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Past and Present of Nitride Phosphors:.
New Inspirations on Materials Discovery and Applications
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Abstract; Nitride phosphors are born out of structural ceramics, and have beautifully turned into
important down-conversion luminescent materials owing to their diversity in structure and specificity
in local coordination. They are contributing significantly to advances in semiconductor lighting and
display technologies. This article first briefly overviews the discovery of some classic nitride phos-
phors, and then highlights the inspiration it brings. That is to say, the traditional mode of thinking
must be abandoned when conducting the research and development of new materials, but the R&D

must rely on industrial needs and be strengthened by tight cooperation between industry and research

units.

Key words: luminescent materials; nitride phosphors; solid state lighting

1 5] Bl

RACH DR BN NI = AR R Y
— PR fEf RIS B OR BOR K R
P rbdi 45 1A% AL A A A AT ek A LA
ARFIT A AL, AL W SO by B B 4R T E O
LED oA (PR3 & e 7z i, J5 35 % R %

FE B HA: 2020-05-06; f&iTHHA: 2020-05-18

B RO R T — SE3T A 2R 5 PR RE 20K, 1K
Unnl B DL R RE OB I R R T ROR
Levs SRR o i B AR 2R B 4 R 22 B
D S A2 JFG B 2% X LA D L IE S
A ERRE, RALY) B R BAT L i 224k
AE , M s il 8 ol R0 IR Iz T R e S L
AR se i RER UTHI ) R AR . AL R A

EETE : [E5ARF M EE (51832005) 5 FEIZK A SRR F 47248 (51802274 ) LB I H
Supported by National Natural Science Foundation of China(51832005,51802274)



5 6 1]

FRORZE, 45 . RACHTOCHR IR A A AR Z AL AT R 7 647

it AEAE B TR A T HE AN =
Y [A] ) 48 28540 Ak 2 AN B PR iR | 5 48 I R
SESERRRE L, IX B 8 A R A L T A A e
Tk R il A 16 LED B & ekt Z —

EHAFRE T L E SR T 6K (1
2R A0, B-SiAION: Eu”* 1 y-AION: Mn** #{%, Ca-a-
SiAION: Eu®* fl La,Si N, : Ce’" DL K Z1 {4 CaAl-
SiNy: Eu®* ) & 3L B A4k TR 2 ik 2 3]
S DL R LUl e SR O 22 5 | PR
HELE A SCRE AR I TR T A T Lk 2 ML/ Ak
D iy D NGRS PIN Y = Vi

2 ZHAMH R E AL

RALY DS I FE I 2846 T 1998 4F fi =2
e IH 2 L T K 2% Metselaar #5035 R0 240 1 5291k
WY Ce’ B4 Y—Si—O0—N KR, KW Ce’* 1Y
RIOGERIE O/N HB B3 Kz, 2000
A HARZRAC K2 0 1 HE 6 R ol 7 ] 58 e 2R
R2F1Y Schnick #8240 541 T Eu’* 7€ LaSi; N
LI R Eu®* 7E Ba,SigN, HHILL AL BRI
SO 5 A 1R 4 K ax R B T {H I
Ja T AT B AL e ey ks & 8, 5 T
1998 49 H Uit A H A< [ 57 Te LA B 52 By (3L H
AR ST R AT BT ) B = Ok B e A (BRI AT
SiAION Fi e AR Je ik 2 — ) FF J R AL P B % 1
MYBTERESE, H 2000 4F 10 H FF4R, =K et %
HEZEF L SIAION ZYGIIRFGE IR, 42 2k 283
SRR, A a-SIAION B % & ek fE iy
ZEIEEH T 2001 4FAE H ATt B4 L E A
e W e b 2 AT T B ki IF 1 2002
IERFHFEEBEFREEY  EEEREE
ARG IG , 52 — &S E T 2003 4F 4 H IE
N B H AR S7 ARV ST T, R R IR R
— IR KA BT . R, = e
CLZIRIR, [ I8 R IR K25 0] —4F 5 i
NS N N G O SR STTRAEN A - S S BN
5 TR 21 LU o6 B B8 ARG B 280 52, 2003
i EE TP RAERA YAG: Ce’ i # {4 Ca-
a-SiAlON: Eu® ", SEIG 25 A B AR P E2: 2 K
FIEGIET AAREES AN AR EA R,
A RS — IR G585 P e i RS 01 7
FEERFAAE, L P & Ca-a-SiAION: Eu** 7£ 1156
LED Wy, IF R R T B3 %G LED DL A

