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Square-wave modulation thermoreflectance for

metal film thickness measurement
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Abstract: Conventional thermoreflectance techniques (TDTR/FDTR) exhibit a selective dependence on high-
thermoreflectance metals (such as aluminum and gold) when measuring the thickness of optically opaque metal films, mak-
ing it difficult to extend to low-thermoreflectance materials like silver and copper. To address this bottleneck, a non-contact
measurement method is presented employing square-wave modulated heating and periodic waveform analyzer (PWA) ampli-
tude detection. By exploiting the rich harmonic content of square waves and deep phase averaging, the signal-to-noise ratio is
significantly enhanced for low-thermoreflectance materials. A dual-frequency measurement strategy enables effective param-
eter decoupling. Validation on ~200 nm silver and copper films deposited on fused silica substrates yields measured thickness
with deviations within 5% from SEM reference values. This approach breaks through the material-selective restriction of con-
ventional thermoreflectance methods, bridging the capability gap for optically opaque metal films where ellipsometry is inef-
fective, and provides an effective technique for nondestructive online thickness monitoring.
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