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Near-infrared emission properties of Yb’* ions sensitized
by Cr'* ions in YAG powder materials
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Abstract; YAG:0.02Cr’", yYb’* powder samples are prepared by high temperature solid-phase reaction
method in this paper. Near-infrared emission properties of these powder materials are investigated including e-
mission properties of Cr’* and Yb'* | luminescence lifetimes of Cr’*:*T, and Yb**:?F;,, and comparison of
their population time. Optimal doping concentration of Yb*'* (10% ) is given. Experiments indicate that the
broadband spectral conversion makes the Yb**:*F,,—’F, , radiation transition obtain a favorable increase a-
round 1 000 nm by the efficient energy transfer from Cr’* to Yb’* , which laids a solid foundation to enhance
solar photovoltaic conversion efficiency.
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Fig.2 Vis(a) and NIR(b) emission spectra in Y, Al

0,,:0.02Cr** ,yYb** sample(y =0.05, 0. 10,

0.20) under 590 nm excitation

BT OO T A YD R, 7 F,, BT AR ST
M, M 3(a) TREEFE S, YD ' B 4= M5
Cr' " [*T, RE A4S 4 0T BR AT 75 i B 8 F B, 4K,
Yb'*2F,,—7F, , i NIR & 5 B 5 KT CF il
Yb' R R A T AR RS, 535, K 3 (a)
ik e E— 2 F 2], YL B A1 o’ iy
YT, REASHR SR P2 2E 0. 08 F11 0. 48 ms AYRLFE %L
TEAT ] By, &5 AT 2 (a) PREGAR AL, AN
590 nm YR BN 1 SR BT, AR A, P AE A #1
- e TR A R o R AR T, T, FPE BB
R fE . I, IEG0E 2 (a) B, B EH T G '

T, A, AT, A P E— A, BOHR S BR AT R SR
REASBOULER 2 1 YD 4B 4R 1S Cr 1 RS 3R
B4y Yb'-Cr YRR YT -Cr Y AN R
AR ErG . AN 3 (a) PR, C " 46 5T BRAT
TR P PR A S ] 18650 2 43 SRR T Crigs e ooy



606 DG

%8 &

: 4T2_’4A2 %n CI‘;;*-Cﬂ +.Y3+ : 4T2 _>4 A2 %ETJ‘EEEZ%ETJ‘
b,

) . (a)
A 15390 nm; A, 710 nm
Y, ALO,:0.02C7,0.10Y b
Y ALO,,: 0020
=]
K
E L =133 ms
=008 ms; t=048 ms
0 2 4 6
t/ms
A 5390 nm: A, 710 nm b
Y,ALO,:0.02C57,0.10Y b (®)
=028 ms om !
7=1.29ms 20000
=]
=
=
3
020 025 030 035
1ms . .
0 1 2 3 4 5

t/ms

B3 Y, Al;0,:0.02C°" Fl Y, Al;0,,:0.02Cr ",
0. 10Yh* " BEfh A7 590 nm JE#L & [ €7 14T,
—*A, (a) F1 Yb** :2F,,—2F,, (b) fBETBR T
fit v it 2k

Fig.3 Decay curves of Cr'*:*T,—*A, (a) and Yb**
: ’F,,, —* F,, radiation transition ( b) in
Y,AL,0,,:0.02Cr** and Y, Al;0,,:0.02Cr* ",

0. 10Yb** samples under 590 nm excitation

SE Ik

2D, IR 3 (b) 2T BT R, A
Cr' " 2] Yb** WRERAGEEANE Y °F, , BB RR R
T RSB R , B, an sl 3 (b) WA BRI Ak
FIEREN O E/aHLRE T, AP E R fL
BRI AR I 2 A YO B R PR A S s [
YRIRT Crias eyt 1T, BEAS, MU 18 19 A
JEIHE SRR T Crigae oeyee - E BEASN XA A
F Cilfie ey T M Cryfe ey - E BESR
SR A A AN TR [ A& 3 (a) 1, AT Al i A
R B AT R YD B, BEUR R H XUE KL
BHE Y, 4N, YD' * [P F,, BE S 5t BR AT 2 08
ikt R 0,28 F1 1.29 ms Y RUFE 0w el it
() 153

4 % @

ARICTE YAG:0. 02Cr** | yYb** B Sk ) o £
BT CF YR Z R RE L i AR A nT WO
WA T AN T YO ' (B4 Xt H NIR & 61 i
M, 25T YD T HE NIR & OGHR )5 4% 5t
H10% , SEEF W] Wi U 4R kY Re’ " BB
ST A A% Mo 8 AT L OG B #e  NIR 6, 7E
YAG:0.02Cr**,0. 10YL** B & 41 %) o) £ B F
Cr'*-Yb'* Z 8] &2 2% (1 B & 1% 3% o 72, BB 540
590 nm A RO 45 A TE 1000 nm BiFIE (1Y
NIR Y, PRI, 2 2800 RRE RE I VE S & 850K FHDOYG
TERER R, 76K B (B NIR OGS, B o B 08 LA
T A c-Si oA BH il FiL b 27 46 55 T LA K Y
WS,

[1] ZHANG Q Y,HUANG X Y. Recent progress in quantum cutting phosphors[J]. Prog Mater Sci,2010,55 :353-427.
[2] VAN DER ENDE B M,AARTS L,MEIJERINK A. Lanthanide ions as spectral converters for solar cells[ J|. Phys. Chem.

