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Abstract
In this contribution, we present novel multiplexed
frequency spectrum analyzer instrumentation to extract
operational parameters and completely characterize
the frequency response of an array of quartz crystal
microbalance sensors. The effectiveness of the
proposed instrumentation is proven by experimental
measurements over a range of frequencies.

1. Introduction
The bio-detection or measure of nano-parameters
represent an important way in scientific investigations
and is applied in various domains: ADN Hybridizing,
protein-protein interaction, biosensors development,
corrosion and absorption studies, electrochemical
deposition, dithienothiophene-based polymers [1-6].
Several types of sensors are used; the particularity of
piezoelectric sensors is to traduce the variation of mass
to the variation of resonant frequency with high
sensitivity [7]. Therefore, the microbalance technique
is a good practical motivation in biosensors domain
and their applications.
Several commercial microbalances (for example
QCA922, QCM100, QCM200) measure only the series
frequency and resistance at resonance. In this
contribution, we present the development of
instrumentation that gives a complete characterization
of a set of quartz sensors and the soft system for
acquisition and treatment.
This paper is organized as follows: In section 2, we
present the principles of microbalance, quartz model,
and measurement methods. In section 3 we trait
and we choice the electronic component of different
blocs of the proposed instrumentation system. Section

4 present the set of measures effected in order to
validate our system. Finally, we conclude on global
performances and advantages of our system.

2. Quartz microbalance principles
2.1 Microbalance principles
The quartz crystal microbalance (QCM) exploits the
phenomenon of piezoelectricity present in some natural
and artificial materials. The direct piezoelectric effect
describes the property of a dielectric material to create
a voltage, or variation of potential, when it is subjected
to a mechanical deformation. As a consequence, it is
possible to use this effect to measure several physical
parameters, such as acceleration, pressure etc., which
can be used for a piezoelectric sensor. The inverse
piezoelectric effect, or electrostriction, describes the
opposite effect where the piezoelectric material
deforms under an applied electrical potential.
The resonant frequency of AT cut quartz crystals
(low sensitivity to temperature) changes as a function
of mass deposited on its surface, and can be
represented by the Sauerbrey equation [8]:
F  2F 2 m
A Q

(1)

where, ΔF : frequency variation due to mass loading,
F : quartz crystal resonant frequency, Δm : mass
variation, ρQ : density of quartz, μ : shear modulus, A :
piezoelectric active area.

2.2 Quartz microbalance sensors
The equivalent electrical circuit for the quartz
crystal is presented in figure 1.
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Figure 1 : Equivalent electrical circuit of the QCM.
where, C0 : static capacity, R1 : Resistance (viscosity),
C1 : dynamic capacity, L1 : Inductance of quartz
(energy gain)
The series resonance frequency, Fs, is:
1
(2)
F 
s 2π L C
1 1
Fs changes as a function of mass and elasticity, and
measurement of Fs allows the quartz crystal parameters
to be determined.
Complex admittance, Y, can be written as:
(3)
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The conductance, G =Re(Y(jω)), and suceptance,
B=Im(Y(jω)), are related by:
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1 2 (4)
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These equations can be used to model the frequency
relationship of a crystal. For example, figures 2 and 3
model a quartz crystal with, C0 =22 pF; R1=100 Ω;
L1=22 μH; C1=22 nF. The quartz crystal resonance is
therefore characterized by its resonance frequency
(9.95 MHz, 10.2 mS, 12°).

Figure 3 : Quartz phase Admittance vs. Frequency

2.3 Measurement methods:
There are two possible measurement methods:
i) Active method:
The quartz crystal is placed in oscillator circuit (Miller
or Collpits). The oscillations are maintained by a
reaction loop and the frequency fluctuations represent a
variation of mass, elasticity or viscosity, which is
measured by a frequency-meter device. This principle
is simple but the extraction of the crystals parameters is
impossible.
ii) Passive method:
The quartz crystal receives a sinusoidal excitation
(voltage or current). A network analyzer estimates and
represents the equivalent admittance and capacitance
(L1, C1) values.

3. Microbalance instrumentation
The proposed microbalance instrumentation must have
the following characteristics:
a) Multiple sensors analysis
b) Frequency measurement up to 100MHz
c) Complete characterization of sensor (including
resonant frequency, resistance and admittance)
d) Possibility to effect frequency sweep or single
frequency analysis.
e) Frequency resolution ≤ 0.1 Hz
f) Time sweep ≤ 1 s
g) Low electrical power consumption.
Figure 2 : Quartz Modulus Admittance vs. frequency.
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3.1 Microbalance instrumentation function
Figure 4 illustrates the functional diagram for the
proposed microbalance instrumentation. A DDS
circuit, controlled by a reference oscillator, generates
the sinusoidal excitations to a sensor selected by an
analog switch. An instrumentation amplifier receives
the voltage from the quartz sensor and presents it to the
input of a Amplitude/Phase detection block. After
analog to digital (A/D) conversion, a computer
acquires the signal through an Input/Output USB
interface.
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Figure 5: Instrumentation block diagram
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Voltage expressions :
Excitation voltage: ve(t) = ve cos ωet = ve cos 2π fet
Resistance voltage: vi(t) = vi cos (ωet + Φi ) = Rriq(t)
Multiplier outputs :
M1 : vm1(t)= Km1 ve2(t) = Km1 Ve2 (1 + cos 2ωet ) /2
M2 : vm2(t)= Km2 ve(t) vi(t) = Km2 Ve Vi (cos Φi + cos
(2ωet +2Φi)) /2
M3 : vm3(t)= Km3 vi2(t) = Km3 Vi2 (1 + cos (2ωet + 2Φi ))
/2

USB
Acquisition/treatment
computer

Figure 4 : Microbalance instrumentation functional
diagram.