i LED® b F A 4 A ok 2 2 BT AE (0 i
A, A ST 50 A R, dB—i &
B4 A — L ALY I Bk, 2005 4R — K, |
FH - Ay A5 R U I A M R T
LI 1Y CaAlSiN, : Eu®* (CASN) 266Ky, ft vk 1
LED Pl Bt = Fa 5 PR L0 Ry i IR ) o
XA KW, b HEE AR H A =25k &)
RS A TN KIS 5 I [E, 78 Hintzen 2(4%
RN, i (ki F AW LG, X
WEE AR SEE Sarnoff ARSI WA £ TH
KL A Sr,SigNg: Eu®* & SiSi, 0,N, : Eu’* %€
ek AR I K BLTE LED Pk A
SR T8 WE L TR IOk BB EEH

2005 4, ) IR FIZE R KB T 4801 B-SiAION:
Eu’ " sk ks, HAEW H
A=ZE B AR A H AT R T g
—EMEE LG S AL ARSI A EMF
HIAT 5, 2009 4F, £ FE G 1E, FIH] CaAl-
SiN,: Eu’ " FIB-SiAION: Eu’ " ZHEHIKIT R T =%
BroE ik LED Wb TR IR , I FH 21 5 3% R 50 B
ML CaAlSIN, : Eu®* FlIB-SiAION: Eu®* A 41
SR A AU P T8 B D6 LED Bk
BAR LA K 1% LED 5 G5 sk 2 14 [t , i L
WA A HL B & T OB UE AG v] S R AT Y B
SRS BRI HESE T LED PR A K, 2007
AR - AEEE RO T A T 4% FED
MWt AIN: Eu®* |, JF 5 H AU FL A w5 G T
KT FED #8811 | 2008 4F, 2E F4H T & %
W) Mn®* $B2%y-AION 2% (586K, 1% 515t
WUTER T3 9 4E )5 T 2017 4E9 5 %A 5] IF & I
FHTHE 57 8K W A FL AL, 553 T 85% ~90% BT.
2020 (a3 1 2017 4E, Schnick #(#Z L4 UCr,C,
R EERIRRL, B R B TEBAE ) Se LIALN,
Eu’" (SLA) L5508, F—IKAE LED =l A 51
TES,

H 2007 “FLLE , B T AT A JLAS PR AL 5,
55 [ [ 37K B K 2% ) Kee-Sun Sohn i #% [H
BIEFRAMXN M EZm U HARRE HA =22
e AR | H AT s Wow) B A Al A
IMABFR R Z R 1T 5], HESH, BR
CHGE T REN A 2Ok (B 2 IEREIA 3| 5L
FAACAKT GE 1) 77 b Ak 4T3 TH 2 AR [ S7 4 R
FEITHE R IR, A AT St



648 K St

¥R 4B

3 B RALH R S0 T R0 B

RALYI R R s th ik, DA e 6 &
SR RMIFFE AT LED 7=l i B AE F RIS, 453K
il ok 7 —48 578, a5,

BR—, AERANMIEBREXNIE ZEMR
M E RIB B TIRFNEM ,, LM LM
RHETEH, AT A& S B % SR e S LA &
I AR AL A G R RO AR BT, SR
1M, 7EB-SIAION Al AIN 4 S A 25 ¥ o - AN f e ]
PB A BT IR G R AR A, A A
A P A e SOh i — LA R &2 R T R
DL T B-SiAION . AnSRATs AR TH 11 JEL 2 £ )3 %5
FEIXPIAP AL, BE 23 B i & 3 s LA L S O
PEfE L HTSE AL DR IPL S

