CaLaGaO4:Eu ] Na*$B 2440658 &2 WLED N
FUNHED A0 BERUE D BRI D IR Y i O

D (FEUNE R ER 2 SEOR B, Brisst RS 5Haisiin=s, #H
g’ A7 835000)

2)  CHILIHYE R PR, Wil &48321004)
W OE AT XKHSERBAMZEERDE KR T — &% CaosdlagsEuisGaOsxNa*
(CLEGO:xNa*, x = 0-1.7%) £ZL 5 6K . XRD 2047 36 B B A i 4 v 44, Na*
(R 5N AR AR i 5 MM AR S5 M . PL OGS T R T, Nat B2 EH 8 T
Eu R GSRIE, MB IR 0.9%0, I SDo—"F, BRIE (14T 5 R G 5 5 ik 2]
RIBIRFEST) 1.82 ff . BMMFEMIETRERN 143%, 2O6HEWHN 0.93 ms, I
R RIF A E M, (£ 498 K N AN RE4ERF =10 T 1 64.9%. ¥
CLEGO:0.9%Na* £L a5k 56 I . 28 6RiR G, EH257E 392 nm T 5405
A b, Ih A& H A LED 234F, HEAkRN(0.301, 0.354), T EFEECH 81.8,
FEXT RN 6900 Ko AHF FRIIESE Nat #5442 327+ CLEGO R ey ROL R A
RUKNE , 1ZAOERTE 16 LED HE A ST L AT ¥ 78 1Y 0 F A1
REEAE]: CalaGaO4Eu’'; Na' 4% KOG, 4@%)6k; HJ6 LED
PACS: 78.55.Hx,78.55—m
BEE: Pl RARXEARFEES GHES: 2024D01C202) 7 B 1)
TEIEH:  E-mail:izhw33221@163.com;E-mail: ghh@zjnu.cn

$B—{E#: jiangxiaokang@163.com

il

1. 35
PR FE A (A6 KOG W (pe-WLED) AF Ay 56 DU A [ 44 1 B S 5


mailto:zhw33221@163.com
mailto:ghh@zjnu.cn
mailto:jiangxiaokang@163.com

HEARECER . B B arK RARRBUNER R R, IEZ DAL 4
W7 58, FEIE I . VR0 T Ol ARl ' Vs 45 AR Fe 0t K I 1 P 04
HAR R 3 RIS R R e m S AR S e AR . SR, 46T
5 BB N A pe-WLED J5 %, 2 K H 06 GaN & 7 UK Y3ALs012:Ce®
(YAG:Ce™) mtutky, i MmtRE ™A B, &7 ZHH & L2
I RRASCER IR 2 R, (BRSO o F Gk = 200k sy, B &
I R AFREURIE (Ra<80)  AHXtififlim (CCT>4500 KD , HELAH 2 &
T IR B P R, B CAERS B I R R 15100,

PIFRIE —HARIE, BN G T 55— PR AT S HOR R 2 R
A4 (n-UV) LED SR =3 (40, &t 3D 9%eh. WA EHRE
RS, REMARK A, R, SZEORM SRR ™ 2 IR T S TR AL
WM Z . B ETOER, W Y.0.S:Bur FAERE X RIGER
G HLAE n-UV KRR S5 . Mk, SRR SIFRITERIMERSR . BE

BT AR 5 IR R R A3 AR B B AT B R B O HES)
pe-WLED HA [ i ¢ Jié I A R 2 — 11151,

FERZ R OH, =MHEE T (Budh) BRI 464 17 RRT R,
FRON TR RELT (U e R (AR B o B B AR NS oL, RO RETR TR
WEATIE I A HFIEA F RE LR M WROEAT . B T4 AN 5s25p° HLF-H RU5R
Af-Af BRI R IRBUNZOR R, WP H IO B Al . JOnRmik
SR M, AR BoR AR 2 m BRI A 52 o
Eu?* 1] Do —"Fy (J = 0-4) BRILAEHE 7 A2 — RIVRFAE RS, A AT 610 nm

