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Table 1. Experimental scheme of orthogonal experi-

mental design.

Tm3+ Yb3t
No. (055 mol%) (520 mol%) y /arb. units
1 1(0.5) 1(5) 98444
2 1(0.5) 2(10) 80451
3 1(0.5) 3(15) 59644
4 1(0.5) 4(20) 33691
5 2(2) 1(5) 5450
6 2(2) 2(10) 5114
7 2(2) 3(15) 6079
8 2(2) 4(20) 4000
9 3(3.5) 1(5) 682
10 3(3.5) 2(10) 1471
11 3(3.5) 3(15) 1203
12 3(3.5) 4(20) 1203
13 4(5) 1(5) 108
14 4(5) 2(10) 185
15 4(5) 3(15) 375
16 4(5) 4(20) 294
7 68057.5 26171 —
To 5160.75 21805.25 —
U3 1139.75 16825.25 —
Ua 240.5 9797 —
R 67817 16374 —
Rk 1(0.5) 1(5) —
BR414 (1, 1), B (0.5 mol%Tm3+, 5 mol%Yb3+)
S L% = R i = I AR 1 VI

BaYoZnOs5:Tm?3t /Yb3T 56 FE i, FIH 980 nm
WO Iz M &40 5 1 B34 R S, Xt
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T2, U3, Ga 73 N EA B2 DU 7K B EG
DA 5 8 b3 R G m BE B~ 3ME. R 1 AT B
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F2 HFKPHRILE (r = 1.414)
Table 2. Natural factors level code table (r = 1.414).

zj (z5) z1 (Tm3t)/mol% 22 (Yb31)/mol%
22;4(T) 1 10
205 + A;(1) 0.868 8.609
20;(0)= (224 215)/2 0.55 5.25
205 — Aj(—1) 0.232 1.891
z15(—r) 0.1 0.5
A = (22 — 215)/2r 0.318 3.359
B G/ n = B e S

%3 CUCEANEEE AL G BT R (r = 1.414)
Table 3. Experimental scheme of binary quadratic

general rotary unitized design (r = 1.414).

FSES
2

EUoRE)

zo x1/mol% z2/mol% zixz2 x% x5 y;/arb.units

1 1 1(0.868) 1(8.609) 1 1 1 63622
2 1 1(0.868) —1(1.891) —1 1 1 47339
3 1 —1(0.232) 1(8609) —1 1 1 65584
4 1 —1(0.232) —1(1.891) 1 1 1 56593
5 1 r(1) 0525 0 72 0 36310
6 1 —r(0.1) 0(5.25) 0 r2 0 112934
7 1 0(0.55) r(10) 0 0 r? 71143
8 1 00055 —r(05) 0 0 r2 24785
9 1 00055 0525 0 0 0 66068
10 1 00055 0525 0 0 0 63688
11 1 00055 0525 0 0 O 64591
12 1 00055 0525 0 0 0 60203
13 1 00055 0525 0 0 0 64983
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PRAF i (0 W €5 E 3 4 RO R B BE (290 121939)
5w EAEE IR, Rzl R EEk3$
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TR A, RN T Tm3t BTGy —2Hg
RERIIBRIT, IR PR A Bt kS, kAT
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—— 0.1 mol% Tm3+,
6.501 mol% Yb3+
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T T g T T
400 450 500 600 650 700 750
Wavelength/nm

1 (MTERE) SUURE b RPT RS BT 45 3 ) e i
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Fig. 1. (color online) Up-conversion luminescence

- 1G44>3H6

Intensity/arb. units

T
1G4—>3F4

spectra of the optimal sample and the best samples
in the two experimental design under 980 nm infrared

laser excitation.
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49-0156) %F B2 () XRD K3, M EIH AT LUE B, &
PRAE ity 1) AN AT 5 WAL B 5 4048 2 B BaY2ZnOs
TS B e AR — 3, HLI&A FoAth 2% Hh 3L, 1IF B
FIv il #& (RE O 2, R B 3BT 35 N1 Tm3 T
YD B 2 e AR Y3 BRI AL, T
Tm3+ F Y3 5 3K 5 X BaYZnOs ff R 45/ T0

W 2.

