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Fig. 1. (a) XRD patterns of a series of Lij¢K,;NbOs:Ln** samples; (b) crystal structure of Lij oK, NbOs.
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Fig. 2. SEM images and element mappings of Lij oK NbOs:Ln?* phosphors: (a) SEM image of Lij oK, ;NbOs:Er3*; (b) SEM image
of Liy K, ;NbOs:Pr?t, Er*t; (¢) EDX elemental distribution spectra of Liy K ;NbO3:Er** phosphors.
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Fig. 3. Comparison of up-conversion and down-conversion emission spectra of rare earth doped Lij¢K,NbOs:Ln?** under different

excitation wavelengths: (a) Emission spectra of Pr’** and Er*t single-doped samples and Pr**, Er** co-doped samples (A, =

280 nm/380 nm); (b) excitation spectra of Pr**, Er** co-doped samples (A, = 554 nm/620 nm); (c), (d) up-conversion emission

spectra of Er*t single doped and Pr®*, Er®* co-doped samples under 808 and 980 nm excitations.
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Fig. 4. Excitation power-dependent emission spectra of Lij oK, NbOs:Er** and Lij oK, NbO4:Pr®+, Er®* phosphors, where the insets

are the relationships between luminescence intensity and incident laser power: (a), (b) Emission spectra of Lij¢Ky;NbOs:Er** phos-
phors (A, = 808 nm and A, = 980 nm); (c), (d) emission spectra of Lij¢Ky;NbOs:Pr®*, Er** phosphors (A, = 808 nm and A, =

980 nm).
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(a)—(c) "R b /T A S A B S 15, FIR S5 B R 5C 2R; (g)— (1) AHRE T BT (d)—(f) HPoBUinie e S 187 b3 0 1 i R A2 i 2
Fig. 5. Up/down-conversion temperature measurement performance of Lij oK, ;NbOs:Er** phosphor: (a)—(c) The emission spectra
excited at 380, 808 and 980 nm, respectively; (d)—(f) the relationship between the bimodal green FIR and temperature correspond-

ing to the up/down-conversion emission spectra in panel (a)-(c); (g)—(i) the sensitivity curves of temperature measurement of

bimodal FIR corresponding to panel (d)—(f).
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S T4 e B AR DM P 191,
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HARRL A PREOC R, B A TR, FIR (A2 | L 9| @)
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WA 2 B R 7 B 2 DR A | ok b 2 R 5 ‘6Rm R xS, .
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RE THRLA L 5(g)—G) Fiw, B8R, S,
S, LMD NIR WOGHUE T BA W w1
GRE, Horbr S, {H B IR S 2 N R, S mRE
798 0.97 x 102 K (380 nm), 1.286 x 102 K!
(808 nm) £ 1.221 x 102 K™ (980 nm); [A]Hf, S,
H R IR B TS, HL S, SR B3R 0.44 <
102 K! (380 nm), 0.89 x 102 K! (808 nm) Al
0.81 x 102 K (980 nm). i i A SCHY G2 A4
RS SERTRIE G T Er LR B (1) 19 S,
A1 S, R 3638 PEAT AR, Lig oK 1 NbOg:Erd+ 2 JE )
%) 22 O 2 0 T B AT DI S ) AR OGS SR AR A o)
R, BT 2R F R IR LB B
RPE R Z HAMENE, RUNZIO TR G R 7
T AR Y FH 5.

FRELEEAE RGN 0 ZAE bR, Anfar 4
REERCH BRH EZ R, Kb, B3 ee
— e UL R B e A O AR B T R U R —
A SGERE. N T i — 24k Lig gKo ;NbOs: Erd+
T IRNERE, #E—20%5¢ T PritAl Erdt
42 Lij oK NbO3 268 R MERE. B 6(a)—
(c) JB7R T Liy Ko NbOy:Pr+, Er¥+ 3 # 1 6LE
RO R . S5 3R] BlE IR B I T, AR
WY Er R A BEDL 2, oL 0 AL B R GT
53R JRE Uk BE SR IOV 5555, T 4S5 0150 AL Y K
SER I R R OO B I, HE R E A 5 Lig
Ko .NbOg:Er¥+ R EHELL. K 6(d)—(f) it
JE ) Lig oK {NbO5:Pr3+, Er3+2Z ek *Hy1/2/"S3/0
PHRA BB FIR MR FEAREIOC R . 5 Lip oK Nb
O4Er*tH kb, LijoKo;NbOs:Pr3t, Er**AJ FIR %
a0 ik JRE 9 BT XS N AT BE AR R AP A 45 5k

