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Abstract A new type of red-emitting KGd,_,, Eu,, [Mo,O,; JF (x=0.1~1.0) was prepared using a high-
temperature solid-state method, and the phase composition, morphological characteristics, photoluminescence
spectra, emission decay curves, and application performances were studied. The results show that the phosphor
has a cubic structure and a single-phase composition with a space group of Pn-3n (222). The luminescence

has excellent excitation efficiency in the near-UV (395 nm) and blue light (465 nm) wave-length range,
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which well matches the emission wavelength of commercial InGaN semiconductor chips. And under the
excitation of near-UV light, it exhibits a bright red luminescence at 613 nm, corresponding to the electric

* jons. The luminescence quantum efficiency indicates that its optimal ef-

dipole transition *D,—>"F, of Eu
ficiency is 67.3% (£ =0.5). Due to the existence of F~ ions in the MoOg polyhedron in the structure,
KGd,_,, Eu,, [Mo; 015 JF(x =0.1~1. 0) has superior luminescence efficiency and thermal stability com-
pared with Eu®* activated molybdate oxides. Based on its excellent luminescent performance, this phos-
phor is a potential and excellent red phosphor for white LED.

Key words fluoro-molybdate; phosphor; Eu’" ; thermal activation energy; white LED
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HF ¥ 5K =M ® (Light-emitting diode, LED) (W E AR R —FHF XN EHAMBRER, BEEY
BB IR, KA BEOEEESLT HBINLE. ZTFEERHK ZMA, % A¥% LED M RE 3 TR
HEE. HRLHEN LED RHERE L/, ARMAEARRNER, —REE5 LED A Ol =5
IO, BEBEE; B M LED B +HATON, B AR B AERRE, ¥ ¥ FEATO LM
B B, RN EFERERRWEEMHZ -,

EREHMENS EC BFREBREEZENIAEALE T, EAMND, MESH'F., EENO AL,
E* B BHE % A 2Ot TR BR BN EAL GHS . RIBRAGHER, ECTEFHRE
SR MERA KRR . BAEWRM/NELST Eo® B 4256 68 8838 A B 8 B, 1 50 98 B L BB
BHB G IRES. AN, BBAENEREN TEALMBEXEE, EASHETEMR S, 8/ HREE
HYRERECT BTFAARNNRERRMEZ —, ECT MES/ RO AR N —EBD T ZH
WEIT, JE 4 /4R £k 4R P B (W/Mo) O, (W /Mo) O, £ T4 3k F AT LA A5 3k b % Mg 4% S 28 03 48 41 2%
B RTEEREE, F A RGBS Ed® BT, AT LB D, Fo LK BBRET S,

T KGd, Mo, O, FENEFE, RABMARFTEHET Ed® BENRIA LM B, Faurie” H
KIRE T ZERARE MN, Mo, O, FIM A BERBEF.N WL EF) MWL, B TIL &, = mBEH
Pn-3n (222),Z=4, HEKBEEHE Mo(O/F), NEE, HE FA BHBHL B AR LB TR S 3. X THE
#F KGd,—,, Eu,, [Mo0, Oy JF(z=0. 1~1L. O NHFRME K EBEHHIEFRN . F—, ZBHREERAAHR
1 BY B 17 5% #5 BE B 17 (Charge transfer band, CTB), SEHHESE, 4P R ENERE S T2 EH AW/
Mo)O, ZHH(W/Mo)*" =0, H Al g 44 BRI EC A2 30 (CNs) BE IR L 17, Seie R, 76 37 5 MR 45 1
HEH MoO, LHEKKHHMREE S, CTB AABRKNEK (BRBENVER . IMHEKEFEMTELIEZE
FX A, B, MR E LY A e, KGd, Mo, O, F @#E B B Mo(O/F), /\TH # 7E = 4 25 [a] Py #4 ™2,
F~ B F A G5 A B0 W4k K W AR T B A e 20 3800 1 O R SRR IR , R A R A Pt R R 3 5

K FFEAA R EH & T Ed’T 8221 KGd, Mo, O F, M58 T H 5 H AL S, W& TR
B & e & 56, Hoat HOR B R R MR ST T e, it T G PR TR MM KGR
Sk EE .

2 %R

KGd,—+,Eu,,[Mo; Oy JF (x=0. 1~1. 0) &2 R F [ #H & B3 il %, Fr R B 2/ 4 i) KF.Gd, O, .
(NH,)¢Mo,; Oy « 4H,0 fl Eu, O, , BEHE Bt R 5P IES . B 5%, RBUL TR & BUERHRA
HIHR P RTRE  REBENEHIRF 7 350 CTHTHE—KEL, BHERN 3 LEESRERHIES
WHERF BB AR A, 7 700 CTF#HTHE B RN S hEZZFREFRRHEEEVWREESHYS &
780 C F ¥ AT RGBS, BRI N 7 h, 83 KGd, ., Eu,,[Mo;Oy; JF (x=0.1~1. )% %:# .