3.2 Electronics
The electronics are composed of an instrumentation
amplifier and a measurement block: amplitude, current
and phase. The amplifier must isolate the required
sensor and measure the measurement block. For
measurement block, we use the synchronous detection
method represented in figure 5.
vre : reference voltage, ve : sensor excitation
voltage, vq : sensor voltage, iq : sensor current, vi :
voltage of reference resistance Rr(current image iq),
vm1, vm2, vm3 : outputs of multipliers M1, M2 et M3, Vf1 ,
Vf2 , Vf3 outputs of filters F1 ,F2 et F3.

Filter outputs :
F1 : Vf1(t)= Km1 Ve2/2
F2 : Vf2(t)= Km2 Ve Vi cos Φi /2
F3 : Vf3(t)= Km3 Vi2/2
The quartz impedance, Z, is,
Vq ( j ) Rr (Vq ( j )  Vi ( j )) (5)
Z ( j ) 

I q ( j )
Vi ( j )
Then we have,
Z ( j ) 

Rr Ve ( j )
 Rr
Vi ( j )
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As the common rejection ratio rejection mode must be
≥60 dB, the frequency band analysis ≤100 MHz and
the slew rate, Sr >628 V/μs, we have chosen AD8129
(instrumentation amplifier), AD835 (multiplier),
MAX038 (reference oscillator), AD9850 (DDS), AD
7655 (14bits Analog to digital converter), NI-USB
6251(USB-I/O interface) for use. The DDS AD9850
allows frequency control at 0.0291 Hz resolution
(reference: 125 MHz).
Low-pass filter:
In order to reject the harmonic frequencies, 2ωe, we
use a second order low-pass filter, RC. This filter
assures stability and suppresses waves caused by fast
variation of the amplitude. In addition, the filter must
be rapid and able to allow rapid frequency sweeps. We
will work at frequencies of 1MHz, therefore we use R
= 10 kΩ; C = 2.2 nF.

Figure 7: Increasing frequency, Fmin = 8.9 MHz, Fmax =
8.99MHz; Ts = 500ms. The resonant peak can be
clearly seen in this time period near to ascendant
trigger pulse.

4. Results and discussion
In order to demonstrate the effectiveness of the
proposed instrumentation unit, several experiments are
presented using a 9 MHz quartz crystal (figures 6-9). In
all measurements, the voltage excitation is sinusoidal
with an amplitude, Ve = 1 V. The square wave
reference signal trigger, vt, is also given which controls
the linear sweep frequency.
Note: Fmin : Minimal frequency analyzer, Fmax :
Maximal frequency analyzer (ΔF= Fmax- Fmin), Fres :
quartz resonant frequency, Ts : Seep period which
corresponds to the signal period vt.
Figure 8: Reducing the frequency, Fmin = 8.96 MHz,
Fmax = 8.99MHz, Ts = 500ms.

Figure 6: Fmin = 8.0MHz, Fmax = 9.0MHz, ΔF =1MHz,
Ts = 500 ms. Fres = 8,98 MHz. The resonant peak can
be clearly seen in this time period.

Figure 9: Amplitude and Phase, Fmin = 8.95MHz, Fmax
= 8.99MHz, ΔF =1MHz, Ts = 500 ms.
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Figure 9 shows the amplitude and phase signals. At
resonance, the amplitude can be seen to peak whereas
the phase falls rapidly before recovering. This
demonstrates the change in impedance behavior.
These measurements present the localization of
resonant peak for several sweep intervals and validate
our technique which can be performed by using an
acquisition interface and treatment system presented in
the following section.

parameters. This microbalance requires an power
supply of +5V/-5V. The amplitude of the quartz
excitation voltage is 1V.
In addition, the use of digital synthesizer circuit assures
a precise analysis of frequency. This microbalance,
with data exploitation and treatment software,
constitute a performance tool for all experiments
requiring the use of quartz crystal microbalance
sensors.
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5. Acquisition and treatment software
To collate and treat the data, QCMicrobalance
software has been developed which acquires
instrumentation signals and describes the functions
given in figure 10.

Figure 10: Acquisition and treatment functions
The automatic instrumentation function ensures that
the measurements occur with temporal confinements. It
allows us to program the start/stop commands and
define the measurement period.

6. Conclusion
The proposed novel instrumentation allows the
measurement of the parameters that completely
determine the quartz crystal behavior in the frequency
domain. It can control an array of sensors allowing the
possibility
of
simultaneous
experiments
or
simultaneous characterization of several dependent
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