide transparency gradient as discussed above . The 
transparency gradient operates to control how the intensity 
of the light emitted from the LEDs 808 and 810 is distrib 
uted . In one implementation , the transparency gradient oper 
ates to provide evenly distributed light intensity , as indicated 
at 906. Although the tube 802 is configured in a circular 
configuration , other non - linear configurations are possible . 
[ 0074 ] FIG . 10 shows an exemplary side light assembly 
1000. The side light assembly 1000 comprises an emitter 
portion 1002 and a gradient optics portion 1004. The emitter 
portion 1002 comprises electrical connector 1006 , power 
and thermal management module 1008 , and LED 1010. The 
gradient optics portion 1004 comprises a tube 1012 having 
an upper portion with a reflective surface 1014 and a lower 
portion with gradient optics 1016. The gradient optics 1016 
are designed to provide a transparency gradient to control 
how the distribution of light intensity emitted from the tube . 
It should be noted that the tube 1012 may have any cross 
sectional shape , such as circular , parabolic , elliptical , trian 
gular , or other multisided shape . 
[ 0075 ] In various implementations , the assembly 1000 can 
be arranged and configured to provide a variety of lighting 
devices . For example , the assembly 1000 can be curved into 
various shapes and include multiple emitter portions 1002 or 
a reflective end cap . In other implementations , two or more 
of the assemblies 1000 can be combined to form more 
complex lighting devices . Several exemplary lighting 
devices that can be formed from the assembly 1000 are 
discussed below . 
[ 0076 ] FIG . 11 shows top views of exemplary lighting 
devices formed from the side light assembly 1000 shown in 
FIG . 10. For example , each of the lighting devices is formed 
from one or more configurations of the assembly 1000. Each 
device comprises gradient optics that provides a transpar 
ency gradient to distribute the light emitted from one or 
more LEDs to achieve a selected intensity variation along 
the length of the device . Since FIG . 11 shows top views , it 
will be assumed that the distributed light is being emitted 

[ 0077 ] A first exemplary light device 1102 is formed by 
curving a selected length of the gradient portion 1004 of the 
assembly 1000 to form the gradient portion 1108 and adding 
a reflective end cap 1104. The reflective end cap 1104 
comprises any suitable reflective material to reflect light 
back into the device 1102. An emitter portion 1106 emits 
light into the gradient portion 1108. The gradient portion 
1108 comprises gradient optics that provides a transparency 
gradient to distribute the light to achieve a selected emitted 
light intensity variation across the surface of the device 
1102. For example , the gradient portion 1108 provides the 
transparency gradient 1110. The transparency gradient 1110 
indicates less transparency near the emitter 1106 ( E ) and 
greater transparency near the end cap ( C ) . 
[ 0078 ] A second light device 1112 is formed by curving a 
selected length of the gradient portion 1004 of the assembly 
1000 to form the gradient portion 1118. Two emitter portions 
1114 and 1116 emit light into the gradient portion 1118. The 
gradient portion 1118 comprises gradient optics that pro 
vides a transparency gradient to distribute the light to 
achieve a selected emitted light intensity variation across the 
surface of the device 1112. For example , the gradient portion 
1118 provides the transparency gradient 1120. The transpar 
ency gradient 1120 indicates less transparency near the 
emitters ( E ) and greater transparency near the midpoint ( M ) . 
[ 0079 ] A third light device 1122 is formed by combining 
two of the assembly 1000 and curving their associated 
gradient portions 1004 to form two gradient portions 1124 
and 1126 that include end caps 1134 and 1136. Two emitter 
portions 1128 and 1130 are provided to emit light into the 
gradient portions 1124 and 1126. The gradient portions 1124 
and 1126 comprise gradient optics that provides a transpar 
ency gradient to distribute the light to achieve a selected 
emitted light intensity variation across the surface of the 
device 1122. For example , the gradient portions 1124 and 
1126 provide the transparency gradient 1132. The transpar 
ency gradient 1132 indicates less transparency near the 
emitters ( E ) and greater transparency near the end caps ( C ) . 
[ 0080 ] A fourth light device 1138 is formed by curving a 
selected length of the gradient portion 1004 of the assembly 
1000 to form a gradient portion 1140. Two emitter portions 
1142 and 1144 emit light into the gradient portion 1140. The 
gradient portion 1140 comprises gradient optics that pro 
vides a transparency gradient to distribute the light to 
achieve a selected emitted light intensity variation across the 
surface of the device 1138. For example , the gradient portion 
1140 provides the transparency gradient 1146. The transpar 
ency gradient 1146 indicates less transparency near the 
emitters ( E ) and greater transparency near the mid point ( M ) . 
[ 0081 ] A fifth light device 1148 is formed by combining 
two of the assembly 1000 and curving their associated 
gradient portions 1004 to form two gradient portions 1150 
and 1152 that include end caps 1154 and 1156. Two emitter 
portions 1158 and 1160 are provided to emit light into the 
gradient portions 1150 and 1152. The gradient portions 1150 
and 1152 comprise gradient optics that provides a transpar 
ency gradient to distribute the light to achieve a selected 
emitted light intensity variation across the surface of the 
device 1148. For example , the gradient portions 1150 and 
1152 provide the transparency gradient 1162. The transpar 
ency gradient 1162 indicates less transparency near the 
emitters ( E ) and greater transparency near the end caps ( C ) . 
[ 0082 ] It should be noted that although the various aspects 
have been described herein with respect to a troffer tube , into the page . 
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they are equally applicable to other types of lighting devices . 
For example , other types of lighting devices , such as light 
bulbs , luminares , automotive lighting , interior and exterior 
lighting can be configured with gradient optics to provide 
controllable emitted light intensity variation across the sur 
face of the particular lighting device . Thus , the gradient 
optics can be incorporated into virtually any type of lighting 
device to achieve a desired light emission and / or illumina 
tion pattern . 
[ 0083 ] The various aspects of this disclosure are provided 
to enable one of ordinary skill in the art to practice the 
present invention . Various modifications to aspects pre 
sented 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 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 . 
[ 0084 ] 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 
for . ” 
[ 0085 ] Accordingly , while aspects of a side light LED tube 
with associated transparency gradient have been illustrated 
and described herein , it will be appreciated that various 
changes can be made to the aspects without departing from 
their spirit or essential characteristics . Therefore , the disclo 
sures and descriptions herein are intended to be illustrative , 
but not limiting , of the scope of the invention , which is set 
forth in the following claims . 

