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Choosing Of A Humidity Sensor

Denes K.

Roveti,

Ohmic Instruments Co

This discussion of the operating principles of capacitive, resisitive, and thermal conductivity humidity sensors also ad-

dresses their advantages, disadvantages, and applications

The most important specifica-
tions to keep in mind when se-
lecting a humidity sensor are:

* Accuracy

*  Repeatability

*+ Interchangeability

+  Long-term stability

« Ability to recover from
condensation

¢ Resistance to chemical and
physical contaminants

«  Size

+ Packaging

+  Cost effectivencss

Additional significant long-
term factors are the costs asso-
ciated with sensor replacement,
field and in—house calibrations,
and the complexily and reliabil-
conditioning

(DA)

ity of the signal
and data acqguisition
circuitry. For all these consid-
erations to make sense, the pro-—
spective user needs an understand-
ing of the most widely used types
of humidity sensors and the gen
eral trend of their expected
performance. Definitions of ab-

solute humidity, dew point, and
relative humidity are provided in

the sidebar, Humidity Basics.
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Capacitive Humidity Sen-
sors Relative Humidity.

Capacitive relative humidity
(RH) sensors (see Photo 1) are
widely used in industrial,
commercial, and weather telemetry
applications

They consist of a substrate

on which a thin film of polymer
or metal oxide is deposited be-
tween two conductive electrodes

®

The sensing surface is coated with

Photo 1. Capacitive RH sensors are produced in a wide range of specifications,

sizes, and shapes induding integrated monolithic electronics. The sensors shown

here are from various manufacturers.

a porous metal electrode to pro-
tect it from contamination and
exposure to condensation. The
substrate is typically glass,
ceramic, or silicon. The incre-
mental change in the dielectric
constant of a capacitive humid-
ity sensor is nearly directly pro-
portional to the relative humid-
surrounding

ity of the

environment. The change in ca-

pacitance is typically 0.2-0.25
pf for a 1%RH change, while the
bulk capacitance is between 100
and 500 pF at 50% RH at 25. Ca-
pacitive sensors are character-
low

ized by temperature

coefficient, ability to function
at high temperatures (up to 200)
full recovery from condensation
and reasonable resistance to
chemical vapors. The response time
ranges from 30 to 60 s for a 63%
RH step change
State-of-
the-art tech-
niques for
producing ca-
pacitive sen-
sors take ad-
vantage of many
of the prin-
ciples used in semiconductor manu-
facturing to yield sensors with
minimal long-term drift and
hysteresis. Thin film capacitive
sensors may include monolithic
signal conditioning circuitry
integrated onto the substrate. The
most widely used signal condi-
tioner incorporates a CMOS timer
to pulse the sensor and to pro-
near-linear

duce a volt age
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output (see Figure 1)

The typical uncertainty of ca-

pacitive sensors is = 2%RH from

characteristics led to the de-
velopment of a dew point measur-
ing system incorporating a ca-

pacitive sensor

2%
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Figute 1. Aneatlinear response is seen in thig plot of capacitance changes vs. applied humidity at25 &%

The term “bulk capaditance’ tefers to the base value 3t0% RH.

5% to 95% RH with two-point
calibration. Capacitive sensors
are limited by the distance the
sensing element can be located
from the signal conditioning
circuitry, due to the capacitive
effect of the connecting cable
with respect to the relatively
small capacitance changes of the
sensor. A practical limit is <10
ft

Direct field interchangeabil-
ity can be a problem unless the
sensor is laser trimmed to reduce
variance to = 2% or a computer—
based recalibration method is
provided. These calibration pro-
grams can compensate sensor ca-
pacitance from 100 to 500 pF

Dew Point

Thin film capacitance-based
sensors provide discrete signal
changes at low RH, remain stable
in long-term use, and have mini-—
mal drift, but they are not lin-

ear below a few percent RH. These
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proach has sig-
nificantly re-
duced the cost
of the dew point hygrometers and
t;ansmitters used in industrial
HVAC and weather telemetry
applications.

