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Table 1.  Uniform experimental design.

HERE 2 (Er*)/ z (Yb*)/

Y155
J—‘%‘% mol% mol% Y1550 nm Y980 nm

1 1(1) 4(5.125) 33282 620334
2 2(2)  8(10.625) 11605.2  101937.9
3 3(3) 3(3.75)  32949.3 904715
4 4(4) 7(9.25)  38447.2 998228
5 5(5) 2(2.375) 794169  69237.5
6 6(6) 6(7.875)  145038.5  123959.0
7 7(7) 1(1) 132225.6  38588.2
8 8(8) 5(6.5)  155258.0  112564.1
9 9(9) 9(12)  105986.7  75933.5
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PR AR AR BT, JFAF & LRG0 K, Rt
TEATH E g, 72 2 Bk —UGE R 44
W R iR, —UGE e 4 &3 g m
FRGER MY T 3. bt 13 4URE 8, I
3 DR B LLOGER A A TR A, AR TR 70l
Y1550 nm» Y980 nm ﬂe%éi_\.
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Table 2.  Natural factors level codes.
z(x) 2 (Er’t)/mol%  2(Yb*')/mol%
%(2) 9 9
25+ A;(1) 8.2680 8.2680
Z(ij(o) 6.5 6.5
25— A;(-1) 4.7320 4.7320
2/(-2) 4 4
A = 225 — 21y 1.7680 1.7680
7 2r
Zj — 20; z1 — 6.5 z9 — 6.5
xz; = = xro =
Aj 1.7680 1.7680
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— 8742.68x3. (2)
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Y1550 nm = 119201.32 4 8716.1221 4 3612.18x9

— 3697.04x 129 — 2643.573, (3)
Yos0 nm = 86523.21 — 3990.74z; + 10891.21x9
— 7403.8527 — 8742.68x3. (4)

M2 2, nIAF A ARZS ] A5 FE
Y1550 nm — — 11824.82 + 126177521 + 207249722

— 1182.742; 25 — 845.7022, (5)
Yos0 am = — 157089.70 4 28534.69z, + 42520.152,
— 2368.6127 — 2796.9223. (6)

I 3845 S 0 R bR O R A SR A%
1550 nm O & T At LFES Erdt, Yb*+E
FHE 4K 8.95%, 6.00%; 980 nm G & T
LI RS B, YD B 73 4 3 R 6.02%,

£ 3 ZYCHHIBERE A G BRI T B LD KOG
Table 3. Red luminescence intensity and experiment scheme of quadratic general rotary unitized design.

i Ty ! T 11T 7 z’ Y1550 nm Y980 nm
1 1 1 1 1 1 1 129443 76365
2 1 1 -1 -1 1 1 124201 54268
3 1 -1 1 -1 1 1 120440 89291
4 1 -1 -1 1 1 1 100410 65430
5 1 1.414 0 0 2 0 127744 67758
6 1 -1.414 0 0 2 0 101623 73300
7 1 0 1.414 0 0 2 112067 82410
8 1 0 -1.414 0 0 2 109503 53292
9 1 0 0 0 0 0 120229 86752
10 1 0 0 0 0 0 123993 80120
11 1 0 0 0 0 0 124176 82245
12 1 0 0 0 0 0 118780 96762
13 1 0 0 0 0 0 108829 86738
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T-test and F-test with analysis of variance of red light.

FEFKIE mZEEITAL mZEErA2 HdE

HEIT R P SRR P REWK e, BEWAK e, BEMEL BEE2

% — — 1 42.61
7 — — 1 2.30
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Fig. 1. Up-conversion emission spectra of Er**/Yb** co-doped BasGdgZn O, phosphor under 1550 nm laser excitation. Inset pic-

ture shows the luminescence intensity of No. 1 sample and the optimal sample for comparison.
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Fig. 2. Up-conversion emission spectra of Er**/Yb*t co-doped BasGdgZn,0,; phosphor under 980 nm laser excitation. Inset picture

shows the luminescence intensity of No. 3 sample and the optimal sample for comparison.
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Fig. 3. XRD patterns of samples, and standard peaks of
BagGdsZn 0, (JCPDS No.51-1686) are included for com-

parison.
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Fig. 4. Dependence of the integrated intensity of up-conver-

sion luminescence on laser working current.
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Fig. 6. Dependence of red up-conversion luminescence intensity compared with commercial phosphor of NaYF, under (a), (b) 980 nm

and (c), (d) 1550 nm excitation for optimal samples.
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Experimental optimal design of Er**/Yb3* co-doped
Ba;GdgZn,0,; phosphor and red upconversion
luminescence properties”

Zhao Yue Yang Fan  Sun Jia-Shi’ Li Xiang-Ping Zhang Jin-Su
Zhang Xi-Zhen  Xu Sai  Cheng Li-Hong  Chen Bao-Jiu

(College of Science, Dalian Maritime University, Dalian 116026, China)
( Received 4 August 2019; revised manuscript received 29 August 2019 )

Abstract

In order to obtain the Er**/Yb3* co-doped BayGdgZn,O,; up-conversion phosphor material with maximum
red luminous intensity, three steps are adopted as follows. Firstly, the uniform design in the experimental
optimal design is used to find the reasonable doping concentration of Er3*/Yb?*. Secondly, according to the
quadratic general rotary unitized design, the regression equation of the red luminescence intensity of Er*t/Yb?*
co-doped BazGdgZn,O,; under 980 nm and 1550 nm excitations is established. Finally, the optimal solution of
the regression equation is obtained by genetic algorithm. The BayGdgZn,O,;:Er®*/Yb3*+ phosphors are prepared
by a high-temperature solid-phase method. The crystal structure for each of the prepared phosphors is analyzed
by X-ray diffraction, and it is confirmed that the prepared phosphor samples of BasGdgZn,O,; are all in pure
phase. Using the 980 nm laser as an excitation source, the relationship between the red up-conversion
luminescence intensity of the optimal sample and the operating current of the laser is studied. It is found that
the red luminescence is emitted through a double-photon process by the formula fitting analysis. Using the 1550 nm
laser as the excitation source, it is found that red luminescence is emitted through a three-photon process. The
up-conversion emission spectrum of the optimal sample with respect to temperature is measured and discussed,
and it is found that the red up-conversion luminescence intensity of the sample is weakened as the temperature
increases. The optimal samples are compared with the commercial phosphors of NaYF,:Er®*/Yb?* under the
980 nm and 1550 nm excitation respectively, the luminescence intensity of the optimal sample is much stronger
than that of the commercial phosphor of NaYF,:Er®*/Yb3*. Moreover, under the same power density excitation,

the red up conversion luminescence intensity of the optimal sample at 980 nm is stronger than that at 1550 nm.

Keywords: uniform experimental design, experiment scheme of quadratic general rotary unitized design, red

up-conversion luminescence, BasGdgZn, 0, :Er3*/Yb3+
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