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A Femtosecond Laser Metrology on the Thermal Conductivity of
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Abstract The present study investigates the thermal characteristics of a nanoscale superconductor material. A
thin-film of YBa,Cu3O;-x was deposited on a SrTiOs substrate by using a pulsed-laser deposition technique and
characterized using an ultrafast laser system. In order to extract a thermal conductivity value, a numerical solution
for a transient one-dimensional heat conduction equation was obtained using a finite-difference method. The
curve-fit shows a value 1.2 W/mK, which is relatively lower than those of bulk materials. This research provides a
material property of superconductor thin-film required for the thermal design of micro or nanodevices.
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Fig. 1 Scanning electron micrographs of the thin-film
surfaces: (a) the reference sample(Al/Si); (b)
the test sample(YBCO/STO)
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Fig. 2 A schematic of the femtosecond Ilaser
measurement system. AOM: acousto-optic
modulator; PD: photodetector
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Fig. 3 A schematic of the numerical analysis
domain. A one-dimensonal approximation is
applied since the spot size of pump pulse is
larger than that of the probe pulse.
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Fig. 4 A temperature decay plot with respect to
time in the 110-nm thick aluminum film on a
silicon substrate
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Fig. 5 A thermoreflectance decay plot with respect
to the time delay for the 110-nm Al fiim on
a Si(100) substrate
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Fig. 6 A curve-fit on the thermoreflectance decay of
the Al-coated YBCO thin-film. The best fit
gives thermal conductivity of 1.2 W/mK.
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Table 1 A comparison of thermal conductivity values of bulk and nanoscale YBCO materials fabricated with
different deposition methods[9,16~19]
D ‘tion Thermal Measurement Thermal
Ref. Sample 2);;0; characterization temperature conductivity
technique [K] [W/mK]
. . . Polyvinylidene difluoride
[9] Bulk polycrystalline Solid state reaction (PVDF) transducer 77~300 7.6~15.2
Bulk YBa,Cus;07., and .
[16] Y,BaCuOs mixture Modified melt texture Steady state 20~200 2540
. . growth heat flow method
(ratio of 1:0.4)
Low-frequency
[17]  Bulk single-crystalline Flux method pulsed-current 10~330 0.7~2.5
technique
250~1000 nm thin .
[18] film on a MgO Reactive the?mal Phot_othermal 879 0.905~1.78
co-evaporation radiometry
substrate
800 nm thin film e
on a MgO substrate Manufacturer Thermal Room :
[19] i provided microscope temperature
800 nm thin film (Theva Co.) p p 07"

on a STO substrate

*p=6370 kg/m3 and C,=430 J/kgK were used to deduce thermal conductivity values
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