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Research Title: __Low_ Cost Piezoelectric Biosensor System
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ABSTRACT

This research presents a Quartz Crystal Microbalance (QCM) Biosensor. And comparison
between pierce oscillator and impedance analysis techniques for measuring the frequency of the
quartz crystal. The QCM analyzer based on pierce oscillator is designed, realized, and then
compared to the impedance analyzer. The comparison-is focused on accuracy and precision of
measurement. The pierce oscillator in a completed-chip is employed in the QCM analyzing device
to simplify the circuit of system. The frequency drift and standard deviation (SD) values which are
obtained from resonant frequency measurement are studied to investigate the accurate and
precise measurement of devices. In the experiment, an AT-cut quartz disc of crystal oscillator
package HC49U is unloaded and loaded while it is being measured the frequency. From the
experimental results, the QCM analyzer based on pierce oscillator and impedance analyzer have
the approximate accuracy ‘and precision of measurement. The QCM analyzer based on pierce

oscillator has lower sensitivity due to the frequency drift.
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Abstract—This paper presents a comparison between pierce
oscillator and impedance analysis techniques for measuring the
frequency of the quartz crystal. The QCM analyzer based on
pierce oscillator is designed, realized, and then compared to the
impedance analyzer (Type bode 100). The comparison is focused
on accuracy and precision of measurement. The pierce oscillator
in a completed-chip is employed in the QCM analyzing device in
order to simplify the circuit of system. The frequency drift and
standard deviation (SD) values which are obtained from resonant
frequency measurement are studied in order to investigate the
accurate and precise measurement of devices. In the experiment,
an AT-cut quartz disc of crystal oscillator package HC49U is
unloaded and loaded while it is being measured the frequency,
From the experimental results, the. QCM analyzer based on

-pierce oscillator and impedance analyzer have the approximate
accuracy and precision of measurement. The QCM analyzer
based on pierce oscillator has lower sensitivity due to the
frequency drift.

Keywords—Pierce Oscillator ; Accuracy and Precision of
Resonant Frequency Measurement

I. INTRODUCTION

In recent years, the quartz crystal microbalance (QCM)
biosensor technology is not only increasingly important in
various fields of work, but it also has received more attention
from many researchers due to its low cost, high sensibility and
high stability. Many QCM biosensors have been employed in
the works of medical diagnostics, agricultures, and
environmental monitoring [1-3]. The QCM biosensors
typically consist of an oscillating quartz disc with circular
electrodes on its surfaces, and a quartz driver circuit. When
the liquid or mass is adsorbed or placed into a quartz surface,
the oscillating frequency is decreased due to the characteristic
of piezoelectric effect [4]. As consequence of this, the
referential between resonant frequencies of a quartz disc with
load and no-load on its surface is utilized to recognize the
weight mass and viscosity of liquid or mass.

The popularity approaches for measuring the resonant
frequency of the QCM biosensor are gate oscillator and
electromechanical impedance techniques. However, both of
them present advantages and disadvantages depending on the

978-1-5090-3940-1/16/$31.00 ©2016 IEEE

application. Since the AT-cut quartz discs with resonant
frequency higher than 1 MHz are commonly used in QCM
biosensor in order to detect the minimum mass [5-8], the
impedance analyzer which can measure high-frequency is
required. Even though the high-frequency impedance analyzer
can provide the high performance of measurement, it is
expensive, needs to be calibrated to prevent measurement
errors, and consists. of the complicated circuit. On the other
hand, the gate oscillator is cheap, low profile of circuit and can
measure the - high-frequency, but it provides the lower
accuracy and precision of measurement.

The aim of this paper is to design and realize the QCM
analyzer based on gate oscillator (pierce oscillator). Then, the
fabricated QCM ‘analyzer is investigated by detecting the
liquid load on the surface of oscillating crystal. The errors in
measured values of the fabricated QCM analyzer and the high-
frequency impedance analyzer (Type bode 100) are lastly
compared.

II. DESIGN AND FABLICATION OF QCM ANALYZER BASED ON
PIERCE OSCILLATOR

A. Conceptual System

The conceptual QCM analyzer is a handheld and
convenient device for both indoor and outdoor use, which
consists of the frequency measurement circuit, data logger,
and power management circuit as shown in Fig. 1.

In order to simplify the frequency measurement circuit,
the pierce oscillator integrated circuit SN74LCVIGX04 is
employed for detecting the frequency of quartz crystal as
illustrated in Fig. 2. The frequency of quartz crystal through
the pierce oscllitor is going to be the Transistor—transistor
logic (TTL) square wave, which can be directly counted using
the internal timer counter module of microcontroller. To
prevent the false of frequency counting, the pulse waves from
pierce oscillerator are compared to the pulse waves with
calibrated frequency of 1 Hz from Real-time clock DS1037
while counting as shown in Fig.3.




