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Abstract: Near-infrared (NIR) spectral modification is crucial for the development of NIR phosphors. With 3d’
configuration, the Cr” ion shows wavelength-controllable wide-band NIR emissions, which is an ideal NIR activator
ion. Due to the sensitivity of d orbitals to crystal field, the emission wavelength of Cr’* strongly depends on its coordi-
nation structure. Clarifying the structure-function relationship between its coordination structure and luminescence
properties is the theoretical basis to guide the rational design of NIR phosphors. In fact, limited by the complexity of
the crystal structure, there are too many factors affecting the local coordination structure properties. A clarified struc-
ture-function relationship is still a serious challenge. A series of pyrophosphate crystals AMP,0,(A=Li, K; M=Ga,
Sc, In) contain isolated [ MO,] octahedron feature, which provides isolated coordination environment for Cr’*. The
isolated coordination greatly suppresses the effect of the next-closed coordination structures and guarantees the rea-
sonability of the related structure-function relationship. This paper studies the series of AMP,0,: Cr’* phosphors. The
Cr” ions are introduced into the central site of the isolated [M()ﬁ] octahedra, which show wavelength-tunable NIR
emissions depending on the composed M** and A*. We build a preliminary structure-function relationship of [ MO, ]—

NIR wavelength of Cr’* based on the correlation of Cr'* emissions and the isolated coordination structure features,
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which provides theoretical basis and ideas for rational design of Cr** NIR emitting materials.

Key words: near-infrared(NIR) ; phosphor; Cr’; structure-function relationship
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Fig.1 XRD patterns and magnified XRD patterns. (a)
LiMP,0,: Cr**. (b)KMP,0,: Cr*(M=Ga, Sc, In).
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Fig.2 Rietveld refinement of XRD patterns. (a) LiGaP,05: 0.05Cr* . (b) LiScP,0,: 0.05Cr* . (¢) LilnP,0,: 0.07Cr™ . (d) KGaP,0,:

0.09Cr™. (e)KScP,0,:0.05Cr". (f)KInP,0,:0.05Cr".
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Tab. 1 Cell parameters of AMP,0,: Cr*(A=Li, K; M=Ga, Sc, In) from the Rietveld structure analyses
Space  Crystal . R . R
Sample a/nm b/nm ¢/nm al(®) BI(7) vI(°) V/inm
group system
s 0.476 506 0.796 198 0. 688 303 109. 008 8 0.246 897 1
LiGaP,0,:0. 05Cr™" P21(4) Monoclinic 90. 000 0 90. 000 0
(3) (1) (4) (5) (3)
N 0.702 026 0.837983 0.493 497 109. 697 6 0.273 3293
LiScP,0,:0. 05Cr * P2](4) Monoclinic 90. 000 0 90. 000 0
(1) (1) (1) (9) (2)
. 0.710363 0.843564 0.491 480 110. 8058 0.275307 6
LilnP,0.:0.07Cx*  P2,(4) Monoclinic 90. 000 0 90. 000 0
: (1) (2) (1) (11) (1)
N P2 /c 0.732618 0.983424 0.815712 106. 703 7 0.562900 8
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Fig.3 Optical properties of AMP,0,: Cr*(A=Li, K; M=Ga, Sc, In) phosphors. (a) PLE spectra. (b) UV-Vis-NIR diffuse reflec-

tion spectra. (¢)PL spectra. (d)Energy level diagram of Cr'*(3d") in octahedral coordination field.

