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Abstract: Quartz crystal microbalance (QCM) represents Irighnsitive sensor for a detection of
chemical substances. QCM-based gas sensors arly widized as a result of their robust nature,
availability and affordable interface electronid$iere are several mechanisms that are related to
fluctuation phenomena. Generally, users requirémiiing their impact on measurements in order
to achieve maximal signal-to-noise ratio. Howevgrctuation mechanisms can also give useful
pieces of information about physical or chemicalgaisses occurred in a sensor. The paper pre-
sents possibilities in enhanced sensing by usingenmeasurement of QCM. The experimental
analysis was provided on polypyrrole-coated QCMs$ within and a thick active layer.
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1. INTRODUCTION

Quartz Crystal Microbalance (QCM) is a high sewmsisensor for detection of chemical and bio-
logic substances in a gas or liquid. Thanks taitiversality have wide range of applications, eg.
as sensors toxic substances or sensors envirorfimenidity, concentration gases).

Noise characteristics may show possible issuessanaor structure or principle; however, they can
be used as a factor for improving the sensor seitgior selectivity. Analyses of noise measure-
ments represent the approach of extracting moeetse response from chemical sensors, such as
resistive [3-7] and surface acoustic wave [8] sesisBxperimental results showed that the noise
spectral density of the sensor’s resistance flticos is modified by exposure to different gases as
well as by exposure to different concentration aeg [6]. The paper presents possibilities in en-
hanced sensing by using noise measurement of QCM.
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Figure 1. Principle of QCM
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2. QUARTZ CRYSTAL MICROBALANCE

The base element of sensor is quartz crystal rémomdth gold electrodes and deposited-active
layer. The quartz crystal is usually AT-cut typeiethguarantees temperature stability high fre-
quency stability. On the quartz crystal is appkethin layer of sorbent (active layer) with affinit
to the molecules of the detected matter, in oue padypyrrole. The active layer absorption and de-
sorption molecules of the detect substance (seard-itj). Sorbent matter (molecules of the de-
tected mass) represents mass increment and thgeclo&ithe viscoelastic properties of the layer
which leads to the change of resonant frequencg.sbnbent is not ideal selectivity, thus, it ismis
take of detection.

The relation between frequency change and masgehamgiven by Sauerbrey’s equation:
Af = 1)

wheref, is the resonant frequency of quartz crystal area of the gold disk coated onto the crys-
tal, p is density of quartz crystal andis shear modulus of quartz. Last part is changmags
(4m). This relation can be applied under certain/felly condition: detect substances must not
diffuse in to sorbent, sorbent and detect substangst be uniformly stretched anéi< 2 %.
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3. MEASUREMENT SETUP

There are three basic approaches to measuring QT MXcitation impulse, network analysis (pas-
sive) and oscillators (active). Excitation impulsensiders that the quartz crystal after excitation
with an ideal impulse will carry out damped ostilas which are determined by crystal proper-
ties. Network analysis determines the frequencit simd the shift in bandwidth (proportional to
dissipation) by measuring the complex admittanceirzd a resonance frequency and fitting reso-
nance curves to the admittance spectra. For mewasuatean this contribution was used last-named
approach, thus, oscillators. It is low cost andusate method for measuring QCM.

Our method is using quartz crystal sensor involga part of wideband oscillator circuit. Resona-
tion frequency is given by properties of the criystad it is measured by a frequency counter as
well as instantaneous frequency. For eliminatiooicdambient effects uses second quartz crystal
resonator as reference oscillator. Frequency coungasures the frequency difference between
these oscillators, thus, between quartz crystadaeand the reference quartz crystal, in this case.
The result is only change of concentration of dettsubstances. This access is very useful for
elimination parasite influences as temperature,goosupply etc., but the condition is to use the
same or very similar oscillators.