B KR SRS R 2 A 43 B-SiALION
Eu’* T AIN: Eu®* B, S48 F AR OR Hh 2 4 1 S
i) B AR AL T Ab e HECALER B Ty A
fr M RO ? LAB-SIAION: Eu?* M), 18 Bl
F HRETM-HAADF A8 AR ] FLE WA 2] Eu®
{7 FB-SiAION Z5 44 Fp U 2 Sl 5 1 9 FLIE N, 5 6
AN(0,N) BB TR B B 25 4, X RR Pt
FHEFEIESS T — 45 1 X WERE T A
il B-SiAION: Eu** HAT 4 K G H R A, Bl i
s AR A RAE/D | B-SIAION: Eu?* BDGIEIF R 4L
RN 2 W F , HF i Stk — D W 5 Rl HOGE
FEARIR T BUA A RS A& b A 75 T4, SR
T, WA, A=A T A E
JPAL Al R AR A 5 3 A SR ST RS A 2548
KHTFF, AR, U But 19 5d Sk S
T 4f s

BRI, AREMENFFBEL S el ELH
MR A ERBE TRANIN A, YT
o5t B CPERE SR = LA S [ T 24 AR SR
S FLFR S, T RS R R = X A i
BHTRZIA T CH i, &R J AL 2 6k 1 &
B B R R ), B R F R )oK
ANHRFTCR . BIR RGN L o5
M LA 2 7l A ST RE X & TR M RHE &R
(BT T ARG T MR I Bl T LS

SEE TR S KT LA AT RN R A B )
An PRG54 A 2 O 1 BE 1 HUBURL IS T ik, = A (]

BEALA B B A A b 0 e L R 3T 50 A FOB
W AT AL A A 9 e . Sohn B2 FE T
A A IR 455 R et SR mg & 3L T 4
FEY 268> . Schnick 2UE2 R 2L 4
ARPIFE G R ML M 5, PR T
— R I E ALY R SRR e Al D
UCr, C, AR SE R TF St BA B & A OGP g
MR R 2 38 N DK 2 3% b T
IR Ong #AZ FIZEF G AF, 2L Tl 1t 5
RIT R T &SR B B AR B ALY SO K
(Sr,AlSi,O,N: Eu®*) 2,

BRE, AREFEHAME EEEDNERE
RIBEHTRENSE, EHEROCH BT G
UEYSUIL RIS i MRt Rk (BN TR Y S
Z T LARBIETE H A [ ST BRI S T R ] 58 e
RAFFFACA RA AT 45 TN 5 M2 A " A1
WFoE, — DB 5E2 2011 AR 22 TRYIDG
WG 1 B K AR IZ T B AR B HU 5 THe
WO R 2B W 20 R B R A BHE - & D%
W EWUOR TAFAE ) — SE B2 [m) i, Oy ok 5t 3k
T8 DR i A W 55 LA RO B WA 1 15
PR T RGBT 1

BRI EME R B W REM BLZ —, &
AR & Vi B 2 ok A L 755K, B R BFSE
TSGR A S 1l 5 | 2 7 M DT, g S 7 M S ol
B R A B AN A 5 E Al AH H, [
ALY B B L BE 708555 . A 3R 1Y) R ik
AR W EAF TP Rl G (AR E B
N GOV AT 8 Bl D) e Al B 30007 =R A RE
FIRHETE, P Al & AR EE AN BERE 2 fnas | f
TR ] 2 B R Ml 5 KA iR A 1 45 B R 4R
(1Tl

4 4 7w

RFACW 56Ky B bR Rk B 5 O 7R
LED A A AR T, Al AR 2 K0
ORI FE R i —AN3radt . 1 HL, B A B 4
MNARZ 8% Gk RS e ARHR R
BT ARSI B 2, SR, 7R Ak A
SRR, BATRIB BEAIENL 2 3k 53
T A PR 4 %) Z2 BN SR - ROERPRET % 1Bt
BEA B R BURAAT , (EAFR S



55 6 1 FRORZE, 45 . RACHTOCHR IR A A AR Z AL AT R 7 649

2 X X #:

[ 1] VAN KREVEL J W H, HINTZEN H T,METSELAAR R, et al.. Long wavelength Ce’* emission in Y-Si-O-N materials
[J]. J. Alloys Compd. , 1998 ,268:272-277.

