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(57) ABSTRACT 

A light source including a speci?c LED and phosphor 
combination capable of emitting White light for direct illu 
mination. In one embodiment, the light source includes an 
LED chip emitting in the 380-420 nm range radiationally 
coupled to a phosphor blend ?rst phosphor selected from the 
group consisting of (Sr,Ba,Ca,Mg)5(PO4)3Cl:Eu2+ (SECA) 
and BaMg2Al16O27:Eu2+ With a second phosphor having the 
formula (Tbl_X_VAXREV)3DZO12 (TAG), Where A is a mem 
ber selected from the group consisting of Y, La, Gd, and Sm; 
RE is a member selected from the group consisting of Ce, Pr, 
Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, and Lu; D is a member 
selected from the group consisting of Al, Ga, and In; X is in 
the range from 0 to about 0.5, y is in the range from about 
0 to about 0.2, and Z is in the range from about 4 to about 
5. The light source thus produced Will provide a high quality 
White light. 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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WHITE LIGHT EMITTING DEVICE BASED ON 
UV LED AND PHOSPHOR BLEND 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a visible light 
emitting device comprising an LED or laser diode and a 
phosphor. More particularly, the present invention relates to 
a White light emitting device comprising a near UV LED 
chip or laser diode and one or more near UV/blue excitable 
phosphors. 

[0002] Light emitting diodes (LEDs) are semiconductor 
light emitters often used as a replacement for other light 
sources, such as incandescent lamps. They are particularly 
useful as display lights, Warning lights and indicating lights 
or in other applications Where colored light is desired. The 
color of light produce by an LED is dependent on the type 
of semiconducting material used in its manufacture. 

[0003] Colored semiconductor light emitting devices, 
including light emitting diodes and lasers (both are generally 
referred to herein as LEDs), have been produced from Group 
III-V alloys such as gallium nitride (GaN). To form the 
LEDs, layers of the alloys are typically deposited epitaxially 
on a substrate, such as silicon carbide or sapphire, and may 
be doped With a variety of n and p type dopants to improve 
properties, such as light emission ef?ciency. With reference 
to the GaN-based LEDs, light is generally emitted in the UV 
and/or blue range of the electromagnetic spectrum. Until 
quite recently, LEDs have not been suitable for lighting uses 
Where a bright White light is needed, due to the inherent 
color of the light produced by the LED. 

[0004] LEDs rely on its semiconductor to emit light. The 
light is emitted as a result of electronic excitation of the 
semiconductor material. As radiation (energy) strikes atoms 
of the semiconductor material, an electron of an atom is 
excited and jumps to an excited (higher) energy state. The 
higher and loWer energy states in semiconductor light emit 
ters are characteriZed as the conduction band and the valence 
band, respectively. The electron, as it returns to its ground 
energy state, emits a photon. The photon corresponds to an 
energy difference betWeen the exited state and ground 
energy state, and results in an emission of radiation. 

[0005] Recently, techniques have been developed for con 
verting the light emitted from LEDs to useful light for 
illumination purposes. In one technique, the LED is coated 
or covered With a phosphor layer. By interposing a phosphor 
excited by the radiation generated by the LED, light of a 
different Wavelength, e.g., in the visible range of the spec 
trum may be generated. Often, a combination of LED 
generated light and phosphor generated light may be used to 
produce the visible light (e.g. White). The most popular 
White LEDs consist of blue emitting GaInN chips. The blue 
emitting chips are coated With a phosphor that converts 
some of the blue radiation to a complimentary color, eg a 
yelloW-green emission. Together, the blue and yelloW-green 
radiation produces a White light. There are also White LEDs 
that utiliZe a UV emitting chip and a phosphor blend 
including red, green and blue emitting phosphors designed 
to convert the UV radiation to visible light. 

[0006] One knoWn yelloW-Whitish light emitting device 
comprises a blue light-emitting LED having a peak emission 
Wavelength at about 450 nm combined With a yelloW 
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light-emitting phosphor, such as cerium doped yttrium alu 
minum garnet Y3Al5O2:Ce3+ (“YAGzCe”). The phosphor 
absorbs a portion of the radiation emitted from the LED and 
converts the absorbed radiation to a yelloW light. The 
remainder of the blue light emitted by the LED is transmitted 
through the phosphor and is mixed With the yelloW light 
emitted by the phosphor. A vieWer perceives the mixture of 
blue and yelloW light, Which in most instances is perceived 
as a Whitish-yelloW light. Such a device, While suitable for 
limited applications, fails in applications Where a true bright 
White light of high intensity and brightness is desired. 

