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Abstract: The Yb*/Ho/Tm*-doped LiTaO; polycrystalline materials at various doping mole fractions were
prepared using a high-temperature solid-state synthesis method. The X-ray diffraction (XRD) patterns, ultraviolet-
visible absorption (UV-Vis) spectra, and upconversion fluorescence emission spectra of Yb*/Ho*" -doped, Yb**/Tm*'-
doped, and Yb*"/Ho**/Tm**-doped LiTaO; samples were tested. The XRD results indicate that the doped rare earth ions
have not altered the crystal structure of LiTaO3, suggesting that the rare earth ions entered the lattice by replacing the
host ions. The UV absorption edge of the samples shows a redshift followed by a blueshift with increasing mole
fractions of Ho™ or Tm**. Under excitation from a 980 nm pump source, upconversion blue light (475 nm), green light
(545 nm), and red light (663 nm and 650 nm) were observed in the visible region. The upconversion fluorescence
chromaticity can be tailored by varying the mole fractions of Ho’"/Tm’" in LiTaO;. Among the samples, the mole
fractions 2.0%Yb*/0.05%Ho0**/0.4%Tm’" doped LiTaO; polycrystalline specimen exhibits the excellent upconversion
output near the standard white light.
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BT 24 T DABE i LG40 ORI SRS . X REBIFSTHE B T R AR 4 O R G I SR Y R
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PAE M B/INIIR B R AL FRUE Y b SR Tk R R SR K A AL R R 1 A AR R S R BE B RE . O — T,
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S, SR AR R G B0 & LiTaOs 22 f, BT A8 9 J5RHL 4 Li,COs. Ta,05. HoyO3. Yb,05 Fl Tm,O; #1
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AR, 455 ¢12 mmx2 mm FIE) B J; 58 =20, B S F NI F AR E IR S b, 76 3 h IR THE 2 850 °C,
PRFFIE R 2 h, I EE T Li,CO; 2015 2] Li,0, SR )5 P 3 h % 1260 C, 1H{E 8 h, {2 fff Ta,05 5 Li,O Z i) (% [& 4H
N BN FE 4y 56 4, T AR LiTaO; 2 &, diJ B AP ¥ ) 22 2 iR I

R ZRHEEREEMBEL

Table 1 Raw material ratios of experimentally prepared samples

sample No. [Li])/[Ta] mole fraction of Ho’*/% mole fraction of Yb**/% mole fraction of Tm*/%
0.951 0.05 2.0 0
2 0.951 0.05 2.0 0.2
3 0.951 0.10 2.0 0.2
4 0.951 0.20 2.0 0.2
5 0.951 0.30 2.0 0.2
6 0.951 0 2.0 0.1
7 0.951 0.05 2.0 0.1
8 0.951 0.05 2.0 0.3
9 0.951 0.05 2.0 0.4

N T Ha5E A B LiTaO5 25 SR S 0 RS 85, SRR SSH L AR A BT, SRR S HEAT T X 4 fin i (XRD) . 51
B 2 Y X SR ATEHUR H A SHIMADZU /24 w8 il i fY9 XRD-6000 B, 3K 2% 14 4y - 76 % 38 T 6 F K0 0.15406
nm (1) Cu 8, Mo JEJ%, % HLHE A 40 KV, 45 HLIE R 30 mA, 3l o 3% Z2 41l A7 R B, 1475 Bl 20 4 10°~80 °, 2K
0.02°, = ## BN 4 (°)/min, #F 5 19 XRD ML R WA 1 Fs .
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Fig. 1 XRD pattern of LiTaO5:Yb*'/Ho*"/Tm** Fig. 2 UV absorption spectroscopy of
polycrystals LiTaO5:Yb**/Ho*"/Tm’ polycrystals
A 1 LiTaO3Yb*/Ho /Tm* % i i) XRD i ] K2 Yb*/Ho™/Tm* {57 LiTaO; 2 il Y 5 5b-n] W IOE 3
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Fig. 4 Fluorescence spectrum of Ho*'/Yb*'/Tm** doped LiTaO,
polycrystals under excitation at 980 nm Fig. 5 Upconversion luminescence mechanism of
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Fig. 6 Fluorescence decay curves of LiTa05:2.0% Yb**/0.1% Tm*" and LiTa05:2.0% Yb;,/0.05% Ho*"
&l 6 LiTa05:2.0% Yb**/0.1% Tm*Fl LiTa05:2.0% Yb**/0.05% Ho*" 1Y) %€ 3 % ik, il £&
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Fig. 7 Fluorescence decay curves of LiTa05:0.1% Ho**/2.0% Yb*/0.2% Tm®**
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400
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MR (CCT) 5 CIE AebrtAy —xE X &, nl il ad 50 (14) 7R A 207, |1
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T2 T RERL R IR DEOGHY CIE(E AN CCT B . B S i A CIE A b, 2 il Am ofe € B2 181, f H SR i FOG 8
AR W(0.333, 0.333) F b4, Qi 8 i, 45 5 i/ : Ho ™) o (1) i 43 B A 45 o 380 T 0 e Bt vl A e 4, 186
T 4) 5t 4 & 43 5000 el 2 559 1 9 2 D6 10 €0 bl el 8 1, v 9 S5 R o 1) €8 JRL ML 4650 K, 8 4 45 (0,356, 0.361) 5
Ot W s

