wo 2012/15849°7 A1 ]I NF 1 00O 00 O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/158497 A1l

(51

eay)

22 November 2012 (22.11.2012) WIPO | PCT
International Patent Classification: (72)
HO01J 61/44 (2006.01) as)
International Application Number:

PCT/US2012/037467

(22)

(25)
(26)
(30)

1

International Filing Date:
11 May 2012 (11.05.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/485,720 13 May 2011 (13.05.2011) US
13/287,252 2 November 2011 (02.11.2011) US

Applicant (for all designated States except US): GENER-
AL ELECTRIC COMPANY [US/US]; 1 River Road,
Schenectady, NY 12345 (US).

(74

(8D

Inventors; and

Inventors/Applicants (for US only): COHEN, William,
Erwin [US/US]; 338 Nela Park, 1975 Noble Road, East
Cleveland, OH 44112 (US). BEERS, William, Winder
[US/US]; 338 Nela Park, 1975 Noble Road, East Cleve-
land, OH 44112 (US). DU, Fangming [CN/US]; 338 Nela
Park, 1975 Noble Road, Fast Cleveland, OH 44112 (US).

Agents: GNIBUS, Michael, M. et al.; General Electric
Company, Global Patent Operation, 2 Corporate Drive,
Suite 648, Shelton, CT 06484 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: LAMP WITH PHOSPHOR COMPOSITION FOR IMPROVED LUMEN PERFORMANCE, AND METHOD FOR

MAKING SAME

(57) Abstract: Disclosed herein are lamps
comprising a radiation source and a phos-
phor blend contigured for conversion of ra-
dia tion, the phosphor blend including at
least two different rare earth phosphors,
wherein the phosphor blend comprises at
least one multimodal rare earth phosphor.
Disclosed advantages may include greater
lumen output than an identical lamp in
which the phosphor blend, at the same

loading, does not comprise at least one

7 \
O O
7

multimodal rare earth phosphor.

LA

—
w —1H

2 4

Figure 1

o



WO 2012/158497 A1 |IIIWAT 00T 0 T

(84) Designated States (unless otherwise indicated, for every Declarations under Rule 4.17:
kind of regional protection available): ARIPO (BW, GH, __ . , .
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, Zsp ;Ote‘,’f;p(%‘l’:;s I%Zjemem to apply for and be granted
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, ’
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, — as to the applicant’s entitlement to claim the priority of
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, the earlier application (Rule 4.17(iii))
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, Published:
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, ’
GW, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))




WO 2012/158497 PCT/US2012/037467

LAMP WITH PHOSPHOR COMPOSITION FOR IMPROVED LUMEN
PERFORMANCE, AND METHOD FOR MAKING SAME

CROSS REFERENCE TO RELATED APPLICATIONS
10081 This application is a non-provisional utility application claiming priority

under 35 U.S.C. 119(e) of prior-filed copending provisional application serial number

01/485720, filed 13 May 2011, which is hereby tncorporated by reference in its entirety.

FIELD OF THE INVENTION
100824 The present invention generally relates to lamps which employ phosphors for
radiation conversion, and more particular, relates to lamps having phosphor particles of

specified size distribution capable of achieving improved lumen performance.

BACKGROUND

16663 Some lamps having good energy ctficiency, such as low pressure discharge
famips {e.g., fluorescent lamps) are generally known. In such lamps, a phosphor layer is
employed to convert UV radiation to visible light. For good color properties of the visible
fight, one or more rare carth-activated phosphors are commouly employed n the layer.
However, recent trends have increased the cost of rare earth-activated phosphors. This
has given rise to a need to improve the lumen perforruance of fluorescent lamps with
respect to the amount of phosphor coating used in the lamp.

(00604} In some known fluorescent lamps, rclatively coarse rare carth phosphor
particle systemis have been used to achieve higher lumens. However, in so doing, the use
of more phosphor (i.c., high coating weights) 1s required to achicve a thick enough layer
of phosphor coating to absorb all the available ultraviolet light energy.

[6005] Therefore, in consideration of a cost increase in rare ecarth materials such as
europiurn-activated yitrium oxide red phosphor, certum-~ and terbium-activated green
phosphor, europium-activated blue phosphors, and other phosphors that use rare carths,

there is a need to avoid igh coating weights in lamps.
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BRIEF SUMMARY

[6046] Une embodiment of the present invention is directed to a lamp comprising a
radiation source capable of emitting electromagnetic radiation of a first wavelength, and a
phosphor blend configured to be coupled with the radiation source for conversion of the
electromagnetic radiation to a second wavelength. The phosphor blend inchudes at least
two different rare earth phosphors, wherein the phosphor blend comprises at least one
multimodal rare carth phosphor.

