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Spectrum 8

Figure S1. (a) FESEM image of Er:ZnO micro rods for Er-0.005 and (b) corresponding EDX

spectrum representing presence of Zn, O and Er in the sample.
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Figure S2. (a—d) High resolution XPS spectra of Er—4d of Er:ZnO sample for different Er doping

content (0.001, 0.003, 0.004, 0.005) respectively.
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Figure S3. Room temperature PL spectra of Eu:ZnO with 355 nm excitation for different Er

doping content.
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Figure S4. Variation of 540 nm peak intensity with temperature in the 83-553 K range for the Er-

0.002 sample.
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Figure SS. Variation of sensitivity (relative (a) and absolute (b)) for green intensity ratio with

applied temperature.
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Figure S6. (a) Variation of 565 and 663 nm integral peak intensity with temperature and (b)

corresponding intensity ratio variation with temperature.
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Figure S7. Plot for variation of different integral peak intensities with Er doping amount at room

temperature.
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Figure S8. Time resolved PL for (a) ZnO and (b) ErZnO (for Er-4%) with excitation and detection
wavelength respectively at 469 nm 520 nm for both the cases. The curves are fitted to double

exponential functions and the average life time is obtained as 0.232 ns and 0.143 ns respectively

for ZnO and ErZnO.
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The population transfer efficiency can be obtained by following equation
n=1-7g
where 7 and 7, represents average life time of ErZnO and ZnO respectively. The value of 7 is

found to be 38.4% for the 4% Er doped ZnO sample (as it the maximum intense one).
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Figure S9. Variation of green intensity ratio with temperature in logarithmic scale. The linear part
is fitted to In /I549/1555=6.65-3053/T and the deviation increases at lower temperature. This suggests
that the degree of population (7) is equal to 1 at higher temperature, which is only due to the

thermal population process,! and 77 < 1 at lower temperature.!
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Table S1. Comparison of maximum S, values for 540 and 565 nm intensity ratio.

Er Temp range (K) Maximum Temperature for
Sy (K-1) maximum S, (K)

0.001 83 -493 2.127x10-2 | 493

0.002 83 -493 2.435x10-2 | 493

0.003 83 -493 1.774x10-2 | 493

0.004 83 -493 1.756x10-2 | 493

0.005 83 -493 1.413x10-2 | 493

Table S2. Comparison of AE and Sk of different Er:ZnO microrods for /s43/1545. Theoretical AE is

2616.2 cml. Ty is the temperature corresponds to maximum S, value.

Er Temp range (K) | Maximum S, (K ~') | AE (cm ') | Sensitivity
(Toar K) (So (K1)
0.001 83 —-493 2.976x10-2 (83) 1414 2034/1?
0.002 83 -493 7.314x10-2 (83) 1638 2357/17
0.003 83 -493 6.555x10-2 (83) 1170 1683/17
0.004 83 —-493 5.561x10-2 (83) 1384 1991/77
0.005 83 —493 7.539x10-2 (83) 997 1434/17
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Table S3. Comparison table for theoretical and experimental AE ratio for various materials.

Host Materials Excitations Temperature AE (cm) AE (cm™) AE/AE, AE/k (K) References
(nm) range (K) (Theoretical) (Experimental) (experimental)

Er3+ Si-B-Ba— | 978 297-673 512 233 0.4550 335 2

Na glass

Er3+ PLZT | 980 310-883 1027 773 0.7526 1112 3

ceramics

Er3+, Mo6+ | 976 295-973 842 901 1.0701 1296 4

'YbAG

Er3+, Yb3+:B- | 980 303-523 2830.6 266.8 0.0943 384 5

NaLuF4

Er3+,  Yb3+, | 980 301-403 972 474 0.4877 682 6

Eu3+:Y203

Er3+,  Yb3+ | 980 300-485 1033 538 0.5208 774 7

'YVO4

Er3+,  Yb3+ | 980 93-613 866 575 0.6639 827 8

:NaBiTiO3

ceramics

Er3+,  Yb3+ | 980 285-453 686 860 1.2536 1250 9

:LiNbO3

Pr¥*-doped 325 293-456 3866 5557 1.4374 7997 10

(KosNags)NbO;

Er3+: ZnO 532 83-493 819 2394 2.9230 3445 This work
References

1. Qin, F.; Zhao, H.; Cai, W.; Zhang, Z.; Cao, W. A Precise Boltzmann Distribution Law for the
Fluorescence Intensity Ratio of Two Thermally Coupled Levels. Appl. Phys. Lett. 2016, 108,
241907.

2. Li, C.R.; Dong, B.; Ming C. G.; Lei, M. K. Application to Temperature Sensor Based on Green
Up-Conversion of Er** Doped Silicate Glass. Sensors 2007, 7, 2652-2659.

3. Camargo, A. S. S. D.; Possatto, J. F.; Nunes, L. A. O.; Botero, E. R.; Andreeta, E. R. M.; Garcia,
D.; Eiras, J. A. Infrared to Visible Frequency Upconversion Temperature Sensor Based on Er3*-

doped PLZT Transparent Ceramics. Solid State Commun. 2006, 137, 1-5.

S9



4. Dong, B.; Cao, B. S.;; He, Y. Y.; Liu, Z.; Li, Z. P.; Feng, Z. Q. Temperature Sensing and In Vivo
Imaging by Molybdenum Sensitized Visible Upconversion Luminescence of Rare-Earth Oxides.

Adv. Mater. 2012, 24, 1987-1993.

5. Zheng, K. Z.; Song, W. Y.; He, G. H.; Yuan, Z.; Qin, W. P. Five-photon UV Upconversion
Emissions of Er** for Temperature Sensing. Opt. Express 2015, 23, 7653-7658.

6. Dey, R.; Pandey A.; Rai, V. K. Er**-Yb*" and Eu*"-Er**-Yb3*" Codoped Y,03 Phosphors as
Optical Heater. Sens. Actuators B 2014, 190, 512-515.

7. Mahata, M. K.; Kumar, K.; Rai, V. K. Er**~Yb*" Doped Vanadate Nanocrystals: A Highly
Sensitive Thermographic Phosphor and Its Optical Nanoheater Behavior. Sens. Actuators B 2015,
209, 775-780.

8. Du, P.; Luo, L. H.; Li, W. P.; Yue, Q. Y. Upconversion Emission in Er-doped and Er/Yb-
Codoped Ferroelectric NaysBigsTiO; and Its Temperature Sensing Application. J. Appl. Phys.
2014, 116, 014102.

9. Quintanilla, M.; Cantelar, E.; Cusso, F.; Villegas, M.; Caballero, A. C. Temperature Sensing
with Up-Converting Submicron-Sized LiNbO;:Er3*/Yb3" Particles. Appl. Phys. Express 2011, 4,
022601.

10. Tang, W.; Wang, S.; Li, Z.; Sun, Y.; Zheng, L.; Zhang, R.; Yang, B.; Cao, W.; Yu, M.
Ultrahigh-sensitive Optical Temperature Sensing Based on Ferroelectric Pr3*-doped

(Ko sNag s)NbO;s. Appl. Phys. Lett. 2016, 108, 061902.

S10



