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netic radiation of a first wavelength . The diode includes a 
quantum well region characterized by an electron wave 
function and a hole wave function . The electron wave 
function and the hole wave function are substantially over 
lapped within a predetermined spatial region of the quantum 
well region . The device has a transparent phosphor overly 
ing the light emitting diode . The phosphor is excited by the 
substantially polarized emission to emit electromagnetic 
radiation of a second wavelength . 
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POLARIZED WHITE LIGHT DEVICES Solid state lighting techniques have also been used . Solid 
USING NON - POLAR OR SEMIPOLAR state lighting relies upon semiconductor materials to pro 

GALLIUM CONTAINING MATERIALS AND duce light emitting diodes , commonly called LEDs . At first , 
TRANSPARENT PHOSPHORS red LEDs were demonstrated and introduced into com 

5 merce . Red LEDs use Aluminum Indium Gallium Phosphide 
or AlInGap semiconductor materials . Most recently , Shuji 

Matter enclosed in heavy brackets [ ] appears in the Nakamura pioneered the use of InGaN materials to produce 
original patent but forms no part of this reissue specifica - LEDs emitting light in the blue color range for blue LEDs . 
tion ; matter printed in italics indicates the additions The blue colored LEDs led to innovations such as solid state 
made by reissue ; a claim printed with strikethrough 10 white lighting , the blue laser diode , which in turn enabled 
indicates that the claim was canceled , disclaimed , or held the Blu - RayTM ( trademark of the Blu - Ray Disc Association ) 
invalid by a prior post - patent action or proceeding . DVD player , and other developments . Other colored LEDs 

have also been proposed . 
CROSS - REFERENCES TO RELATED High intensity UV , blue , and green LEDs based on GaN 

APPLICATIONS 15 have been proposed and even demonstrated with some 
success . Efficiencies have typically been highest in the 

This application is a continuation application of U . S . UV - violet , dropping off as the emission wavelength 
application Ser . No . 12 / 754 , 886 filed on Apr . 6 , 2010 , now increases to blue or green . Unfortunately , achieving high 

allowed , which claims priority to U . S . Provisional Applica intensity , high - efficiency GaN - based green LEDs has been 
tion No . 61 / 167 . 447 filed on Apr . 7 . 2009 . each of which is 20 particularly problematic . The performance of optoelectronic 
incorporated by reference in its entirety . devices fabricated on conventional c - plane GaN suffer from 

strong internal polarization fields , which spatially separate 
BACKGROUND OF THE INVENTION the electron and hole wave functions and lead to poor 

radiative recombination efficiency . Since this phenomenon 
25 becomes more pronounced in InGaN layers with increased This invention relates generally to lighting techniques . indium content for increased wavelength emission , extend More specifically , embodiments of the invention include ing the performance of UV or blue GaN - based LEDs to the techniques for combining one or more colored light emitting blue - green or green regime has been difficult . Furthermore , 

diodes ( LEDs ) , such as violet , blue , blue and yellow , or blue since increased indium content films often require reduced 
and green , fabricated on bulk semipolar or nonpolar mate - 30 gro k semipolar or nonpolar mate . 30 growth temperature , the crystal quality of the InGaN films is 
rials with use of materials such as phosphors , which emit degraded . The difficulty of achieving a high intensity green 
light . In other embodiments , the entities may be also any LED has lead scientists and engineers to the term “ green 
wavelength conversion material ( s ) or energy conversion gap ” to describe the unavailability of such green LED . In 
material ( s ) , or the like . Herein the term “ phosphor " is used addition , the light emission efficiency of typical GaN - based 
to include all such types of materials . Merely by way of 35 LEDs drops off significantly at higher current densities , as 
example , the invention can be applied to applications such are required for general illumination applications , a phe 
as white lighting , multi - colored lighting , general illumina nomenon known as “ roll - over . ” Other limitations with blue 
tion , decorative lighting , automotive and aircraft lamps , LEDs using c - plane GaN exist . These limitations include 
street lights , lighting for plant growth , indicator lights , poor yields , low efficiencies , and reliability issues . Although 
lighting for flat panel displays , other optoelectronic devices , 40 highly successful , solid state lighting techniques must be 
and the like . improved for full exploitation of their potential . These and 

In the late 1800 ' s , Thomas Edison invented the light bulb . other limitations may be described throughout the present 
The conventional light bulb , commonly called the “ Edison specification and more particularly below . 
bulb , ” has been used for over one hundred years . The Light emission from GaN - based LEDs is typically unpo 
conventional light bulb uses a tungsten filament enclosed in 45 larized . Some applications , for example , liquid crystal dis 
a glass bulb sealed in a base , which is screwed into a socket . plays such as are employed in televisions , computer moni 
The socket is coupled to an AC power or DC power source . tors , and other large - area displays , require that the light 
The conventional light bulb can be found commonly in source be polarized . Polarization is typically achieved by 
houses , buildings , and outdoor lightings , and other areas employing a conventional polarizer together with an unpo 
requiring light . Unfortunately , drawbacks exist with the 50 larized light source . However , this approach wastes more 
conventional Edison light bulb . In particular , more than 90 % than 50 % of the energy of the light source , increasing cost 
of the energy used for the conventional light bulb dissipates and decreasing efficiency , and results in increased complex 
as thermal energy . Additionally , the conventional light bulb ity . If the light source had a modest degree of polarization 
routinely fails , often due to thermal expansion and contrac - the polarizer could still be employed , but the efficiency 
tion , of the filament element . 55 would be greater because a smaller fraction of the emitted 

To overcome some of the drawbacks of the conventional light would be wasted . If the polarization of the source were 
light bulb , fluorescent lighting has been developed . Fluo sufficiently high it may be possible to omit the polarizer 
rescent lighting uses an optically clear tube structure filled altogether , increasing efficiency and decreasing cost and 
with a halogen gas and , which typically also contains 
mercury . A pair of electrodes is coupled between the halogen 60 
gas and couples to an alternating power source through a BRIEF SUMMARY OF THE INVENTION 
ballast . Once the gas has been excited , it discharges to emit 
light . Typically , the optically clear tube is coated with According to the present invention , techniques for 
phosphors , which are excited by the light . Many building improved lighting are provided . More specifically , embodi 
structures use fluorescent lighting and , more recently , fluo - 65 ments of the invention include techniques for combining one 
rescent lighting has been fitted onto a base structure , which or more colored LED devices , such as violet , blue , blue and 
couples into a standard socket . yellow , or blue and green , fabricated on bulk semipolar or 
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nonpolar materials with use of entities such as phosphors , the light emitting diode devices is provided on at least a 
which emit light . In other embodiments , the entities may be semipolar or nonpolar GaN containing substrate and emits 
also any wavelength conversion material ( s ) or energy con electromagnetic radiation of one or more first wavelengths . 
version material ( s ) , or the like . By way of example , the In a preferred embodiment , the at least one light emitting 
invention can be applied to applications such as white 5 diode device has respective one or more emission surfaces . 
lighting , multi - colored lighting , general illumination , deco One or more transparent phosphor entities is overlying the 
rative lighting , automotive and aircraft lamps , street lights , one or more emission surfaces of the at least one light lighting for plant growth , indicator lights , lighting for flat emitting diode device according to a specific embodiment . panel displays , other optoelectronic devices , and the like . One or more of the entities is excited by emission from at In a specific embodiment , the present invention provides 10 least one of the light emitting diode devices to emit elec a packaged light emitting device . The packaged device tromagnetic radiation at one or more second wavelengths includes a substrate member comprising a surface region . At 
least one light emitting diode overlies the surface region . At according to a specific embodiment . At least one optical 
least one of the light emitting diodes is fabricated on a coupling region is provided between the one or more emis 
semipolar or nonpolar GaN containing substrate . The at least 15 sion surfaces of the at least one light emitting diode device 
one light emitting diode fabricated on the semipolar or and the one or more transparent phosphor entities . 
nonpolar GaN containing substrate emit substantially polar Moreover , the present invention provides a method for 
ized emission of one or more first wavelengths . In a specific optical devices . The method includes emitting electromag 
embodiment , the device also has an optically transparent netic radiation of one or more first wavelengths provided 
member coupled to the at least one light emitting diode . An 20 from at least one or more emissive surfaces corresponding 
optical path is provided between the at least one light respectively to at least one light emitting diode device . At 
emitting diode and the optically transparent member . In a least one of the light emitting diode devices IS provided on 
specific embodiment , a thickness of one or more entities is at least a semipolar or nonpolar GaN containing substrate 
formed overlying the optically transparent member . Alter - according to a specific embodiment . The method also 
natively , the one or more entities are formed within the 25 includes subjecting one or more transparent phosphor enti 
optically transparent member or underlying the optically ties overlying the one or more emission surfaces of the at 
transparent member or any combination of these configura - least one light emitting diode device with at least the 
tions . The one or more of the entities are excited by the emission of the one or more first wavelengths of at least one 
substantially polarized emission to emit electromagnetic of the light emitting diode devices according to a specific 
radiation at one or more second wavelengths . 30 embodiment . The method includes emitting electromagnetic 

In a specific embodiment , the present invention includes radiation at one or more second wavelengths excited from at 
device configurations having different spatial locations for least the one or more transparent phosphor entities according 
the thickness of the one or more entities . In a specific to one or more embodiments . 
embodiment , the thickness of the one or more entities is One or more benefits may be achieved using one or more 
formed within the optically transparent member . Alterna - 35 of the specific embodiments . As an example , the present 
tively , the thickness of the one or more entities is formed device and method provides for an improved lighting tech 
underlying the optically transparent member according to a nique with improved efficiencies . In other embodiments , the 
specific embodiment . In yet another alternative specific present method and resulting structure are easier to imple 
embodiment , the thickness of the one or more entities is ment using conventional technologies . In some embodi 
formed within a spatial region of the light path between the 40 ments , the present device and method provide polarized 
at least one light emitting diode and the optically transparent light at two or more wavelengths that are useful in displays 
member . Still further , the present device can have any and in conjunction with polarizing transmission filters . In a 
combination of these configurations , and others . Of course , specific embodiment , the blue LED device is capable of 
there can be variations , modifications , and alternatives . emitting electromagnetic radiation at a wavelength range 

In yet another alternative specific embodiment , the pres - 45 from about 450 nanometers to about 495 nanometers and the 
ent invention provides a packaged light emitting device . The yellow - green LED device is capable of emitting electromag 
device includes a substrate member comprising a surface netic radiation at a wavelength range from about 495 nano 
region and at least one light emitting diode overlying the meters to about 590 nanometers , although there can also be 
surface region . In a specific embodiment , at least one of the some variations . In one or more preferred embodiments , the 
light emitting diode is fabricated on a semipolar or nonpolar 50 emitted light can have a polarization ratio of greater than 
GaN containing substrate . The at least one light emitting zero , or 0 . 5 and greater , or 0 . 6 and greater , or 0 . 7 and greater , 
diode is fabricated on the semipolar or nonpolar GaN or 0 . 8 and greater , or 0 . 9 and greater , or 0 . 95 and greater . 
containing substrate emits substantially polarized emission Depending upon the embodiment , one or more of these 
of one or more first wavelengths . Preferably the light emit - benefits can be achieved . These and other benefits are further 
ting diode includes a quantum well region characterized by 55 described throughout the present specification and more 
an electron wave function and a hole wave function . In a particularly below . 
specific embodiment , the electron wave function and the The present invention achieves these benefits and others 
hole wave function are substantially overlapped within a in the context of known process technology . Further under 
predetermined spatial region of the quantum well region . In standing of the nature and advantages of the present inven 
a specific embodiment , the device has a phosphor overlying 60 tion may be realized by reference to this specification and 
the at least one light emitting diode device . The phosphor is the drawings . 
excited by the substantially polarized emission and emitting 
electromagnetic radiation of one or more second wave BRIEF DESCRIPTION OF THE DRAWINGS 
lengths . 

Still further , the present invention provides an optical 65 FIG . 1 is a simplified diagram of a light emitting diode 
device . The optical device includes at least one light emit - coupled to a transparent phosphor according to an embodi 
ting diode device . In a specific embodiment , at least one of ment of the present invention ; 
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FIG . 2 is a simplified diagram of a light emitting diode or blue and green , fabricated on bulk semipolar or nonpolar 
coupled to a transparent phosphor according to another materials with use of entities such as phosphors ( which 
embodiment of the present invention ; include phosphorescent , luminescent or fluorescent materi 

FIG . 3 is a simplified diagram of a light emitting diode als ) , which emit light . In other embodiments , the entities 
coupled to a transparent phosphor according to still another 5 may be also any wavelength conversion material ( s ) or 
embodiment of the present invention ; energy conversion material ( s ) , or the like . Merely by way of 

FIG . 4 is a simplified diagram of a light emitting diode example , the invention can be applied to applications such 
coupled to a transparent phosphor according to yet another as white lighting , multi - colored lighting , general illumina 
embodiment of the present invention ; tion , decorative lighting , automotive and aircraft lamps , 

FIG . 5 is a simplified diagram of a light emitting diode 10 street lights , lighting for plant growth , indicator lights , 
coupled to a transparent phosphor according to still another lighting for flat panel displays and projection displays , other 
embodiment of the present invention ; optoelectronic devices , and the like . 

FIG . 6 is a simplified diagram of a packaged light emitting We have discovered that breakthroughs in the field of 
device using a recessed configuration according to an Gan - based optoelectronics have demonstrated the great 
embodiment of the present invention ; 15 potential of devices fabricated on bulk nonpolar and semi 
FIGS . 7 through 10 illustrate a simplified method of polar GaN substrates . The lack of strong polarization - in 

assembling the light emitting device of FIG . 6 according to duced electric fields that plague conventional devices on 
an embodiment of the present invention ; c - plane GaN leads to a enhanced radiative recombination 

FIG . 11 is a simplified diagram of an alternative packaged efficiency in the light emitting InGaN layers . Furthermore , 
light emitting device using multiple devices according to an 20 the nature of the electronic band structure and the anisotro 
embodiment of the present invention ; pic in - plane strain leads to highly polarized light emission , 
FIGS . 12 through 15 illustrate a simplified method of which will offer several advantages in applications such as 

assembling the light emitting device of FIG . 11 according to projection and display backlighting . 
an embodiment of the present invention ; Of particular importance to the field of lighting is the 

FIG . 16 is a simplified diagram of yet an alternative 25 progress of light emitting diodes ( LED ) fabricated on non 
packaged light emitting device using an optical path to a polar and semipolar GaN substrates . Such devices making 
plane region according to an embodiment of the present use of InGaN light emitting layers have exhibited record 
invention ; output powers at extended operation wavelengths into the 

FIGS . 17 through 20 illustrate a simplified method of violet region ( 390 - 430 nm ) , the blue region ( 430 - 490 nm ) , 
assembling the light emitting device of FIG . 11 according to 30 the green region ( 490 - 560 nm ) , and the yellow region 
an embodiment of the present invention ; ( 560 - 600 nm ) . For example , a violet LED , with a peak 

FIG . 21 is a simplified diagram of a yet an alternative emission wavelength of 402 nm , was recently fabricated on 
packaged light emitting device using an optical path to a an m - plane ( 1 - 100 ) GaN substrate and demonstrated greater 
plane region and filler material according to an embodiment than 45 % external quantum efficiency , despite having no 
of the present invention ; 35 light extraction enhancement features , and showed excellent 

FIGS . 22 through 25 illustrate a simplified method of performance at high current densities , with minimal roll 
assembling the light emitting device of FIG . 21 according to over [ K . - C . Kim , M . C . Schmidt , H . Sato , F . Wu , N . Fellows , 
an embodiment of the present invention ; M . Saito , K . Fujito , J . S . Speck , S . Nakamura , and S . P . 

FIG . 26 is a simplified diagram of a yet an alternative DenBaars , " Improved electroluminescence on nonpolar 
packaged light emitting device using an optical path to a 40 m - plane InGaN / GaN quantum well LEDs ” , Phys . Stat . Sol . 
plane region according to an embodiment of the present ( RRL ) 1 , No . 3 , 125 ( 2007 ) . ) . Similarly , a blue LED , with a 
invention ; peak emission wavelength of 468 nm , exhibited excellent 
FIGS . 27 through 30 illustrate a simplified method of efficiency at high power densities and significantly less 

assembling the light emitting device of FIG . 26 according to roll - over than is typically observed with c - plane LEDs [ K . 
an embodiment of the present invention ; 45 Iso , H . Yamada , H . Hirasawa , N . Fellows , M . Saito , K . 