10667] A further embodiment of the present invention is directed to a low-pressure
discharge lamp, comprising: at least one light-transmissive eovelope; a fill gas
composiiion capable of sustaining an electric discharge scaled nside the at least one
Hight-transroissive envelope; a phosphor blend; and optionally one or more electrical
icads at least partially disposed within the at least one light-transmissive envelope for
providing current. The phosphor blend includes at least two different rare earth
phosphors, wherein the phosphor blend comprises at least one multimodal rare carth
phosphor,

[6088] {ther features and advantages of this invention will be better appreciated from

the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[6G09] Embodiments of the mvention will now be described in greater detail with
reference to the accompanying Figure,

19610} Figure 1 shows diagramatically, and partially 1o section, a fluorescent lamp

according to embodiments of the present disclosure.

DETAILED DESCRIPTION
(0611} In accordance with embodiments of the invention, laraps are provided which

use a phosphor blend containing multiple phosphors, where one or more of the phosphors
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are comprised of two or more separate particle size distributions of phosphor particles
{e.g., coarse and fine particles). This may result in a2 more optimum amount of lumens
with respect to the amount of phosphor coating used.

16612] As noted, embodiments of the present invention relate to a lamp which
comprises a radiation source capable of cmitting electromagnetic radiation of a first
wavelength, and a phosphor blend configured to be coupled with the radiation source for
conversion of the electromagnetic radiation to a second wavelength. The phosphor blend
includes at least two different rare carth phosphors, at least one of these being a
multimodal rare earth phosphor. Typically the first wavelength may be in a blue or UV
region of the electromagnetic spectrum. Typically, the second wavelength may be in the
visible region of the electromagnetic spectrum and is fonger than the first wavelength.
16613§ As generally known, s "phosphor” 1s a luminescent material that absorbs
radiation energy n a portion of the electromagnetic spectrurn and enmls energy in another
portion of the clectromagnetic spectrum. One important class of phosphors are crystalline
morganic compounds of high chemical purity and of controlled composition to which
small quantities of other clements (called "activators”) have been added to convert them
into efficient fluorescent materials, Phosphors have been used in low pressure {c.g.,
mercury vapor} discharge lamps to convert ultraviclet ("UV"} radiation emitted by the
excited mercury vapor to visible light,

10014} A "multimodal rare earth phosphor™ ts a phosphor activated by at least one
rare carth element, which comprises particles having a multimodal particle size
distribution. In some emwbodiments, the blend may comprise at least three (e.g., 3, 4, 3, 6}
different rare carth phosphors, with at lcast one of these rare carth phosphors being
multimodal according to embodiments herein. In some embodiments, the blend roay
comprise no more than two, preferably ounly one, multimodal rare earth phosphor. In
sorne embodiments, all of the different rare carth phosphors may enut light ot ditferent
colors {e.g., red, green, and blue); or alternatively, there may be two or more rare earth
phosphors in the blend which emit light of the same or similar color {(e.g., two reds),

optionally with phosphors of different color (e.g., a green and a blue). In some
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embodiments, the blend may further mclude at least one non-rare carth phosphor, such as
a halophosphor (e.g., non-rare-earth activated metal halophosphate). For certain
applications (e.g., CFL lamps at relatively low color teraperature), there may be one rare
carth phosphor {e.g., red} and one different colored rare earth phosphor (e.g., green}, with
at least one of these characterized as being multimodal.

18815} As used herein, a "multimodal” particle size distribution is mntended to
embrace a bimodal particle size, as well as trimodal or other polymodal particle size
distribution. A multimodal (e.g., bimodal) particle size distribution may be ascertainable
by standard methods of analysis, well known to the person having ordinary skill in the
ficld. Alternatively, a multimodal particle size distribution may also refer to a mixture of
particles which have been formuilated to have more than one mode. For example,
combining a powder having a single mode with another powder of the same phosphor
type but having a different single mode, may result 1 a bimodal particle size distribution