BER, IFH FIR (HAB R, o] LIRRVE A2
DAL AL

WH S, HA W E M, ol LU R AN W &t
PERLRIR BE B R T (025 JRRIGAF 5 AR A& s
FE B2, S, B3 i R ) 3 R A R
FIR HAR AR R}, JUHSE S T AR PR G e
DN A R} 1290, PR AR S B9 Lig oK 1 NbOs:
Pr3t, Ex¥* R 5 Liy oK, NbO5:Erd 41 e} il i
ReMtEE £2 5% S, 4.

Kl 6(g)—(1) IAFPEA B AL T M40t R 5
R RS SIRE THIRR, BIR, AR
KT S, 1S, B W= A R, Rl iR AR
Y Li oKy NbOg:Er AR, Horp S, KMl
3B 112 x 102K (380 nm), 1.284 x 102 K !
(808 nm) F11.106 x 102 K (980 nm), EAHK K
A X R S, Fe RAE S0 0.54 x 102 K
(380 nm), 1.12 x 102K ! (808 nm) F10.83 x 10 2K !
(980 nm). 5 Liy ¢KoNbOg:Er3*#H I, Liy oK Nb
O5:Pr¥+, Erd+ B4 %) R U A re -, i8] Pri+
Bt T Ert GG Be SR INEPEBE, R W]
IR B VIR AL B RS ). 3% 2 3]
267 HAWRR 12 1 A B )% BB 24 IR
BRI S, 5 S,13942 ) Xt e kit , ASXE &R BRFRAT]
YAk B Rl BE UL I HoT LAE s b/ T %
U A T I 3 I

DL SR, 7E Lig oK NbOs: Erd il i #4
Bhiaae Prot B LA Er R G Regn 1/
TR BB AR AR, H R BRI T A
PG AT R, R AT B Rk 22 BT G2 L A
fEEBEAL AL

* 1 T FIR SR PAREEFF B Br iR L EA D25

Table 1. Optical parameters of temperature sensing materials doped with Er** in different substrates based on FIR technology.
Materials Wavelength/nm Semax/ (102 K SaMax/ (102 K1) References
SrSnOg:Er 975 nm 0.997(294 K) 0.791(368 K) [30]

BaBiNb,Oy:Er 980 nm 0.959(300 K) 0.996(483 K) [36]
LayCaZnOj:Er 378 nm 1.454(300 K) — (31]
SryGdg(Si04)sO0q:Er 379 nm — 0.34(463 K) [32]
CayBi(PO,)5:Er 376 nm 1.21(300 K) 0.312(473 K) 33]
LayMoyOg:Er 980 nm 1.16(293 K) 0.527(493 K) [37]
C

o oo s oo omini a
o Lty Tt B
. 380 nm 0.97(303 K) 0.44(463 K) This

Lig 9K 1NbO3:Er 808 nm 1.286(297 K) 0.89(443 K)
980 nm 1.221(297 K) 0.81(443 K) work
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Fig. 6. Up/down-conversion temperature measurement performance of Liy K, ;NbOg:Pr**, Er** phosphor: (a)-(c) The emission spec-

tra excited at 380, 808, and 980 nm, respectively; (d)—(f) the relationship between the bimodal green FIR and temperature corres-

ponding to the up/down-conversion emission spectra in panel (a)—(c); (g)—(i) the sensitivity curves of temperature measurement of

bimodal FIR corresponding to panel (d)—(f).

