43 oM Kot R Vol. 43 No.9
202249 A CHINESE JOURNAL OF LUMINESCENCE Sept. , 2022

XEHES: 1000-7032(2022)09-1405-08

i M Eu B A 0Oe by PRVE i 5 0k i

RGP, BERR, AW, TAH

(IR b 542 TR B, Wt 2528 066000)

FEEE - Aok, T A 1B R A (LED) B A% 3 % 1 90 0 b e WA A A U T E 428 430 10 e I LA B R 4
R A5 7 T HAT BB, MR e H T2 56T o Bu™ B 1000 9 41-5d BRIE LA 5 Jo 30 #0358 A 4
P, D il g 78 R SO R AL T RTRE o (R, H R A S A G I R SE A, R 2 BuTHB IR AR A A S Ok
BRI & 149 58 T R B A R o A SC LA TR A A B Sy SRR Al DA B O T 530 T X 2 B 4B 24 90k 1Y
WEFE AT E5 3, R TR R FSTRC (0 R | A 45 K B ST 7 (0 B8 LU B & 75 T R A5 TR X B 8 7 & 42
W 5 (FWHM) 520, 152 S 37 B Bu™ 48 2 28 A S0 5 9 e by S 1 OB AR 4l

X 8 WA ECBRVOLH; BEWRS; BAIAEE; Wit i B iR
FESES: 0482.31 TEEARIDAD : A DOI: 10.37188/CJL. 20220189

Advances in Theoretical Research on Eu” Doped Narrow-band

Emitting Fluorescent Materials

ZHU Kun-ling, YOU Huan-huan, GAO Fa-ming", JIA Yong-chao'
(School of Environmental and Chemical Engineering, Yanshan University, Qinhuangdao 066000, China)

# Corresponding Authors, E-mail: fmgao@ysu. edu. cn; yongchao. jia@ysu. edu. cn

Abstract: In recent years, narrow-band emitting phosphors used to fabricate white LEDs play an im-
portant role in reducing energy consumption, improving light quality, and maintaining chromaticity
stability, and have been widely paid attention to by researchers. The unique character of the 4f-5d
transition of Eu® ions with host dependence provides the possibility of the design of Eu’-activated
narrow-band emitting phosphors. However, most of the works relies on trial and error, and theoreti-
cal understanding is lacking of the emission width of Eu* ions in solids. With this background, here
we review the theoretical efforts on this topic in the past ten years. Based on configuration coordinate
diagram, the effect of structure rigidity, local environment and phonon frequency on full-width at
half-maximum (FWHM) of Eu® ions have been analyzed. The obtained conclusions are expected to

give the design clue for the related experimentalist.
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Fig.2 Schematic representation of the effect of geome-
try relaxation on FWHM of Eu*-doped phos-
phors
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Fig.3 Three representative crystal structures and local coor-

dination environments of Eu*-doped narrow-band

emitting phosphors
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Tab. 1 The luminescent properties of Eu**-doped narrow-band emitting phosphors with three representative crystal structures
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Fig.4 The excitation and emission spectra of Eu*-doped

narrow-band emitting phosphors
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Fig.5 Schematic representation of the effect of effective pho-

non frequency on FWHM of Eu**-doped phosphors

4.2 ESERESEFMERERBER

AR RS R FWHM S0 8 38
PLEEZS T 04 (0,) 5O SH T2 (0,) M
SN R . AR PR AR AT DL — 2 R
Hh S UEAT A W R B S 2R T K
R A3 (3) ~(4) AT H0, 75 F IR KN & B
$Z 520 Franck-Condon 7 F8 1K/, Btk AT LA
A — BSOS H W25, AL FR N
AC[16.30]:
e (13)

AR SRS (1) B Sz T A5 H # 1Y Franck-
Condon i F& R JE .

E..= %(AS + AC), (14)

E.,= %(AS - AC), (15)

T LED TR &4 450 K F, 3% @0 -2 [H #r 38 43
Al UHBE R 2GS i m R, &M, FWHM
5 AC AS L FIREE (T) (56 £ AT LR 0,

(1 - AC/AS)
In2AS =22 ok, T, (16
"I v Ac/AS) (16)

Horpw(T) & LED TAEREE T M2 0658 (E .

M2 (16) AT, 76 [ 5 & 9 6 ht AL HE 52
Wi R T, Bk Ak Gtk A2 P Franck-Condon 137 5%
22 SR P P R S R O R . i RS K
% % F 1Y Franck-Condon 1 £ ¥ 4 1F {8 , M itk
AC/AS By FE FIAL T —1~1 Z [A]™, 78 [ %2 76 6 #
AS B R G BE THE, &G 5E W (T) 5 AC/AS %
B AR DG X — PR AR R, 2 D o Xk
i 75384 & 45 N 2 25 22 18] 9 1E Franck-Condon 1 5%
ZEWEA R T L AR A KA IR 6 TR o BRI
S50 AN R JE 15 B Y B LT AR R R g
AR 2 R VE AR S =0 3R 1) 55 0L T 1T B 234 90
G378 Ak AE R TE BT R Eu™ 48 2% 9 6 1 1 i
SR B B, AC/AS AT AT LA N E Ol — AR R
2%,

W(T)=2

I
29

qm

L AR Q

P 6 7E ASFIR ST AAS [ 5E 1 46 11T, AC KT 2 W 58 1 52

WA o il 2R X R T AC R AL € i X R T
ACHIEfE .