FIG . 31 is a simplified diagram of still another alternative Fujito , S . P . DenBaars , J . S . Speck , and S . Nakamura , “ High 
packaged light emitting device having multiple transparent brightness blue InGaN / GaN light emitting diode on nonpo 
phosphor entities according to an embodiment of the present lar m - plane bulk GaN substrate ” , Japanese Journal of 
invention ; Applied Physics 46 , L960 ( 2007 ) . ] . Two promising semi 

FIG . 32 is a simplified diagram of yet an alternative light 50 polar orientations are the ( 10 - 1 - 1 ) and ( 11 - 22 ) planes . These 
emitting diode device having a patterned or textured surface planes are inclined by 62 . 0 degrees and by 58 . 4 degrees , 
region according to an embodiment of the present invention ; respectively , with respect to the c - plane . University of 
and California , Santa Barbara ( UCSB ) has produced highly 

FIG . 33A shows an experimental setup according to efficient LEDs on ( 10 - 1 - 1 ) GaN with over 65 mW output 
certain embodiments ; 55 power at 100 mA for blue - emitting devices ( H . Zhong , A . 
FIGS . 33B and 33C are simplified plots of experimental Tyagi , N . Fellows , F . Wu , R . B . Chung , M . Saito , K . Fujito , 

results illustrating polarization of emitted light for a trans - J . S . Speck , S . P . DenBaars , and S . Nakamura , “ High power 
parent phosphor entity according to embodiments of the and high efficiency blue light emitting diode on freestanding 
present invention . semipolar ( 1011 ) bulk GaN substrate ” , Applied Physics 

60 Letters 90 , 233504 ( 2007 ) ) and on ( 11 - 22 ) GaN with over 35 
DETAILED DESCRIPTION OF THE mW output power at 100 mA for blue - green emitting devices 

INVENTION [ H . Zhong , A . Tyagi , N . N . Fellows , R . B . Chung , M . Saito , 
K . Fujito , J . S . Speck , S . P . DenBaars , and S . Nakamura , 

According to the present invention , improved lighting Electronics Lett . 43 , 825 ( 2007 ) ] , over 15 mW of power at 
technology is provided . More specifically , embodiments of 65 100 mA for green - emitting devices [ H . Sato , A . Tyagi , H . 
the invention include techniques for combining one or more Zhong , N . Fellows , R . B . Chung , M . Saito , K . Fujito , J . S . 
colored LED devices , such as violet , blue , blue and yellow , Speck , S . P . DenBaars , and S . Nakamura , “ High power and 
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high efficiency green light emitting diode on free - standing embodiment , a green or yellow non - polar or semi - polar 
semipolar ( 1122 ) bulk GaN substrate ” , Physical Status LED is packaged together with a blue LED and at least one 
Solidi - Rapid Research Letters 1 , 162 ( 2007 ) ] and over 15 transparent ceramic phosphor . In a preferred embodiment , 
mW for yellow devices ( H . Sato , R . B . Chung , H . Hirasawa , the transparent ceramic phosphor emits in the red . In a 
N . Fellows , H . Masui , F . Wu , M . Saito , K . Fujito , J . S . 5 preferred embodiment , the blue LED constitutes a blue 
Speck , S . P . DenBaars , and S . Nakamura , " Optical proper - non - polar or semi - polar LED . 
ties of yellow light - emitting diodes grown on semipolar A non - polar or semi - polar LED may be fabricated on a 
( 1122 ) bulk GaN substrates , ” Applied Physics Letters 92 , bulk gallium nitride substrate . The gallium nitride substrate 
221110 ( 2008 ) . ) . The UCSB group has shown that the may be sliced from a boule that was grown by hydride vapor 
indium incorporation on semipolar ( 11 - 22 ) GaN is compa - 10 phase epitaxy or ammonothermally , according to methods 
rable to or greater than that of c - plane GaN , which provides known in the art . In one specific embodiment , the gallium 
further promise for achieving high crystal quality extended nitride substrate is fabricated by a combination of hydride 
wavelength emitting InGaN layers . vapor phase epitaxy and ammonothermal growth , as dis 

As described by Raring et al . in U . S . Patent Application closed in U . S . Patent Application No . 61 / 078 , 704 , com 
Ser . No . 61 / 086 , 139 , which is hereby incorporated by ref - 15 monly assigned , and hereby incorporated by reference 
erence in its entirety , a non - polar or semi - polar GaN - based herein . The boule may be grown in the c - direction , the 
LED may be packaged along with at least one phosphor , m - direction , the a - direction , or in a semi - polar direction on 
producing a package LED that emits at least partially a single - crystal seed crystal . The gallium nitride substrate 
polarized light or in some cases polarized light . However , may be cut , lapped , polished , and chemical - mechanically 
phosphors are often produced as powders , which may lead 20 polished . The gallium nitride substrate orientation may be 
to scattered incident light and , typically , reduce any polar - within 15 degrees , 12 degrees , 21 degree , or + 0 . 5 degrees of 
ization that was initially present according to one or more the { 1 - 1 0 0 } m plane , the { 1 1 - 2 0 } a plane , the { 1 1 - 2 
configurations . As a consequence , even if some of the 2 } plane , the { 1 1 - 2 3 } plane , the { 1 - 1 0 + 1 } plane , the 
residual light from the exciting LED retains some degree of { 1 - 1 0 + 2 } plane , or the { 1 - 1 0 + 3 } plane . The gallium 
polarization , the light emitted by the phosphor may be 25 nitride substrate may have a dislocation density in the plane 
approximately unpolarized or polarization may be reduced of the large - area surface that is less than 10 cm - ? , less than 

In a specific embodiment , the present invention provides 105 cm - ? , less than 104 cm - 2 , or less than 103 cm - 2 . The 
methods and devices generally configured on semipolar gallium nitride substrate may have a dislocation density in 
and / or non - polar gallium nitride materials to emit polarized the c plane that is less than 100 cm - ? , less than 10 cm - ? , less 
light using transparent phosphor entities . As merely an 30 than 104 cm - ? , or less than 103 cm - 2 . 
example , such phosophor entities are described in at least A homoepitaxial non - polar or semi - polar LED is fabri 
Murota et al . ( Jpn . J . Appl . Phys . 41 , L887 ( 2002 ) ] , who cated on the gallium nitride substrate according to methods 
disclosed the use of a single crystal of cerium - doped yttrium that are known in the art , for example , following the 
aluminum garnet ( YAG : Ce ) as a phosphor . We believe that methods disclosed in U . S . Pat . No . 7 , 053 , 413 , which is 
the extent of scattering is greatly reduced with a single 35 hereby incorporated by reference in its entirety . At least one 
crystal , and therefore the light emitted by the phosphor Alin , , Ga - „ N layer , where Osxsl , Osysl , and 0 < x + y < 1 , is 
might be expected to retain some degree or substantially all deposited on the substrate , for example , following the meth 
of the polarization characteristic . However , single crystals ods disclosed by U . S . Pat . Nos . 7 , 338 , 828 and 7 , 220 , 324 , 
are typically rather expensive relative to powders or ceram which are hereby incorporated by reference in their entirety . 
ics and are difficult to fabricate into complex shapes , which 40 The at least one Al In , , Gal - x - , N layer may be deposited by 
are overcome in part by one or more embodiments of the metal - organic chemical vapor deposition , by molecular 
present invention . Further details of the present method and beam epitaxy , by hydride vapor phase epitaxy , or by a 
device can be found throughout the present specification and combination thereof . In one embodiment , the A1 , In , , Ga N 
more particularly below . layer comprises an active layer or active region that prefer 

The present inventors have discovered that polarized 45 entially emits light when an electrical current is passed 
phosphor emission may be achieved by combining a GaN - through it . In one specific embodiment , the active layer 
based LED emitting substantially polarized light with at comprises a single quantum well , with a thickness between 
least one sintered , polycrystalline phosphor that is substan - about 0 . 5 nm and about 40 nm . In a specific embodiment , the 
tially transparent . Like the single crystal phosphor , the active layer comprises a single quantum well with a thick 
transparent ceramic phosphor exhibits greatly reduced light 50 ness between about 1 nm and about 5 nm . In other embodi 
scattering , enabling polarized emission . However , the trans - ments , the active layer comprises a single quantum well with 
parent ceramic phosphor is much less expensive than the a thickness between about 5 nm and about 10 nm , between 
single crystal and can be fabricated in a much wider range about 10 nm and about 15 nm , between about 15 nm and 
of shapes at low cost . In a preferred embodiment , the about 20 nm , between about 20 nm and about 25 nm , 
ceramic phosphor is transparent , with little or no internal 55 between about 25 nm and about 30 nm , between about 30 
light scattering . In some embodiments , some internal light nm and about 35 nm , or between about 35 nm and about 40 
scattering may be present . nm . In another set of embodiments , the active layer com 

In one embodiment , a violet non - polar or semi - polar LED prises a multiple quantum well . In still another embodiment , 
is packaged together with at least one transparent ceramic the active region comprises a double heterostructure , with a 
phosphor . In a preferred embodiment , the transparent 60 thickness between about 40 nm and about 500 nm . In one 
ceramic phosphor comprises at least three phosphor com - specific embodiment , the active layer comprises an In , Ga . 
positions , emitting in the blue , the green , and the red . In „ N layer , where Osysl . 
another embodiment , a blue non - polar or semi - polar LED is The LED may be flip - chip bonded , for example , as 
packaged together with at least one transparent ceramic described in U . S . Patent Application Ser . No . 61 / 102 , 347 , 
phosphor . In a preferred embodiment , the transparent 65 which is hereby incorporated by reference in its entirety 
ceramic phosphor comprises at least two phosphor compo according one or more embodiments . Of course , there can be 
sitions , emitting in the green and the red . In still another other variations , modifications , and alternatives . 
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A transparent ceramic phosphor may be fabricated by oxygen . The sintering may be performed in vacuum , at 
ceramic processing methods according to one or more ambient pressure , or at elevated pressure . In some embodi 
embodiments . At least one ceramic powder may be pro - ments , sintering is performed by hot isostatic pressing . After 
vided , along with a doping source , a sintering aid , and a sintering , the transparent ceramic phosphor may have a 
mixing promotor . The ceramic powder may comprise a 5 density greater than about 99 . 9 % of the theoretical density . 
plurality of phosphor entities . For example , to synthesize After sintering , the grain size of the transparent ceramic 
transparent YAG : Ce , Y , 0 % , a - A1 , 0z , and Ceo , powders phosphor may be between about 1 nanometer and about 200 
may be provided . The powders may be formed by formation micrometers , or between about 1 micrometer and about 40 
of a precursor by a wet chemical method , followed by drying micrometers . After sintering , at least one surface of the 
and calcining The purity of each powder may be greater than 10 transparent ceramic phosphor may be ground and / or pol 
99 % , greater than 99 . 9 % , greater than 99 . 99 % , or greater ished by methods that are known in the art . Polishing may 
than 99 . 999 % . The particle size of the powders may be comprise mechanical , chemical , and chemical - mechanical 
between about 1 nm and about 20 micrometers , or between methods . Mechanical polishing may comprise lapping . 
about 100 nanometers and about 5 micrometers . In some Chemical polishing may comprise heating in an acid , such 
embodiments , at least one counter - ion is also provided . For 15 as at least one of phosphoric acid , sulfuric acid , hydrochloric 
example , in the case of YAG , Ca and / or Mg , which may be acid , nitric acid , perchloric acid , hydrofluoric acid , or aqua 
added as Cao , CaCO3 , or MgO powder , may be added to regia . Chemical polishing may comprise heating in a base , 
stabilize the presence of high - oxidation - state dopants in the such as sodium hydroxide or sodium amide . Chemical 
YAG matrix . The powders may be blended in approximately polishing may comprise heating in a molten flux , such as a 
a stoichiometric ratio . The dopant source may be provided at 20 metal halide , a metal nitrate , a metal fluoroborate , a metal 
a level between about 0 . 01 weight percent and about 10 nitride , a metal amide , a metal oxide , or a mixture or 
weight percent , or between about 0 . 3 weight percent and compound thereof . Chemical mechanical polishing may 
about 3 weight percent . The powders may be mixed . The comprise abrasion using a slurry comprising an abrasive 
mixing may be performed by an operation such as ball particle and a liquid carrier with a pH between about 1 and 
milling or attritor milling . High - purity alumina balls or rods 25 about 6 . 5 or between about 7 . 5 and about 12 . The abrasive 
may be provided as the milling media . In some embodi - particle in the chemical mechanical polishing slurry may 
ments , mixing is performed in a liquid carrier such as water , comprise alumina or silica . The polishing may provide a 
methanol , ethanol , isopropanol , acetone , hexane , or the like . mirror finish . At least one coating may be applied to at least 
A polymer , such as polyvinyl alcohol ( PVA ) or polyvinyl one surface of the transparent ceramic phosphor . The coating 
butyral ( PVB ) may be provided as an additional mixing 30 may have a refractive index that is intermediate between that 
promoter . An alklylsilane , such as tetraethoxysilane ( TEOS ) of air and of the transparent ceramic phosphor , or that is 
or 3 - aminopropyl trimethoxysilane ( APTMS ) may be pro - intermediate between that of the transparent ceramic phos 
vided as a sintering aid , and may be added before or during phor and the gallium nitride substrate , or at least one of the 
mixing . The liquid carrier may be removed by drying the AlInGaN layers provided on the gallium nitride substrate . 
slurry after mixing . In some embodiments , mixed ceramic 35 In some embodiments , the composition of the transparent 
powder is formed directly by formation from precursors . For ceramic phosphor is approximately constant through the 
example , YAG precursors may be formed by co - precipitat - thickness of the phosphor . In other embodiments , the trans 
ing aqueous Y ( NO3 ) 3 and Al ( NO3 ) 3 with ammonium hydro - parent phosphor has a laminate structure , in which the 
gen carbonate , followed by washing with ultrapure water composition varies through the thickness of the phosphor . A 
and drying . In other embodiments , precursors are formed by 40 laminate structure may be formed by sequential layering 
preparing a chloride solution comprising the desired cations ceramic powder of varying compositions . The laminate 
in the appropriate relative concentrations , forming precipi - structure may be formed by sequential uniaxial pressing of 
tates by mixing with a solution such as ammonium oxalate ceramic powders . The laminate structure may be formed by 
or ammonium hydroxide , collecting the powder by sedimen - sequential slip casting of ceramic powders of varying com 
tation or filtration , drying , and heating a thermal decompo - 45 positions . 
sition temperature between about 600 degrees Celsius and In some embodiments , at least one transparent ceramic 
about 1000 degrees Celsius . The dried ceramic powder may phosphor comprises an oxide . In other embodiments , at least 
be ground and sieved . Disaggregation of the powder par - one transparent ceramic phosphor comprises a nitride . In 
ticles may be achieved by jet milling . The ceramic powders still other embodiments , at least one transparent ceramic 
may be formed into a shaped green body by at least one of 50 phosphor comprises an oxynitride , a halide , an oxyhalide , or 
uniaxial pressing in a die , isostatic pressing , drying in a an oxyhalidenitride . 
mold , and slip casting . A mold may comprise gypsum . In a specific embodiment , the present invention provides 

The ceramic green body may be sintered to transparency , packages and devices including at least one non - polar or at 
forming a shaped transparent ceramic phosphor entity . For least one semi - polar homoepitaxial LED placed on a sub 
example , a transparent YAG ceramic may be obtained by 55 strate or submount . The at least one nonpolar or at least one 
sintering in vacuum , in air , or in an oxygen - containing semi - polar homoepitaxial LED may be mounted active 
atmosphere at temperatures between about 1400 degrees layer - up or may be flip - chip bonded , according to methods 
Celsius and about 1800 degrees Celsius for a predetermined that are known in the art . In one specific embodiment , much 
time between about one hour and about 100 hours . In other of the bulk substrate is removed and the LED is flip - chip 
embodiments , sintering is performed in an atmosphere com - 60 bonded , as described in U . S . Patent Application Ser . No . 
prising at least one of water vapor , ammonia , halogen , or a 61 / 102 , 347 , which is hereby incorporated by reference in its 
hydrogen halide . In some embodiments , sintering is initially entirety . The present packages and devices are combined 
performed at a higher , first temperature , followed by anneal with transparent or translucent ceramic phosphor entities to 
ing at a second , lower temperature . For example , YAG may discharge white light according to a specific embodiment . 
be sintered at a temperature of about 1750 degrees Celsius 65 Further details of the present packages and methods can be 
in oxygen or in vacuum for 5 - 20 hours , followed by anneal - found throughout the present specification and more par 
ing at approximately 1400 degrees Celsius for 5 - 20 hours in ticularly below . 
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FIG . 1 is a simplified diagram of a nonpolar or semi - polar optical coupling layers may be provided for third , fourth , 
LED coupled to a transparent phosphor . An optical coupling fifth , or more transparent phosphor entities . 
layer is placed on at least one surface of a nonpolar or In some embodiments , as shown in FIG . 1 , the surface of 
semipolar LED . The optical coupling layer may comprise at the transparent phosphor opposite the LED is substantially 
least one of an epoxy , a silicone , a glass , or another material 5 parallel to the surface of the LED . In other embodiments , as 
that is substantially transparent at the emission wavelength shown in FIG . 2 , the surface of the transparent phosphor 
of the LED and is liquid or has a glass transition temperature opposite the LED is oriented with a significant wedge angle 
less than about 500 degrees Celsius . The refractive index of with respect to the surface of the LED . In a preferred 
the optical coupling layer may be between 1 . 0 and 2 . 5 , embodiment , the surface of the transparent phosphor oppo 
between 1 . 2 and 2 . 0 , or between 1 . 3 and 1 . 9 . A transparent 10 site the LED is oriented with an angle with respect to the 
phosphor is placed in direct contact with the optical coupling surface of the LED that is approximately equal to the 
layer . In an alternate embodiment , an optical coupling layer Brewster angle for light emerging from the transparent 
is placed on at least one surface of a transparent phosphor . phosphor into air or into the encapsulant material overlying 
In preferred embodiments , substantially no bubbles , dust , or the transparent phosphor . In some embodiments , the refrac 
other materials that might scatter light are present within the 15 tive index of the transparent phosphor is chosen to be equal 
optical coupling layer or its interfaces with the LED or the to or substantially equal to the square root of the product of 
transparent phosphor . In some embodiments , a thin film of the refractive index of the gallium nitride substrate or at least 
the optical coupling layer material is applied to at least one one AlInGaN layer provided on the gallium nitride substrate , 
surface of the LED and at least one surface of the transparent and the refractive index of air or encapsulant material 
phosphor and then the two optical coupling layers are placed 20 overlying the transparent phosphor . In an alternative 
in contact with one another . In preferred embodiments , the embodiment , the surface of the transparent phosphor oppo 
optical coupling layer may be cured at an elevated tempera - site the LED is oriented with an angle with respect to the 
ture between about 30 degrees Celsius and about 200 surface of the LED that is smaller than the angle of total 
degrees Celsius , between about 80 degrees Celsius and internal reflection for the interface between the transparent 
about 160 degrees Celsius , or between about 120 degrees 25 phosphor and air or encapsulant material overlying the 
Celsius and about 150 degrees Celsius , for a duration transparent phosphor . In still other embodiments , as shown 
between about 1 minute and about 1000 minutes . In alternate in FIG . 3 , the surface of the transparent phosphor opposite 
embodiments , the optical coupling layer may be subjected to the LED has a sawtooth or other similar one - dimensional 
a multi - step cure process at multiple elevated temperatures . grating pattern . In a preferred embodiment , the wedge angle 
A controlled ambient environment may be applied during 30 of each sawtooth pattern is approximately equal to the 
the cure step . In some embodiments , the bonding surfaces Brewster angle for the light emerging from the transparent 
may be subjected to a cleaning step using a solvent , a dilute phosphor into air or into the encapsulant material overlying 
acid or base , an oxygen plasma or a UV ozone treatment , the transparent phosphor . In an alternative embodiment , the 
prior to the application of the optical coupling layer . In some wedge angle of each sawtooth pattern is less than the angle 
embodiments , a transparent phosphor may be attached at 35 of total internal reflection for the interface between the 
least one surface of an LED device using a manual attach transparent phosphor and air or encapsulant material over 
process , using a semi - automated attach process , or a fully lying the transparent phosphor . In some embodiments the 
automated attach process . One or more fiducials or other lateral period ( unit cell ) of the sawtooth pattern is between 
distinguishing markings or features may be provided on the 1 nm and 1000 nm . In a preferred embodiment , the lateral 
LED surface , on the substrate to which the LED is attached , 40 period of the sawtooth pattern is between about 1 micron and 
or on the package in which the LED is placed , in order to about 100 microns . In another preferred embodiment , the 
enable appropriate alignment of the transparent phosphor to lateral period of the sawtooth pattern is between about 100 
the LED . In an alternative embodiment , the transparent microns and about 1000 microns . In yet other embodiments , 
phosphor may be attached to at least one surface of the LED as shown in FIG . 4 , the surface of the transparent phosphor 
without the aid of an optical coupling layer . This may be 45 opposite the LED has a microlens pattern . The shape of the 
achieved using a method such as wafer fusion . individual microlenses pattern may be designed using a 