% 2 LiTaO;:Ho* /YD /Tm* % & F## X 9 ik B CIE & fF 4 4R

Table 2 CIE coordinates of upconversion fluorescence spectrum of LiTaO;:Ho*/Yb*/Tm*" polycrystals

sample No. CIE(x, y) TJ/K
2 (0.334, 0.423) 5463
3 (0.337,0.433) 5383
4 (0.349, 0.452) 5098
5 (0.353, 0.481) 5052
7 (0.334, 0.485) 5447
8 (0.341, 0.403) 5243
9 (0.356, 0.361) 4650
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BB T SR R A Li 5 Ta, (0 &R 454 K A AR AR BT B
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I%Jj TR R H (Ho¥-Tm™) X L3 B IO € BEATIRF 9 Fig. 8 CIE coordinate diagram of LiTaO; polycrystals with
P ER . BCH A LiTaO5: 2.0% Yb*7/0.05% Ho*/0.4% Tm* fif different doping mole fractions of Yb**/Ho'Tm’" ions

i B DO RO AR E D6 R, IR i S 18 B 8 N[ H A9 41 4L Y Ho™ T 5 4% LiTaO; £ fh I
A PR BOCIE BB RE, T = 4 B | G G IR % 4 PRI CIE A

S E k-

[1]  Chen W Q, Jo D S, Song Y H, et al. Synthesis and photoluminescence properties of YAG: Ce*" phosphor using a liquid-phase precursor method[J]. Journal of

121005-6


https://doi.org/10.1016/j.jlumin.2013.10.006

ik ¥, 4 YB/HO'/Tm™ =45 7% LiTaO; £ MR b 4% ek o ke

(2]
(3]

(4]

(5]

(6]

(7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Luminescence, 2014, 147: 304-309.

Uchida Y, Taguch T. Lighting theory and luminous characteristics of white light-emitting diodes[J]. Optical Engineering, 2005, 44: 124003.

Li Jiaojiao, Yang Liwen, Zhang Yanliang, et al. Pump-power tunable white upconversion emission in lanthanide-doped hexagonal NaYF, nanorods[J]. Optical
Materials, 2011, 33(6): 882-887.

Zheng Kezhi, Zhang Daisheng, Zhao Dan, et al. Bright white upconversion emission from Yb*', Er’*, and Tm**-codoped Gd,O; nanotubes[J]. Physical
Chemistry Chemical Physics, 2010, 12(27): 7620-7625.

Xing Lili, Yang Weiqi, Lin Jincheng, et al. Enhanced and stable upconverted white-light emission in Ho*'/Yb*'/Tm*'-doped LiNbO; single crystal via Mg** ion
doping [J]. Scientific Reports, 2017, 7: 14725.

Xing Lili, Wang Rui, Xu Wei, et al. Upconversion white-light emission in Ho*/Yb*/Tm* codoped LiNbO; polycrystals[J]. Journal of Luminescence, 2012,
132(6): 1568-1574.

Xing Lili, Wu Xiaohong, Wang Rui, et al. Upconversion white-light emission in Ho*/Yb*/Tm*" tridoped LiNbO; single crystal[J]. Optics Letters, 2012,
37(17): 3537-3539.

