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Abstract: A series of new K,CaGe,0,: xBi’* (0.003 <x<0.10) phosphors are prepared via tradi-
tional high-temperature solid solution route. The detailed crystal structure and photoluminescence
properties of K,CaGe,0,: xBi’* (0.003 <x<0.10) materials are studied through precise Rietveld
structure refinement, photoluminescence excitation and emission spectra, XPS and thermal stability
measurements. According to experimental data, Bi’" displays narrow blue emission with spectral
width at around 43 nm under n-UV light excitation. The main reason is that K,CaGe, 0, shows highly-
symmetric crystal structure. Meanwhile, the as-prepared K,CaGe,0,: xBi’* (0. 003 <x<0. 10)
phosphors show excellent thermal stability, of which photoluminescence intensity at 423 K remains
83% than that at 298 K. The above results confirm that the as-prepared K,CaGe,0,: xBi’* (0.003 <
x<0.10) phosphors show potential application in white LED lighting and backlight display areas.
This work proposes that Bi’* can achieve narrow-band emission when doping into highly-symmetric
crystal structure. This approach can provide theoretical basis and guidance to exploit Bi’* activated

narrow-band emitting phosphor materials.
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Fig.1 (a)XRD pattern of K,CaGe,0,: xBi’* (0.003 <x<
0.02) samples, standard K, SrGe, 0, (ICSD 100202)
is used as reference. (b) Rietveld XRD patterns of

K,CaGe,0,:0.005Bi’* sample, where black line re-
presents measured data, red circles are fitted data,
gray line is the difference between measured and fit-

ted data and green lines are Bragg position.
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Tab.1 Main parameters of processing and refinement of the K,CaGe, 0, sample
Compound Sp. Gr. a/nm V/nm’ Z  26-interval/(°) R, /% R/% R, /% X R,/ %
K, CaGe; 0, Pa-3 1.64030(1) 4.4134(1) 8 8 ~90 7.84 5.49 3.87 2.02 2.76

MRYEAE 15 45 3 K, CaGe, 0, & T 37 )7 iy
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~ K4 FIFEA 6 4~ 0 5T, JE i T [ KO6 ] /U 4,
KS FIFEA 8 4~ 0 B 7, B 1 ik, ixd
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K

K2 K,CaGe,O, WY MRZE M /R B, For K (o 20 (5 R
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Fig. 2 Crystal structure schematic of K,CaGe,0, host,

where grey, red and blue spheres represent K, Cal

and Ca2; and red, blue and yellow polyhedra re-
present [ CalO, ], [ Ca20,] and [ GeO, ] coordi-

nation configuration.
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Fig.3  XPS spectrum of K,CaGe,0,:0.005Bi** sample
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Fig.4 (a) Diffuse reflectance spectra of K,CaGe,0,: xBi’*

(0<x<0.02) samples. (b)Optical bandgap calcu-
lation based on diffuse reflectance spectra  of

K,CaGe,; 0, host.
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Tab.2 Luminescence performances summary of common Bi’* -

activated phosphor materials

Emission FWHM/
Phosphor ref.
peak/nm nm

K,MgGeO,: Bi** 614 148 [33]
Ca,Lu,Gey 0, Bi' 476 47 [30]
YNbO, : Bi 456 120 [34]
YVO,: Bi 566 164 [34]
SeVO,: Bi 647 230 [34]
K,Z1Si,0,: Bi** 560 125 [35]
SryLu, Gey 0, Bi* 466 40 [28]
BaAl,,0,,: Bi** 770 82 [36]
Cs, 95ZngBy0,,:0.02Bi* * 436 50 [29]
BaSrGa, Og: Bi** 470 192 [37]
Ba, ;Sr, ;Ga, 04 Bi** 630 283 [37]
Ba,ZnGe,0,: Bi** 500 100 [38]
La, GeOg: Bi* * 600 103 [39]
LiCa, ¢, MgV, 0,,:0.08Bi** 610 210 [40]
LiBaPO,: Bi** 588 ~200 [41]
Ca, MgWO,: Bi * 550 ~ 160 [42]
K, CaGe, 0, Bi** 400 43 This work