*2 AMP,0,:Cr"(A=Li, K; M=Ga, Sc, In) 5 B I & BRI REF S H
Tab. 2  The photoluminescence spectral data and crystal field parameters of AMP,0,: Cr"*(A=Li, K; M=Ga, Sc, In) phosphors

Phosphor A, /mm A /nm E('T,) p/em™ EC'T),, /em™ E( 2Eg ) o /cm”™ Dglecm™  Blem™  Dq/B
LiGaPzO71Cr3+ 660/453 860 13159 19714 14 925 1316 726 1.81
LiScP,0,: cr” 667/467 900 12 621 19071 14 945 1262 728 1.73
LilnP,0,: cr' 685/477 880 12 533 18 930 14 819 1253 722 1.74
KGaP2071Cr3+ 677/453 825 13 016 19 500 14749 1302 718 1.81
KScP,0,: cr' 688/472 890 12 222 18 563 14 857 1222 724 1. 69
KInP,0,: cr' 693/475 910 12113 18 423 14 834 1211 723 1. 68
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SRR T8 1 9 45 15 B 45 0, 7E ¢ Bl 7 ) OB i —
Y38 AL BHES F LA K7 T il o, Hodr
BT X RS AT 22 5, 25 [ #E R P2y/c(No. 14) 11
KMP,0, Z 51| /3l i 5 ¢ 5l J5 7] 7 76 29 20" J 5 .
ASMWHETFHERZAAEREZR GEHEYS
Cr'" (0. 061 5 nm,CN=6) fiv &5 A [7] H. ¢ 2 A0 3T , 4
42 2% (1 o 4 16 58 o 48 [MO6] /\ T A 7 25
AMP,0; & 1 AU AF AE ME — 1 = H BH 25 4% L
M A T A AT A 4 Ce) BT o TR )2 ) HE 3

(b)

1

I

1

|

H © o ) :
0.7.962 0 nm 0.623 64 nm 0.984 63 nm 0.837 98 nm 0.653 62 nm 1.030 83 nm 0.843 56 nm 0.533 09 nm 0.792 31 nm |
0.476 51 nm 0.493 50 nm 0.491 48 nm |

|

> R St &

Al P e @ ® i

§ ‘..' E 9 '.-' E "..‘ é "..‘ § !

® 9 6 0 o ® ® o
KGaP,0, i .} i KScP,0; |7 i H !
P N pr— -6 & @< .‘@, ........ ) & ® 1

< ¢ ¢ i
1

1

0.983 42 nm 0.628 10 nm 0.815 71 nm  1.036 39 nm 0.654 28 nm 0.836 49 nm 1.037 71 nm 0.653 12 nm 0.838 91 nm .
0.476 51 nm 0.503 78 nm  0.521 75 nm 0.522 15 nm 0.523 06 nm 0.523 69 nm !

K4 (a)AGaP,0,(A=Li, K) & I 55 44 75 25 18 (2x2x2 8 S L) 5 (b) [P,0,] — BAKFN[ GaOg ] /\ T 1 J5) & 45 14 75 B 18] 5 ()
A(M,Cr)P,0; (A=Li,K;M=Ga,Sc,In) H1 (M, Cr)™" & F I i A% 0 M s 8 . L ERUE K B TRB L5 .
(a) Crystal structure diagram of AGaP,0;(A=Li, K) 2x2X2 supercells. (b) Local structure diagram of the [ P,0,] dimer
and [ GaOg ] octahedron. (¢)The distribution of (M, Cr)* sites in A(M, Cr)P,0,(A=Li, K; M=Ga, Sc, In) lattices. The

Fig.4

above data were obtained from the Rietveld refinement structures.
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M—M 5 8 A HE #5d 0.5 nm, 48 )2 M—M 5 55
IKEN 29 0.5 nm, H[GaO]/\ A4 I 2 [8] 1 [P,0]
B2 P BB B TF R, B A [GaOg | Bl ST 77 75, DT 1 75
M =M 2 8] S BR #5555 AMP,O, P Y [M O] /\ T 1A H
A PRST BE A 22 1A B9 45 K R A, T DL G 2 it
WE— 18 DS (R TC 57 FRBE , A 1) Tl Ay 2 D't 1 It
S 45 R RO R o
3.2.2 % —Eedr EAE