Kostritskii S M, Maring D B, Tavlykaev R F, et al. Energy transfer upconversion in Er-doped LiTaO;[J]. Applied Physics Letters, 2000, 76(16): 2161-2163.
AIET, A, B HRE, 5. Yb: Er: Tm: LiTaO5 A9 FF# & FOGIEREW ST (7], " RS £2%4), 2011, 29(1): 78-81. (Shi Liansheng, Wen Meng, Qian Yannan,
etal. Tm: Yb: Er: LiTaOs upconversion properties of white light[J]. Journal of the Chinese Society of Rare Earths, 2011, 29(1): 78-81)

Shi Liansheng, Li Chaofeng, Shen Qinyun, et al. White upconversion emission in Er*/Yb*/Tm* codoped LiTaO; polycrystals[J]. Journal of Alloys and
Compounds, 2014, 591: 105-109.

Xing Lili, Xu Yanling, Wang Rui, et al. Highly sensitive optical thermometry based on upconversion emissions in Tm**/Yb*" codoped LiNbOj single crystal[J].
Optics Letters, 2014, 39(3): 454-457.

JIEREN. Ho: Yb: Tm: LiNbO; 2 5640 FOGPEREIISE [D]. MAJRIE: M/RIE Tk K%, 2010: 38-42. (Xing Lili. Study on the upconversion white light
properties of Ho: Yb: Tm: LiNbOj; polycrystals [D]. Harbin: Harbin Institute of Technology, 2010: 38-42)

Fukushima S, Furukawa T, Niioka H, et al. Y,O;: Tm, Yb nanophosphors for correlative upconversion luminescence and cathodoluminescence imaging[J].
Micron, 2014, 67: 90-95.

Lim C S, Aleksandrovsky A S, Molokeev M S, et al. The modulated structure and frequency upconversion properties of CaLa,(M0O,),: Ho*'/Yb*" phosphors
prepared by microwave synthesis[J]. Physical Chemistry Chemical Physics, 2015, 17(29): 19278-19287.

T, M B & e R AOBFSE S R LI]. T IN4E T, 2014, 42(11): 32-34. (Wang Wei. Research and application of rare earth up conversion luminescent
materials [J]. Guangzhou Chemical Industry, 2014, 42(11): 32-34)

FHETL, B, ERHAA, 4. Ho® /YD /Ce® =1L iSO EIIIFE 1], il 5745, 2011, 33(5): 771-774. (Shi Liansheng, Hao Ming, Qian Yannan, et
al. Investigation of green upconversion emission in tridoping with Ce®* ions in Ho*"/Yb**-codoped LiTaOj; polycrystals[J]. Piezoelectrics & Acoustooptics,
2011, 33(5): 771-774)

Lakshminarayana G, Yang Hucheng, Qiu Jianrong. White light emission from Tm*/Dy*" co-doped oxyfluoride germanate glasses under UV light excitation[J].

Journal of Solid State Chemistry, 2009, 182(4): 669-676.

121005-7


https://doi.org/10.1016/j.jlumin.2013.10.006
https://doi.org/10.1117/1.2131071
https://doi.org/10.1016/j.optmat.2011.01.016
https://doi.org/10.1016/j.optmat.2011.01.016
https://doi.org/10.1039/b922230h
https://doi.org/10.1039/b922230h
https://doi.org/10.1038/s41598-017-15367-9
https://doi.org/10.1016/j.jlumin.2012.01.053
https://doi.org/10.1364/OL.37.003537
https://doi.org/10.1063/1.126285
https://doi.org/10.1016/j.jallcom.2013.12.234
https://doi.org/10.1016/j.jallcom.2013.12.234
https://doi.org/10.1364/OL.39.000454
https://doi.org/10.1016/j.micron.2014.07.002
https://doi.org/10.1039/C5CP03054D
https://doi.org/10.3969/j.issn.1001-9677.2014.11.012
https://doi.org/10.3969/j.issn.1001-9677.2014.11.012
https://doi.org/10.3969/j.issn.1004-2474.2011.05.025
https://doi.org/10.3969/j.issn.1004-2474.2011.05.025
https://doi.org/10.1016/j.jssc.2008.11.020

	1 实验方法
	2 结果与分析
	3 结　论
	参考文献

