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Moisture Sensing Materials and Mechanism in Capacitive Humidity Sensors
Kazuhiro Suzuki, Member (TO-PLAS CO., LTD.)

Moisture sensing mechanism in capacitive humidity sensors has been investigated in details. The
infrared spectrometric analysis revealed that the water molecules were occluded in moisture-
sensitive films of CaF. and Al;Os in liquid phase. They also were occluded in polymethyl metha-
crylate (PMMA) and cellulose triester (CTE) films in the form of rotationally restrained physisor-
bed water which has little interaction among them.

Relatively large hysteresis and/or complicated temperature dependence were observed in
capacitance (C) vs. relative humidity (RH) characteristics for hydrogenated carbon containing
oxygen (a-CHO), polyvinyl alcohol (PVA), PMMA, CaF; and Al:Os. On the other hand, tempera-
ture dependence and hysteresis in C vs. RH and Mu,0 (Mass of water which was taken in a unit

volume of sensing part) vs. RH characteristics were scarcely observed for CTE.

The desirable properties for moisture-sensitive materials which can be used under a wide range

of temperature and humidity are ;

(1) the heat of adsorption for the 1st layer of water molecules

is equal to that of N-th (N >2) layer, (2) no internal water molecules condense and (3) the
temperature coefficient of dielectric constant is negligibly small.
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Fig.1. System for measuring infrared
absorption spectra of water molecules oc-

cluded in the moisture-sensitive films.
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Fig.2. A device structure used for simul-
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C-RH characteristics.
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Table 1. Moisture-sensitive materials and
the deposition methods of the films.

CaF, HEKE

ALO, RiHA A v AL —F4 7

a-CHO RF 7 X< CVD

PMMA ACYIA—F4 VT

PVA AEva—74 7

CTE AEYaA—F 47




F(PMMA), £ LTHLR=VERBAELLT
EAZRTHICEBEN TS, BEXSAVEER
AFILKFE (a-CHO), KEEEZFAE L L TE0H
BThaRYVE=ZLT7La—L(PVA) 2RV, &
BEOREAFEE2RICE LD TRT,

ALO; BEEFRHESHTCAl 2ERESVZ I LICX
>7T, a-CHO 3&ER# (13.56 MHz) 7 X<=HT
TEINTNA—NENRTE LI L > TREL T,
PMMA r CTE O@icizY 7 uuxy v 2 Hunl,
PVA QI 13Kk % V72, PVA I3 ARAEMET
H5DTI0°CTHUE 2T IERE2EES R, K
KEZPBRAMERBZIEIREI>THORLLE D
RH 70% AT Tl ARERE FORIREE IcHEL 5 2
BWEE Y Uiz, 72, PVA BABEE2SD: OK
AN Z <=7 b ILOFHENC 3R L % 5 72,

3. BRELUEE

31> FHBPRARS bIL BRI ER I BGA
ENTKGFTFORERFHET 2 7:0DSEAEE LT,
B 3 1T AKER L R ARDFNRINA R bV ERT,
REKDARZ hv(a)id “HEERD I VAKRSF
2, BEAKDARZ bL(b)iZ “BHEIREEDAKSF
KZNZENNIGT %, HAERD 2 WASFD O-H
X FRFENRED, O-H ndiEiREis £ ' H-O-H
2 A RE) D EHEIR I NS T B WU 3,756, 3,657 B
FUVL596cm™ THhb, KEKDARZ b rizBW»
TIE, HEB L UEAIRBO BRIV BEREIC & 22
FAEZITBECHBEL THAIS L TWw3, BEKkDS
&, HEREOBRMIZ BT %% 3,450 cm™
PR L TREShTWw3, ZARENCE 2

EBEE ((EE#A) -

1 " 1 i " 1
4000 3000 2000 1800 1600
¥ (cm ')
(a) 1 A#ESR, (b):Z&EK
BJ 3 AKERLFEEAKOFNFIXA 2 b
Fig.3. Infrared absorption spectra of
water vapor and distilled water.
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Fig.5. Infrared absorption spectra of
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PVA 26 8.2 = =
a-CHO 1.8 { i 5 5.0
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