B — WO A 2 X Ty BB 19 R M T O
FEFE®, G SRR , AMP,0,: Cr™ 58 56 # B A I
SEHYLCM,Cr) O )\ THHATRE A S5 48, 75 53 BT 2 6B 1Y

JNTHAA (8 T A7 PR 85, A 45 [(M,Cr) O 1\ T 11 14 B2
FOXTFRYE | i 1A 37 B 24880 0 F L+ = 47 SR AL .
AMP,0,: Cr'™ Z 5 96k H [(M,Cr) Og]/\ T 1
LA AN 5 B R Co 1y 55— T A7 )2 b B B AR
¥y 0 i i HUR 0 EE 5P B T M (M=Ga,
Se, In) 248 22 5, AT LWL £ 3] (M,Cr) —O #E &K
AT AR B 2 BH 2 2 A2 Y ek 2 2 B A
A B /N EARZS S B S LR 3, AL
FH B 7 [ 5 W, 78 LiMP,0,: Cr" Fll KMP,0,: Cr'* %
G (M,Cr)—O F- B 5K i M8 T F R 3 K
MK, R Ga™ — Se™— In™ ;M AN FHE T

(a)
0.1949 f§ 0.2003

y 0.192 0 0.205 6
S D @ @\
0.198 7 . 02124 &
| 0.199 7 a 0.209 6
0.1932 0.2114&
[ScO,]
0.207 1

[GaO,]

K5 [(M,Cr)Oq ]\ RELA 254 AR K (nm) .

0.221 1 ?0.2074

0.210 8 \Q
@’ !Sc1 _@
0.208 4
0.210 1 &02032

[ScO,]

AN, T K42 3 R F Lit, 4B 1 K42
K255 JE 2 [(M,Cr) O6l/\ TS, {45 LA M 6] M A3z
i KMP,0,: Cr Fp 9 (M, Cr) —O - 2 8 4 B /N T
LiMP,0,: Cr'™, 3% #5 S B 55 — e A7 )2 (1 52 ), 4 7
=T ANE PR EAEBNE . [(M,Cr) 06\ 4 4 F1
A Al B O I R ) — B0 X T A R BC 4R
(O™) M rfrty B 1 (Cr™) , T o7 B AR BRI B
P52 00 A R S 6, 5 B0 B0E S [ RR B Y 1A
Yo 38 ik Ree 5K R AT LR
NI

R (6)
Hoh Dg Bk 5y 2468 2 R E F LG e
ST L r R U PR B AR R R B TR
B A B8 2 R A B B B (5 3R 3P 1 SUHA )
2 (6) WM Dg 58K R B R 5 BUR L, A
Ifif AT H#E W LiMP,0,: Cr™ fll KMP,0;: Cr'" & 51 Ff Cr™
[ 3d 18 BE B M =Ga® —Sc* — In™ 1 & 3 1 1B
Wi s /N, Co A6 B 5T i AR T D T R : LiGaP,0,>
LiScP,0,>LilnP,0;, KGaP,0,>KScP,0,>KInP,0,,
XFF Ty AL BRAE & G511 75 L Dg FRAR & 530 G 1
IAAMNR SR LIRS . MR 3R 2 5l bR T
LilnP,0,: Cr* {7l b , AMP,0,: Cr™ 5¢ Hit b3 FE A 1% 1
Bl Dq U/ 5 i A 18 K B R .

Dq =

0.209 6

(a)Li(M,Cr)P,0,; (b)K(M,Cr)P,0,(M=Ga,Sc,In) .

Fig.5 The octahedral structure of [ (M, Cr)Og] and the corresponding bond lengths(nm). (a)Li(M,Cr)P,0,. (b)K(M,Cr)P,0,

(M=Ga, Sc, In).

