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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.

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 S5. Variation of sensitivity (relative (a) and absolute (b)) for green intensity ratio with 

applied temperature.

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

corresponding intensity ratio variation with temperature. 

100 200 300 400 500
0.0

0.5

1.0

1.5

2.0

R=148.6exp(-2357/T)+0.3

I 66
3/I

56
5

Temperature (K)

(b)

100 200 300 400 500
0

1

2

3

 I565

 I663

In
te

ns
ity

 (1
05  a

.u
.)

Temperature (K)

(a)

100 200 300 400 500
0.0

0.1

0.2

0.3

0.4

0.5

S R
 (K

-1
)

Temperature (K)

SR = dR/RdT = 3445/T2

R = I540/I565

(a)

100 200 300 400 500
0.00

0.01

0.02

0.03
(b)

S A
 (K

-1
)

Temperature (K)

R = I540/I565

SA = dR/dT = R(3445/T2)



S6

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

temperature.

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 

            = 1-/0

where  and 0 represents average life time of ErZnO and ZnO respectively. The value of  is 

found to be 38.4% for the 4% Er doped ZnO sample (as it the maximum intense one). 

Figure S9. Variation of green intensity ratio with temperature in logarithmic scale. The linear part 

is fitted to ln I540/I565=6.65-3053/T and the deviation increases at lower temperature. This suggests 

that the degree of population () is equal to 1 at higher temperature, which is only due to the 

thermal population process,1 and   1 at lower temperature.1  
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Table S1. Comparison of maximum SA values for 540 and 565 nm intensity ratio.

Table S2. Comparison of E and SR of different Er:ZnO microrods for I663/I565. Theoretical E is 

2616.2 cm-1. Tmax is the temperature corresponds to maximum SA value.

Er Temp range (K) Maximum 

SA (K – 1 )

Temperature for 

maximum SA (K)

0.001 83 – 493 2.127x10-2 493

0.002 83 – 493 2.43510-2 493

0.003 83 – 493 1.774x10-2 493

0.004 83 – 493 1.756x10-2 493

0.005 83 – 493 1.413x10-2 493

Er Temp range (K) Maximum SA (K – 1) 

 (Tmax, K)

E (cm – 1) Sensitivity 

(SR) (K – 1 )

0.001 83 – 493 2.976x10-2 (83) 1414 2034/T2

0.002 83 – 493 7.314x10-2 (83) 1638 2357/T2

0.003 83 – 493 6.555x10-2 (83) 1170 1683/T2

0.004 83 – 493 5.561x10-2 (83) 1384 1991/T2

0.005 83 – 493 7.539x10-2 (83) 997 1434/T2
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Table S3. Comparison table for theoretical and experimental E ratio for various materials. 
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