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A Novel Yellowing-Emitting Oxyapatite Phosphor for White-light LED
Application
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C.H. Huang,

The orange-yellow-emitting Cagla,(PO,),0,:
Eu®" was synthesized and applied for warm light
white LEDs with excellent color rendering index.
We investigated the luminescence spectra, thermal
quenching and LED packaging using the oxyapatite
phosphor. The oxyapatite phosphor showed a
strong absorption band from 200 to 520 nm, which
is comparable with that of NUV-and blue InGaN-
based chips for white LEDs. A warm white LED
with CCT=2703 K, Ra=79, and CIE=(0.384,
0.275) was fabricated using the phosphor pumped
by a 450 nm InGaN blue chip. LED devices
with excellent color rendering properties were
fabricated by using a phosphor blend of the
orange-yellow-emitting CagLa,(PO,)0,:0.03Eu*"
and green-emitting (Ba,Sr),Si0,:Eu’+ phosphors,
driven by a 350 mA current.

Key words: Oxyapatite Phosphates; Phosphors;

Eu®' » S5 @bk ian CagzLa,(PO,)0,:Eu’’; LED

packaging; White-light LEDs

il

— > Bl
2014 FF37 H i Y s S pEma s T 2% B R ORI BERE  —BE (LED) » B BH R T A
REIRAY T EOLIE 5 FUZRIRE B ~ REFIEEL RN E S =7 H RSSO o B% LED Z8UERAHT
AE B ER (R SR BEAY F1 O LED P fix A4 1F (component) » T4 2K 8 S LI i 388 0 S5CR I DG
LED LA KIEHER » ARy H 2l AE 2SR DIk - ASEIRIES iR EKny$dy - HATH
St LED f¢ RABMERSirE - - DUFIF BE FrEEE LED fSEa a0t Y,ALO,,:Ce™ (YAG:Ce™)
Ky - FEHEE COL AR DUEI TG B KR - KIBL AT B AT 5 ~ mETE AR S
2 o SR CAERLY LED SEIRA A E M G tiimS - HHE 4% (CRI, Re) FIFE75 EF > B
QA HEAG O FEGEMZ X

BN AGEAERREFLEER e R
'Ph.D. Student, 2Professor, Department of Applied Chemistry, National Chiao Tung University

—O=%+=H



R o RbT 8 LED RURGE ~ MHREENE ~ MR BLRHERA » KA B2 S 9 R = 3G E
KD BB ANERR ST - fE Ry LED Uk RS » 3l H H o = B 1k B = 23 e, - THEH
Eu*" B Ce’" 5 LBt T R Se R BL R A B2 s A iy Sd-4f 3LHEE - N BRI At
i RN B SR BRLISC (7 BREE AN ] » [RTIT w] REE 2 TERE TR T SR AL » [RIMLAERT L
¥ BETEHHERESRIF RO -

B L [HE RE IR A AE S5 b - A% IK A3 (oxyapatite) By — 8 /= 3K AEHY T 88 (host) #1EL - HHA
B s S ia s SRR e i LB E  FES A LGN EABIKacH - B
CagM,(PO,)O,( Hrh M By = (B 188 ~ 8 ~ ISFESEEE 7)Y it 2m =0 H & S LB
T HSE RS K MR b SRR B LR © CagM,(PO,), O, & Ca®' Bl M** R FE G HE 1 » A& b
JUERRT » BA C B HAL R 4008461 - 3B Ry GECA B A Cs B E HAL B2 oh A8 47 » Wi fl
R RERS By 25 AN — (B 11T o SRR T 2 i 92 35 5 O S H =1 9 ML,Ling(Si0,)0, (M =
Ca, Mg, Sr; Ln =Y, Gd, La)®” & B - AR TE LED SOGMIY E i EE b - & RUR R
CagM,(PO,),0, BRI L AR S AT -

BEIRE AR S BT I SR u R (B AU AL R - (BB A
SR SRy BLEHEM B SERGHEE FE 3 » WA TEEIT Ry B SN A 4% - HHBARIIE 732
BHIR R - B R BE N FDOE LED FESERIAR KRR  RIMArrifednad HE &k - LHZ
HAE EAYERER) - RS FUES S I EAE -

A B FERTR DL AR iE S SEFT 5 AT CagLay(PO,)0,:xEu’ LUK Cag(Lag Ry 1),
(PO,)O,:xBu™" 2 Y by oz B i ~ 3% 6 14 Bl H 7F [ 8 R BH G 2 VB AE E A - 3D A AR L 48
5 € B 5 A US 13/293,8937 ~ H A FF FE 2011-91822 5% (Ff #F 5355613)® Eil o 5] K [ B
CN102559185A -