Fig.6 Schematic representation of excited state phonon fre-
quency on FWHM of Eu’-doped phosphors, with
fixed Stokes shift and ground state phonon mode. The
blue curve stands for a smaller excited state phonon
frequency than ground state value, and the red lines

stand for the opposite situation.



RIPG, . A

B Eu™ 5 2250k BRIS BIF 5T E i 1411

5 % %

=1

AR SCUAEIE A R A5 10 Sy BRAE A Al , 73 M7 T Eu™
PR I Ry AR IC AL PRBE ZE AW P 1 IR 2%
225 TR JHG DR g G 1) 52 ), 0 T S B AR A R
SR B AT T A B R AR EIANT 4518
(1) NEE R T T, e WP £ o A 45 2 f o At 75 A
JE /N, 3 BRI R 5 ' B Ak AR R 4 H
AR AN, (2) B3R5 5 T, R =S

(1) 252 W 78 B L2 R A R A 408 e A0 e L ) g

YO o (3) AR IR I T, 7538 R A R G A
Hh R T T AR A DR/ NS U B ) Mt L
AT LA R PR OO « R RE S 5 A S P TR AT AN
AHAFI B/ P A3 22 5 B /IR A S~ U
TE ZHANEIS O A W R TR e S e
WeGE . LA SC A A BT i MR R T LA Eu™ 48
PRI AL SO B A A ) B 0 £ R A B
VBt 38 R 7R A T v 3 k3 B

AR R L AR I S AT L

Xﬁ%f@n’“%jﬁgﬂﬁ%iﬁﬁf/z%{}ﬁd\ i A P Bt R R http://cjl. lightpublishing. c¢n/thesisDetails#10. 37188/

i 2 il S i R P RE R e HE TR/ NG R CJL. 20220189.
& £ X Wk
[ 1 ] NAKAMURA S, FASOL G. The Blue Laser Diode : GaN Based Light Emitters and Lasers [M]. Berlin: Springer, 1997:
1-24.
[ 2 ]XIERJ, LIY Q, HIROSAKI N, et al. Nitride Phosphors and Solid-state Lighting [M]. Boca Raton: CRC Press, 2011:
1-26.

[ 3 ] BARDSLEY N, HANSEN M, PATTISON L, et al. Solid-state Lighting R&D Plan [R]. Washington: U. S. Department
of Energy, 2016: 146.

[ 4 ] DORENBOS P. 5d-level energies of Ce’ and the crystalline environment. I .
2000, 62(23): 15640-15649.

Fluoride compounds [J]. Phys. Rev. B,

[ 5 ] DORENBOS P. 5d-level energies of Ce™ and the crystalline environment. II. Chloride, bromide, and iodide compounds
[J]. Phys. Rev. B, 2000, 62(23): 15650-15659.

[ 6 ] DORENBOS P. 5d-level energies of Ce™ and the crystalline environment. II. Oxides containing ionic complexes [J].
Phys. Rev. B, 2000, 64(12): 125117-1-12.

[ 7 ] PUST P, WEILER V, HECHT C, et al. Narrow-band red-emitting Sr[ LiALLN, ] : Eu®* as a next-generation LED-phosphor
material [J]. Nat. Mater. , 2014, 13(9): 891-896.

[ 8 ] HOERDER G J, SEIBALD M, BAUMANN D, et al. Sr[Li,Al,O,N,]:Eu*—a high performance red phosphor to brighten
the future [ J]. Nat. Commun. , 2019, 10: 1824-1-9.

[ 9 ] LIAOH X, ZHAO M, ZHOU Y Y, et al. Polyhedron transformation toward stable narrow-band green phosphors for wide-
color-gamut liquid crystal display [J]. Adv. Funct. Mater. , 2019, 29(30): 1981988-1-7.

[10] QIAOJ W, ZHOU G J, ZHOU Y Y, et al. Divalent europium-doped near-infrared-emitting phosphor for light-emitting di-
odes [J]. Nat. Commun. , 2019, 10(1): 5267-1-8.

[11] ZHAO M, ZHANG Q Y, XIA Z G. Structural engineering of Eu**-doped silicates phosphors for LED applications [J].
Acc. Mater. Res. , 2020, 1(2): 137-145.

[12] FANG M H, MARIANO C O M, CHEN P Y, et al. Cuboid-size-controlled color-tunable Eu-doped alkali-lithosilicate
phosphors [J]. Chem. Mater. , 2020, 32(5): 1748-1759.

[13] FANG M H, MARIANO C O M, CHEN K C, et al. High-performance NaK,Li[ Li,SiO,],: Eu green phosphor for back-
lighting light-emitting diodes [J]. Chem. Mater. , 2021, 33(5): 1893-1899.

