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Hydrothermal Method and Luminescent Properties of Cays . (Yb,Tby;Nay.,),WO,
Near-Infrared Downconversion Phosphor
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(School of metallurgy and Chemistry Engineering, Jiangxi University of Science and Technology, Ganzhou, Jiangxi 341000, China)

Abstract: An efficient near-infrared (NIR) quantum cutting in Cagg_.(Yb,ThoiNag; )2 WO4(x=0~20%) phosphors
has been demonstrated, which involves the emission of two low-energy NIR photons (around 980 nm) from an
absorbed ultra-violet photon via the two cooperative energy transfer processes both from (direct) the WO,* group
to Yb* ions and (indirect) the WO,* group to Th* to Yb* ions. The dependence of Yb* doping concentration on
the visible and NIR emissions, decay lifetime, and quantum efficiencies have been investigated in detail. Yh**
concentration dependent quantum efficiency has been calculated and the maximum quantum efficiency
approaches up to 135.7%. The development of the near-infrared quantum cutting tungstates could open a route in
achieving high efficiency silicon-based solar cells by means of downconversion in ultra-violet part of the solar

spectrum to about 1 000 nm photons with a two fold increase in the photon number.
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Fig.2 Low- (a) and high-(b) magnification SEM image of the Cagga(Yb,Thy;Nag,.)2 WO, sample;
(c) EDS of sample prepared by hydrothermal method
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Table 1 Element analysis of Ca,s(Yb,,Th,Na,,),sWO,via EDS

Elements Weight percent / wt% Atomic percent / at%
(0] 20.02 64.61
Na 1.56 3.74
Ca 9.06 11.75
Th 5.72 1.89
Yb 6.16 1.87
W 57.48 16.13
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Fig.3 Excitation spectra of Cagg(Ybg,TheNags)osWO, and
Cags(YboiNay)oaWO, samples ( monitoring the
emission at 999 nm)
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Fig4 Schematic energy level diagram of WO group,
Th* and Yb* in Cagg(Yh,ThyNag,.)o WO,
phosphors (arrows stand for optical transitions
and possible energy transfer)
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Vis- (a) and NIR- (b) emission spectra of Cagg»(Yb,ThgNag ) WO, (x=0~20%) samples under 305 nm excitation
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Table 2 Decay lifetimes, energy transfer efficiencies (1) and quantum efficiencies (17¢) as a function of the Yb*

doping concentration in Cayg,(Yb,TbNay,..), WO, samples

Yb* doping concentration / at% lifetime / ms N | Yo N | %
0 1.12 0 100
5 0.94 16.1 116.1
10 0.80 28.6 128.6
15 0.79 29.5 129.5
20 0.72 35.7 135.7

{H RBLITAT Z WO Yh*S 5 B G el 5l Tk
JEVER | SEPr i T RCR AR T IR B A T I T
N

X
AR B Th*, YD XUB Z R i (14 T Usk i 26 1) B
SR BEBRLL Th B A e i O BR A s B, W] LA 3 B

%%ﬁﬁ%nm=p;(ﬁ¢o%ﬁ$%%YM%
B Th* B F 12O Ffr 0 RRBE YD E T 5
Th™ 8 F 12 e iy ,x Fon Yh* B2 i)om | 5
Hb, RGO gy, R TR g Z AR AE SR
FR10T = (1 =) + 27, 22 WS S50 7 A 24 o0 5 30 )
AB R R Th B T 1 T 20K my, B 109 R H 1
A A AT LU A4S B ngp A m, 35 2 AN
Yh 45 2% Wk B 2 G by 1 ¢ O 75 iy R RE B2 % 0 R0
N SR REE IR HL Y YL MR B K F) 10at9% 1 1k
F I KAE 35.7%, R T LB 2] &8 7 380RBEE Yb*
R EE S B, B Yh IRk B IR B 10at% it
AR ERE 135.7%.