The sensor is connected in serial resonance iwcitbeit, because serial resonance is determined
only by mechanical properties of quartz crystalraffel resonance contains parasite capacities
(crystal output and other parasitic capacitiesjieSeaesonance frequenfyis given by

fs = (2)

wherelsis serial induction an€sis serial capacity. Equivalent circuit of a sere@éonant circuit
(see Figure 2) also contaiRg(serial resistance) ar@h (parasite capacity).
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Figure 2. Serial resonant circuit



Signals from sensor and reference resonator ateastibn in frequency mixer. In frequency mixer

are remove a parasite influences. The resultingas$ig filtered in low-pass filter. These steps im-

prove measurement accuracy of frequency. The wielasuring system consists of twice quartz
crystal oscillators (one of them with active layerd another as reference), frequency mixer, low-
pass filter and frequency counter (see Figure 3).
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Figure 3. Noise measurement setup

. RESULTS

The experimental analysis was provided on polypgromated QCMs with a thin and a thick active
layers. Since the polypyrrole (PPY) is a materiatable for construction of QCM humidity sen-
sors, the sensors performance was investigatetiviorvalues of relative humidity. The control
change of relative humidity was provided using tsaturated solutions, MgCIl (RH 33 %) and
NaCl (RH 75 %).
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Figure 5. Spectral density of frequency difference
fluctuations of the QCM sensor at RH
35 % and 71 %, sample 3b

Since sensor parameters (e.g. sensitivity, dynanoiperties, time stability of response) depend not
only on the composition but even on the way of dépmn of the sorption layer, the polypyrrole
was deposited using Matrix Assisted Pulsed Lasap&ration (MAPLE). This technology [2, 9-
12] is a laser deposition method providing a gentkchanism for organic layer deposition. In
MAPLE, a frozen phase consisting of a dilute solutdf a high-molecular weight compound (ba-
sic material) in a low- molecular-weight solventafnix) is used as the laser target. Deposition

Figure 4. Comparison commercial humidity sen-
sor and QCM sensor, sample 3b



takes place after the impact of a laser pulse thghsurface of the frozen target. In an optimaécas
the energy of the laser pulse is completely absblyethe matrix, resulting in a strong local in-
crease of temperature. The matrix molecules tratiséér kinetic energy of thermal motion to the
molecules of basic material. Hence the moleculdsasic material are transferred to the substrate
“mechanically”, with neither photolytic nor pyrolgtdamage. The deposited PPY layers have a
thicknesses ranging from 80 to 400 nm.

Figure 4 presents good agreement between QCM senttothin sorbent layer and commercial
humidity sensor (ALMEMO FH A646-1). The change elative humidity from 35 % to 71 % cor-
responds to frequency change from 2.5 kHz to 4.5. KHhe main noise components observed in
QCM sensor are 1/f noise, thermal noise and gdonaretcombination (G-R) noise. Absorption of
detected matter affects frequency fluctuationsvay ways in dependence on a thickness of depos-
ited sorbent layer [1]. With increase RH is notldeao increase G-R component but the 1/f noise
component changes insignificantly (see Figure togah be assumed that a shift of G-R noise is
caused by increased flux density between the sbtager of QCM and the ambient environment.
This fact is describing [1].
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Figure 7. Spectral density of frequency difference
fluctuations of the QCM sensor at RH
40 % and 73 %, sample 2b

Figure 6 presents good agreement between QCM setitbathin sorbent layer and the commercial
humidity sensor. The change of relative humiditynir40 % to 73 % corresponds to frequency
change from 7.8 kHz to 15 kHz. The 1/f noise fomidity 40 % and 73% are overlap. This effect
is caused a thick layer of sorbent. The moleculeetect substances diffuses in to active layer.

Figure 6. Comparison commercial humidity sen-
sor and QCM sensor, sample 2b

In the case of quartz crystal microbalance witkklsorbent layer (see Figure 7), relative humidity
increase does not impact the noise spectrum signitiy. It is supposed to be two reasons. The
first one is by diffusion, which is connected tp@ential barrier change due to ion adsorption of
detected matter; the second one lays in problern sntall amplitude of resulting QCM signal.
This behaviour is completely different from resutteasured and published in paper [1].