[¥] Do —"F, HUBARIRIE JC R, REAST @2l L0t . BhAh, Bu®' ££ 392



nm ("Fo—°Le) #1465 nm ("Fo—°Dy) SEALFIRHERUR 6, REAR 47 M UTRC o5 FH i
AN 5% LED 5 4, 8 LA pe-WLED FH 4L (5% 5t by B B AR IS0 B 716181,
SN, JFRGR SR T R S R B MR Bt O SO T 2T
WPkt . CAMIERZF Eu¥® 54568, 11 BaY2ZnOs:Eu®*. SraInTaOg:Eu*
5, HBRRIERAN A R 5t MELLHE 2 pe-WLED Z4F7E 150°C A LARIR
NI RS E R 1023,

WHAR, FEM 35 4 MR IR 5 NS &R 257 (4 Lit, Na™, K &2 —7b
A REETH RGN RE Y SREME 2420, 3 8 20 7308 A1 DAy Ry 32 771 i A6 2 1 771
W& BB IR G R SR IR AR I A | R IO 8 AR S R R AR, AT e 3 LA B R

IR, SRR SR EMER . B0, Guo Z5IESE Lit 57215 S ErFs 99K & iy

FEUR4E, WEEE Ert 1) R RRY; Veen 5@ 1T Lit, Dy** HeiB 44,
T+ T Gd:MgTiOs:Dy*" 5568 1) A6 R

AT B £ £5 4 (K] CaLaGaOs (CLGO) 1EANFEERR, izt RIBI g A
PR IE SR — & & B B 7B MILRFER, i Bu B TR EB KT
N 30 at%. AHE— B EVERE, ACRGEM S Nat, IEIEN Na* &
TGN B’ B RS, $SETH 9000 BRI CRE o AHIT TR e i [ AR
I %% CaiosLaosEuo3GaOaxNa® R 55K, FHHEIIEIT Natis 4ot H it R 45
. ROCIREE . FOtHFfr . BT R KGR E TR, B 2K R T 5 4h
O LED 2844, VP4l HSzBr S 7 77 o



2. 2

2.1 W7 S5# K

WRES (CaCOss 99.9%) - FAfLHE (Lax03, 99.99%)  HAE (Gax0s,
99.99%)  FAMHE (Bu03, 99.9%) « HRILIN (NaxCOs, 99.9%) « Fo/K LI (99%),
L E AR 0 B R L T R A PR F
2.2 FE il 4

AT TR FH i [ AR VA i) 4% Cano.siLaosBuosGaOsxNa® (CLEGO:xNa', x = 0.
0.1%-+ 0.5%-. 0.9%. 1.3%. 1.7%, FE/REE) RINGOCH . HIE, K&l
A R LR AR R, BT IR R, DR IOK CRERFEE 0.5 /N, A
R MR A5 . B JG, FR GBI RIRE SR, BT, BN A,
F 1246°C N hedk 6 /Mo FRREfLBEY A M E=IREIH, THEBSS), frbsid
%M.
2.3 FfaRAL

HM A& 5 DSRADVANCEA25 8 X S AT S A e i B iR 25 4 . >R
H 57 JSM-7500F Y =14 F B UL 845 it KOOV T 30 S TG 3R 20 A« A 57 UV3600
YIRS S i Y8 FluoroMax+)GiE A B RS = IR AR IR
(298-498K) PL Jt:ih; K% T & FLS980 Y& il At 7% e 55 iy I B FRCR
3 GRG0
3.1 Yk

B 1 () JEoR T i8I R E AR A B CLEGO:xNa™ & 15¢ 68 i) XRD K
We o FTARE R 0 RT B0 24 5 4R CLGO MM 7 45 #) (4 4% #E & A+ (PDF No.

