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Lattice Modulation, Spectral Characteristics and Emerging Applications of Transition Metal
Ion-Doped Garnet Fluorescent Materials
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Abstract: Garnet-based phosphor materials have some advantages of multi-site of doping icons, a wide option of doping ions, and a
high efficiency of energy transfer, thus becoming a research hotspot for inorganic luminous materials. Compared with rare-earth ions,
transition metal ions have superior features of spectral regulation and low cost. However, its luminous efficiency, valence, and
luminous mechanism in complex lattice structures are still unclear. This review summarized the spectral characteristics and
luminescent behavior of transition metal ions, especially cr’t, Mn?"™ . In addition, the application of transition metal ions in the fields
of solid-state lighting, displays, biomedical imaging, and plant lighting was also represented.
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E is the crystal field energy, B is the Racah parameter, that is, the ordinate is the ratio of the crystal field intensity to the Racah parameter.

K1 Mn*RI Mn*"7E )\ [fi {4 i 443 /) Tanabe-Sugano P>

Fig. 1 Tanabe-Sugano diagrams of Mn®* and Mn*" in octahedral crystal fields
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Tanabe-Sugano diagrams in d* configuration (left), transition process in the energy states (middle), and the emission process (right).
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Fig. 3 Crystal Structure, charge competition/compensation mechanism and optical properties of LuAG:Mn
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Table 1 Spectral characteristics and energy transfer efficiency (ETE) based on Mn>" doped garnet matrix materials

Garnet component Variable ~ Emission peak/nm  Wavelength shift/nm Fn ETE/% Color change References
Y3Al5012:0.06Ce, XMn x=0-0.13 Ce:530; Mn:598, 749 Ce:red shift 55.7-60.6 From yellow to red [46]
Y3Al501,:0.06Ce, XMn, XSi x=0-0.12 Ce:533; Mn:590, 745 14.8-37.8 From yellow to warm white [47]
LuzAls01,:Ce, XMn x=0-0.12 Ce:505; Mn:588, 750 Ce:red shift 22 22.7-55.7 From green to yellow to [48]
orange-red
(Y,Tb)3(Al,Mnx)s0;,:0.25Ce x=0-0.90 Ce:544; Mn:580 Ce:red shift 88-103 From yellow to white [49]
(Tb1xMnx);Al(Al4Six)3012:Ce x=0-0.20 Ce:543; Mn:594 Ce:red shift 68-86 32.0 From yellow to orange—red [50]
Tb,.999 7IMnAls ,Six01,:0.000 3Ce x=0-0.05 Ce:543; Mn:605 Mn:572—605 254 From yellow—green to [13]
orange—red
(LuiMny); Al (Al «Six)3012:Ce x=0-0.20 Ce:507; Mn:590 Ce:red shift 83-115 45.0 From green to orange—red [51]
(Gd,Y)2.97(Al;_2xMn,Siy)5012:0.03Ce  x=0-0.15 Ce:585; Mn:740 Ce:585—595 128-137 35.3-95.9 From yellow to orange-red [52]
Lu (Ba;xMny),Al3S1,04,:0.12Ce x=0-0.20 Ce:514; Mn:595 Ce:red shift 37.0 From cyan to red [53]
Lu, , Mn,MgAls ,Six01,:0.01Eu x=0-0.60 Eu:450; Mn:590 Eu:blue shift 94.3 [54]
MgiMnyY 04A1:S104,:0.06Ce x=0-0.15 Ce:565; Mn:620 Ce:red shift 79.7 From yellow to orange—red [45]
Mgo «Y2AL 4Si,012:XxMn x=0-0.80 Mn:536, 635, 753 300 From green to deep red [55]