[ 2 ] UHEDA K,TAKIZAWA H,ENDO T,et al. . Synthesis and luminescent property of Eu’* -doped LaSi, N phosphor [J]. J.
Lumin. , 2000,87-89:967-969.

[ 3 ] HOPPE H A,LUTZ H,MORYS P, et al.. Luminescence in Eu’*-doped Ba,Si;Nj ; fluorescence , thermoluminescence , and
upconversion [ J]. J. Phys. Chem. Solids, 2000,61 :2001-2006.

[ 4 ] XIE R J,MITOMO M,UHEDA K,et al.. Preparation and luminescence spectra of calcium- and rare-earth (R = Eu,Tb,
and Pr) -codoped -SiAlON ceramics [J]. J. Am. Ceram. Soc. , 2002,85(5) ;1229-1234.

[ 5 ] SAKUMA K,OMICHI K,KIMURA N et al. . Warm-white light-emitting diode with yellowish orange SiAION ceramic phos-
phor [J]. Opt. Lett. , 2004,29.2001-2003.

[ 6 ] KIMURA N,SAKUMA K,HIRAFUNE 8, et al. . Extrahigh color rendering white light-emitting diode lamps using oxynitride
and nitride phosphors excited by blue light-emitting diode [J]. Appl. Phys. Lett. , 2007,90:051109.

[ 7 ] UHEDA K,HIROSAKI N, YAMAMOTA Y et al.. Luminescence properties of a red phosphor, CaAlSiN,: Eu** , for white
light-emitting diodes [ J]. Electrochem. Solid-State Lett. , 2006,9(4) ; H22-H25.

[ 8 ] LIY Q,WITH G,HINTZENH T,et al.. The effect of replacement of Sr by Ca on the structural and luminescence proper-
ties of the red-emitting Sr,SisNy: Eu’* LED conversion phosphor [J]. J. Solid State Chem. , 2018,181:515-524.
[9]LIY Q,DELSING A C A,WITH G D,et al.. Luminescence properties of Eu’" -activated alkaline-earth silicon-oxynitride
MSi,0, _sN,,,,s(M =Ca,Sr,Ba) :a promising class of novel led conversion phosphors [J]. J. Solid State Chem. , 2018,

181:515-524.

[10] HIROSAKI N, XIE R J,KIMOTO K,et al.. Characterization and properties of green-emitting beta-SiAION: Eu”* powder
phosphors for white light-emitting diodes [J]. Appl. Phys. Lett. , 2005,86:211905.

[11] XIE R J,HIROSAKI N,TAKEDA T,et al.. Wide color gamut backlight for liquid crystal displays using three-band phos-
phor-converted white light-emitting diodes [J]. Appl. Phys. Express, 2009,2.022401.

[12] HIROSAKI N,XIE R J,INOUE K et al. . Blue-emitting AIN: Eu** nitride phosphor for field emission displays [J]. Appl.
Phys. Lett. , 2007 ,91.:061101.

[13] XIE R J,HIROSAKI N,LIU X J,et al. . Crystal structure and photoluminescence of Mn>*-Mg** codoped gamma aluminum
oxynitride (y-AlON) : a promising green phosphor for white light-emitting diodes [ J]. Appl. Phys. Lett. , 2008,
92.201905.

[14] YOSHIMURA K,FUKUNAGA H,IZUMI M et al.. Achieving superwide-color-gamut display by using narrow-band green-
emitting y-AION: Mn, Mg phosphor [J]. Jpn. J. Appl. Phys. , 2017,56.041701.

[15] PUST P,WEILER V,HECHT C,et al.. Narrow-band red-emitting Sr[ LiAl; N, ]: Eu’" as a next-generation LED-phosphor
material [ J]. Nat. Mater. , 2014 ,13:891-896.

[16] KIMOTO K,XIE R J,MATSUL Y ,et al. . Direct observation of single dopant atom in light-emitting phosphor of -SiAION:
Eu’* [J]. Appl. Phys. Lett. , 2009,94 .041908.