{PSD}, even if the maxima of the PSD of the combined powders are difficult to resolve

analvtically.
10016} in certain embodiments, the multimodal rare carth phosphor of the blend may

comprise rare carth phosphor particles having a bimodal particle size distribution. Thus,
the at least ome multimodal rare earth phosphor of the blend may comprise a first
population of relatively coarse particles and a second population of relatively fine
particles. Generally, the first population {of relatively coarse particles) may comprise
from about 20 wt% to about 80 wt% (morec narrowly, from about 33 wt% to about 67
wit%) of the at least one multimodal rare carth phosphor; and the second population {of
relatively fine particles) may comprise from about 80 wit% to about 20 wt% {(more

narrowly, from about 67 wi% to about 33 wit%) of the at feast one multimodal rare earth

phosphor.
16617} In accordance with embodiments of the invention, where the blend comprises

rare earth phosphor particles having a bimodal particle size distribution, the bimodal
particle size distribution may have a first maximur correspounding to relatively coarse

particles with dsg of less than or equal to about 10 pw {e.g, from about S5 pum to about 10
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um}, and may have a second maximum corresponding to relatively fine particles with dsg
of greater than or equal to about 1 um (e.g., from about I pm to about 6 umy). In some
narrower cmbodiments, the relatively coarse particles m a bimodal particle size
distribution may have dsp of less than or equal to about 8 um (e.g., from about 5 pm to
about § pm), and the relatively fine particles have dsy of greater than or equal to about 2
pm {e.g., from about 2 pm to about 6 um). Io general, the at least one multimodal rare
carth phosphor in the blend may comprise particles with an overall mean size in the range

of from about 2 to about 10 pm.

(0618} Without being limnited by theory, it 1s believed that the at least one mulitmodal
rare earth phosphor comprises a plurality of particles in which at least some relatively
fine particles are dimensioned to fit in interstices between at least some relatively coarse
particles, By virtue of this, a phosphor layer composed of such blend may be more
efficient in absorption of the radiation (c.g., ultraviolet light}. Lamps in accordance with
embodiments of this disclosure may enable the opportunity to use rare carth phosphors
more officiently, thus at lower cost. It is believed that this effect may be duc to more
efficient packing of the phosphor particles due to the varicty of particles sizes prosent in
the coating.

10619] In accordance with embodiments of the disclosure, the phosphor blend may
include a red-emitting rare carth phosphor. Such red-emitting rare earth phosphor may be
a multimodal rare carth phosphor, although the invention is not so limited.

16628] A red-emitting rare carth phosphot may comprise one or more of: a curopiam-
doped yttrium oxide {e.g., YEO} a curopium-doped yitrium vanadate-phosphate {e¢.g.,
Y{(P,V3Os:Eu); a manganese~ and ceriurmi-coactivated metal pentaborate (e.g., CBM}); or
the like. Other possible red rare earth phosphors may inchide Hu-activated yitrium
oxysulfide, or curopium(li}-doped gadolintum oxides and borates, such as
(Y,Gd)pOs B’ and (Y.GOHBO;EW™ A possible formula for the europium-doped
ytirium oxide phosphor may be generally (Y,iBuhOs, where 0<x<0.1, possibly,

0.02<x<0.07, for example, x=0.06. Such curopium-doped ytirium oxide phosphors are
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often abbreviated YEO (or somctimes YOX or YOE). A possible manganese- and
cerium-coactivated metal pentaborate can have formula (Gd(ZoMg)Bs(Che:Ce™™ Mn™
(CBM)}.

16621 In accordance with embodiments of the disclosure, the phosphor blend may
inchude a green-cmitting rare earth phosphor, Such green-emitting rare carth phosphor
may be a multimodal rare carth phosphor, although the 1nvention is not so hmted. A
green-emitting rare earth phosphor may comprise one or more oft a cerium- and terbium-
coactivated laothanum  phosphate  (e.g., LAP), cerium- aund terbiuru-coactivated
magnesium aluminate (e.g., CAT); or a curoptum-~ and manganese~coactivated bartum
magnestum aluminate (c.g., BAMn); or cerium- and terbium-coactivated gadolinium
magnesium pentaborate (2.g, CBT, GbMgBs(e:Ce™™, Th™™); or the like. Typical formulae
for cerium- and terbium-doped lanthanum phosphate may include one selected from:
LaP0u:CeTh; LaP()l;:Cf:?’-‘lTb% ; or {La,Ce,ThYPO,. Specific certurn- and terbium-doped
lanthanum phosphate phosphors in accordance with embodiments of the invention may
have the formula (Lag../Ce.Th)PO4, where 0.1<x<0.6 and 0<y<0.25 (or possibly,
0.2<x<0.4; 0.1<y<0.2} (LAP). Other cerium- and terbium-doped phosphor may be
(Ce, Th)MgAl O (CATY ; and (Ce, Th)YMg,Mn)Al O, It 18 possible for BAMn 1o be
considered as a green rare-carth phosphor, depending on the molar ratio among its
activators.