K5 YAG:0.02Ce™, yCr** (y=0-0.015)5¢ 63 B & 64 (CIE, EL) 5

A AL A Y

Fig. 5 CIE, EL and energy transfer level diagram of YAG:0.02Ce*", yCr** (y=0-0.015) phosphors”!
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Fig. 6 The crystal structure, luminescence properties (PL, CIE, EL), and Mn®" occupy different sites (octahedral, dodecahedral)
formation energy of Lw/YAG:0.1Ce*", xMn*" (x=0-0.22) phosphors[44]
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Fig. 7 Schematic crystal structure sketch and luminescence properties (EL, CIE) of YAG:0.06Ce*", xMn*" (x=0-0.13) ceramics™*®!
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LB, 23 53177 A4 21 96.(63 5 nm) AR L £45%(735 nm),
JRINSZEL T Mn® PEA A FE T 4 3 R s
PL= AR RO, TUFSRBL T At Rt .
ZEE UL AR, M T Mn B FAEAL S PR,
KRBT Mn> EA A B P AL, AT Rk
SPGB . 8 JIBE Mn®* (5 AR,
Bl ) 12 2% IR S AR T A LR BE . &
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ARKNZE T BE s AT ARE Mn® R S 1 )R
CRATIEAR) R AT, BEAh, I T S48 2
PLIIBBUN, &% Mn®" SRR, BT o HT

JEIE AR L, 5 R R A 72 bR B8 (DF TR 4L
THEA R E ERACUR T IR REE(E, B 7o b
P BRI IR AL o

K8 MYASO:XMn*" (x=0~0.6%) ¢ Y6y B AR GE K, ARFRASAN, J e 5% i)

Fig. 8 Crystal structure, volume variation and optimal fluorescence spectrum of MYASO:xMn*" (x=0—0.6%) phosphor

2.3 BTMSEG

FESOEMBH S RE T, 2 UBbE AL T
Cr G AR O, T Crt R T OB IR A KOk,
RF LT MR R ED, Mo BT IOINAE
%, FERPRHR & 5 R A, AT RS S
FOCRE . PRIk, U2 i8S 7 A O R RO
BRI DY, G RO B A g,
PN B

I R IR 4l BRI AR 3E SR SR Al 1 1 5
%, TR R O ROB MR RCR . SCHER[60]
xS BT R GO, DR T YAG:Cr
A YAG:Cr, Nd W F & Cr B 7 a2, seil
Cr & TMAFHE . U0 Si0, 1 keat iy, &
FRELE RS MME Cr 872 e XRED Sit
fEM A R IR YAG di b ALRLE, BT
EER T4 A REE, S AP Z AN EERS
BUpm M, (2t T Cr B2 haAEA: S

[55]

JTTH, 23 e 4 (55938 5 S0 ) £ B B AR AR gk 1
Cr 1 N+2 s

fER SRR KR, BET o ik
HyCrt. 4ff ] CaO Ml MgO WA, HA3pess
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YAG @k AP E, 5 AP Z A0 525
R T Cr B+ 1+3 risieth. B fE R 0R Kid
FERH, Cr KR [ Cr AR (N 9a). #iE—28
P Cr IREAFITF YAG:Cr, Nd i B P & i)' 24 5
&, WART e . el Errsn, il
Inkegs BhA). WATIE AR IR KRGS
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Cri M AR, DRERIKE Ct B THE T
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2020 4F, HR[611HEH T —Fi$2m CaszSc,Siz01n
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K9  YAG:Cr/YAG:Cr, Nd i% W] Wi 1B K BT J5 3% 569 % itk A1 sz [ 160)

Fig. 9 Transmission spectra and Photos of YAG:Cr/YAG:Cr, Nd transparent ceramics before and after annealing

WIMAE S RE CO AR B Ss o AR K& e ok
i, @I N N GE &Y H3BOs. LiF Al Li,COs B4
REBRAL AL, A kR 159152, 4R 8 CSSG:3%Cr
(1) 485 i B o 3 [0 B 44 701 B 28 1 Bl G 7 S8 771 28
TR, EEEAEMEER, RO rmEE
BN, BERERE TR . £ CO EIES
Bedk CSSG:3%Cr #E— 1N Cr ks bR, HE
R T A 2~3 15,

i 5B 10b~E 10c Fros & £ 15 2% B 71
(1%Li,CO3) J B IE B T Cr B 44K (6%Cr™), W15
AL JG B CSSG:6%Cr" 5% St B i 38 5 A 5t ot 7
(Kl 10d), ¥ 25 CH LA RICHmEIE NI —Whs
#E, fE 150 'CHF, #£ CO HREEE I TR