[0007] In addition to this someWhat limited emission 
intensity, the color output of such an LED-phosphor system 
varies greatly due to frequent, unavoidable routine devia 
tions from desired parameters (i.e. manufacturing systemic 
errors) during the production of the light. For example, the 
color output of the ?nished device is very sensitive to the 
thickness of the phosphor layer covering the LED. If the 
phosphor is too thin, then more than a desired amount of the 
blue light emitted by the LED Will penetrate through the 
phosphor and the combined phosphor-LED output Will 
appear bluish. In contrast, if the phosphor layer is too thick, 
then less than a desired amount of the blue LED light Will 
penetrate through the phosphor layer. In this case, the 
combined phosphor-LED output Will appear yelloWish. 
Therefore, the thickness of the phosphor layer is an impor 
tant variable affecting the color output of a blue LED based 
system. Unfortunately, the thickness of the phosphor layer is 
dif?cult to control during large scale production of LED 
phosphor lamp systems, and the variations in phosphor 
thickness often result in relatively poor lamp to lamp color 
control. In addition, lamp to lamp variations occur due to the 
varying of the optical poWer from chip to chip. 

[0008] The use of a UV LED chip to manufacture such a 
White-light system should give superior color performance 
compared to those based on blue LED chips since the UV 
chip is not appreciably contributing to the visible color of the 
LED. 

[0009] Thus, a need exists for an efficient White-light 
LED-phosphor light using a UV LED chip and shoWing 
improved lamp to lamp color control and acceptable lumi 
nous ef?cacy. 

SUMMARY OF THE INVENTION 

[0010] In one aspect, the present invention provides a 
White-light emitting device including a UV semiconductor 
light source having a peak emission from about 380 to about 
420 nm and a phosphor blend including a ?rst phosphor 
comprising BaMgzAll?OwzEu2+ (BAM) and a second phos 
phor comprising (Tb1_X__\/.AXREV)3DZO12 (TAG), Where A is 
a member selected from the group consisting of Y, La, Gd, 
and Sm; RE is a member selected from the group consisting 
of Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, and Lu; D 
is a member selected from the group consisting of Al, Ga, 
and In; x is in the range from 0 to about 0.5, y is in the range 
from about 0 to about 0.2, and Z is in the range from about 
4 to about 5. 

[0011] In a second aspect, the present invention provides 
a phosphor blend including a ?rst phosphor comprising 
Tb3A4_9O12:Ce and a second phosphor selected from the 
group consisting of BaMg2Al16O27:Eu2+ (BAM) and (Sr, 
Ba,Ca,Mg)5(PO4)3Cl:Eu2+. 
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[0012] In a third aspect, a method for forming a lighting 
apparatus is provided, the method including the steps of 
providing a semiconductor UV light source capable of 
emitting radiation having a peak emission from about 380 to 
about 420 nm, and radiationally coupling a phosphor blend 
to the semiconductor light source, the phosphor blend 
including a ?rst phosphor selected from the group consisting 
of BaMg2Al16O27:Eu2+ and (Sr,Ba,Ca,Mg)5(PO4)3Cl:Eu2+ 
and a second phosphor comprising (Tb1_X_YAXREV)3DZO12 
(TAG), Where A is a member selected from the group 
consisting of Y, La, Gd, and Sm; RE is a member selected 
from the group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Dy, 
Ho, Er, Tm, Yb, and Lu; D is a member selected from the 
group consisting of Al, Ga, and In; X is in the range from 0 
to about 0.5, y is in the range from about 0 to about 0.2, and 
Z is in the range from about 4 to about 5; Wherein the 
phosphor blend is capable of absorbing the radiation emitted 
by the semiconductor light source and converting the radia 
tion into White light. 