In some embodiments , the lateral dimensions of the numerical simulation , raytracing or similar method , in order 
transparent phosphor may be smaller than those of the LED to maximize the extraction of light from the transparent 
to which it is attached . In a alternative embodiment , the phosphor and LED . In still other embodiments , as shown in 
lateral dimensions of the transparent phosphor may be 50 FIG . 5 , the surface of the transparent phosphor opposite the 
exactly equal to those of the LED to which it is attached . In LED forms a dome . The shape of the dome may be designed 
a preferred embodiment , the lateral dimensions of the trans - using a numerical simulation , ray - tracing or similar method , 
parent phosphor may be slightly larger than those of the in order to maximize the extraction of light and / or the 
LED to which it is attached . In an alternative preferred polarization of the light emitted from the transparent phos 
embodiment , the lateral dimensions of the transparent phos - 55 phor and LED . In a preferred embodiment , the wedge , 
phor may be significantly larger than those of the LED to sawtooth pattern , microlens pattern or dome is formed 
which it is attached . In specific embodiments , the ratio of the during the fabrication of the transparent phosphor using a 
lateral dimensions of the transparent phosphor and the LED mold . In an alternative embodiment , the wedge may be 
to which it is attached may be 1 . 1 , 1 . 2 , 1 . 3 , 1 . 4 or 1 . 5 . In formed using a lapping and polishing step following the 
other embodiments , the ratio of the lateral dimensions of the 60 fabrication of the transparent phosphor . In yet another alter 
transparent phosphor and the LED to which it is attached native embodiment , the sawtooth pattern , microlens pattern 
may be greater than 1 . 5 . or dome may be formed using a lithography step followed by 

In some embodiments , as shown schematically in FIG . a dry - etch or wet - etch process , following the fabrication of 
31 , two or more transparent phosphor entities may be the transparent phosphor . 
optically coupled to a single light emitting device . An optical 65 In some embodiments , as shown schematically in FIG . 
coupling layer may be provided between a first transparent 32 , at least one surface of a light emitting device is patterned 
phosphor and a second transparent phosphor . Additional or textured . In one specific embodiment , the surface of the 
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light emitting device facing the transparent phosphor entity is characterized by an electron wave function and a hole 
is patterned with a sawtooth pattern . The surface of the wave function . The electron wave function and the hole 
transparent phosphor entity facing the light emitting device wave function are substantially overlapped within a prede 
may have a similar sawtooth pattern , so that the surfaces termined spatial region of the quantum well region accord 
may be positioned in close proximity to one another , with an 5 ing to a specific embodiment . Of course , there can be other 
optical coupling layer between them . The surface of the variations , modifications , and alternatives . 
transparent phosphor opposite the LED may be planar or In a preferred embodiment , the at least one light emitting 
may comprise a wedge , a sawtooth pattern , a microlens , or diode device comprises a blue LED device . In a specific 
a dome . The shapes of the outward facing surface of the embodiment , the substantially polarized emission is blue 
LED and of the inward and outward facing surfaces of one 10 light . The at least one light emitting diode device comprises 
or more transparent phosphor entities optically coupled to a blue LED device capable of emitting electromagnetic 
the LED may be designed using a numerical simulation , radiation at a range from about 430 nanometers to about 490 
ray - tracing or similar method , in order to maximize the nanometers , which is substantially polarized emission being 
extraction of light and / or the polarization of the light emitted blue light . In a specific embodiment , a { 1 - 1 0 0 } m - plane 
from the transparent phosphor and LED . 15 bulk substrate is provided for the nonpolar blue LED . The 

FIG . 6 is a simplified diagram of a packaged light emitting substrate has a flat surface , with a root - mean - square ( RMS ) 
device 600 using a recessed configuration according to an roughness of about 0 . 1 nm , a threading dislocation density 
embodiment of the present invention . This diagram is less than 5x10 cm - 2 , and a carrier concentration of about 
merely an illustration and should not unduly limit the scope 1x1017 cm - 3 . Epitaxial layers are deposited on the substrate 
of the claims herein . One of ordinary skill in the art would 20 by metalorganic chemical vapor deposition ( MOCVD ) at 
recognize other variations , modifications , and alternatives . atmospheric pressure . The ratio of the flow rate of the group 
In a specific embodiment , the present invention provides a V precursor ( ammonia ) to that of the group III precursor 
packaged light emitting device 600 . As shown , the device ( trimethyl gallium , trimethyl indium , trimethyl aluminum ) 
has a substrate member comprising a surface region . In a during growth is between about 3000 and about 12000 . First , 
specific embodiment , the substrate is made of a suitable 25 a contact layer of n - type ( silicon - doped ) GaN is deposited 
material such a metal including , but not limited to , Alloy 42 , on the substrate , with a thickness of about 5 microns and a 
copper , and others , among plastics , dielectrics , epoxies and doping level of about 2x1018 cm - 3 . Next , an undoped 
the like . In a specific embodiment , the substrate is generally InGaN / GaN multiple quantum well ( MQW ) is deposited as 
from a lead frame member such as metal alloy , but can be the active layer . The MOW superlattice has six periods , 
others . In a specific embodiment , the substrate is made of a 30 comprising alternating layers of 8 nm of InGaN and 37 . 5 nm 
ceramic material such as alumina or aluminum nitride . Other of GaN as the barrier layers . Next , a 10 nm undoped AlGaN 
ceramic materials may also be used as substrates . In a electron blocking layer is deposited . Finally , a p - type GaN 
specific embodiment , the substrate may be comprised of a contact layer is deposited , with a thickness of about 200 nm 
hybrid between a metal and a second material . In a specific and a hole concentration of about 7x1017 cm - 3 . Indium tin 
embodiment , the substrate may be comprised of a hybrid 35 oxide ( ITO ) is e - beam evaporated onto the p - type contact 
between a metal and a second and third material . The second layer as the p - type contact and rapid - thermal - annealed . LED 
and third materials may be comprised of one or more metal , mesas , with a size of about 300x300 um ? , are formed by 
ceramic , plastic , dielectric or epoxy material and the like . In photolithography and dry etching using a chlorine - based 
yet another specific embodiment , the substrate may have a inductively - coupled plasma ( ICP ) technique . Ti / Al / Ni / Au is 
multi - layer structure , wherein the individual layers may be 40 e - beam evaporated onto the exposed n - GaN layer to form 
comprised of one or more metals or ceramic , plastic , dielec - the n - type contact , Ti / Au is e - beam evaporated onto a 
tric and epoxy materials . portion of the ITO layer to form a p - contact pad , and the 

In a specific embodiment , the present substrate , which wafer is diced into discrete LED dies . Electrical contacts are 
holds the LED , can come in various shapes , sizes , and formed by conventional wire bonding . Of course , there can 
configurations . In a specific embodiment , the surface region 45 be other variations , modifications , and alternatives . 
of substrate 101 is cupped . Alternatively , the surface region In a specific embodiment , the present device also has a 
601 is recessed according to a specific embodiment . Addi - thickness of one or more entities comprising a transparent 
tionally , the surface region generally comprises a smooth phosphor overlying the at least one light emitting diode 
surface , plating , or coating . Such plating or coating can be device . In a specific embodiment , the one or more entities 
gold , silver , platinum , aluminum , or any pure or alloy or 50 are excited by the substantially polarized emission and emit 
multi - layer material , which is suitable for bonding to an substantially polarized electromagnetic radiation of one or 
overlying semiconductor material , but can be others . Of more second wavelengths . In a preferred embodiment , the 
course , there can be other variations , modifications , and plurality of entities is capable of emitting substantially 
alternatives . polarized yellow light from an interaction with the substan 

Referring again to FIG . 6 , the device has at least one light 55 tially polarized emission of blue light . In a specific embodi 
emitting diode device overlying the surface region . At least m ent , the thickness of the plurality of entities , which are 
one of the light emitting diode devices 603 is fabricated on phosphor entities , is less than about 1 millimeter , less than 
a semipolar or nonpolar GaN containing substrate . In a about 0 . 3 millimeter , less than about 0 . 1 millimeter , or less 
specific embodiment , the device emits polarized electromag - than about 10 micrometers . Of course , there can be other 
netic radiation 605 . As shown , the light emitting device is 60 variations , modifications , and alternatives . 
coupled to a first potential , which is attached to the substrate , In a specific embodiment , the one or more entities com 
and a second potential 609 , which is coupled to wire or lead prises a phosphor or phosphor blend selected from one or 
611 bonded to a light emitting diode . Of course , there can be more of ( Y , Gd , Tb , Sc , Lu , La ) 3 ( Al , Ga , In ) 5012 : Ce3 + , 
other variations , modifications , and alternatives . SrGa S2 : Eu2 + , and SrS : Eu2 + . In other embodiments , the 

In a specific embodiment , the device has at least one of the 65 device may include a phosphor capable of emitting substan 
light emitting diode devices comprising a quantum well tially red light . Such phosphor may be selected from one or 
region . In a specific embodiment , the quantum well region more of ( Gd , Y , Lu , La ) 20z : Eu + , Bi3 + ; ( Gd , Y , Lu , La ) 20 , S : 
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Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) VOA : Eu3 + , Bi3 + ; Y ( 0 , S ) : Eu3 + ; and a hole concentration of about 7x1017 cm - 3 . Indium tin 
Ca Moc - SiO3 , where 0 . 05 < x < 0 . 5 , 0 < y < 0 . 1 ; ( Li , Na , K ) . oxide ( ITO ) is e - beam evaporated onto the p - type contact 
Eu ( W , Mojoa ( Ca , Sr ) S : Eu2 + ; SrY S4 : Eu2 + ; CaLa Sa : Ce3 + ; layer as the p - type contact and rapid - thermal - annealed . LED 
( Ca , Sr ) S : Eu2 + ; 3 . 5Mg0 * 0 . 5MgF2 * Ge02 : Mn + + ( MFG ) ; mesas , with a size of about 300x300 um ? , are formed by 
( Ba , Sr , Ca ) Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) 2WOG : Eu3 + , Mo? + ; 5 photolithography and dry etching . Ti / Al / Ni / Au is e - beam 
( Ba , Sr , Ca ) 3Mg , Si Og : Eu2 + , Mn2 + , wherein 1sx52 ; ( RE1 - v evaporated onto the exposed n - GaN layer to form the n - type 
Ce , ) Mg2 - Li Siz - P _ 012 , where RE is at least one of Sc , Lu , contact , Ti / Au is e - beam evaporated onto a portion of the 
Gd , Y , and Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , ITO layer to form a contact pad , and the wafer is diced into 
La ) 2 . Eu W1 - M0 , 0 . , where 0 . 5sxs1 . 0 , 0 . 01sys1 . 0 ; ( Sr discrete LED dies . Electrical contacts are formed by con 
Ca ) - Eu Siz?g , where 0 . 01sx50 . 3 ; SrZn02 : Sm + 3 ; MmOX 10 ventional wire bonding . 
wherein M is selected from the group of Sc , Y , a lanthanide , Other colored LEDs may also be used or combined 
an alkali earth metal and mixtures thereof ; X is a halogen ; according to a specific embodiment . Of course , there can be 
1sms3 ; and 1sns4 , and wherein the lanthanide doping level other variations , modifications , and alternatives . 
can range from 0 . 1 to 40 % spectral weight ; and Eu3 + In a specific embodiment , a ( 1 1 - 2 2 } bulk substrate is 
activated phosphate or borate phosphors ; and mixtures 15 provided for a semipolar green LED . The substrate has a flat 
thereof . surface , with a root - mean - square ( RMS ) roughness of about 

In one specific embodiment , the phosphor comprises 0 . 1 nm , a threading dislocation density less than 5x10 cm ? , 
R3 - x - v - z + w2M _ A1 . 5x + v - w2Si6 - wl - w2Alwl + w20v + wiN11 - v - wl and a carrier concentration of about 1x101 cm3 . Epitaxial 
where R represents La , Gd , Lu , Y and / or Sc ; M represents layers are deposited on the substrate by metalorganic chemi 
Ce , Eu , Mn , Yb , Pr and / or Tb ; A represents Ba , Sr , Ca , Mg 20 cal vapor deposition ( MOCVD ) at atmospheric pressure . 
and / or Zn ; and x , y , z , wl and w2 each represents a number The ratio of the flow rate of the group V precursor ( ammo 
satisfying the following relations : ( 1 / 7 ) = ( 3 - X - y - Z + w2 ) / 6 < ( 1 / nia ) to that of the group III precursor ( trimethyl gallium , 
2 ) , 0 < ( 1 . 5x + y - w2 ) / 6 < ( 9 / 2 ) , 0 < x < 3 , Osy < 2 , O < z < 1 , trimethyl indium , trimethyl aluminum ) during growth 
Oswls5 , Osw2s5 , and Osw1 + w255 . In another embodi between about 3000 and about 12000 . First , a contact layer 
ment , the phosphor comprises Sr10 - x - v - MEu , Mn ) ( PO4 ) 6 25 of n - type ( silicon - doped ) GaN is deposited on the substrate , 
( Cl - ala ) 2 , where M represents at least one element selected with a thickness of about 1 micron and a doping level of 
from the group consisting of Ba , Ca , Mg and Zn ; Q about 2x1018 cm - 3 . Next , an InGaN / GaN multiple quantum 
represents at least one element selected from the group well ( MQW ) is deposited as the active layer . The MQW 
consisting of F , Br and I ; and x , y , z and a satisfy the superlattice has six periods , comprising alternating layers of 
following relations : Osxs10 , 0 . 3sys1 . 5 , Oszs3 , Osas1 and 30 4 nm of InGaN and 20 nm of Si - doped GaN as the barrier 
x + y + zs10 . In other embodiments , the phosphor comprises layers and ending with an undoped 16 nm GaN barrier layer 
M ' , Ba , M² , L , O , N . ( In the formula , M ' represents at least and a 10 nm undoped Alo 15 G20 . 85N electron blocking layer . 
one activator element selected from the group consisting of Finally , a p - type GaN contact layer is deposited , with a 
Mn , Ce , Pr , Nd , Sm , Eu , Tb , Dy , Ho , Er , Tm and Yb ; M thickness of about 200 nm and a hole concentration of about 
represents at least one divalent metal element selected from 35 7x1017 cm - 3 . Indium tin oxide ( ITO ) is e - beam evaporated 
the group consisting of Sr , Ca , Mg and Zn ; L represents a onto the p - type contact layer as the p - type contact and 
metal element selected from group 4 or group 14 metal rapid - thermal - annealed . LED mesas , with a size of about 
elements of the periodic table ; and 0 . 00001 < x < 3 , 200x550 um ? , are formed by photolithography and dry 
Osys2 . 99999 , 2 . 6 < x + y + z < 3 , 0 < us11 , 6 < vs25 , and ( < ws17 . etching . Ti / Al / Ni / Au is e - beam evaporated onto the exposed 
Of course , there can be other variations , modifications , and 40 n - GaN layer to form the n - type contact , Ti / Au is e - beam 
alternatives . evaporated onto a portion of the ITO layer to form a contact 