LilnP,0;: Cr™* 1 & §F ¥% 4 (880 nm) 4 X} F
LiScP,0;: Cr* (900 nm) i J & i £ 1 5 /\ Il &

R X FRPE A R, i & 3 WAL, LilnP,0;: Cr”
(1,,(T—0)=0. 212 79 nm A F KRG T LiScP,0-:
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%3 AMP,0,: Cr"(A=Li, K; M=Ga, Sc, In) P E—BZE[(M,Cr)O,]/\EEHEHER
Tab. 3 The structural information of the first coordination sphere [(Mm, Cr)OG} octahedron in A(M, Cr)P207(A:Li, K; M=Ga,

Se, In)
M site
Phosphor Host cation CN H/nm X lu\[(w.(:r\—o]/nm V[(.u,(:.)(rﬁ]/nm1 D 8/deg.2
LiGaP,0,: cr’ Ga’ 6 0. 062 1. 81 0. 196 49 0.009 9553 0.015 84 38.249 8
LiScP,0,: cr’ Se** 6 0.074 5 1. 36 0.21128 0.0122728 0.017 55 59.5718
LilnP,0,: cr’ In** 6 0. 080 1.78 0.21279 0.012 584 6 0.016 69 49.960 6
KGaP,0,: (o Ga™* 6 0. 062 1. 81 0.19578 0.009 957 4 0. 007 64 11.463 1
KScP,0,: cr* Se*t 6 0.074 5 1.36 0.208 21 0.0119665 0.009 74 13.3592
KInPZO71 Cr’ In** 6 0. 080 1.78 0.21196 0.012 609 6 0. 007 53 16.2377

T CN R HC 7 80 (Coordination number) , r 84 2025 F 2 42 (Effective ionic radius) , X A 1K H 471 4 Pauling electronegativity) ;ZM[( v.c.)—nJ%
(M,Cr)—0 - g {7 5 4 ( Average bond length) , V‘(‘w;’mﬁ‘ﬁ]%‘é[(M,Cr)OJ/\ﬁﬁiﬁifH( Octahedral volume ) , D A 8 < W% 2% 45 50 ( Bond length

distortion index, = L zw)m‘ﬁ AR )7 72 (Bond angle variance) \F0 K deg.”, J5 PU 51 504 B2 HU A VESTA 444,
nia

av

Cr'[l,, (Se—0)=0. 211 28 nm], R # 24 X (6) , Li-
InP,0,: Cr™*f Dg % /N T LiScP,0,. 1 Al # 8 /\ i
1A B K W 7% 45 %2 (D (LilnP,0,) =0. 016 69] 1 4 £
75 22[8( LilnP,0,)=49. 960 6 deg 2131/ T J5 & By /\
AT A < IR A5 45 B0 [D (LiScP,0,) =0. 017 55] 0 4
177 24 [6(LiScP,0,)=59. 571 8 deg.], f K Mf 4 1§
BOREE R 7 22 308 2 IR W A8 R R AR 4 B
NN DO RSy = I o eV TR N VA RN
piva 45 G 72 398 R (o AP I B ) A o BH S - d L
T8 5 A BA B A VR R ES , DA 5 | A A A 3
B Dg /N, A Z R, LilnP,0, 59 % B o B
Tt 2 51 i1k 3 B 24 Dg 38 K, T 4R /N T Li-
InP,0, 5 LiScP,0, i K 358 Dq Z (M) /) 2518 . 76 5
K5 AW E LA EMH T, LilnP,0,: Cr ' (1 fh K 3
s Dq 1B /N T LiScP,0;: Cr'™, B 5 22 (HAR /N,
5 R 2B A AR . xR T R T RE S R
Stokes {3 2 I/N , A BE & 5 34 LilnP,0,: Cr* & 5 1%
K AR TF LiScP,0,: Cr i B 1Y B A

