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Capacitive humidity sensors using polyphenol resin (PPR) or

cellulose acetate butyrate (CAB) were fabricated.

The humidity

characteristics of PPR and CAB were investigated in details comparing

with each other.

Relative humidity (RH) vs capacitance (C) character-

istics shows almost linear relationship in the humidity range from 0%

to 95.4% for PPR,

and shows non-linear for CAB.

Hysteresis values

against humidity cycles are 0.5% and 3% at maximum in RH equivalent

for PPR and CAB respectively.

The humidity sensors using PPR work

reproducibly after they were kept in RH of 90% for 80C.

1. Introduction
Many kinds of capacitive humidity
sensors have been developed. However,
they have problems such as relatively
large hysteresis against humidity cycles,
complicated temperature coefficient for
the output signals, slow response
against humidity change or relatively
large irreversible change of the charac-
teristics, if the sensors have been kept
in a high humidity and/or high tempera-
ture circumstances etc.. To settle
these problems, it is reqguired that the
humidity-sensitive material has the fun-
damental characteristics as follows;1)
(1)containing hydrophilic groups and
hydrophobic groups
(2)non-porous texture
(3)amorphous structure
(4)high phase transition temperature
(5)equal heat of adsorption of water
molecule for 1st layer and for Lth
(L22) layer
(6)sufficient distance among hydrophilic
groups.

It is already reported by several
researchers that cellulose acetate
butyrate (CAB) is a suitable material
for the capacitive humidity sensor. (1-4)

In this work, as a candidate of
the humidity-sensitive material, we
choose polyphenol resin (PPR) consider-
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ing the fundamental characteristics
described above. Ilowever, it is not so
significant to compare the humidity
characteristics of PPR with the humidity
characteristics of CAB which measured by
a certain researcher in the past,
because the characterization method is
not standardized. Then, we have fabri-
cated the capacitive humidity sensors
same in shape using PPR or CAB, and have
investigated the humidity characteris-
tics measured under a same condition.

2. Experimentals

A structure of the humidity sen-
sors which are used in this experiment
has been presented in earlier publica-
tions.(5/6) 1n this experiment, the
lower and the upper electrodes are made
of chromium. The lower electrodes anc
the upper electrode are to be 400nm and
200nm in thickness respectively.

A thermo-hygrostat which is used
in this experiment is a divided flow
type humidity generator of SRH-IR135ADR
by SHINEI KAISHA. Temperature control of
the 1id of the test chamber and the flow
of saturated water vapor are improved.

Multi-frequency LCR meter of 4275A
by HEWLETT PACKARD is used for capaci-
tance measurements. The capacitance
measurements were operated at the fre-



quency of 100K, 2M and
4MHz.

RH-C characteristics were measured
at the temperature of 30C and 50C in the
relative humidity range from 0% to 95%.
Time response of capacitance against
humidity change such as 10.7%690.7%,
10.7%621.2% and 81.2%¢90.7% were measured
at the temperature of 30C. Long term
stability of the RH-C characteristics in
various circumstances were also charac-
terized. Before and after these atmos-
phere exposures for four weeks the RH-C
characteristics at 30C are measured and
compared.

200K, 400K, 1M,

3. Results and discussion

The RH-C curve varies slightly
with the operation frequency. In the
following results, the frequency is
selected to minimize the temperature
coefficient of RH-C curves for each
material.

Typical RH-C curves for PPR meas-
ured at the frequency of 200KHz, and
temperature of 30C (A&,A) and 50C (@,O)
are shown in Fig.1. The curves for
CAB38 (butyryl content of 38%) and CABS50
(butyryl content of 50%) measured at the
frequency of 2MHz are shown in Fig.2 and
Fig.3 respectively. The ratio of the
capacitance at 95.4% for 30C (Cgg_49_30c)
to the capacitance at 0% for 30C
(Cog_30c)» maximum width of hysteresis
against humidity cycles, temperature
coefficient and linearity of the curves
are summarized in Table 1. The width of
hysteresis and the linearity are repre-
sented in a difference of RH equivalent.

