%51 B 12 M T % IR Vol.51 No.12
2022 4F 12 H ACTA PHOTONICA SINICA December 2022

51  #% U . KANG Xinwei, DAI Pengpeng. Preparation and Luminescence Properties of Color-tunable Emission
Cs;Gd,.,,Lu,Ge,O,:2Bi’"" Solid Solution Phosphor[J]. Acta Photonica Sinica, 2022, 51(12):1216002

JREHT R, TGS . & GBI A W] I Cs,Gd, -, Lu,Ge,O,: B [ 74 5 S M 14 i 28 AR G P B 9 [T]. 6 724, 2022, 51(12)
1216002

G B a] CSSGdl—I—yLuyGeSO9 .xBi"" {;’;/312[_(
9 G H A il 25 A0 R G B 5T

JE 3T R , B MG

CRr s i s My B B TR 2 e B S O™ W1 5 )L D REAS BB 78 B2 RS B 2, 568 AR 5F 830054)

H E.RAALAWSHBEMMESRT — 27 Cs,Gd,_Ge,0,:aBi" (0.02<<r<C0.1) & 3% b4, 5Fid T
Lu® % & Cs,Gd,,Ge,O, kP 85 Gd™ A EF B AEAAFRFE, HET — A7 LLRETAN
Cs:Gdy o5, Lu,Gey0y: 0.04B1 (0.1<<y<<0.9) Bl 74k & kb, XA &ATH S/ AR L L# LB b#
SRR YMEN K RFR R ES AR ERBTT Fm A, EREAN, BRI AR
T — 7744869 Cs,Gd,, Lu,Ge,Oy:aBi" a4 . £ %51 330 nm i & T, Cs;Gd,,Ge,O,: 0B 5 1
B KA T 452 nm, IR KSR W A SER T B 69 P, > 'Skt BT B 4 KB A 0.04 mol
B, Cs,Gd,Ge,Og:2Bi” 2k #y bR B X B R KA, ERKEDBT HLRET, @ Lu" HREF P
8 Gd® KA R — 7 9] Cs;Gdge, Lu,GeyOy: 0.04B1 (0.1<y<<0.9) B 25 4k 38 by K 5432 37 & &
A KA Lut ¥ 2k ok 89 3R G e B M K 2=0.1 mol B # 453 nm & #f 42 A £ 2=0.9 mol B #4
483 nm, A8 & #9 F 4 K 88 nm & W £ 116 nm, & L AR K & K 34(0.168 5,0.160 2) it & 3 & & X 3%
(0.2179,0.3007), #H A AN TR EELTRAAGARGHFRABE XN LB X, KR
T 2=0.04 mol .y=0.5 mol # % 84 X X A T M, BB E 7t 35 5 423 K iF A 3 09 & 0 3% AR 4614
89 55% . PARal— 23 ARRETRYBEKELHELLERY MY B FARLABFLEY

FEEIA M E TR BEAKBT B AR A 44k
FE £ S:0482.31 ERFRIRAD : A doi:10.3788/g2xb20225112.1216002
0 58

B e e 1106 RO T (pe-WLED) B K B dr AR RREFE RIS 2 AR 8, © ) 2 i T R
BIAR . H AT EO6 LED J& R 35 @ R 44 YLALO,,: Ce™ B s el ini i, 48 i % X =R i
J6LED T & 5ol v ik A 20 68 iy, S 30O B A48 BRI (CRI<CT5) , MG 8 i 8 5 (CCT>>4 500K) , &
R R E NIRRT E AN AT T — Rtk 4 3 I SR AN Ok =R (4 B )
PR K ARAF 16 LED , % 7 vk BUAR AT DLy A 55 9 IR I 75 19 2 10006, (L2 78 AT D06 6 % v 9 7 6 IX 8k
(480~520 nm ) 77 7E— > W 5k A9 75 (oo [a] B, 4 52 B0 4 6 3% BR 0 5L pk vk . IRk, AT A SR 3R A — Fil
B R EA R T SR TR A 0 7 Ok ST et R BB . BT LUJE R S BE S B a5 S 3K Bl 1 i 8 9
Kl oy B

ARJITJE L - Eu® F1 Ce®' BT 3 5d~41 Fo 77 BRAE BT 51 14 K W A 480 1 A% s B 9Ol i 17 o, B
BT AR R S R ES T AL T SR, EutT/Ce’ T 1 2R FE BT IO IX SR AE FE O 3