[17] LI'Y Q,HIROSAKI N,XIE R J, et al.. Crystal and electronic structures , luminescence properties of Eu** -doped Si,_AlLO,Ng_.
and M Si;__Al,_ O, Ny . (M=2Li,Mg,Ca,Sr,Ba) [J]. J. Solid State Chem. , 2008,181:3200-3210.

[18 ] TAKAHASHI K, YOSHIMURA K,HARADA M et al. . On the origin of fine structure in the photoluminescence spectra of
the B-sialon: Eu’* green phosphor [J]. Sci. Technol. Adv. Mater. , 2012,13:015004.

[19] HIROSAKI N,TAKEDA T,FUNAHASHI S, et al.. Discovery of new nitridosilicate phosphors for solid state lighting by the
single-particle-diagnosis approach [ J]. Chem. Mater. , 2014 ,26.4280-4288.

[20] PARK W B,SHIN N,HONG K P,et al. . A new paradigm for materials discovery; heuristicsassisted combinatorial chemis-
try involving parameterization of material novelty [J]. Adv. Funct. Mater. , 2012,22.2258-2266.

[21] ZEUNER M,PAGANO S,SCHNICK W. Nitridosilicates and oxonitridosilicates ; from ceramic materials to structural and
functional diversity [ J]. Angew. Chem. Int. Ed. , 2011,50.7754-7775.

[22] PUST P,HINTZE F,HECHT C,et al.. Group(lll) nitrides M[ Mg,ALLN, ] (M =Ca,Sr,Ba,Eu) and Ba[ Mg, Ga,N, ]-structural



650 ke % M 41 %

relation and nontypical luminescence properties of Eu** doped samples [J]. Chem. Mater. , 2014 ,26:6113-6119.
[23] LIS X,XIA Y, AMACHRAA M, et al.. Data-driven discovery of full-visible-spectrum phosphor [J]. Chem. Mater. ,
2019,31:6286-6294.

FRRZE(1969 - ), 5 VLIHMEIT A Wb B IR 2= 8%, 1998 4EF h BB # B L ik fR 2L F oY
FiAfAg 200, 2011 4E AEWIVTL A FFIEE 57,2013 4E A 3 4130 B R AF IS L 5, 2016 4F Ak
B I E ERAA RS SR ENA . A 20 4F EAMISE L, ARy STA =5 1E
H AR [ 57 A B FE 7 (1998. 9—2000. 9 ) FIHE AR 2% 35 FE ik U & 5 Tl K 2% (2002. 3—2003. 3 ) M
HHFSE, DA H A E e AR 5T T EARDR ST 51 1 ST ORI SR B ST 5 (2003, 4—2017. 12)
FEAT 6 [ My & 2 25 24 7% Journal of the American Ceramic Society E % . Journal of Luminescence Bl 3
U E AL 2 ROCA R SRl I R kR EARIS G 300 R, 51 1.2 T,
P e | H A E RN & B RS 40 78, 20005 R TR AL E A A Al A 7=
JEE PR B B AT eIk 2 — 53K 2012 4F H ASSCHRLF K R Y RLF
HARY 2007 48 HASSK I h2% 2005 4EF1 2008 4 H A% H6H % 2011 4F H AL S fh g2 4
ARAE 2018 4 =2 WA AR QIR RS 54 R0 2019 4R H ARG SR

E-mail ; rjxie@ xmu. edu. cn

FHME (1990 - ) , L, WREF TN 4 BETTRAE PRI, 2017 4R p R Be i RE TR £R BF
FEIPAFE A0 W R TE H A [ S ARHIE I BT S8 3 27~ , W 3R g R B B, HRAE (RO
WY HFEmZ, HATCTE Chem. Mater. , Laser Photonics Rev. , ACS Appl. Mater. Interfaces, J. Ma-
ter. Chem. C SRR —VEF BUEITER B30 20 0. FENFHAV ALY SO EHT
T SYEREDTIY RIIRBOL BRI S R I B sl 5 7 AR

E-mail ; lishuxing@ xmu. edu. cn




