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3 £ K

3.1 RAHMIMIBAIHIE

ARSI P B () B R TR R B e SR v L
by %, HIE B4 A 50S105-14B503-10MgO-
10Zn0-6Nay0-10A1,035, 7% 41 5 [ 75 & 15 2 BE /R
B 50 3 (mol%), T3 H LASIBARE X — B, A
FH R A 20 #4801 Si09, H3BO3, MgCOs, ZnO,
NayCO3, GdaO3 K& Al,O3, FAIFE499.99%. %4k
vt LU AR I &M R, AR 5 T8O B B i
W BE 58], 2 JE K 70 4 Tk B A ok AR RN NI 3
W, REARTONTR 42 ) B F B AP R AR 1580 °C R
JERL2 5, K R B g% B TS I 4 i B b v vA
BB, STV R R R R BR AR B, #EFE AE 550 °C
PR KR K 2 h, RSB HI R EIR. T IR
UERE S IR 28 S v A e R B A DD B R AT e 2
P, HIER 15 mmx 15 mmx2 mm P BEIH, {4t
WA

3.2 MEXEE

SIS AR O O 1 R R % 1% 3 2 F Jasco
FP-6500 % Yt i ACHEAT D52 ), SO IR MK Y

9P /arb. units

250 300 350 400 450 500 550
A /nm

FEl 4 200—750 nm 3% 42 /] Y7 {1 55 A R IR, 26 IR
3 > 200900 nm; %¢ 6 75 i & F FLS920 %< )t
JEVE AT M E 1. BT A B A = TR R AT
T BRI R HERR T, FRAT TR BT A R SR
TEFIFERIAL S, ELAfR R NS ' LR (R0 £ B N33 281
FEfh .

4 HERFITI®
4.1 HEFES LG

K1 (a) N0.1Ce3t, 0.5Th3t, 0.5Sm>* & 44
b T O, R I U K 43 i 390 nm,
543 nm, 605 nm, A, B.C % H{%E Ce3t & T\
Th3* B Sm>T 1. 1 (a) PR LAE H, Cet
B F1E 330 nm P T A — MR TE ORI, R T
Ce3T B 1) Af—5d FIBRIT; Th3T E1FA ALK
I, 4372 320 nm, 326 nm, 354 nm, 373 nm X
487 nm, TAT5 HIXE B T3 & F 1 "Fg — °Dy
(J =0,1, 2,3, 4) BERIE; Sm® A 339 nm, 369
nm, 404 nm, 440 nm, 475 nm 5% 528 nm /N> &
(R R 3, 43 ) of B2 Sm3+%%[§]{]6H5/2ﬁ4H11/2,
%H5/0—F5/2, ®Hsjs — *Fra, Hs/o—4Gyg)o,
OHs5 /211172 M OHg o1 Fg o HIERIE.

9P /arb. units

300 400 500 600 700 800
1 /nm

E1 (a) 4 Ce®t, TH3T, Sm3+ WBA IR, (b)  Cet, Th3F, Sm3+ i)k 4 ik

Bl 1(b) ~0.1Ce?t, 0.5Thb3F, 0.5Sm3* 5 J¢
FE i 1 R 56 1%, UK K 4 i 2 330 nm,
373 nm &% 404 nm, A, B.C 4> 5483 Cedt B .
Th3*t B F.Sm3t H 7. K 1(b) BxCe3t & ¥
£ 390 nm P A — AN 580 K 5, FHE R T Cedt

B P I 5d—af 1R S TOM B E AN A K
W, H 415 nm A1438 nm f) & 5 0§ X B Th3+
BT 5Dy — Fy (J = 5, 4) KRS, 488 nm,
543 nm, 588 nm & 622 nm f K FHIE ST N Th3+ &
FHI°Dy — "Fy (J =6, 5, 4, 3) RS Sm3t 1)
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R HHIEA 568 nm, 605 nm, 650 nm % 711 nm X B
4Gy — CHy (J = 5/2, 7/2, 9/2, 11/2) KA.

