THERMISTER MADE OF DIAMOND THIN FILM

H. NAKAHATA, T. IMAI, H. SHIOMI, Y. NISHIBAYASHI, and N. FUJIMORI

Sumitomo Electric Industries, Ltd., 1-1-1 Koyakita, Itami, Hyogo 664, Japan

It is widely held that diamond can be applied to refractory semiconductors due to its wide band gap and chemical stability.
The authors have for the first time fabricated a thermister made of a polycrystal diamond thin film and characterized its
properties. Thermisters made of boron-doped diamond films are considered to be useful under a wide temperature range
from R.T. to 600°C, having a resistance of 10°~10° Q at R.T. and 10°~10° Q at 600° C and a thermister constant of 5800.
Ti electrodes were used for good ohmic contacts, and SisNs or AIN were suitable as substrates.

1. Introduction

The CVD method of producing a diamond film
on a substrate from the gas phase reaction has
been developed recently," and has been researched
and improved remarkably until today. Diamond is
considered useful in various applications capital-
izing on its super hardness, extremely high thermal
conductivity, excellent optical transmittance and/
or chemical stability.

The application of diamond in an electrical
capacity as a semiconductor is an attractive subject.
In comparison with other semiconductors, dia-
mond has a wide band gap (5.5 eV), a high thermal
conductivity (20 w/cm-K), a small relative di-
electric constant (5.7), high hole-and-electron
mobilities and a high breakdown voltage, so it is
expected that we will be able to make new devices
from diamond that can operate at high tempera-
tures, high power and high speeds. Diamond is
chemically stable up to 800°C in air, and doesn’t
have an intrinsic region as a semiconductor, theo-
retically. A refractory semiconductor device which
can operate at high temperatures of several hun-
dred degrees °C can be fabricated using diamond.”

Diamond is an insulator in itself, but doped with
boron, it turns into a P-type semiconductor and
becomes conductive. The authors have already
succeeded in preparing an epitaxial diamond thin
film and doping some elements into it,” and have
investigated especially a boron-doped P-type dia-
mond film, succeeding in fabricating a Schottky

diode with it.

Figure 1 shows the temperature dependence of
carrier concentration, hole mobility and resistivity
of a boron-doped epitaxial diamond film.” As the
temperature increases from —50°C to 600°C, the
carrier concentration increases from 10" to 10"
(1/cm?) according to the activation energy of 0.38
eV, which is considered to be an acceptor level and
the same value as that of a IIb crystal diamond.”™”
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Fig. 1. Temperature dependence of carrier concentration,

hole mobility and resistivity of boron-doped epitaxial diamond
film.
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7000. This thermister may be useful at high
temperatures.

Durability of thermisters is closely related to
passivation and crystallinity of the diamond films
used. Better passivation and optimization of the
diamond film will improve durability.
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