LA R S I T SN S BRI A, FE BT
W RE R 0.005 B, & I 5 B2 38 B B K. 7E 320 nm
WO IR B AN i 808K 61, 13% ., X
AGE RO R AR — 3, EI5(b) 1
WA R T 1E 302 nm & F K,CaGe,O, :
0.005Bi* " FEfH I &I A, LW R B T 58 6 &
GF 3RO M R 43 BT IE ] K, CaGe, O, ¢ xBi”
(0.003 <x<0.02) F 5t HA7 24 W6 & 11
Z G g PF b A WA BT

Fe2 BEETH UL BY IO 00 5¢ 6K MR
FENFH A EPERE S K, CaGe,0,:0.005Bi> " £ fh i T
P X LR B, 46 K HB 43 Bi' T 0 2R bR
J&7R T SEA KA, e 2K 8 (FWHM) SR 29 78
80 ~280 nm [l N, WA D¢t Ky Bk T i )
TS &S, e Ca,Lu,Ge, 0, Bi* " Sty Lu, Ge, 0,
Bi** Fl Cs, oy ZnyB,0,,: 0. 02Bi’ " 2 Y M A1 K, X
B SRy B RLER B AT PR B A R R R
SCRTT B — 3
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Bl5 (a)K,CaGe,0,:xBi’" (0.003<x<0.02) (i & Hi%; (b) K,CaGe,0,: xBi’* (0.003 <x<0.02) H—1i K5
T A P R B A I B vk AR Ak R A R 302 nm KR R IR OG IR A (o) TEIREB R WK T, BAM: B’ |
SLGO: Bi’ " Fl K,CaGe,0,: 0. 005Bi** £ iy i V9 — b & 5 S 3% %F Lk 5 (d) BAM: Eu** (SLGO: Bi'* #1 K,CaGe,0, :

0.005Bi* " FE 54 B CIE {0 AR R
Fig. 5

(a) Photoluminescence excitation( PLE) spectra of K,CaGe,0,: xBi’* (0. 003 <x<0.02) samples. (b) Photolumines-
4 3Y9

cence emission( PL) spectra of K,CaGe,0,: xBi’* (0.003 <x<0.02) samples, inset displays the integrated intensity as

function of Bi’* concentration as well as the luminescence photo under 302 nm lighting. ( ¢) Normalized PL intensity of

BAM: Eu”*, SLGO: Bi’* and K,CaGe,0,:0.005Bi** samples under the optimal excitation wavelength. (d)CIE coordi-
4 39 p p g

nation diagram of BAM: Eu’*, SLGO: Bi’* and K,CaGe,0,:0.005Bi** samples.
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( Commission International de I’ Eclairage) (%, J& Ak
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(xy —2)" + (3, —7)°

Horpr ) (a,y) IRE A BURE S Y CIE 2 AL bR
RI(0.165,0.032) ;5 («x,,y,) 245 OGO E 0Lt
J£(0.333,0.333) 5 (x,,y,) & F WK @ B FR L
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KA F] K, CaGe,0,:0.005Bi® " #F i (4 {0, 2li 7
H}94.5% TRl BAM: Eu’* 5 (098 6k ({4
4RE R 91.4% ) LA K HIE Y Sr,Lu,Ge, 0,0 Bi’ " 1

SEHE M (€540 By 80.92% ) Pk, A K
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24243910 0.138 nm F1 0. 151 nm, 45445 40
(1 AR S5 8 53 B, Bi® T B2 7E K, CaGe, 0, FEFT T,
AR G R EA AR RS Y Ca B
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JoE e A A7 o T, 0 W O A 3 it T
K,CaGe,0,: 0. 005Bi* " # fis (¥ 8 & F1 & 9 5638% | 4
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nm S AL 4 B 10 nm I8 — W R G iE , 45
R 6 (a) s, B AR Wil 4, B 76
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=
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I
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K6 (a)K,CaGe,0,:0.005Bi" " # i i 3% & 6t , Ml ik
£k 360 ~ 440 nm, [H fF 10 nm X —K; (b)
K,CaGe,0,:0.005Bi’ * £ iy () & 5 638, W i ik K&
79290 ~340 nm, [ f§ 10 nm 3L —¥

Fig.6 (a) PLE spectra of K,CaGe,0,: 0. 005Bi’* phos-

phor, monitoring at 360 — 440 nm with step of 10
nm. (b)PL spectra of K, CaGe,0,:0.005Bi’ " phos-
phor with excitation wavelength in the region of

290 -340 nm.
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