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Effect of Charge-Compensator Li* Doping on Luminescence Performance
of CaMgSiO,: Sm** Red-Emitting Phosphor
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Abstract We prepared Li™ as a charge compensator using the high-temperature solid-state method and doped it into the
silicate matrix of CaMgSiO,: Sm’" to improve the luminescence properties of Sm®" in CaMgSiO,. The experimental
results show that the CaMgSiO,:a Sm”*", y Li" samples are pure phases, and introducing Sm* and Li"~ do not change the
crystal structure. Under the excitation of the near-ultraviolet of 400 nm caused by the 4f-4f transition of Sm®" ions, the
emission peaks of CaMgSiO,: Sm*" are 562, 576, 601, and 650 nm respectively. Additionally, from the spectra of co-
doped samples, incorporating Li" significantly enhances the luminescence intensity and emission peak integral area of
Sm®". Moreover, the color coordinates of the samples are in the red region (0. 605, 0.394) and the color purity is up to
93.3%. At 150 °C, the peak intensity remains at 73. 5% of that at room temperature, indicating that the phosphor has
good thermal stability. The phosphor has a potential application prospect in solid lighting.

Key words materials; CaMgSiO,: Sm*", Li" phosphor; Li~ charge-compensator; color purity; integrated area of emission

spectrum; thermal stability
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Table 1 Main raw materials of CaMgSiO,:Sm*", Li" phosphor

Chemical
formula of raw Purity Production company
material
o Shanghai Aladdin Biochemical
CaCoO, 99.99%
Technology Co. , Ltd.
Shanghai Aladdin Biochemical
MgO 99.99%
Technology Co. , Ltd.
. Shanghai Aladdin Biochemical
SiO, 99.99% .
Technology Co. , L.td.
) Shanghai Aladdin Biochemical
Sm,0, 99.90%
Technology Co. , Ltd.
. Shanghai Aladdin Biochemical
Li,CO, 99.99%

Technology Co. , Ltd.
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Table 2 Test method and instrument parameters

Experimental method = Test instrument name (or software name)

Shimadzu XRD-6100 powder

Phase analysis .
diffractometer
Scanning electron L .

. JSM-7610F plus emission scanning

microscope .
i i electron microscope
Energy dispersion
X-MaxN energy spectrometer
spectrum

Photoluminescence  FL.S920 steady/transient fluorescence

spectrum (lifetime) spectrometer, Edinburgh, UK

Thermal stability FLS980 high temperature fluorescent

Color coordinates CIE 1931 color space
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Fig. 1 Phase analysis of sample. (a) XRD patterns of CaMgSiO,:2% Sm*", y% Li'(y = 0, 0.5, 1, 1.5, 2); (b) crystal
structure of CaMgSiO,
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Fig. 2 Variation of unit cell parameters of CaMgSiO,:2%
Sm*™, y% Li"(y = 0, 0.5, 1, 1.5, 2) with doping

concentration of Li". (a) Variation of a; (b) variation of
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B3 CaMgSiO,:2% Sm®' 2 Y6 B S 7 H1 o (a) ~(b) SEM B 5 (¢) EDS 145 70 % J5L T 14 BE /R 73 4k
Fig. 3 Morphology analysis of CaMgSiO,:2% Sm®" phosphor. (a)~(b) SEM image; (c) EDS and mol fraction of atoms of each element

@ CaMgsio,: 2 % Sm* 4, =601 nm 2 )i CaMgSiO, a % Sm®
O el T f 4,=400nm M
<) s b A B
2 s #=15 z AL [y —a=15
g 8 Em =2 E J - —x=2
2 a - — =25 2 | ... 225
& f k| '
g | &
= o5 E
340 360 380 400 420 440 460 480 560 580 600 620 640 660 680
Wavelength /nm Wavelength /nm

El4 CaMgSiO,:a% Sm* (x =1, 1.5, 2, 2. 5) ZCHER M A2 EETE o () & 6T 5 (b) & 6%
Fig. 4 Fluorescence spectra of CaMgSiO,: 2% Sm” (x = 1, 1.5, 2, 2.5) phosphor samples. (a) Excitation spectra; (b) emission
spectra
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Fig. 5 Concentration quenching mechanism diagram of CaMgSiO,:
% Sm’ (x =1, 1.5, 2, 2.5)
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Fig. 6 Fluorescence performance of CaMgSiO,:2% Sm®", y% Li . (a) Emission spectra of CaMgSiO,: 2% Sm’" and CaMgSiO,:

2% Sm”", 1.5% Li phosphors; (b) relationship between integrated area at 601 nm in emission spectrum of CaMgSiO,: 2%

2 a3t

Sm*", y% Li" and concentration of Li~

1316002-5



$£59%5 F13H/2022 F7 A/HAESBFFHE

F 7(a)J& CaMgSiO,: 2% Sm®", y% Li" RFIEE S
£ 601 nm Ab Wy FHar i 26 . nT LAt BEH LiT B
IR R, Sm™ Fag i K. My=1.5% 1,
FAE A B A, R 2. 08 ms. 5 5 i 4k Bl
4 (b) JF 7 19 & 3 06 3% B A 58 4 — 80, B B X F
CaMgSiO,: 2% Sm™ BT 7 , Li S48 24 B IR 73 41
J1.5% B R AR e A K L EG AT
FOLLED BB, 26k & A (i ~ =X 358,

At A

AT AT 1
¢ A+ Az, (4)

CaMgSiO,: 2% Sm*, % Li*

0.5%

Intensity /arb.units

y% 7/ms
E 2,,=601 nm » 2% 1.83ms
£, 1.5% 2.08 ms
=4 L
B, 0 19t

1.75 ms

Time /ms

AP RoRF T fir s o R AT s e KA ALA,
EMESE . HREIMABAEREA o A,
HREBIEL 0~1. 320,

& 7(b) & CaMgSiO,: Sm”" 2¢ Y6 By i & 53 AL B .
£ 400 nm & T, Sm” 7E “H,, 56 25 A9 B 38 1 i 05 g
SRR ERIT B G WL A o X B K 1Y L il
A 55 5 BRAT (NR) it #2 21) G, BE Do BLAL L F G,
fiE 2 B 3F B fig B A IK 0 °H,(J = 5/2.7/2.9/2.11/2)
HE 9 I RS fE &, O 23 0 78 562,576,601 650 nm 4k
HEL Sm® )RR AE AR G R 21 68 R G

0kp

Sm3+
skp T T Gup
|
20k | BE
L i Gy
?151“ g
I - I
: \
skf = o
: H,
ok oL,
H5/2

Pl 7 Bt 2k F & LR (a) CaMgSiO,: 2% Sm® , y% Li~ RFIFE AL 7E 601 nm &b 11 75 iy 2 36k 1 £ : (D) CaMgSiO, : Sm® %)l
W i) 2 S ML

Fig. 7 Life decay curves and emission mechanism. (a) Life decay curves of CaMgSiO,: 2% Sm’" , y% Li' samples at 601 nm;

(b) emission mechanism of CaMgSiO,: Sm”" phosphors
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Fig. 9 Normalized peak intensities of CaMgSiO,: 2% Sm’",
1.5% Li" sample as a function of temperature
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