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Abstract—Recently, the quartz crystal microbalance
(QCM) with N-M asymmetric electrodes has been reported to
improve significantly its sensitivity. As a main part of QCM,
the performance of quartz crystal resonator is directly related
to QCM sensor. Therefore, it is necessary to develop a high
performance of quartz crystal resonator. Considering that the
quality (Q) factor is one of the most important parameters to
the quartz crystal resonator. However, there is few studies to
report the Q-factor of QCM resonator with N-M asymmetric
electrodes. Herein, we investigate the Q-factor of QCM
resonator with N-M asymmetric electrodes. The experimental
results show that their Q-factors are larger than 15000, and
all half bandwidths are less than 650 Hz. These performance
parameters show that the QCM with N-M asymmetric
electrodes have excellent stability and they can be reliably
applied in many fields.
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I. INTRODUCTION

In the past serval decades, the quartz crystal
microbalance (QCM) sensor has been used widely due to its
excellent performance such as ultra-high sensitivity, low
cost and real-time detection [1-3]. The common structure of
QCM is two metal electrodes plated on quartz crystal
surface like sandwich structure, and it is developed based on
piezoelectric effect of quartz crystal. As a kind of micro-
mass sensor, the QCM sensor is able to detect the small
mass of nanogram scale. Therefore, it almost can be used in
any field related to processes of small mass change.
Sauerbrey proposed and verified that the relationship
between the change of resonance frequency of QCM
resonator and the mass change on the electrode [4].

Recently, the quartz crystal microbalance (QCM) sensor
with asymmetric electrodes has been become a important
direction to improve its sensitivity [5,6]. For example, citing
the papers in asymmetric electrodes. It is well known that
the QCM is consisted of quartz crystal resonator and
oscillation circuit. Thus, the performance of quartz crystal
resonator is closely related to QCM performance.
Considering the frequency stability is one of the most
important parameter for quartz crystal resonator, therefore,
the frequency stability is also crucial to QCM sensor. As a
parameter characterizing the stability of resonance
frequency of resonator, quality factor (Q-factor) is a key
parameter for QCM sensors. However, few studies report
the Q-factor of quartz crystal resonator with N-M
asymmetric electrodes structure. It is necessary to study the
Q-factor of quartz crystal resonator with N-M asymmetric
electrodes structure.

Comparing with traditional symmetric electrode QCM
sensor, the QCM sensor with N-M asymmetric electrodes

structure has higher sensitivity [6,7]. It means that the N-M
asymmetric electrodes structure can improve significantly
sensitivity. Thus, it will become more and more attractive in
applications. However, the Q-factor of quartz crystal
resonator with N-M asymmetric electrodes has been few
reported up to now. In this study, we investigate detailly the
Q-factor of quartz crystal resonator with N-M asymmetric
electrodes structure. The Q factors of all QCM resonators
with N-M asymmetric electrodes are larger than 15000, and
all half bandwidths are less than 650 Hz. Additionally, the
minimum detectable fractional frequency deviation is not
greater than 6.5x10°Hz, it indicates that these QCM
resonators have extremely high frequency resolution in
theory. These performance parameters show that the QCM
resonators with N-M asymmetric electrodes have excellent
stability and they can be reliably applied in many fields.

II. QUALITY FACTOR ANALYSIS

A. Quartz Crystal Resonator withN-M asymmetric
Electrodes

Currently, in order to meet the urgent needs for high
sensitivity, the N-M asymmetric electrode QCM sensor has
been reported [6]. In this paper, we designed two kinds of
QCM sensors with N-M asymmetric electrodes. Fig. 1
shows that the two sizes of the AT-cut 10 MHz quartz
crystal resonators with N-M asymmetric electrodes we have
designed. The diameter and thickness of the quartz wafer are
8.7 mm and 0.167 mm. It should be noted that the N
electrode (800 A thickness) and M electrode (800 A
thickness) present up electrode and bottom electrode,
respectively. For first type of N-M electrode quartz crystal
resonator, the N electrode and M electrode are 5.1 mm and
4.1 mm, respectively. For second type of N-M electrode
quartz crystal resonator, the N electrode and M electrode are
5.1 mm and 3.1 mm, respectively.
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Fig. 1. Quartz crystal resonator with N-M asymmetric electrode structure.
“17,“2” and “3” present the full electrode area, part electrode area and non-
electrode area. (a) “3.1-5.1” type; the diameters of up and bottom electrodes
are 3.1 mm and 5.1 mm. (b) “4.1-5.1” type; the diameters of up and bottom
electrodes are 4.1 mm and 5.1 mm.