HF =P B (Nephelauxetic effect) L J&
ISR EZ = TPy B E—F
T4 Uk, B T B W) 2 4 T BH S R G A B
TS (A AR R R A A VR B A
F 2 bR A e R 55, DT T R 3B AR TR
FANE AR L R 85 IS 1Y Racah 20 B AHXE T H
BT A BTN DN R T R 4 S B
VA BH 2 Z 18] JE B i) Ak 2 S i S o, 3t
M bR B E T AR R Y MR T
AR RIS Ak 27 5 e A0 /N 0] DL 225 b BHE 1
(18 FEL B P /I, — B B B R A MR A R b
Bt R R, H R 3 WA, M Ga(l1.81)> In

(1.78)> Sc(1.36) , FF Lk BAE$% Ga . In I Sc {4 i J¥*
TR, 52 2315 9 Racah 2% Bl K /N I #H
o ZRG AR RO AL F =9 ERN , LilnP,0;:
Cr'*(1.74) (% Dg/B AN KT LiScP,0,: Cr'* (1. 73) ,
H# 08 % S AR R T 5 & 1 S i i B o ml e 32
BT =P AL 5
3.2.3 B oEALEHE

B 3R A 5 — ECAL R RO ASR 58 —Be A7 258
N7 3 A R A3 BT RN DG B R O R M R AT 2 T —
S 7NN C I Rl = A ) VAl T AANR TR N A B <]
AMP,05: Cr e it , 55 AV 2 32 B2 95 T 43T 1) A 7

(RS- AT T ¢ Bl A — 438 8 L 54038 (19 0° T Al i
B, 5 M PR B R A E . ATES T2 3k LitAn
K, H A L 1) 5 5 0 067 485 0 1 8 T L 3 4.
16 LiMP,0,: Cr &4 LT 12PN S Hob iy
44~ O FE A7 T B0 1Y [ A, 388 18 [] B 4T3 A7 458 K )
Aras (], X MASE S - o5 A AR B 9 T RO B
HME T M Ga* S F| In*, [Li0,] VY 1 {4 44 FH 28
FEAR /N, 23 A A A AR B 2. 16% (1. 96% Al
2. 19, X 53— JZ2 2 AR /N AT KMP,0:
Cr'R & KB TR KB M 1 M Ga™ . Sc™ %]
In™, 23 91 5 O K 1% 10, 6, 8 it o7 1% 22 T 4 , T 437 %X
R 2 T AR R RGBS, LR B3 ) o o A AR
9 31. 8% . 13. 4% F1 24. 6% , 2 T AR BLIL it K T
[LiO 10U i A , X 25 — Be A 2 A R i K. RAIRH
MK O, 122 T AR AR X 25 55 788 — B A6 )2 Hh i M—O
B, T 453 KMP,0,: G i 45 — i 2 (M,
Cr)—O F- ¥4 /N F A B ) LiMP,04: Cr™* o [RIB,
BT KRR R, (o — 24 3 0 45 4 L 7 0 K s, W 4%
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#&4 AMP,0,:Cr"(A=Li, K; M=Ga, Sc, In)mE B E[A0, ] EEEFEHNLEHER
Tab.4  The structural information of the second coordination sphere [AOJ polyhedron in A(M,Cr)P207(A=Li, K; M=Ga, Sc, In)

Phosphor Host cation CN b r/nm X Lo /m Viso, fum’
LiGaP,0,: Cr”" 0.203 37 0.002 660 1
LiScP,0,: Cr" Li* 4 0.059 0.98 0.199 31 0.002 690 6
LilnP,0,: Cr™* 0.203 59 0.002 901 1
KGaP,0,:Cr" 10 0.159 0.297 21 0.044 7775
KScP,0,:Cr’* K 6 0.138 0.82 0.29222 0.020 7379
KInP,0,: Cr** 8 0.151 0.297 91 0.038 076 7