2 HET FIR HR AR 54 Er Lo i 8 D 28
Table 2.  Optical parameters of temperature sensing materials doped with Er®*-Ln?* in different substrates based on FIR
technology.
Materials Wavelength/nm Syntax/ (102 K1) Sunax/ (102 K1) References
La,MgGeOg:Bi, Er 980 nm 1.23(293 K) 0.94(473 K) [39]
K3Gd(POy)2:YD, Er, Tm 980 nm 1.35(300 K) 0.456(608 K) [40]
NaLuF :Er, Tm 1532 nm 1.265(293 K) 0.4(519 K) [41)
BiVO,Er, Tm 980 nm 1.1(293 K) 0.7(473 K) )
1550 nm 1.1(293 K) 0.56(453 K)
Y,Si05:Er, Tm 808 nm 0.395(298 K) — [29]
KYb(MoO,),:Er, Gd 1.1(303 K) 0.97(513 K)
KYb(MoO,),:Er, La 980 nm 1.1(303 K) 0.95(513 K) [25]
KYb(MoO,)x:Er, Y 1.11(303 K) 0.91(513 K)
380 nm 1.12(296 K) 0.54(434 K)
Lig oK NbOs:Pr, Er 808 nm 1.284(296 K) 1.12(443 K) s
980 nm 1.106(296 K) 0.83(443 K)
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Fig. 7. Proposed mechanism of up/down-conversion fluores-
cence of Liy¢KyNbOs:Er*t and Lij oKy NbOg:Er*t, Pri+
phosphors. Therein, VB and CB represent valence band and

conduction band, respectively.
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Abstract

Photothermal sensing is crucial in developing smart wearable devices. However, designing and synthesizing
luminescent materials with suitable multi-wavelength emission and constructing multiple sets of probes in a
single material system is a huge challenge for constructing sensitive temperature sensors with a wide
temperature range. In this paper, Pr®*, Er’** single-doped and double-doped Lij¢K,;NbO; phosphors are
successfully prepared by high temperature solid phase method, and their structures, morphologies, excitation
wavelengths and temperature-dependent fluorescence properties are characterized by XRD, SEM, fluorescence
spectrometer and self-made heating device. Firstly, the photoluminescences of the synthesized series of samples
are investigated. The results show that comparing with the single-doped Lij¢Ky ;NbOs: Er** sample, the
up/down-conversion spectra of Pr3*, Er®* co-doped phosphors under 808 nm/380 nm excitation show that the
green fluorescence emission of Er** is enhanced. In addition, under 980 nm excitation, Pr®* can effectively
regulate the fluorescence energy level population pathway, so that the electrons are more effectively arranged in
the 2H, /2 and 1S, /2> energy levels in the excitation process. The red emission is weakened and the green emission
is enhanced, which improves the signal resolution of the fluorescent material and has a significant influence on
the optical temperature measurement. Secondly, the up-conversion fluorescence property of Er** under 808 nm/
980 nm laser excitation in LijgKyNbOg:Er?* and Lij K, ;NbOs:Pr®* Er®* phosphors are investigated. The
results show that the red and green fluorescence emissions of Er** are two-photon processes. Finally, the
up/down-conversion dual-mode temperature sensing properties of Er** in Lij¢Ky;NbOs:Er3* and Lij K,
NbO4:Pr3t, Er** phosphors are investigated. It is found that both materials have good optical temperature
measurement performances. The Pr’* doping optimizes the dual-mode optical temperature measurement
performances of LijoKqNbOs:Er?t phosphors derived from the thermal coupling energy level of Er3* ions. In
addition, the up/down-conversion fluorescence mechanism of Lij K, NbOs:Er*t and Lij oK ;NbOs:Er3t, Pr3+
phosphors are proposed, and the enhanced green fluorescence by Pr** co-doping is attributed to the energy
transfer from Pr3* ions to Er®* ions, leading to the increase of green fluorescence level population and the
decrease of red fluorescence level population of the Er3*t ions. This new dual-mode optical temperature
measurement material provides a material basis and optical temperature measurement technology for exploring
other temperature measurement materials.

Keywords: niobate, up/down-conversion, multi-wavelength, temperature detection
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