[0013] In a fourth aspect, the present invention provides a 
White-light emitting device including a UV semiconductor 
light source having a peak emission from about 380 to about 
420 nm and a phosphor blend including a ?rst phosphor 
comprising (Sr,Ba,Ca,Mg)5(PO4)3Cl:Eu2+ and a second 
phosphor comprising (Tb1_X__\/.AXREV)3DZO12 (TAG), Where 
A is a member selected from the group consisting of Y, La, 
Gd, and Sm; RE is a member selected from the group 
consisting of Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, 
and Lu; D is a member selected from the group consisting 
of Al, Ga, and In; X is in the range from 0 to about 0.5, y is 
in the range from about 0 to about 0.2, and Z is in the range 
from about 4 to about 5. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic cross-sectional vieW of a 
White light illumination system in accordance With one 
embodiment of the present invention. 

[0015] FIG. 2 is a schematic cross-sectional vieW of a 
White light illumination system in accordance With a second 
embodiment of the present invention. 

[0016] FIG. 3 is a schematic cross-sectional vieW of a 
White light illumination system in accordance With a third 
embodiment of the present invention. 

[0017] FIG. 4 is a cutaWay side perspective vieW of an 
illumination system in accordance With a fourth embodiment 
of the present invention. 

[0018] FIG. 5 is a graph of the absorption and emission 
spectra of Tb3Al4_9O12:Ce. 

[0019] FIG. 6 is a graph of the emission spectrum of a 
phosphor blend including Tb3Al4_9O12:Ce and (Sr,Ba,Ca, 
Mg)5(PO4)3Cl:Eu2+. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Phosphors convert radiation (energy) to visible 
light. Different combinations of phosphors provide different 
colored light emissions. The colored light that originates 
from the phosphors provides a color temperature. 

[0021] A ?uorescent lamp conversion phosphor material 
blend (material blend) converts generated radiation to vis 
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ible light. The ?uorescent light color is dependent on the 
particular components of the material blend. The material 
blend may include tWo or more phosphors of basic color, for 
eXample a particular miX With one or more of a yelloW and 
blue phosphor to emit a desired color (tint) of light. 

[0022] It Was determined that an LED lamp that produces 
a bright-White light Would be useful to impart desirable 
qualities to LEDs as light sources. Therefore, in one embodi 
ment of the invention, a luminescent material phosphor 
conversion material blend (phosphor blend) coated LED is 
disclosed for providing White light. The individual phos 
phors and a phosphor conversion material blend including 
the individual phosphors convert radiation at a speci?ed 
Wavelength, for eXample radiation from about 380 to about 
420 nm as emitted by a LED, into visible light. The visible 
light provided by the phosphor conversion material blend 
comprises a bright White light With high intensity and 
brightness. 

[0023] With reference to FIG. 1, an exemplary light 
emitting assembly or lamp 10 is shoWn in accordance With 
one embodiment of the present invention. The light emitting 
assembly 10 comprises a semiconductor UV radiation 
source, such as a light emitting diode (LED) chip 12 and 
leads 14 electrically attached to the LED chip. The leads 14 
may comprise thin Wires supported by a thicker lead 
frame(s) 16 or the leads may comprise self supported 
electrodes and the lead frame may be omitted. The leads 14 
provide current to the LED chip 12 and thus cause the LED 
chip 12 to emit radiation. 

[0024] The lamp may include any semiconductor UV light 
source that is capable of producing White light When its 
emitted radiation is directed onto the phosphor. In a pre 
ferred embodiment, the semiconductor UV light source 
comprises a LED doped With various impurities. Thus, the 
LED may comprise a semiconductor diode based on any 
suitable III-V, II-VI or IV-IV semiconductor layers and 
having an emission Wavelength of about 380 to 420 nm. 
Preferably, the LED may contain at least one semiconductor 
layer comprising GaN, ZnSe or SiC. For eXample, the LED 
may comprise a nitride compound semiconductor repre 
sented by the formula IniGajAlkN (Where 0éi; 0éj; 02k 
and i+J+k=1) having an emission Wavelength greater than 
about 380 nm and less than about 420 nm. Preferably, the 
UV chip has a peak emission Wavelength from about 400 to 
about 410 nm. Such LED semiconductors are knoWn in the 
art. The radiation source is described herein as an LED for 
convenience. HoWever, as used herein, the term is meant to 
encompass all semiconductor radiation sources including 
semiconductor laser diodes. 