With regard to the ratio of
Cg9s5.4%-30c to Cog_30cr it is the largest

for CAB38 and it is the smallest for PPR.
By contrast, maximum width of hysteresis

is negligibly small for PPR and rela-
tively large for both CAB. The width of
hysteresis has a lot of influence on the
accuracy of humidity measurement, be-
cause it is not compensatable substan-
tially. All temperature coefficients
are relatively small. RH-C curves are
out of the straight and almost linear
for CAB and PPR respectively. From the
results, it is considered that compli-
cated electric circuit is not needed for
PPR measuring of the relative humidity
accurately.
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Table 1. Fundamental characteristics of RH-C
CAB38 CAB50 PPR
Cys. ax-30c/” Cox-30c 1. 282 1. 177 1. 079
maximum hysteresis (%) 3. 0 2.0 ~0. 5
temperature coefficient (%/C) 0. 08 0.1 —-0. 1
linearity (%) +5. 0 +4., 5 +1. 0
operation frequency (Hy) 2X10¢° 2X10¢° 2X10°

Table 2. Response time for humidity wvaliatiation

(corresponds to 1% error in RH equivalent)
humidity variation CAB38 CAB50 PPR test chamber

10. 7%—>21. 2% <1 <1 <1 0. 81*

21. 2%—>10. 7% 1 <1 <1 0. 81°*

81. 2%—90. 7% 33 28 4 0. 77*

90. 7%—81. 2% 9 6 12 0. 77*

10. 7%—>90. 7% 35 25 12 1. 50°

90. 7%—>10. 7% 6 10 4 1. 50°
unit (min) * means calculated value

Table 3. Stability of RH—-C characteristics

in valious

circumstances

circumstance CAB38 CAB50 PPR
~0% at 100C —2 X 5
~0% at 80T -2 X —1
~0% at 30C —1 1 —1
~0% at —24<C 1 1 1
~90% at 80T X X 3
~98% at 30C 2 3 2
~100% at —24<C 1 2 1
water dipping at RT 3 —3 =4,
the outdoors 2 1 -1
the indoors -1 1 -2
benzol (2500ppm) -1 1 -5
methyl ethyl keton (20000ppm) 3 X X
2—buthanol (15000ppm) X X 5
acetic acid (1000ppm) 2 2 -1
ethyl acetate (40000ppm) 4 X -3
hydrochloric acid (500ppm) ~0 1 ~0
dichloroethane (5000ppm) ~0 1 -1
ammonia (5000ppm) 2 3 1

unit (%) X means <—5% or >5%
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Response duration time of capaci-
tance, which corresponds to plus or
minus 1% error in RH, against humidity
variations are shown in Table 2. Calcu-
lated response duration time of humidity
changing in the test chamber for plus or
minus 1% error in RH to the set point
are also shown in Table 2. The calcu-
lations were made on the assumption of
the diffusion velocity of air is fast
enough.

The response time, which corres-
ponds to plus or minus 1% error in RH,
is about 1min at most in the lower hu-
midity range (<21.2%) for all materials.
However, it takes more duration time for
the higher humidity range. If it defines
the comprehensive response time as the
maximum response time in Table 2, it is
12min, 33min and 28min for PPR, CAB38
and CAB50, respectively.

Long time stability of RH-C char-
acteristics is shown in Table 3. The
values were calculated from the maximum
irreversible change of capacitances.

The concentration of all organic com-
pounds, HCl and NH; is 100 times of
threshold limit(7'g values for mankind.

It is found that the humidity
sensors by PPR work more stable in RH of

90% at 80C circumstance than the sensors
by CAB.

4, conclusion

The humidity sensors by polyphenol
resin are better than the sensors by
cellulose acetate butyrate in the sense
of the hysteresis and linearity of RH-C
characteristics, time response against
humidity change and also the stability
at a high temperature and humidity
circumstance.
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