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This PDF file includes: 

Figure S1. XRD of the phosphors. 

Figure S2. Energy level diagrams of Yb
3+

–Er
3+

 system and the possible UC processes 

for the 
2
H11/2–

4
I15/2 and 

4
S3/2–

4
I15/2 transitions of Er

3+
, following the 980 nm laser 

diode irradiation. 

Figure S3. Δ525/550 as a function of temperature in the range of 303−783 K. 

Figure S4. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the two–function fit result; (b) the temperature errors obtained based on the two–

function fit strategy shown in (a). 

Discussion S1. Two–function fit strategy. 

Figure S5. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the three–function fit result; (b) the temperature errors obtained based on the three–

function fit strategy shown in (a). 

Discussion S2. Three–function fit strategy. 

Figure S6. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the four–function fit result; (b) the temperature errors obtained based on the four–

function fit strategy shown in (a). 

Discussion S3. Four–function fit strategy. 

Figure S7. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the twelve–function fit result; (b) the temperature errors obtained based on the 

twelve–function fit strategy shown in (a). 

Discussion S4. Twelve–function fit strategy. 

Figure S8. Comparison of the temperature errors obtained by using the X–function 

(X=1, 2, 3, 4, 6 and 12) fit methods. 

Figure S9. (a) Room temperature upconversion luminescence spectrum of 

Y2O3:Yb
3+

-Er
3+

 phosphors; (b) luminescence intensity ratio between the 
2
H11/2–

4
I15/2 

and 
4
S3/2–

4
I15/2 emissions as a function of temperature in the range of 303−583 K. 

Figure S10. (a) Luminescence intensity ratio between the 
2
H11/2–

4
I15/2 and 

4
S3/2–

4
I15/2 

transitions of Er
3+

 (Δ1’ and Δ2’) as a function of temperature in the range of 303−583 

K. Δ1’ is the ratio used to obtain the calibration curve and Δ2’ is the ratio used to 



check the calibration curve; (b) and (c) show the results fitted with the one-function 

and three-function fit strategies; (d) comparison of the temperature errors with the use 

of the one-function and three-function fit strategies. 

Discussion S5. Study on Y2O3:Yb
3+

-Er
3+

 phosphors with the use of same strategy. 

Figure S11. Comparison of the pre-exponential factors obtained by using the X–

function (X=1, 2, 3, 4, 6 and 12) fit methods. 

Figure S12. Comparison of the absolute sensitivities with the use of X-function (X=1, 

2, 3, 4, 6 and 12) fit method in the experimental temperature range; (b),(c) and (d) 

show the comparisons of the absolute sensitivities with the use of X-function (X=1, 2, 

3, 4, 6 and 12) fit method at 323, 643 and 763 K, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S1. XRD of the phosphors. 

 

  



 

Figure S2. Energy level diagrams of Yb
3+

–Er
3+

 codoped system and the possible UC 

processes for the 
2
H11/2–

4
I15/2 and 

4
S3/2–

4
I15/2 transitions of Er

3+
, following the 980 nm 

laser diode irradiation. 

  



 

Figure S3. Δ525/550 as a function of temperature in the range of 303−783 K. 

  



 

Figure S4. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the two–function fit result; (b) the temperature errors obtained based on the two–

function fit strategy shown in (a). 

 

  



Discussion S1. Two–function fit strategy. 

Figure S4(a) presents the fit results using the two–function method in the range of 

303–783 K. The specific procedures are described as follows. Firstly, the whole 

temperature range, that is, 303–783 K, is divided into two small ranges uniformly. 

Therefore, the two small uniform ranges are 303−543 and 543−783 K, respectively. In 

each separate temperature range, we can obtain one fit curve with the use of eq (1). 

On the basis of the two–function fit method proposed, the following expression 

could be achieved 
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.                               (S1) 

Based on eqs (2) and S1, the temperature errors obtained at 

323/363/403/443/483/523/563/603/643/683/723/763 K can be calculated, which are 

shown in Figure S4(b). The average temperature error over the whole temperature 

range from 323 to 763 K is 2.11 K. For the conventional one−function fit method, this 

mean error is calculated to be 3.47 K. Obviously, the two–function fit strategy is able 

to obtain a more accurate temperature readout than the conventional one. 

  



 

Figure S5. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the three–function fit result; (b) the temperature errors obtained based on the three–

function fit strategy shown in (a). 

 

  



Discussion S2. Three–function fit strategy. 

Figure S5(a) presents the fit results using the three–function fit method in the range 

of 303–783 K. The specific procedures are described as follows. Firstly, the whole 

temperature range, that is, 303–783 K, is divided into three small ranges uniformly. 

Therefore, these small uniform ranges are 303−463, 463−623 and 623−783 K, 

respectively. In each separate temperature range, we can obtain one fit curve with the 

use of eq (1). 

On the basis of the three–function fit method proposed, the following expression 

could be achieved 
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Based on eqs (2) and S2, the temperature errors obtained at 

323/363/403/443/483/523/563/603/643/683/723/763 K can be calculated, which are 

shown in Figure S5(b). As can be observed, at relatively low temperatures, the 

temperature errors are quite small. In contrast, at high temperatures, the temperature 

errors are relatively large. The average temperature error over the whole temperature 

range from 323 to 763 K is 1.03 K. For the conventional one−function fit method, this 

mean error is calculated to be 3.47 K. Obviously, the three–function fit strategy is 

able to obtain a more accurate temperature readout than the conventional one. 

