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o

Yellow-green to yellow-emitting, lutetium aluminate-based terbium (Tb) containing

o

phosphors for use in white LEDs, general lighting, and LED and backlighting displays are
disclosed herein, The vphosphoi' may further contain gadolinium (Gd). In one embodiment of the
present invention, the phosphor comprises a cerium-activated, yellow-green to yellow-emitting
lutetium aluminate-based phosphor having the formula (Lu;.xA,)3Als012:Ce wherein A is at least
one of Gd and Tb and 0.1 < x < 1.0, wherein the phosphor is configured to emit light having a
peak emission wavelength ranging from about 550 nm to about 565 nm, and wherein the

phosphor contains at least some Th.
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#F1. EELRRIMEF AR IIEIE & Z Luyg1Ceq.00AlsO B HI E A4S BB

MgF, (wt %) | CIEx | CIEy | BEHER R(nm) | AHEEHRE (%) | KK
D50 (um)

1 0.3635 | 0.5862 | 526.88 58.04 4.01

2 0.3554 | 0.5778 | 529.56 78.47 7.38

3 0.3336 | 0.5776 | 514.22 105.13 9.30
%2 BEAARESFHRINE S EZLuseCeroAlsOL R HIFEAE R

StF, (wt%) | CIEx | CIEy | ZBHER K (mm) | FHEHRE (%) | K
D50 (um)

1 0.3677 | 0.5732 | 534.64 71.65 3.84

2 0.3677 | 0.5732 | 534.64 85.82 5.24

3 0.3555 | 05718 | 532.43 112.40 9.90

5 0.3405 | 0.5748 | 523.44 107.67 11.38
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d

$3. B=BaH B=SrfAx -
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X y B R |EFE | DO
(nm) R (um)
(%)
(LU0.90Gd0_07C60‘03)3Bao.15Al5012F0_30 0.424 | 0.543 | 554 114 12.02
(LU(),g()GdO.]7CC().03)3B30_15A]5O]2Fo_30 0.453 1 0.525 | 565 111 11.15
(LU()_64Gd0,33CCO.03)3B30,15A15012Fo_30 0.480 | 0505 576 101 9.59
(Lug.94Gdg03Ce0,03)3510.34AlsO,Foes | 0.413 | 0.550 | 551 132 15.61
(Lug.90Gdo07Ce0.03)3810.34AlsO12F 63 | 0.429 | 0.545 | 555 138 12.94
(LUQ,84Gd0.|3CC()_03)3SI'0.34A15012F0,6g 0.436 | 0.537 | 558 122 14.44
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FHRETREBMEEGYERPEFERENY - £ —SEFHEH
o BIERE R EAS00C E1600°CHEMN - SEHMEEOIF > 15
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HhEpld  AAEZEERERAPENNHIOOCEHI00C ZHMBES
VIEIE2/NFEIIONG - AXFETRCHABAIERERB-BB A
EHRERENRESERE R  E—LHEAF  FRESBHBEEREHS
AR _EHEBHEBURLERBRE T oMrB I EMER - £
g “HE_ESBED S BHEE T{(£Ba(NO;), + Mg(NOs),
BSr(NOsy), » HiZ A & B IRERE R {RAI(NO;); -
hEAE—SEEEASBR LY REHUGERES F 2B
HRZEMDITER  -Z T ECEAEREUTESR a) EESH
DATE M B2 B IR A #  Ba(NOj), ~ Mg(NOs); ~ Ca(NO3), -
Sr(NO3); ~ AI(NO3); K LuyO3 5 b) B Lu,0: N BERERYT » BER%K
REHMLEECEBHRBRBLUE KLU KSE T ZHBRERE © ) IS
BRO)ZBWLTEHERE  d) BT ROCEBIMEAENHI500C Hi
1000C C I LM HBEBREEY T BREMMESY © Ke) EEEME
RKRAFENNRFII000CEHIIS00C 2 BETEELSBRHZIHE -
F4. FFEER N (TO) B /2L (GA)Z LISRERBE 55 & 7 S 35 L ¢

s
ffmdmae | Gd | Tb Ce CIEX | CIEY R | A
(nm) (%)
Tl 0 | 03| 009 | 0415 | 0.549 550.1 135.6
T2 0 [ 05| 009 | 0433 | 0.539 555.8 132.5
TGl 02 | 03 | 009 | 0442 | 0.534 558.4 128.3
Gl 02 | 0 0.09 | 0413 | 0.550 550 131
G2 03 | 0 0.09 | 0436 | 0.537 556 125
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G3 0.5 | 0 0.09 0.448 | 0.530 560 121
YAG] 0 0.09 0.427 | 0.548 550 140
YAG2 0 0 0.09- | 0.442 | 0.537 557 135
xS5.GAdEE
GAiRE CIEx CIEy RETHER | DL D50/um
/nm 2t
0 0.375 0.564 541.2 140 12.8
0.1 0.394 0.556 545.4 135 13.2
0.2 0.418 0.547 551.0 130 13.0
0.3 0.434 0.538 556.1 127 13.0
0.4 0.445 0.532 559.2 125 13.5
0.5 0.452 0.528 562.8 121 13.3
6. ThiE &
ToiRE CIEx CIEy N e D50/um
/nm ot
0 0.375 0.564 541.2 140 12.8
0.1 0.384 0.563 542.4 138 14.0
0.3 0.415 0.549 550.1 136 13.4
0.4 0.424 0.545 552.3 134 13.6
0.5 0.430 0.541 554.8 132 13.8
0.6 0.436 0.539 556.4 131 13.5
0.75 0.444 0.533 558.3 130 13.4
0.9 0.449 0.530 560.1 129 13.0
1.0 0.453 0.528 562.0 125 13.0
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St¥xifh -2 CIE xth AR i@ By £ 2 CIE ytf B AR - DA20E IR &
[HIFE H20°C E220C (EIEANKZHIEN Bt < BIFREZ
T D) R BOR AL - BURIR R FRT() KR TG o /NjR0.0052
CIEAA AR (L RS 7E AT #l 5 2 i i B N B > B EE R E » B S5 T
MERRE R xRy RIFELEEBE A ZCIEARAR - BB E @ #
Tl T2RTGIERKERERE M - B30 H A58l 2wt et # A8
fb o afdstiEM B cBEREREEREPFER IR -