186221 In accordance with embodiments of the disclosure, the phosphor biend may
include a bluc-emitting rare earth phosphor. Such blue-cmitting rare carth phosphor may
be a multimodal rare carth phosphor. A bluc-emitting rare earth phosphor may comprise
one or more of: a europium-doped halophosphate (e.g., SECA, with typical formula (S,
Ca, Ba)s(POCEEY), a enropium-doped barium magnesium aluminate (e.g, BAM), a
europium- and manganese~coactivated magnesium aluminate {e.g., BAMn), a europium-
doped strontium aluminate (¢.g., SAE), a curopium-doped borophosphate, a cerium-
doped vitrium aluminate {(e.g., YAG); or the like. A ecuropium-doped strontium
aluminate may have the formula of S}tguﬁﬂm();_s:Eu2+ (SAE). In such formula, the

europiurn-doped strontium aluminate phosphor may comprise Sr and Eu in the following
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atom ratio: StpopoooFuspic:. BAM may have the formula (Ba,Sr,.Ca)MgAl 10O Eu”
BAMn may have the formula (Ba,Sr,Ca)MgAligOiFu" Mn™™ . It is possible for a
europiunt- and manganese-coactivated bariurn magnesium aluminate (¢.g., BAMn), to be
sometimes considered as a blue-green, blue, or green rare-carth phosphor, often
depending on the molar ratio among its activators,

196231 As already noted, phosphor blends i accordance with embodiments of the
invention may optionally further comyprise a non-rare-carth-activated phosphor, such as a
halophosphor, As used herein, the term "halophosphor” 1s mntended to refer to a phosphor
which includes at least one halogen component {preferably chlorine or fluorine, or a
mixture thereot) but which is not activaied by a rare carth element. A halophosphor may
emit a color upon excitation, or may emit light which is perceived to be white. An
example of a blue or blue-green emitting halophosphor may include a calcium
halophosphate {e.g, fluorophosphate) activated with antimony (34}, An example of a
white-cmitting halophosphor may include a calcium fluoro-, chloro phosphate activated
with antimony (3-+) and manganese (2+), such a5 Cas {PODF L, CLO Mi,Shy. Other
non-rarc-carth-activated phosphors may include one or more of strontium red (e.g.,
{(St,Mgn(PO4)p:Sn) or strontium blue (e.g., Stio(PO4)sF2:5b.Mn).

166G24] When reciting the chemical formulae for phosphors, the element(s} following
the colon represents activator(s). If two or more elements are present after the colon, they
are generally both present as activators. As used herein throughout this disclosure, the
term "doped" is equivalent to the term "activated”. The various phosphors of any color
described herein can have different elemeuts enclosed in parcutheses and separated by
commas, such as in (Ba,Sr,CayMgAl; 6017 Eut Mn™” phosphor. As would be understood
by anyoue skilled i the art, the notation (A,B,C) signifies (AB,C,) where 0 <x <1 and 0

-

<y =i and 0 <z <1 and x+y+z=1. For example, (5r,Ca,Ba} signifies (Sr,CaBa,) where

<x <1 and 0 <y <1 and 0 <z <i and x+y+z=1. Typically, but not always, X, y, and z arc all

Typically, but not always, x and y are both nonzero.

18625] A blue phosphor may have a peak emission of about 4480 to 500 nm; a green
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phosphor may have a peak emission of about 500 to 600 nm; and a red phosphor may
have a peak emission of about 610 to 670 am (for certain red phosphors, there may be
one or more peak as low as 590 nm).

16026] I accordance with embodiments of the present invention, lamps include one
or more radiation source which may comprise one or more of a discharge-based radiation
source or a solid-state radiation source. A discharge-based radiation source may ionclude a
low-pressure vapor discharge source, such as is employed in a fluorescent lamp system.
The radiation source may also comprise a solid-state radiation source such as OLED or
LED. For example, certain solid state radiation sources {¢.g., LED or OLED} may emit
clectromagnetic radiation which can be converted with a phosphor blend to useful light of
a different wavelength, e.g., visible light. To produce visible (c.g., white} light using a
blue or UV solid state radiation source (¢.g., LED die}, onc may deposit a phosphor blend
directly over the sohid state radiation source. Une may also couple a preformed tile of
phosphor blend on the top of an LED die. It is also within the present disclosure to
combine a phosphor powder blend n an encapsulant or binder material {c.g., silicone or
epoxy), and mold the mixture over a solid state radiation source {e.g., LED die) to form a
lens. The blend may also be in a remote phosphor configuration relative to the solid state
radiation source.