—_EBEARE
2.1 SRR ABEBZEEE LN 2RI

AWFFER] FH ek [ RE ik A SR A S A DL SR CRF Bl R E I i e - fiS e
AEFRAC T EFEHURER S5 ~ ALl A L5 EY) (R,0,) ~ BEERE 8% - =L —"8f
EERR AR 10 2388 AR E A SR - A SRS E R A AT 1200-1400°C
BERG BN 2 - FFERERNR A A0 R A AR E I 1000°C /10 /NEF » BT Eu’ 32 R
Eu’ » i HBUG AR SE T Ha 88 B 0 A I Cf i FHAY CagLa,(PO,)0,:xEu’ LUK Cag(Lag Ry ),
(PO,)0,:xEu*" # A Kt o
2.2 EHIRAEAENAMHEBRET PR THRASEAE

AIFFEH Cag(Lag 90Ry 01),(PO,)eO,:x B 8 k) 2 AHSE 2 B /34T » 2% 2R Bruker AXS D8
HU% 58 X EHREE 5 (Cu Ka radiation * 4 = 1.5418A, 40 kV X 20-40 mA) JEITEH] - 20k 2 5
S EE (Photoluminescence, PL spectra) Bl i 2% 5¢: 3l (PL excitation spectra * Z 1% PLE YGi% ) 1Y &
HIGRFIFEEER 450 Watt [T EIRAY Spex Fluorolog-3 FUAE B BaHEETT - kb4l - FABEAH
K Hitachi 23 ]S 3010 B double-beam &5 I EERE B LIHIE BOUKD <18 SEHERE (Diffuse
reflec- tance spectrum) ~ J5¢ S SR EL IR AT o 2% — Fi B8 19 T8 B0 O G 3% (Electroluminescence
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spectra, EL spectra) Bl 81303 .2 Bl Ky 1 3EBd ONSET /A H]ZE#! Sphere Optics Y 6 JERFE 53
BR » FEIEIA] (forward bias) BEEEEVTFy 50-350 mA #iE PIFrETTHY -

= AR
3.1 (Ca, Eu,),La,(PO,);0, B} X NiEH LR 2 ETE LW
1 AN [F] R Bu®' Bt 7325 CagLa,(PO,)0,:xEu®’ 220K XOUREST B3 & thig - B A
WK AE Y CagLa,(PO,) O, AGEEIR A 176 57 2ZRIEE P63/m » HiEES [EFEEL JCPDS &R A%
33-0287 AT EREL A ik IR A BT [ 5 — 25 o AR AT LR E Eu BEFBHERE (x {H) 5 0.0010
0.100 ¥ » CagLa,(PO,),0, B FLEEHERFl—AnAH » [BEE oAt B A PRI » IR T $EGm Eu®'
T B A B e O s A -

oM. Cala(PO),0,0.100E
Ca/[a,(PO,).0,:0070EL""
L2,(PO,),0,:0.050E "
Cala,(PO,),0,0.030EL"
Ga,La,(PO,).0,:0.020E"
Ca,La(PO,) 0,0.010Ew""

. Ca,[2,(PO,).0,0007EF"
| Ca,[4,(PO,),0,:0.005EL""
| Ca,La,(PO,),0,:0.003Eu”*
Ca,[a,(PO,),0,0 00TEL”
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1 Caglay(PO,)0,:xEu”" % b4 XRD # K &4t B 3%

3.2 Cag(La,,Eu,),(PO,);0, BN M BHRE KB (LB T 2T

Eu’' ¥ 1 Bt T B % Cay(La,R),(PO,),0,:xEu” 8 Y ¥7  PLE B PLYEEE 43 B4 [ 2(a) E (b)
Fi7R o S HTHEUR © Cag(La,R),(PO,)O,:xEu’ S5 -HH A [ B IR [ AU 1K) PLE Bl PL K3
BHEA R B0 o ARG » BURFRICATRETAALE o B < BB HR I (TR R 5,
BRI x,) £y 0.003 o [E 2(a) BEOGEET - EEAYRIF AL 240~510 nm B - [E 2(b) BEIR
TG Ry TSR I 62 5 R 25 480~800 nm 32 B » - BT I I 2 = By 629 nm =0 » LB JE 112
B Ry (0.572, 0.424) o bl M B HL 0] JE A 224N BB LED BB #E #A K} (Luminescence
conversion material) * SR i B EEHY R AE R BUF DY LED -

