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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 othero  Relative huntidity (RH)vs capacitance (C)character―
istics shows almost linear relationship in the humidity range from Ot
to 95。 4Ъ  for PPR′  and shows non― linear for CAB.  Hysteresis values
against humidity cycles are O.5t and 3t at maximum in RH equivalent
for PPR and CAB respectivelyo  The humidity sensors using PPR work
reproduc■ bly after they were kept in RH of 902 for 80C。
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1 . Introduction

I.lany l<inds of capacitive humirlity
sensors have been developed. Hor.rev€r r

they have problerns sucir as relatively
large hysteresis against humiciity cycles,
complicated temperature coefficient for
the output signals, sIor.r 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 circurnstances etc. . To settle
these problerns, it is reguired that tire
humidity-sensitive raaterial has the fun-
darnental characteristics as follovis;1 )

( 1 )containing hydrophilic groups ancr
hydrophobic groups

( 2 )non-porous te>lture
( 3 )amorphous structure
( 4 ) high phase transition temperature
( 5 ) equal heat of adsorption of water

molecule for 1 st layer and for Lth
( lf2 ) 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 hurnidity sensor. ( 1 -4 )

In this rvorkr ds a candidate of
the humidity-sensitive material r w€

choose polyphenol resin (Ppn) consider-

■ng the fundamental character■ stics
described above.  However′  it is not so
significant to comparё the humidity
character■ stics of PPR w■ th the hum■ dity
character■ stics of CAB which measured by
a certa■ n researcher ■n the past′
because the character■ zation method is
not standardizedo  Then′  we have fabr■ ―

cated the capacitive humidity sensors
same ■n shape us■ng PPR or CAB′  and have
investigated the humidity characteris―
tics measurec under a same condition.

2。 Experimentals

A structure of the hum■ dity sen―
sors which are used in this experiment
has been presented in earlier publica―
tions。 (5′ 6).n this experinent′  the
lower and the upper electrodes are made
of chrom■ um.  The lower electrodes anQ
the upper electrode are to be 400nm and
200nm ■n thickness respectively。

A thermo― hygrostat which is used
■n this exper■ ment is a div■ ded flow
type humidity generator of SRH― IR1 35ADR
by SHttNEI KAISHAo Temperature control of
the lid of the test chamber and the flow
of saturated water vapor are ■mproved.

Hulti― frequency LCR meter of 4275A
by HEWLETT PACKARD is used for capaci―
tance measurementso  The capac■ tance
measurements were operated at the fre―
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quency of 100K′  200K′  400K′  lM′ 2M and
4MHz.

RH― C characteristics were measured
at the temperature of 30C and 50C in the
relative hum■ dity range from Ot to 952.
Tirne response of capac■ tance aga■ nst
humidity change such as 10。 7を o90。 7亀 ′

10.72o21。 2t and 81。 22o90.7t were measured
at the temperature of 30C.  Long term
stability of the RH― C characteristics in
var■ ous c■ rcumstances were also charac―
ter■ zed.  Before and after these atmos―
phere exposures for four weeks the RH― C
characteristics at 30C are measured and
compared。

3. Results and discuss■on

The RH―C curve varies slightly
w■ th the operation frequency.  In the
follow■ ng results′  the frequency is
selected to m■ n■ m■ ze the temperature
coeffic■ ent 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ノ生)and 50C le′(D)

are shown in Fig。 1.  The curves for
CAB38 (butyryl content of 38亀 )and CAB50
(butyryl content of 502)meaSured at the
frequency of 2MHz are shown ■n Fig.2 and
Fig.3 respectively.  The ratio of the
capacitance at 95。 4亀 fOr 30C (C95.4亀 -30C)
to the capacitance at Ot for 30C
(COt-30C)′  maXimunl width of hysteresis
aga■ nst hum■ dity cycles′ temperature
coefficient and linearity of the curves
are summarized in Table l.  The width of
hysteres■ s and the linear■ ty are repre―
sented in a difference of RH equ■ valent.

