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Abstract: In recent years, luminescence thermometry techniques have gained widespread favor among researchers
in the field of non-contact temperature measurement, owing to their advantages such as excellent temperature resolu-
tion, spatial resolution, high environmental compatibility and rapid response. Among these, the luminescence ther-
mometry based on luminescence intensity ratio (LIR) demonstrates significant application potential due to its superi-
or interference resistance and inherent self-calibration characteristics. Thermally coupled levels (TCLs) have long
served as the core physical mechanism for LIR thermometry, and exceptional universality and reliability have estab-
lished TCLs as the prevailing approach in luminescence thermometry. However, an inherent constraint of this mecha-

nism—the strong correlation between the energy gap AE and relative sensitivity (S, = AE/kT?) poses a fundamental
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trade-off where high sensitivity and broad temperature range constitute mutually exclusive characteristics. To over-

come this technological limitation, extensive research over the past decade has focused on innovating thermometric

mechanisms, yielding significant advances in thermometric studies based on novel mechanisms such as intervalence

charge transfer states, redshift of charge transfer band, and temperature-induced phase transition. This article aims

to systematically review recent research advances in the physical mechanisms of LIR luminescence thermometry, in-

tending to provide theoretical references and technical insights for subsequent research in this field.

Keywords: luminescence thermometry; luminescence intensity ratio; physical mechanisms; high sensitivity
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Fig.5

(a) PLE and PL spectra of CaWO,: Eu® at 225 K and 300 K; (b)PLE spectra at various temperatures (225 - 425K, \,,,

=595 nm) ; Emission spectra versus temperature upon (c¢) 345 nm and (d) 308 nm excitation; (e) The emission intensi-

ties versus temperature under 345 nm and 308 nm excitation, respectively; (f) The temperature dependent LIR at 595

nm excited by 345 nm to that excited by 308 nm; (g) the calculated S, and S, versus temperature; (h) The thermal cy-

cles of LIR (I3pg,./545.,) versus temperature“ﬂ
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(a) The contour map of temperature-dependent emission spectrum for CaNb,Og: Th**/Pr’ sample under 300 nm excita-

tion; (b) The histogram of integrated intensity of Th** (°D,—'F5) and Pr'” ('D,—’H,) versus temperatures; (c¢) FIR

(Ip 11y ) versus temperatures and the fitted line; (d) S, and S, versus temperature
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Fig.9

Controlling the phase-transition temperature by doping. (a) PL switching temperature of LiYO,: RE™ (0.25%, 1%; RE =

Pr, Nd, Sm, Eu, Th, Dy, Ho, Er, and Tm) versus the ionic radius of rare-earth dopant; (b) The calculated formation

energy (Eg,) of

-LiYO, doped with Yb*, S¢*t, Lu™, Th™, Dy“, and Gd™ ions, respectively; (c¢) DSC curves of Li-

Y0,:Pr (0.25%) co-doped with different concentrations of Gd** (0 -~ 9%) or Lu®* (0 - 7%) ; (d) The calculated LIR val-

ue at different temperatures for all samples; (e) Corresponding temperature range of the PL switching; (f) The calculat-

ed S, value at different temperatures for all samples"”’
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Tab. 1 Summary of representative LIR thermometric materials based on different physical mechanisms and their key performances
ok MIRIEE/K S, /(%K) 3T, /K I3 AL 2% Wk
Gd,Ti,0,: 1%Dy™ 293 - 443 1.68@293 K / TCLs [18]
YAIO,: 1%Nd" 293 - 611 1.83@293 K / TCLs [20]
YVO,:0.5%Pr" 303 - 323 0.78@303 K / TCLs [22]
Ba,LuNbO,:
. . 303 - 573 1.53@303 K 0.19@303 K TCLs [24]
20%Er", 10%YD’
StB,0,: 3%FEu’/1%Sm™ 410 - 600 3.05@600 K / RE/RE [30]
NalaMgWO,:
303 - 523 0.86@523 K 0.58@523 K RE/TM [31]
0.3%Mu"", 5%Eu™
Sr,Ge0,:0. 1%Pr” 17 - 600 9.00@22 K 0.1@17K RE/RE’ [38]
CaWO,: 0. 1%Eu™ 303 - 503 3.25@303 K 0. 15@303 K RE/Host [40]
YV, P, ,0,: .
300 - 440 2.85@365 K / CTB shift & (RE/RE) [43]
3%Tb™, 0. 1%Sm™
LuVO,:4%Eu™ 298 - 448 3.48@298 K / CTB shift & DSBR [45]
Ba,CaWO,: 10%Eu™ 225 - 425 4.84@225 K / CTB shift & DSBR [49]
CaYGa0,:0. 5%FEu*/3%Th™ 300 - 570 5.51@570 K 0.004@310 K CTB shift & (RE/RE) [51]
K, ;Na, ;NbO,:0. 5%Pr" 293 - 456 9.30@293 K / IVCT [56]
BaTi0,:0. 5%Pr’" 313-413 2.77@371 K / IVCT [61]
La,Zr,0,:0. 1%Pr™* 85 - 705 0.41@165 K 1.21@185K IVCT [64]
MgNb,0,:1%Dy™, 1%Pr™ 300 - 540 7.61@300 K 0.004@300 K IVCT & CTB shift & (RE/RE) [66]
Y,0,: 1%Eu* 180 - 290 1.70@180 K / DSBR [69]
Gd,ZnTiO,: 0. 5%Pr'" 298 - 573 3.64@298 K 0. 14@298 K DSBR & IVCT [88]
NaSrGd(Mo0,),:40%Th* 300 - 500 10. 90@300 K 0. 005@300 K DSBR [89]
NaYF,:50%Nd* 223 - 473 16. 90@223 K / DSBR [90]
LiYO,: 1%Eu™ 243 - 303 11. 80@295 K 0.05@308 K TPT [94]
LiYO,:1%Nd" 250 - 330 6.5@290 K 0.03@290 K TPT [95]
LiYO,:1%Sm™ 320 - 330 17.51@322 K 0.051@320 K TPT [96]
LiYO,: Pr'*/Lu’ or Gd™ 310 - 370 26. 10@327 K 0.008@327 K TPT [97]
StF,:0. 5%Pr™* 303 - 373 0.52@303 K / AIR [105]
Y,ALO,,: Tb*, Eu* 553 - 803 3.61@737K / AIR [108]
Y, ALGa,0,:Pr' 303 - 443 4.12@443 K ~0.11@303 K AIR [109]
SrAL0,:0. 1%Eu™, 1%Dy™, 1%Th* 60 - 240 10. 00@240 K / AIR [110]
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