Bl A—O PR R

BRI R KMP,0,: Cr¥* H LiMP,0,: Cr'* 51
i B A Y /N 6 RR P B (6 3) 6

A LT K BEA B Em AR A, B Li—O0
AR W E/NT K—O0, 15 7F L/IK—O0—M #h Li’
SIXTRCAR OF L = B 31 K A A A B8 77, DA T ik
D M—O0 Z [ B i = RRN i Cr (1 3d #lL
EFYRE R R ATRE SR K SOE R A, X
TEFRGRT S A e s v o B, % 8
5 TRC A JE SO I B2 DR RN & E R &R,
L m T RO IR R

X} LiMP,0,: Cr* Fl KMP,0,: Cr A~ & 41,
2 MR TR I, FRATT R WL 5 e A 22 BH S - iy
SR Cr By A GVE BT . i an, > Ml Ga i,
LiGaP,0;: Cr" i (Ga,Cr) —O - # 5 K (0. 196 49
nm) M K F KGaP,0,: Cr* & & v (1 /\ i {4 7 15
Ht (0.195 78 nm) , [F] B} §7 # 09 &b A B AR
(D=0.015 84,8=38.249 8 deg.) it K T J5 # (D=
0.007 64,5=11.463 1 deg.?) , H & Fi 1 55 — Iic {7
J2SONE B I 5 AR 3 i D i A W A 1Y) G
Z, Al #E I LiGaP,0,: Cr' i & B I K 8K F
KGaP,0;: Cr™*, 5 SL B AH AL s 24 M B 1 hy Sc™ i,
[F 3, SR, 4 M B 8 In" B, LilnP,0,: Cr'™
(880 nm) 1 & 3t % < ST /N T KInP,05: Cr (910
nm) , W /\TH AT 4 A 22 AN i TR
— LA 2 R A LA R T s T R AL Y
AL
3.2.4 MEFERRELREA

£ B 51 IO G B R T4 0 b v N2 - i i D L
B — A 2R AR A O, o g
V7 2 VA AR 4485 JFC 340 2 3 2ok 5% ) 3 — A7 2 R SE B
AR AL, BT LSS — B A 2 1 JR) 5 A 1A 45 4 X
AMP,0,: Cr™ 9 S M 14 06 135 M o ke 25 G 8 P o o
ER L ZE R WT

S —FCA 2 MBS TR RO AT
SEUR TR AE B [MOG]/\ T A i AR BRI B . /A
T AR TAE A7 3 0B B 6 1> Jmy & 1 2 B, P M SR B
JNTH AR BB, i 14 37 508 B8 8555, Cr™ 1Y 3d il
BN R AN R IR Z a0 . i, 7 T
R AMP,0;: Cr Z 51 5 68, [(M,Cr) Og] F- 347 5
KM 0. 195 78 nm J#74E 2 0. 211 96 nm , Cr** & 5 %
K E W M 825 nm £L % % 910 nm, F K 5
KA 3 NOE L, AR /A, (nm/nm) - 34 24
9 2.349%107* (Li—Ga 2. 285%10™, Li—Sc 2. 348x
10, Li—In 2. 418x10™*,K—Ga 2. 373x10™, K—S¢
2.339%x107,K—In 2. 329%107*)

W 22 AR /N AT AR G BRI o &
S K 25 50 32 T R R 1 i A R T o
SR W AR 5 HRORVBE AR O 22 A SRR BRO(E BRI
AR R, B A W AR 5 R R 3 4 B, Dg Bk
NG R BRI o X BR M AR AR TR B 2 52
Stokes 7 £ , — JBEXT FR T B f Stokes 1 F2 HE K,
gl & K % o fil N, LiScP,0;: Cr™* 5 Li-
InP,0,: Cr'™ Z [A] By K 22 5 AN B 1%, T 77 B /)
A [(Se,Cr) Og] /\ TH A B A8 #2 B FE [(In,Cr) Og] K,
Sicsecnog B 1T 50 deg.”, LiScP,0,: Cr'" & 4 Il K 1
LilnP,0,: Cr" B i B K .