4.2 HBEHEEMLES LR

B2 (a) N Ce-Sm B 4% i IR e 1, HAG
MK 605 nm, 228 (A). REZk (B) KA HELL (C)
I3 AR R Ce B ¥ BN 0.1, 0.2 £ 0.3, Sm &1
FIRE N 0.5. B2 (b) N Ce-Tb SL45RE i 13 K
PRI KON 543 nm, SE2R (A). LR (B) M j
RELE (C) 43 X L Ce B8 F A8 0.1, 0.2 120.3,
Th & MK E 0.5 K2 (c) N Ce-Sm LB Hf i
(R S, HBOR KR 330 nm, 8228 (A). RE 4k
(B) K EREZR (C) 73 A% B Ce 58 1 E 4 0.1, 0.2
J%0.3, Sm BT 1 E 0.5, B 2(d) N Ce-Th 3
BAE IR e, FLEOR K N 330 nm, SEZR
(A)HEZR (B) KA RE2R (C) 73 BN Ce B 73K &
0.1, 0.2 50.3, Thb &FHIKEN05. K2 (a) i
BI2h Ce-Stm F45 B fi UK 5 7E 9 2 400—410
nm R HBCCE. IWEIHR AT LR ) B Ce 251

800 - (=) £ moop
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550 600

0

Pk /nm
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WM 0.1 805 0.3, Sm 2 F7E 404 nm &b FIRFE
WOR B I BOR 9 BE AR O 5, H T Sm 5 IR S
FEALHEAE A KA, BT Sm B 404 nm
Aab TR R B 5 T e R SR IR T Ce B F IR A 1)
Sm &I REE T EG FFE, B2 (b) hkid Ce &
TR 0.1 805 0.3, Th & 7-7£ 373 nm AbFY)
REAIE 0K A B 2 3 5, L5 PR Bl A T B A2 Ce 5
T Th & FA IS RERFTE 2 BT SLE0HRIE, 330
nm [PFUR IS BE B UK Sm & 7 F Th & 1,
IR Ce 117 Sm & 1 & Tb & 7 I Re R AL i f2
FAE, BT Ce BEF A, 330 nm UK 1 Ce-Sm,
Ce-Tb 45 IIRE i 1) R ST 1% A 2 W2 2] S 25T K
Tb & T 1 &S, J+ HBE#E Ce & 1K E H1 0.1 34 0
£]0.3, Sm &5 Tb B B RG22 bl 2 38 58,
B2 (c) & (d) FSEEa i IF 30iE T I1X—4518. N TIE
B Ce B "] Tb & 7 2 Sm & 7 1) 68 & 1% 8 1 S AT
1, WATNIX T Ce LBHE M 5 Ce-Tb LB i
Ce-Sm LB i 1 98 6 75 i, AR Wi 3 B,

(b)

300 350 400

450 500
K /nm
700F - (d)
600 ipo— A
) AN s -- B
= 500F i b C
=] N A ah
= §oon it
S 400F 5% it
E :,l v ! t'
~ . N HRY
£ 300 ; : PR
= - , ool
200} \ [T
JJ \\ j’ v l\ ";:\‘
100[ Ny \\f AT
0 . . . . R —
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P /nm

K2 (a) Ce-SmILBHE MBI, (b) Ce-Thb LB MIMA I, (c) Ce-Sm ILBFEM IR (d)

Ce-Tb LB HE M IR SHE L
4.3 REEfRiE
B3 =Fgit A, B, CH 5%t R Ce $.$3

B Ce-Th FBFE il o Ce-Sm LB 1 i 56
fir, Horh Ce B 7 HIMKE 0.1, Th & T K E N

0.5, Sm & TR E N 0.5, Bk IEK N 330 nm, &
MR 390 nm. AR T 20T PATHE H = Hupe g
i Ce & TR FF 1

T_/Oool(t)tdt/ (/OOO I(t)dt), 9)
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ot 7 o eG54, 1(t) /&Sl e th 28 ¢
ARSI JEETHEAS B Ce BB Ce B 1
K17 N = 19.9 ns; Ce-Tb B FE M Ce &+
K175 i N 19 = 14.6 ns; Ce-Sm 45 FIFE N A Ce &
T M7 15.3 ns. M N0 DUE H Ce 145
S Th 851 Sm B 11518 RE & I RUR:

77ET21—T//T, (10)

Hofr, npr FORBERALE IR, 7/ LB I i
TR e A f, TR SRS AR R P T SO
Fam. WS E, 193] Ce B ¥ 17 Th 81 [ he A%
RN 26.6%; Ce BT 17 Sm 8 1 I i A% 252K
HON23.1%. R0 T IS AR ROk, AT
LA FH AN ) 85 5 2 Th] ¥ e 5 A% i3 o R 1 19 At i
IR S O 1 i e B B g B, AT AR 28 AR
W TAERR GG BT ARG T, &1
Z |8 e AL I IR AN, i DART DR T e e ok
P B RS G U 8 AR R H Y.