04-010-6387) frR¥F—2r, HILZAHHEIL, R Na® )51 N AR A8 38 5 ) Jm Ak 2



o RIS, WE 1 (b fias, XRD JFEHBOCE R H—A EE {1
AU B Na® B4R 0.19%I8 INZ 1.7%, F75HIEI5 SLI0H BA 5 0 1A% A 5
A IS . AR R T R, A5 A ORI BB S W 17 AT (R) PR o (14
Ko BElI, ATHTIEIZHAR A BE A2 R W] Na*® FIEZh#5 N\ CLEGO i, IS0

MeRA T BB
(a) (b) :
l l Ili A AN l bl A Y. F1'7% / i \
- 1} ,Il. L e A s X=1.3% _ / :\
= : I
C A4
3;‘ L x=0.9% = |
|| . |5/
= L 0 B I o E |
h \ x=0.1% /N

| | || PDE 04-010-6387

10 20 30 40 50 60 70 80 31 32
2Theta (degree) 2Theta (degree)
O [ crc0:0.1% na” D] cLEGO:0.9%Na’ Yobs-Ycalc
o Yobs o Yobs
Yeale Yecale
O | Bragg position

| Bragg position

R,,=10.62%
R,=8.02%
=117

Ryp=10.84%
Rp=8.20%

22=1.01

Intensity(a.u.)
Intensity(a.u.)

FCEEE IO A RO DR N RO O

10 20 30 40 50 6 70 8 10 20 30 40 50 60 70 80
2Theta(degree) 2Theta(degree)

K] 1 CLEGO: x Na" ¢85 1) XRD Bl Ca) + Jw i O (b) BL M2 CLEGO: 0.1%
Na* #l CLEGO: 0.9% Na" £ HE 1B -3 (o-d)
Fig. 1 XRD patterns (a) and enlarged view (b) of CLEGO: xNa" phosphors; Rietveld

refinement patterns of CLEGO: 0.1%Na" (¢) and CLEGO: 0.9%Na" (d)

N T P3RS R A I S5 MAE B, SR GSASIHEA X CLEGO: 0.1%Na*



F1 CLEGO: 0.9%Na* #t¥r ) XRD #7450 ks 12, 4R wE 1 (o) A
(d) Fi7R. CLEGO: 0.1%Na* fll CLEGO: 0.9%Na* 5 M £ 454, 25 (A
N Prma, SFHEEUT AN a=11.696 A, b=5334A, c=6.794 A, a=p =y
=90°, ¥'=423.933 A% a=11.711 A, b=5341 A, c=6.803 A, a=p =y=90°,
V=425.577 A3, XFHLUL EPRAEAR, BEE Nat BT 0.1%35 N 2 0.9%,
v B O, S AR AR B R AR K - R T Nat (BT 4840 1.02 A,
CN=6) A 7] REHUAR AR AR BN ) Ca?t (29 1.00 A, CN=6) fii . {H
Na® 1B 71208 KT Ca?, HEURIE RS9I NG T, S350 o B
R, XM BT HR SR 1 SR A, 5 S RII Bu®t RO st
TORBRI AR LAY, DR R R I O B R But 1Y 4£-4f BRIT AR
3.2 RO IESR B sy

vaxiin
K3e ; " oy .:‘ ., _

47
A Eu " (d)

2 CLEGO:0.9%Na* [¥] SEM 1% (a)EDS JC 2 [ 43 #ii (b-g) & EDS fE i  (h)

Fig. 2 SEM image (a), EDS elemental. Mappings (b-g), and EDS Spectrum (h) of
CLEGO:0.9%Na"

2(a)ff€7~ I CLEGO:0.9%Na® st ) SEM B o # il A IRAS RO |

A0 W ROR SRR 2 RSE, [ REAR 0 AT (E 1~ 10 pm Y LY, 0K [8] £7 £ — € 2



FEMAIZR, X ik [ VA= S TESRHE . ] 2(b) (@)1 EDS JC K TH 43 At
Bl 53 AI%f 8 Cay Lay Euv Ga. O, Na AFicEg. 258 %EW], Ca. La. Eu. Ga.
O ENFE EE Ry, BRI i), ARSI G T R Am BT B3 A1,
[F B 1 43 A% B 27K Na g6 3 SRR SN R, IESE Nat S N. B (2h) [
EDS gl i e F &4 O. Na. Ca. Ga. La. Eu o, ARMIHMEAmH T
7, PEESITEIR, SEBH ST 5 CLEGO:0.9%Na* Bt FH & 7t il &
3.3 St

K3 25 CLEGO #1 CLEGO:0.9%Na" 5% 6K (1138 [ i i, 4 B A AH LI
[F(RYW* 5 hv KZ M2 Mg S G vl 1, WIRREE S AE 200-350 nm )L AR X
BTEAE— AR S, E BT O*— Eu’/La™ [EGHITR . [HAER
L, Na® 524 BE 5 i S S 28 7E 250-400 nm %K 36 Bl N 35 5 3K TR B 20 kE
FHHO G e S5 B8 . 7 350-500 nm JEFE N, Gkl W] — R 511
SRR, 43 AT 395 nm A 465 nm &b, IXEEE Budt [ 4f-4f BRAERRIT .

