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To explicitly define the luminescence LIR models, we have completed the detailed descriptions of the transitions and
equations below:

(i) LIR;: Defined as the intensity ratio of the emission from Er3*: 2Hy/,—%1s/> (530 nm) to Tm3*: 'G4—3Hs (475 nm), i.e.,

1530 nm
LIR, =

475nm, This non-thermally coupled level (non-TCL) model follows the empirical fitting equation:

¢y
LIR;=A;+By- exp(?)

Where Al, By and €y are represented as constants, respectively, and T is the absolute temperature (Figs. 11a and 12a).
1530 nm
LIR, =
(i) LIR,: Defined as the ratio of Er3*:2Hy;/;—*s/2 (530 nm) to Er3*:4Ss/,—?11s/> (550 nm), i.e., Isso nm, This thermally

coupled level (TCL) model adheres to the Boltzmann distribution:

LIR A AE
= . ex —_——
2 2 p KT

Where 4, is represented as a constant, AE = 0.0984 eV (derived from the energy gap between 2Hr/, and Ss/), Kp is the

Boltzmann constant, and the fitting yields Rz > 0.99 (Figs. 11b and 12b).

1530 nm

LIR, =
3
(iii) LIR3: Defined as the ratio of Er3*:2Hyu/2—%1s/2 (530 nm) to Er3*:4Fg/,—*l15/2 (660 nm), i.e., 660 nm, The empirical

equation is used in this mixed-mode model:

C3
LIR;=A;+ B;- exp(?)

Where A3, By and ¢, are represented as constants, respectively, with R > 0.99 (Figs. 11c and 12c).
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Fig. S1 Crystal structure of Ln3*-doped GMTO double perovskite.

Fig. S2 FE-SEM image and elemental mapping images of the GMTO: 7% Yb3*, 2% Er3*, 3%Tm?3* sample.
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Fig. S3 (a) UC emission spectra of GMTO: 2% Er3*, xTm3*(x = 0-3%) under 980 nm excitation. (b) Calculated power
dependence of the UC luminescence and linear fittings about GMTO: 2%Er3*, 3%Tm?3*. (c) Proportion of GMTO: Yb3*, Er3+,
Tm3* integral intensity with different concentrations of Tm3*. (d) Calculated power dependence of the UC luminescence

and linear fittings about GMTO: 7%Yb3*, 2%Er3*, 3%Tm3*.
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Fig.S4 (a) Proportion of GMTO: 2%Er3*, Tm3* integral intensity with different concentrations of Tm3*. (b) Calculated power

dependence of the UC luminescence and linear fittings of GMTO: 2%Er3*, 3%Tm3*. (c) Proportion of GMTO: 7Yb3*, 2%Er3*,

yTm3*(x = 0.5-3%) integral intensity. (d) Calculated power dependence of the UC luminescence and linear fittings of

GMTO: 7%Yb3*, 2%Er3*, 3%Tm3*.
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Fig.S5 (a and b) UC decay lifetimes of green emission at 550 nm of Er3* in the GMTO: 2%Er3* and GMTO: 2%Er3,

3%Tm3* under 808 nm excitation, respectively. (c and d) UC decay lifetimes of red emission at 660 nm of Er3*

in the GMTO: 2%Er3* and GMTO: 2%Er3*, 3%Tm3* under 808 nm excitation, respectively
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Fig. S6 NIR emission spectra of Er3*, xTm3*(x = 0-3%) co-doped system upon 808 nm excitation.

Q
O

o~ - green =980 nm = | green hex = 808 nm
= -4 Z | red -48
-] d/ 2
P red/green o P red/green o
< \ <
s = - 36
2 3 = ii'f
B S 3 \ S
gl g 5 . 2
g s f B
[ P 2 [ g
QUJ) s ’ % h S
= ! 5 | f- A 12
— 1 p 8 W
05 1 o5 1 2 3 4
Excitation Power (W) Excitation Power (W)
C 10 d 6

— I blue =980 nm — |l viue Mgy = 808 NmM

— |
= red -8 P
j<- - * = red/green o ;: g
2 3 x
D \ -6 © z S
& 2 g 2
£ e £ o
T 4 S
o o
2 L
= ™ - =

—.-—-.-—!—-.—n—- 2
0.5 1 2 3 4 0.5 1 2 3 4
Excitation Power (W) Excitation Power (W)

Fig. S7 UC emission integrated intensity and red-to-green ratio of the corresponding samples as a function of laser

power.
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Fig. S8 (a, b) CIE chromatic coordinates of the UC emission in the GMTO: 2% Er3*, 0.5%Tm3* phosphor by varying

concentration of Tm3* under 980/808 nm excitation. (c, d) R/G emission ratio of GMTO: Er3*, xTm3*(x = 0-3%) and GMTO:

Yb3*, Er3*, xTm3*(x = 0.5-3%) with the variation of laser power density.
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Fig. S9 Schematic diagram of the experimental equipment for temperature sensing measurements.
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Fig. S10 (a-c) Temperature-dependent LIR values of GMTO:7%Yb3*, 2%Er3*, 0.5%Tm3* upon 980 nm excitation.
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Fig. S11 (a-c) Temperature-dependent LIR values of GMTO:7%Yb3*, 2%Er3*, 0.5%Tm?3* upon 808 nm excitation.
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Fig. S12 (a) Thermal cycling stability (10 cycles between 333 and 423 K) of the GMTO:7%Yb3*, 2%Er3*, 0.5%Tm3* under

980 nm excitation. (a) Repeatability tests (25 cycles at 333 K) of the LIR, signals under 980 nm excitation.
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Fig. S13 Images of GMTO: 2%Er3*, 3%Tm3* and GMTO: 7%Yb3*, 2%Er3*, 3%Tm3* under different excitation wavelengths

GMTO: 7%Yb™, 2%Er"", 3%Tm*

and powers.



Table S1. Refinement Results of Gd,MgTiOg: 7% Yb3*, 2% Er3*, 3% Tm3*.

Refinement Results of GMTO

Space
Symmetry
Group T
Monoclinic
P2l/n

a=5.36428 A
b=5.60566 A
c=7.68344 A

V=231.043 A3

0=90
p=89.87543
v=90

Ryp=2.44%
R,=1.95%
Chi2=1.70%

Table S2. Summary of the S, value corresponding to the Ln3*-doped LIR thermometers.

Phosphors hex(nm) Transitions Temperature(K) | S, (%K) | Refs
Na3Gd(VO4)2:
Yb3*/Er3* 980 Hii2,*S30>lisi 291-578 0.83 [32]
TeO,-ZnO-BaO: o s s S
Yb*/Ho¥* 980 F5/ F4, Sz_’ Ig 303-503 041 [42]
NaLuF,: Ho*/Yb3* 980 5F1,35Ge/5F, 3, K71y 390-780 0.83 [43]
YOF: Tm3/Yb3* 980 SH,—3Hq 190-300 0.12 [33]
2,1 /Ao —41 0.47
Ca,MgWOg: Er*/Yb> | 980 R 303-573 [44]
2Hy12/*S3,—>1,512 0.92
B35Gdgzn4012: . ;
N 980 Gua—Hs 300-510 0.56 [34]
LIR, 0.84 )
This
980 LIR, 313-523 0.95
work
Gd,MgTiOg: LIR; 0.95
Yb3*/Er3t/Tm3* LIR, 0.64
This
808 LIR, 313-523 0.92
work
LIR; 1.03