[0025] The LED chip 12 may be encapsulated Within a 
shell 18, Which encloses the LED chip and an encapsulant 
material 20. The shell 18 may be, for eXample, glass or 
plastic. Preferably, the LED 12 is substantially centered in 
the encapsulant 20. The encapsulant 20 is preferably an 
epoXy, plastic, loW temperature glass, polymer, thermoplas 
tic, thermoset material, resin or other type of LED encap 
sulating material as is knoWn in the art. Optionally, the 
encapsulant 20 is a spin-on glass or some other high indeX 
of refraction material. Preferably, the encapsulant material 
20 is an epoXy or a polymer material, such as silicone. Both 
the shell 18 and the encapsulant 20 are preferably transpar 
ent or substantially optically transmissive With respect to the 



US 2004/0135154 A1 

Wavelength of light produced by the LED chip 12 and the 
phosphor 22 (described below). Alternately, the lamp may 
10 may only comprise an encapsulant material Without an 
outer shell 18. The LED chip 12 may be supported, for 
example, by the lead frame 16, by the self supporting 
electrodes, the bottom of the shell 18, or by a pedestal (not 
shoWn) mounted to the shell or to the lead frame. 

[0026] The ?rst preferred structure of the illumination 
system includes a phosphor 22 radiationally coupled to the 
LED chip 12. Radiationally coupled means that the elements 
are associated With each other so radiation from one is 
transmitted to the other. In a preferred embodiment, the 
phosphor is a blend of tWo or more phosphors, as Will be 
detailed beloW. This phosphor blend 22 is deposited on the 
LED 12 by any appropriate method. For example, a Water 
based suspension of the phosphor(s) can be formed, and 
applied as a phosphor layer to the LED surface. In one such 
method, a silicone slurry in Which the phosphor particles are 
randomly embedded is placed around the LED. This method 
is merely exemplary of possible positions of the phosphor 
conversion material blend 14 and LED 12. Thus, the phos 
phor 22 may be coated over or directly on the light emitting 
surface of the LED chip 12 by coating and drying the 
phosphor suspension over the LED chip 12. Both the shell 
18 and the encapsulant 20 should be transparent to alloW 
White light 24 to be transmitted through those elements. 

[0027] FIG. 2 illustrates a second preferred structure of 
the system according to the preferred aspect of the present 
invention. The structure of the embodiment of FIG. 2 is the 
same as that of FIG. 1, except that the phosphor 122 is 
interspersed Within the encapsulant material 120, instead of 
being formed directly on the LED chip 112. The phosphor 
poWder may be interspersed Within a single region of the 
encapsulant material 120 or, more preferably, throughout the 
entire volume of the encapsulant material. The UV light 126 
emitted by the LED chip 112 mixes With the light emitted by 
the phosphor 122, and the mixed light appears as White light 
124. If the phosphor is to be interspersed Within the encap 
sulant material 120, then the phosphor poWder may be added 
to a polymer precursor, loaded around the LED chip 112, 
and then the polymer precursor may be cured to solidify the 
polymer material. Other knoWn phosphor interspersion 
methods may also be used, such as transfer loading. 

[0028] FIG. 3 illustrates a third preferred structure of the 
system according to the preferred aspects of the present 
invention. The structure of the embodiment shoWn in FIG. 
3 is the same as that of FIG. 1, except that the phosphor 222 
is coated onto a surface of the shell 218, instead of being 
formed over the LED chip 212. The phosphor is preferably 
coated on the inside surface of the shell 218, although the 
phosphor may be coated on the outside surface of the shell, 
if desired. The phosphor 222 may be coated on the entire 
surface of the shell or only a top portion of the surface of the 
shell. The UV light 226 emitted by the LED chip 212 mixes 
With the light emitted by the phosphor 222, and the mixed 
light appears as White light 224. Of course, the embodiments 
of FIGS. 1-3 may be combined and the phosphor may be 
located in any tWo or all three locations or in any other 
suitable location, such as separately from the shell or inte 
grated into the LED. 

[0029] In any of the above embodiments, the lamp 10 may 
also include a plurality of scattering particles (no shoWn), 
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Which are embedded in the encapsulant material. The scat 
tering particles may comprise, for example, A1203 particles 
such as alumina poWder or TiO2 particles. The scattering 
particles effectively scatter the coherent light emitted from 
the LED chip, preferably With a negligible amount of 
absorption. The coupling of the diffuse scattered LED light 
With the phosphor is advantageous in reducing optical 
saturation effects and physical damage of the phosphor 
material. 