X MRS (XRD) &7 Rigaku D/Max fiF51{X (40 kV.30 mA) E# TR, HHEF RS
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(SEM) & F H i &4 813 & St 888 (Hitachi SUS010) MK, 18 A Perkin-Elmer LS-50B &t y6#EY
MR BEBREIE (PL) . KEETFHFE(QE) i1 Edinburgh 4 72 1) FS-920 fa 5B 4598 6 6% U & ,
BERBKADTEE N 200~600 nm, FHIPE KNI 5 nm, ZFEHEHEK QL) TEE R 200~800 nm, LK K
1nm, UARBREETEEN 5 nm, BOLBNEER ZT ERSK, BEALCED S5 Ba#Ha 1% R4 it
BUME, B &7 RUERAFHE QEE.

3 gilS5ite

3.1 M4l A & 1 B AR

B 1(a) 2 HE M # XRD B, FiA & XRD 75 B #8 B A MR IERE 20l 17 5T 0 M & A Xt
M Faurie™ 4% 78 i 45 52 58 & — 30, B3 00 PR (1A A 105 48 O B RHER 2 th B — A . X% 5 9 XRD 4T T
g, WE 1(b), B RSB E a=b=c=1.140 2 nm,V=1. 455 575 nm*,Z=4, KGd,_,, Eu,,
[Mo, O JF E.A 525 4544 , 22 B B2 Pn-3n (222)%7,

B 1[0l M ENEMRER. BKkEH G KT BEFM MoO, NEAEETR. &P
B BH S T (0. 8GdH-0. 2K) FEHL o 38 B ik Wyckoff #f12 12¢, MMERV M EC BREBHXRD
B 1(DFIR, RAR,MEE EuBREENE N, EHSHEB KA. XEHFM G (0.093 2 nm) M,
Eu’(0.094 7 nm) BEERRMBE FRE5EN. BRESHENELRM EC B3 (x=0.1~1. 0 WKBHE
FAELHMET . XHEIET Vegard IR UILR N, Bixt F— N LW ERERE, RESHEBRARAR
5 Y I A

Bl 1 (a)BEdh i XRD B (b)KGd,—,, Eu,, [Mo, O, JF (x=0.5) &5 HIRE 1 ;
(o) b PR S5 M I 5 () R b 1 50 b 0 BN 45 2% ik JEE 1 3
Bl 2(a~c) B FEEREF KGd,_,, Eu, [Mo; 05 JF (z=0. 5) RRIBKEEE SEM B, %5568 2 H
45 i R AT I BROE JBURL 4 AR, FOR. R DG, BURL 4 /N (1~2 pm) H RN, BRARMERE, EEHE 4
Z RS ] DM Z T4 4 8 B A TR IR B 5. B 2(d) BARERERE R EEE S P (EDS) WK, iE
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SETHEMARTER K.Gd.Eu.Mo.O f1 F, I FREL—,

Bl1 (a~c)KGd, ., Eu,[Mo; O ]F (x=0.5)M SEM Elfi1(d)EDS i &% 5t

3.2 WMRKAR

% t¥ KGd, ., Eu,,[Mo, 0,5 ]JF (x=0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.9, 1. O KL% E 3(a)
BN o B RTG53 R A B B 4 . — B R AL TSRS R S X SEH RS L R B TR 5% (CTB)
BB 75— RARGWFERT L, B T E’ BFM >4 IKiT. WTLEH,KGd, ., Eu,,[Mo, O, JF 7
EEIMBEOXBEFIEFEARNEE, MAFERHEL, FHXES Y,0,S:EC"HBEAFEERAT
Eu*"-S* By B R B KT , 76 30 58 A1 A0 6 O X JB) AW R BORAEH AR . LR 45 R KM KGd,—, Eu,, [Mo; Oy ]
F SR £4RIE6 LED A s KAk 522U .

¥l 3 KGd, ,. Eu,[Mo,0;]F (z=0.1,0.2,0.3, 0.4, 0.5, 0.7, 0.9, 1.O)M(a)i& K Xi%. %KX

RI(b) % GE DL % . P (P E Gl BB Y. 0,S:0.05E0’ (X, = 627 nm) i i K 6 ii%
Ev** B« MMy CTB W LGEZ = RN =4S, F- A BFEETRMEN O 8 Mo BT
WL AR BT, Bl Mo® " 9 4d Bl ()R ) Bl O B9 2p B3l (O iy 00O JB )k 9 4 ] B & (A 3