. CONCLUSIONS

The experimental analysis was provided on two pglye-coated QCMs with a thin and a thick

active layer for two values of relative humidityathwere set by using two saturated solutions,
MgCl and NaCl. Experimental results showed thabgliton of detected matter affects the fre-
quency fluctuations.



Absorption of detected matter affects frequencytilations by two ways in dependence on a

thickness of deposited sorbent layer. When the iirbases, the 1/f noise component changes in-
significantly while the G-R component noticeablgrigases with a rise of RH value. In the case of

quartz crystal microbalance with thick sorbent tayelative humidity increase does not impact the

noise spectrum significantly.

The found relative changes of noise spectral demsitlifferent RH values correspond to the fre-
quency shift. This information can enhance selégtand sensitivity of the QCM sensor. Thanks
to these knowledge we can estimate the time ofucapif molecules of detect substances. These
we can estimate next interesting information ali&R, noise, additional information about proc-
esses on the sorption layers and some others thiastics. Fluctuation enhanced noise sensing
can be utilized for gas measurements by QCM sensors

ACKNOWLEDGEMENT

This contribution has been supported by GACR 1021084 and also by the Czech Ministry of
Education in the frame of operation program Sciearag research for innovation, project registra-
tion number: CZ.1.05/2.1.00/03.0072

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

P. Sedlak, J. Majzner, J. Sikula, K. Hajek., “NolMeasurement Setup for Quartz Crystal
Microbalance” Radioengineering2012, vol. 21, (1)n press

P. Sedlak, J. Sikula, J. Majzner, M. Vrnata, P, Bit Kopecky, F. VyslouZil, P. H. Handel.
“Adsorption-desorption noise in QCM gas sensag&nsors and Actuators B) press

L.B. Kish, R. Vajtai, C.G. Grangvist, “Extractingformation from noise spectra of chemical
sensors: single sensor electronic noses and tohd@esss. Actuators B 71, 2000, pp 55-59.

S. Gomri, J.-L. Seguin, K. Aguir, “Modelling on oygn chemisorption induced noise in me-
tallic oxide gas sensors”, Sens. Actuators B, R),/74005, pp 722-729.

S. Gomri, J.-L. Seguin, J. Guerin and K. Aguir, ‘S&dption—desorption noise in gas sensors:
modelling using Langmuir and Wolkenstein models ddsorption”, Sensors Actuators B
114, 2006, pp 451-9

J. Smulko, J. Ederth, Y. Li, L. B. Kish, M. K. Keedty, Frank E. Kruis, “Gas sensing by
thermoelectric voltage fluctuations in SnO2 nantpiar films”, Sensors and Actuators B
106, 2005, pp 708-712

A.K. Vidybida, “Adsorption-desorption noise can bsed for improving selectivity,” Sen-
sors and Actuators A, vol. 107, pp. 233-237, 2003.

G. Schmera, L.B. Kish, “Fluctuation-enhanced gassieg) by surface acoustic wave de-
vices”, Fluctuations Noise Lett. 2 (2), 2002, pp43.

S. Kurosawa et al, "Gas sensor using high-frequenertz crystal microbalance," Fre-
guency Control Symposium and PDA Exhibition, 20Btoceedings of the 2001 IEEE In-
ternational, 2001, pp 462-464

P.K.Wu et al, "The deposition, structure, patteepasition and activity of biomaterial thin
films by matrix-assisted pulsed-laser evaporatiddPLE) and MAPLE direct write" Thin
Solid Films 398-399, 2001, pp 607-614.

D. Kopecky., M. Vhata, F. VyslouZil, P. Fitl, et al.,"Doped polypyledor MAPLE deposi-
tion: Synthesis and characterization". Syntheti¢ai4e vol. 160, pp. 1081-1085, 2010



[12] M. Vrnata,D. Kopecky, F. VyslouZil,V. Myslik, P. Fitl,etl. "Impedance properties of
polypyrrolic sensors prepared by MAPLE technolo§ghsors and Actuators, B: Chemical,
vol. 137, pp.88-93, 2009