BaY2ZnOs: 0.1 mol% Tm3+,
6.501 mol% Yb3+

W

JCPDS No. 49-0516

X ,‘II.IIL,n it s

20 30 40 50 60 70
260/(%)

2 BaY2ZnOs: 0.1 mol% Tm3+/6.051 mol% Yb3+

HURE B E P BaY2ZnOs (1] XRD K%

Fig. 2. XRD patterns for BaY2ZnOs: 0.1 mol%

Tm3+/6.051 mol% Yb3t phosphors and the standard

card JCPDS No. 49-0516.
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0.90 A

Intensity/arb. units
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Wavelength /nm
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BRI, WOt TAEFRSN 0.40—0.90 A

Fig. 3. (color online) Up-conversion luminescence
spectra of the optimal sample measured at different

working currents of 980 nm infrared laser.

Intensity /arb. units

0.4 0.5 0.6 0.7 0.8 0.9
Current/A
4 (PTIRE) 1 0 L HHOR R A SRR 980 nm 2
ANBOL s AR HIR RO R
Fig. 4. (color online) Dependence of the integrated
intensity of blue up-conversion luminescence on the

working current of 980 nm fiber laser.
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Fig. 5. The up-conversion luminescence mechanism
of Tm3t ions sensitized by Yb3t ions pumped by
980 nm.
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WAL, AR &K RS e R (5)
B 6 (SR s AT LA, 19 BI40 ARG 2R,
A LUE s WS 1R 4, #0649 0 i 105 e
AFE 40.602 V.
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w2
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=]
3
e
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3
~
2
w AE =0.602 eV
£
=
1 1 1 1 N
300 320 340 360 380 400 420 440
Tempetature/K

6 EARFESTE 980 nm AN T Mt B R
O 9 P R P AR Ak

Fig. 6. Dependence of blue up-conversion lumines-
cence intensity on temperature under 980 nm excita-

tion for the optimal sample.
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Experimental optimal design on BaY,;ZnOs: Tm3"/Yb3+
phosphor and its up-conversion luminescence property”

Sun Jia-Shi’ Li Xiang-Ping' Wu Jin-Lei Li Shu-Wei Shi Lin-Lin Xu Sai Zhang Jin-Su
Cheng Li-Hong Chen Bao-Jiu

(Department of Physics, Dalian Maritime University, Dalian 116026, China)
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Abstract

To obtain a maximal blue up-conversion luminescence of Tm®*t /Yb*" co-doped BaY2ZnOs phosphors, orthogonal
experimental design combined with quadratic general rotary unitized design method is employed to optimize the Tm3*
and Yb®* ions doping concentration. Two sets of BaY2ZnOs:Tm?>* / Yb3+ phosphors are synthesized by the traditional
high temperature solid reaction method. The doping concentration ranges of Tm®" and Yb3' are first narrowed by
orthogonal experimental design, and then quadratic general rotary unitized design is performed and one regression
equation is established based on the experimental results from the latter design. The theoretical maximum value of
the blue up-conversion luminescence intensity and the optimal Tm3" and Yb3" doping concentrations are obtained by
genetic algorithm. The optimal sample is synthesized and its crystal structure and up-conversion luminescence properties
are investigated. It is found that the blue up-conversion luminescence originates from three photon processes under 980
nm excitation. Temperature dependent up-conversion luminescence spectra of the optimal sample show that the blue
up-conversion luminescence intensity declines with increasing temperature, implying the occurrence of thermal quenching

of up-conversion luminescence. The calculated excitation energy is about 0.602 eV.

Keywords: experimental optimal design, BaY2ZnOs, Tm®** /Yb3*t temperature quenching
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