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This paper presents the fabrication process and the charac-
teristics of a capacitive humidity sensor using hydrogenated carbon

The

containing oxygen.

sensing film of the

sensor has been

deposited by chemical vapor denosition. The response time

of the sensors due to humicdity change is within 40 seconds,

and

also the width of hysteresis is *1.5%RH at maximun. The sensor
works reproducibly against humidity and temperature cycles

(0%RHO90%RH, 30°CO60°C).

Introduction

The development of a humidity
sensor which works reproducibly in var-
ious circumstances is desired. Humidity
sensors are classified into several
types by detecting method as ?91%?ws;
(1)Electrical ?g?perty change''"
(2)Mass change
(3)Infrared absorption change(4)
(4)Mechanical property change ).
Especially the humidity sensor using
the change of electrical properties
due to absorption and desorption of
water molecules is useful for humidity
controlling in industry.

The humidity sensor using
inorganic material such as Al,0 (1,2)
works even in a high temperature
region, but it shows relatively large
hysteresis in electrical signal to re-
lative humidity(RH). The sensor using
organic material shows good linearity
in electrical signal to RH, but the
characteristics change and degenerate
irreversibly after keeping in a high
humidity region.

This paper presents the fabrica-
tion process and the characteristics
of a capacitive humidity sensor using
hydrogenated carhon film containing
oxygen.

The characteristics of a hygro-
neter using the humidity sensor fab-
ricated in this experiment is also
described briefly later.

Structure of The Sensor

The structure of the sensor fab-
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Durability of the sensor in other various
environments is also investigated.

ricated is shown in Fig.1 schemati-
cally. Two lower clactrodes (electrode

A and B) and the upper electrode
(electrode C) make two capacitors, and
these capacitors are connected in
series. The lead wires are connected
to the electrode A and B.

All electrodes are made of chro-
mium, and the electrode C has perme-
ability to water molecule. The hydro-
genated carbon film is deposited
over the electrode A and B.

electrode C

\\\‘*f/

sensing
film

electrode Y
A and B

substrate

Fig.1 Structure of the sensor.

Moisture Sensing Part of The Sensor

Characteristics required for
the humidity sensor are as follows;
(1) quick response
(2) hysteresis free
(3) good durability.
To realize the quick response, it is
necessary to absorb and desorb water



molecules quickly into/from whole ot
the sensing part. To reduce the hys-
teresis in electrical signal to RH, it
is important to avoid condensation of
water molecules. To satisfy the re-
quest it is necessary to control the
balance of hydrophobic radicals and
hydrophilic radicals. And for good
durability, it is necessary to use the
material which i?,?urable chemically
and mechanically'®’.

From these considerations wes se-
lect a hydrogenated amorphous carbon
film containing oxygen for a sensing
part of a humidity sensor.

Hydrogenated carbon films are de-
posited by radio frequency plasna
enhanced chemical vapor deposition on
a sintered alumina substrate where the
lower electrode A and B are previously

formed.

The experimental apparatus for
deposition of the hydrogenated carbon
film is shown in Fig.2 schematically.
- The facing electrodes for discharge

are set in the center of the vacugm
chamber, and a substrate 70X70 mm“ in
size is fixed on the upper electrode.
After the substrate is exposed tg ar-
gon plasma for 30 minutes at 10~ “Torr,
the chamber is evacuated to 107 °Torr.
Then amyl alcohol is introduced, and
RF power is supplied to start glow
discharge. The ratio of hydrophobic
radicals to hydrophilic radicals in
the film can be controlled by changing
the RF power and the gas flow rate.
And the film thickness also can be
controlled by deposition time. Typical
experimental condition for the film
growth is listed in Table 1.

Measurements

The measurements of capacitance
(C)-relative humidity (RH) and output
voltage of the hygrometer (Vg,.)-RH
have been done. The measurements have
been carried out in the temperature
range from 30°C to 60°C and also in
the range from O0%RH to 95%RH using a
divided flow humidity generator
(SHINEI SRH-1R135). Ffor the measure-
ment of capacitance at 1MHz and 1V, an
LCR meter (HP MODEL 4275A) is used.