B. Quality Factor of Quartz Crystal Resonator withN-M
asymmetric Electrodes

The Q-factor is a crucial parameter for quartz crystal
resonator. According to definition of the Q factor, it
describes the resonance frequency sharpness of quartz
crystal resonator. In addition, it is related closely to the
minimum detectable frequency change [8]. The Q-factor
can be calculated by the following equation [9].
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where f; is the resonance frequency of quartz crystal

resonator; 2T is half-bandwidth of quartz crystal resonator.
This equation means that the Q-factor is equal to the ration
of resonance frequency and half-bandwidth. In general,
when fj is constant, the Q-factor value increases with the
decrease of half-bandwidth.

On the other hand, in order to understand the
relationship between Q-factor of quartz crystal resonator
and the minimum detectable fractional frequency deviation,
we can deal with it by the Allan deviation theory [10]. In
time domain, the Allan deviation oy(t) is defined by [11]
YD =0 @
where f; is the resonance frequency; Af{'7) is the minimum
detectable fractional frequency deviation. Besides, the
empirical relationship between the Q-factor of QCM
resonator and oy (1) can be expressed [12]:

@mm:L%%L 3)

III. RESULTS

In order to better evaluate the quality of QCM resonators,
we measured three samples for each type of resonators. The
resonance frequency and half-bandwidth can be obtained by
measurement device. Then the Q-factor and the minimum
detectable fractional frequency deviation of QCM
resonators with N-M asymmetric electrodes were calculated
by the equation (1), (2) and (3), and the Q-factor values were
shown as in Table 1. Q-factor of 3.1-5.1 type QCM
resonators are 16034, 25636 and 16568, respectively. Q-
factor of 4.1-5.1 type QCM resonators are 15464, 22221 and
18783, respectively. The Q-factor of all QCM resonators
with N-M asymmetric electrodes is greater than 15000,
which indicates that they have excellent performance. Also,
these results show that they can be used reliability in many
research areas. In addition, the minimum detectable
fractional frequency deviation is less than 6.5x10°Hz, it
also indicates that these QCM resonators with N-M
asymmetric electrodes have extremely high frequency
resolution.

TABLE L. Q FACTOR OF QCM WITH N-M ELECTRODES

QCM-1 QCM-=2 QCM-3  QCM-1  QCM-2 QCM-3
(3.1-5.1 type) (4.1-5.1 type)

Sample ID

fo(Hz) 10021458 10,023,819 10,023,910 10,020991 10,021,694 10,011,354

2I'(Hz) 625 391 605 648 451 533
0 16,034 25,636 16,568 15464 22,221 18,783
y(Dmin 6.24x1017 3.90x1072  6.04x10™  6.47x10"7  4.50x10"*  5.32x10™"

Mr(Hz)  6.25x10°  3.91x10°  6.05x10° 6.48x10°  4.51x10°  5.33x10°

IV. CONCLUSIONS

In this work, on one hand, we designed the QCM
resonators with N-M asymmetric electrodes. On the other
hand, we calculated and analyzed the Q factor and the
frequency resolution of QCM resonators with N-M
asymmetric electrodes. High Q factor for QCM resonator
means that the high stability of output frequency. The
experimental results show that Q factors of all QCM
resonators with N-M asymmetric electrodes are larger than
15000, and all half bandwidths are less than 650 Hz.
Additionally, their minimum detectable fractional
frequency deviations are less than 6.5x10Hz, it indicates
that these QCM resonators with N-M asymmetric electrodes
have extremely high frequency resolution in theory. These
performance parameters show that the QCM resonators with
N-M asymmetric electrodes have excellent stability and
they will greatly attract attention of many researchers.
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