(8627} In many c¢mbodiments of the present imvention, the lamp may be a low-
pressure discharge lamip {c.g., fluorescent). Such lamp typically comprises at least one
light-transmissive envelope {which can be made of a vitreous (e.g., glass} material and/or
ceramic, or any suitable material which allows for the transmussion of at least some
visible light); a fill gas composition (i.e., one which is capable of sustaining an electric
discharge) sealed wside the at least one light-transmissive envelope; the present inventive
phosphor blend; and optionally one or more electrical leads at least partially disposed
within the at least onc highi-transmissive cnvelope for providing electric current,
Alternatively such lamp may be electrodeless.

10628] A low-pressure discharge lamp may gencrally be constructed by any etfective

method, ncluding many known or conventional methods, Some non-himiting examples of
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materials which may comprise the discharge fill of lamps include at least one material
selected from the group consisting of Hg, Na, Zn, Mn, Ni, Cu, AL, Ga, In, T}, Sn, Pb, By,
Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Re, Os, Ne, Ar, He, Ky, Xe and combinations and
compounds thereof; or the like. In one embodiment, the discharge fill material in a lamp
inchudes mercury. In another embodiment, the discharge fill material in a lamp is
wercury free. In particular, where a substantially mercury-free discharge fill 18 desired,
the discharge fill may comprise at least one material sclected from the group consisting of
a galliure halide, a zine halide and an indium halide; or the hke. The il will be present at
any effective pressure, e.g., a pressure effective to sustain a low-pressure discharge, as
can be readily ascertained by any person skilled 1n the field. Some suitable pressures may
comprise a total fill pressure of from about 8.1 to about 30 kPa; other values are possible
as well,

16629} 1t 1s contemplated o be within the scope of the disclosure to make aund use the
famps disclosed herein, in a wide variety of types, including mercury fluorescent lamps,
fow dose mercury, very high output fluorescent, and mercury free low-pressure
fluorescent lamps. The lamp may include electrodes or may be clectrodeless. The lamp
may be linear, but any size shape or cross section may be used. It may be any of the
different types of fluorescent lamps, such as T35, T8, T12, 17W, 20W, 25W, 32W, 49W |
S54W, S6W, SOW, 70W, hnear, circular, 2D, twin tube or U-shaped fluorescent lamps.
They may be high-efficiency or high-output fluorescent lamps. For example,
embodiments of the present invention include lamps that are curvilinear in shape, as well
as compact fluorescent lamps as are generally famihar to those having ordinary skill in
the art. Compact fluorescent lamps (CFL's) having a folded or wrapped topology so that
the overall length of the lamp 1s vauch shorter than the unfolded length of the glass tabe.
The varied modes of manufacture of and configurations for linear as well as compact
fluorescent lamps are generally known to persons skilled in the field of low pressure
discharge famps.

10030] Generally, a phosphor blend i accordance with embodiments of the

invention, when used in low pressure discharge lamps, will bave at least one phosphor
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composition carried on a light-transmissive envelope, ¢.g., on an inner surface of a light-
transmissive envelope. In embodiments where the lamp has multiple envelopes, the light-
transmissive envelope upon which is disposed a phosphor composition may be an inner
envelope. A phosphor composition may be applied to the envelope by any effective
method, including known or conventional methods, such as by slurrying, Methods of
preparing and applving phosphor coating slurries are generally known or conventional in
the art.

10031} When the phosphor blend 1n accordance with embodiments of the ioveution is
present as a layer disposed on an envelope of a discharge lamp, it may be present as a
single laver; or present as multiple layers of same blend; or present as a layer of a
multilayer coating. Typically, a barrier layer may also be disposed on an envelope of a
discharge lamp.

16632] A vapor discharge lamap in accordance with embodiments of the wnvention
may comprise from 1 g to about 6 g of the phosphor blend. For example, for a 4 foot T8
fluorescent larp, from about 1 g to about 4 g/bulb of phosphor blend ruay be employed;
and for a four foot T12 fluorescent lamp, from about 1 g to about 6 g/bulb of phosphor
blend may be employed. For eight foot lamps, a T8 lamp may cmploy from about 2 g to
about 8 g, and a T12 lamip may employ from about 2 g to about 12 g. An alternative way
of expressing content of phosphor blend is by mass per surface ares of inner envelope. By
this measure, a lamp may typically comprise from about 1 mg/em” to about 6 mg/eny’ of
the phosphor blend.

