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Abstract— Highly sensitive and accurate determination of
relative humidity of technical gases is required inmany
branches of human activities (health care, food p&ng, etc.).
In this paper, we introduce a new series of sensors
manufactured by BVT Technologies taking advantage fothe
hygroscopic material conductivity change with the \ater vapor
content. The main topics of the contribution focuson sensor
signal processing and electronic equipment architéere and its
design.
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l. INTRODUCTION

The amount of water vapor in a gas mixture is at an
time less than that required to saturate the gas gitven
temperature. The actual-to-saturated water vapoteod
ratio is called the relative humidity. It is usyaéxpressed
in % as

RH = (m/M).100, (2)
where m is the actual vapor mass in the unit volae

the gas and M is the water vapor mass of the satnene of
the saturated gas.
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Figure 2. The resistive relative humidity sensaicptl on the silicon
substrate.

Figure 1 shows a typical plot of the electricalistmce
change of a hygroscopic material as a functiomofeasing
relative humidity. As can be seen, the measurirnuaegius
should be able to measure the resistance withimathge of
1kQto10MQ.

This measuring method has been selected because it
enables the use of electrochemical sensors tha heen
specifically developed for this purpose by the lamanpany
BVT Technologies (www.bvt.cz) [3]. As BVT Technoleg
has no electronic development department, VSPJalé&ys
Skola Polytechnicka Jihlava, www.vspj.cz) was apphed
to propose an electronic design of the sensor kigna
processing unit.

II. SENSORPERFORMANCE
Usually, the sensor taking advantage of the hygmisc

There are several methods to measure the relativ@aterial resistance measurement is placed on eorsili

humidity. For precise measurements, where high racgu
and resolution are required, the methods takinguatéige of

the impedance or resistance change of materialsatisorb

the tested gas humidity are used. These water ldhgor
materials are called hygroscopic.
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Figure 1. Typical resistance versus relative hutyiclirve of a hygroscopic
material [1].
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substrate, on which the electrode system compo&eheo
substrate itself and the porous gold electroddasedl. It is
capable of directing the measured gas to the active
hygroscopic layer. This layer consists of an alumirbase

on which the active hygroscopic layer of aluminagplied,

as shown in Figure 2 [2].

In our case, a different sensor arrangement has bee
used. The sensor, provided by the local manufactfréthe
electrochemical sensors, BVT Technologies, uses a
corundum ceramic base on which the electrode sysem
applied. The electrodes are made of platinum — gditu/
and are shaped as two combs, inserted into eadr oth
(Figure 3) [3]. The electrodes are connected witteasor
connector by silver paths, covered by an insulating
protective layer.

The electrodes are covered by a hygroscopic alumina
layer. The sensor dimensions are 25.4 x 7.62 mmtlaad
active electrode system takes up a space of 2m2 m
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Another problem of the applied method of measurémen
is the strain capacity of the sensor. To avoid grizblem,
the synchronous detection must be applied, to agpane
EJ real resistance from the imaginary reactance.
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Figure 3. The BVT Technologies CC1 conductometitssr. MCU
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Figure 5. Hygrometer block diagram. DDS — diregfitdi synthesizer, IUC
- - — current/voltage converter, CCS / constant cusentce, MCU —
Figure 4. Real electrochemical sensor, includisglimensions. microcontroller.
A more detailed drawing of the sensor is giveniguFe The relative humidity magnitude depends on the
4. 1t provides information about sensor dimensi@ml temperature. This means, the system must be eqlipitie
electrode and protective cover arrangements. a precise thermometer capable of the measuringhef t
The main advantages of the resistive humidity Senso nearest 0.1 °C.
are the short response time 30 — 50 s as declaretieb The transport of measured results to a host comjaite
sensor producer [5] and high resolution which can bprovided by a USB 2.0 standard interface (Unive&sial
improved by using signal amplification. Bus).

The equipment is designed so that it will creatamell

plug - in unit, which can be directly plugged imt@omputer
The electronic design and construction of the dignausB connector (Figure 5).

