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Fig. 1. XRD patterns (a) and enlarged view (b) of CLEGO:zNa* phosphors; Rietveld refinement patterns of CLEGO:0.1%Na* (c)

and CLEGO:0.9%Na* (d).
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Fig. 2. SEM image (a), EDS elemental mappings ((b)—(g)), and EDS spectrum (h) of CLEGO:0.9%Na*.
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0.9%Nat phosphors (Inset: Tauc plots).
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Fig. 4. (a) Excitation and emission spectra of CLEGO:0.9%Na"; (b) emission spectra of CLEGO:aNa". Inset: relative intensity as a

function of Na* doping concentration.
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Fig. 5. (a) Emission spectra of the CLEG0:0.9%Na* phosphor at different temperatures (298-498 K); (b) the corresponding histo-

gram of the emission spectra.
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Fig. 6. Fluorescence decay curves of CLEGO:zNa®™ phos-
phors.
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Fig. 7. Quantum yield of CLEGO:0.9%Na* phosphor (Inset:
Enlarged view of the 550-650 nm range).
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Enhanced red emission from CaLaGaO :Eu®** via Na*t
doping toward white light-emitting diode applications”
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ZHOU Hengwei VT GUO Hai ??
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2) (Department of Physics, Zhejiang Normal University, Jinhua 321004, China)
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Abstract

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

A series of Na'-doped Ca; (s5,Lag7;Eu,3GaOg2Nat (CLEGO:aNa*, = = 0-1.7%) red phosphors are
synthesized by a conventional high-temperature solid-state reaction at 1246 °C. The crystal structure and phase
purity are characterized by X-ray diffraction (XRD) and Rietveld refinement. Morphology and elemental
distribution are examined by scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy
(EDS). Photoluminescence (PL) excitation and emission spectra, temperature-dependent PL (298-498 K),
fluorescence decay curves, and absolute quantum yields (QY) are measured. Finally, a WLED device is
fabricated by combining the optimized red phosphor with commercial BaMgAl;,O,7:Eu?* (blue) and SrySiO,: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 Nat substitutes for Ca?* sites, causing lattice expansion; the cell volume increases from 423.93 to
425.58 A3, Under 392 nm excitation, the *Dy—"F, red emission at 609 nm is strongly enhanced by Na* doping.
The optimal intensity is achieved at z = 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.

Keywords: CaLaGaO:Eu?t, Nat doping, luminescence enhancement, red phosphors, white light-emitting diode

DOI: 10.7498/aps.75.20260372 CSTR: 32037.14.aps.75.20260372

* Project supported by the Natural Science Foundation of Xinjiang Uygur Autonomous Region, China (Grant No. 2024D01C202).
1 Corresponding author. E-mail: zhw33221@163.com
1 Corresponding author. E-mail: ghh@zjnu.cn

180806-8


http://doi.org/10.7498/aps.75.20260372
https://cstr.cn/32037.14.aps.75.20260372
mailto:zhw33221@163.com
mailto:zhw33221@163.com
mailto:ghh@zjnu.cn
mailto:ghh@zjnu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

CaLaGa0, : Eu®"HiNa "B 4 4L Y38 B 1 6 R 6 — iR IR
Fok RX S KRAE AERA Nk
Enhanced red emission from CaLaGaO 4:Eu3+ via Na* doping toward white light—emitting diode applications

JIANG Xiaokang ZHAO Yan BAN Jifeng ZHANG Xinglong ZHOU Hengwei  GUO Hai

5] Fi{5 &, Citation: Acta Physica Sinica, 75, 180806 (2026) DOI: 10.7498/aps.75.20260372
CSTR: 32037.14.aps.75.20260372

TELR T2 View online: htips://doi.org/10.7498/aps.75.20260372
MM ZE View table of contents: http://wulixb.iphy.ac.cn

LT BRI HAN SCEE

Articles you may be interested in

Fo-EAB 4G, Te, 0, ERHRRHION 10 6 ISR

Synthesis and luminescent properties of rare earths doped Gd,Te,0,, tellurite phosphors

PyFEEEAR. 2023, 72(1): 017801  https://doi.org/10.7498/aps.72.20221341

[ A5 BRI HTLi, G, (MoO,):Sm™ B LT By O A5 K R e e

Structure and luminescence properties of Li,Gd,(MoO 4)7:Sm3+ orange—red phosphor for solid—state lighting

WyFEEEAR. 2024, 73(21): 214204 hitps:/doi.ore/10.7498/aps.73.20241017

Dy’ T1B4Ca, NaY (PO,) SAREBHEICH 1 O IR ] 5 1B 2 ek

White light illumination and temperature sensing characteristics of Dy3+—d0ped Ca;NaY(PO,)q single-matrix phosphor
PPz 2025, 74(20): 204202 https:/doi.org/10.7498/aps.74.20250886

BOCHLTOL A A PR B

White organic light—emitting devices based on phosphor—sensitized fluorescence

PFEEEAR. 2025, 74(2): 028101  https:/doi.org/10.7498/aps.74.20241294

;‘Ff‘ﬁ% TESERH Cs Ago 6NaO 4InCl A % Gk
Luminescence properties of Bi** doped leadless double perovskite Cs,Ag [Na, ,InCl
PPz, 2024, 73(18): 187801  https:/doi.org/10.7498/aps.73.20240901
ST BCPOIEAT BRI SAMA HLAOE — A M B R SaE tE

Electroluminescence efficiency and stability of near ultraviolet organic light—emitting diodes based on BCPO luminous materials

YrH2E 4. 2024, 73(4): 047801  https:/doi.org/10.7498/aps.73.20231301


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260372
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221341
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221341
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221341
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221341
https://doi.org/10.7498/aps.72.20221341
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241017
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241017
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241017
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241017
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241017
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241017
https://doi.org/10.7498/aps.73.20241017
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250886
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250886
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250886
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250886
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250886
https://doi.org/10.7498/aps.74.20250886
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20241294
https://doi.org/10.7498/aps.74.20241294
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240901
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240901
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240901
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240901
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240901
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240901
https://doi.org/10.7498/aps.73.20240901
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231301
https://doi.org/10.7498/aps.73.20231301

	1 引　言
	2 实　验
	2.1 试剂与材料
	2.2 样品制备
	2.3 样品表征

	3 结果与讨论
	3.1 物相分析
	3.2 微观形貌及成分分析
	3.3 光谱分析
	3.4 热稳定性分析
	3.5 荧光寿命及量子效率
	3.6 WLED发光性能分析

	4 结　论
	参考文献

