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Mechanism for 1 pm Photoluminescence in Yb** /Li* Codoped
Y,0; Nanoparticles

Fan Ting" Li Jiantao®* Li Na’
(‘ School of Electronics and Information Engineering . Foshan University, Foshan, Guangdong 528000, China

# School of Science, Foshan University, Foshan, Guangdong 528000, China

Abstract Y,0, nanoparticles codoped with Yb*" /Li" ions are synthesized by glycine combustion method. Codoping
with 5% mole fraction of Li* ions leads to about 12 times enhancement of the photoluminescence (PL) intensity
around 1 pm under diode laser excitation of 940 nm. The movements of the X-ray main diffraction peak indicate that
the codoping of Li" ions changes the lattice environment of Yb*" ions. Theoretical investigations based on the steady-
state rate equations indicate that the PL enhancement arises mainly from the increased ground state absorption cross
section of Yb*" ions by codoping with Li* ions. The codoping of Li" ions can disturb the local crystal field around the
Yb*" ions in Y,O; crystals. change the PL transition selection rules of Yb*" ions, resulting in enhanced intra-4f
electric-dipole transitions and oscillator strength, which leads to the increase of ground state absorption cross section.
Key words materials; rare earth ions; photoluminescence; transition selection rule; rate equations

OCIS codes 160.5690; 160.4760; 300.6280

1 2 = 10000 cm ™', JEFE SRR ST . Ir L G B EH)

=]

)

i

VAR YD B B LT A ek Ry T AR JI5h YD BT RTLL T A SOE AR R Y

A PR B AR PR R Ok 2 R b iz sy BT B N R T AT B e

I A

E L B YD B o R E L E A YD B TR EMORHEE RIS & R AR AT O O A

InGaAs ¥ 5 (A ¥O% 22 V6 5B TE., BT Ll e - B RBOLE B BOL 2O R R
ZH L YD B R R A T A U RS e YbU B4k Y, 0, MR —FAEE A

2~ BB

=
HIJ 5%

YT, A F B F, BN RE R, —fe gz gy MBS RO . WA YD B A

RS B HA: 2013-01-18; Y EIMEM R HHER: 2013-02-23

EEWA: J7RAE ST HFEQH AA IR0 G5 8 L) (2012LYM_0131) ¥ B i /8,

EZR A B 982 —) L 14 FE NG L GK KGRI £ 5 OGBUR DGR P 55 07 T R BIFAE .
E-mail: everting82 (@ yahoo. com. cn

* BIEBEE Ao Email: :keentle@gmail. com

s116003-1



YR T A RE R B TR AR YD B A LA
AR Y BT AR AR AL B AN B Y, O, 2
PG R A0y S AR ORE S R A A e A e AR
A T RE B . R A 5 P TR T £ A1 XA B e Y
B R E YRS AT T YD TR T
R 30 9 ) R A 0T A OB AR A TR e YT B IR
Y, Oy BHRHE R T P 2 2 T BRI R

AT WEFE AT I S48 55 S — i T
Jot R LA e ' HR A R T R R S T R 4R
o A b RO RO B H WL e R R AR o L
BT BRI LA B TR A B T AR P Y
Ko B 14 BLE WL AN 4 5 . — BT Ll
LR I B0 35 R T Judd-Ofele #3838 47 43 97
THE A B 7 B B0 RO R 1 R ORI
SRR S S L SR T 4 R OB K B
TR A BRI e O . SR g
FaASHAR Ty BT L 85 T X 76 AR RO 32
N 2 A AT B A 3 5 1255 2008 AF R e e 4 i 5 A
BRI T LiT & T M L Er & T M
BHA B e 2t .

