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Abstract: This paper presents a high-precision temperature sensor based on a high-quality factor thin-film

lithium niobate microring resonator integrated with a microwave photonic readout system. The microring res-

I F& H #3:2025-09-18; 1&1T B H8: xxxx-xx-XX

E&TIE: [F5 [ ARFFI4 (No. U23A20639, No. U2341210, No. 62401524, No. 62371426); | 448 JL i 51 i 3t
TliF5E 422 5123 (No. 2023A1515110148)
Supported by National Natural Science Foundation of China (No. U23A20639, No. U2341210, No. 62401524,
No. 62371426); Basic and Applied Basic Research Foundation of Guangdong Province (No. 2023A1515110148)


https://doi.org/10.37188/CO.2025-0121
https://doi.org/10.37188/CO.2025-0121
https://doi.org/10.37188/CO.2025-0121
https://cstr.cn/32171.14.CO.2025-0121
https://cstr.cn/32171.14.CO.2025-0121
https://cstr.cn/32171.14.CO.2025-0121

2 REYEE (FP3ES0) %19 %

onator, with a narrow linewidth of 2.87 pm and a high Q-factor of 10°, functions simultaneously as the tem-
perature-sensing element and the core signal processing component of a microwave photonic filter. Through
the thermo-optic effect, temperature variations are converted into shifts in the optical resonance wavelength,
which are innovatively mapped to linear changes in the passband center frequency of the microwave photon-
ic filter. A vector network analyzer is employed to accurately detect the microwave frequency response, en-
abling temperature measurement via high-resolution frequency variations and establishing a quantitative
model between temperature and frequency shift. In contrast to conventional methods that directly detect op-
tical wavelength shifts, the proposed microwave photonic readout technique linearly converts minute reson-
ance wavelength shifts into changes in the microwave center frequency, thereby overcoming the resolution
limitations inherent in conventional optical spectrum analyzers. Experimental results demonstrate a sensitiv-
ity of 27 MHz/°C and a resolution of 0.002 °C, with excellent linearity maintained under temperature vari-
ations as small as 0.01 °C. This work effectively resolves the trade-off between sensitivity and resolution in

traditional optical temperature sensing, offering a novel solution for on-chip integrated high-precision tem-

perature monitoring.

Key words: micro-ring resonator; temperature sensor; thin film lithium niobate; microwave photons
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