The sensor is bonded to a mono-
lithic circuit that provides a
voltage output as a function of
RH. A computer-based system
records the voltage output at 20
dew point values over a range of
-40°C-27°C.
points are eonfirmed with a NIST-
chilled

The reference dew

mirror

dew/

traceable
hygrometer. The voltage vs.
frost point values acquired for
the sensor are then stored in the
EPROM of the instrument. The mi-
croprocessor uses these values in
a linear regres-—
sion algorithm
along with simul-

taneous dry-bulb
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Once the water vapor pressure is
determined, the dew point tem—
perature is calculated from ther-
modynamic equations stored in
EPROM. Correlation to the chilled
mirrors is better than £2°C dew
point from -40°C-27°C and £ 1C
from -7°C to 27°C. The sensor pro-—
vides long-term stabhility of bet-
ter than 1.5 dew point drift/yr
Dew point meters using this meth-
odology have been field tested
extensively and are used for a
wide range of applications at a
fraction of the cost of chilled
mirror dew point meters.

Resistive Humidity Sen-
sors

Resistive humidity sensors
(see Photo 2) measure the change
in electrical impedance of a hy-
groscopic medium such as a con-
ductive polymer, salt, or treated
substrate

The impedance change is typi-
cally an inverse exponential re-
lationship to humidity (see Fig-
ute 2).

Figure 2. The exponential re-
spense of the resistive sensor,
plotted here at 25, is linearized

by a signal conditioner for di-

temperature mea~—
surement to com~
pute the water

vapor pressure.

Photo 2. Resistive sensors are based on an jntardightatad or biflar winding. Atter

deposition of 2 hydrescopic polymer coating, their resistance changes inversely

with humidity. The Dunmore sensor (far right) is shown 18 size.

http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@0163.com



SUNSTAR

ZLMIK QB 100M Q.

2 40 e BEL 1% R B8 {3 P ) R
B ERE, BEERD
BUABG R R RO R . &

16 R M B B R 15 B i 0
BRABEREET SR,

10000 :

TR ERVEER A/D i ik

3
8

g

]

|

] mECLED.
! R YRV A 30
[

Resistance (k0)

-h
o

. HE2EE 10 F 5.
I i B B B8 7R A2 41 B
|

BT A . R RR (S

RH (%)
#2

MERENT RS EREY. &
FOE R B B HUBE T 00 S B A5 4 B B 4
bk (8 2).

BEEBREEEOESEEE,
AR FE S RN AR IS B 4k e — A
BHERBREEMEBL R, X
NEEHHRNG BB ESYR L, X
CWA MBI RS, TN
¥t S A RS, BN, X%
xR RERN (LR, &
BERHBOKEREER, EREDRS
REIEI . XTT 63%RH £ B BE i 57 1t
875 10-30 #. MERITEMEFER

RS DT A R A AT B T etk
bF, MEE2%RH 2, £
HWHRES, REFRES
PRAESEE o ol BEL 43 /3 2% B 4 D 9B A
FIA ~40°C F 100C .

Bfy, EAKXTF 10-100M @

http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szs55200163.com

BUPEERCY . BT8Ry
BEAYF K BEREFRIBTE 20%-40%RH
BERENR S EARE. EEFK
FIRH B, 0% 1%-2%RH TS, H:
BEEEFI 0. 1%, Dunmore RS
A I R 7 25 R RS B4 o LA i 90 o S L
EREE, WAEREARLE, R
Mg SEEH .

5 T B R R A 7 e BELVE B A% R 48
LA P M i L AR 4 B R AR B
ERIR. HEBAE— MRS
Bz RS R ES B Rk, &
WHRMA—ANFEHERE I/ MBS
ERREDRE, HEHIRE—4
7 47 28 R 4 ST A 4 3k gk 4%

BB RIRREES R, L
ER AT B, 1S

CEEMHLAKE, O] ™~ '
KEEEBNEIERATS o] X
€, WU TEREEE \
Bt LBz easy E0 ~\
RE . HEEAAE  w
RENEEARRRERT 3—4mmmwmmmmm#—»~~m~
MEFEHX (ARBESH ot —— "
H1). R PHAE LB A A Recovery Times (Min.)