IR NBARAE W AL, 3T Kubelka-Munk R 30K 8 S 5S8R i oA
LF Taue KA K (WAGED , IR B BRBALIEAT UL 41200,

[F(R)hv]"=A(hv—E,) )
F(R)=(1-R)*/2R ()
Hdr, F(R) NFHET8 61T 1) Kubelka-Munk BR#{E, 4. R.n Al hy

AR B AR RBRTADE T RER . 4R EaR, KRBk CLEGO
e B LI 3.41 eV, 1 Nat BAREE I 160 BIB/N 2 3,19 eV XA
FHIARR AL, 5 XRD M FOWE S @A AR DI OC: 2 Na® HUAC
Ca*Ja, HT Na® FREKS ghEMIEIZAK, T Ca/La-O #AIEI, O 2p

BB SATLE T (Ga®) PUERIZRACIERE PR, RYE S A7 HE, MR



1At T _EA 5l 1l IR, SR R EU AT B 3.41 eV B 3.19

eV, LIS SCHRE! S2HRIE R 45 2R —F

CLEGO
CLEGO: 0.9% Na*

CLEGO
CLEGO:0. 9%Na*

(F(R)hvy'eV)

Reflection (%)

E=3.19¢V
E,=3.41eV

1 2 3 4
hv (eV)
200 300 400 500 600 700

Wavelength (nm)

&l 3 CLEGO 1 CLEGO:0.9%Na" 52Ky i8S i B (il Tauce ¢ R ED
Fig. 3 Diffuse reflectance spectra of CLEGO and CLEGO:0.9% Na" phosphors
(Inset: Tauc plots)

Kl 4(a) 7R T CLEGO:0.9%Na* 7E = UK Y6l 5 Rk gHenk, il
TP 609 nm, BRI 392 nm. ZAE S ECR RE HH 230-280-nm ) 58 5 AN
LML TEHIRT O —La>/Eu® i FE R AT, BLZRXT N T Eu®t [
Af-4f FRITR 220, 535104 "Fo—°Ds (361 nm) . "Fo—7L7 (380 nm) . 7Fo—3Le (392
nm) fl Fo—°Ds (403, 413nm) . KHIEITJET SDo—'Fo (578 nm). ’Do—’F;
(594nm) F1°De—7F, (609, 620nm) ); H D0 F AREERELT, “Do—F,
NHABIRERIT o BT AR AR ERAT X R 3O AR M e FEBRURR, 24 Bu®* 408 JE s ol
WAL, 609 nm Z00GHR R A i SR O RS AL, T 594 nm BFZLG SR, AR,
£ CLEGO % H, Eu®* (5 Jo S H O S AT o

& 4(b)y CLEGO:xNa" (x =0-1.7%) 7E 392 nm ¥k NS eiE. FrfFf



i d7E 578+ 594, 609 nm Ab EILAH B K G, XN Eu’t B *Do—Fy (J=0. 1. 2)

2 N
REERIT -
(a) [[GLEGO:0.9%Na" b
= o ] b CLEGO:xNa™ 18 /'
Ay =6090m T A=392 nm : '§‘-‘ . \-
—A,=392nm 2
- —o
3 g 0.1% 1212 / \
S o g S| —05% i 10 =
@ g é" —0.9% | G0 04 08 12 16 20
g E) —1.3% | Na“ ion concentration/%
[ Q o,
E E 1.7%
200 300 400 500 600 700 550 575 600 625 650 675
Wavelength (nm) Wavelength (nm)