[0030] As shoWn in a fourth embodiment in FIG. 4, the 
LED chip 412 may be mounted in a re?ective cup 430. The 
cup 440 may be made from or coated With a re?ective 
material, such as alumina, titania, or other dielectric poWder 
knoWn in the art. A preferred re?ective material is A1203. 
The remainder of the structure of the embodiment of FIG. 
4 is the same as that of any of the previous Figures, and 
includes tWo leads 416, a conducting Wire 432 electrically 
connecting the LED chip 412 With the second lead, and an 
encapsulant material 420. 

[0031] The phosphor 22 used in the invention is a blend of 
tWo or more phosphors. When used in a lighting assembly in 
combination With a UV LED emitting radiation in the range 
of about 380 to 420 nm, the resultant light emitted by the 
assembly Will be a White light. In one embodiment, the 
phosphor blend comprises a blend of the blue phosphor 
BaMg2Al16O27:Eu2+ (BAM) and a second phosphor having 
the general formula (Tbl_X_YAXREV)3DZO12 (hereinafter also 
called “TAG”), Where Ais a member selected from the group 
consisting of Y, La, Gd, and Sm; RE is a member selected 
from the group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Dy, 
Ho, Er, Tm, Yb, and Lu; D is a member selected from the 
group consisting of Al, Ga, and In; X is in the range from 0 
to about 0.5, preferably from 0 to about 0.3, more preferably 
from 0 to about 0.2; and y is in the range from about 0.00 
to about 0.2, preferably from about 0.005 to about 0.1, more 
preferably from about 0.005 to about 0.07; and Z is in the 
range from about 4 to about 5, preferably from about 4.5 to 
5, more preferably from about 4.6 to less than about 5. 

[0032] The TAG phosphor for use in the phosphor blend 
of the present invention may be produced by a method 
comprising the steps of: (1) providing stoichiometric 
amounts of oxygen-containing compounds of terbium; oxy 
gen-containing compounds of at least one rare-earth metal 
selected from the group consisting of Ce, Pr, Nd, Sm, Eu, 
Gd, Dy, Ho, Er, Tm, Yb, and Lu; and oxygen-containing 
compounds of at least one member selected from the group 
consisting of Al, Ga, and In; (2) mixing together the oxygen 
containing compounds to form a mixture; and (3) ?ring the 
mixture in a reducing atmosphere at a temperature and for a 
time sufficient to convert the mixture to a rare earth 
activated terbium-containing garnet phosphor. 

[0033] An amount of ?uoride of at least one metal selected 
from the group consisting of terbium, aluminum, gallium, 
and indium may be added as a ?uxing agent into the mixture 
of the oxygen-containing compounds before or during the 
step of mixing. A quantity of a ?uoride compound of less 
than about 20, preferably less than about 10, percent by 
Weight of the total Weight of the mixture is adequate for 
?uxing purposes. 

