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We developed a scanning transmission electron microscopy (STEM)-based thermal analytical microscopy (STAM)
technique through performing a local temperature measurement using an assembled nanothermocouple under scanning of a
focused electron beam over the samples in the STEM mode. Herein, we report on the principle of nanoscale thermal
conductivity using STAM and its application for heat sink composite as model specimen. STAM allows for high thermal and
spatial resolutions during nanoscale thermal flow propagation within a heatsink composite. Comprehensive thermal tests
combined with structural, mechanical, electrical, magnetic, and optoelectronic characterizations by TEM may become one of
the most powerful tools for understanding complex heat transfer phenomena in advanced nanoscale materials at nanoscale.
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Fig.1 (a) JEM-3100FEF transmission electron microscope.
(b) Schematic illustration of objective lens in TEM.
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Fig.2 Optical microscope images of a piezodriven (a) STM-
TEM holder, (b) AFM-TEM-holder, (c) optical TEM holder, and
(d) twin-probe STM-TEM holder.
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Fig.3 (a) Schematic illustration of electrochemical etching
method for sharpening metal wires. Sharpened (b) Cu, (c) Cu-Ni,
and (d) Cr-Ni tips.?¥
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Fig.4 (a) BF-TEM image of an assembled thermocouple made
of Cu and Cu-Ni tips. (b) HRTEM image of an assembled
nanothermocouple of Cu-Ni and Cr-Ni tips. 3437
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Fig.5 Schematic illustration of a temperature increase in a thin
film on a microgrid under heating the center by a focused electron
beam. Temperature profile shows Gaussian distribution.*?
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Fig.6 (a) Schematic illustration of thermal conduction in one-
dimensional simple model in the steady state regime under
illuminating nanoscale areas by a focused electron beam. (b)
Relationship between the distance x from the temperature
monitoring position M to the heat input positions (such as M, A,
and B) and the monitored temperature 7wm.
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Fig.7 (a) BF-TEM image of thinned heatsink composite
specimen supported by W base via thermally insulating epoxy.
Assembled thermocouple is brought into contact with the edge of
specimen at M. (b) Time dependence of monitored temperature
generated between thermocouple.’
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Fig.9 (a) BF-TEM and (b) STAM images of a heatsink
composite. Thermocouple was brought into physical contact with
filler 1.The color bar inserted on the left-side corner of (b) shows
temperature increase at point M in Fig.8, room temperature
corresponds to the violet.?”)
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