EETE  HK A AR R4S (No.51762040), B S 4 B /R A IR XS 1 7 4 R4 54 (No.2021D01EL9), 33 885 K 2% 07 1) K06 5 i a5 1
TS 5 A 5E 4 (No. KWF G202208)
E—EE L (1995—) , B WL g A, BB GE 0 R EIR &5 . Email: 1176390344@qq.com
SUH CGERIESE) - HMEME (1982—) , 55, #04= W+, EZWFS Iy 1) Ry A K& G . Email: daipp614@nenu.edu.cn
s BHA:2022-06-29; R A B #I:2022- 0815
http: // www. photon.ac.cn

1216002-1


https://dx.doi.org/10.3788/gzxb20225112.1216002
mailto:E-mail:1176390344@qq.com
mailto:E-mail:daipp614@nenu.edu.cn

T o AR

B A R SO B E R S AT B AR B O RCRAL R Y 5+
Eu*/Ce™ ML, B + Bi* A &6 R BT 'S~"P /' P BRIE , B 78 0] WG K 8 JL-F 34 Wik, B L B i
T (28 60 T LLAT 2GR i+ Eu®' /Ce’ B 1y 6 1% F i al @i, b Ah , BiY B A0 J2 HLF 65 i 6p B 58 7E
A, XF il 43 T 355 AR AR A Sl UK i A BT 1 K 6 ) 32 B AR 3 T 5 A5 A 14 5 v i 22 0 DA SR AR B LT Y &
S UL, BRI & — R AT LS B 2 S Ry & O 6 R 4R 1 0 R T . 2019 4F, i MORRISON G
Al BA 4R 38 1) Cs;REGe, O, i HH MR Eh 518 T AN 2 XK. W IE T IEL M &R 2 #Eh Pna2l, 4544
H A T B B P A, Cs™ B U S R 45 4 1 2 B 2 b T H R % RE 4% 47 (RE=Pr, Nd il Sm— Yb) JL-T-
WETIAM EICE . B RS0 01k & W B 5008 00 25 0 28 MR 2 5 1 i IR S IR 8 . Bl L 45
i T b VA 2 K ) R P VR R I (RECIR S5 M I B T B 30 ) L B’ 1B 44 19 Cs,Gd Ge, O, 2T 68 58 S b 1 238 L 1%
PRI TR R TR 1 J0 U A IR A A I MR RE . BTG T B 48 4% Cs,GdGe, O, % b B i
AR A SR R A A T — 25 Cs,Gd,,Ge,0,: 2B (0.01<<2<20.09) i (8,52 685, 18 1o 25 BH 5
TRAUR MG, L™ B AU G 345 T — R 50 AL B nT I B CsiGd oo, Lu,GeyO,:0.04B1" (0.1<y<<0.9) &l #
B IEHT , IR X BTG R /BT IE H AT RAE . BLAh IS T BIE R H (2=0.04, y=0)
19 & AT E M o AR SCG Y — ZR 9 1 1A 58 S A 7 4 o6 33 FE B Ay e B 6 4 e EL A R A 1 I FH 1

1 2§

1.1 #HRElE

K FH 5 IR AR B A i — B F1 Csy(Gd, -, Lu,) Ge,0, 2 Bi* (0.02<<0<C0.1,0.1<<y<<0.9) % el o $i Mk
i R B AR L R RN Cs,CO,(99.9%) | Gd,0,(99.99%) . Lu,0,(99.99%) . Ge0,(99.99%) . Bi,O,
(99.99%) o ¥4 J5E A BHE A A BFEE |, ¥ AT BIFEE 40 min, BIF I & (0 83 AR 55 8 28 S8 AL BRI L T A S5 3 o eb
1000 °CAESTAM T BB 8 he RNAF LG, FEE IR P A SR 20 2 = 05 B0 KR KOS AR i K
T B, 15 380 fge 28 0 R B i
1.2 #HERI

fdi F H A I3 ¥ XRD-700 285 K A7 SIS RE 5 19 X BF 26 AT 59 (X Ray Diffraction, XRD)%#&. Cu-Kal
SFPER R SRR, TR E R R T AR 40 90 40 KV R 30 mA, F1HE IS ] 20 R 20°~50°, 148 5 [E E AE 5(°)/
min. FE b 18 S5 O6 5 8 48 A0 -] UL S S OGS (UV=-2550 PC, H 48 8 HE 2 7))k o FE i 19 380k
T RGO RE 9 5 i v h 2 RN AR RO IS R B0 EE T R AR A/ B O IR AL (FLS920) Ml e + A
PXF4 75 i fH 4

2 FHRE5TiE

2.1 Cs,GdGe, O, %153 #
K 1(a) A Cs,GdGe,O, IR EE I E™ . Cs,GdGe,O,J8 T 1E L M & , 25 [ BEJ& T Pna2l. GeO, U 1 {4 il

(a) Crystal structure of Cs,GdGe,O, (b) Coordination environments diagram of GdO, and GeO,

