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Moisture Sensor Device of
Plasma-Films Doped with Methylbromide
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Laboratory of Polymer Chemistry, Faculty of Engineering Shizuoka University, 3-5-1 Johokuy,
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SUMMARY

Films plasma-polymerized from the tetramethylsilane/ammo-
nia gas mixture were sensitive in electrical resistance to
moisture. A linear relationship between the logarithm of the
electrical resistance and the relative humidity was observed.
This susceptibility in the electrical resistance to moisture
was improved by doping of methylbromide. This improvements by
the doping treatment may be as results of gquaternization of
amino groups and of hydrolysis of methylbromide. The improved
device could detect relative humidity from 20 to 90 % where
the electrical resistance varied from 107 to 104 Q. The
response time was less than twenty-five seconds, and the
hysteresis in cyclic changing of the relative humidity was
negligible.

INTRODUCTION

In plasma~-polymerization the starting materials introduced
into plasma are subjected more or less to fragmentation to form
polymers. Therefore, when two different materials were simul-
taneously introduced into plasma formed polymers are mixtures
of these ingredients. In plasma-polymerization of tetramethyl-
silane/ammonia gas (TMS/NH3) mixture polymers containing nitro-
gen as well as silicon elements were formed, and the concentra-
tion of the nitrogen residues could be controlled by mixing
ratio of TMS and NH3 (INAGAKI a 1983). The surface properties
of these polymers varied from hydrophobic to hydrophilic de-
pending on the nitrogen concentration. Such hydrophilic sur-
faces became sensitive to moisture, and the electrical resis-
tance decreased with increase in the relative humidity (INAGAKI
b 1983). This invesitgation focusses on practical application
of the plasma-films prepared from the TMS/NH3 mixture to a
moisture sensor device. To improve the susceptibility to
moisture doping of methylbromide is discussed.

EXPERIMENTAL

The apparatus made of Pyrex glass (35 mm i. d., 400 mm
long) and the experimental procedures performed in this study
for plasma-polymerization are the same as reported elsewhere (
INAGAKI a 1983). The glow discharge was initiated at a
pressure of 1.3 Pa at a constant rf power (13.56 MHz) of 25 W,
and continued for a given duration. TMS (NMR grade) and NH3
gas (99.99%) were purchased from Tokyo Kasei Kogyo Co., and



542

Matheson, respectively.

Plasma-polymerized films were doped with methylbromide
vapor in an autoclave at 70°C at 2 x 109 Pa for 48 h.

On a glass plate on which a pair of comb electrodes of
InO2 (0.3 um thick) had been already fasted by vacuum evapora-
tion technique plasma-polymerized polymers deposited, which
was used as a moisture sensor device. The dimension of the
comb was 70 um wide, 20 mm long, and 130 um separate between
two combs; and a number of the comb was 100. The device was
connected with a resistor of 100 k@ in series, and a field of
20 V at 120 Hz was applied. From the potential between both
ends of the resistor the electrical resistance of the device
was estimate as a function of the relative humidity. The
film thickness was determined by interferometry.

Infrared and ESCA (Nig) spectra for the plasma-films were
recorded with a Nihon Bunko spectrometer A-3 and a Shimadzu
electronmeter ESCA 750, respectively.

RESULTS AND DISCUSSION
The electrical resistance of plasma-films prepared from
the TMS/NH3 mixture, as shown in Fig. 1, was functions of the
composition of the mixture as well as the relative humidity.
The electrical resistance decreased with increasing the NH3
concentration in the mixture. A previous investigation by
infrared spectroscopy and ESCA pointed out that such decreases
in electrical resistance were due to incorporation of nitrogen
groups into the plasma-films (INAGAKI a 1983). For all the
plasma-films prepared from the
TMS/NH3 mixtures a logarithm
of the electrical resistance
decreased linearly with in- 10—
creasing the relative humidity.
Especially, the plasma-films
from the TMS/NH3 mixture of a
1/2 molar ratio showed e-
lectrical resistance of less
than 108 Q at fairly low rela-
tive humidities (1.8 x 107 @
at 30 RH%) and wide response
ranges of the relative
humidity from 30 to 90 %,
which indicates an availa-
bility of the plasma-films for
moisture sensor devices.
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This alternations is consider-
ed to be related to how the
starting materials interacted
with electrons generated by
discharge. The energy level
of electrons may be a key to
determine the interactions
with the starting materials,
and changing operating con-
ditions such as the rf power,
the monomer flow rate, etc.
would shift the energy level
of electrons (YANAGIHARA 1982).
A W/FM parameter, where W, F,
and M are the rf input power,
the flow rate and the mole-
cular weight of the monomers,
respectively, is frequently
used to summarize effects of
these operating conditions (
YASUDA 1981). This parameter
means an apparent input power
per mass of the monomers, and
is semi-quantitatively related
to the energy level of
electrons. Fig. 2 shows
typical influences of the W/FM
values on the electrical re-

sistance of the formed polymers.
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Fig. 2 Electrical Resistance
of Plasma-films prepared from
the TMS/NH3 Mixture (1/2
molar ratio) at W/FM Values
of 550 ( A ) and 1800 MJ/kg

( O ) as a Function of Rela-
tive Humidity.
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The operation at a higher

W/FM value of 1800 MJ/kg rather than at that of 550 MJ/kg was
favourable to form polymers with low electrical resistance and
high sensitivity of the electrical resistance in changing the

relative humidity.

To improve the moisture sensitivity these films were doped

with methylbromide.
trated in Fig. 3.

Effects of the doping treatment is illus-
The doping treatment made the electrical

resistance for the polymers prepared from the TMS/NH3 mixture
of a 1/2 molar ratio at a W/FM value of 1800 MJ/kg one order
less and also the ranges respondent to moisture changes wide.
For such moisture sensor devices there was almost linear re-
lationship between the logarithm of the electrical resistance

and the relative humidity from 20 to 90 %.

Such increased

sensitivity may be due to the formation of quaternary nitrogen
groups which is as results of interactions of methylbromide

with nitrogen residues such as amino groups.

Actually the

infrared spectra for the doped polymers showed new but not

strong absorptions at 3190 and 1400 cm-1

which can be assigned

to CH streching and deformation in NY¥-CH3 groups, respectively,
and the ESCA (Nis) spectra showed Nt features at 401.9 eV.

However,

similar improvements of the moisture sensitivity by

the methylbromide-doping treatment could be observed for the
polymer films prepared from TMS which never contain nitrogen
residues (Fig. 3), indicating contribution of H* and/or Br-

ions which were products in hydrolysis of methylbromide with

water.
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Fig. 3 Electrical resistance Fig. 4 Hysteresis of the Ele-
of Plasma-films prepared from ctrical Resistance for Plasma-
T™™S ( A, A ) or TMS/NH3 (1 films from TMS/NH3 91/2) Mix-
/2 molar ratio) ( O, @ ) as ture doped with CHqBr.
a Function of Relative Hu-
midity, A and QO undoped,
and A and @ doped with
CH3Br.

Finally, the hysteresis of the electrical resistance, when
the relative humidity changed cyclically from 20 to 90 %, was
examined. Fig. 4 shows negligible hysteresis for the moisture
sensor devices composed of plasma-films doped with methyl--
bromide. The response time depended on the thickness cf the
plasma~films. For 0.82 um thick the response time was less
than twenty-five seconds.
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