In a specific embodiment , the at least one light emitting pad , and the wafer is diced into discrete LED dies . Electrical 
diode device comprises at least a violet LED device capable contacts are formed by conventional wire bonding . 
of emitting electromagnetic radiation at a range from about In another specific embodiment , a ( 1 1 - 2 2 } bulk 
380 nanometers to about 440 nanometers and the one or 45 substrate is provided for a semipolar yellow LED . The 
more entities are capable of emitting substantially white substrate has a flat surface , with a root - mean - square ( RMS ) 
light , the substantially polarized emission being violet light . roughness of about 0 . 1 nm , a threading dislocation density 
In a specific embodiment , a ( 1 - 1 0 0 ) m - plane bulk less than 5x100 cm - 2 , and a carrier concentration of about 
substrate is provided for the nonpolar violet LED . The 1x101 cm3 . Epitaxial layers are deposited on the substrate 
substrate has a flat surface , with a root - mean - square ( RMS ) 50 by metalorganic chemical vapor deposition ( MOCVD ) at 
roughness of about 0 . 1 nm , a threading dislocation density atmospheric pressure . The ratio of the flow rate of the group 
less than 5x100 cm - , and a carrier concentration of about V precursor ( ammonia ) to that of the group III precursor 
1x1017 cm - 3 . Epitaxial layers are deposited on the substrate ( trimethyl gallium , trimethyl indium , trimethyl aluminum ) 
by metalorganic chemical vapor deposition ( MOCVD ) at during growth between about 3000 and about 12000 . First , 
atmospheric pressure . The ratio of the flow rate of the group 55 a contact layer of n - type ( silicon - doped ) GaN is deposited 
V precursor ( ammonia ) to that of the group III precursor on the substrate , with a thickness of about 2 microns and a 
( trimethyl gallium , trimethyl indium , trimethyl aluminum ) doping level of about 2x1018 cm - 3 . Next , a single quantum 
during growth is between about 3000 and about 12000 . First , well ( SAW ) is deposited as the active layer . The SQW 
a contact layer of n - type ( silicon - doped ) GaN is deposited comprises a 3 . 5 nm InGaN layer and is terminated by an 
on the substrate , with a thickness of about 5 microns and a 60 undoped 16 nm GaN barrier layer and a 7 nm undoped 
doping level of about 2x1018 cm - 3 . Next , an undoped Alo 15 Ga0 . 85N electron blocking layer . Finally , a Mg - doped 
InGaN / GaN multiple quantum well ( MQW ) is deposited as p - type GaN contact layer is deposited , with a thickness of 
the active layer . The MQW superlattice has six periods , about 200 nm and a hole concentration of about 7x1017 
comprising alternating layers of 16 nm of InGaN and 18 nm cm . Indium tin oxide ( ITO ) is e - beam evaporated onto the 
of GaN as the barrier layers . Next , a 10 nm undoped AlGaN 65 p - type contact layer as the p - type contact and rapid - thermal 
electron blocking layer is deposited . Finally , a p - type GaN annealed . LED mesas , with a size of about 600x450 umº , are 
contact layer is deposited , with a thickness of about 160 nm formed by photolithography and dry etching . Ti / Al / Ni / Au is 
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e - beam evaporated onto the exposed n - GaN layer to form or others . In a specific embodiment , the substrate is gener 
the n - type contact , Ti / Au is e - beam evaporated onto a ally from a lead frame member such as a metal alloy , but can 
portion of the ITO layer to form a contact pad , and the wafer be others . 
is diced into discrete LED dies . Electrical contacts are in a specific embodiment , the present substrate , which 
formed by conventional wire bonding . 5 holds the LED , can come in various shapes , sizes , and 

In a specific embodiment , the one or more entities com - configurations . In a specific embodiment , the surface region 
prise a blend of phosphors capable of emitting substantially of substrate 601 is cupped . Alternatively , the surface region 
blue light , substantially green light , and substantially red of substrate 601 is recessed according to a specific embodi 
light . As an example , the blue emitting phosphor may be ment . Additionally , the surface region is generally a smooth 
selected from the group consisting of ( Ba , Sr , Ca ) 3 ( PO4 ) 3 ( C1 , 10 surface , plating , or coating . Such plating or coating can be 
F , Br , OH ) : Eu2 + , Mn2 + ; Sb3 + , ( Ba , Sr , Ca ) MgA116017 : Eu2 + , gold , silver , platinum , aluminum , or any pure or alloy 
Mn2 + ; ( Ba , Sr , Ca ) BPO : : Eu2 + , Mn2 + ; ( Sr , Ca ) 10 material , which is suitable for bonding to an overlying 
( PO4 ) . * nB , Oz : Eu ? + ; 250 * 0 . 84P205 * 0 . 16B203 : semiconductor material , but can be others . Of course , there 
Eu2 + ; Sr Si 0 , * 2SrC1 , : Eu2 + ; ( Ba , Sr , Ca ) Mg P20 , : Eu2 + , can be other variations , modifications , and alternatives . 
Mn2 + ; Sr4A1 4025 : Eu2 + ( SAE ) ; BaA1 , 013 : Eu2 + ; and mix - 15 In a specific embodiment , the method includes providing 
tures thereof . As an example , the green phosphor may be at least one light emitting diode device overlying the surface 
selected from the group consisting of ( Ba , Sr , Ca ) MgA110017 : region . At least one of the light emitting diode devices 603 
Eu , Mn2 + ( BAMn ) ; ( Ba , Sr , Ca ) Al , 04 : Eu2 + ; ( Y , Gd , Lu , Sc , is fabricated on a semipolar or nonpolar GaN containing 
La ) BOZ : Ce3 + , Tb3 + ; CagMg ( SiO2 ) 4C12 : Eu2 + , Mn2 + ; ( Ba , Sr , substrate . In a specific embodiment , the device emits polar 
Ca ) 2SiO : Eu2 + ; ( Ba , Sr , Ca ) 2 ( Mg , Zn ) Si20 . : Eu2 + ; ( Sr , Ca , Ba ) 20 ized electromagnetic radiation 605 . As shown , the light 
( A1 , Ga , In ) , S2 : Eu2 + ; ( Y , Gd , Tb , La , Sm , Pr , Lu ) 3 ( A1 , Ga ) ; 012 : emitting device is coupled to a first potential , which is 
Ce3 + ; ( Ca , Sr ) : ( Mg , Zn ) ( SiO2 ) 4C12 : Eu2 + , Mn2 + ( CASI ) ; attached to the substrate , and a second potential 609 , which 
Na Gd2B207 : Ce3 + , Tb3 + ; ( Ba , Sr ) , ( Ca , Mg , Zn ) B , 06 : K , Ce , is coupled to wire or lead 611 bonded to a light emitting 
Tb ; and mixtures thereof . As an example , the red phosphor diode . Of course , there can be other variations , modifica 
may be selected from the group consisting of ( Gd , Y , Lu , La ) 2 25 tions , and alternatives . 
Oz : Eu3 + , BiX + ; ( Gd , Y , Lu , La ) , 0 , S : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) In a preferred embodiment , the at least one light emitting 
VOA : Eu3 + , Bi3 + ; Y ( 0 , ) : Eu3 + ; Ca1 - xM01 - S1 , 04 : , where diode device comprises a blue LED device . In a specific 
0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) , Eu ( W . MO ) O4 ; ( Ca , Sr ) S : embodiment , the substantially polarized emission is blue 
Eu2 + ; SrY S4 : Eu2 + : CaLa , S4 : Ce3 + ; ( Ca , Sr ) S : Eu2 + ; light . The at least one light emitting diode device comprises 
3 . 5Mg0 * 0 . 5MgF2 * GeO2 : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) 30 a blue LED device capable of emitting electromagnetic 
Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) , W0 . : Eu + , Mo 6 + ; ( Ba , Sr , Ca ) ; radiation at a range from about 430 nanometers to about 490 
Mg , Si20g : Eu² + , Mnat , wherein 1sx52 ; ( RE1 . Ce , Mg2 - nanometers , which is substantially polarized emission being 
Li Siz - P2012 , where RE is at least one of Sc , Lu , Gd , Y , and blue light . 
Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - 2 In a specific embodiment , the LED device is attached onto 
Eu W1 - „ M0 , 06 , where 0 . 5sxs1 . 0 , 0 . 01sys1 . 0 ; ( SrCa ) 1 - x 35 the surface region of the substrate . The attachment occurs by 
Eu Siz?g , where 0 . 01sx50 . 3 ; SrZnO2 : Sm + 3 ; M „ OX , silver paste , solder paste ( SAC305 ) , eutectic , AuSn eutectic , 
wherein M is selected from the group of Sc , Y , a lanthanide , or other suitable techniques . In a preferred embodiment , the 
an alkali earth metal and mixtures thereof ; X is a halogen ; LED device is attached using die attach methods such as 
1sms3 ; and 1sns4 , and wherein the lanthanide doping level eutectic bonding of metals such as gold , silver , tin , copper or 
can range from 0 . 1 to 40 % spectral weight ; and Eu + 40 platinum , or alloys thereof , among others . Of course , there 
activated phosphate or borate phosphors ; and mixtures can be other variations , modifications , and alternatives . 
thereof . Referring now to FIG . 8 , the present method includes 

In a specific embodiment , the present packaged device bonding wiring 115 from lead 109 to a bonding pad on the 
includes an enclosure 617 . The enclosure can be made of a LED device . In a specific embodiment , the wire is a suitable 
suitable material such as an optically transparent plastic , 45 material such as gold , aluminum , or others . In a specific 
glass , epoxy , silicone or other material . As also shown , the embodiment , wire bonding uses techniques such as ultra 
enclosure has a suitable shape according to a specific sonic , megasonic , or others . Of course , there can be other 
embodiment . The shape can be annular , circular , egg - variations , modifications , and alternatives . 
shaped , trapezoidal , or any combination of these shapes . Referring now to FIG . 9 , the method includes providing 
Depending upon the embodiment , the enclosure with suit - 50 a thickness 115 of one or more entities comprising a trans 
able shape and material is configured to facilitate and even parent phosphor overlying the at least one light emitting 
optimize transmission of electromagnetic radiation from the diode device . In a specific embodiment , the one or more 
LED device with coating through the surface region of the entities are excited by the substantially polarized emission 
enclosure . Of course , there can be other variations , modifi - and emit electromagnetic radiation of one or more second 
cations , and alternatives . 55 wavelengths . In a preferred embodiment , the plurality of 

FIGS . 7 through 10 illustrate a simplified method of entities is capable of emitting substantially yellow light from 
assembling the light emitting device of FIG . 6 according to an interaction with the substantially polarized emission of 
an embodiment of the present invention . These diagrams are blue light . In a specific embodiment , the thickness of the 
merely illustrations and should not unduly limit the scope of plurality of entities , which are phosphor entities , is less than 
the claims herein . One of ordinary skill in the art would 60 about 1 millimeter , less than about 0 . 3 millimeter , less than 
recognize other variations , modifications , and alternatives . about 0 . 1 millimeter , or less than about 10 micrometers . Of 
Also shown is a method for assembling an LED device course , there can be other variations , modifications , and 
according to an embodiment of the present invention . The alternatives . 
method includes providing a substrate member 601 com - In a specific embodiment , the one or more entities com 
prising a surface region . In a specific embodiment , the 65 prises a phosphor or phosphor blend selected from one or 
substrate is made of a suitable material such a metal includ - more of ( Y , Gd , Tb , Sc , Lu , La ) ( Al , Ga , In ) 0 , - : Ce3 + , 
ing , but not limited to , Alloy 42 , copper , dielectrics , plastics , SrGa S4 : Eu2 + , and SrS : Eu2 + . In other embodiments , the 
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device may include a phosphor capable of emitting substan able shape and material is configured to facilitate and even 
tially red light . Such phosphor may be selected from ( Gd , optimize transmission of electromagnetic radiation from the 
Y , Lu , La ) 203 : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) , 0 , S : Eu3 + , Bi3 + ; ( Gd , LED device with coating through the surface region of the 
YLu , La ) VO , Eu * * , Bi * * ; Y ( 0 , S ) : Eu * * ; Ca - Moc - SiO4 , enclosure . Of course , there can be other variations , modifi 
where 0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) Eu ( WMO ) O . ; ( Ca , 5 cations , and alternatives . 
Sr ) S : Eu2 + ; SrY S4 : Eu2 + ; Cala S4 : Ce3 + ; ( Ca , Sr ) S : Eu2 + ; FIG . 11 is a simplified diagram of an alternative packaged 
3 . 5MgO * 0 . 5MgF , * Ge02 : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) light emitting device 1100 using multiple devices according 
Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) 2W06 : Eu3 + , M00 + ; ( Ba , Sr , Ca ) ; to an embodiment of the present invention . This diagram is 
Mg Si 0 , : Eu2 + , Mn2 + , wherein 1sx52 ; ( RE _ Ce , Mg2 merely an illustration and should not unduly limit the scope 
Li Siz - P2012 , where RE is at least one of Sc , Lu , Gd , Y , and 10 of the claims herein . One of ordinary skill in the art would 
Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - 4 recognize other variations , modifications , and alternatives . 
Eu W Mo , 0 , where 0 . 5sxs1 . 0 , 0 . 01sys1 . 0 ; ( SrCa ) - In a specific embodiment , the present invention provides a 
Eu SisNs , where 0 . 01sx50 . 3 ; SrZnO2 : Sm + * ; M „ OX packaged light emitting device 1100 . As shown , the device 
wherein Mis selected from the group of Sc , Y , a lanthanide , has a substrate member comprising a surface region . In a 
an alkali earth metal and mixtures thereof ; X is a halogen ; 15 specific embodiment , the substrate is made of a suitable 
1sms3 ; and 1sns4 , and wherein the lanthanide doping level material such a metal including , but not limited to , Alloy 42 , 
can range from 0 . 1 to 40 % spectral weight ; and Eu * + copper , or others , including dielectrics and even plastics . In 
activated phosphate or borate phosphors ; and mixtures a specific embodiment , the substrate is generally from a lead 
thereof . Of course , there can be other variations , modifica - frame member such as metal alloy , but can be others . 
tions , and alternatives . 20 In a specific embodiment , the present substrate , which 

In a specific embodiment , the one or more entities com - holds the LED , can come in various shapes , sizes , and 
prise a blend of phosphors capable of emitting substantially configurations . In a specific embodiment , the surface region 
blue light , substantially green light , and substantially red of substrate 1101 is cupped . Alternatively , the surface region 
light . As an example , the blue emitting phosphor may be 1101 is recessed according to a specific embodiment . Addi 
selected from the group consisting of ( Ba , Sr , Ca ) s ( PO4 ) 3 ( C1 , 25 tionally , the surface region is generally a smooth surface , 
F , Br , OH ) : Eu2 + , Mn2 + ; Sb3 + , ( Ba , Sr , Ca ) MgA110017 : Eu2 + , plating , or coating . Such plating or coating can be gold , 
Mn2 + ; ( Ba , Sr , Ca ) BPO : : Eu2 + , Mn2 + ; ( Sr , Ca ) 10 silver , platinum , aluminum , or any pure or alloy material , 
( POA ) . * nB , 02 : Eu2 + ; 25r0 * 0 . 84P205 * 0 . 16B , 02 : Eu2 + ; which is suitable for bonding to an overlying semiconductor 
Sr Siz0 , * 2SrC12 : Euz + ; ( Ba , Sr , Ca ) Mg P20 , : Eu2 + , Mn2 + ; material , but can be others . Of course , there can be other 
Sr4A1 4025 : Eu2 + ( SAE ) ; BaAl , 013 : EuZt ; and mixtures 30 variations , modifications , and alternatives . 
thereof . As an example , the green phosphor may be selected Referring again to FIG . 11 , the device has at least one 
from the group consisting of ( Ba , Sr , Ca ) MgA110017 : Eu² + , light emitting diode device overlying the surface region . At 
Mn2 + ( BAMn ) ; ( Ba , Sr , Ca ) A1 , 0 , Eu ? " ; ( Y , Gd , Lu , Sc , La ) . least one of the light emitting diode devices 1103 is fabri 
BOz : Ce3 + , Tb3 + ; Ca , Mg ( SiO2 ) 4C12 : Eu2 + , Mn2 + ; ( Ba , Sr , Ca ) cated on a semipolar or nonpolar GaN containing substrate . 
SiO : Eu2 + ; ( Ba , Sr , Ca ) 2 ( Mg , Zn ) Si 0 , : Euz + ; ( Sr , Ca , Ba ) ( AI , 35 In a specific embodiment , the device emits polarized elec 
Ga , In ) 2S2 : Eu2 + ; ( Y , Gd , Tb , La , Sm , Pr , Lu ) 3 ( A1 , Ga ) : 0 , 2 : Ce3 + ; tromagnetic radiation . As shown , the light emitting device is 
( Ca , Sr ) ( Mg , Zn ) ( Si04 ) 4C12 : Eu2 + , Mn2 + ( CASI ) ; coupled to a first potential , which is attached to the substrate , 
Na Gd2B20 , : Ce * * , Tb + ; ( Ba , Sr ) 2 ( Ca , Mg , Zn ) B20 . : K , Ce , and a second potential 1109 , which is coupled to wire or lead 
Tb ; and mixtures thereof . As an example , the red phosphor 1111 bonded to a light emitting diode . Of course , there can 
may be selected from the group consisting of ( Gd , Y , Lu , La ) , 40 be other variations , modifications , and alternatives . 
Oz : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) , 0 , S : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) In a specific embodiment , the device has at least one of the 
VOZ : Eu3 + , Bi3 + ; Y2 ( 0 , S ) ; : Eu3 + ; Ca - - M01 - „ Si , 04 : , where light emitting diode devices comprising a quantum well 
0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) ; Eu ( W , Mo ) 04 ; ( Ca , Sr ) S : region . In a specific embodiment , the quantum well region 
Eu2 + ; SrY , S2 : Eu2 + ; CaLa , Sa : Ce3 + ; ( Ca , Sr ) S : Eu2 + ; is characterized by an electron wave function and a hole 
3 . 5Mg0 * 0 . 5MgF2 * GeOz : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) 45 wave function . The electron wave function and the hole 
Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) 2W06 : Eu3 + , Mo 6 + ; ( Ba , Sr , Ca ) wave function are substantially overlapped within a prede 
Mg Si , 0 : Eu2 + , Mn2 + , wherein 1sxs2 ; ( RE , Ce , ) Mgr termined spatial region of the quantum well region accord 
Li Siz - P _ 012 , where RE is at least one of Sc , Lu , Gd , Y , and ing to a specific embodiment . Of course , there can be other 
Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - x variations , modifications , and alternatives . 
Eu W - „ Mo , 0g , where 0 . 5sx . s1 . 0 , 0 . 01sys1 . 0 ; ( SrCa . 50 In a preferred embodiment , the at least one light emitting 
Eu , SizN , , where 0 . 01sxs0 . 3 ; SrZnO , : Sm + S ; M OX , diode device comprises a blue LED device . In a specific 
wherein M is selected from the group of Sc , Y , a lanthanide , embodiment , the substantially polarized emission is blue 
an alkali earth metal and mixtures thereof ; X is a halogen ; light . The at least one light emitting diode device comprises 
1sms3 ; and 1sns4 , and wherein the lanthanide doping level a blue LED device capable of emitting electromagnetic 
can range from 0 . 1 to 40 % spectral weight ; and Eu3 + 55 radiation at a range from about 430 nanometers to about 490 
activated phosphate or borate phosphors ; and mixtures nanometers , which is substantially polarized emission being 
thereof . blue light . 