% 6 39 B AR S5 B’ O O SRUEH R R 41 (4 5 S R e vk BR F 5 75

(b)IM, B = AHLE R 8 BT 5 8 (IVCT) 25, B Eu® BIEZS 41 3] Mo™ B FERIEDY . =M
O BFE EV W FHEBY, RAMNBNEBEHFEEMEESAE RSP, 8% ORI, 7 Eu® ¥
ERAREL LK P ,CTB KELXH T O° —~Mo" IR,
3.3 REKIERAE

A 4(a) & KGd,—., Eu,, [Mo,; Oy JF (z=0.1~1.0)7E 395 nm & T B RIEEIE LE., RIELEEE
—HEEERE R, KA E® BFH°D,>'F, (J =0~DFMEKRTE. ZXHE—RBIER 613 nm B°D,
—'F, HBRKT. & B EIENTOER B, LINET MoO;™ BIHEN Eu®" Z F KB B 538 A KM
BB FPHLE , BB BB RIK B T Mo-O-Eu 8/ B K/N. M-O-Eu @ K5 180°H I B TS &
K, TS E#E R, 7 KGd,_,.Eu,[Mo,0,; ]F H1,Mo-O-Eu & i} 180° & MW & T MoO,—>
Eu’" MR ALRER AR, B 4(b)REIEEHFSREM EC BRAKEMNKBLR. TUEHEL
B B AR B B 4B 2 e BT AR B I T 9, BRI 2 =0. 5 B ROGIR AR R oR(E . Bl F B SR
WERRIR , B & 58 BE i & 15 2% ¥R BE 19 3% K i R AIK .

P4 KGd, . Eu, [Mo,O; ]F (x=0.1~1.0) 0 (a) & 6% B 1o (b) % 6 58 V5 Fi 45 2% i V5 00 44 ¢ &

Bl 5(a)27E 266 nm ¥ K T ,613 nm B EMERIMKE . FTLIEH, A ML 2 0 E BHEHEE
VB AR . T U8 2 AT DA 57 A B SR B AT A
I()=Aexp(—t/7), @D)
K¢ EHE, AFEBHFM,A BEH. KGd,—,.Eu,,[Mo;O;; JF (z=0.1~1. OHE KK HamWLE 5(b).
BT £<<0.4 i}, Bt BIEHIFH M c=0.68 ms, FiJR,FEE BT BREER K, BtEMARBT
M, X T8 200 B B3 K S b & BISS B F Eu® Z RIEE BB/, AT # A e B IRAE. ROLER
R, RPN K B FAEE, AN E T BARRERN, TS A RS RER,

Kl 5 KGd, , Eu,[Mo,0;]F (x=0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.9, 1.0) 1 (a) & J 3¢ ok hh &
(A, =266 nm,A., =613 nm) AI(b) KA iy 1545 7 Wk 10 O A
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3.4 piPERE

R & EEE 53 KGd,—,, Eu,, [Mo; O;; JF # CIE(Commission Internationale de 1'Eclairage) & &
A bR, W 1, E MR KGd, ., Eu,,[Mo,0;]F (z=0.5 MEEALFERERTE 6(a), TIAEXNEHENR
B R LR, B CIE @ E{EIE%#1E TEBR NTSC (National Television System Committee) £ YR
WA (2=0.67,y=0.33), BT EIHFMRIEZFESHGEEHERE, WX THEEHEFHRQE). B 6
(b)) BRTRFEWAEM KGd,—,, Eu,,[Mo; Oy JF (2=0.5) (1,,=395 nm) B & B FREMRLE R, &t
SR ERAA R AUy Rk, 3 MR (2) R

_ L
”QE_JER_JES’

Kb Ls BEmMENIEWSBE,Es A1 Ex 4331 RA B M MBA B8 ELIENRSRE, B3
WRIIFERRE QE B TR 1. FTUES, HECMERK67. 3% # M & KGd,—, Eu,, [Mo; Oy JF
(z=0.5), BERMAE 4B BWER -, MR E N —L Eu*" BRWHRIE KDL LM
b, iZ B AR AR B A R B R OB, il i1 GdgMoO,, : 0. 25Eu* (62 % ,A., =395 nm)"?, SrY,,Eu,,
(MoO,), (48% 54, =395 nm)""™ , ZFFRIRNETFHFBAFEA Y.0,S:Eu’ BB (35% A, =317 nm)"™

@

Bl 6 KGd, , Eu,[Mo,O, ]F (x=0.5) (A, =395 nm) ¥ (a)CIE & J¥ &l F1 (b) % it 7~ 20 Kl i
R1 FEXBESRP KGd,_,, Fu,.,[Mo; O JF (z=0.1~1.0) &% KK . BEFHEM CIE & ELER

x A /nm A o/nm QE (%) CIE
0.1 395 500~720 33.8 (0. 66,0. 33)
0.2 395 500~720 47.2 (0. 65,0. 34)
0.3 395 500~720 56.9 (0.67,0.33)
0.4 395 500~720 63.5 (0. 66,0. 34)
0.5 395 500~720 67.3 (0.67,0. 33)
0.6 395 500~720 65.2 (0. 68,0. 33)
0.7 395 500~720 65.4 (0. 66,0. 33)
0.8 395 500~720 61.6 (0. 68,0. 32)
0.9 395 500~720 55.1 (0. 66,0.33)
1.0 395 500~720 49.4 (0.67,0.34)

