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Microscopic Two-Dimensional Thermal Analysis
by a High-Speed Infrared Focal Plane Array
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A new experimental technique by a high-speed infrared focal plane array (IR camera) is
proposed for the microscopic two-dimensional visual thermal analysis and the method for the
measurement of thermal diffusivity in a plane. The advantages of this technique are; (i) high-
speed, (ii) non-contact sensing, (iii) two-dimensional (2D) image and (iv) micro-scale spatial
resolution. The two-dimensional high speed image of temperature distribution at a microscopic
level is taken in a heating/cooling temperature scan and the temperature-time profiles of 65,000
picture elements are obtained at the same time. The potentials for the observation of instantaneous

latent heat and the phase shift measurement with a.c. technique are reviewed.
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Fig.1 A schematic diagram of experimental setup for
high-speed IR image capturing system by using
an IR FPA( Focal Plane Array) and a microscopic
lens.
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Fig.2 An IR microscopic lens and a cryostat for the

IR image capturing system.
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Fig.3 The relationship between the specimen temperature
measured by a platinum resistance thermometer
and the intensity of the received light by an
IR-FPA at the shutter speeds of 1 ms (O) and
0.5 ms (@).
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Fig.4 Electric breakdown in an integrated circuit; IR

image (a) before and (b) at the moment of the
heat generation, (c) Intensity-time profile at a

broken point and the surrounding pixels.
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Fig.5 Time developments of IR photographs of onionskin cells at freezing with the temperature scale bar in the
left and the time count in the lower right.
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Fig.6 IR photographs of onionskin cells at freezing by various imaging processing methods; (a) a temperature
image, (b) a 3D plot of temperature image, (c) a differential image, (d) a 3D plot of differential image.
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Thermal analysis of onionskin cells in freezing and thawing; (a) the 3D differential image with the exothermic

heat in the cooling, (b) the 3D differential image of endothermic heat in the heating, (c) the DTA analysis

in the cooling, (d) the DTA analysis in the heating.
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Fig.8 (a) The IR photograph of the thermal wave

propagating on the polyimide thin film. (b)
Temperature waveform observed in the surface
direction vertical to the heat generated line. The
frequency of sinusoidal temperature wave on
the heater is 0.2 Hz. The larger number (inserted)
signifies a distant point.
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Fig.9 The amplitude decay and the phase shift in the
plane surface; (a) amplitude and (b) phase delay
AB6.
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Fig.10 Amplitude/phase images when the heat is
generated at a point in the memory chip by using
the temperature wave with the frequencies of;
(a) 0.2 Hz, (b) 1 Hz, and (c) 6 Hz.
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