] 4(a) CLEGO: 0.9%Na" U A S i Kl (b) CLEGO: xNa* Ktk
BIGE R ROCHRBREE S Na™ B T B AKE K R)
Fig. 4 (a) Excitation and emission spectra of CLEGO:0.9%Na"; (b) Emission
spectra of CLEGO: xNa* (Inset: relative intensity as a function of Na” doping
concentration )
Hif KRR, 2 Na® B8N 0.9%I, KOLsmERTH RS IE Na* 5tk

) 1.82 fi. XAERFJy, Na" @ FHEANL S, HARMAKER, K o H i

N\

RIS RRE, BT 609 nm (CDo—"F,) ALK e . BE%E Na* B
— AN, A HLER IR, RS E AN E, SECROEEEIZRE T,



3.4 MFREMESHT

81.8%
—

0 720%
68.4%

67.1%

64.9%

a b
( ) — 298K ( ) 100 100%
_— e 80F
= z |
G g
2 60h
£ =
]
B S aof
- c
g
=) 13
S 20
550 575 600 625 650 675

Kl 5 (a) CLEGO:0.9%Na* A fEANFIRE (298-498 KD A 5 1% 1 s

Wavelength (nm)

(b) RS G AR

Temperature (K)

Figure 5 (a) Emission spectra of the CLEGO:0.9%Na" phosphor at different

temperatures (298-498 K); (b) The corresponding histogram of the emission spectra.

0 1 1 1 1 'l 1 1 1 L
298 323 348 373 398 423 448 473 498

N EE AT PR 2 ek AR E E, AR TN EIREE N CLEGO:0.9%Nat ) ¢

JGHRIE, WORMK N 392 nm, FRME S (a) Frow. SR BRI

208 K JHim 42 498 K, M6 R B H I B i HBRE K8 . anbd 5-(b) Flon, FEEE

IR EETH R, DGR EE IR, X2 i T A AR RS 1 0 3 B0HE 1 A AR4R S R

EMERIE . iR SRR 498 K I, FEA I G E R R =10 T 64.9%,

RYNZAE b A B I AR e PR




3.5 YOuTidn LR TRR

Logarithmic Intensity(a.u.)

\‘f\, "
.

e

’\"3;»,,

0.01% Na*
0.05% Na*
0.09% Na*
v 0.13% Na®
0.17% Na®

7=0.95 ms
7=0.99 ms
7=0.93 ms
7=0.97 ms
7=0.98 ms

0.0

0.5

1.0 1.5 2.0 2.5
Time(ms)

K] 6 CLEGO: xNa" %% Y¢e ¥ 1

A3 LU T 25

Fig. 6 Fluorescence decay curves of CLEGO:xNa"phosphors

w6 fian, TEER T UL 392 nm AR 609 nm N WM, I £E

CLEGO:xNa* R 5L it (963 mids, MM A (3) #EAT I8 HEi 50570,

A (3) i,
LIRS TA], 4 NH
SCHRARIE ) — o1,

I=ly exp(—t/7)+4

It\ [0

B MRS RER, RI6HF

3)

PN t I 25 9 AT 4G I 2R 5 G,

376 0.93-0.99ms LN, 5



BaSO, reference
—— CLEGO:0.9%Na"
—_ BaSO, reference
2 h -~ —— CLEGO:0.9%Na’
. =
5 s QY=14.3%
I E
l; o;
5 £
= g
o
550 600 650
J L Wavelength (nm)
300 400 500 600

Wavelength (nm)
7 CLEGO:0.9%Na" #fi B 77 R (i 4 : - 550-650 nm Jia [l P 1K A
Fig. 7 Quantum yield of CLEGO:0.9%Na"* phosphor(Inset: Enlarged view of the
550-650 nm range)
& 7 4 CLEGO:0.9%Na* Z6H7E 392 nm KT K AMEBUR T & 777 %
( Quantum Yield, QY). & /7F @A (4) KitH.

yo s 4
o= @

Fort Ls A1 Es 43 5l Rz R i (0 R S G AR 6k, Er AARAERE fh AR 23 BR 11
BRI, MRS R oK, CLEGO:0.9%Na® % W [ 177 R N 14.3%, 1k
B Na" WM E T ro5oN 11.3%0Y, MR T 26%.