[0034] The oxygen-containing compounds may be mixed 
together by any mechanical method including, but not 
limited to, stirring or blending in a high-speed blender or a 
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ribbon blender. The oxygen-containing compounds may be 
combined and pulverized together in a boWl mill, a hammer 
mill, or a jet mill. The mixing may be carried out by Wet 
milling especially When the mixture of the oxygen-contain 
ing compounds is to be made into a solution for subsequent 
precipitation. If the mixture is Wet, it may be dried ?rst 
before being ?red under a reducing atmosphere at a tem 
perature from about 900° C. to about 1700° C., preferably 
from about 1000° C. to about 1600° C., more preferably 
from about 1200° C. to about 1500° C. for a time suf?cient 
to convert all of the mixture to the ?nal garnet composition. 
The ?ring may be conducted in a batchWise or continuous 
process, preferably With a stirring or mixing action to 
promote good gas-solid contact. The ?ring time depends on 
the quantity of the mixture to be ?red, the rate of gas 
conducted through the ?ring equipment, and the quality of 
the gas-solid contact in the ?ring equipment. Typically, a 
?ring time up to about 10 hours is adequate. The reducing 
atmosphere typically comprises a reducing gas such as 
hydrogen, carbon monoxide, or a combination thereof, 
optionally diluted With an inert gas, such as nitrogen, 
helium, neon, argon, krypton, xenon, or a combination 
thereof Alternatively, the crucible containing the mixture 
may be packed in a second closed crucible containing 
high-purity carbon particles and ?red in air so that the 
carbon particles react With the oxygen present in air, thereby, 
generating carbon monoxide that is needed to provide the 
reducing atmosphere. 
[0035] One or more of the starting materials for the 
phosphor synthesis may be oxygen-containing compounds 
other than oxides, such as nitrates, sulfates, acetates, citrates, 
or chlorates. For example, amounts of Tb4O7, 
Al(NO3)3.9H2O, Ce(NO3)3.6H2O and AlF3 may be blended 
and dissolved in a nitric acid solution. The strength of the 
acid solution is chosen to rapidly dissolve the oxygen 
containing compounds and the choice is Within the skill of 
a person skilled in the art. Ammonium hydroxide is then 
added in increments to the acidic solution containing Tb, Ce, 
and Al While stirring to precipitate a mixture of hydroxides 
of Tb, Ce, and Al. An organic base such as methanolamine, 
ethanolamine, propanolamine, dimethanolamine, diethano 
lamine, dipropanolamine, trimethanolamine, triethanola 
mine, or tripropanolamine may be used in place of ammo 
nium hydroxide. The precipitate is ?ltered, Washed With 
deioniZed Water, and dried. The dried precipitate is ball 
milled or otherWise thoroughly blended and then calcined in 
air at about 400° C. to about 1600° C. for a sufficient time 
to ensure a substantially complete dehydration of the starting 
material. The calcination may be carried out at a constant 
temperature. Alternatively, the calcination temperature may 
be ramped from ambient to and held at the ?nal temperature 
for the duration of the calcination. The calcined material is 
similarly ?red at 1200-1600° C. for a suf?cient time under 
a reducing atmosphere such as H2, CO, or a mixture of one 
of theses gases With an inert gas, or an atmosphere generated 
by a reaction betWeen a coconut charcoal and the products 
of the decomposition of the oxygen-containing compounds 
to covert all of the calcined material to the desired phosphor 
composition. 
[0036] In general, it has been found that the phosphors 
have higher quantum ef?ciency When their compositions are 
non-stoichiometric. Table 1 beloW shoWs that high quantum 
ef?ciency is achieved for phosphors having a general for 
mula of TbaAlbO12:Ce3+, Where both a/b is different from 
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0.6 and b is less than 5. The relative quantum ef?ciency 
reported in Table 1 is compared against a standard cerium 
activated yittrium aluminate garnet phosphor. 

TABLE 1 

Batch Relative 
Sample Batch Size Firing Quantum 
No. a/b b (g) Condition Efficiency (%) 

D0213 0.594 4.9 150 Packed in 98 
carbon 

D0207 0.594 4.9 100 Packed in 93 
carbon 

D0208 0.594 4.9 100 Fired in H2 97 
D0215 0.594 4.9 250 Packed in 88 

carbon 
D0220 0.582 5 250 Packed in 88 

carbon 
D0225 0.613 4.75 250 Fired tWice in 92 

carbon pack 

[0037] In one preferred embodiment, the TAGzCe phos 
phor is terbium aluminum garnet activated With cerium 
having the formula (Tb1_yCey)aAl4_9O12 Where y takes the 
values as de?ned above and a is in the range from about 2.8 
to 3. Thus, a preferred phosphor conversion material blend 
comprises a blend of BAM and Tb3Al4_9O12:Ce. FIG. 5 is 
a graph of the absorption and emission of Tb3Al4_9O12:Ce. 
This phosphor has an emission With color coordinates on the 
CIE chromaticity diagram of x=0.467 and y=0.522 under 
470 nm excitation. 

[0038] In a second embodiment, the phosphor blend 
includes a blend of the TAGzCe phosphor described above 
and the commercially available phosphor (Sr,Ba,Ca, 
Mg)5(PO4)3Cl:Eu2+ (SECA). SECA and BAM phosphors 
are knoWn in the lighting art and are described in commonly 
assigned US. Pat. No. 6,255,670 to Srivastava et al., the 
disclosure of Which is incorporated herein by reference. 
Accordingly, a further description of these Well-knoWn 
phosphors is omitted. 