T R UEE IS R SR RATT S AN M
A BUHT R AMP,0,: Cra e by o 1 o B2 0 ik
B L Co AT BB B MY B 1 R M e
HEE TR 2ZEH L DART 30% Ay JE I, 2
wEA AR AKX T,

D = lr, (CN) - r,(CN)I

rM(CN)
ru(CN) Flr (CN) 23 31 24 JE 50 BH 85 1 M B 44
F OB TR, KIPE S &N M
() B 12 42 35 [l M 0. 047~0. 088 nm ., il i £ B
b n R R, M B T e /b AIT(0.053 5

x 100%, (7)
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nm, CN=6) , f K N Lu™ (0.086 1 nm, CN=6) .,
LA KMP,0;: Cr' {& & 6, L) & BT KALP,0,:
0. 09Cr™ Fl KLuP,0,: 0. 01Cr™ 9% )i ¥, & & 14 45
H 5 i I& 1 KMP,0, A1 [5] , &R Sy B RE & AR P2 /c
(No. 14) 75 [a] B, & 7K 25 #4978 2 & AT XRD 3% 1%
BB S2, MW EMMIESGHWER (RS,
KAIP,0; H AlI—0 1 °F ¥ 8 K 2 0. 189 14 nm,
It KGaP,0,; 1 ) Ga—O0 (0.195 78 nm) & /] ;
KLuP,0; 1 () Lu—O0 F ¥ # K 4 0. 219 94 nm,
It KInP,0; F1 # In—0 (0. 211 96 nm) B K ; B4~

g5 0 o M AL\ T R AR 4R B AE iR
AMP,0; Y ECME B N . Y G & 5, 1l
KAIP,0,: Cr™ & 5F i & 1 [ KGaP,0,: Cr' i B i
(Bl < 825 nm) , 1M KLuP,O,: Cr’™ & & i K M Lt
KInP,0;: Cr i 8 £ (HI>910 nm) . KAIP,0,: Cr”
Al KLuP,0,: Cr™ 58 56 By 19 3 & A & 58 56 335 4o (5]
6 JT 7, H & G 0 0 (B 3 S A2 T 790 nm 1 920
nm, 5 ERHES AR IR W HE W LA
(nm/nm) {8 73 5 g 2. 394x107 Fl 2. 390x107*, 55
HI A 1) AMP,0, 1 19 ¢ R AL .

&5 KMP,0,(M=Al, Lu, Y)HRELEHER
Tab.5 Crystal structure information of KMP207<M=A1, Lu, Y)

Host crystal Space group r,/nm Ly (y—o)/mm Vw()ﬁr/nm3 D 8/deg’
KAIP,0, P2 /c (14) 0.0535 0.189 14 0.008 989 3 0.009 92 7.960 8
KLuP,0, P2 /c (14) 0.0861 0.219 94 0.014 0477 0.013 86 22.617 8
KYP,0, P2 /c (14) 0.0900 0.226 11 0.015378 4 0.007 40 20.966 0

(a) : o b

a —KAIP207~0.09(,r3+ (b) ——KAIP,0,:0.09Cr™
Kl,uPzOTO.OlCL ——KLuP,0,:0.01C*
KYP,0,:0.01Cr’ KYP,0,:0.01Cr*"

E = A,=460 nm

= =

E g

—
300 460 S(I)O 6(I)0 7(I)0 860 900 700 860 960 1600 1 lIOO 1200

A/nm

A/nm

Bl6  KMP,0,:Cr"(M=Al, Lu, Y) B3 (a) FR I 6T (b)
Fig.6 PLE(a) and PL(b) spectra of KMP,0,: Cr'*(M=Al, Lu, Y)