16633 Referring vow to Figure 1, beremn 1 shown an exemplary embodiuent of a
one type of lamp in accordance with the disclosure, namely, a fluorescent lamp L. Such
famp may be low- or high-pressure, and may countain mercury vapor as a fill, or may be
mercury~-free, but will (in this exemplary embodiment) contain a vapor that supports a
discharge. The fluorescent lamp 1 has a light-transmissive tube or envelope 6 formed
from glass or other suitable material, which may have a circular cross-section. An inner
surface (not specifically shown) of the glass envelope 6 is provided with a phosphor-

coutaining layer 7. A barrier may be present between the envelope 6 and the phosphor-
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containing layer 7. The lamp is typically hermetically scaled by bases 2, attached at ends
of the tube, respectively. Usually two spaced electrodes § are respectively mounted on
the bases 2, and can be supported by stems 4. The clectrodes § are typically provided
with current by pins 3 which are received in an electric socket. A discharge-sustaining fill
8, which may be formed from mercury and an inert gas, is scaled inside the glass tube.
The mert gas 1s typreally argon or a mixture of argon and other noble gases at low
pressure, which, in combination with a small quantity of mercury, provide the low vapor
pressure manner of operation.

160G34] The phosphor-containing layer 7 contains a blend of phosphor particles which
compriscs at least one multimodal rare carth phosphor. Individual phosphor material
amounts used in the phosphor composition of the phosphor layer 7 will vary depending
upon the desired color spectra and/or color temperature. The weight percent of each
phosphor composing the phosphor layer 7 may vary depeunding on the characteristics of
the desired light output.

18635] Ewbodiments of the invention also inchiude a method of making a lamp
employing a phosphor blend, the blend including at least two different rare ecarth
phosphors. Such method comprises at least a step of blending at least one multimodal
rare earth phosphor, the multimodal rare carth phosphor comprising particles having a
multimodal particle size distribution, with a difforent rare carth phosphor. Lamps may be
constructed by any effective method, which may inchide other steps which are generally
known or conventional in the field.

6636} It 18 contemplated that there may also be emwbodiments of the mvention
wherein the described phosphor blend is employed as, or s part of, a scintillation system.
Typically, if the described phosphor blend 1s employed as a scintiliator, 1t may be
provided in the form of a transparent solid body. A phosphor blend as disclosed herein
may be employed as part of a gamma ray camera, a CT scanner, a laser, a CRT, a plasma
display, and can be used a precursor to a scintillator.

(8637} Lamps in accordance with embodiments of the present imvention may otfer

numerous advantages. For example, lamps may achieve a greater lumen output than an
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wdentical lamp (at equivalent phosphor blend coating weight) in which the phosphor blend
does not comprise at least one multimodal rare earth phosphor. Thus, embodiments of the
invention also include a method of achieving consistent lumens at lower phosphor weight
{or, alternatively stated, a method for achieving higher lumens at same phosphor weight),
through conversion of radiation by a phosphor blend, wherein one of the phosphors in the
blend {e.g., a rare earth phosphor or a nou-rare earth phosphor) has a multimodal particle
size distribution. In such method, the multimodal phosphor may be a rare earth phosphor
or a halophosphor.

16638 In order to promote a further understanding of the inveuntion, the following
examples are provided. These examples are iHustrative, and should not be construed to be

any sort of limitation on the scope of the nvention.

EXAMPLES

[06639] EXAMPLE 1
10046} A blend of phosphors was prepared in accordance with embodiments of the
invention, employing the following three rare carth phosphors: blue BAM, green LAP,
and red YEO. The BAM had a mono-modal particle size distribution with a dsp of 7.73
micrometers, whereas the LAP had mono-modal particle size distribution with a dso of
5.27 micrometers. The YEO used was prepared in a manner to obtain a bimodal particle
size distribution. it was formulated from small particle YEO (56 wt% of the total red
YEQ} and large particle YEO (44 wt% of the total red YEO). The relatively larger
particles were commercially obtained, while the relatively smaller particles could be
obitained by firing a coprecipitated vitriuny/europium oxide, Particle size distributions for
cach of the constituent phosphors is shown wn Table I (measured on a LA-950 Horiba
Laser Scatter PSD Analyzer.