3

% %

BZ R HKIGE G R S TR BRIE Cagsoa,
(Yb,ThoNag; .)WO, %% 6 # , JIr il % B9 Cage
(Ybo, ThoNag,)os WO, # i 75 58 S 56 (1) B ST A 3 21
Hb (999 nm) AIRFUILY LS, JEET WO F Th*H|
YR WO B Yh* A R fie it A3 38 0 98 Rl
M2k, 715 Cage(Yho ThoiNagy)es WO, 2¢ B I K it T
RORABINF) 135.7% ., I, Caggo(Yb,ThoNag; ), WO,
R R AR T B alr 20 4 RO B A 2 = b R
K FHRE F 5 A 803 O T AR AR IV

SE .

[1] Van der Zwaan B, Rabl A. Sol. Energy, 2003,74:19-31
[2] Zhang Q Y, Huang X Y. Prog. Mater. Sci., 2010,55:353-427

[3] LI Shu-Quan(ZEH 42), LIN Jian-Ming(#f & W), WU Ji-Huai
(= F W), et al. Chinese J. Inorg. Chem. (Wuji Huaxue
Xuebao), 2009,25(1):60-64

[4] LI Sheng-Jun (2= Mk 4%), LIN Yuan(#J5), YANG Shi-Wei
(% ), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2007,23(11):1965-1969

[5] Shockley W, Queisser H J. J. Appl. Phys., 1961,32:510-519

[6] Trupke T, Green M A, Wiirfel P. J. Appl. Phys., 2002,92:
1668-1674

[7] Richards B S. Solar Energy Mater. Sol. Cells 2006,90:2329-
2337

[8] Van der Ende B M, Aarts L, Meijerink A. Adv. Mater., 2009,
21:3073-3077

[9] Zhou J J, Teng Y, Ye S, et al. Opt. Mater., 2012,34:901-905

[10]Wegh R T, Donker H, Oskam K D, et al. Science, 1999,283:
663-666

[11]Sommerdijk J L, Bril A, de Jager A W. J. Lumin., 1974.8:
341-343

[12]Pappalardo R. J. Lumin., 1976,14:159-193

[13]Chen Q J, Zhang W J, Huang X Y, et al. J. Alloys Compd.,
2012,513:139-144

[14]Kodama N, Watanabe Y. Appl. Phys. Lett., 2004,84:4141

[15]Loureiro S M, Setlur A, Heward W, et al. Chem. Mater.
2005,17:3108-3113

[16]Lee T J, Luo L Y, Diau W G, et al. Appl. Phys. Lett.,
2006,89:131121

[17]Vergeer P, Vlugt T J H , Kox M H F, et al. Phys. Rev. B,
2005,71:014119-014130

[18]Zhang Q Y, Yang G F, Jiang Z H. Appl. Phys. Lett., 2007,
91:051903(5 pages)

[19]Ye S, Zhu B, Chen J, et al. Appl. Phys. Lett., 2008,92:

141112(4 pages)

[20]Chen D Q, Yu Y L, Wang Y S, et al. J. Phys. Chem. C, 2009,
113:6406-6410

[21]Yuan J L, Zeng X Y, Zhao J T, et al. J Phys. D: Appl.
Phys., 2008,41:105406(6 pages)

[22]|Wang Z F, Wang Y H, Li Y Z, et al. J Mater. Res.,



2356 TR R A AR =S %529 %
2011,26:393-396 25(1):60-64

[23]Lau M K, Hao J H. Energy Procedia, 2012,15:129-134

[24[Xie L C, Wang Y H, Zhang H J. Appl. Phys. Lett., 2009,94:
061905(7 pages)

[25]LIN Hui(##), ZHOU Sheng-Ming(Fi #:#), HOU Xiao-Rui
(16 ¥ Fii), et al. Acta Opt. Sin.(Guangxue Xuebao), 2010,30
(12):3547-3551

[26]LI Kai-Yu(ZJT5°), WANG Ru-Zhi(E 41 %), QU Ming-Hao
(M4 3%), et al. Chinese J. Lumin.(Faguang Xuebao), 2009,

[27]Chen X R, Su L, Wang Y Q, et al. Opt. Mater., 2012,34:
1102-1106

[28]Su Y G, Li L P, Li G S. Chem. Mater., 2008,20:6060-6067

[29]Liao J S, Qiu B, Wen H R, et al. Opt. Mater., 2009,31:
1513-1516

[30]YANG Shui-Jin(# 7K %), SUN Jun-Tang () 3 ), QIN Zi-Bin
(% ¥ k), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 1994,10(4):358-362