Results and Discussions

C-RH characteristics of the sen-
sor at 30°C and 60°C are shown in Fig.
3. The capacitance increases almost
linearly with increasing RH in the
range from 5%RH to 95%RH. It is
observed that the capacitance depends
on temperature, and the hysteresis is
about *1.5%RH. It is found that the
hysteresis is smaller than that of the
sensor using inorganic material. From
these results it is considered that
water molecules absorbed into the
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sensing part are scarcely condensed,

and some pafy of the water molecules
are ionized ).

RF
power

supply

H

«——qas inlet

e
DPRP mass flow
controller

——substrate

Fig.2 Experimental apparatus prepa;igg
the hydrogenated carbon £ilm containing
xygen.

Table 1 Tyvpical experimental condi-
tion for hydrogenated carbon film
containing oxygen growth.

Reaction gas Cglig10H
Prassure 4 10" Trorr
Gas flow rate 45ccm

R,F. power 30w
Reaction time 4hours

capacitance (pF)

L

0 50
relative humidity (%)
Fig.3 C-RH characteristics of the

humidity sensor.
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Typical time responses of the
sensor at 30°C for increasing (303%RH»
90%RH) and decreasing (203%RH3>30%RH)
humidity at each 10000cc/min and 200C
cc/min ventilation rate are shown in
Fig.4. Full response is indicated by
the 100% line for increasing and de-
creasing humidity.

In the case of 10000cc/min ven-
tilation rate, it takes 5 minutes and
7.5 minutes for 95% response in in-
creasing and decreasing humidity,
respactively. Decreasing the ventila-
tion rate to 2000cc/min the response
duration time increases about 2.5
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times compared to that of 10000cc/min.

It is found that the response
duration time is influenced by venti-
lation rate, and the response duration
time in decreasing humidity is about
1.4 times longer than that in increas-
ing humidity. If the sensor in an
evacuated chamber (0%RH) is gquickly
taken out to a humid circumstance (70%
RH), duration time for full response
is about 30 seconds. It is considered
that duration time for full response
for step humidity decreasing is about
40 seconds.

The capacitances of the sensors
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Fig.4 Time response of the sensor at 30°C for increasing‘and.
decreasing humidity at 2000cc/min. and 10000cc/min. ventilations.
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Fig.5 Long-term stability of the sensor against humidity (03RH-95%RH)
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Table 2 Ixperimental conditions
of the humidity sensor.

and results for durability test

condition of the test difference of RE-V .+ (at 30°C)
atmosphere of agueous solution not observed
of toluene, xylene and benzene
at 209, (10:3:4:3, 80 hours)
atmosphere of acueous solution increasing of V corresponds

of CZH OH at 20°C.
%ZOwt%, 80 hours)

saturated water vapor at 95°c.
(20 hours)

saturated water vapor at -189C.
(20 hours)

dry air at 100°C. (100 hours)
dry air at -18°9. (20 hours)

atmosphere of !NaO!l solution at

20°C. (10wt%, 20 hours)

solution

atmosphere of I y
at 20°. 0 hours)

EESO
(10wts, 1

to 2~3%RH is observed.
decreasing of V.. corresponds
to 1~2%RH is observed.

not observed

not ohserved
not observed

not observed

increasing of V u corresponds
to 1~3%RH is observed.

due to humidity changes at 30°9C are
plotted against time in Fig.5. In
these measurements, the sensor expe-
riences a humidity cycle (0%RHe90SRH)
at 60°C between each measurement at
30°C. A small decrease of capacitance
corresponds to about 3%RH is observed
at 90%RH line within first 50 days.
3ut at any other region the sensor
works reproducibly in *1%RH accuracy.
It is found that the sensors work in
stable state against humidity and
temperature cycles.

The durability of the sensor in
various environments are tested.
3afore and after the durability tests
Vout—RE characteristics at 30°C are
measured and compared. Table 2. shows
the test conditions and the results.
It is found that the humidity sensor
works in #3% accuracy after it has
been kept in various environments.

Conclusion

1 Ffull response duration time of
the capacitance change against step
humidity change is about 40 seconds.

2 Hysteresis in capacitance to RH
is estimated to be ¥1.5%RiH.

3 The humidity sensor using hydro-
genated carbon film containing oxygen

works reproducibly against humidity
(0SRI95%1H) and temperature (30°Ce
60°C) cycles for 150 days.
4 The sensor does not show any
degeneration in characteristics even

after experiencing various durability

tests.
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