ARICHHH AR BEE S & T AR LiT &
TIBHY Y. 050 YD R BURL . X B AT (XRD)
P AT AT B Bl BB Li B TR LB AUEE
BB A YO A R T Y. 0 SR 1Y
AR S B LT B TR AR SUE T YD B T
(& 1R 37 3R 858 .l S OOk T 9 B R B IE 8
Li'" g TARCR MG IR T 1 o BT A9 206 . e R R
D12 Af I R AR A R T R L SRS 9 1Y
BB L AL T ROEH L Y B TE Y, O,
dn i T EREE L FT R T R B BRE e A Bl A4S A TS
DAY VL AP S BRI 8 9 v P A BRI IR 5 R R AT
5 & T g ATTHILE: N

2 5z Uivg

S5 e BT T A R R TR R b Tk R A 1 56
IRy 80 FED YD B/ 0%,1%,3%,5%,
TULIT BB Y, 0, gUkBik . H5 R
EE A HABRK, YNO,;, Yb(NO,), #
LINO; K BIR G I E 2K 70 98 % 56, i E
RGP . g 900 CHBE 3 h™ . XRD Sl
F Philips PW1830 177 5 {45 It I HL FE 240 KV, 1y
oM 40 mA, R NI LA 5 Rk A 940 nm
2 T AR O A8 VR OB TR D% 300 mW, 3 it
Jobin-Yvon Triax320 SGiAGH 1T B MR

E i
ST AEVST
3.1 Hmao

Bl 1 ZRILB AR LiT 9 Y0, : YD 5044
KBORE Y XRD 5%, 5 4R#E Y.0, By K #Y XRD
(JCPDS 050574) 5¢ 4= — %, A 1 Wi & 1 3R k10
PR LiT B35 240 A8 LA, X B 45 B4
BP0 (222>, MWK 1 AT LLE . BT 435 0 3 R 4l
Y. O, 37 J7 FHE5 A X UERH YD R LT B 2 DL
R R 77 A T 52 A Y. 05 AE 7 rh L &
AR . RS AR AR5 YBTTEF R 0%,
1%.3%,5%.7% Li' BF4L8B109 Y, 0, g4 K Bk
() SR A /Ny 5k 25, 38, 61, 62, 64 nm,

(7% Li)
5
S (5% Li*)
B
17} [\
2 ,
£ J \ (3% Li")

/ \ (1% Li*)

(0% Li")

205 300 305 310
20/(°)

280 285 29.0

BT B A BRSO LT BT Y. 0,0 YD 500
K URL R XRD &

Fig.1 XRD patterns of Y,0; nanoparticle doped with

5% Yb’' ions and codoped with Li" ions at

different mole fractions

BEAh NI T 3E AT RLF 2 i 3 7 i vk B A
0 2034 I 300 B, 477 5 e 14 2 8 52 5 1) K A3 B2 o)
Bl AUk BE 2 500 i, SL1n) /N £ BE D5 1) 8% 3 2
Y RE TR B 7 00 L A7 RS W 1) 0 SR — UK 1) KA
T, X L BT EA Y0, BEIFSRE T
m i S B A e, B LT BTk R
(76 pm)/NT X' (90 pm) B T i AR BT LY LiT
BTUBER Y T B e A Y0, Bk
BOAMAR W4 . 7 XRD B35 F 3% 90 A3 S 0 o7
I KA D7 1l # 85 2 LT e LR A Oy sk A
Yo Oy AAE I 2 S BUM A 975K 78 XRD & 4
R AT AF e /N RETT 0 B . A A SRR AR
ATRLHEN Y LB B A B AE 0~ 3063 HI I,
Li"g 7 EHUBER Y E e NikA Y0 &
B s MR EERINE] 506, Z A LiT BT LUEBR N J5
APEA Y, 0 S Gk BEAR . 1k 2/ Li' B
THEAE G [ (A% 52 B 5 IR T 3L — Tl

s116003-2



B,

Yb*t /Lit 4548 Y, 05 QKRR 1 pm FEBCR HEHL ]

A5, BT LAATT S 06 S — R 1m) R A BE T ml B8 Bl . 4
KLU BT T RESEM YD 8T 0 dh ik
7B 78

Teie IR0 208 2 DL B 7 20 L 3
TR LT AR A I AR AR 2 el s YD B S
() b AR R 8 TS 0 Y b B A R T 1 i
FEVE S 5 e L AR
3.2 IRLISMREE K IE

