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Thermal Imaging and Visual Thermal Analysis
Using Infrared Camera

Junko Morikawa and Toshimasa Hashimoto

(Received June 24, 2011, Accepted Oct. 8, 2011)

A recent advance in thermal imaging is overviewed with the actual imaging results using
an infrared camera applied to the micro-scale heat transfer observation. The micro-scale visual
thermal analysis and the lock-in thermography are presented. The latent heat's generation and
dissipation at minus temperature during freezing of biological plant and animal cells are visualized
that clarifies the thermal diffusion effect on crystallization and the vitrification. The on-
lamellae thermal analysis of n-alkane visualizes the early stage of anisotropic lamella formation.
The crystallization front of polymeric spherulite of poly(ethylene oxide) visualizes the temperature
rise of ~ 200 mK. The basic results of lock-in thermography visualizing the in-plane thermal
diffusivity and the thermal interface are presented with a modulated spot heating method using
a diode laser that is used to generate a thermal wave inside the specimen. A promising future
of micro-bolometer sensor is introduced.
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Fig.1 Sensitivity (D* = (S/N + Af'2 )/(P - A2 )) of
infrared sensors; S: Signal, N: Noise, P: Incident Fig.2 Intensity of black body radiation at different
energy [W cm 2], A: Photo sensitive area, Af . absolute temperatures as a function of wavelength.
Noise bandwidth [Hz].
Table 1 Specifications of infrared FPA sensors of IR camera.
iR et Bl
detector InSb MCT VO,
spectral range 3~5um 3.7~4.8, 7.7~9.3 um 7.5 ~13.5 um
pixel pitch 30 X30 ~15 X 15 um? 30 X30 ~15 X 15 um? 38 X38 ~17 X 17 wm?
resolution 320 X256 ~640 X512 640 X512 640 x 480
Integration time 10 ~3 us 10 us 10 ~40 ms
full frame rate 100 ~432 Hz 117 ~240 Hz 30 ~60 Hz
NEI / NETD 18 ~25 mK 20 mK 35 ~50 mK
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Fig.3 Setup for micro scale thermal analysis and lock-
in thermography with a modulated spot heating
using a laser diode.

2.2 WRILEDR
2.2.1 ﬁ%ﬁ

S5 DI BRTE
f%ﬁﬁX7%ﬁwT,mh%ﬁﬂﬁﬁMﬁV/ZE%T
T, KHEWE AR S, At - A baE ek Lo
BAMEE LCBRIIT S 3 7UX7—Wﬂ”ﬁ 18 % Fig.3
RS

REEE N, T A TROMIZ, BEHIETTRE RS, /D
FUBR L — W — Z F WIS, xyz AT —
UHHHY Lo T b, —ERAMRIRICE S DTA DIED, F
MGRELD — BB AT F 7 TR e g & 1) F8 A &
WRER OGS AT EBIT A2 N TE DL, Th
SUE, YRS A T B e LT, BETH D
CEEFHLT, BSHMNICHET SRR L, A
ARG ZAEINER T 2 SIS BT, By 7 A VBRI
THEBEE LTERLTWYS, 72, cHz-oC, iR
B TIEEIP RN LS, BEICRATEZVoT,
BAY v 7 WHEOUREE ORFAALS % i L 7= Wi e &3
T5 (TEIE) .

FHE T A T % @R v o — & L TR 5 N5 B
&, VI TIVOFEE LT — 5 L LTI S AT
ik b BT AT A G- 2 B TREEAN D B o Bk OHLEIIE
WITEC, B ThRERLE, | Hz 5 T ICEI
T 5121, 1 mm2 DNOHEOBIIAEF LV, 20720
<A 7 OAT — VAR ORI, T - GRE T
5N5 LY AFEEIAREHTHHANTE 2VOT, FINEE
WA ERTAYA 7Ol v XD L 72 5,

2.2.2 W{RALEEG OS]

Fig.4(a)ld, HBG LICE WM %,
ERETHH L7z L 2OGHHBRETE L MR L,
FUBN F 72 IO BB A IR 2 7201 CTH %, KD

Netsu Sokutei 38 (5) 2011

CHEBEICOWTHINT %o mTTDInSh |....

159

(a) Temporal image

t=t t=1,+0.43s t=t,+1.0s t=1+1.07s

: 4
0| ‘

t=t +1.13s t=1,+120s r=1,+1.25s t=1,+1.55s
(b) Temporal image 120 um

L

t t=t+0.12s t=1+0.82s1=1+0.90s

t=1 +098s t=1+t105s t=11t122s t=11180s
120 um

Fig.4 (a) Time derivative image of the latent heat

during freezing of onion-skin cells.
(b) Time derivative image of the latent heat
during freezing of tobacco cells in the medium.
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Fig.5 (a) Infrared image of onion-skin cells.

(b) Two dimensional thermal analysis of onion-
skin cells in cooling at different pixel positions
of A — E in Fig.5(a).
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Fig.6

Comparison of heat flow curves measured with
(a) heat compensation type DSC, and (b) infrared
thermal imaging, in thermal analysis of onion-
skin cells on heating and cooling.
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Fig.7 (a) The exothermic latent heat of crystalline
lamellae of CisHs, in cooling (- 0.6 K min 1)
from the isotropic to the hexagonal phase, (b)
time developments of intensity profiles of the
exothermic heat front of the anisotropic lamellae
growth of CysHs; by each 3 um step.
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Fig.8 (a) Time differential image of exothermic thermal
front of crystallization of poly(ethylene oxide)
(PEO: M, =100,000) in cooling (—30 K min ')
from the liquid to 42 °C. (b) Temperature profiles
of the pixels in the exothermic heat front of
the spherulite in the radial direction by each
12 um step in the isothermal crystallization at
53.5C and 51.0C.
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Fig.9 Infrared thermal image of a carbon cloth irradiated

with a modulated spot heating at 0.26 Hz. (a)
a magnitude image, (b) a phase image, and (c)
the plot of phase (A0) vs. distance d in the parallel
and the perpendicular to the carbon fiber
direction.
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Fig.10 Infrared image of (A) magnitude and (B) phase
of a carbon fiber (10 um in diameter) embedded
in polyethylene thin film, at a frequency 0.03
Hz. C) The surface profile of phase image.
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structured area. Amplitude (b) and phase(c)
distributions are shown. The left side region was
illuminated by the laser diode to create heat wave
and was modulated at 0.21 Hz frequency.
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Fig.12 Phase and amplitude image of a sliced section
of three layered films; a) amplitude and (b) phase
of kapton/Cu/kapton 75/10/75 um, (c) amplitude
and (d) phase of Kapton three layers 75/25/75
um observed with 0.15 Hz frequency. (e) and
(f) the plot of the phase drop on the interface
of the layers vs. the reflectivity and the thermal
conductivity of the thermal grease in the interface.
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