H1 Cs,GdGe,O, i k4 ) B A1 GdO,; . GeO, #y B AL PR 35 B

Fig.1 Crystal structure of Cs;GdGe,O,and coordination environments diagram of GdO4 and GeO,
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Preparation and Luminescence Properties of Color—tunable Emission
Cs;Gd, ., Lu,Ge;0,:xBi’* Solid Solution Phosphor

KANG Xinwei, DAI Pengpeng

(Xinjiang Key Laboratory for Luminescence Minerals and Optical Functional Materials, School of Physics and
Electronic Engineering, Xinjiang Normal University, Urumqi 830054, China)

Abstract: Phosphor-converted White Light-Emitting Diodes (pc-WLEDs) have energy-saving,
environmental protection and other excellent performance. At present, the commercial WLEDs are
composed of blue LED chip combined with Y,ALO,,: Ce*” yellow phosphor. However, due to the lack of
red components in the emission spectrum, the white light generated by this method has a low color
rendering index (CRI<C75) and a high correlation color temperature (CCT>4 500 K) , which cannot
satisfy the needs of indoor lighting. Researchers at home and abroad have proposed an improved method to
generate white light by excitation of red, green and blue phosphors by a near-ultraviolet LED chip.
Although this method can produce warm white light for indoor illumination, there is a significant cyan gap
in the cyan region of the visible spectrum (480~520 nm) , which makes it challenging to achieve full
spectral illumination. Therefore, it is desirable to obtain a cyan luminescent material that can achieve full
spectrum illumination by mixing phosphors. It is well known that rare—earths Eu”" and Ce’" have been
widely used as activator ions in inorganic phosphors. However, Eu’"/Ce’" activated phosphors have
spectral overlap in the visible region, resulting in low luminescence efficiency and color drift of the
synthesized devices. Compared with rare earth ions, Bi’" hardly absorbs in the visible region, so Bi*"
activated phosphors can effectively avoid the spectral reabsorption problem encountered by rare earth Eu®'/
Ce’". At the same time, the outermost electrons 6s and 6p of Bi’' are exposed and sensitive to the changes
of crystal field environment, so Bi’" is considered as an activator ion that can realize the color-tunable of
phosphors luminescence. Therefore, the abundant optical properties of bismuth ions have attracted
extensive attention. In this paper, a series of Cs,Gd, ,Ge;O,: xBi’" (0.02<<2<20.1) blue phosphors were
synthesized by the traditional high-temperature solid-state method. The local environment around Bi’" is
regulated by replacing Gd*" in the matrix with Lu®". A series of Cs,Gd, 5, Lu,GesO,: 0.04Bi"" (0.1<<y<<
0.9) solid solution phosphors with color—tunable were prepared. The phase structure, luminescence
properties, fluorescence lifetime, and thermal stability of the phosphors were characterized by X-ray
diffraction, steady-state/transient fluorescence spectra and variable temperature spectra. The results
showed that a series of pure phase Cs,Gd, yLuyGe;;Og:O.OélBiH compounds were successfully synthesized.
Under the excitation of the ultraviolet light wavelength of 330 nm, the emission peak of Cs,Gd; ,Ge,O,:
xBi*" phosphor is located at 452 nm, showing blue emission. The broadband emission peak originates from
the °P, — 'S, transition of Bi’" . When the Bi*" doping concentration is 0.04 mol, the luminescence
intensity of Cs,Gd, ,Ge,O,: xBi’" phosphor reaches the maximum value. Under the optimal Bi’*" doping
concentration, by substituting Lu*" for Gd*", the emission peak of Cs;Gd, 4 Lu,Ge,0y:0.04Bi"" gradually
redshifted. With the gradual increase of Lu®" doping concentration, the emission peak gradually redshifted
from 453 nm at ¥=0.1 mol to 483 nm at +=0.9 mol, the corresponding half-peak width is widened from
88 nm to 116 nm, and the color coordinates transition from the blue region (0.168 5, 0.160 2) to the cyan
region (0.217 9, 0.300 7). The change of spectral behavior is attributed to the increase of crystal field
splitting degree and stokes shift displacement. The luminescence thermal stability of x=0.04 mol and y=
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0.5 mol samples was investigated, and the luminescence intensity of the samples remained 55% of the
initial value when the temperature was raised to 423 K. A series of solid solution phosphors with adjustable
luminescence color obtained have potential applications in the fields of full spectrum lighting and plant
lighting.

Key words: Color-tunable; Solid solution; Bi*" doped; Broadband emission; Full spectrum
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