3.6 WLED K IGPERE T

it — B2 CLEGO:0.9%Na" 7tk £ H Ot LED i EN H, K5

T8 I B ek BaMgAligO17:Eu?t MR 5% 6Ky SroSiO4:Eu?t #%— % LL iR A

FEEFBELE 392 nm AN LA Y% LED. W 8 (a) Frzn, CLEGO:0.9%Na*



PEIEH I R e et Ak bR A (0.609, 0.361) , T 156 LED [5Gt (AL A% A (0.301,

0.354) , BAIEE RN 81.8, FEXTEIE AN 6900 K.

a b
( ) 0.8 4 ( ) CCT=6900 K
R,=81.8
0.6 - s
= EN
B i) g
0.4 (0.609,0.361) Z <
(0.301,0.354) £ B i
= & F
—_— / ;:
0.2 - -, Si0:Eu’” N\ | “
E“I{
0.0 T T T T T T T 1
0.0 01 02 03 04 05 06 07 08 450 500 550 600 650 700 750

X Wavelength (nm)
] 8 (a) CLEGO:0.9%Na" #5441 A4 F5 5 (b) CLEGO:0.9%Na" 2 JtH 15 15 17
K BaMgAlO17:Eu?" FEE 56K} SroSi04Eu? il 1) WLED HLEUR 6 i
Fig 8(a) Color coordinate diagram of CLEGO:0.9%Na" device; (b)
Electroluminescence spectrum of WLED prepared by CLEGO:0.9%Na* phosphor

with blue phosphor BaMgAli0017:Eu?* and green phosphor Sr2SiO4:Eu?*

4, 758

SR vl B AR BRI & R T — RPN FIIKE Na® 35 %% CalaosEuo3GaOs
ZLETICHT, I ARG IT T Na® 2800 H B RS 8 CROle Mk g Bga € 1 & WLED
BB . FEAERAT

(1) XRD YA #r& W], Pl Na® S8 FE b 2 DR FF AR IR A1 45, R

N\

SINZ A BEE Na® BRI, AT g 2B ARGk R WA, IEW] Nat
JRINEUR Ca?t AL i 51 SR K .

(2) PL YGiR B Na™ 542 B & W0m | Eud - IE A 5. 76 392 nm IT K4



BWORR, 609 nm AL *Do—"F, FUBRERIT L0 6 KT 51 BEAE Na™ WA 0.9% I
BB KAE, NARBIFEMI 1.82 5. %3G IHE T Nat 5] N FEUN ik AT,
BEAK T Eu™ M AL SR don Bt e 1 R B AR T MR

) REFES CLEGO:0.9%Na* [F3 76 A 0.93 ms, B TRCRN 14.3%,
ARBAFER 1.26 £, B PLOGIGR A ZO6k B A RIFIIAFRENE, 75 498
K i N AOG A R EF E IR 64.9%.

(4) BRIk Sr M. S7OUhRS, HET 392nm THEINE T
F## K WLED 28, Akl (0.301,0.354), Rafgduk 81.8, MK
N 6900 K.

25 b, B4R Na B 24248 TF CaLlaGaOsEu HoEH & R ) 5 i S g
Bt R ALt ek fE WLED 1 B 43 e 2L LB V8 7 140 9% FH g

27 3Lk

[1] Doan VT, Tran M T, Tu N, Trung D Q, Du N V, Quan N V, Bach T N, Hung N D,
Ha LT, Huy P T 2025 J. Mol. Struct. 1319 139568

[2] HePH, LiY, Zuo J X, Zhang B J, Yang F L, Peng J Q, Liu S B, Wang W, Huang
D C, Xiao Y F, Ye X Y 2024 J. Alloys Compd. 985 173997

[3] Wang Q, Chen Y, Feng M J, Guo H 2024 Ceram. Int. 5045739

[4] Chang Y S, You C X, Kuo T C 2024 Ceram. Int. 50 52294

[5] Li H B, Zhou D, Ling J R, Zhang H T, Xu W T, Zhou Y F, Hong M C 2024 Ceram.
Int. 50 30587

[6] Guo Z W, Jiang H M, Li H, Zhang H Z, Liu C L, Zhao R, Li J P, Zhang J, Zhu J
2024 Appl. Mater. Today 37 102095

