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Table 1. Tm*"/Yb*" Uy(9?) experimental design and in-
tegrated intensity.

Factors

No- Tm?**/mol% Yb**/mol% U/ (arb. units)
1 1(0.1) 4 (6.25) 14548.3
2 2(0.9625) 8 (13.25) 10832.1
3 3(1.825) 3 (4.5) 16268.4
4 4(2.6875) 7 (11.5) 27236.0
5 5 (3.55) 2 (2.75) 7918.2
6 6(4.4125) 6 (9.75) 10844.0
7 7(5.275) 1(1) 2176.0
8 8(6.1375) 5 (8) 7370.5
9 9 (7) 9 (15) 7673.2

Er 4t e S A BRI R B, ATy
K Er?t /YD Bk EEF SR I, Bl i 2
) Uy (1109) 395330 R 5026080 7 8, % & 4Pk
T EOLI B BB TN g e 51, A3 2 BT 5.
SIATRT R, 5 2, 4 A7 SRR, R A A R
O I R T RBAEAE A S B S BB 5%
WK R A K Erdt /YB3 3640 k6 SCHER (28],
Erdt, Yb3EE IR UK BE KB E N 5%, 12%, 454
W= AFES R Erdt, YR R E R, B E IEAC
Z WA NH B e A & Bt Evdt, YbHEERik
PG AR 5%—12%, 12%—25%.
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# 2 Er¥t/Yb3 Uy (112) iR56 7 A Ao 5
Table 2.  Er**/Yb%* U;(11%) experimental design

and integrated intensity.

Factors
Er**/mol%  Yb3"/mol% g /(arb- i)
1 1(1) 7 (32) 2615.08
2 2 (3.9) 3 (14) 65415.60
3 3 (6.8) 10 (45.5) 13779.16
4 4 (9.7) 6 (27.5) 67919.49
5 5 (12.6) 2 (9.5) 53751.00
6 6 (15.5) 9 (41) 27765.73
7 7 (18.4) 5 (23) 60404.28
8 8 (21.3) 1(5) 27232.45
9 9 (24.2) 8 (36.5) 25725.90
10 10 (27.1) 4 (18.5) 45363.83
11 11 (30) 11 (50) 5775.05

2.2.2  URiB Rae sk Akt
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Table 3.  Tm?"/Yb* natural factors level and coding
table.

() 2 2]
(2
e Tm?**/mol% Yb** /mol%
r(225) 0.4 20
1(Zoj + Aj) 0.3444 18.5361
0(z0) 0.21 15
—1(z05 — Aj) 0.0756 11.4639
—r(z15) 0.02 10
A = (225 — 21;)/2r 0.1344 3.5361
Zj — 20j z1 —0.21 zo — 15
Tj =~ xr1 = Tro =
Aj 0.1344 3.5361
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Table 4.  Tm3'/Yb3" scheme of quadratic general
rotary unitized design and blue luminescence integ-

rated results.

No. Factors Yo int /
zo z1(21)z2(22) T122 23 z3 (arb. units)
1 1 1 1 1 1 1 103074.268
2 1 1 -1 -1 1 1 82246.127
3 1 -1 1 -1 1 1 52874.380
4 1 -1 -1 1 1 1 59604.598
5 1 r 0 0 2 0 99703.531
6 1 -r 0 0 72 0 52894.450
7 1 0 r 0 0 2 102782.281
8 1 0 -r 0 0 72 92052.066
9 1 0 0 0 0 0 91641.231
10 1 0 0 0 0 0 119721.420
11 1 0 0 0 0 0 107477.062
12 1 0 0 0 0 0 102883.388
13 1 0 0 0 0 0 100900.284
223 ZAZREXSZHAKXF R
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SR B (R SE MR BN AR T B Ze e e &R, .k Imle
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& HZ AR 3 IROC R, ¥ ¥ 5 it 01 L i e
) Exrst, Y3 ik FEYE AT 4 /K145 8] B 2 i,
R 2, » e BB 1R, 2K, 3 RIER LA 11K
HIAE HAEH.

AR AR IR, 26 4 51K oy, HJF 751
FHEE 2, % B 1R, 2K, 3 REI L 32 HAE
M2, e —F kS RS EESCBR i
B[R FI 2645 4 K 16 4R, P& 4 4
Hut SRR, 3t 20 4 EAA EAR B AR TR,
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311 ZURGE Flae sk ARt 48 R AR
MR 4 35 AE R L Rk h ok
W BERUT S5 yy e, WUIFAE A TR R B, A
F g2 8] H ) o0 R [l 5
Toue = 104524.68 4 17378.68z1 + 3658.81,
+6889.59 15 — 171503827 —6591.2923. (1)
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# 5 Er’/YbHIERZ WA MIH B HAETr 58 MR 45
Table 5. Er®"/Yb?* scheme of orthogonal polynomial regression design and green luminescence integrated results.

o, scheme P T A N U T R Yo in /
2 2o (1) (21) (21) (2) (2) (2) (212) (arb. unit)

