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Experimentation
A typical TDTR set-up uses sub-picosecond laser pulses 
and a delay stage. An electro-optic modulator is used to 
modulate the pump pulses at a given frequency.

Motorized actuators are 
used to modify the beam 
offset, providing precise 
control over the spatial 
overlap between the 
pump and probe beams.

Laser-flash TDTR 
heats the sample on 
the opposite side of 
the probe beam to 
measure the cross-
plane heat transfer.

The reflected probe 
beam is measured 
at the detector and 
connected to a 
lock-in amplifier.

TR-MOKE measures the 
magneto-optic Kerr effect 
— the change in 
polarization of the 
reflected probe beam due 
to magnetization of a 
ferromagnetic transducer.

Applications
TDTR is a powerful tool for measuring 
interfacial thermal conductance in 
electronic materials. It can probe high 
thermal conductivity in semiconductors 
such as GaN, diamond and boron-
based crystals. For example, TDTR 
measurements of cubic BAs reported 
a conductivity of ~1,500 W m–1 K–1 , 
surpassing computational predictions. 

Reproducibility and 
data deposition
TDTR measurements are generally 
reproducible if the sample remains stable 
during a scan; issues and noise from the 
experimental set-up can be minimized 
through signal averaging. Spurious signals 
that occur at the modulation frequency 
but are unrelated to thermoreflectance 
can be reduced by optical chopping or 
double-shielded coaxial cables.

Limitations and 
optimizations
TDTR is rarely used at modulation 
frequencies below 0.1 MHz due to 
intensity noise and pulse accumulation, 
which limits its ability to probe buried 
interfaces. At high temperatures (>900 
K), the transducer often fails, while at very 
low temperatures (<30 K), the per-pulse 
temperature rise can exceed the ambient 
temperature. TDTR requires a surface that 
does not diffusively scatter visible light, so 
certain samples may require preparation 
to facilitate specular reflection.

Outlook
TDTR adaptations will expand its 
applicability to more materials. Using 
other wavelengths could enable the 
probing of non-metals without a 
transducer by exciting above the bandgap, 
while combining TDTR with scanning 
probe methods could allow for spatial 
resolution beyond the diffraction limit.

Results
A single TDTR experiment measures two 
voltage lock-in signals — in-phase (Vin) 
and out-of-phase (Vout) — as a function 
of pump–probe time delay. A thermal 
model is required to relate these signals 
to material properties. Vin encompasses 
the immediate temperature rise after 
a laser pulse and depends on the 
transducer’s thickness and heat capacity. 
As the transducer cools, heat flows to the 
underlying sample. This cooling time 
is dependent on the interfacial thermal 
conductance and sample’s thermal 
conductivity. The amplitude of Vin decays 
over time and is inversely proportional 
to the transducer’s heat capacity. Vout, 
which lags the pump by 90°, captures 
the delayed thermal response due to 
heat diffusion. It describes the sample’s 
response to periodic heating at the 
modulation frequency of the pump, fmod. 
The resulting temperature oscillations 
depend on the sample’s thermal 
resistance over the thermal diffusion 
length, dp, during one modulation cycle. 
The laser spot size, w0, must also be 
known. The relationship between these 
parameters and the resulting heat flow is 
shown in the figure below. These signals 
are analysed using a multilayer thermal 
model to extract parameters such as the 
thermal interface conductance, cross-
plane thermal conductivity (kz), in-plane 
thermal conductivity (kr) and volumetric 
heat capacity (C). 

Time-domain thermoreflectance (TDTR) is an optical 
pump–probe method for measuring heat transfer. A 
transducer on a material surface absorbs irradiated laser 
energy from the pump, resulting in a temperature rise. A 
time-delayed probe records changes in reflectivity due to 
the temperature variation, known as thermoreflectance. 

Time-domain thermoreflectance
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