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Fig. 1. (a) XRD pattern of CNYP: zDy3* (z = 0.03, 0.07, 0.11) compared with standard card; (b) Rietveld refinement of CNYP:

0.07 Dy**; (c) crystal structure of host.
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Fig. 2. Morphology analysis of CNYP: 0.07 Dy**: (a)—(f) Elemental distribution map; (g), (h) SEM images; (i) EDS spectrum.
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Fig. 3. Fluorescence spectra of CNYO: 2Dy** (z = 0.01-0.11) samples: (a) Excitation spectra; (b) emission spectra; (c¢) contour plot

corresponding to the emission spectra.
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Fig. 4. (a) Photoluminescence emission spectra of CNYP: zDy** (z = 0.01-0.11) ()., = 350 nm); (b) the histogram between integ-
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Fig. 5. (a) Lifetime decay curves of CNYP: 2Dy** (z = 0.01-0.11); (b) dependence of the lifetime on the Dy** concentration.
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Fig. 6. (a) Energy level diagram of Dy**; (b) color spectrum diagram.
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Fig. 7. (a) CIE coordinates of CNYP: aDy** (z = 0.01-0.11); (b) colorimetric coordinate values of different concentrations.
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Table 1. CNYP: 2Dy*" chromaticity coordinates and
CCT color temperature.

No. Concentration T y CCT/K
1 0.01 0.3897 0.4375 4219
2 0.03 0.3846 0.4457 4130
3 0.05 0.3894 0.4510 4033
4 0.07 0.3905 0.4529 4015
5 0.09 0.3872 0.4483 4075
6 0.11 0.3865 0.4482 4093

3.5 MBEMMETHER

7E LED WSEhRi b, 95t oy e e T &
— TG PR RETE AR, 8] 8(a), (b) MR K BHGIE
KRR 3D B, 7E 350 nm A T, M 298—448 K
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(a) Aex =350 nm — 298 K
— 323 K
348 K
£ 373 K
g — 398 K
S — 423 K
2
3 — 448 K
~
>
2
5
E /\
5 A/\
/
450 500 550 600 650
Wavelength/nm
~16 L () ® Experiment date
PN Fitting line
—20} * PS
—
1 24}
~
3 Slope = —0.2144 ®
= _ogl R?=0.971
5
*
—3.2+F
—36F . . . "
22 24 26 28 30

(KT)~1/eV -1

(b)

5 Intensity/arb. units
=

~ 87.6%

0.6 [

0.4

0.2

Normalized intensity/arb. units

298 323 348 373 398 423 448
Temperature/K

8 (a) CNYP: 0.07Dy*% ¥ 76 A Rl LB T 1Y & Bt 63 (b) 265 BE 3D 5 (o) In[(L/D) — 11 5 1/(kT) B A XK FR;

(d) VA —Ab 2k Dl B2 i i B2 A8 AL A AR ]

Fig. 8. (a) Emission spectra of CNYP: 0.07Dy*" phosphors at different temperatures; (b) 3D graph of fluorescence intensity;
(c) the linear fitting relationship between In[(I)/I) — 1] and 1/(kT); (d) bar chart of normalized luminous intensity varying with

temperatures.

(25—175 °C) BIARGr KO GO BEB Wt 55, i/ i T
AT RN B3 R R RS A RE PO
I
! = G (CEJGT)) ®

X, B, FZoRiGfbfe . THRRBRIE . ) 1 TERRLE
ZE R ANTE TR EE I I & OGIRE | k (k= 8.629 x
107 eV/K) 1t % 35 /R 2% 8 & 5 P00 7] 8(c) il
i n[(L/D) - 1] 5 1/kT R Z L EHIGILEE B, =
0.2144 eV. [& 8(d) A& IH—1k & i B Fif i B2 25 1k
IR, MR A5 423 K (150 °C) B &6
SREEATNER N R R OGIRIEN) 87.6 %, FHARE M,
HA RS e .