[7] Chen X Y, Huang X Y 2024 ACS Appl. Mater. Interfaces 16 57365

[8] Desirena H, Molina J, Meza O, Benitez A, Bujdud-Perez J, Briones-Hernandez J
2022 J. Lumin. 250 119080

[9] Fan X Y, SiJ Y, Xu M J, Li G H, Tang J] M, Cai G M 2021 Ceram. Int. 47 12056



[10] Baby B, Thomas S, Krishnapriya T, Jose J, Biju P R, Joseph C 2023 J. Lumin.
254 119510

[11] Mao Q N, Shen B, Yang T, Zhong J S, Wu G Q 2020 Ceram. Int. 46 19328

[12] Wang F, Chen H H, Zhang S W, Jin H Q 2025 J. Am. Ceram. Soc. 108 €20200

[13] Zhou J, Liu Q, Feng W, Sun Y, Li F Y 2015 Chem. Rev. 115 395

[14] Rohilla P, Rao A S 2023 J. Mater. Sci. Mater. Electron. 34 1662

[15] Deng M L, Huang S, Sun Y X, Wang Y N, Yan Y, Shang M M 2023 J. Lumin.
263 120137

[16] Linghu P, Gong X Y, Zhang J, Cui R R, Guo X 2023 J. Solid State Chem. 327
124282

[17] Zou, LY, Yang N, Zhang Z W, Chen J, Shi J X 2023 Opt. Mater. 143 114199

[18] Ruan FY, Fan G D, Li N, Zhou J F, Li Y, Fan D, Chen Q Q, Lin Z Y 2024 Ceram.
Int. 50 12866

[19] Rajkumar G, Ponnusamy V, Kanmani GV, Jose M T 2022 Ceram. Int. 48 10

[20] Bian X M, HuJ S, Liu L X, LiY Z, Lv W Q, Ilyas N, Yang D M, Fu H 2022 J.
Lumin. 245 118800.

[21] Zhao J F, Gao H, Xu H, Zhao Z W, BuH X, Cao X F, He L N, Yang Z F, SunJ Y
2021 RSC Adv. 11 8282

[22] Voiculescu A M, Hau S, Stanciu G, Gheorghe C 2023 J. Alloys Compd. 958
170507

[23] Araiza S M, Slowinska K, Derakhshan S 2019 J. Lumin. 216116747

[24] Santra A, Das A, Murmu S, Ghorai UK 2023 J. Indian Chem. Soc. 100 101071

[25] Altowyan A S, Coban M B, Kaynar U H, Hakami J, Cin E A, Kaynar S C,
Ayvacikli M, Can N 2024 Ceram. Int. 50 24036

[26] Abulimiti H, Sidike A, He J Y 2024 Ceram. Int. 50 26077

[27] Deng J M, Wang Z H, Zhou W P, Min J E, Yu M Y, Jiang X L, Ding H Q, Xue Z
Y, Jin M Q, Gao F, Cheng Z Z, Luo G S 2023 Ceram. Int. 49 39568

[28] Guo L N, Wang Y H, Zou Z H, Wang B, Guo X X, Han L L, Zeng W 2014 J.
Mater. Chem. C 2 2765

[29] Veena V P, Sajith S V, Thasneem A M H, Aardhra M, Shilpa C K, Jasira S V,



Nissamudeen K M 2024 Mater. Sci. Semicond. Process. 179 108497

[30] Zhao Y, Jiang X K, Li Z H, Wang J X, Zhou H W, Guo H 2024 Chin. J. Inorg.
Chem. 40 1861 (in Chinese) [RAZ, ¥/NRE, Z2=i0ME, £, FfEDN, F0iF
2024 ToHALE 224k 40 1861]

[31] Zhao Y, Li Z H, Wang J X, Zhao X S, Liu C L, Ban J F, Zhang X L, Zhou H W,
Jiang X K 2025 Opt. Mater. 167 117229

