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材料合成及性能

Yb3+/Er3+共掺BaGd2O4
荧光粉的制备及其上转换发光性质

杨艳民, 张娇, 苏献园, 米超, 李晓红, 于芳, 李志强

河北大学 物理科学与技术学院, 河北 保定 071002

摘要： 采用溶胶-凝胶法制备了Yb3+/Er3+共掺杂BaGd2O4
上转换荧光粉。研究了退火温度对BaGd2O4

晶体结构的影响，以及

Yb3+/Er3+共掺杂的BaGd2O4
荧光粉在971 nm LED激发下，激发密度与上转换发射光功率及效率的关系。研究结果表明，尽管

BaGd2O4
与目前报道效率最高的Yb3+/Er3+共掺杂BaGd2ZnO5

基质的最高声子能量相同，但光-光转换效率却相差82倍，极值量

子效率相差7.8倍。结论认为，在声子能量不是很高的情况下，材料结构是影响上转换效率的主要因素。
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Synthesis and Characterization of Up-conversion Luminescence Material Er3+/Yb3+ Co-doped 
BaGd2O4
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Abstract: Yb3+/Er3+ co-doped BaGd2O4 phosphors were prepared by the sol-gel method. The influence of 
annealing temperature on BaGd2O4 crystal structure was investigated. Under 971 nm excitation, the 
dependence of the emission power and the up-conversion efficiency on the excitation density was studied. 
The obtained data show that the light conversion and absolute quantum efficiency of BaGd2O4:Yb3+,Er3+ are 
82 and 7.8 times smaller than that of BaGd2ZnO5:Yb3+,Er3+, respectively. But the phonon energy of BaGd2O4 
is almost the same with that of BaGd2ZnO5:Yb3+,Er3+ which possesses the highest efficiency as ever 
reported. So, we can conclude that the material structure is the main influencing factor on the up-conversion 
efficiency when the phonon energy of the host is not very high.

Keywords: up-conversion   BaGd2O4   efficiency   Yb3+/Er3+   

收稿日期 2013-07-20 修回日期 2013-08-19 网络版发布日期  

基金项目: 

国家自然科学基金（50902042）；河北省自然科学基金（E2010000283）；中国博士后科研基金（20100480840）资助项目 

通讯作者: 李晓红，E-mail：mihuyym@163.com

作者简介: 杨艳民（1972- ），男，内蒙古赤峰人，博士后，副教授，主要从事无机发光材料的制备与性质的研究。E-mail：
mihuyym@163.com，Tel：（0312）5079423 

作者Email: mihuyym@163.com 

参考文献：

[1] ZHANG R R, Gao Y, Tang B. Lanthanide-doped fluoride nanoparticles:Up-conversion luminesence and 

biological applications[J]. J. Anal. Sci.(分析科学学报), 2010, 26(3):353-357 (in Chinese).

[2] Pollnau M, Gamelin D R, Luthi S R, et al. Power dependence of upconversion luminescence in lanthanide 

and transition metal-ion systems[J]. Phys. Rev. B.2000, 61(5):3337-3346

[3] Wang F, Deng R R, Wang J, et al. Tuning upconversion through energy migration in core-shell 

nanoparticles[J]. Nat. Mater., 2011, 10(12):968-973.

[4] Yang J, Zhang C M, Peng C, et al. Controllable red, green, blue (RGB) and bright white upconversion 

luminescence of Lu2O3:Yb3+/Er3+/Tm3+ nanocrystals through single laser excitation at 980 nm[J]. Chem. 

Eur. J., 2009, 15(18):4649-4655.

[5] Wang F, Banerjee D, Liu Y S, et al. Upconversion nanoparticles in biological labeling, imaging, and therapy

[J]. Analyst, 2010, 135(8):1839-1854.

[6] Li H, Yang K S, Qi N, et al. Preparation and luminescence properties of Yb3+/Er3+-codoped oxyfluoride 

glass ceramics[J]. Chin. Opt.(中国光学), 2011, 4(6):672-677 (in Chinese).

[7] Yu Z Z, Yang Q B, Xu C F, et al. Upconversion white-light emitting of Tm3+ and Er3+codoped oxy fluoride 

and its achieving mechanism[J]. Mater. Res. Bull., 2009, 44(7):1576-1580.

[8] Yang Z M, Jiang Z H. Frequency upconversion emissions in layered lead-germanate-tellurite glasses for 

three-color display[J]. J. Non-Cryst. Solids, 2005, 351(30-32):2576-2580.

[9] Zhang C M, Ma P A, Li C X, et al. Controllable and white upconversion luminescence in BaYF5:Ln3+ (Ln=Yb, 

Er, Tm) nanocrystals[J]. J. Mater. Chem., 2011, 21(3):717-723.