5 9 4 CNYP: 0.07 Dy3*+ iy 1R it &
i E R 450—650 nm ALK, N2 FROR KA
EFRCR ] T A T

IQE:/LS/</ER—/ES)7 (9)
AE:(/ER—/ES>//ER, (10)

EQE = IQE x AE, (11)
Horf Lg RORBE M B R 61, By Fm L BaSO,
h % SR ERUT R, By 2 BBkl s
FESI IR R R, AE IIACE, IQE
W TR, EQE Mo FR0%. 115315 CNYP:
0.07 Dy**#HBHW N 1 FR0E N 46.40%, FhET3K

— Excitation line of BaSOy, reference
— Emission spectrum of CNYP: 0.07Dy3+

Intensity/arb. units

Intensity /arb. units

450 550 650

J t t Wavelength/nm

300 400 500 600 700 800
Wavelength/nm

P9 CNYP: 0.07 Dy )& 5205, 4 8 8 2ok |
Fig. 9. Quantum efficiency of CNYP: 0.07 Dy**, the illus-
tration is a partial enlarged graph.
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RN 1.68%. EARIERY CaGdSbWOg: Dy HEtHY
W T RREH 29.15% B, La(BO3, PO,): Dy*tH
20.60% 2, LiNb 4Tij ;04: 0.02 Dy*+> 36.46% [*3],
XF He RSO0 B A m i i FRICR.

3.6 W-LED f¢Z3REiTrIMN A

S VEAS BT il 28 2 R A S BRI v ) R G
fE, SR H 365 nm T 450 5 CNYP: 0.07 Dy**
DK A BT FOE LED 2844, K 10 JB/R Ti%
TR BRI SAHSCHERERAESS . 400 nm
R} 3T B D63 R R 00 A 63, 480 nm AT 571 nm
Ab Ry Dy B 245k 1 kS0, 22 A 1 7R T
W-LED #{Fry B AstRA (0.3275, 0.3883)  HAAIR
4 5680 K. A5k 85 HGHAAE N 13.6%.
4G B D AE 3.2 V HLE R S 581 W-LED £ 14
B AR, nDWE B Z A & S I D

LED chip: 365 nm

0 0.2 04 06 0.8

Intensity /arb. units

400 500 600 700
Wavelength/nm

B 10 R 365 nm otk 5 A CNYP: 0.07 Dy 5 % 5 f 2%
[ W-LED #§

Fig. 10. W-LED device encapsulated with 365 nm chip and
CNYP: 0.07 Dy** phosphor.

DGR AR R AR R I T RO R M SiIREZ
() B DGR, 3 3k Al B2 T 43 B 3 8 R G R E Y AR
b ke 3k TR B R AE H A B —Fh Oy vk, B 11(a) J
/~ T CNYP: 0.07 Dy*+5¢ Jt By 78 298—448 K T
440—500 nm ¥ Bt 19 & 5O 1% B, A2 0 4 B
420—690 nm 4= I Bt & 9 6 i 19 = 4k S AR A
B o T B %) T R, A o AR R SR i R 3 YT R 5
1M 452 nm &b 1) % 5 5k B 10 B T 3 T 5 i 49 0
Fl 11(b) X e U B T 452 nm (YLy59—>CH5,5) FlI
480 nm ('Fg/5—H5,5) ST ) e e i R T VL
Thiss S IR A O i T Dy3 Y 415, HI
Fyp BERZ MM AETE 22 AE N 1149 cm ! i 2 #4
A A, MR A BB, B TR B T

THAE R REYH 41,5, FIF, s RESLT BT 4015,
TE Ty BYHL TR 2SN, 4Ty 5)0—5H 50 BRAT TN
SR, TMTE Fyg o HL RO 230D 1o ARG 1Ty 0—
6H15/2 il 4F9/2"6H15/2 XUL(ETEEI"JZ:IEJEZKJ, T HF
JeoA AL ) FIR $OR. FIR MR A9 5¢ 2
TR )

Iys0 AL
FIR=-—"2=4 - 12
12— ae(-3p)HC 02

A AF CHUBIHEEL AE R L5 Fl'Fgp Z
[ REZL 25, 18] 11(c) Mo otom BE Lh bl it B2 AR AL 1y
WA RKER, R? = 0.9997 TR 1 IIE45 R an] Sk,
X — L R UE ST T 415 R AF o REZLRDRLF 4L
O AT RS AR 362 oy AR, — B FH A R A
JE (S,) RN R B (S,) ofe i A Tk B A% S i
o Xo R W T AT TR X L A A ) i i
FRBE, AN R AL S 0 & TR R AR b — A PR A
R R —SHRR T EOR 2L T 270,
Ho e T AL IR AR i S B RS R . S, AN
S, Al A )

S o2 g B2y
g = 1X8(FIR)’_AE (14)

FIR = 9(T) | kT?