[60]

TREF 97.4% KR JEIRE, MrES PR 5otk
iEe R FF 85.6% MK J6iSE, WK 10e. AT RIS
[f) CSSG:6%Cr' B AT RAF M #AFa e v, Bl & 1
NIR-LED 7£ 520 mA I} 2R T 110 mW =63
K, XJLT7& NIR-LED Yeig i Re e i it B 10f
KRN GILE AT A £ ) NIR-LED YGRS~
(] W6 UG R £ 4 R

5 Cr #lt, Mn BFRIMEEZ, RilE Mn
EA 2 MBI R RGN AS+2 a4y, dnfafat]
Mn 3525 A 5 e f

SCHRI63 R AR RS2 T GdsGas x sAl y+dOr:
yMn (x=0~4, y=0.002~0.030)2¢ Y4}, RIAESRA
SR BRSSO HHEL T Mn* ) Mn® () 38R,
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B 10  CSSG:6%Cr* 9 WML L0/ R S I A  FoIELIE A A Mt 3 % EL 3 40 oz P (6

Fig. 10 Optimization of near-infrared emission, luminescence dependence on temperature of CSSG:6%Cr’" phosphor, and its

applications for night vision["
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271k, (HHSAESLPREIE M SRR T, A nr
= P EOLEVERE AR (XS Tl W B
X Ml e A AR G Y oAk 2R S A TR sy 32 D 2 ) B
b, R OB KAR T 2N EROCE TR

SETE, M AT RE AR AR, SEm ARG IERE). [
BEAE A A DL TENUAR SRR AR X0 e 5
1, 72& H AT AR AE AR

BETF HLAT AR B B AR O SR R R T I IR
JE B T R IR A ROSE; MG M2 i,
R < B AR LA 78« SEBLADG T RS Uy T A
AWKEINL P 775 R, 428 Cr. Mn S5 241Kk
RTINS RET L, KT D AR
H A

3 DNBERBETHREME LT

31 AEESEIERTR

[i] 74 HE B DR S5 DU AR R B D s R e v . R
LA 30 ARG 2 T AR, T2 NH T &
Midgse, WHRERIT. #E SR, Tl A e
R

FE [ S TR B4, 7] YAG:Ce™ 9 e bR &
Sz Ay, SECL CRIBIR, HEAE



. 1462 - CREBR R 24410

J Chin Ceram Soc, 2023, 51(6): 1450-1468

2023 4E

(¥ CCT, 31X ™ SRR 1 HAE 5 A A8k R 2 5

M4 E Cr''s Mn™' . Mn*" B 5058 10 R I,

BEA RO SR 2 eI RS, AR ALt HaE &
T TRZMREHUR e R . HEE 3 SR,

A LT A2 SR U e A% 3 S VR T SRR O
FERIREIN, 452% Crv Mn &7 0] SERLTEAT RS, 1Y
FROEWELLRE, MR OFRENIRTHA REFRIRCR .

# 2 H T LED/LD R& B B A R A 56 o (1 e
MRHMA ST 7. 12 2 Al %1, Ce. Mn ZLa K%
BB YAG/LuAG EHREE B OiEBna
Rog Az FLURAT I A R A B T W 5 R R R
HE PRSI R, BRI b, e
SOEE. Wk, 46 2 a8k EER R, 1l
VERA R T

%2 LED/LD BFA A A @A ERIABIEHE KRR 1726457073

Table 2 Researches on fluorescent materials of garnet matrix for LED/LD lighting

[13, 17, 26, 49, 58, 70-73]