[0039] The Weight ratio of each of the individual phos 
phors in the phosphor blend may vary depending on the 
characteristics of the desired light output. Preferably, the 
Weight ratio of TAG to the other phosphor (either BAM or 
SECA) Will be about 1.5-2.5:1 and more preferably about 
1.9:1. Depending on the relative amounts of each of the 
individual phosphors employed in the phosphor blend, the 
resulting White light Will have the coordinates x=0.340 
0.360 and y=0.340-0.360 on the CIE chromaticity diagram 
and an emission spectra shoWing a peak emission at about 
530-570 nm and a secondary peak at about 420-460 nm 
When excited by a near UV emission at 410 nm. FIG. 6 
shoWs the emission spectrum of a phosphor blend of TAG 
and SECA under 410 nm excitation With a peak emission at 
about 550 nm and a secondary peak at about 440 nm and 
color coordinates on the CWE chromaticity diagram of 
x=0.349 and y=0.385, Which corresponds to a soft White 
color. The exact color can be modi?ed by altering the 
relative concentrations of the individual phosphors in the 
phosphor blend. 

[0040] The invention has been described With reference to 
various preferred embodiments. Obviously, modi?cations 
and alteration Will occur to others upon a reading and 
understanding of this speci?cation. The invention is 
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intended to include all such modi?cations and alterations 
insofar as they come Within the scope of the appended 
claims or the equivalent thereof. 

What is claimed is: 
1. A lighting apparatus for emitting White light compris 

ing: 
a semiconductor light source emitting radiation having a 

Wavelength in the range of from about 380 to about 420 
nm; 

a phosphor blend radiationally coupled to the semicon 
ductor light source, the phosphor blend including a ?rst 
phosphor comprising BaMg2Al16O27:Eu2+ and a sec 
ond phosphor comprising (Tb1_X__\/.AXREV)3DZO12 
(TAG), Where A is a member selected from the group 
consisting of Y, La, Gd, and Sm; RE is a member 
selected from the group consisting of Ce, Pr, Nd, Sm, 
Eu, Gd, Dy, Ho, Er, Tm, Yb, and Lu; D is a member 
selected from the group consisting of Al, Ga, and In; X 
is in the range from 0 to about 0.5 , y is in the range from 
about 0 to about 0.2, and Z is in the range from about 
4 to about 5. 

2. The lighting apparatus of claim 1, Wherein the White 
light has the coordinates X=0.340-0.360 and y=0.340-0.360 
on the CIE chromaticity diagram. 

3. The lighting apparatus of claim 1, Wherein the semi 
conductor light source is a light emitting diode (LED). 

4. The lighting apparatus of claim 3, Wherein the LED 
comprises a nitride compound semiconductor represented 
by the formula IniGajAlkN, Where 0éi; 0; j, 02K, and 
i+j+k=1. 

5. The lighting apparatus of claim 1, Wherein the phosphor 
is coated on the surface of the semiconductor light source. 

6. The lighting apparatus of claim 1, further comprising an 
encapsulant surrounding the semiconductor light source and 
the phosphor. 

7. The lighting apparatus of claim 1, Wherein the phosphor 
blend is dispersed in the encapsulant. 

8. The lighting apparatus of claim 1, further comprising a 
re?ector cup. 

9. The lighting apparatus of claim 1, Wherein X is from 
about 0 to about 0.2. 

10. The lighting apparatus of claim 1, Wherein Z is from 
about 4.6 to about 5. 

11. The lighting apparatus of claim 1, Wherein the TAG 
phosphor has the formula Tb3Al4_9O12:Ce. 

12. The lighting apparatus of claim 1, Wherein the TAG 
phosphor and the BAM phosphor are present in a Weight 
ratio of 1.5-2.5:1 in the phosphor blend. 

13. The lighting apparatus of claim 12, Wherein the TAG 
phosphor and the BAM phosphor are present in a Weight 
ratio of about 1.9:1 in the phosphor blend. 

14. The lighting apparatus of claim 1, Wherein the semi 
conductor light source emits radiation having a Wavelength 
of from 400-410 nm. 

15. A lighting apparatus comprising: 

a semiconductor light source emitting radiation having a 
Wavelength in the range of about 430 nm; 

a phosphor blend radiationally coupled to said semicon 
ductor light source, said phosphor blend including a 
?rst phosphor comprising (Sr,Ba,Ca, 
Mg)5(PO4)3Cl:Eu2+ (SECA) and a second phosphor 
comprising (Tb 1_X_yAXREy)3DZO 12 (TAG), Where Ais a 

Jul. 15, 2004 

member selected from the group consisting of Y, La, 
Gd, and Sm; RE is a member selected from the group 
consisting of Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, 
Yb, and Lu; D is a member selected from the group 
consisting of Al, Ga, and In; X is in the range from 0 to 
about 0.5, y is in the range from about 0 to about 0.2, 
and Z is in the range from about 4 to about 5; 

Wherein the phosphor blend is capable of absorbing the 
radiation emitted by the semiconductor light source and 
converting the radiation into White light. 