#£7(). ETbkGdL&EY) . CIEZ i E KL

| . G1 G3 T1
JBE(C) |CIEX|CIEY| CIEx | CIEy | CIEx | CIEy
20 0.4156 | 0.5483 | 0.4441 | 0.5344 | 0.4215 | 0.5454
40 0.4163 | 0.5479 | 0.444 | 0.5342 | 0.4218 | 0.5447
60 0.4165 | 0.5477 | 0.4446 | 0.5347 | 0.4227 | 0.5449
80 0.4167 | 0.5474 | 0.4451 | 0.5352 | 0.4229 | 0.5447
100 0.4187 | 0.5492 | 0.4442 | 0.5353 | 0.4226 | 0.544
120 0.4185 | 0.5492 | 0.4432 | 0.5354 | 0.4244 | 0.5456
140 0.4182 | 0.5493 | 0.4438 | 0.5359 | 0.4243 | 0.546
160 0.4175 | 0.5495 | 0.4429 | 0.5364 | 0.4241 | 0.546
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180 0.4191 | 0.5515 | 0.442 | 0.5369 0.42365| 0.5461
200 0.4182 | 0.5531 | 0.4399 | 0.5381 | 0.4232 | 0.5462
220 0.4174 | 0.5534 | 0.4408 | 0.5395 | 0.4226 | 0.5462

ACIE X |ACIE Y ACIE X = ACIE'Y |ACIE X |ACIE Y
=0.0035= 0.0060; 0.0043 |=0.0053|=0.0021}=0.0022

 RIGi).  ATORGAUL Y2 CIEZ BN

SON 100

BECD) emx | aEy | aEx | cEyY
20 0.4357 0.5375 0.4444 0.5325
40 0.4379 0.5379 0.4451 0.5322
60 0.4385 0.5373 0.4454 0.5318
80 0.4384 0.5364 0.4458 0.5321
100 0.4395 0.537 0.4455 0.5319
120 0.4388 0.5364 0.4449 0.5322
140 0.4392 0.5366 0.4457 0.5333
160 0.4389 0.5366 0.4462 0.5335
180 0.4384 0.5365 0.4461 0.5342
200 0.4381 0.5366 0.4449 0.5344
220 0.4404 0.5385 0.4455 0.5351

s NEACIE X = 0.0047ACIE Y = 0.0020ACIE X = 0.0018ACIE Y = 0.0033
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50001 <x<1.0;0001<y<02: H0<z<0.5> AAEHH T~
Bt EEES —®Th - |
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®8. kK FEOCIHBRERBIOLEE Z E M E B

i | ALK CIEx |CIEy |3 5f|fH ¥ D50
5% 238 * | (um)
(nm) | Ot
MR
1 | Luy70Gdgo1Ceg9Bag 15A1501,F 3 0.424 | 0.543 | 554 114 12
2 | Luy40Gdys1CepoBag 1sAlsO1oFg 3 0.45310.525 | 565 111 11
3 | Luy9,GdygeCeg9Bag.15Als012Fq 3 0.480 | 0.505| 576 101 10
4 | LuygyGdgo9Cep.09S10.34A1501,F 63 0.413 ] 0.555 | 551 132 16
5 | Luy70Gdg21CeqgoSTo34AlsO012F ¢ 68 0.429 | 0.545 | 555 138 13
6 | LuysoGdg39Ceq.0oST0.34AlsO12F 68 0.436 | 0.537 | 558 122 14
7 | Luzg75Cep025A15012 0.32710.578 | 515 135 13
8 | Luyo7Ceq03Als042 0.334 | 0.577 | 520 135 13
9 | Lu,65Ce0.035A15012 0.340 | 0.576 | 525 135 13
10 | Luy96Cep.04AlsO12 0.347 1 0.573 | 530 135 13
11 | Luy96Ceg04Al501, 0.35410.573 | 530 115 5.5
12 | Lu,.045Ce.055A1501, 0.354 | 0.569 | 534 137 13
13 | Luy 93Ce,07A15012 0.37210.564 | 540 135 11
14 | Lu, 54Gdg Cep06Al5O012 0.392 1 0.556 | 543 135 14
15 | Luy4Gdy1Cep.sAlsOy, 0.395 | 0.555 | 545 130 10
16 | Lu, 54Gdy 1 Cep06Al5012 0.393 | 0.557 | 545 120 7
17 | Luy6aGdy3Cep06AlsO12 0.415]0.549 | 550 135 13
18 | FHFLEAIZ * LuzeaGdosCeoosAlsOr2 | 0.431 | 0.540 | 555 125 13
B2 Luy.44GdosCeg.06Al501,
19 | Lu, 44Gdy5sCep06AlsO12 0.447 | 0.532 | 560 120 13
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