  



 

Figure S6. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the four–function fit result; (b) the temperature errors obtained based on the four–

function fit strategy shown in (a). 

  



Discussion S3. Four–function fit strategy. 

Figure S6(a) presents the fit results using the four–function method in the range of 

303–783 K. The specific procedures are described as follows. Firstly, the whole 

temperature range, that is, 303–783 K, is divided into four small ranges uniformly. 

Therefore, these small uniform ranges are 303−423, 423−543, 543−663 and 663−783 

K, respectively. In each separate temperature range, we can obtain one fit curve with 

the use of eq (1). 

On the basis of the four–function method proposed, the following expression could 

be achieved 
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.                               (S3) 

Based on eqs (2) and S3, the temperature errors obtained at 

323/363/403/443/483/523/563/603/643/683/723/763 K can be calculated, which are 

shown in Figure S6(b). The average temperature error over the whole temperature 

range from 323 to 763 K is 0.60 K. For the conventional one−function fit method, this 

mean error is calculated to be 3.47 K. Obviously, the four–function fit strategy is able 

to obtain a more accurate temperature readout than the conventional one. 

 



 

Figure S7. (a) Δ525/550 as a function of temperature in the range of 303–783 K, as well 

as the twelve–function fit result; (b) the temperature errors obtained based on the 

twelve–function fit strategy shown in (a). 

 

 

  



Discussion S4. Twelve–function fit strategy. 

Figure S7(a) presents the fit results using the twelve–function fit method in the 

range of 303–783 K. The specific procedures are described as follows. Firstly, the 

whole temperature range, that is, 303–783 K, is divided into twelve small ranges 

uniformly. Therefore, these small uniform ranges are 303−343, 343−383, 383−423, 

423−463, 463−503, 503−543, 543−583, 583−623, 623−663, 663−703, 703−743 and 

743−783 K, respectively. In each separate temperature range, we can obtain one fit 

curve with the use of eq (1). 

On the basis of the twelve–function fit method proposed, the following expression 

could be achieved 
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Based on eqs (2) and S4, the temperature errors obtained at 

323/363/403/443/483/523/563/603/643/683/723/763 K can be calculated, which are 



shown in Figure S7(b). The average temperature error over the whole temperature 

range from 323 to 763 K is 0.35 K. For the conventional one−function fit method, this 

mean error is calculated to be 3.47 K. Obviously, the twelve–function fit strategy is 

able to obtain a more accurate temperature readout than the conventional one. 

  



 

Figure S8. Comparison of the temperature errors obtained by using the X–function 

(X=1, 2, 3, 4, 6 and 12) fit methods. 

  



 

Figure S9. (a) Room temperature upconversion luminescence spectrum of 

Y2O3:Yb
3+

-Er
3+

 phosphors; (b) luminescence intensity ratio between the 
2
H11/2–

4
I15/2 

and 
4
S3/2–

4
I15/2 emissions as a function of temperature in the range of 303−583 K. 

 

 

Figure S10. (a) Luminescence intensity ratio between the 
2
H11/2–

4
I15/2 and 

4
S3/2–

4
I15/2 

transitions of Er
3+

 (Δ1’ and Δ2’) as a function of temperature in the range of 303−583 

K. Δ1’ is the ratio used to obtain the calibration curve and Δ2’ is the ratio used to 

check the calibration curve; (b) and (c) show the results fitted with the one-function 

and three-function fit strategies; (d) comparison of the temperature errors with the use 

of the one-function and three-function fit strategies. 

 



Discussion S5. Study on Y2O3:Yb
3+

-Er
3+

 phosphors with the use of same strategy. 

Figure S9(a) presents the room temperature upconversion luminescence 

spectrum of Y2O3:Yb
3+

-Er
3+

 phosphors. The spectral ranges in 500-540 nm and 

545-570 nm could be ascribed to the 
2
H11/2–

4
I15/2 and 

4
S3/2–

4
I15/2 transitions, 

respectively. Figure S9(b) and 10(a) show the luminescence intensity ratio Δ between 

the 
2
H11/2–

4
I15/2 and 

4
S3/2–

4
I15/2 emissions as a function of temperature in the range of 

303−583 K. In Figure 10(a), the ratios marked as blue squares are obtained at 303, 

343, 383, 423, 463, 503, 543 and 583 K, which are used to obtain the calibration 

curve. While the red triangles, obtained at 323, 363, 403, 443, 483, 523 and 563 K, 

are the measured luminescence intensity ratios used to check the calibration curves. 

Figure S10(b) presents the fit result with the use of one-function fit method. The 

specific expression is 

1320.09
= 8.64exp(- )Δ

T .                                          (S5) 

In contrast, Figure S10(c) presents the fit result with the use of three-function fit 

method. The specific expression is 
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Figure S10(d) shows the comparison of the calculated temperature errors with the use 

of one-function and three-function fit strategies. The average temperature errors for 

these two strategies are calculated to be 0.94 and 0.28 K, respectively. Obviously, the 

three-function fit strategy is able to obtain a more accurate temperature readout than 

the conventional one. 



  

Figure S11. Comparison of the pre-exponential factors obtained by using the X–

function (X=1, 2, 3, 4, 6 and 12) fit methods. 

  



 

Figure S12. Comparison of the absolute sensitivities with the use of X-function (X=1, 

2, 3, 4, 6 and 12) fit method in the experimental temperature range; (b),(c) and (d) 

show the comparisons of the absolute sensitivities with the use of X-function (X=1, 2, 

3, 4, 6 and 12) fit method at 323, 643 and 763 K, respectively. 

 

 

 