Charger Battery | [, Power ;
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] Input Button

Fig. 1. Block digarm of conceptual QCM analyzer based on pierce oscillator

While the quartz crystal is being driven without based
clamp or case, the external vibrations will produce the false
results on frequency measurement, therefore in the Fig. 4 the
quartz crystal is clamped and covered to prevent the
disturbance of external vibration. In addition, the electrical
signal from pierce oscillator for driving the quartz crystal is
very weak which can easily be disturbed by the external
electrical field (noise), consequently the pierce oscillator

circuit is placed where closest with crystal oscillator as

illustrate in Fig.5.
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Fig. 2. A quartz crystal driver circuit.
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Fig. 3. The comparision between pulse waves of pierce oscillator and real-
time clock DS1037
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Fig. 4. Printed QCM case from 3D printer

Pierce oscillator

2L

Fig. 5, Fabricated QCM analyzer based on pierce oscillator

_ 111 JEXPERIMENTAL SETUP
" To investigate the accurate and precise measurement of

 fabricated QCM analyzer based on pierce oscillator and the

high-frequency impedance analyzer (Type bode 100), both of
them are tested measuring the resonant frequency of a same
quartz crystal: The AT-cut quartz disc of crystal oscillator
package HC49U in Fig:6 is used for experiment, which has a
diameter of 8mm and resonant frequency of 6 MHz. In the
experiment, the QCM analyzers are used to measure the
frequency of . ‘quartz-disc which is unloaded and loaded with
the 2, 4, and'6 u#¢ of distilled water on its surface.

Fig. 6. A quartz disc of crystal oscillator package HC49U



Fig. 7. Measurement setup of impedance analyzer (Type bode 100)

IV. RESULTS AND DISCUSSION

In Fig.8, the electrical signal from pierce oscillator for
driving a quartz crystal is not the pure sine wave which is has
many harmonics. These harmonic waves drive the quartz
crystal in many vibration modes shape. Therefore, the
measured resonant frequencies from pierce oscillator are not
match to the measured resonant frequencies from.the high-
impedance analyzer as show in Table.l, though both of the
pierce oscillator and the high-impedance ~analyzer are
measured the same quartz crystal. These problems-are not the
core issue for the mass measurement, since-the measured
weight mass and viscosity of liquid or mass obtained from
frequency drift.

To obtain the accurate and precise measurement of pierce
oscillator and the high-frequency impedance analyzer (Type
bode 100), the measured resonant frequencies-and frequency
drift are analyzed. Fig.9 shows the measured resonant
frequencies from pierces oscillator. While the quartz crystal is
unloaded and loaded with 2, 4, and 6 x£ of distilled water, its
resonant frequency is dropped by 5995763, 5995319,
5994844, and 5994205 Hz, respectively;. the measured
resonant frequencies are the average values, since they are
swing while the quartz crystal is loaded.

[TekSton_
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Fig. 8. The electrical signal from pierce oscillator for drving quatz crystal
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Fig.10 illustrates the measurement results of impedance
analyzer. The resonant frequencies of quartz crystal are
obtained by using the impedance analyzer to measure the
impedance magnitude of quartz crystal. During measurement,
the impedance analyzer will sweep the frequencies with 1
Vrms through a reference resistance 50 Q to a quartz crystal.
As the graphs in Fig.10, the lowest point with minimum
impedance is the resonant frequency.

To compare the precise measurement of pierce oscillator with
the precise measurement of impedance analyzer, the measured
resonant frequency of both pierce oscillator and impedance
analyzer are plotted as the frequency drift in the Fig.11. As
can be seen, the interaction between measured resonant
frequency and quartz-crystal’s proof mass of the two
measurement techniques are not the same. But their frequency
drift increasingly shifts in linear. Therefore, their precise
measurement is quite the same.

In addition, the accurate measurements between the
measurements of pierce oscillator and impedance analyzer can
be.compared by considering standard deviation (SD) and
relative error ~of the measured resonant frequency. The
standard deviation. value is obtained from the resonant
frequency measurement that implemented more than one time,
which is demonstrated \in Table 1. From Table 1, The SD
values . of impedance analyzer is less than the SD values of
pierce oscillator, consequently the impedance analyzer has the
better accuracy in frequency measurement. Even though, the
pierce oscillator has lower accuracy, it is usable because its
SD values or ertor are approximate to the SD values of an
impedance analyzer
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6000000
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Fig. 9. The measured frequencies from QCM analyzer based on pierce
oscillator
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Fig. 10. The measured frequencies from impedance analyzer
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Fig. 11. Frequency drift of measured resonant frequency

TABLE L. THE MEASURED RESONANT FREQUENCIES AND STANDARD
DEVIATION VALEUS
Unload 2 ub 4.1l 6 ut
Impedance | Mean (Hz) | 5995763 5995319 5994844 5994205
Analyzer g 0 19.0832 | 18.6024 | .10.2746
Relative 0 0.000318 | 0.000310. | 0.000171
error (%)
Pierce Mean (Hz) | 6001179 | 6000786 | 6000484 | 6000244
Oscillator - =5 10985 | 28.0505 | 23.9915 | 15.0675
Relative 0.000183 | 0.000467 | 0.000399 | 0.000251
error (%)

V. CONCLUSIONS

The comparison between pierce oscillator and impedance
techniques for measuring the frequency of quartz crystal are
drawn in this paper. The QCM analyzer based on pierce
oscillator is designed and fabricated. The comparison is
focused on the accurate and precise measurement of The QCM
analyzer based on pierce oscillator and high-frequency
impedance analyzer (Type bode 100), which is done by

30

following the parameters of frequency drift, standard deviation
(SD) values and relative error. As the results, the accurate and
precise measurement of QCM analyzer based on pierce
oscillator is approximate to the accurate and precise
measurement of impedance analyzer.
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