In a specific embodiment , the present method includes In a specific embodiment , the present device also has a 
providing an enclosure 117 overlying the LED device , thickness 1115 of one or more entities comprising a trans 
which has been mounted , bonded , and coated . The enclosure 60 parent phosphor overlying the at least one light emitting 
can be made of a suitable material such as an optically diode device . In a specific embodiment , the one or more 
transparent plastic , epoxy , silicone , glass , or other material . entities are excited by the substantially polarized emission 
As also shown , the enclosure has a suitable shape 119 and emit electromagnetic radiation of one or more second 
according to a specific embodiment . The shape can be wavelengths . In a preferred embodiment , the plurality of 
annular , circular , egg - shaped , trapezoidal , or any combina - 65 entities is capable of emitting substantially yellow light from 
tion of these shapes . The shape may be formed by molding an interaction with the substantially polarized emission of 
Depending upon the embodiment , the enclosure with suit - blue light . In a specific embodiment , the thickness of the 
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plurality of entities , which are phosphor entities , is less than 0 . 5sxs1 . 0 , 0 . 01 sys1 . 0 ; ( SrCa ) - Eu SisN , , where 
about 1 millimeter , less than about 0 . 3 millimeter , less than 0 . 01sx50 . 3 ; SrZnO , : Sm + 3 ; M , 0 , X , wherein M is selected 
about 0 . 1 millimeter , or less than about 10 micrometers . Of from the group of Sc , Y , a lanthanide , an alkali earth metal 
course , there can be other variations , modifications , and and mixtures thereof ; X is a halogen ; lsms3 ; and 1sns4 , 
alternatives . 5 and wherein the lanthanide doping level can range from 0 . 1 

In a specific embodiment , the one or more entities com - to 40 % spectral weight ; and Eu3 + activated phosphate or 
prises a phosphor or phosphor blend selected from one or borate phosphors ; and mixtures thereof . 
more of ( Y , Gd , Tb , Sc , Lu , La ) 3 ( Al , Ga , In ) , 012 : Ce3 + , In a specific embodiment , the present packaged device 
SrGa S . : Eu2 + , and SrS : Eu2 + . In other embodiments , the includes a second LED device or possibly multiple devices . 
device may include a phosphor capable of emitting substan - 10 In a specific embodiment , the second LED device can be 
tially red light . Such phosphor is be selected from ( Gd , Y , covered by a transparent a phosphor or uncovered . In a 
Lu , La ) 02 : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) , 0 , S : Eu3 + , Bi3 + ; ( Gd , Y , specific embodiment , the LED device can be one of a 
Lu , La ) V04 : Eu3 + , Bi3 + ; Y2 ( 0 , S ) ; : Eu3 + ; Ca1 - xM01 - , Si , 04 , plurality of colors including , but not limited to red , blue , 
where 0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) Eu ( W . MOO . ( Ca , green , yellow , violet , amber , cyan , and others within a 
Sr ) S : Eu2 + ; SrY S4 : Euz + ; CaLa S4 : Ce3 + ; ( Ca , Sr ) S : EuZ + ; 15 visible electromagnetic radiation range , including ultravio 
3 . 5Mg0 * 0 . 5MgF2 * Ge02 : Mn4 + ( MFG ) ; ( Ba , Sr , Ca ) let . In a specific embodiment , the LED device can be made 
Mg , P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) , W06 : Eu3 + , Mo® + ; ( Ba , Sr , Ca ) on a polar , nonpolar , or semi - polar gallium nitride contain 
Mg Si 03 : Eu2 + , Mn2 + , wherein 1 < x < 2 ; ( RE1 _ , Ce , Mg2 - x ing material . Alternatively , the LED can be made on a Gap , 
Li Siz - P . 012 , where RE is at least one of Sc , Lu , Gd , Y , and AllnGaP or like material according to other embodiments . 
Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) . 20 Of course , there can be other variations , modifications , and 
Eu W1 - M0 , 06 , where 0 . 5sx . sl . 0 , 0 . 01sys1 . 0 ; ( SrCa ) - x alternatives . 
Eu , Si - ? , where 0 . 01sx50 . 3 ; SrZnO , : Sm + 3 ; M . 0 . X In other embodiments , the packaged device can include 
wherein M is selected from the group of Sc , Y , a lanthanide , one or more other types of optical and / or electronic devices . 
an alkali earth metal and mixtures thereof ; X is a halogen ; As an example , the optical devices can be an organic light 
1sms3 ; and 1sns4 , and wherein the lanthanide doping level 25 emitting diode ( OLED ) , a laser diode , a nanoparticle optical 
can range from 0 . 1 to 40 % spectral weight ; and Eu3 + device , or others . In other embodiments , the electronic 
activated phosphate or borate phosphors ; and mixtures device can include an integrated circuit , a sensor , a Micro 
thereof . Of course , there can be other variations , modifica or Nano - Electro - Mechanical System , or any combination of 
tions , and alternatives . these , and the like . Of course , there can be other variations , 

In a specific embodiment , the at least one light emitting 30 modifications , and alternatives . 
diode device comprises at least a violet LED device capable In a specific embodiment , the present packaged device 
of emitting electromagnetic radiation at a range from about includes an enclosure 1117 . The enclosure can be made of a 
380 nanometers to about 440 nanometers and the one or suitable material such as an optically transparent plastic , 
more entities are capable of emitting substantially white glass , or other material . As also shown , the enclosure has a 
light , the substantially polarized emission being violet light . 35 suitable shape 1119 according to a specific embodiment . The 
Other colored LEDs may also be used or combined accord - shape can be annular , circular , egg - shaped , trapezoidal , or 
ing to a specific embodiment . Of course , there can be other any combination of these . Depending upon the embodiment , 
variations , modifications , and alternatives . the enclosure with suitable shape and material is configured 

In a specific embodiment , the one or more entities com - to facilitate and even optimize transmission of electromag 
prise a blend of phosphors capable of emitting substantially 40 netic radiation from the LED device with coating through 
blue light , substantially green light , and substantially red the surface region of the enclosure . Of course , there can be 
light . As an example , the blue emitting phosphor is selected other variations , modifications , and alternatives . 
from the group consisting of ( Ba , Sr , Ca ) 3 ( PO4 ) 3 ( C1 , F , Br , FIGS . 12 through 15 illustrate a simplified method of 
OH ) : Eu2 + , Mn2 + ; Sb3 + , ( Ba , Sr , Ca ) MgAl10017 : Eu2 + , Mn2 + ; assembling the light emitting device of FIG . 6 according to 
( Ba , Sr , Ca ) BPO : : Eu2 + , Mn2 + ; ( Sr , Ca ) 10 ( PO4 ) 6 * nB203 : Eu2 + ; 45 an embodiment of the present invention . Of course , there 
2Sr0 * 0 . 84P205 * 0 . 16B , 03 : Eu2 + ; Sr Siz0 , * 2SrC1 : Eu2 + ; can be other variations , modifications , and alternatives . 
( Ba , Sr , Ca ) Mg P20 , : Eu2 + , Mn2 + ; Sr A1 4025 : Eu2 + ( SAE ) ; FIG . 16 is a simplified diagram of yet another alternative 
BaA13013 : EuZ + ; and mixtures thereof . As an example , the packaged light emitting device using an optical path to a 
green phosphor is selected from the group consisting of plane region according to an embodiment of the present 
( Ba , Sr , CaMgA116017 : Eu2 + , Mn2 + ( BAMn ) ; ( Ba , Sr , Ca ) 50 invention . This diagram is merely an illustration and should 
A1 , 04 : Eu2 + ; ( Y , Gd , Lu , Sc , La ) BO3 : Ce3 + , Tb3 + ; Ca Mg not unduly limit the scope of the claims herein . One of 
( SiO4 ) 4 C12 : Eu2 + , Mn2 + ; ( Ba , Sr , Ca ) 2SiO2 : Eu2 + ; ( Ba , Sr , Ca ) ordinary skill in the art would recognize other variations , 
( Mg , Zn ) Si , O , : Eu2 + ; ( Sr , Ca , Ba ) ( Al , Ga , In ) , S4 : Eu + ; ( Y , Gd , modifications , and alternatives . In a specific embodiment , 
Tb , La , Sm , Pr , Lu ) , ( A1 , Ga ) 0 , : Ce3 + ; ( Ca , Sr ) , ( Mg , Zn ) the present invention provides a packaged light emitting 
( SiO4 ) 4 C12 : Eu2 + , Mn2 + ( CASI ) ; Na Gd B , 02 : Ce3 + , Tb3 + ; 55 device 1600 . As shown , the device has a substrate member 
( Ba , Sr ) 2 ( Ca , Mg , Zn ) B , 0 . : K , Ce , Tb ; and mixtures thereof . comprising a surface region . In a specific embodiment , the 
As an example , the red phosphor is selected from the group substrate is made of a suitable material such a metal includ 
consisting of ( Gd , Y , Lu , La ) 203 : Eu + , Bi3 + ; ( Gd , Y , Lu , La ) 2 ing , but not limited to , Alloy 42 , copper , dielectrics or 
02S : Eu3 + , Bi3 + ; ( GD , Y , Lu , La ) V04 : Eu3 + , Bi3 + ; Y2 ( 0 , 5 ) z : plastics , among others . In a specific embodiment , the sub 
Eut ; Ca MoSi , , O . : , where 0 . 05sx < 0 . 5 , Osys0 . 1 ; ( Li , 60 strate is generally from a lead frame member such as a metal 
Na , K ) Eu ( W , Mo ) 04 ; ( Ca , Sr ) S : Eu2 + ; SrY S2 : Eu2 + ; alloy , but can be others . 
CaLa , S4 : Ce3 + ; ( Ca , Sr ) S : Eu2 + ; 3 . 5Mg0 * 0 . 5MgF2 * GeOz : In a specific embodiment , the present substrate , which 
Mn + + ( MFG ) ; ( Ba , Sr , Ca ) Mg , P20 : Eu2 + , Mn2 + ; ( Y , Lu ) , holds the LED , can come in various shapes , sizes , and 
WOG : Eu3 + , Mo + ; ( Ba , Sr , Ca ) 3Mg , Si Og : Eu2 + , Mn2 + , configurations . In a specific embodiment , the surface region 
wherein 1sx52 ; ( RE1 - „ Ce , ) Mg2 - xLi Siz - P _ 012 , where RE is 65 of substrate 1601 is cupped . Alternatively , the surface region 
at least one of Sc , Lu , Gd , Y , and Tb , 0 . 0001 < x < 0 . 1 and 1601 is recessed according to a specific embodiment . Addi 
0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - xEuZW1 - „ Mo , 06 , where tionally , the surface region is generally a smooth surface , 
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plating , or coating . Such plating or coating can be gold , or less than about 10 micrometers . Of course , there can be 
silver , platinum , aluminum , or any pure or alloy material , other variations , modifications , and alternatives . 
which is suitable for bonding to an overlying semiconductor In a specific embodiment , the one or more entities com 
material , but can be others . Of course , there can be other prises a phosphor or phosphor blend selected from one or 
variations , modifications , and alternatives . more of ( Y , Gd , Tb , Sc , Lu , La ) ( Al , Ga , In ) 0 . 12 : Ce3 + , 

Referring again to FIG . 16 , the device has at least one SrGa S2 : Eu2 + , and SrS : Eu2 + . In other embodiments , the 
light emitting diode device overlying the surface region . At device may include a phosphor capable of emitting substan 
least one of the light emitting diode devices 1603 is fabri tially red light . Such phosphor may be selected from ( Gd , 
cated on a semipolar or nonpolar GaN containing substrate . Y , Lu , La ) 03 : Eu + , Bi3 + ; ( Gd , Y , Lu , La ) 202S : Eu * + , Bi3 + ; ( Gd , 
In a specific embodiment , the device emits substantially 10 Y , Lu , La ) V04 : Eu3 + , Bi3 + ; Y , ( 0 , ) z : Eu3 + ; Cal - M01 - „ Si , 04 : , 

where 0 . 05sx50 . 5 , Osys0 . 1 ; ( Li , Na , K ) ; Eu ( W . MO ) O , ( Ca , polarized electromagnetic radiation 1605 . As shown , the Sr ) S : Eu ? + ; SrY2S4 : Eu + ; CaLa S4 : Ce3 + ; ( Ca , Sr ) S : Eu + ; light emitting device is coupled to a first potential , which is 3 . 5Mg0 * 0 . 5MgF2 * GeOz : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) attached to the substrate , and a second potential 1609 , which Mg , P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) , WO . : Eu3 + , Mo + ; ( Ba , Sr , Ca ) ; 
is coupled to wire or lead 1611 bonded to a light emitting 15 Mg Si , o . : Eu2 + . Mn2 + , wherein 1 < xs2 ; ( RE , Ce . . . Mg , 
diode . Of course , there can be other variations , modifica Li , Siz - P _ 012 , where RE is at least one of Sc , Lu , Gd , Y , and 
tions , and alternatives . Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - x 

In a specific embodiment , the device has at least one of the Eu , W M0 , 0q , where 0 . 5sx . s1 . 0 , 0 . 001sys1 . 0 ; ( SrCa ) . 
light emitting diode devices comprising a quantum well Eu Si Ng , where 0 . 01sx50 . 3 ; SrZnO , : Sm + 3 ; M , 0 . X 
region . In a specific embodiment , the quantum well region 20 wherein M is selected from the group of Sc , Y , a lanthanide , 
is characterized by an electron wave function and a hole an alkali earth metal and mixtures thereof ; X is a halogen ; 
wave function . The electron wave function and the hole lsms3 ; and 1sns4 , and wherein the lanthanide doping level 
wave function are substantially overlapped within a prede - can range from 0 . 1 to 40 % spectral weight ; and Eus + 
termined spatial region of the quantum well region accord activated phosphate or borate phosphors ; and mixtures 
ing to a specific embodiment . Of course , there can be other 25 thereof . Of course , there can be other variations , modifica 
variations , modifications , and alternatives . tions , and alternatives . 

In a preferred embodiment , the at least one light emitting In a specific embodiment , the at least one light emitting 
diode device comprises a blue LED device . In a specific diode device comprises at least a violet LED device capable 
embodiment , the substantially polarized emission is blue of emitting electromagnetic radiation at a range from about 
light . The at least one light emitting diode device comprises 30 380 nanometers to about 440 nanometers and the one or 
a blue LED device capable of emitting electromagnetic more entities are capable of emitting substantially white 
radiation at a range from about 430 nanometers to about 490 light , the substantially polarized emission being violet light . 
nanometers , which is substantially polarized emission being Other colored LEDs may also be used or combined accord 
blue light . ing to a specific embodiment . Of course , there can be other 

In a specific embodiment , the present packaged device 35 variations , modifications , and alternatives . 
includes an enclosure 1617 . The enclosure can be made of In a specific embodiment , the one or more entities com 
a suitable material such as an optically transparent plastic , prise a blend of phosphors capable of emitting substantially 
glass , or other material . As also shown , the enclosure has a blue light , substantially green light , and substantially red 
suitable shape 1619 according to a specific embodiment . The light . As an example , the blue emitting phosphor is selected 
shape can be annular , circular , egg - shaped , trapezoidal , or 40 from the group consisting of ( Ba , Sr , Ca ) ( PO4 ) 3 ( C1 , F , Br , 
any combination of these . Depending upon the embodiment , OH ) : Eu2 + , Mn2 + ; Sb3 + , ( Ba , Sr , Ca ) MgA116017 : Eu2 + , Mn2 + ; 
the enclosure with suitable shape and material is configured ( Ba , Sr , Ca ) BPO : Eu2 + , Mn2 + ; ( Sr , Ca ) , ( POA ) . * nB , 02 : Eu2 + ; 
to facilitate and even optimize transmission of electromag 25r0 * 0 . 84P205 * 0 . 16B203 : Eu ? + ; Sr Siz0 , * 2SC12 : Eu ? + ; 
netic radiation from the LED device through the surface ( Ba , Sr , Ca ) Mg P20 , : Eu + , Mn2 + ; Sr4A1 4025 : Eu2 + ( SAE ) ; 
region of the enclosure . In a specific embodiment , the 45 BaAl2013 : Euz + ; and mixtures thereof . As an example , the 
enclosure comprises an interior region and an exterior region green phosphor is selected from the group consisting of 
with a volume defined within the interior region . The ( Ba , Sr , CaMgA1 , 0 , - : Eu2 + , Mn2 + ( BAMn ) ; ( Ba , Sr , Ca ) 
volume is open and filled with a fluid , such as epoxy or A1 , 04 : Eu2 + ; ( Y , Gd , Lu , Sc , La ) BO3 : Ce3 + , Tb3 + ; Ca Mg 
silicone to provide an optical path between the LED device ( SiO2 ) 4 C12 : Eu2 + , Mn2 + ; ( Ba , Sr , Ca ) Si02 : Eu2 + ; ( Ba , Sr , Ca ) 2 
or devices and the surface region of the enclosure . In a 50 ( Mg , Zn ) Si 0 , : Eu2 + ; ( Sr , Ca , Ba ) ( A1 , Ga , In ) S4 : Eu2 + ; ( Y , Gd , 
specific embodiment , the enclosure also has a thickness and Tb , La , Sm , Pr , Lu ) 3 ( A1 , Ga ) ; 012 : Ce3 + ; ( Ca , Sr ) , ( Mg , Zn ) 
fits around a base region of the substrate . Of course , there ( SiO2 ) 4 C12 : Eu2 + , Mn2 + ( CASI ) ; Na Gd B20 , : Ce3 + , Tb3 + ; 
can be other variations , modifications , and alternatives . ( Ba , Sr ) 2 ( Ca , Mg , Zn ) B206 : K , Ce , Tb ; and mixtures thereof . 