P 11(d) S 28 X6 52 508 AR X R A0 RE I i 32
A ARG FR R AT UL B A I R Y TR, ek R
S, B IG, AHXT RBE S, AWIREAL. 7F LA
] AR () A SR AR s, A R e — A E NS
. CNYP: Dy B KAHXT R RF] 1.72% K,
X—HEETE 2T REZHCHIER Dy 542

2 DL FIR $AR AR RER Dy G2k

WA S, (A e

Table 2.  Comparison of maximum S, values of

temperature-sensitive Dy?* activated phosphors
based on FIR technique.

. T Temperature S max/
Sensing materials range/K (%K 1) Ref.
CasNaY(PO,)y: Dy 208—448 L7 b
work
Cas(P0,),Si0: Dy*+ 296—1073 1.75 2]
90—230/ 2.57/
KN: P : Dy
aCay(PO1)z: Dy 250—500 o074 1O
CaLay(Si0,)30: Dy** 298—548 1.67 [23]
Sr;GayGe, O14:Dy** 298—473 0.61 [32]
GdPO4: Dy?* 290—530 1.55 [44]
CazLuAl;B,045: Dy?* 300—>500 1.46 [45]
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(a) CNYP: 0.07 Dy 4 tH 7E 440—500 nm 7 B9 & HTGHE R (298—448 K); (b) 452 nm (“Lyso—Hy;50) Fl 480 nm (1Fyp—
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Fig. 11. (a) Emission spectra of the CNYP: 0.07 Dy** phosphor in the wavelength range of 440-500 nm at different temperatures

(298448 K); (b) the luminous intensity changes of the “I;5,—Hy5/y and *Fg/5—%H55; (c) fluorescence intensity ratio as a function

of temperatures; (d) absolute sensitivity and relative sensitivity as a function of temperatures.
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White light illumination and temperature sensing
characteristics of Dy3"-doped Ca;NaY (PO,)
single-matrix phosphor”
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Abstract

Rare earth-activated phosphors have shown great potential applications in various fields, such as lighting,
displays, anti-counterfeiting, and optical thermometry. This study aims to synthesize a series of Dy**-doped
Ca;NaY(PO,)s phosphors through high-temperature solid-state reaction, focusing on developing multifunctional
optical materials for lighting and temperature sensing. The phase purity and morphological characteristics of the
obtained samples are confirmed by X-ray diffraction and scanning electron microscopy. Luminescence properties
and energy transfer mechanisms are systematically investigated through photoluminescence spectroscopy and
fluorescence decay analysis. Under 350-nm near-ultraviolet excitation, the emission intensity of Ca;NaY(PO,)s: Dy**

increases with Dyt concentration rising until reaching
an optimal value at z = 0.07, beyond which
concentration quenching occurs. This quenching
behavior is attributed to enhanced non-radiative energy
transfer at higher Dy?* concentrations, leading to a
corresponding decrease in fluorescence lifetime. The
optimized Ca;NaY(PO,)s: 0.07Dy>* phosphor displays
remarkable thermal stability, retaining 87.6% of its
initial emission intensity at 150 °C. The white light
emitting diode(LED) device fabricated using the obtained

phosphor and near-UV LED chip shows excellent

Intensity/arb. units

400 500 600 700
Wavelength/nm

performance with a correlated color temperature of
5680 K, CIE coordinates of (0.3275, 0.3883) in the white
light region and a color rendering index of 85. Further-
more, temperature-dependent fluorescence intensity
ratio analysis reveals excellent optical thermometric
performance, achieving a maximum relative sensitivity
(S,) of 1.72 %/K. These results indicate that the
Ca;NaY(PO,)sDy?* exhibits
potential applications in single-matrix = phosphor-
converted white LEDs and high-precision optical optical
thermometry.
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