[32] Akanksha M, A. Bahadur, Rai S B 2018 J. Lumin. 203 714

[33] LiuF F, Dai ZM, Zhou W W, LIR Q, Xia Z R, Wang Z F, Yang M A, Zhu H D,
Zhao W 2025 Chin. J. Lumin. 46 0691 (in Chinese) [XI|75 75, fCIE:, J&7Hz,
R, B, T, W% %2, RIEAR, B HE 2025 KGR 46 0691]

[34] Lu J W, Zhao J, Zhang Y C, Tu R T, Liu F N, Leng Z H 2024
Acta Phys. Sin.73 214204 (in Chinese) [frygSE BXFE 5KKEF HRails XIEE
We VHESE 2024 P)EEEEHR 73 214204]

[35] Yang S W, Wu M, He C, Wu'Y P, Zhang Y J, YuJ J. 2024 J. Alloys Compd. 989
174295

[36] Wang J, Zhao S J, Tang P, Li G H, Cai G M 2025 Chin. J. Lumin. 46 1442 (in
Chinese) [F 1%, BUBAH, JH 7, 225046, ZA4&HE 2025 KIGFIR 46 1442 ]

Enhanced Red Emission from CalLaGaO4Eu?" via Na*

Doping toward WLED Applications

JIANG Xiaokang", ZHAO Yan!, BAN lJifeng?, ZHANG XingLong", ZHOU
Hengweil’, GUO Hai?'t

1) (Xinjiang Laboratory of Phase Transitions and Microstructures in Condensed
Matter Physics, College of Physical Science and Technology, Yili Normal University,
Yining, Xinjiang 835000, China)

2) (Department of Physics, Zhejiang Normal University, Jinhua, 321004, China)

Abstract

The lack of efficient red:phoesphors for near-ultraviolet (n-UV) chip-based white
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light-emitting diodes (WLEDs) remains a major challenge. In this work, we aim to
boost the red emission of Eu*'-activated CalLaGaOs (CLGO) phosphors via Na*
doping and to evaluate their potential for WLED applications.

A series of Na*-doped Car.o5:Lao7Eu03GaO4:xNa® (CLEGO: xNa*, x = 0-1.7%)
red phosphors were synthesized by a conventional high-temperature solid-state
reaction at 1246 °C. The crystal structure and phase purity were characterized by
X-ray diffraction (XRD) and Rietveld refinement. Morphology and elemental
distribution were examined by scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDS). Photoluminescence (PL) excitation and
emission spectra, temperature-dependent PL (298498 K), fluorescence decay curves,
and absolute quantum yields (QY) were measured. Finally, a WLED device was
fabricated by combining the optimized red phosphor with commercial
BaMgAl;00;7:Eu?* (blue) and Sr2SiO4:Eu?* (green) phosphors on a 392 nm/n=UV chip.

XRD confirms that all samples are phase-pure with an olivine-type structure.
Rietveld refinement shows that Na* substitutes Ca?" sites, causing-lattice expansion;
the cell volume increases from 423.93 A to 425.58 A®. Under 392 nm excitation, the
SDo—"F> red emission at 609 nm is strongly enhanced by Na" doping. The optimal
intensity is achieved at x = 0.9%, being 1.82 times that of the undoped sample. The
improvement is attributed to Na'-induced local lattice distortion, which reduces the
symmetry around Eu®" and increases the electric dipole transition probability. The
CLEGO:0.9%Na" phosphor exhibits a QY of 14.3%, which is 1.26 times that of the

undoped sample. Temperature-dependent PL spectra reveal good thermal stability; at



498 K the emission intensity remains 64.9% of that at room temperature.The WLED
device shows white light with chromaticity coordinates of (0.301,0.354), a color
rendering index (CRI) of 81.8, and a correlated color temperature (CCT) of 6900 K.

In summary, Na® doping is an effective strategy to achieve significant
luminescence enhancement in CLEGO:Eu** red-emitting phosphors. The optimized
CLEGO:0.9%Na* phosphor combines high emission intensity, acceptable quantum
efficiency, good thermal stability, and suitable color coordinates. The fabricated
WLED device demonstrates satisfactory white-light performance, indicating that this
red phosphor is a promising candidate for n-UV chip-based WLED applications.

Key words: CaLaGaO4:Eu’*; Na* doping; luminescence enhancement; red phosphors;

white LED
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