In a specific embodiment , the present packaged device As an example , the red phosphor is selected from the group 
also has a thickness 1615 of one or more entities comprising 55 consisting of ( Gd , Y , Lu , La ) , 02 : Eu * + , Bi3 + ; ( Gd , Y , Lu , La ) , 
a transparent phosphor overlying the enclosure to interact 0 , S : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) VO : Eu3 + , Bi3 + ; Y ( 0 , S ) ; : 
with light from the at least one light emitting diode device . Eu3 + ; Cal - M01 - „ Si , 04 : , where 0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , 
In a specific embodiment , the one or more entities are Na , K ) Eu ( W , Mo ) 04 ; ( Ca , Sr ) S : Eu + ; SrY S2 : Eu + ; 
excited by the substantially polarized emission and emit Cala S4 : Ce3 + ; ( Ca , Sr ) S : Eu2 + ; 3 . 5Mg0 * 0 . 5MgF2 * Geoz : 
substantially polarized electromagnetic radiation of one or 60 Mn + + ( MFG ) ; ( Ba , Sr , CaMg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) 2 
more second wavelengths . In a preferred embodiment , the WO . : Eu3 + , Mo 6 + ; ( Ba , Sr , Ca ) 3Mg Si , Og : Eu2 + , Mn2 + , 
plurality of entities is capable of emitting substantially wherein 1sx52 ; ( RE1 - „ Ce , Mg2 - xLi Siz - P2012 , where RE is 
polarized yellow light from an interaction with the substan - at least one of Sc , Lu , ?d , Y , and Tb , 0 . 0001 < x < 0 . 1 and 
tially polarized emission of blue light . In a specific embodi 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - Eu , W1 - M0 , 06 , where 
ment , the thickness of the plurality of entities , which are 65 0 . 5sx . s1 . 0 , 0 . 01sys1 . 0 ; ( SrCa ) 1 - Eu Si Ng , where 
transparent phosphor entities , is less than about 1 millimeter , 0 . 01sx50 . 3 ; SrZnO2 : Sm + 3 ; MmO „ X , wherein M is selected 
less than about 0 . 3 millimeter , less than about 0 . 1 millimeter , from the group of Sc , Y , a lanthanide , an alkali earth metal 

+ 

+ 

+ 
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and mixtures thereof ; X is a halogen ; 1sms3 ; and 1sns4 , which will be described in more detail below . In a specific 
and wherein the lanthanide doping level can range from 0 . 1 embodiment , the one or more entities are excited by the 
to 40 % spectral weight ; and Eu + activated phosphate or substantially polarized emission and emit substantially 
borate phosphors ; and mixtures thereof . polarized electromagnetic radiation of one or more second 

FIGS . 17 through 20 illustrate a simplified method of 5 wavelengths . In a preferred embodiment , the plurality of 
assembling the light emitting device of FIG . 16 according to entities is capable of emitting substantially yellow light from 
an embodiment of the present invention . These diagrams are an interaction with the substantially polarized emission of 
merely an example , which should not unduly limit the scope blue light . In a specific embodiment , the thickness of the 
of the claims herein . One of ordinary skill in the art would plurality of entities , which are phosphor entities , is less than 
recognize other variations , modifications , and alternatives . 10 about 1 millimeter , less than about 0 . 3 millimeter , less than 

FIG . 16 is a simplified diagram of yet another alternative about 0 . 1 millimeter , or less than about 10 micrometers . Of 
packaged light emitting device 1600 using an optical path to course , there can be other variations , modifications , and 
a plane region and filler material according to an embodi - alternatives . 
ment of the present invention . This diagram is merely an In a specific embodiment , the one or more entities com 
illustration and should not unduly limit the scope of the 15 prises a phosphor or phosphor blend selected from one or 
claims herein . One of ordinary skill in the art would recog - more of ( Y , Gd , Tb , Sc , Lu , La ) , ( Al , Ga , In ) 012 : Ce3 + , 
nize other variations , modifications , and alternatives . In a SrGa S4 : Eu2 + , and SrS : Eu2 + . In other embodiments , the 
specific embodiment , the present invention provides a pack - device may include a phosphor capable of emitting substan 
aged light emitting device 1600 . As shown , the device has a tially red light . Such phosphor is be selected from ( Gd , Y , 
substrate member comprising a surface region . In a specific 20 Lu , La202 : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) 202S : Eu3 + , Bi3 + ; ( Gd , Y , 
embodiment , the substrate is made of a suitable material Lu , La ) V02 : Eu + , Bi3 + ; Y ( 0 , S ) ; : Eu3 + ; Cal - M01 - „ Si , 04 : , 
such a metal including , but not limited to , Alloy 42 , copper , where 0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) Eu ( W , Mo ) 04 ; ( Ca , 
dielectric , or even plastic , among others . In a specific Sr ) S : Eu ? + ; SrY S2 : Euz + ; CaLa S4 : Ce3 + ; ( Ca , Sr ) S : Eu ? + ; 
embodiment , the substrate is generally from a lead frame 3 . 5Mg0 * 0 . 5MgF2 * Ge02 : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) 
member such as a metal alloy , but can be others . 25 Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) 2W06 : Eu3 + , Mo 6 + ; ( Ba , Sr , Ca ) ; 

In a specific embodiment , the present substrate , which Mg , Si20g : Eu2 + , Mn2 + , wherein 1 < x < 2 ; ( RE1 - , Ce , ) Mg2 - 4 
holds the LED , can come in various shapes , sizes , and Li , Siz P , 0 , 2 , where RE is at least one of Sc , Lu , Gd , Y , and 
configurations . In a specific embodiment , the surface region Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - x 
of substrate 1601 is cupped . Alternatively , the surface region Eu W - Mo , , , where 0 . 5sx . s1 . 0 , 0 . 01sys1 . 0 ; ( SrCa ) 
of substrate 1601 is recessed according to a specific embodi - 30 Eu Siz? , where 0 . 01sx50 . 3 ; SrZn02 : Sm + 3 ; M OX 
ment . Additionally , the surface region is generally smooth wherein M is selected from the group of Sc , Y , a lanthanide , 
and may be plated or coated . Such plating or coating can be an alkali earth metal and mixtures thereof ; X is a halogen ; 
gold , silver , platinum , or any pure or alloy material , which lsms3 ; and 1sns4 , and wherein the lanthanide doping level 
is suitable for bonding to an overlying semiconductor mate can range from 0 . 1 to 40 % spectral weight ; and Eu + 
rial , but can be others . Of course , there can be other 35 activated phosphate or borate phosphors ; and mixtures 
variations , modifications , and alternatives . thereof . Of course , there can be other variations , modifica 

Referring again to FIG . 1 , the device has at least one light tions , and alternatives . 
emitting diode device overlying the surface region . Each of In a specific embodiment , the at least one light emitting 
the light emitting diode device 1603 is fabricated on a diode device comprises at least a violet LED device capable 
semipolar or nonpolar GaN containing substrate . In a spe - 40 of emitting electromagnetic radiation at a range from about 
cific embodiment , the device emits polarized electromag - 380 nanometers to about 440 nanometers and the one or 
netic radiation 1605 . As shown , the light emitting device is more entities are capable of emitting substantially white 
coupled to a first potential , which is attached to the substrate , light , the substantially polarized emission being violet light . 
and a second potential 1609 , which is coupled to wire or lead Other colored LEDs may also be used or combined accord 
1611 bonded to a light emitting diode . Of course , there can 45 ing to a specific embodiment . Of course , there can be other 
be other variations , modifications , and alternatives . variations , modifications , and alternatives . 

In a specific embodiment , the device has at least one of the In a specific embodiment , the one or more entities com 
light emitting diode devices comprising a quantum well prise a blend of phosphors capable of emitting substantially 
region . In a specific embodiment , the quantum well region blue light , substantially green light , and substantially red 
is characterized by an electron wave function and a hole 50 light . As an example , the blue emitting phosphor is selected 
wave function . The electron wave function and the hole from the group consisting of ( Ba , Sr , Ca ) , ( PO4 ) 3 ( C1 , F , Br , 
wave function are substantially overlapped within a prede OH ) : Eu2 + , Mn2 + ; Sb3 + , ( Ba , Sr , Ca ) MgAl10017 : Eu2 + , Mn2 + ; 
termined spatial region of the quantum well region accord ( Ba , Sr , Ca ) BPO : : Eu2 + , Mn2 + ; ( Sr , Ca ) 10 ( PO4 ) 6 * nB 03 : Eu2 + ; 
ing to a specific embodiment . Of course , there can be other 25r0 * 0 . 84P205 * 0 . 16B , 03 : Eu2 + ; Sr Siz0 * 2SrCl2 : Eu2 + ; 
variations , modifications , and alternatives . 55 ( Ba , Sr , CaMg P20 , : Eu2 + , Mn2 + ; Sr4A1 4025 : Eu2 + ( SAE ) ; 

In a preferred embodiment , the at least one light emitting BaAl2013 : Eu2 + ; and mixtures thereof . As an example , the 
diode device comprises a blue LED device . In a specific green phosphor is selected from the group consisting of 
embodiment , the substantially polarized emission is blue ( Ba , Sr , Ca ) MgA110017 : Eu2 + , Mn2 + ( BAMn ) ; ( Ba , Sr , Ca ) 
light . The at least one light emitting diode device comprises A1 , 04 : Eu + ; ( Y , Gd , Lu , Sc , La ) BOZ : Ce3 + , Tb3 + ; Ca Mg 
a blue LED device capable of emitting electromagnetic 60 ( SiO2 ) . C1 , : Eu2 + , Mn2 + ; ( Ba , Sr , Ca ) , SiO2 : Eu2 + ; ( Ba , Sr , Ca ) , 
radiation at a range from about 480 nanometers to about 570 ( Mg , Zn ) Si 0 , : Eu2 + ; ( Sr , Ca , Ba ) ( A1 , Ga , In ) S2 : Eu2 + ; ( Y , Gd , 
nanometers , which is substantially polarized emission being Tb , La , Sm , Pr , Lu ) 3 ( A1 , Ga ) ; 012 : Ce3 + ; ( Ca , Sr ) ( Mg , Zn ) 
blue light . ( SiO2 ) 4 C12 : Eu2 + , Mn2 + ( CASI ) ; Na Gd B20 , : Ce3 + , Tb3 + ; 

In a specific embodiment , the present device also has a ( Ba , Sr ) 2 ( Ca , Mg , Zn ) B206 : K , Ce , Tb ; and mixtures thereof . 
thickness 1615 of one or more entities comprising a trans - 65 As an example , the red phosphor is selected from the group 
parent phosphor overlying the at least one light emitting consisting of ( Gd , Y , Lu , La ) 20z : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) 2 
diode device and within an interior region of enclosure 1617 , O _ S : Eu® + , Bi3 + ; ( Gd , Y , Lu , La ) V04 : Eu3 + , Bi } + ; Y2 ( 0 , S ) : 
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Eu3 + ; Ca - M01 - S1 , 04 : , where 0 . 05sxs0 . 4 , Osys0 . 1 ; ( Li , nanoparticle optical device , and others . In other embodi 
Na , K ) ; Eu ( WMO ) O ; ( Ca , Sr ) S : Eu2 + ; SrY S2 : Eu2 + ; ments , the electronic device can include an integrated cir 
Cala S4 : Ce3 + ; ( Ca , Sr ) S : Eu2 + ; 3 . 5Mg0 * 0 . 5MgF2 * Ge02 : cuit , a sensor , a micro - electro - mechanical system , or any 
Mn4 ' ( MFG ) ; ( Ba , Sr , Ca ) Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) , WOG : combination of these , and the like . Of course , there can be 
Eu3 + , Mo6 + ; ( Ba , Sr , Ca ) 3Mg , Si20g : Eu2 + , Mn2 + , wherein 5 other variations , modifications , and alternatives . 
1 < x < 2 ; ( RE _ Ce , , ) Mg2 - Li , Siz - P2012 , where RE is at least In a specific embodiment , the packaged device can be 
one of Sc , Lu , Gd , Y , and Tb , 0 . 0001 < x < 0 . 1 and coupled to a rectifier to convert alternating current power to 
0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - xEuZW1 - M0 , 0 . , where direct current , which is suitable for the packaged device . The 
0 . 5sx . s1 . 0 , 0 . 01sys1 . 0 ; ( SrCa ) Eu Si No , where rectifier can be coupled to a suitable base , such as an Edison 
0 . 01sx50 . 3 ; SrZnO2 : Sm + S ; M O X , wherein M is selected 10 screw such as E27 or E14 , bipin base such as MR16 or 
from the group of Sc , Y , a lanthanide , an alkali earth metal GU5 . 3 , or a bayonet mount such as GU10 , or others . In other 
and mixtures thereof ; X is a halogen ; 1sms3 ; and 1sns4 , embodiments , the rectifier can be spatially separated from 
and wherein the lanthanide doping level can range from 0 . 1 the packaged device . Of course , there can be other varia 
to 40 % spectral weight ; and Eu + activated phosphate or tions , modifications , and alternatives . 
borate phosphors ; and mixtures thereof . 15 Additionally , the present packaged device can be pro 

In a specific embodiment , the present packaged device vided in a variety of applications . In a preferred embodi 
includes an enclosure 1617 . The enclosure can be made of ment , the application is general lighting , which includes 
a suitable material such as an optically transparent plastic , buildings for offices , housing , outdoor lighting , stadium 
glass , or other material . As also shown , the enclosure has a lighting , and others . Alternatively , the applications can be 
suitable shape 1619 according to a specific embodiment . The 20 for display , such as those used for computing applications , 
shape can be annular , circular , egg - shaped , trapezoidal , or televisions , projectors , micro - , nano - , or pico - projectors , flat 
any combination of these shapes . Depending upon the panels , micro - displays , and others . Still further , the appli 
embodiment , the enclosure with suitable shape and material cations can include automotive , gaming , and others . Of 
is configured to facilitate and even optimize transmission of course , there can be other variations , modifications , and 
electromagnetic radiation from the LED device through the 25 alternatives . 
surface region of the enclosure . In a specific embodiment , 
the enclosure comprises an interior region and an exterior EXAMPLE 1 
region with a volume defined within the interior region . The 
volume is open and filled with a fluid , such as epoxy or To prove the operation and method of the present inven 
silicone to provide an optical path between the LED device 30 tion , we performed experiments and provide these examples . 
or devices and the surface region of the enclosure . In a These examples are illustrative and should not limit the 
specific embodiment , the enclosure also has a thickness and scope of the claims herein . One of ordinary skill in the art 
fits around a base region of the substrate . Of course , there would recognize other variations , modifications , and alter 
can be other variations , modifications , and alternatives . natives . In our example , metallic p - type contacts ( Ni / Au / Ti / 

FIGS . 17 through 20 illustrate a simplified method of 35 Au ) were formed overlying the p - GaN contact layer of an 
assembling the light emitting device of FIG . 16 according to LED device structure emitting electromagnetic radiation at 
an embodiment of the present invention . a nominal wavelength of 450 nm , provided on a bulk 

FIG . 21 is a simplified diagram of a yet an alternative non - polar GaN substrate . The LED device structure was 
packaged light emitting device using an optical path to a generally conventional in design , although other device 
plane region according to an embodiment of the present 40 structures can be used according to other embodiments 
invention . As shown , the packaged light emitting device and / or examples . Next , 300 umx300 um LED mesas were 
includes one or more transparent phosphor entities formed then defined using a Cl2 based reactive ion etch . The 
within an interior region of enclosure 2117 . As shown , the backside of the substrate was then polished using a chemi 
one or more entities can be deposited within the interior cal - mechanical polishing process , resulting in an optically 
region facing the light emitting diode devices . 45 flat and transparent back surface . Metallic indium was then 

FIG . 22 is a simplified diagram of a yet an alternative deposited in contact with the edge of the substrate as a 
packaged light emitting device using an optical path to a common n - type electrical contact for the plurality of LED 
plane region according to an embodiment of the present devices . Of course , there can be other variations , modifica 
invention . As shown , the packaged light emitting device tions , and alternatives . 
includes one or more transparent phosphor entities formed 50 The substrate was then placed overlying an optically 
within of a thickness of or as a portion of enclosure 2617 . As transparent polycrystalline ceramic YAG : Ce ( Ce = 0 . 5 % by 
shown , the one or more entities can be formed within a weight ) phosphor plate with nominal lateral dimensions of 
thickness and formed within the enclosure according to a 10 mmx10 mm and a nominal thickness of 0 . 5 mm in our 
specific embodiment . example . The substrate and the phosphor plate were then 