Rz, R A AR T 0..047~0. 088 nm i
Bl 1) M8 1, AMP,O,: Cr™ 2 75 AT Cr'" Y 3T 21
G GTWE T LLES AR AH A Sk B2 3T %
) Y (0.090 nm, CN=6) & F R ] , AT A W T
KYP,0,: Cr* %¢ 6 H , KYP,0, 414 4R 4 5 KMP,0, &
A Y H: 5 A 25 48 I XRD B B WL S3., Y
MO A2l 3 32%, Y—0 Pk
K5 0.226 11 nm (£ 5) , 8 T A7 b & K
K 0.219 94 nm (KLuP,0,) , )6 3% I 3 45 7 &
oK BB 7E KYP,0,: Cr' rp 4G I 2] Cr™ 19 47 1iE D 1%
(FE6) . &5 F R m kWl 1A &R 32 E 4
LU T T Y G B M 7R O B R SN Gl 2L Ah R
A R B B PR T P B P AR R A A AT
Cr' A AR 1 3 LA

AR bR S 50 25 5 FR AT IE 4 U 7E AMPO; -

Cri iy RISk v, 2 MY By 7242 4k T 0. 053 5~
0.086 1 nm(4F A"l Lu™) Z [H] \[MO, ¥ ¥4 8 K
1£ 0. 189 14~0.219 94 nm U [ B}, 8 K 28 FE 45 %L
D RELAE0.007 53~0. 017 55 3 [l , 5 ff 22 I 6 7
7.960 8~59. 571 8 deg. il , Cr' 1] 5L BLA 215 4+
FEBUR ML 5L I B Ot A T, A, A e R
BRI B Al T 21 A0 S S R BT, R IR IR (E TR
790~920 nm 3L [l .

4 %

TATHE BT — &R 95 8 R £h AMP,0,: Cr”
(A=Li, K; M=Al, Ga, Sc, In, Lu) 5% 4 ¥ 21 4 & Ot
AL, X R H A T e B 4% 1 [MO] IR
7\ A TR 5F 25 48, Cr 3T 21 40 K 5 % KA
Hiu Bt [MO6]/\ T A 1 o 9 A8 Ak i A8 1k o m ik, 3R
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ITLL AMP,0,: Cr™ R 51 2 by Jy 1], #R 58 Cr'ifE 21
ARG AL FC AL G548 2 [ A OGR4 i
SEIR RO, Cr R B R AR 2 55— A R
S ZRCAL)E A O A L LS — A 2 T R 6
L MU IR R TRE S B2 MO\ T
A T f ST 2 R R A R A /N T B B R
T 2T A1 & S U K B 2 B WG T LR M R AR 4L
AT, e G I K 3 A7 R R AR Y R I, R
1 i b W AR R AT 2 S 3R IR 3 53 24 D b/, IF 5
i Stokes {3 B3 K, NI FECL KO, 1
G IRST I [M O] /\ T A 25 K4 R A1F fie K B 32 ik />
T O A E A R i s 5 A 2 R T A
P S5O S P A 5 M /N s (Y AT AR
TPEAEAE B3 22 S i), & % QB 1 M—O < R
L 2 G0 A 7 A S T o 57— 0 62 22 [M O |- 1 ke

& % X #:

T it W W A e AR AR Ak DT B ) O BT . B
J& L AT AR A5, A Bl Ak G AR A B A £
W R £h AMP,0,: Cr* 2 6 M3 b, IS L 457 [M O]\
] A4S 24 8 1 AE 0. 189 14~0. 219 94 nm 3 [
KAF L F8 0 D KEAE 0. 007 53~0. 017 55 {1 5
75 5 7E 7. 960 8~59. 571 8 deg.” YU I I, 92 6
BRI L0 A R, RS A B A T 790~920
nm. HJE, B T EOHE R 5045, A SO I T R A
YA A R OC R A AR IR DL o RE D
Cr'$8 44 1 35 21 51 & DGR R 5 11 48 it — st J
GBI =

AR SRR FESCIF RN 5 A B 0L M AR LA N 1Y
Tk M bk « http://cjl. lightpublishing. en/thesisDetails#
10. 37188/CJL. 20220320.
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