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Materials based on germanium-calcium doped with 1% Er³⁺ and 10% Yb³⁺ were prepared using the 
solvothermal methodology and thermally treated at 700, 900, and 1100 °C for 3 hours, revealing 
significant insights. The crystalline structure of trigonal GeO₂ and tetragonal Ca₂Ge₇O₁₆ was identified 
at all treatment temperatures, while the trigonal Yb₂Ge₂O₅ structure appeared between 900 and 1100 
°C. Calcined samples exhibited shifts in diffraction peaks, indicating the incorporation of dopants and 
the evolution of material properties with increasing temperature, resulting in varied morphologies, 
from blocks to rods on the micrometer scale. Upconversion spectra under 980 nm excitation (Figure 1) 

revealed emissions in the green (4S3/2, 2H4/2 → 4I15/2) and red (2F9/2 → 4I15/2) regions, confirming the 
efficiency of energy transfer between Yb³⁺ and Er³⁺ ions, essential for photonic device applications. 
Thermal sensitivity, analyzed between 298 and 373 K, showed a value of Sr = 1.282 %·K⁻¹, comparable 
to other Er³⁺/Yb³⁺ doped germanate systems. [1,2] The high repeatability of thermometric parameters 
(~95.0% at 298 K) suggests the material's excellent reversibility and thermal stability. In this regard, 
the structural, morphological, and spectroscopic characterization of Er³⁺/Yb³⁺ doped samples 
demonstrate their potential for applications in high-sensitivity photonic devices and thermal sensors. 

 
Figure 1. (A) Upconversion spectra, (B) CIE 1931 chromaticity diagram, (C) Upconversion spectra as a function of 
experimental temperature (298 to 373 K), and (D) Relative thermal sensitivity as a function of experimental 
temperature (298 to 373 K) of Er3+/Yb3+ doped samples calcined at 900 °C. 

Acknowledgments: FAPESP, INFO, and University of São Paulo. 

References 

[1] CHEN, Y. et al., Journal of Luminescence, 250, 119121 (2022). 
[2] CUI, H. et al., Journal of the American Ceramic Society, 106, 3024-3034 (2023). 

290 300 310 320 330 340 350 360 370 380

0,8

0,9

1,0

1,1

1,2

1,3

S
r 
(%

 K
-1

)

Temperatura (K)

500 520 540 560 580

Texp. (± 0,1K)

 298

 303

 308

 313

 318

 323

 328

 333

 338

 343

 348

 353

 358

 363

 368

 373In
te

n
s
it

y
 (

a
rb

. 
u

n
it

s
)

Wavelength (nm)

2H11/2 ® 4I15/2
2S3/2 ® 4I15/2

Cor

A 

B 

C 

D 

mailto:vitor.santos.souza@usp.br