Although the above has been described in terms of an 55 placed overlying a circular aperture ( diameter ~ 3 mm ) in a 
embodiment of a specific package , there can be many sample stage , such as the LED device under test was 
variations , alternatives , and modifications . As an example , substantially centered with respect to the aperture . The 
the LED device can be configured in a variety of packages electromagnetic radiation emitted from the LED device at a 
such as cylindrical , surface mount , power , lamp , flip - chip , first wavelength which is substantially blue was thus used to 
star , array , strip , or geometries that rely on lenses ( silicone , 60 excite the transparent YAG phosphor and induce the emis 
glass ) or sub - mounts ( ceramic , silicon , metal , composite ) . sion of light at a second characteristic wavelength which 
Alternatively , the package can be any variations of these was substantially yellow , with the combined emission from 
packages . Of course , there can be other variations , modifi - the LED device and the phosphor being substantially white . 
cations , and alternatives . A circular polarizing filter was positioned underneath the 

In other embodiments , the packaged device can include 65 aperture in the sample stage , using a fixture which enabled 
one or more other types of optical and / or electronic devices . the rotation of the polarizing filter about an imaginary 
As an example , the optical devices can be OLED , a laser , a optical axis defined by the LED device under test , the center 
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of the aperture of the stage , and the geometrical center of the applications can include automotive , gaming , and others . Of 
substantial surface of the polarizing filter . A silicon photo course , there can be other variations , modifications , and 
diode was then positioned underneath the polarizing filter , alternatives . 
such that a substantial fraction of the electromagnetic radia In a specific embodiment , the present devices are config 
tion that was transmitted through the polarizing filter was 5 ured to achieve spatial uniformity . That is , diffusers can be 
incident upon the surface of the silicon photodiode . The added to the encapsulant to achieve spatial uniformity . 
photo - current generated in the silicon photodiode as a result Depending upon the embodiment , the diffusers can include 
of the electromagnetic radiation incident upon it was mea TiO2 , CaF2 , SiO2 , CaCO3 , BaSO4 , and others , which are 
sured using a Keithley 2600 sourcemeter , but can be other optically transparent and have a different index than an 

10 encapsulant causing the light to reflect , refract , and scatter to instruments . make the far field pattern more uniform . Of course , there can A pair of micromanipulator probes was used to contact the 
be other variations , modifications , and alternatives . p - metallization on the LED device under test , and n - metal As used herein , the term GaN substrate is associated with lization on the edge of the substrate containing the LED Group III - nitride based materials including Gan , InGaN , 

device under test , and a Keithley 2600 sourcemeter was used 15 AlGaN , or other Group III containing alloys or compositions to electrically drive the LED . The polarizing filter was that are used as starting materials . Such starting materials 
aligned to a first position with respect to the LED device include polar GaN substrates ( i . e . , substrate where the 
under test in a manner such that either one of the two largest area surface is nominally an ( h k 1 ) plane wherein 
orthogonal emission dipoles ( strong and weak ) representing h = k = 0 , and 1 is non - zero ) , non - polar GaN substrates ( i . e . , 
the emission from the LED device surface was parallel to the 20 substrate material where the largest area surface is oriented 
transmission axis of the polarizing filter . Following this at an angle ranging from about 80 - 100 degrees from the 
alignment , the strength of the emission from the strong and polar orientation described above towards an ( h k 1 ) plane 
the weak dipole of electromagnetic radiation emitted from wherein 1 = 0 , and at least one of h and k is non - zero ) or 
the LED device was separated into two components simply semi - polar GaN substrates ( i . e . , substrate material where the 
by rotation of the polarizing filter by 90 degrees about the 25 largest area surface is oriented at an angle ranging from 
optical axis from the first position to a second position . The about + 0 . 1 to 80 degrees or 110 - 179 . 9 degrees from the polar 
intensity of light at each of these two positions , represented orientation described above towards an ( h kl ) plane wherein 
by the respective values of the photo - current , was measured , 1 = 0 , and at least one of h and k is non - zero ) . In yet other 
and was then used to calculate the polarization ratio for the embodiments , the present gallium and nitrogen containing 
emission using the well known relationship , polarization 30 on 30 substrate may also include other planes , e . g . , c - plane . Of 
ratio = [ I ( strong ) - I ( weak ) ] / [ I ( strong ) + I ( weak ) ] . In this course , there can be other variations , modifications , and 

alternatives . experimental setup , a non - zero value of the polarization ratio In one or more specific embodiments , wavelength con indicates that the electromagnetic radiation measured by the version materials can be ceramic or semiconductor particle Si photodiode is at least partially polarized . The experimen 35 phosphors , ceramic or semiconductor plate phosphors , tal setup described above is shown schematically in FIG . organic or inorganic downconverters , upconverters ( anti 
33A . The emission from the blue LED device alone was stokes ) , nano - particles and other materials which provide 
determined to be partially polarized with a high polarization wavelength conversion . Some examples are listed below 
ratio of between 0 . 7 - 0 . 9 for the selected LED device struc ( Sr , Ca ) 10 ( PO4 ) 6 * DB203 : Eu2 + ( wherein O < n ̂  1 ) 
ture . 40 ( Ba , Sr , Ca ) 5 ( PO4 ) 3 ( C1 , F , Br , OH ) : Eu2 + , Mn2 + 

FIG . 33B depicts the calculated polarization ratio for the ( Ba , Sr , Ca ) BPO5 : Eu2 + , Mn2 + 
combined emission from the LED device and the transparent Sr2Si308 * 2SrC12 : Eu2 + 
polycrystalline ceramic YAG phosphor , measured in the ( Ca , Sr , Ba ) 3MgSi208 : Eu2 + , Mn2 + 
manner described above , for a range of electrical drive BaA18013 : Eu2 + 
currents applied to the LED device . This data clearly shows 45 28r0 * 0 . 84P205 * 0 . 16B203 : Eu2 + 
that the combined emission from the LED device and the ( Ba , Sr , CaMgA110017 : Eu2 + , Mn2 + 
transparent phosphor is partially polarized , thereby verifying K2SiF6 : Mn4 + 
the operation of the present method and device of the ( Ba , Sr , Ca ) A1204 : Eu2 + 
invention described in this letter by way of example . ( Y , Gd , Lu , Sc , La ) B03 : Ce3 + , Tb3 + 

FIG . 33C additionally shows the total measured light 50 ( Ba , Sr , Ca ) 2 ( Mg , Zn ) Si207 : Eu2 + 
output power for each of the two respective orientation of ( Mg , Ca , Sr , Ba , Zn ) 2Sil _ x04 _ 2x : Eu2 + ( wherein 0 < x = 0 . 2 ) 
the polarizing filter ( 0 degrees and 90 degrees ) as a function ( Sr , Ca , Ba ) ( Al , Ga , m ) 2S4 : Eu2 + 
of drive current . The difference in measured light output ( Lu , Sc , Y , Tb ) 2 _ u _ vCevCal + uLiwMg2 _ wPw ( Si , Ge ) 
power between the two alignments at a given drive current 3 _ w012 _ u / 2 where - O . SSu ̂ 1 ; ( < v£Q . 1 ; and OSW 0 . 2 
further indicates a difference in the intensity of emitted 55 ( Ca , Sr ) 8 ( Mg , Zn ) ( SiO4 ) 4C12 : Eu2 + , Mn2 + 
electromagnetic radiation along the two orthogonal polar - Na2Gd2B207 : Ce3 + , Tb3 + 
ization directions , thereby implying that the measured light ( Sr , Ca , Ba , Mg , Zn ) 2P207 : Eu2 + , Mn2 + 
is partially polarized . Again , we have demonstrated the ( Gd , Y , Lu , La ) 203 : Eu3 + , Bi3 + 
operation of the present method and devices according to ( Gd , Y , Lu , La ) 202S : Eu3 + , Bi3 + 
one or more embodiments . 60 ( Gd , Y , Lu , La ) V04 : Eu3 + , Bi3 + 

Additionally , the present device can be provided in a ( Ca , Sr ) S : Eu2 + , Ce3 + 
variety of applications . In a preferred embodiment , the ( Y , Gd , Tb , La , Sm , Pr , Lu ) 3 ( Sc , A1 , Ga ) 5 _ n012 _ 3 / 2n : Ce3 + 
application is general lighting , which includes buildings for ( wherein 000 . 5 ) 
offices , housing , outdoor lighting , stadium lighting , and ZnS : Cu + , Cl 
others . Alternatively , the applications can be for display , 65 Zns : Cu + , A13 + 
such as those used for computing applications , televisions , ZnS : Ag + , A13 + 
flat panels , micro - displays , and others . Still further , the SrY2S4 : Eu2 + 
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CaLa284 : Ce3 + comprising an active region , the active region being 
( Ba , Sr , Ca ) MgP207 : Eu2 + , Mn2 + provided by metal organic chemical vapor deposition , 
( Y , Lu ) 2W06 : Eu3 + , M06 + the first wavelength being a blue wavelength ranging 
CaW04 from about 430 nanometers to about 490 nanometers ; 
( Y , Gd , La ) 202S : Eu3 + 5 an optically transparent member having a substantial 
( Y , Gd , La ) 203 : Eu3 + thickness and a first side and being coupled to the at 
( Ca , Mg ) xSyo : Ce least one light emitting diode [ : ] by an optical path 
( Ba , Sr , Ca ) nSinNn : Eu2 + ( wherein 2n + 4 = 3n ) Iprovided ] having a substantial length between the at 
Ca3 ( SiO4 ) C12 : Eu2 + least one light emitting diode and the first side of the 
ZnS : Ag + , Cl optically transparent member , and 
( Y , Lu , Gd ) 2 _ nCanSi4N6 + nCl _ n : Ce3 + , ( wherein OSn ̂ 0 . 5 ) a transparent phosphor having a thickness overlying the 
( Lu , Ca , Li , Mg , Y ) alpha - SiAION doped with Eu2 + and / or first side of the optically transparent member and 
Ce3 + thereby being separated from said light emitting diode 
( Ca , Sr , Ba ) SiO2N2 : Eu2 + , Ce3 + by at least the substantial length , and being configured 
( Sr , Ca ) AlSiN3 : Eu2 + to be excited by emission from the at least one light 
CaAISI ( ON ) 3 : Eu2 + emitting diode to emit electromagnetic radiation of a 
Sr10 ( PO4 ) 6C12 : Eu2 + second wavelength ( ) ; 
( BaSi ) 012N2 : Eu2 + wherein the transparent phosphor comprises multiple 
For purposes of the application , it is understood that when phosphor entities [ and there is a gap between the 
a phosphor has two or more dopant ions ( i . e . those ions 20 transparent phosphor and the LED ) . 
following the colon in the above phosphors ) , this is to mean 2 . The device of claim 1 , wherein the optical path com 
that the phosphor has at least one ( but not necessarily all ) of prises an optical coupling material , the metal organic chemi 
those dopant ions within the material . That is , as understood cal vapor deposition being provided at atmospheric pressure 
by those skilled in the art , this type of notation means that and the active region comprising a multiple quantum well , 
the phosphor can include any or all of those specified ions 25 and a p - type contact region formed overlying the active 
as dopants in the formulation . region , the multiple quantum well comprises an InGaN / GaN 

While the above is a full description of the specific multiple quantum well to form the active region . 
embodiments , various modifications , alternative construc 3 . The device of claim 1 , wherein the at least one light 
tions and equivalents may be used . As an example , the emitting diode is configured to emit substantially polarized 
packaged device can include any combination of elements 30 emissions of the first wavelength . 
described above , as well as outside of the present specifi - 4 . The device of claim 1 , wherein the transparent phos 
cation . Additionally , the above has been generally described phor is configured to emit substantially polarized electro 
in terms of one or more entities that may be one or more magnetic radiation of the second wavelength . 
phosphor materials or phosphor like materials , but it would 5 . The device of claim 1 , wherein the at least one light 
be recognized that other “ energy - converting luminescent 35 emitting diode comprises a quantum well region character 
materials , ” which may include one or more phosphors , ized by an electron wave function and a hole wave function , 
semiconductors , semiconductor nanoparticles ( " quantum which are substantially overlapped within a predetermined 
dots ” ) , organic luminescent materials , and the like , and spatial region of the quantum well region . 
combinations of them , can also be used . In one or more 6 . The device of claim 1 , wherein the transparent phos 
preferred embodiments , the energy converting luminescent 40 phor is placed in close proximity to the at least one light 
materials can generally be one or more wavelength convert - emitting diode . 
ing material and / or materials or thicknesses of them . Fur - 7 . The device of claim 4 , wherein at least one surface of 
thermore , the above has been generally described in elec - the transparent phosphor is substantially flat and is parallel 
tromagnetic radiation that directly emits and interacts with to the surface of the at least one light emitting diode . 
the wavelength conversion materials , but it would be rec - 45 8 . The device of claim 4 , wherein at least one surface of 
ognized that the electromagnetic radiation can be reflected the transparent phosphor is substantially flat and is at an 
and then interacts with the wavelength conversion materials oblique angle with respect to the surface of the at least one 
or a combination of reflection and direct incident radiation . light emitting diode . 
In other embodiments , the present specification describes 9 . The device of claim 4 , wherein the transparent phos 
one or more specific gallium and nitrogen containing surface 50 phor has a sawtooth pattern surface . 
orientations , but it would be recognized that any one of a 10 . The device of claim 4 , wherein the transparent phos 
plurality of family of plane orientations can be used . Of phor includes a plurality of microlenses . 
course , there can be other variations , modifications , and 11 . The device of claim 4 , wherein the transparent phos 
alternatives . Therefore , the above description and illustra - phor includes a dome - shaped structure . 
tions should not be taken as limiting the scope of the present 55 12 . The device of claim 4 , wherein at least one surface of 
invention which is defined by the appended claims . the transparent phosphor is characterized by a shape con 
What is claimed is : figured for light extraction including both primary and 
1 . A packaged light emitting device for a display appli secondary polarization . 

cation , the device comprising : 13 . The device of claim 1 , wherein the transparent phos 
a substrate member having a surface region , the surface 60 phor overlies a first side of the optically transparent member , 

region comprising an n - type contact region ; the first side facing the at least one light emitting diode . 
at least one light emitting diode overlying the surface 14 . The device of claim 1 , wherein the transparent phos 

region , the at least one light emitting diode being phor overlies a second side of the optically transparent 
fabricated on a substrate comprising semipolar or non - member , the second side facing away from the at least one 
polar GaN , and the at least one light emitting diode 65 light emitting diode . 
configured to emit electromagnetic radiation of a first 15 . The device of claim 1 , wherein the transparent phos 
wavelength , the at least one light emitting diode ( LED ) phor is configured to emit yellow light . 
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16 . The device of claim 15 , wherein the yellow light is Mg , Si Og : Eu2 + , Mn2 + , wherein 1 < x < 2 ; ( RE1 - , Ce , , ) Mg2 - x 
substantially polarized light . Li Siz - P _ 012 , where RE is at least one of Sc , Lu , Gd , Y , and 

17 . The device of claim 1 , wherein the transparent phos - Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - x 
phor comprises a blend of phosphors capable of emitting Eu , W „ „ M0 , 06 , where 0 . 5sx . s1 . 0 , 0 . 01sys1 . 0 ; ( SrCa ) 1 - x 
substantially green light and substantially red light . 5 Eu SiçN , , where 0 . 01sx50 . 3 ; SrZnO2 : Sm + 3 ; MOX , 

18 . The device of claim 17 , wherein the phosphors wherein Mis selected from the group of Sc , Y , a lanthanide , capable of emitting substantially green light are selected an alkali earth metal and mixtures thereof ; X is a halogen ; from ( Ba , Sr , Ca ) MgAl10017 : Eu2 + , Mn2 + ( BAMn ) ; ( Ba , Sr , 1sms3 ; and 1sns4 , and wherein the lanthanide doping level Ca ) A1 , 04 : Eu2 + ; ( Y , Gd , Lu , Sc , La ) BO3 : Ce3 + , Tb3 + ; Ca Mg can range from 0 . 1 to 40 % spectral weight ; Eu + activated ( SiO2 ) 4C12 : Eu2 + , Mn2 + ; ( Ba , Sr , Ca ) Si04 : Eu2 + ; ( Ba , Sr , Ca ) 2 10 
( Mg , Zn ) Si 0 , : Eu2 + ; ( Sr , Ca , Ba ) ( A1 , Ga , In ) S2 : Eu2 + ; ( Y , GD , phosphate or borate phosphors ; and a combination of any of 

the foregoing . Tb , La , Sm , Pr , Lu ) 3 ( A1 , Ga ) ; 012 : Ce3 + ; ( Ca , Sr ) , ( Mg , Zn ) 
( SiO2 ) 4C12 : Eu² + , Mn2 + ( CASI ) ; Na Gd , B , 02 : Ce3 + ; Tb3 + ; 25 . The device of claim 21 , wherein the transparent 
( Ba . Sr . ( Ca . Mg Zn ) B . 0 : K . Ce . Tb : and a combination of phosphor comprises at least one of ( Y , Gd , Tb , Sc , Lu . 
any of the foregoing . 15 La ) 3 ( Al , Ga , In ) 012 : Ce * * , SrGa S4 : Eu² + , and SrS : Eu + . 