Tyl fiF CagLa,(PO,),0,:0.03Eu”" & KK B[R] Ry B B k) R L B B M RE 2 1845 - [l 3 FLi
T A KRR Cagla,(PO,),0,:0.03Eu*" BB Y,AL O,,:Ce™ Fa i ( fiifE YAG : Ce™") & Ea
OGS - H B EUE Cagllay(PO,)0,:0.03Eu* G » MALEE AR YAG:Ce™ ftaL - Satk
SPHTHEUR ¢ Caglay(PO,)0,:0.03Eu” BRI ISR B BHOEEE il BRI R R At
i[RI AT R RN YAG:Ce® " FERLG I By (R e A EIRE -
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3 Cagla,(PO,),0,:0.03Eu*" # YAG:Ce’" #% 4 PA 3% & 450nm i % Cagla,(PO,)0,:0.03
B R R i Eu' &bk @Bmutbttist £ LA
e B2 T Cagla,(PO,),0,:0.03Eu*" #
(St,Ba),SiO Eu*" 7 & 5 5% 5% & i 8
Z W%

3.3 SR ARXH SREVETFEZAR

B T A Wk K 0 R OE Ky BAE O kB FE H W8 T 0 1814 88 R £ 25-300 C 2
il CagLa,(PO,),0,:0.03Eu™ 5% S %y & O 5 F& Bl i 1 48 {2 B £ A WF 5% % () I 38 15
(Ba,Sr),Si0:Eu”" & i EH AT ol BL AR I 8 U R HETT LUl » B LT otk 3%
SEOREERE 2 IR HE T R BRI M o bl o AT R AR I R SR R[S RE R BH B
(Ba,Sr),Si0,:Eu* tHE BifER )T -
3.4 Cag(Laggg Ro1EUg01)2(PO,)0, BB NNF AT

R BRES A (Rl 7 ~F R AYFE LB 7 B La - % CagLay(PO,),0,:0.03Eu’ L FF P YK
JE » ARWFFEELUE T B Cag(Lagos. [RooiEtpo),(POL)0, (R = Sc, Y, Gd, Lu) 1hLE24H Bk Y PUFE 5%
¥y HHFER LR 450 nm S PLOEEEAIE 5(a)-5(d) Fis o HEEg B tat < B JE
AL > BESRVURERS LB TP IEA/NEI S < Lo’ < Y < Gd*" <La’" 28 » (HESGCIT RN
630-638nm [t] °
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5 Cag(LayoRy,),(PO,)s0,:0.01 Eu”" Z i B ¥4 5k k3% > R % (a) Sc» (b)Y » (¢) Gd $2 (d) Lu

2 1 BRI LRI T AR SR AT ERET Cag(La,R),(PO,)0,:0.0 1 Bu™" BRI LERARBR ~ s Bl i
PR BFDE O BATE TR o ATFEHI Cay(La,R),(PO,)0, 1 0.01Eu™ BOLH) L FOEBEREN
B R e AN - RE LA AEARRRE -

%1 Cag(La,R)(POs)s02:0.01Eu”" 4 by A ~ 25l R L & B 4240 2 rh i

e ; . R3+ N N N B
e (LM NS I e CIE (x3)
(pm) (nm) (nm)

1 CagLay(PO,);0,:0.01 Eu*" 450 626 (0.567,0.428)
2 | CayLaysSco )o(PO,)0,:0.01Eu>* 745 450 633 (0.548,0.441)
3| CayLag,Yy,)y(PO,)0,:0.01 Eu®" 90 450 630 (0.542,0.445)
4 | Cay(LayyGdy,)y(PO,)05:0.01Eu® 93.8 450 633 (0.553,0.438)
5 | CayLagsLuy )y(PO,)0,:0.01 Eu>* 86.1 450 638 (0.558,0.434)
6 Y,ALO,,:Ce™(Nichia Fési ) - 450 562 (0.447,0.534)
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3.5 LS R A SR LED BT LFiEZH R