10041} TABLEI

Rare Karth Phosphor Type PSD PSD PSD

die dsg dog
(um) | (pm) | (pm)
YEO (relatively smaller 1.79 4.74 §.19

particic size)
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YEO (relatively larger particle | 4.46 6.60 8.93
size)
LAF green 3.14 5.27 8.03
BAM blue 5.05 773 11.72

PCT/US2012/037467
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10042] The relative weight percents of constituent phosphors is shown in Table I

i6043] TABLEIL

Rare Karth Phosphor Type Weight percent of total
rare earth phosphors

YEO {relatively smaller particle 28.0

81£C)

YEO (relatively larger particle 21.6

size)

LAP green 41.1

BAM blue 9.3

10044 To facilitate coating, the blend was combined with polymeric binder (PEO)
and inorganic additive (alumina). After suspension, the inner surface of a T& hnear
fluorescent lamp was coated to adhere the phosphor to the bulb, The total weight of the
phosphor blend employed in this example was 1.5 g per bulb {ca. 1.5 mg/em®). After
completion of the TR lamp, the lumen output was measured by following the IES
standard L.M-9-09 (Electrical and Photometric Measurements of Fluorescent Lamips), in a
sphere with spectrophotometric detection. The lumens per watt (LPW) by this standard,
in this example, was 87,

[0045] EXAMPLE 2

18046] In this example, the same type of lamp was constructed under the same
conditions as in Example [, with the sole difference being the coating weight. In this
example, the total weight of the phosphor blend employed i this example was 2.0 g per
bulb (ca. 2.1 mgiem®). The lumen output was measured in the same way as in the
previous Example, resulting in 88 LPW.

13647} COMPARATIVE EXAMPLE 3

10048} Comparative lamps were construcied trom the same phosphors 1n the same
relative proportions in the same way as in Examples 1 and 2, except without the bimodal
particle size distribution. A T8 lamp was made using only the relatively larger particle

size YEO red. That is, the PSD for the YEO was the same as the "relatively larger
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particle size" of Example 1. The weight percents in the blend were 49.6 wi%, 41.1 wit,
and 9.3 wit%, respectively of YEQO, LAF and BAM. Coating this blend onto a lamip in the
same way as in the Examples at 1.5 g/bulb resulted in 84 LPW, and coating at 2.0 g/bulb
exhibited 86 LPW, measured in the same way as in the Examples. Thus, the values for
LPW were 2 — 3 lumens per watt higher for the exemplary blends employing the bimodal
YEQO red, as compared to this comparative example.

100494 COMPARATIVE EXAMPLE 4

16659] A comparative lamp was counstructed from the same phosphors 1o the same
relative proportions as in Examples 1 and 2, except without the bimodal particle size
distribution, and using only smaller particle size YEO red. The PSD for the YEO was the
same as the "relatively smaller particle size” of Example 1. The weight percents in the
biend were 49.6 wi%, 41.1 wi%, and 9.3 wi%, respectively of YEQ, LAP and BAM,
Coating this blend onto a lamp 1o the same way as in the Examples at 1.5 g/bulb resulied
in 83 LPW and coating at 2.0 g/bulb exhibited 86 LPW, measured in the same way as in
the Examples. The values for LPW were 2 — 4 lumens per watt higher for the exeraplary
blends employing the bimodal YEQ red, as compared to this comparative example.
16651 As used herein, approximating language may be applicd to modify any
quantitative representation that may vary without resulting in a change in the basic
function to which it 1s related, Accordingly, a value modified by a term or terms, such as
“about” and "substantially,” may not be limited to the precise value specified, in some
cases. The modifier "about" used in connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context (for example, includes the degree of
error associated with the measurement of the particular quantity). “Optional” or
“optionally” means that the subsequently described event or circomstance may or roay
uot occur, or that the subsequently identified material may or may not be preseunt, and that
the description includes mstances where the event or circumstance occurs or where the
material 1s present, and instances where the event or circumstance does not occur or the
material 1s not present.  The singular forms "a", "an” and "the” include plural referents

unless the context clearly dictates otherwise. All ranges disclosed herein are mclusive of
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the recited endpoint and mdependently combinable,

100521 As used herein, the phrases “adapted to,” “configured to,” and the like refer to
elements that are sized, arranged or mamufactured to form a specified structure or to
achieve a specified result. While the invention has been described in detail in connection
with only a limited number of cmbodiments, it should be readily understood that the
mvention is not himited to such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, alterations, substitutions or equivalent
arrangemeunts not heretofore deseribed, but which are commensurate with the spirit and
scope of the invention, Additionally, while various embodiments of the mvention have
been described, it is to be understood that aspects of the invention may chude only some
of the described embodiments. Accordingly, the invention is not to be seen as himited by
the foregoing description. It is also anticipated that advances in science and technology
will make equivalents and substitutions possible that are not now contemplated by reason
of the imprecision of language and these variations should alse be construed where
possible to be covered.