Regulation strategy Phosphor ceramics Activation ion CRI CCT/K Luminous efficiency/(Im W)
Structural design of garnet matrix YAG:Ce Ce 223.0
Structural design of garnet matrix Lu,Mg,ALSi;045:Ce Ce 77.7 5982 112.6
Structural design of garnet matrix Gd;A1,Ga0,:Ce Ce 54.0-58.7 2800 388.0
Structural design of garnet matrix Y3MgyAls5Six012:Ce Ce 3762 95.0
Structural design of garnet matrix Lus(Mg, Al)x(Si, Al);042:Ce Ce 70.4 4062 176.4
Structural design of garnet matrix YAG:Ce/(Gd, Y)AG:Ce Ce 3100-3 600 109.9
Structural design of garnet matrix LuAG:Ce Ce 200.0
Structural design of garnet matrix YAG:Ce Ce 52.4 5994 219.0
Structural design of garnet matrix LuAG:Ce Ce 55.8 223.4
Doped red emitting ions Cr/Mn YAG:Ce, Pr, Cr Ce, Pr, Cr 80.0 89.3
Doped red emitting ions Cr/Mn YAG:Ce/YAG:Cr Ce, Cr 4905 76.0
Doped red emitting ions Cr/Mn TbAG:Ce/TbAG:Ce, Mn Ce, Mn 3426

Doped red emitting ions Cr/Mn LuAG:Ce, Mn Ce, Mn 80.1-51.9 3298 68.0-106.0
Doped red emitting ions Cr/Mn YAG:Ce, Mn Ce, Mn 78.7-62.2 4098 33.0-96.9
Doped red emitting ions Cr/Mn YAG:Ce, Mn Ce, Mn 3723 96.5
Doped red emitting ions Cr/Mn LuAG:Ce, Mn Ce, Mn 85.1 91.0
Doped red emitting ions Cr/Mn YAG:Ce, Pr, Mn Ce, Pr, Mn 83.3 4829

Doped red emitting ions Cr/Mn (Y, Tb);(Al, Mn)s04,:Ce Ce, Mn 79.8 4115

CRI—Rolor rendering index; CCT—Correlated color temperature.

3.2 IRLIIMNRERIRRIR. BEfAFRfEER

AN AN EA RIFH S EME, M
K AEM G EER . "SRR =2
HO)A 2 AN IR AW |75 ot vk = 95 WO E= LN 010 ik
. VF R LB TR DM NI 20405 ek (1o
A, 0 Nd'. Er'S. sebR b, SRR A
RN A M AR ) AT BT, AR AT, 1 4
JRE T Cr A e ), e b, MRS o
FR RS, AT AR RS R SE T R 2 2,
KRBT Cr ARSI T SR A R
WA . X Cot TR, S rE R E
TE4—A, A H RS, 10 LaAlO5:Cr ', LiGasOs:Cr’
1724 Cr' A F 55 SRR, 50k k = A R T A,
(58 A KT, 11 GdsGasO12:Cr ' CasGayGesOy5:Cr e

2018 £, SCHR[6410F 7L RIS Cr' 1 X3Sc,GasOyn
(X=Lu, Y, Gd, La)fA A 7E 600~1 000 nm o [F N &
NN Tt SR IE AL AN R o,
LusSc,Gas0pp. Y3S¢,Gas0pp. GdsSc,GasOp, B 1
ik 700 K B KIRE, LasSc,GasOr, HINE KIRE N
450 K5 T 75 K T35 b by % 3 k6 M
(pc-LEDs) H [ 5 2031 30T 21 41 % 46 1505 1 4 3 T ok
450 K, @I elOR MG E 2N LED, 8RS
D2 5wy I 41 AR pe-LEDs.

SCERI6TIWEFE T CapLuZnALOy, A1 A 4k o
Crr IR ZL AN R SRR E, S2PL T 750~820 nm JE i3
BBl A 565 I 2041 pe-LED, JeHLZCEN 4.1%, KT
FEREB LT 1 2.9%, FAFT 69.1% 1IN =T RCR M
31.5%M4hE 1A% BifE, MR HE A Si#B7HL
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1R Ze FIAVBIRAT L0 Cay xLuHEALoSH O TR, MR, FITRALE 19268,

O (O~ FIPATOBE), JURARERA T 815 5, 46 T pe-LED, W 11e i %y T LA LT
W e, ERE LR TCA ST IR MRS FEAMG LTE, FEMBIES gom bLL,
[Lu¥*- AP R, 85 AT ORI, 20812 9755 0 A 5 I T 5