1 5 12 1 -1 1 -1 -3 1 -1 3 38813.91
2 5 16.33 1 -1 1 -1 -1 -1 3 1 43767.25
3 5 20.67 1 -1 1 -1 1 -1 -3 -1 39883.01
4 5 25 1 -1 1 -1 3 1 1 -3 34969.53
5 7.33 12 1 0 -2 3 -3 1 -1 0 49578.38
6 7.33 16.33 1 0 -2 3 -1 -1 3 0 62691.10
7 7.33 20.67 1 0 -2 3 1 -1 -3 0 56730.83
8 7.33 25 1 0 -2 3 3 1 1 0 49814.24
9 9.67 12 1 1 1 -3 -3 1 -1 -3 39812.41
10 9.67 16.33 1 1 1 -3 -1 -1 3 -1 52462.51
11 9.67 20.67 1 1 1 -3 1 -1 -3 1 50272.68
12 9.67 25 1 1 1 -3 3 1 1 3 38264.82
13 12 12 1 3 1 1 -3 1 -1 3 54874.82
14 12 16.33 1 3 1 1 -1 -1 3 -9 56897.90
15 12 20.67 1 3 1 1 1 -1 -3 3 50154.07
16 12 25 1 3 1 1 3 1 1 9 48139.09
17 7.33 16.33 — — — — — — — — 61723.89
18 7.33 16.33 — — — — — — — — 58839.98
19 7.33 16.33 — — — — — — — — 64899.02
20 7.33 16.33 — — — — — — — — 63139.10
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#6
Table 6.
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Rotary unitized design F-variance test and sig-

nificant analysis.
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Fig. 1. Relationship between Tm?"/Yb3* co-doped concen-

tration and blue emission intensity.
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Fig. 2. (a) Emission spectra of rotary unitized design experimental point (sort by integrated results); (b) emission spectra of No.

10 and optimized sample under same excitation power.
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Table 7. Orthogonal polynomial regression design F-vari-
ance test and significant analysis.
HHEBH W22 Porf AmE Fiy B«
S 900041174.40 7 12.06 0.01
Sk 85273837.77 8
Se 20165233.95 3 0.38 0.01
Si 985315012.10 15
%o 61434.84
Yo 63027.40

B [T R (4) 76 R Z K A A8 =4k il
T AN 3. Y3 i il ) £ = O SR AEAFAE
ME— T, Erd e ERIEH N R 3 IRC R, X
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Fig. 3. Relationship between Er**/Yb?* co-doped concentra-

tion and green emission intensity.
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Fig. 4. (a) Emission spectra of orthogonal polynomial regression design experimental point (sort by integrated results). (b) emission

spectra of No. 20 and optimized sample under same excitation power.

163301-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 16 (2022)

163301

6.5 mol% Er3*, 15.4 mol% Yb3+, 6 mol% Lit 7

(e) (e)
3? 0.29 mol% Tm3+, 17.06 mol% Yb3+, 6 mol% Li™| ]
a
5 |(d) (d)
¥ G W A [0
f; © 6 mol% Li+

c c
W
2 0 mol% Lit
E | (b) (b)

‘ | JCPDS card No. 24-0441
a
=) , L RPN DN NI O 1) ) 71 7 |
20 30 40 50 60 70 32 34 36

20/(°)

20/(°)

B 5 GdTaO, ZFIFE M XRD K% 5 kR JCPDS#24-0441
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Abstract

In order to obtain the maximum characteristic intensities of the up-conversion luminescence in
GdTaO4;RE/Yb(RE = Tm, Er) series, we establish the regression equation between the luminescent intensity of
the phosphors and the rare earth doping concentration upon the 980 nm laser excitation based on the
experimental optimization design. The Tm3*/Yb?** doping samples are combined with the uniform design and
quadratic general rotation combination design, meanwhile the Er3*/Yb*+ doping samples are optimized by the
uniform design and cubic orthogonal phosphor step by step. The relationship between concentration and
luminous intensity is analyzed. The results show that the changes of concentration of RE3* (RE = Tm, Er) and
Yb?+ can exert a significant effect on luminous intensity, and there exist extreme points of luminescent intensity
in the test space. By solving the regression equation, we obtain the optimal doping concentration. The optimal
samples are also prepared by the high-temperature solid state method. The XRD diffraction patterns of the
optimal samples are analyzed. The results show that the samples are of pure phase, the doping of Li* flux will
inhibit the generation of reaction impurity phase, and the doping of rare earth will shift the diffraction peak to
a high angle, with the peak shape remaining unchanged. The relationship between excitation power and
luminescent intensity is analyzed. The results show that the blue light emission of Tm?**/Yb?** co-doped
phosphor is a three-photon process, and the green light emission of Er3*/Yb3* co-coped phosphor is a two-
photon process. The relationship between sample temperature and luminescent intensity is analyzed. The
luminescent intensity of the sample decreases with the increase of the temperature, indicating temperature

quenching. Finally, the quenching activated energy of the sample is calculated.

Keywords: up-conversion, quadratic general rotary unitized design, orthogonal polynomial regression design,
GdTaO4RE/Yb(RE = Tm, Er)
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