100531 What is claimed as new and desired to be protected by Letters Patent of

the United Siates is;
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CLAIMS

1. A lamp, comprising:

a radiation source capable of cmitting clectromagnetic radiation of a first
wavelength; and

a phosphor blend configured to be coupled with said radiation source for
conversion of said electromagnetic radiation to a second wavelength,

said phosphor blend including at least two different rare carth phosphors, wherein

the phosphor biend comprises at least one mulitmodal rare earth phosphor.

2. The lamp 1n accordance with claim 1, wherein the at least one multimodal rare
earth phosphor comprises a fivst population of relatively coarse particles and second

population of relatively fine particles.

3. The lamp in accordance with claim 2, wherein the first population comprises from
about 20 to about 80 wt% of the at least one multimodal rare earth phosphor, and the
second population comprises from about 80 to about 20 wit% of the at least one

multimodal rare earth phosphor,

4. The lamp in accordance with claim 2, wherein the multimodal rare earth phosphor
comprises a bimodal particle size distribution having a firvst maximuom corresponding to
relatively coarse particles with dsg of less than or equal to about 10 microns, and a second
maximum corresponding to relatively fine particles with dsg of greater than or equal to
about 1 micron.

5. The lamp in accordance with claim 1, wherein the blend comprise two or more

different muliimodal rare carth phosphors,
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6. The lamp 1 accordance with claim 1, wherein the blend cormprises at least three

different rare earth phosphors.

7. The lamp in accordance with claim 1, wherein blend further includes at least one

halophosphor.

8. The lamp in accordance with claim I, wherein the lamp achioves greater lumen
than an identical lamp at equivalent phosphor coating weight in which the blend does not

comprise at feast one multimodal rare earth phosphor.

9. The lamp in accordance with claim 1, wherein the at least one multimodal rare
earth phosphor comprises a plurality of particles in which at least some relatively fine

particles are dimensioned to {it 1 interstices between at least some relatively coarse

particles.
10. The lamp in accordance with claim 1, wherein the blend includes a red-emitting

rare earth multimodal phosphor,

1. The lamp mn accordance with claim 10, wherein said  red-emitting rare carth
phosphor comprises one or more of curopium-doped yttrium oxide, europium-doped

yitrium vanadate-phosphate, or manganese- and cerium-coactivated metal pentaborate.

12, The lamp in accordance with claim 1, wherein the blend includes a green-emitting

rvare earth multimodal phosphor.

13 The lamp in accordance with claim 12, wherein said green-emitting rare carth
phosphor comprises one or more of a cerium- and terbium-coactivated lanthanum

phosphate, europtum- and manganese-coactivated bartum magnestum alurminate, cerium-
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and terbium-coactivated gadolinium magnesium pentaborate, or certum- and terbium-

coactivated magnesiun aluminate.

14. The lamp in accordance with claim 1, wherein the blend includes a blue-emitting

rare carth multimodal phosphor.

15. The lamp in accordance with claim 14, wherein said blue-emitting rare carth
phosphor comprises oue or more of europium-doped halophosphate, a suropium-doped
barfam  magnesiwm  aluminate, a europium- and manganese-coactivated barium
magnesium  aluminate, a curopium-doped strontium  aluminate, a curopium-doped

borophosphate, a cerium-doped yitrium aluminate, or SECA.

16. The larp in accordance with claim 1, wherein the lap comprises from | mg/om”
5

to about 6 mg/em® of the phosphor blend.

17. The lamp in accordance with claim I, wherein the radiation source comprises one

or more of a discharge-based radiation source or a sohid-state radiation source,

18 The lamp in accordance with claim 1, wherein the first wavelength 1s 1n g blue or
UV region of the electromagnetic spectrum, and wherein the second wavelength is in the

visible region of the electromagnetic spectrum and is longer than the first wavelength.

i9. A low-pressure discharge lamp, comprising:

at least one light-transmaissive envelope;

a fill gas composition capable of sustaining an electric discharge sealed inside the
at least onc light-transmissive envelope; and

a phosphor blend;  wherein said phosphor blend including at least two
different rare earth phosphors, wherein the phosphor blend comprises at least one

wuttimodal rare earth phosphor,
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280, A method comprising the step of]

coupling a radiation source capable of emitting electromagnetic radiation of a first
wavelength with a phosphor blend to convert said electromagnetic radiation to a second
wavelength;

wherein said phosphor blend including at least two different rare earth phosphors,
and wherein the phosphor blend comprises at least one multimodal rare earth phosphor;

wherein said wethod operates a lavap to achieve consistent lumen output at a
reduced quantity of phosphor and/or said method operates a lamp to achieve higher

fumen output at a constant guantity of phosphor.
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