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Application of an optical-fiber sensor to differential thermal analysis
Tadashi Kimura, Osamu Akimoto, Hideyuki Sakaguchi,Mitsugu Takashima, Ken-ichi Noda

A novel differential thermal measuring system using optical fiber sensors is proposed.
A Michelson interferometer composed of an optical fiber coupler is applied to maintain
a thermally symmetrical configuration. An optical sensing {iber is connected to each out-
put arm of the coupler and each fiber end is coated with aluminum to reflect the signal
light. One of these fibers is wound around a cup containing a sample material and the
other is wound around the other cup containing a reference material, for the purpose of
sensing its temperature difference. In order to immune from fluctuations of the light
source and the amplifier, a pseudo-heterodyne detection scheme is adopted and the
phase difference proportional to the temperature difference between the cups can be ex-
tracted with good stability. A rotating -phase measuring circuit is proposed io measure
over a wide dynamic range of phase difference. As a result, the temperature sensing
sensitivity of 2507rad/K can be obtained.

First, in this paper, the advantages of the Michelson Interferometer using optical fi-
ber couplers are mentioned. Next, a newly -developed pseudo —heterodyne detection sche-
me and a rotating phase measuring circuit designed for the system are described. Fina-

Hy, the experimental results are shown and the errors of the system are discussed.
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Fig.l Michelson interferometer type differential

thermal measuring system using an optical
fiber coupler. The two output fiber arms
of the coupler are wound around two cups
respectively, one contains a sample and the
other contains a reference substance. A
PZT(piezo-electro transducer tube)optical
modulator is used for the pseudo-heterodyne
detection scheme.
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Fig.2 Mach-Zehnder interferometer type diffe-
rential thermal measuring system using op-
tical fiber couplers.This method requires
less electronic circuit but two couplers
are required.
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Fig.3 Newly-developed pseudo - heterodyne de-
tection system. Two sinusoidal waveforms
whose phase difference is proportiomal to
the temperature difference are extracted
here. A Feedback control is used to keep
the PZT modulation at a constant degree.
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Photo -detector output waveform(upper
side) and a PZT driving waveform(lo-
wer side).

Fig.4(a)

Fig.4(b) Waveforms separated into tow channels
by an analogue switch SW (upper side),
and the photo-detected output waveform
(lower side).

Fig.4 (¢} Band-pass-filtered waveforms Vg, Voo,
(upper side) and the photo -detector out-
put waveform (lower side)
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measuring portion, where all elements are
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The fiber have a 4 #m-diameter core and
a 125 p#m-diameter cladding covered with
U. V. coating.
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Fig.8 Newly-designed phase difference output
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through a fine tungsten wire in the sample
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Fig.10 Examples of M-counter output when a heat
pulse is applied. Applied heats are 870meal ,
580mcal, 290mcal, respectively.
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