[ 14 ] CONDON E. Nuclear motions associated with electron transitions in diatomic molecules [J]. Phys. Rev. , 1928, 32(6):
858-872.

[ 15 ] SEITZ F. Interpretation of the properties of zinc sulphide phosphors [J]. J. Chem. Phys. , 1938, 6(8): 454-461.

[16] JIA Y C, MIGLIO A, PONCE S, et al. First-principles study of the luminescence of Eu2+-d0ped phosphors [Jl. Phys.
Rev. B, 2017, 96(12): 125132-1-16.

[17] JIAY C, PONCE S, MIGLIO A, et al. Beyond the one-dimensional configuration coordinate model of photoluminescence



1412 K )t 2% Eile o543 4

[J]. Phys. Rev. B, 2019, 100(15): 155109-1-11.

[ 18 ] STONEHAM A M, SMOLUCHOWSKI R. Theory of defects in solids: electronic structure of defects in insulators and
semiconductors [ J]. Phys. Today, 1976, 29(3): 62.

[19] WANG S X, SONG Z, KONG Y W, et al. Relationship of Stokes shift with composition and structure in Ce‘“/Euh-doped
inorganic compounds [J]. J. Lumin. , 2019, 212: 250-263.

[20] LIG, LIN C C, CHEN W T, et al. Photoluminescence tuning via cation substitution in oxonitridosilicate phosphors: DFT
calculations, different site occupations, and luminescence mechanisms [J]. Chem. Mater. , 2014, 26(9): 2991-3001.

[21 ] ZHANG X J, FANG M H, TSAL Y T, et al. Controlling of structural ordering and rigidity of B-SiAlON: Eu through chemi-
cal cosubstitution to approach narrow-band-emission for light-emitting diodes application [J]. Chem. Mater. , 2017, 29
(16): 6781-6792.

[ 22 ] KIMOTO K, XIE R J, MATSUL Y, et al. Direct observation of single dopant atom in light-emitting phosphor of B-sialon :
Eu™ [J]. Appl. Phys. Lett. , 2009, 94(6): 041908-1-3.

[23] WANG Z B, CHUIH, ZHOU F, et al. Electronic structure descriptor for the discovery of narrow-band red-emitting phos-
phors [J]. Chem. Mater. , 2016, 28(11): 4024-4031.

[ 24 ] PUST P, HINTZE F, HECHT C, et al. Group (Il ) nitrides M[MnglzNJ (M=Ca, Sr, Ba, Eu) and Ba[MngazN4]-

structural relation and nontypical luminescence properties of Eu®* doped samples [J]. Chem. Mater. , 2014, 26(21) :

6113-6119.

SCHMIECHEN S, SCHNEIDER H, WAGATHA P, et al. Toward new phosphors for application in illumination-grade

white pc-LEDs: the nitridomagnesosilicates Ca[ Mg,SiN, ] : Ce™, Sr[Mg,SiN,]: Eu* and Eu[MgSiN,] [J]. Chem. Ma-

ter. , 2014, 26(8): 2712-2719.

[26] ZHAO M, LIAO H X, NING L X, et al. Next-generation narrow-band green-emitting RbLi(LiSSiO4)25 Eu* phosphor for
backlight display application [J]. Adv. Mater. , 2018, 30(38): 1802489-1-7.

[27 ] ZHAO M, LIAO H X, MOLOKEEV M S, et al. Emerging ultra-narrow-band cyan-emitting phosphor for white LEDs with
enhanced color rendition [ J]. Light Sci. Appl. , 2019, 8: 38-1-9.

[ 28 ] BAUR W H. The geometry of polyhedral distortions. Predictive relationships for the phosphate group [J]. Acta Crystal-
logr. Sect. B, 1974, 30(5): 1195-1215.

[29 ] ZHUO Y, TEHRANI A M, OLIYNYK A O, et al. Identifying an efficient, thermally robust inorganic phosphor host via
machine learning [J]. Nat. Commun. , 2018, 9(1): 4377-1-10.

[30] JIA Y C, PONCE S, MIGLIO A, et al. Design rule for the emission linewidth of Eu*-activated phosphors [J1. J. Lu-
min. , 2020, 224: 117258-1-5.

—
[ o)
W
[

SRIAE(1996-) , 55 1 3 7 b A 1
WFSE A L 2020 4F T i) 1 BB 22 3Rk 15
AL, NG RO R
W7 I 5 .

E-mail: zkl0620@163. com

Bk (1986-) WAL & A, 1
+ L PRI, 2014 4F F p E AL B K B
D7 FH A 2 B % T AR A T 2 0, B
A+ &6 R 5 — b R R
B

E-mail: yongchao. jia@ysu. edu. ¢n

BE(1963-), 3 ddbik R O AL Bl
+, HFz, 2004 4 T L K A= KA T
R VANEEE YN - R E N et el
A HL B DL KR B A T

E-mail: fmgao@ysu. edu. cn