[l 2 & FE R TE 940 nm JtHhIE T B LA 2L
KNeHE, B AT 972,1009,1026,1070 nm
(9 4 ARG A RIS F YD B0 F L 2P F . fE
R I T 25 P BGE B, A 3 iR, M
Bl 2 AT LAFE YD 9 4 DSRGIERBERESE Li &
T B R A B R R SR AR L B IR 5 %0
B 4 A5 I R I8 B B iR . K 29 EB B 0 O A B e
Li' P 12 /5. 4 Li g F 38Rk 5%
& PEOGIR IR T R

100

i 1: 0%
90 2: 1%
80} 3+ 3%

i 4: 5%

s e 5: %

360}

Zs0t [\

172}

ga0f /) /A

Q / \ \

E30f/ \/; o

20 ¥ 3 A~ \\ \
- \ \

72N ] \
960 980 1000 1020 1040 1060 1080 1100
Wavelength /nm

Pl 2 940 nm JGHCR TR LiT BB K 4B Y, O YB'T
5 PG

Fig. 2 Photoluminescence spectra in Y,(; nanoparticles

doped with 5% Yb®" ions and vavious Li' ions

under light excitation of 940 nm

10679 /cm™!
°F,, N, \ 10624 /cm™!
N, 10327 /em™!
gl 2| 8| 8|
sl 2| | g =
) 785 /cm™!
zF7/2 612 /cm™!
565 /cm!
N, 0

K3 Yb'' B FReEdRER
Fig. 3 Energy level diagram of Yb** ions
B LT Bl g YO BT Y, 0, ik
AR R T LT BB AR T Y

BTAE Y. 0, fi A iy xd BR M, A T R e
Yb' BB R g T RS TR T RO B A
TNT 4 f 225 R R T R A R . AT o8 A5 2 Ol Y
SR 2 LT BT GRLEI RS L YD B TR Y, 0,
A% P 2 R R T HL i 2 1 L B T 2 R
Yb' B S AR S BIOEE HE EEK
3.3 REERTESMN

AT HE—H T L T Y0, YD ' iy
JEIEHU AT RLE i o3 B S OB YbT
HIFRE R EMEINIE LiT 8 T X Y, 0,0 YD Ok
FREE R . AR AT 3 B RERERIT I . YD B T2
— M E=RER ARG RS R TR

dN, N,

W:NORI_Z:O, (1)
dN N N, (2)
dt T 71

XHL NG Ny HEN, G35 AR R B 3 v 4% R 4R kL
TR, RIS R o) Ao S HIR T4
P FEIK A iy . B B Y 1026 nm &b 1) 2E 60
2o Fopth = A 4 55 1 & ot g AR A (1) R (2) L
Ny &~ N(N 2 Yb*" 7B WA

I =mN,/t; = wN,R, = wNR,, (3)
Ao T2k 1026 nm 2 60 I 58 B 0 OB, R
i (3)3,1026 nm 9 1Y 58 B 1E Fb T 35 25 W i 3
R, Y Li" B ¥ A Y0, @tk B Y 3
T AR X BRI R AT o P A R R A S R
PeFompE £, AR TR R, RS
W A0 A T R e A R WA 23R 1 38 K, E AT R T 1 pm
BAF 3T 1 K s

WA AU B 1 2 s AS B AR B o A R B Y 4
SERE R PSR T 12 5. o LiT BT
Bl 45 UKL 2 18 K 2 28 e 3 a8 i — A IR A
R B PR AR S LiT B 3R T b A 1 X AR
PSRBT YD B S A W T A B R AT 5
RS URARA DS i0p: K1