本刊中的类似文章

1. 基于ZEMAX高功率半导体激光器光纤耦合设计

[J]. 2013,34(9): 1208-1212

2. CdWO4
：Yb3+,Ho3+纳米晶的制备及发光性能

研究[J]. 2013,34(9): 1183-1187

3. Tb3+、Yb3+共掺BaGd2ZnO5
荧光粉的制备及

其近红外量子剪裁研究[J]. 2013,34(9): 1173-

1177

4. In含量对InGaN/GaN LED光电性能的影响[J]. 

2013,34(9): 1233-1239

5. 稀土掺杂的NaGdF4
上转换发光材料的合成与发

光特性研究[J]. 2013,34(8): 982-987

6. InxGa1-xN量子阱蓝光LED光电特性与量子阱束

缚态能级的关系[J]. 2013,34(7): 911-917

7. 非对称ZnO/ZnMgO双量子阱内量子效率的提高

[J]. 2013,34(7): 872-876

8. 硅太阳电池表面多孔硅的制备与作用[J]. 

2013,34(6): 758-762

9. 基于光栅结构的砷化镓高效率吸收层设计[J]. 

2013,34(6): 769-775

10.Ag纳米晶对Tm/Yb共掺碲酸盐玻璃上转换发光性

能的影响[J]. 2013,34(5): 559-564

11.线阵探测器KLI-2113总剂量辐照性能试验分析

[J]. 2013,34(5): 611-616

12.新型电子阻挡层结构对蓝光InGaN发光二极管性

能的提高[J]. 2013,34(3): 345-350

13.不同玻璃组分对β-NaYF4:Yb3+,Er3+/Tm3+粉

体的侵蚀性研究及对发光性能的影响[J]. 

2013,34(3): 282-291

14.Cu2O-ZnO异质结太阳能电池的制备及光电性能

研究[J]. 2013,34(2): 197-201

15.NaYF4
∶Yb3+,Tm3+负载壳聚糖微球的制备及

发光性质研究[J]. 2013,34(2): 160-164

16.荧光染料掺杂的高效率、高亮度白色有机电致发

光器件[J]. 2013,34(12): 1603-1606

17.利用PC2D优化高方阻均匀发射极电池的栅线电

极[J]. 2013,34(12): 1613-1617

18.基于表面等离子激元的双金属光栅结构提高LED

光提取效率的研究[J]. 2013,34(12): 1624-

1630

19.退火温度对聚对苯乙炔MOPPV-ZnSe量子点复

合材料太阳电池性能影响[J]. 2013,34(11): 

1511-1516

20.CdSe/ZnSe/ZnS量子点在单晶太阳能电池中的



[10] Sural M, Ghosh A. New fluoride glasses in the system ZnF2-AlF3-PbF2-LiF[J]. Mater. Sci. Lett., 2000, 19

(1):41-43.

[11] Zhao S L, Hou Y B, Dong J F, et al. Upconversion luminescence of rare earth ions[J]. Semicond. Optoelect.

(半导体光电), 2000, 21(4):241-244 (in Chinese).

[12] Lecuna R C, Podriguez M R, Valiente R, et al. Origin of the high upconversion green luminescence 

efficiency in β-NaY4: 2%Er3+, 20%Yb3+[J]. Chem. Mater., 2011, 23(15):3442-3448.

[13] Pan Z, Morgan S H, Loper A, et al. Infrared to visible upconversion in Er3+doped-lead-germanate glass: 

Effects of Er3+ ion concentration[J]. J. Appl. Phys., 1995, 77:4688-4692.

[14] Pokhrel M, Gangadharan A K, Sardar D K. High upconversion quantum yield at low pump threshold in 

Er3+/Yb3+ doped La2O2S phosphor[J]. Mater. Lett., 2013, 99(1):86-89.

[15] Yang Y M, Jiao F Y, Su H X, et al. Preparation and up-conversion efficiencies of Yb3+, Er3+ co-doped 
BaGd2ZnO5[J]. Chin.J. Lumin.(发光学报), 2012, 33(12):1319-1323 (in Chinese).

[16] Etchart I, Huignard A, Berard M, et al. Oxide phosphors for efficient light upconversion: Yb3+ and Er3+ co-
doped Ln2BaZnO5(Ln=Y, Gd)[J]. J. Mater. Chem., 2010, 20(19):3989-3994.

[17] Shinn M D, Sibley W A, Drexhage M G, et al. Optical transitions of Er3+ ions in fluorozirconate glass[J]. 

Phys. Rev. B.1983, 27(11):6635-6648

[18] Etchart I. Metal Oxides of Efficient Infrared to Visible Upconversion. England: University of Cambridge, 

2010:129.

 

Copyright by 发光学报

应用[J]. 2013,34(10): 1358-1361