16. The lighting apparatus of claim 15, Wherein X is from 
about 0 to about 0.2. 

17. The lighting apparatus of claim 15, Wherein Z is from 
about 4.6 to about 5. 

18. The lighting apparatus of claim 15, Wherein the 
TAGzCe phosphor has the formula Tb3Al4_9O12:Ce. 

19. The lighting apparatus of claim 15, Wherein the White 
light has the coordinates X=0.340-0.360 and y=0.340-0.360 
on the CIE chromaticity diagram. 

20. The lighting apparatus of claim 15, Wherein the 
semiconductor light source is a light emitting diode (LED). 

21. The lighting apparatus of claim 15, Wherein the LED 
comprises a nitride compound semiconductor represented 
by the formula IniGajAlkN, Where 0éi; 0éj, 02K, and 
i+j+k=1. 

22. The lighting apparatus of claim 15, Wherein the 
phosphor is coated on the surface of the semiconductor light 
source. 

23. The lighting apparatus of claim 15, further comprising 
an encapsulant surrounding the semiconductor light source 
and the phosphor. 

24. The lighting apparatus of claim 15, Wherein the 
phosphor blend is dispersed in the encapsulant. 

25. The lighting apparatus of claim 15, further comprising 
a re?ector cup. 

26. The lighting apparatus of claim 15, Wherein the TAG 
phosphor and the SECA phosphor are present in a Weight 
ratio of 1.5-2.5:1 in the phosphor blend. 

27. The lighting apparatus of claim 12, Wherein the TAG 
phosphor and the SECA phosphor are present in a Weight 
ratio of about 1.9:1 in the phosphor blend. 

28. The lighting apparatus of claim 1, Wherein the semi 
conductor light source emits radiation having a Wavelength 
of from 400-410 nm. 

29. Amethod for forming a lighting apparatus, the method 
comprising the steps of: 

providing a near UV LED capable of emitting radiation 
having a Wavelength of about 38-420 nm; 

radiationally coupling a phosphor blend to the LED, the 
phosphor blend including a ?rst phosphor selected 
from the group consisting of (Sr,Ba,Ca, 
Mg)5(PO4)3Cl:Eu2+ (SECA) and BaMg2Al16O27:Eu2+ 
With a second phosphor having the formula (Tbnr 
yAXREy)3DZO12 (TAGzCe), Where A is a member 
selected from the group consisting of Y, La, Gd, and 
Sm; RE is a member selected from the group consisting 
of Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, and Lu; 
D is a member selected from the group consisting of Al, 
Ga, and In; X is in the range from 0 to about 0.5, y is 
in the range from about 0 to about 0.2, and Z is in the 
range from about 4 to about 5; 
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wherein the phosphor is capable of absorbing the radia 
tion emitted by the semiconductor light source and 
converting the radiation into White light having the 
coordinates X=0.340-0.360 and y=0.340-0.360 on the 
CIE chromaticity diagram 

30. Aphosphor blend including a ?rst phosphor selected 
from the group consisting of (Sr,Ba,Ca,Mg)5(PO4)3Cl:Eu2+ 
(SECA) and BaMg2Al16O27:Eu2+ With a second phosphor 
having the formula (Tb 1_X_yAXREy)3DZO 12 (TAGzCe), Where 
A is a member selected from the group consisting of Y, La, 
Gd, and Sm; RE is a member selected from the group 
consisting of Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, 
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and Lu; D is a member selected from the group consisting 
of Al, Ga, and In; X is in the range from 0 to about 0.5, y is 
in the range from about 0 to about 0.2, and Z is in the range 
from about 4 to about 5; 

Wherein the phosphor is capable of absorbing the radia 
tion emitted by a semiconductor light source emitting 
from 380-420 nm and converting the radiation into 
White light having the coordinates X=0.340-0.360 and 
y=0.340-0.360 on the CIE chromaticity diagram. 