L T

i RS T LT B T kB
YO Yb' 4k UKL I XRD B % 7 4 0 10 5
B LB LB TECET V.0, Sl i S8 i
U LB F Ol T Y 0 9 B
FHEHITE & B LI 37 0T LU YD 8 A
1 S 4 U 20 12 6 i o A R
ASHER T 25 R SO 9 SRRy Li”

s116003-3



g3

i

BT HEA Y, O @Ak 43 Y™ B 78 2R T b Y
A% X PR AR SR MG IR 0 1 i A A L i R RO
B L 1R T A R W T Y B O AT A5 25t
o

& X X #

1 T. Y. Fan. Heat-generation in Nd: YAG and Yb: YAG[]].
IEEE J. Quantum Electron. , 1993, 29(6). 1457~1459

2 P. H. K. Choi. C. A. Wang e«
temperature diode pumped Yb* YAG laser[J]. Opt. Lett., 1991,
16(14): 1089~1091

3 U. Griebner, S. Rivier, V. Petrovet al.. Passively mode-locked
Yb: KLu(WQO, ), oscillators[J]. Opt. Express, 2005, 13(9):
3465~3470

4 W. Zhang, M. Xu, W. Zhang et al.. Site-selective spectra and
tim e-resolved spectra of nanocrystallineY;O; : Eu[J]. Chem.
Phys. Lett. , 2003, 376(3-4): 318~323

5 A. O. G. Dikovska, P. A. Atanasov, M. Jiménez de Castro et
al.. Optically active Er*"-Yb*" codoped Y; O3 films produced by
pulsed laser deposition[J]. Thin Solid Films, 2006, 500(1-2)
336~340

6 Jean-Claude G. Biinzli, C. Piguet. Taking
luminescent lanthanide ions[J]. Chem. Soc. Rev., 2005, 34.
1048~1077

7 F. Gu, S. F. Wang, M. K. Liie al.. Structure evaluation and

Lacovara, al.. Room

advantage of

highly enhanced luminescence of Dy*'-doped ZnO nanocrystals
by Li* doping via combustion method [ J]. Langmuir, 2004,
20(9): 3528~3531

8 S. Ye, N. Jiang, F. He et al.. Intense near-infrared emission
from ZnO-LiYbO; hybrid phosphors through efficient energy

©

10

11

12

13

14

16

17

transfer from ZnO to Yb*" [J]. Opt. Express, 2010, 18(2);
639~644

S. Yi, J. S. Bae, B. K. Moon ¢ al.. Enhanced luminescence of
pulsed-laser-deposited Y;; : Eu®" thin-film phosphors by Li
doping[J]. Appl. Phys. Lett. 2002, 81(18): 3344~ 3346

Y. Bai, Y. Wang, K. Yang e al.. The effect of Li on the
spectrum of Er*" in Li- and Er-codoped ZnO nanocrystals[J]. J.
Phys. Chem. C, 2008, 112(32): 12259~12263

Y. Bai, K. Yang, Y. Wang & al/.. Enhancement of the
upconversion photoluminescence intensity in Li" and Er*"
codoped Y203 nanocrystals[J]. Opt. Commun. , 2008, 281(10) ;
2930~2932

Y. Bai, Y. Wang, G. Peng e al.. High efficiency white light
emission in Er, Tm, Yb, Li codoped Y,Oj; nanocrystals[ J].
Opt. Commun. , 2009, 282(9) . 1922~1924

D. L. Zhang, D. C. Wang, E. Y. B. Pun. Influence of vapor
transport equilibration on spectroscopic properties of Er: LiNbO;
crystal heavily codoped with MgO[J]. J. Appl. Phys., 2005,
97(10) . 103524

G. Y. Chen, H. C. Liu, G. Somesfalean et al.. Enhancement of
the upconversion radiation in Y03 : Er*"
codoping with LiT ions[J]. Appl. Phys. Lett., 2008, 92(11):
113114

T. Fan, Q. Y. Zhang, Z. H. Jiang. Enhanced near-infrared
luminescence in Y203 Yb nanocrystals by codoping with Li™ ion
[J]. Opt. Commun. , 2011, 284, 249~251

L. D. Sun. C. Qian, C. S. Liao et al.. Luminescent properties
of Li" doped nanosized Y03 : Eul[J] Solid State Commun.
2011, 119(6) . 393~396

G. S. Maciel, C. B. de AraGjo, Y. Messaddeqet al.. Frequency
upconversion in Er** -doped fluoroindate glasses pumped at 1. 48 ym
[J]. Phys. Rev. B, 1997, 55(10): 6335~6342

nanocrystals by

EERE: # 4

s116003-4