1-26 . ( canceled ) 
27. A light emitting diode ( “ LED " ) apparatus comprising : 
a tubular housing ; 
a light emitting source disposed at a first end of the tubular 

housing ; 
a reflector disposed in the tubular housing and extending 

from the first end of the tubular housing towards a 
second end of the tubular housing that is opposite the 
first end ; and 

a gradient optics coupled to the reflector and also extend 
ing from the first end of the tubular housing towards the 
second end of the tubular housing , 

wherein the gradient optics comprises a varying transpar 
ency that progressively increases as the gradient optics 
extends from the first end of the tubular housing so that 
light emitted from the light emitting source appears to 
be substantially uniform when the light reflects off the 
reflector . 

28. The LED apparatus according to claim 27 , wherein the 
varying transparency of the gradient optics progressively 
increases as the gradient optics extends towards a center of 
the tubular housing . 

29. The LED apparatus according to claim 27 , wherein the 
gradient optics comprises a plurality of gradient optic 
regions having varying transparencies . 

30. The LED apparatus according to claim 29 , wherein the 
plurality of gradient optic regions are configured to distrib 
ute the light so that emitted light intensity is substantially the 
same along an entirety of the tubular housing . 

31. The LED apparatus according to claim 27 , wherein the 
reflector comprises at least one reflective surface that reflects 
light toward the gradient optics . 

32. The LED apparatus according to claim 27 , wherein the 
tubular housing comprises at least one cross - sectional shape 
selected from a set of shapes comprising circular , oval , 
elliptical , parabolic , and multisided shapes . 

33. The LED apparatus according to claim 29 , wherein the 
gradient optics comprises at least one surface onto which the 
plurality of gradient optic regions are formed . 

34. The LED apparatus according to claim 33 , wherein the 
at least one surface comprises an interior surface and an 
exterior surface and the plurality of gradient optic regions 
are formed on at least one of the interior surface and the 
exterior surface . 

35. The LED apparatus according to claim 27 , fur er 
comprising integrated power and thermal management cir 
cuitry coupled to the light emitting source and including a 
connector configured to mate with a troffer socket . 

36. The LED apparatus according to claim 29 , wherein the 
plurality of gradient optic regions decrease in thickness 
along the tubular housing to provide the increasing trans 
parency . 

37. A light emitting diode ( “ LED " ) apparatus comprising : 
a housing ; 
a light emitting source disposed at a first end of the 

housing ; 
a reflective surface disposed in the housing and extending 

from the first end of the housing towards a second end 
of the housing that is opposite the first end ; and 

a gradient optical lens disposed over the reflective and 
also extending from the first end of the housing towards 
the second end of the housing , 

wherein the gradient optical lens comprises a varying 
transparency that progressively increases as the gradi 
ent optical lens extends from the first end of the housing 
so that light emitted from the light emitting source 
appears to be substantially uniform when the light 
reflects off the reflector . 

38. The LED apparatus according to claim 37 , wherein the 
varying transparency of the gradient optical lens progres 
sively increases as the gradient optical lens extends towards 
a center of the housing . 

39. The LED apparatus according to claim 37 , wherein the 
gradient optical lens comprises a plurality of gradient optic 
regions having varying transparencies . 

40. The LED apparatus according to claim 39 , wherein the 
plurality of gradient optic regions are configured to distrib 
ute the light so that emitted light intensity is substantially the 
same along an entirety of the housing . 

41. The LED apparatus according to claim 37 , wherein the 
reflective surfaced is a reflector that reflects light toward the 
gradient optical lens . 

42. The LED apparatus according to claim 37 , wherein the 
housing is a tubular housing that comprises at least one 
cross - sectional shape selected from a set of shapes compris 
ing circular , oval , elliptical , parabolic , and multisided 
shapes . 
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43. The LED apparatus according to claim 39 , wherein the 
gradient optical lens comprises at least one surface onto 
which the plurality of gradient optic regions are formed . 

44. The LED apparatus according to claim 43 , wherein the 
at least one surface comprises an interior surface and an 
exterior surface and the plurality of gradient optic regions 
are formed on at least one of the interior surface and the 
exterior surface . 

45. The LED apparatus according to claim 37 , further 
comprising integrated power and thermal management cir 
cuitry coupled to the light emitting source and including a 
connector configured to mate with a troffer socket . 

46. The LED apparatus according to claim 39 , wherein the 
plurality of gradient optic regions decrease in thickness 
along the housing to provide the increasing transparency . 