19 . The device of claim 17 , wherein the phosphors 26 . The device of claim 1 , wherein the transparent phos 
capable of emitting substantially red light are selected from phor comprises a blend of phosphors capable of emitting 
( Gd , Y , Lu , La ) 203 : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) 202S : Eu3 + , Bi3 + ; substantially blue light , substantially green light , substan 
( Gd , Y , Lu , La ) V04 : Eu3 + , Bi3 + ; Y2 ( 0 , S ) ; : Eu3 + ; Cal - M01 - 2 tially red light , and substantially yellow or orange light . 
Si , 04 : , where 0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) Eu ( W , Mo ) 20 27 . The device of claim 1 , wherein the thickness of the 
04 ; ( Ca , Sr ) S : Eu2 + ; SrY S2 : Eu + ; CaLa , S : Ce3 + ; ( Ca , Sr ) S : transparent phosphor is no greater than about one millimeter . 
Eu2 + ; 3 . 5Mg0 * 0 . 5MgF2 * Ge02 : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) 28 . A packaged laser diode device , the device comprising : 
Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) , WO . : Eu3 + , Mo 6 + ; ( Ba , Sr , Ca ) ; a substrate member having a surface region ; 
Mg , Si , Og : Eu² + , Mn2 + , wherein 1 < x < 2 ; ( RE1 - , Ce , ) Mg2 - x at least one laser diode overlying the surface region , the 
Li Siz - P , 0 . 12 , where RE is at least one of Sc , Lu , Gd , Y , and 25 at least one laser diode being fabricated on a substrate 
Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - x comprising semipolar or nonpolar GaN , and the at 
Eu W „ Mo , 06 , where 0 . 5sx . s1 . 0 , 0 . 01sys1 . 0 ; ( SrCa ) - least one laser diode configured to emit electromag 
Eu Si Ng , where 0 . 01sx50 . 3 ; SrZnO2 : Sm3 + ; M , O - X , netic radiation of a first wavelength , the at least one 
wherein M is selected from the group of Sc , Y , a lanthanide , laser diode comprising an active region , the active 
an alkali earth metal and mixtures thereof ; X is a halogen ; 30 region being provided by metal organic chemical vapor 
1sms3 ; and 1sns4 , and wherein the lanthanide doping level deposition , the first wavelength being in the violet 
can range from 0 . 1 to 40 % spectral weight ; Eu + activated region of 390 nm to 430 nm or in the blue region of 430 
phosphate or borate phosphors ; and a combination of any of nm to 490 nm ; 
the foregoing . an optically transparent member having a substantial 

20 . The device of claim 17 , wherein the blend of phosphor 35 thickness and a first side and being coupled to the at 
comprises at least one of ( Y , Gd , Tb , Sc , Lu , La ) 3 ( Al , Ga , least one laser diode by an optical path having a 
In ) , 0 , . : Ce3 + , SrGa , S : Eu2 + , and SrS : Eu2 + . substantial length between the at least one laser diode 

21 . The device of claim 1 , wherein the transparent phos and the first side of the optically transparent member ; 
phor comprises a blend of phosphors capable of emitting and 
substantially blue light , substantially green light , and sub - 40 a transparent phosphor having a thickness overlying the 
stantially red light . first side of the optically transparent member and 

22 . The device of claim 21 , wherein the phosphors thereby being separated from the at least one laser 
capable of emitting substantially blue light are selected from diode by at least the substantial length , and being 
( Ba , Sr , Ca ) , ( PO4 ) 3 ( C1 , F , Br , OH ) : Eu2 + , Mn2 + ; Sb3 + , ( Ba , Sr , configured to be excited by emission from the at least 
CaMgA110017 : Eu2 + , Mn2 + ; ( Ba , Sr , Ca ) BPOz : Eu2 + , Mn2 + ; 45 one laser diode to emit electromagnetic radiation of a 
( Sr , Ca ) 10 ( PO4 ) . * nB 03 : Eu2 + ; 28r0 * 0 . 84P205 * 0 . 16B203 : second wavelength ; 
Eu2 + ; Sr Siz0 , * 2SrCl2 : Eu2 + ; ( Ba , Sr , Ca ) Mg P20 , : Eu2 + , wherein the transparent phosphor comprises multiple 
Mn2 + ; Sr4A114025 : Eu2 + ( SAE ) ; BaA1013 : Eu2 + ; and a com phosphor entities . 
bination of any of the foregoing . 29 . The device of claim 28 , wherein the at least one laser 

23 . The device of claim 21 , wherein the phosphors 50 diode is configured to emit substantially polarized emissions 
capable of emitting substantially green light are selected of the first wavelength . 
from of ( Ba , Sr , Ca ) MgA110017 : Eu2 + , Mn2 + ( BAMn ) ; ( Ba , Sr , 30 . The device of claim 28 , wherein at least one surface 
Ca ) A1 , 04 : Eu2 + ; ( Y , Gd , Lu , Sc , La ) BO3 : Ce3 + , Tb3 + ; CagMg of the transparent phosphor is substantially flat and is 
( SiO2 ) 4 C12 : Eu2 + , Mn2 + ; ( Ba , Sr , Ca ) Si02 : Eu2 + ; ( Ba , Sr , Ca ) , parallel to the surface of the at least one laser diode . 
( Mg , Zn ) Si20 : Eu2 + ; ( Sr , Ca , Ba ) ( A1 , Ga , In ) 2S2 : Euz + ; ( Y , GD , 55 31 . The device of claim 28 , wherein at least one surface 
Tb , La , Sm , Pr , Lu ) 3 ( Al , Ga ) ; 012 : Ce3 + ; ( Ca , Sr ) , ( Mg , Zn ) of the transparent phosphor is characterized by a shape 
( SiO4 ) 4C12 : Eu2 + , Mn2 + ( CASI ) ; Na Gd2B207 : Ce3 + , Tb3 + ; configured for light extraction including both primary and 
( Ba , Sr ) 2 ( Ca , Mg , Zn ) B , 06 : K , Ce , Tb ; and a combination of secondary polarization . 
any of the foregoing . 32 . The device of claim 28 , wherein the transparent 

24 . The device of claim 21 , wherein the phosphors 60 phosphor is a single crystal or ceramic garnet - based phos 
capable of emitting substantially red light are selected from phor . 
( Gd , Y , Lu , La ) 203 : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) 202S : Eus + , Bi3 + ; 33 . The device of claim 32 , wherein the garnet - based 
( Gd , Y , Lu , La ) V04 : Eu3 + , Bi3 + ; Y2 ( 0 , S ) ; : Eu3 + ; Cal - M01 - 2 phosphor is a YAG - based phosphor configured to emit 
Si , 04 , where 0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) ; Eu ( W , Mo ) substantially yellow light . 
04 ; ( Ca , Sr ) S : Eu2 + ; SrY S4 : Eu2 + ; CaLa S4 : Ce3 + ; ( Ca , Sr ) S : 65 34 . The device of claim 28 , wherein the transparent 
Eu2 + ; 3 . 5Mg0 * 0 . 5MgF2 * GeO2 : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) phosphor comprises a blend of phosphors capable of emit 
Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) , WOG : Eu3 + , MO 6 + ; ( Ba , Sr , Ca ) ; ting substantially green light and substantially red light . 

Fu2 + 
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35 . The device of claim 28 , wherein the transparent Eu W1 - M0 , 06 where 0 . 5sx . sl . 0 , 0 . 01sysl . 0 ; ( SrCa ) 1 - x 
phosphor comprises a blend of phosphors capable of emit - Eu Si Nz , where 0 . 01sx < 0 . 3 ; SrZnO2 : Sm3 + ; Mm0 , X , 
ting substantially green light and substantially red light ; and wherein M is selected from the group of Sc , Y , a lanthanide , 
wherein the phosphors capable of emitting substantially an alkali earth metal and mixtures thereof ; X is a halogen ; 
green light are selected from ( Ba , Sr , Ca ) MgAL , 017 : Eut , 5 lsms3 ; and lsns4 , and wherein the lanthanide doping level 
Mn2 + ( BAMn ) ; ( Ba , Sr , Ca ) A1204 : Eu + + ; ( Y , Gd , Lu , Sc , La ) B03 : can range from 0 . 1 to 40 % spectral weight Eus + activated 
Ce3 + , 763 + ; Ca Mg ( SiO2 ) C12 : Eu + , Mn + + ; ( Ba , Sr , Ca ) 2SiO : phosphate or borate phosphors ; and a combination of any of 
Eu + ; ( Ba , Sr , Ca ) 2 ( Mg , Zn ) Si20 , : Eu + + ; ( Sr , Ca , Ba ) ( Al , Ga , the foregoing ; 
In ) Se : Eu + ; ( Y , Gd , Tb , La , Sm , Pr , Lu ) 3 ( Al , Ga ) ; 0 12 : Ce $ t ; and wherein the blend of phosphor comprises at least one of 
( Ca , Sr ) ? ( Mg , Zn ) ( SiO2 ) ?Cl2 : Euz + , Mn2 + ( CASI ) ; 10 ( Y , Gd , Tb , Sc , Lu , La ) 3 ( Al , Ga , In ) ; 012 : Ce 3 + , SrGa2S 4 : 
Na Gd2B207 : Cest ; T63 + ; ( Ba , Sr ) 2 ( Ca , Mg , Zn ) B , 06 : K , Ce , Eu2 + , and SrS : Eu + . 
Tb ; and a combination of any of the foregoing ; and wherein 38 . A packaged laser diode device , the device comprising : 
the phosphors capable of emitting substantially red light are a substrate member having a surface region ; 
selected from ( Gd , Y , Lu , La ) 03 : Eu3 + , Bi3 + ; ( Gd , Y , Lu , La ) 2 at least one laser diode overlying the surface region , the 
02S : Eu3 + , Bi % + ; ( GD , Y , Lu , La ) VO 4 : Eu3 + , Bi3 + ; Y2 ( 0 , S ) ; : 15 at least one laser diode being fabricated on a substrate 
Eu3 + ; Ca - Moj - Si _ 04 : , where 0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , comprising GaN , and the at least one laser diode 
Na , K ) ; Eu ( W , Mojo ( Ca , Sr ) S : Eu + ; SrY2S2 : Eu + ; configured to emit electromagnetic radiation of a first 
CaLa S4 : Cet ; ( Ca , Sr ) S : Eut ; 3 . 5Mg0 * 0 . 5MgF2 * Ge02 : wavelength , the at least one laser diode comprising an 
Mn " + ( MFG ) ; ( Ba , Sr , Ca ) Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) 2 active region , the active region being provided by metal 
WOG : Eus + , MoO + ; ( Ba , Sr , Ca ) zMg Si , Oz : Eu2 + , Mn2 + , wherein 20 organic chemical vapor deposition , the first wavelength 
1sx52 ; ( RE . „ Ce , ) Mg2 - Li Siz - P _ 2012 , where RE is at least being in the violet region of 390 nm to 430 nm or in the 
one of Sc , Lu , Gd , Y , and Tb , 0 . 0001 < x < 0 . 1 and blue region of 430 nm to 490 nm ; 
0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - Eu W1 - M0 , 06 where an optically transparent member having a substantial 
0 . 5sx . sl . 0 , 0 . 01sys1 . 0 ; ( SrCa ) , - Eu SizNs , where thickness and a first side , and being coupled to the at 
0 . 01sx50 . 3 ; SrZnO , : Sm3 + ; M . , 0 , X , wherein M is selected 25 least one laser diode by an optical path having a 
from the group of Sc , Y , a lanthanide , an alkali earth metal substantial length between the at least one laser diode 
and mixtures thereof ; X is a halogen ; Isms3 ; and Isns4 , and the first side of said optically transparent member ; 
and wherein the lanthanide doping level can range from 0 . 1 and 
to 40 % spectral weight Eus + activated phosphate or borate a transparent phosphor comprising at least a ceramic or 
phosphors ; and a combination of any of the foregoing ; 30 single - crystal garnet - based phosphor , the transparent 
and wherein the blend of phosphor comprises at least one of phosphor having a thickness and disposed on the first 
( Y , Gd , Tb , Sc , Lu , La ) z ( Al , Ga , In ) ; 012 : Cest , SrGa S4 : side of the optically transparent member , thereby being 
Eu + , and SrS : Eu2 + . separated from said light emitting diode by at least the 

36 . The device of claim 28 , wherein the transparent substantial length , the transparent phosphor config 
phosphor comprises a blend of phosphors capable of emit - 35 ured to be excited by emission from the at least one 
ting substantially blue light , substantially green light , and laser diode to emit electromagnetic radiation of a 
substantially red light . second wavelength , 

37 . The device of claim 28 , wherein the transparent wherein the transparent phosphor comprises multiple 
phosphor comprises a blend of phosphors capable of emit phosphor entities . 
ting substantially blue light , substantially green light , and 40 39 . The device of claim 38 , wherein the at least one laser 
substantially red light , wherein the phosphors capable of diode is configured to emit substantially polarized emissions 
emitting substantially blue light are selected from ( Ba , Sr , of the first wavelength . 
Ca ) ; ( PO4 ) 3 ( CI , F , Br , OH ) : Eu + , Mn + ; Sb3 + , ( Ba , Sr , Ca ) 40 . The device of claim 38 , wherein at least one surface 
MgAl10017 : Eu + , Mn + + ; ( Ba , Sr , Ca ) BP05 : Eu2 + , Mn + ; ( Sr , of the transparent phosphor is substantially flat and is 
Ca ) 10 ( PO4 ) 6 * nB 03 : Eu + + ; 28r0 * 0 . 84P205 * 0 . 16B203 : 45 parallel to the surface of the at least one laser diode . 
Eut ; Sr Siz0 * 2SrCl2 : Eu + ; ( Ba , Sr , Ca ) Mg P20 , : Eu + , 41 . The device of claim 38 , wherein at least one surface 
Mn2 + ; Sr . Al14025 : Eu + ( SAE ) ; BaAl , 0 13 : Eut ; and a of the transparent phosphor is characterized by a shape 
combination of any of the foregoing ; and wherein the configured for light extraction including both primary and 
phosphors capable of emitting substantially green light are secondary polarization . 
selected from of ( Ba , Sr , Ca ) MgAl 100 17 : Eu2 + , Mn + ( BAMn ) ; 50 42 . The device of claim 38 , wherein the garnet - based 
( Ba , Sr , Ca ) Al , 04 : Eut ; ( Y , Gd , Lu , Sc , La ) B03 : Ce 3 + , Tb3 + ; phosphor is a YAG - based phosphor and configured to emit 
CazMg ( SiO4 ) ?C12 : Eu + , Mn2 + ; ( Ba , Sr , Ca ) Si04 : Eu2 + ; ( Ba , yellow light . 
Sr , Ca ) , ( Mg , Zn ) Si 07 : Eu + ; ( Sr , Ca , Ba ) ( Al , Ga , In ) 2S : Eut ; 43 . A packaged laser diode device for an automotive 
( Y , Gd , Tb , La , Sm , Pr , Lu ) 3 ( Al , Ga ) ; 0 12 : CeX + ; ( Ca , Sr ) , ( Mg , Zn ) application , the device comprising : 
( SiO4 ) _ C12 : Eu2 + , Mn² + ( CASI ) ; Na GdB207 : CeX + ; Tb3 + ; 55 a substrate member having a surface region ; 
( Ba , Sr ) 2 ( Ca , Mg , Zn ) B , 06 : K , Ce , Tb ; and a combination of at least one laser diode overlying the surface region , the 
any of the foregoing ; and wherein the phosphors capable of at least one laser diode being fabricated on a substrate 
emitting substantially red light are selected from ( Gd , Y , Lu , comprising GaN , and the at least one laser diode 
La ) , Oz : Eu3 + , Bi3 + ; ( GD , Y , Lu , La ) , 0 S : Eu3 + , Bi3 + ; ( Gd , Y , Lu , configured to emit electromagnetic radiation of a first 
La ) V04 : EuX + , Bi3 + ; Y , ( 0 , S ) ; : Eu3 + ; Cay - xM01 - „ Si , 04 ; where 60 wavelength , the at least one laser diode comprising an 
0 . 05sxs0 . 5 , Osys0 . 1 ; ( Li , Na , K ) ; Eu ( W . MOO ( Ca , Sr ) S : active region , the active region being provided by metal 
Euz + ; SrY S2 : Eu + ; Cala S : Ce3 + ; ( Ca , Sr ) S : Eu + ; organic chemical vapor deposition , the first wavelength 
3 . 5Mg0 * 0 . 5MgF , * GeO2 : Mn + + ( MFG ) ; ( Ba , Sr , Ca ) being a in the violet region of 390 nm to 430 nm or in 
Mg P20 , : Eu2 + , Mn2 + ; ( Y , Lu ) , WO . : Eu3 + , Moºt ; ( Ba , Sr , Ca ) ; the blue region of 430 nm to 490 nm ; 
Mg , Si203 : Eu + + , Mn + , wherein 1 < x < 2 ; ( RE - Ce , ) Mg2 - 4 65 an optically transparent member having a substantial 
Li Siz - XP 012 , where RE is at least one of Sc , Lu , Gd , Y , and thickness and a first side , and being coupled to the at 
Tb , 0 . 0001 < x < 0 . 1 and 0 . 001 < y < 0 . 1 ; ( Y , Gd , Lu , La ) 2 - x least one laser diode by an optical path provided 

TEM 
@ BOSSO 



38 
US RE47 , 241 E 

37 
between the at least one laser diode and the first side 
of the optically transparent member ; and 

a transparent phosphor comprising at least a ceramic or 
single - crystal YAG - based phosphor , the transparent 
phosphor having a thickness and being disposed on the 5 
first side of the optically transparent member , and 
thereby being separated from said light emitting diode 
by at least the substantial length , and being the trans 
parent phosphor configured to be excited by emission 
from the at least one laser diode to emit electromag - 10 
netic radiation of a second wavelength ; 

wherein the second wavelength comprises a yellow light , 
wherein the transparent phosphor comprises multiple 

phosphor entities and there is a gap between the 
transparent phosphor and the laser diode . 15 

44 . The device of claim 43 , wherein the at least one laser 
diode is configured to emit substantially polarized emissions 
of the first wavelength . 

45 . The device of claim 43 , wherein at least one surface 
of the transparent phosphor is substantially flat and is 20 
parallel to the surface of the at least one laser diode . 

46 . An automotive lamp comprising the device of claim 
43 . 