FolHlFA Cag(La,R),(PO,)0,:0.01Eu” &K E Ry £ & 18 LED #9278 )1 - HAMBE A
CagLa,(PO4),0,:0.03Eu”" #& Y 4% B 37 1= 450 nm B % LED & Fr 840 F1 5% LED Jof4 » A AR 6
Ee# 7 AR N ELE UR N (Ba,Sr),Si0,:Eu’* M5 4% 5 =0AT 1S LED 7F 350 mA T yiBa®E) ~Frflfs
MY BL 3 o Tl 7 Bl ks A WF 5% {5 FH 26 f A [5) 32 & LR A4 CagLa,(PO,),0,:0.03Eu”" 85 Y685 / 1%
B Bl 37 5 450 nm B LED & v+ 7E 45 ¥ T (Ba,Sr),Si0,:Eu’( 22 B3 Bl a-h) B 8 75 11 (Ba,Sr),Si
O, Eu™" #6Hy (268 1-8) AlTEf#E (% LED JTA 3 GELFT e thFE AR E Y L -

6 {# M CalLa,(PO,)0,:0.03Eu*" 4% % 5
18 B LED &b K (450 nm) A7 3 K & &
LED 7t EL B3t 2 tdk : (a) &R im st
(b) & A (Ba,Sr),Si0,:Eu*

& 7

f# M Cagla,(PO,);0,:0.03Eu*" % & 5
#1 % R LED &b K (450 nm) Ff 3 % &
X LED L #F & & 4% 7 & B : (a-h) A
7% /m (Ba,Sr),Si0,:Eu’" ¥ (1-8) & 7% Am
(Ba,Sr),Si0,:Eu*

%2 WAEfE A CasLax(POs)s02:0.03Eu” 4 k45 1 8 5k LED & A (450 nm) 24 5 X i i 4F & 5%

LED 7t & % % 4 Z g

CagLa,(PO,)40,:0.03Eu*

CagLa,(PO,)0,:0.03Eu”" + (Ba,Sr),Si0,:Eu*"

TE AR (%) CCT(K)  Ra  JCiFWa% (%) CCT(K)  Ra

1 (0.541, 0.425) 1954 80.5 a (0.423,0.463) 3653 86.4

2 (0.514, 0.391) 1962 80.7 b (0.402, 0.434) 3877 90.6

3 (0.464, 0.361) 2254 84.5 ¢ (0.390, 0.412) 3997 92.5

4 (0.437, 0.335) 2384 83.0 d (0.364, 0.377) 4464 95.9

5 (0.397, 0.282) 2506 80.2 e (0.333,0.322) 5480 92.0

6 (0.353,0.238) 3190 69.6 f (0.301, 0.269) 8691 81.5

7 (0.327,0.212) 7372 54.2 (0.274, 0.227) — 76.1

8 (0.293, 0.180) — 40.6 (0.256, 0.199) — 73.8
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2% 2 (R b alt R e A [ 26 O =0T B RY 9 0% LED Je {4 (o i A% ~ AHRE il (CCT) B
RS (Ra fH ) #EFTHLEL - FRAMIEEEL © EEEIMIIN (Ba,Sr),Si0,:Eu’ 8 EH At 4619 1O LED
Z THEA B (CCT) /7 1A 3,653 2 8,691K 2 [t » H i 8 fR ¥ (Ra) /M 12 73.8-95.9 » JE IR MEIN I
(Ba,Sr),Si0,: Bu*" &Gk AT e #E09 Ot LED B R « Lt 9ol A SO s S Ik G
EOCBEESEEAE F9% LED SUYE B RIEE 7 -

m- % i@

ATHFCEERT T — TR T SR I B G R I i B S PO LB T R B3R (Ca L Euy)s
(LaggoR01),(PO,)6(R=Sc, Y, Gd Bl Lu) %8 St ¥y » 6 BE AT A [F] 1k 22 4H Bl 5 O 8 2O R M 2 3%
J& » 1 s LLSE SN BB E LED f v BUF B % [ 8 8 U Ay 68 FH A b R - 3% R 5148 00 i
B 77 By (CagorEuy 3)La)(PO,)0, * 1E 240~510 nm 7 £ 803 F - 8O0 3 = &1 B 5 480~800
nm * TG E R 629 nm » FUERET R (0.572, 0.424) © i B0 S B B ¢ 4F 100°C B
A K 13 8RRy & B O TR B R R SR Y 75% o Bl (Ba,Sr),Si0,:Eu’ BV AT R AHE o
CagLa,(PO,);0,:0.03Eu* Gy ~ Y BB £ 450 nm BEG LED &4 Fr » ¥R N (Ba,Sr),Si0,:Eu**
& CR AT DIBLVERE B 105 (CCT) /12 3,653 £ 8,691K 2 [ » HiE R %L (Ra) /112 73.8-95.9 )
F15¢ LED JTf: -
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