R KR AS B HRE X H N AR B EE, H o 5% LED BB #MAE TET B F &4 —E R
. MR EZERIR KR E SR, SFER W &R, B A FRE T &80 2085 ok i
EFHEEFRE, B 7(QREZRT 240 CHAFRRERILMRE T URKM L ER=R., 7 90 CUT X%
B FEaREHEE (B 7D EDY, B2 BHEBomE, HREHFMTUFERAKXDOMUEHES ., TUE
WL ERERT 90°C )5, = i £ A JE R 48 PO WURRAE , BEBA FF R R A ROE K, HHEE R E N T & =
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AR S ERL AR BORRAE , AT AGE T T B SR B R A
I=I,+ A,exp(—t/7,) + A,exp(—t/7,) 3
Ko, Mo, HHEBWYESBEMROE., BERCHFEWA] UE AR FH (o) RN
_Alz'f—FAzz'g
A, +A T,
RIEAR G M()18F] KGd,—,, Eu,,[Mo; Oys JF (x=0.1~1. 0O K EHEMINTE 7(b)., TMUFEH, &k
A R MRS Z N . R OE A AR B AT U A R TE BB (AE) R R

4

T

T

1—|—|:z'r/rm:|ex;)(—AE/kT) ’
KH o, Mo, A EEH KT MIEE SR FWR - RE/REEHEH. B 7(b)EBRIFARG) N & Fardt
TG, . SR B RERBIERE AE=0. 43 eV, XMEEZZ R T FHRE K B #E ARSI E
S I BE, 1 0 Cala, (MoO,),: Sm*" , Eu** (0. 13 V)™, Li;Ba,Gd;_, (MoO, )s: Eu*" (0. 283 V)™,
CayEu, W, 0, (0. 3 eV)™, Ca,GdF, PO, : Eu®" (0. 375 eV)O™, #1140 B £h & 1k W AH Ho, 40 88 ;
KGd,—,Eu,,[Mo, O JF it F F BFERABRRKMB A, B HBERNBRIIBRFHES. F EFAER
B FERE R FaEMEE,HE5 O BFRS, FH Mo-O I HEEEM Mo-O KR ME. B
WL AR P F MBIAKRKERT BRI, bEREAREHAREENEESHWER,

(T)=

6))

Bl 7 KGd, ,, Eu, [Mo, O, JF (x=0.5) %8 AEA bl il E T 0 (a) 56 0 i 2% 1
(b) % A7 i, (b) vl i 92 £ & R 28 5 (5) 75 30 0L 4 i 2%

& 8 H KGd,_,, Eu,,[Mo, 0,5 JF (z=0.5)#1 395 nm
R HEA B LED &K%, T 395 nm ALME
B Rl R A, LT 570 ~ 720 nm B R 5O E
T3 ¥ KGd,—,.Eu,, [Mo;O,s JF (z =0. 5) ¥ & 5 %,
% LED /TER¥E 20 mA EWHIK3 T & HHREHLE, I
K8 HE PR HEMNEERARMKWAE, HRER
E. LW T KGd,_,, Eu, [Mo,; 0,5 JF (z=0.5) BF
% FRBH B 07 BB

4 g
R R EEE SR T — &5 RREE Ed 85I 1

ST % 3598 KGd Eu,. [ Mo, Oy JF (2 —0. 1~1.0) K8 1h KGd,_,, Eu, [Mo,O; ]F (x=0.5)fl 395 nm
' oo 1‘1‘*’% Oe e MET T T B LED %6 B A B LED

X LA LR BRI | 5 B B B T,

T 4T . BT h B — L WA AL, & R P-

3n (222), JGIEAHTRI, ZFOEMHEL 2L 5P (394 nm) AL (465 nm) P X B BA A MM L RE, &
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AFETIEZNSELE R LED ##4. HAEIMAE 613 nm AMRBMLLES , HERWREREFI
FH67.3%(x=0.5), H#MMIERE N AE=0.43 eV, LB RFEH ,KGd,—,,Eu,,[Mo, Oy [F(z=0. 1~
1. 0TI I & Ot BB A iR PEAR AR T Eo® S8 AR IR AL D M e Y,0, . Eu®T . iR
B, KGd,—,, Eu,, [Mo; O,5 JF th 5% & et 18 25 T H L r &5 M & Mo(O/F) ZH A F~ B FHEFHE.
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