77ith regard to the ratio of
C95。 4t-30C t°  COt-30C′  it iS the largest
for CAB38 and it is the smallest for PPR.
By contrast′  max■ mum w■ dth of hysteres■ s

■s negligibly small for PPR and rela―
tively large for both cAB.  The width of
hysteresis has a 10t Of influence on the
accuracy of hum■ dity measurement′  be―
cause ■t is not cOmpensatable substan―
tiallyo  All temperature coefficients
are relatively smallo  RH… C curves are
out of the straight and almost linear
for CAB and PPR respectivelyo  From the
results′  it is cons■ dered that cOmpli―
cated electr■ c c■ rcu■ t is not needed for
PPR measur■ ng of the relative hum■dity
accurately.
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Table Fundamental characteristics of RH-C

CAB38  CAB50 PPR

C e". 4%- srr",l' C on-.0"
ma x i mum h y s t e r e s
t emp e r a t u r e c o e f
linearity (7o)

1。 282
3. 0

(%/℃ )  0。 08
± 5。 0

le 177  1。 079
2。  0    ～ 0. 5
0。 1    -0。  1

± 4。 5    ± 1. 0

(Vo)
cient

ope raLion frequency (Hr) 2× 106 2× 106 2× 105

Table 2. Response time f or humidi
(corresponds to *Lo/o error

ty valiatiation
in RH equivalent)

humidity variation CAB38  CAB50 PPR test chamber

10.7%→ 21。 2%
21。 2%→ 10。 7%
81。 2%→ 90。 7%
90。 7%→ 81。 2%
10。 7%→ 90。 7%
90。 7%→ 10。 7%

<1
1

33
9

35
6

<1
<1
28
6

25
10

<1
<1
4

12
12
4

0。 818
0。  81ネ

0。  778
0。  77拿
1。  508
1。  50拿

Table 3.

uni t (min) means calculated value

StabitiLy of RH-C characteristics
in valious circumstances

c■ rcumstance CAB38 CAB50 PPR

～0% at 100℃
～0% at 80℃
～0% at 30℃
～0% at -24℃
～90% at 80℃
～98% at 30℃
～ 100% at -24℃
water dipping at RT
the outdoors
the indoors
benzol (2500ppm)
methyl ethyl keton (20000ppm)
2-buthanol (15000ppm)
acetic acid (1000ppm)
ethyl acetate (40000ppm)
hydrochloric acid (500ppm)
dichloroethane (5000ppm)
ammonia (5000ppm)

-2
-2
-1

1

×

2

1

3
2

-1

-1

3
×

2

4

～ 0
～ 0

2

×

×

1

1

×

3

2

-3
1

1

1

×

×

2

×

1

1

3

5

-1

-1

1

3

2

1

-1

-1

-2
-5

×

5

-1
-3
～ 0
-1

1

(%)unit
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RespOnse duration tine of capac■ ―

tance′ which corresponds to p■ us or
minus lt error in RH′  against humidity
var■ations are shown ■n Table 2。   Calcu―
lated response duration time of hum■ dity
changing in the test chamber for plus or
minus lt error in RH to the set point
are also shown in Table 2。   The calcu―
lations were made on the assumption of
the diffus■on veloc■ ty of a■ r ■s fast
enough.

The response time′  which corres―
ponds to plus or minus lt error in RH′
is about lmin at most in the lower hu―
midity range (く 21.22)for all materials。
However′  it takes more duration time for
the higher humidity range. If it defines
the comprehens■ ve response time as the  ・

maxirnum 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
■rrevers■ ble change of capac■ tances。

The concentration of a1l organ■ c com―

::」::illIClil::()」 8)i;all:stiliSm:ikind。

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

90t at 80C c■ rcumstance than the sensors
by CAB.

4。  conclus■ on

The humidity sensors by polyphenol
resin are better than the sensors by
ceIlulose 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 hurni,Ci ty
circumstance.
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