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Near-Infrared and Blue Emissions of LuNbO,:Yb?", Tm?* Phosphors
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Abstract LuNbO,:0.2Yb*" xTm®" powders were prepared using a solid-state reaction process. The effects of the amount of
Tm on up-conversion(UC) and down-conversion(DC) luminescence properties are investigated. X-ray diffraction patterns
confirm that Yb’" and Tm*" ions are successfully incorporated into Lu sites. Under 980 nm excitation, the UC spectra of the
powders predominantly exhibit strong near-infrared emission bands that peak at 805 nm, whereas weak 480 nm emission bands
are observed as well. The emission bands are assigned to the 'G, — *Hg (480 nm) and *H, — *Hg (805 nm) transitions of the
Tm®" ions via an energy transfer from Yb*" to Tm’; two- and three-photon UC processes are responsible for the 805 and
480 nm emissions, respectively. The DC emission spectra exhibit blue emission ('D, — °F,) of Tm’" at 458 nm. The amount
of Tm affects the emission intensity with the strongest emissions at x=0.007 and 0.02 for the UC and DC luminescence,
respectively. The results demonstrate that LuNbO4:Yb*",Tm®" phosphors are suitable for bio-applications.
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Fig. 1. (a) XRD patterns and (b) SEM micrographs of LuNbO,:
0.2Yb*, xTm* (x =0.005 — 0.03) powders.
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Fig. 2. (a) UC spectra(ho,= 980 nm) of LuNbO,:0.2Yb*", xTm*"
powders. Variations of (b) the emission intensity monitored at
805 nm and (c) the ratio(R,,, = Isys/Lssp) of the integrated intensity
of the 805 nm emission (/g5) to that of the 480 nm emission (Z,s).

FE-SEMO.2 #23 39 S2so] oz ot
ol B = gl%o] Tm ol Wi & wste 33
HA] egrom, 2719 Y e BirHA £ES

Holi et

4 — -
3 @) n=191 (b‘:'///n:ma
==— 805 nm
2 - ooed R
: 4f0/nm/—//n'= 2.14 /z 2.02
— 4 A A i A = i A ;‘ A .—
53 (C‘)//"’n‘:ws {c:)/—//’/.n=2_02
ER -
2 5 ’/:= 201 / '1"56
n=1.
3 (e)‘ — mp— 26 28 30 32 34 36
2 /=2'10 LogP(mW)
4 " Lo
e =108
%.4 26 28 30 32 34 36
LogP (mW)

Fig. 3. (a) Dependence of the emission intensity(Z.,) of LuNbO,:
0.2Yb*, xTm*"* on the input power(P). (a) x = 0.005, (b) x = 0.007,
(¢) x=0.01, (d) x=0.02, and (e) x=0.03.
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Fig. 4. Schematic energy level diagram for Yb*" and Tm®".

o] Yehr] A7 A8 F7+& [,,~ P AN S
W2t} ne UC Aol Bostes FAte 5 oujgt
00 2 Fig. 3004 A8 #7209 7127123 n &
T8 4 k. 805nm A AL x=0.005, 0.007,
0.01, 0.02, 0.039] mokﬁ 7-}491 71€71% 191, 1.88,

1.96, 2.02, 2.10]t}. =, hﬂl FAIQe] BE 71&7]

ol ool = 8 2 ek ol A
A7k UC @l Flefstrks e Slujsu, ojn] 1.

TE FEF AT AR 28y 480 nm =
o] A= 3709 FX(n=3)7} UC o] 7]oJ3iti=
|€9] RuE= XA om, TgeA e} o] 7]
7] E°l 3 B} vl$ vA Yepda ot I~ P

<] log- log gz A3 7] 3L AYeyHAe A
FHOE FIISIAEE, o= OI*P-"J =2 8 HelelA

N

(<

= HEL% AEe] S Z3tEH, o] st 7]1&7]
7} oAl n 3 By 23S ZHA € 480 nm
=9 A9, Fig. 2(a)°lM & F Axe] 3 A=t
n-g- wtow, waba 2 "]@Oﬂ/ﬂ 71 Fde] A9
Tkl tig 480 nm ¥ 7 W3t oln] 231 4

of ANE AS=E FAE L, o]F I3} o]EHQ] n=3
Ho}h w9 WA VeSS ﬁgi Azttt o]9} AL
3t A7} Pandozzi 59 93 Gd;GasOp:Yb'', Tm®"
A o] UC o3 AFoE Bug vF ok

Fig. 39| Z3= vl® 22 LuNbO,Yb", Tm’*¢] UC
W3 7195 Fig. 49 YB3 Tm™'9] oux] gz A
B 4= Utk 980 nme] ZH A WAtel] oEte] Yb*
= 2F7/2 7NAE A Fsp2 o37]Et) o] ZgolA Yb*
o &9 dUAE ET #4S Ssld Tm S 714 A
BlCHe)o1 A PHsZ o171 A7tk o]ojA R,z B w3
d3te = WA F2e] ET S 53] F—»
*Fy; Hol7h dojdth vl CHE v w3 sl
FHEH o= 714 g2l HolCH,— Heoll 2Jsked 805
nme] 2 LA wego] dAJHE) o] AHolE A 27l

297
4 ; b = 270 NM
—~1 -— =458 nm
: -
® J 5
= — 0.005
2] — 0.01
?D 0.02
c 0.03
I8
=8
T T r - T v T * —— #
300 400 500 600 700 800
Wavelength (nm)
}.Ex =361 nm
iy 5
> — 0.005
x — 0,01
\-c-..u-f —_— .02
_2;\ —_— .03
‘®»
cC
Q
£
500 600 700 800
Wavelength (nm)
4 0_' monitoring: 458 nm
& s
g 3.5:
S 3.0-
£ 1
= 2.5:
N 2.0 ——-—-"\ =361 nm
g 15' (=]
o) 1_0: A, =270 nm
pd ]
0-5 L] L] Ll
0.00 0.01 0.02 0.03 0.04

Tm (x)

Fig. 5. DC PL spectra of LuNbO,4:0.2Yb™", xTm’" powders under
(a) 270 and (b) 361 nm excitation. (¢) Variation of the emission
intensity monitored at 458 nm.
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Fig. 6. CIE chromaticity coordinates of LuNbO,:0.2Yb**,0.02Tm**
powders. Inset shows a digital photograph of the powders under
361 nm excitation.
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Fig. 7. Decay curves of LuNbO,4:0.2Yb™", xTm®** powders.
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