evaluating unit were the main goals of our worke Tesign ) ) ) :
rules have been determined by assigned parameters. B. Electronic design — analog signal processing
. The analog part of the system involves three basic
A. Required system parameters building blocks, the Direct Digital Synthesizer (SBPwith
The essential parameter is the range of measuresh amplifier of the AC signal supplying the sensord two
resistances which is from 1@ to 10 MQ. Further, if the  signal traces measuring the voltage drop on thecsesnd
hygroscopic material absorbs water, the polarinatad  the current flowing through it. The voltage traamsists of
electrodes occurs. To prevent it, the sensor maisupplied  a linear full-wave rectifier and a low pass filtiat rejects
by AC (alternating current), the frequency of whistabove residual AC signal components.
Warburg frequencies [4], i.e., above 5 kHz. For our The current trace arrangement begins with the ntitoe
purposes, the frequency of the supplying signal iakHz.  voltage converter (IUC), the output signal of which
To achieve both high precision and high resolutibrthe  detected in the full-wave synchronous detector. Sémese of
measured resistance, the use of highly preciseognia this detection type is to gain the real part of theasured
digital converters (AD converter) was necessary.e Thcurrent. After the detection, the output detectagnal
requirement of the resistance measurement over fiveontains a useful DC (Direct Current) component and
decades with the precision at least 1%, asks ®rude of residual AC component, which is filtered out in thes pass
the 24 bit AD converter (the required resolutionl®5 x filter. The cut-off frequency of the second ordewlpass
107, it is 107, the 24 bit AD converter resolution is 5.9 x filters in both traces is 10 Hz. This frequency wees
10%). As the effective number of bits is less than &2  sufficient 126 dB rejection of the residual 20 kHz
converter’s resolution, an additional digital fiitey has to components of the full/wave detected signals. Bassithe
be done. filters serve as anti-aliasing filters for AD comters (AD
As for the mechanical arrangement, minimizedconverter sampling frequency is 250 Hz — see the ne
electronic unit dimensions have been required, evalge paragraph).
to a common plug-in flash disc unit. The resistance thermometer using a platinum Pt1000
For the resistance measurement, the Ohm’s meth®d haensor is the last analog element of the circiiie Jensor is
been selected [6], based on the measurements vblfage  supplied from a constant current source (CCS).
drop on the sensor, and current flowing in it.

I1l.  SIGNAL PROCESSING UNIT
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From the technological point of view, high precisio

operational amplifiers have been used for the a@naignal
processing at the operating frequency, and the
stabilized amplifiers for the detected signal filtg and for

The calibration was checked using the standards, th

p conventional true values of them were given byAlédent

multimeter measurements, and covered all decadeéheof

the constant current source for supplying the Ra100required conductivity range (10 mS —(0S). The results of

thermometer.
C. Digital signal processing

The digital part of the equipment is controlledthg TI

the series of twenty measurements are given inr&igu
The errors in the graph represent the worst resflthe

series. The obtained results show the error draaibti
increases when high resistances are measuredcétused

microcontroller unit (MCU) MSP430AFE253, which has by lower value of AD converter data, which is irghced by

small power consumption and contains three indeg®n
24 bit analog to digital converters needed for $lystem
realization. The AD converters of the microconeoltan be
synchronized, and thus they offer their
simultanously. As the built-in converters are véagt >-A
converters having a low effective number of bitswas
necessary to correct it using oversampling and tiadil
digital filtering. The conversion results are ohtd by an
averaging filter taking advantage of the sum of6 ZD
converter samples, shifted 8 bits right. The AD \aater
sampling period is 4 ms, thus the measurementf iizkebs
about 1s.

The microcontroller also controls the direct digit
synthesizer producing the AC signal 10 kHz usadttie
sensor supplying. Further on, the microcontrolieslgates
the measured resistance and calculates the relailivédity
taking advantage of the polynomial approximationtioé
diagram in Figure 1. The calculated data is sera twost
computer via the standard USB link.

D. Metrological aspects

the digital

noise of the AD converter. A possible
improvement can be achieved by using an
programmable gain amplifier built in the AD conettThis

resultsddaptation does not require any changes of theersyst

hardware.

IV.  CONCLUSIONS

The electronic system has been designed and its
firmware created. The firmware also includes thetey

calibration procedure, described above, togetheh whe
calibration constants store in the microcontrolieternal
electrically erasable programmable
(EEPROM). The system performance,
printed circuit board (PCB), is shown in Figure &dad

Figure 7b. The PCB dimensions are 59 x 25 mm. é&f th
achieved results are compared with the requiredrpeters,

the results are a little worse than it is requied the design

needs some improvements, namely as for the cabbrat
stability. At present, to get introduced resultss inecessary

to do the re-calibration of the instrument wheneiteis

switched on. Although this procedure is simple dads not

The accuracy of the measurement is determined thy borequire much time, it is a complication of the measy

the sensor calibration and the signal processing.ti#e

procedure. One possibility of the system accuracy

signal processing has been discussed in the pmevioimprovement is the software adaptation of the sieitgi

paragraphs, the calibration of the sensor repregéet last
obstacle in achieving the required parameters. dotige
best results, the Agilent 34410A — the 6.5 digittrmeter -
has been used to prepare the resistance standerdsbasic

mentioned in the previous paragraph. For
improvement, it is necessary to re-design the hardw

which would involve the use of a better voltageerefce

and a possibility to divide the current range iseveral

measurement procedure measures the sensor cortyuctivsubranges.

so that the calibration curve is linear,
conductance G is given by the current |, divided thg
voltage V), if the voltage is kept constant. Insticase, it is
necessary to get two points of the line. Thesetpaivere
determined by the zero and maximum
conductivities of 10.0012 mS (nominal resistanceied 00
Q).

10%
log| 5|

/

0.1 s
o 0/’“/‘

100 1k 10k

100 k 1™ 10MQ

log R
Figure 6. The absolute value of relative error mation of the measured
resistance.
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Figure 7a. Upper view on the PCB of the electramit, the digital signal Figure 7b. Bottom view on the PCB, the analog dignacessing part.
processing part.
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