QW >

71 =19.9 ns

s T3 = 15.3 ns

) —{b5E)E /arb. units

120 150
H$1E] /s

3 Ce B Ce-Th B Ce-Sm LB HE il
{9 7 di

4.4 ARIBEFEKHEE T Ce®t-Th3+-
Sm3tHEBH RN EL X NIER LN
S

BlANABE R KR T Ce-Th-Sm L5 #
i RS B R B AL AR B Ce B T IR BN
0.2, Th B T MWK E ~N0.5, Sm B T HKE N7
Bl 4 (b) AT LLE BT A O B K BOR AR R
BT A e X, B4R, X LA AR EO B F
SRR AR 2 TR AR AR A
FEEU TS 77, A9 330—365 nm UK I KK
R RE S RO I € B AL KR | (il 2 5 B AR E i 5
TR 1.

Rl AFEBCRPBASIRE S EREARER B TR (Ra) 2
i (CT)

/nm AR (2, y) STAGR R tBlR/K
330 0.292, 0.310 68.6 8103
340 0.275, 0.266 75.4 12434
350 0.263, 0.254 77.2 17229
360 0.345, 0.294 87.2 4671
365 0.342, 0.316 87.7 4957
200
(a)
330 nm
150 - | ----340 nm
L 350 nm
n |
B S S 360 nm
=) 1 \ ag
= | \ e - 365 nm
£ 100 | |1
= ,I N \ 1|
b N \ 11|
% Y ®
50 | I, 3 / A i ]‘.}
JZN\ “\ + 2\
i </ 1\
1 WY N A
\ 4 A
I S / N
0 VA T U T BT R
350 400 450 500 550 600 650 700 750
WA /nm

Z)

y {GSEALE

x AR

4 FRBREAK T Ce-Th-Sm 45K F 1T 6

(a) Bt ALHRIE (b)
T BT ERE S RO GBI, FRATIERE S
AN TRIOR B K TR T IR € AL R 4 ) T A A
VETE CIE Ak AR . CIE AR B R, A ] A
B X3 8 T EL R, 751, 2, 3, 4, 54
B4R 330 nm, 340 m, 350 nm, 360 nm, 365 nm
PR FRESROCR B AR bR, W] LA H TR 1)
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RICHIN T A Xk, b, 365 nm BUR T FE & 1)
ROt B i BAR K A%, 330340 nm P KA T
MEEETARZME ARy, BRRA, BEaTEE
IS; 360 nm, 365 nm PRKEK B EICLLIGRSY
iR mEE, ©efaidte, ANRXBXMOLEA
BN ETIE

5 & W

AR A S BB H 2 T — R Cet
TTH? B Sm®t B 1 845 5 I 5 B Rk IR &
Z WM BORFE G, BRI SR T BRI A R E
P W ER A JoT DL KR 8 T R R R ) B 2R IR R
LR BB 5 I R S ORI B R G T
B, W 7 Ce®t BT Th? & 7. Sm®t & TR
I I R AR L. I il SR R ANIUR
JCIIBR B, B T Ce®t-Th?T-Sm>+ LB H i
Mt B AsAR, SR EL (R.) LA (CT).

X RS R S 23 A 0 28 T BT TR B AR
N
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Luminescence property of Ce**-Tb*"-Sm?** co-doped
borosilicate glass under various ultraviolet excitations™

Chen Qiao-Qiao Dai Neng-Li Liu Zi-Jun Chu Ying-Bo Li Jin-Yan Yang Lii-Yun'

(Wuhan National Laboratory for Optoelectronics, College of optical and electronic information, Huazhong University of Science

and Technology, Wuhan 430074, China)

( Received 29 November 2013; revised manuscript received 24 December 2013 )

Abstract
Ce*T-Th3 -Sm3" co-doped white light emitting borosilicate glasses were fabricated by high-temperature melting
technique. In this paper, the excitation spectra and the emission spectra of Ce**, Tb** and Sm>®* ions-doped and co-
doped samples were measured and the energy transfer mechanism of Ce®**, Th®*, and Sm>" were studied by analyzing the
fluorescence lifetime of single-doped and co-doped samples. The color coordinate, rendering index, and color temperature
of the emission spectra can be adjusted by changing the excitation wavelength of ultraviolet LED. Finally, we have
obtained the white light which fits for life, study, and work.

Keywords: white light emitting, energy transfer, luminescent property
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