%4

—MREFES) 010°C) KEYH

WRHRE LR K. D FMIR R M

DLERIEMERME . BRb . AR,
EHME. £ ER

30 — 5 B
el //j//' 7E T B A
22 | e, ALK 7 030
z ! ' B A£ 882 — & Dunmore
15 ”/,,T”’/’/,/" HIE, HNIST 7E40 4
ol | | RFRERES. ©a
2 % 4 s s 70 80 9 FHESENBEHEER
RH (%) T B — N UK

#3

SUNSTAR

BEWL, REH LY

b, XA SRR MR
WIEKEERGE (BB 4) .

& T B 2R A 3%RH
ME M (7 15%--95%RH ), £
I AL BEIR AL TG BE BT A £ 2%RH. 1K
B RN HE30% 2 L4 34
fERME S A B ra i, f5 K28 FL FE 77 5
HIEHBE B RISk R,

Pk B0 KBS

AL R (B R 3) T
BTSN KR E RS
2 V8 ) B A% G 2 R M 2R A8 X A

http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@0163.com



SUNSTAR

control.

Resistive sensors usually con-
sist of noble metal electrodes
either deposited on a substrate

by photoresist techniques or wire—

polarization of the sensor. The
resulting current flow is con-
verted and rectified to a DC volt~
age signal for additional scaling
amplification, linearization, or

A/DRconversion (see

10000

Figure 3).

Nominal excita-

-t
8
(=3

from 30 Hz to 10

Resistance (k)
g

-
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! tion frequency is
|
{

kHz.

The “resistive’

>

sensor is not purely

20 30 40 50 60
* RH (%)

resistive in that
capacitive effects

10-100M Q makes the

Figure 2. The exponential response of the resistive sensor, plotted here at25 &,

is linearized by a signal conditoner for direct meter reading or process control.

wound electrodes on a plastic or
glass cylinder. The substrate is
coated with a salt or conductive
polymer. When it is dissolved or
suspended in a liquid binder it
functions as a vehicle to evenly
coat the sensor. Alternatively
the substrate may be treated with
activating chemicals such as acid.
The sensor absorbs the water va—
por and ionic functional groups
are dissociated, resulting in an
increase in electrical
conductivity. The response time
for most resistive sensors ranges
from 10 to 30 s for a 63% step
change. The impedance range of
typical resistive elements var-
ies from 1K Q to 100M Q.

Most resistive sensors use
symmetrical AC excitation volt-

age with no DC bias to prevent

SUNSTAR

response an imped-
ance measurement. A
distinct advantage of resistive
RH sensors is their
interchangeability, usually within
* 2% RH, which allows the elec—
tronic signal conditioning cir-

cuitry to be calibrated by a re-
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ally field replaceable. The ac—
curacy of individual resistive hu-
midity sensors may be confirmed
by testing in an RH calibration
chamber or by a computer—based DA
system referenced to standardized
humidity-controlled environment.
Nominal operating temperature of
resistive sensors ranges Ffrom
-40°C to 100°C.

In residential and commercial
environments, the life expectancy
of these sensors is >>5 yr, but
exposure to chemical vapors and
other contaminants such as oil
mist may lead to premature
failure. Another drawback of some
resistive sensors is their ten-
dency to shift values when ex—
posed to condensation if a water—
soluble coating is used. Resis-
tive humidity sensors have sig—
nificant temperature dependencies

when installed in an environment

with large (010) tem-

3.0

~
n

QButput (vaC)
~
<

perature fluctuations.
Simultaneous tempera-
ture compensation is
incorporated for
accuracy. The small

size,low cost,

1.0

RH (%)

Figure 3. Resistive sangors exhibit a4 nonlinear response to changes in humidity

This tesponse may be lineasized by analog o digital methods. Typical vadabl

resistanse extands from a few kilohms to 100 MV,

sistor at a fixed RH point. This
eliminates the need for humidity
calibration standards, so resis-

tive humidity sensors are gener—

20 30 40 §0 60 70

80 so 1nterchangeability,
and long~term stabil-
ity make these resis-
tive sensors suitable
for use in control and
display products for industrial,
commercial, and residential
applications.

One of the first mass—produced
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