Bl 11 Cas LuHBAL o Si O10:Cr (x=0~1)58 HH 1 R G e 1k B2k 28 3% B AN IR (1 MK (NIR pe-LED 7E 100 mA HLjE B
AR
Fig. 11 Emission spectra of Ca;_yLuHf,Al,.,Si;_ 4O, 2:Cr3++(X:0—1) excited by 460 nm, and photos of the NIR light transilluminating
different parts of the body, respectively.(The NIR pe-LED works at 100 mA current)®”)

2020 4F, CHR[741K 1% T Ca)LuZnALO:Cr'" CLZA:Cr BB 25 Jef i 559 150 nm, FE35 4%
(CLZA:CC YRR LLANIOEH, Kl 12a R, Yo R, BT COTR YO R ST B AN, Bt



. 1464 - CREBR R 24410

J Chin Ceram Soc, 2023, 51(6): 1450-1468

2023 4E

WG A5 1 730~1 050 nm [FOGIE G, FAT 55 Tk 2
320 nm. & 12b N E T RERATIA 77.2%.7E 100 mA
BMNBRT, LB ¥4 LED /7 4F 41.8 mW
T2 hh s . nl 12¢ A, L pe-LED A6,
D2 T A 5B 00 L A AL A0 B e, 5F
T RS TER pe-LED #iE ARSI A E
B, St E R EMBKINER . BT RS
HK G BIAEAE, 7K RSO3 i DA Jo 52 88 ) 384 Ay 38
B FiREE I CLZA:Cr, YO 5 S by 708 i vy
IEZLAh pe-LED Hr7E & b A U Aidak B A B i R
.

TER[TS1R SR T Cr HEE LA koG, IR
AR CaLu,Mg,Siz01(CLMSG)FE i, H i

IRGER LB 13a, B 13b 4 Cr'fE CLMSG 35
Rz, HATBEK(GS.17 eV), I8 T Crigit
JREIRE SRR, HIAR LAk CLMSG:Cr'™
AT RIFHHAFEENE92.1%@100 C), 1E 445nm
WOk N ERH 650~900 nm [ 5 717 R 5, HF HATEE (&
LED it 7 5 3645 BT 40 A R a4 B 2210
WL T AMESTH(34.75 mW@100 mA). 11k 13d i,
KB LLAME AT L i i 4%, % B CLMSG:Cr*
PR UT LA R AE Stk AR AR il L
&7

CE ERTAL, CO B AR S TR AT PR A AR
SRR RO, TEREMZA . PR, FEYIRR
BT AT 12 N FH AT 5 .

Bl 12 CLZA:8%Cr, XYb (x=0~0.18)% Ky ) PL Jtids TQE A84k K JLAE AR AL 4 4 /KR Il g oz i)
Fig. 12 PL spectra, IQE changes of CLZA:8%Cr, xYb (x=0-0.18) phosphor, and its application in water detection of raw pork

tissuel™
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K 13 CLSMG:Crr#¢ 6k i S A 4544

4 ReEHREY

MR T B RO RO KRR R
PRS2 RE, A e T Mn™'L Mn*TRLJ
Cr'' [ LT GE eI, RGER T iV &8 %1 Cr.
Mn BRGSO RH RO R R T T
FLGT fMEE SR . B TR AR DL E SR N DL K RE B A 3R
W SR TH T 1 1 I RO EEA RO R s a1
W B 12 AT I R %, JHEE T
Wi 7 b An. EHE I ESKINE: e AN
IR F AR BT AR T3 170 -

M e R BT R ROCRCRR T T, R HE
KB FE R RIHE A B LR S5 3 2%, A
FEOCAE R R AR B2 7 IREAT IR TE,  WAES e R
TR ] S Rl SINE AR AR R TR
RERE, SRIEIDE AT S06HUN, S m e IR
FEIEHI 8 T AT I, BREAOGTE: 1) ik
TR T AR T2 AR L S W D 2

RER A EL J AR AT W6 AL 2141 A o A )
Fig. 13 Crystal structure, energy level structure, EL of CLMSG:Cr*" phosphor and its application in visible and NIR illumination
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