Chem. Phys. ,2009,11:11081-11095.

[3] AIZAWA H,OHISHI N,OGAWA S. Fabrication of ruby sensor probe for the fiber-optic thermometer using fluorescence

decay[J]. Rev. Sci. Instrum. ,2002,73(10) :3656-3658.

[4] YELH,QIUY Q,HE ] L,et al.. Advanced materials and devices for sensing and imaging II[ J]. SPIE,2005,5633.177-

184.

[5] k4, KB HHE, S C YD IBIRM Y,AL O, T W K& F BRI LIANROEIERR [ T]. Kb 54,2014,

35(8) :891-896.

ZHANG J S,ZHANG L G,REN J Y et al.. Properties of visible and NIR emissions with quantum cutting in Ce’*-Yb®* -



4 Bl e 25 . YAG By AR bR O " SRy Yb* T ZLAM RO 607

codoped Y,Al;0,, powder materials[ J]. Chin. J. Lumin. ,2014,35(8) :891-896. (in Chinese)

[6] ABDUKAYUM A,CHEN J T,ZHAO Q,et al.. Functional near infrared-emitting Cr** /Pr** Co-doped zinc gallogermanate
persistent luminescent nanoparticles with superlong afterglow for in vivo targeted bioimaging[J]. J. Am. Chem. Soc. ,
2013,135(38) : 14125-14133.
[7] PANZH W,LU Y Y,LIU F. Sunlight-activated long-persistent luminescence in the near-infrared from Cr’*-doped zinc
gallogermanates| J |. Nature Materials ,2012,11(1) ;58-63.
[8] LIUF,LIANG Y J,PAN ZH W. Detection of up-converted persistent luminescence in the near infrared emitted by the Zn,
Ga, GeOg:Cr’* ,YB** | Er** phosphor[J]. Phys. Rev. Lett. ,2014,113(17) :177401(1-5).
[9] FORSTER L S. excited state relaxation of Cr( Il ) in oxygen environments[ J]. Coordination Chemistry Reviews,2004 ,248
(3):261-272.
[10] HEHIR J P,HENRY M O,LARKIN J P et al. . Nature of the luminescence from YAG: Cr** [J]. J. Phys. C:Solid State
Phys. ,1974,7(12) :2241-2248.

[11] YE S,ZHOU J J,WANG SH T,et al.. Broadband downshifting luminescence in Cr**-Ybh** codoped garnet for efficient
photovoltaic generation[ J]. Optics Express,2013,21(4) :41674173.

[12] 3RakA KRB EE2E, 5. YAC ' CFf YO ILTANEOGHFRE LI K CF A YR Z [ i e AL i RR [ )] &
S5 3R,2015,36(3) :262-266.
ZHANG J S,ZHANG L G,REN J Y ,et al. Properties of NIR emissions with energy-transfer processes in Cr’* - and Yb** -
codoped Y,Al;0,, powder materials[ J]. Chin. J. Lumin. ,2015,36(3) : 262-266. (in Chinese)

EEE T

Befite (1963—) , 2o, WK FE A, B 3
WFFE B, 2 B GA boRE B A ] A
Jr B WF5Y ., E-mail ; phduan @ ciomp.

ac. cn.

KAk (1962—) , B INKFEL N,
WF9E 51,1986 4EFH R 243 24+
7, 5 AR 2 b4 RGOl 2 1 S5 B ATF

%%, E-mail ; zhangjisen@ aliyun. com

kA (1961—) 5 MK BN 5
By, BB NG 2E ML R A8 T ) F

%Y, E-mail; zhangliguo@ ciomp. ac. cn

Bk AT (1975—) , J, MK E N, 1
e BIRTE B, NG RO R
B OG5 W B o AR T T A9 F O

E-mail ; ysLuo@ ciomp. ac. cn

R (1952—) 05 SRR, W5
B, EE NG ORE A T 4 6

g . .. .
9t E-mail ; renjianyue@ ciomp. ac. cn

D (1953—) & WA AN WFSE

A
| B A bR T RS, E-

mail ; luszfyq@ aliyun. com



