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Abstract—This study aims at developing an AT-cut quartz 
resonator with low anchor loss. Phononic crystals are utilized 
for trapping acoustic energy and reducing anchor loss of the 
AT-cut quartz resonators. Finite element analyses of the AT-cut 
quartz resonators with phononic crystals and the lossy epoxy 
attachments are presented herein. The resonance response of an 
AT-cut quartz resonator with no phononic crystal was first 
calculated. A square-lattice phononic crystal plate, made of an 
AT-cut quartz plate with air holes, was analyzed and designed to 
have a complete band gap covering the quartz resonator’s 
resonance frequency. Finally, the mode shape and impedance of 
the quartz resonator with 3 rows of phononic crystals were 
calculated to evaluate the isolation performance of the phononic 
crystals. Results show the quartz resonator with the through-
hole phononic crystals exhibits a good energy confinement inside 
electrode area and small impedance. Accordingly, the phononic 
crystal is verified to be capable of reducing anchor loss in an 
AT-cut quartz resonator. 

Keywords–Anchor loss, quartz resonator, phononic crystal, finite 
element method. 

I. INTRODUCTION 

AT-cut quartz resonators utilizing the thickness shear 
mode (TSM) are used widely as frequency reference in an 
electronic system [1-2]. However, the supporting condition of 
a quartz plate affects tremendously the TSM characteristics. 
For example, the unwanted flexure and loss would be induced 
by the anchors, which attach the quartz plate to the substrate 
[3]. In particular, the trend in miniaturization makes the 
problem more serious. To improve the attachment effects, a 
quartz plate with beveled edge was proposed [4-6]. The 
literatures show the steeper the bevel slope, the better the 
confinement of the TSM energy. However, more beveling 
makes the excitation weaker and cost larger.  

Phononic crystals [7-8] are artificial structures with 
periodic variation of elastic property. The main property is the 
possibility of giving rise to acoustic band gaps. Analogous to 
photonic crystals, phononic crystals with band gaps forbid 
acoustic waves within the frequency ranges of band gaps to 
propagate through the structure and reflects completely the 
acoustic waves. Such an attractive characteristic makes 

phononic crystals draw increasing attention in various 
potential applications [9-14], such as noise and vibration 
isolation, frequency filters in wireless communication, 
superlens design, etc. 

In this paper, phononic crystals are utilized for trapping 
acoustic energy and reducing anchor loss of AT-cut quartz 
resonators. Compared to the finite difference and boundary 
element methods, the finite element method is the most 
common technique especially for modeling acoustic devices 
because of its versatility. Therefore, a 3D model of quartz 
resonators was developed by using the finite element software, 
COMSOL. Finite element analyses of the AT-cut quartz 
resonators with phononic crystals and the lossy epoxy 
attachments, as shown in Fig. 1, are presented herein. The 
resonance response of an AT-cut quartz resonator with no 
phononic crystal was first calculated. A square-lattice 
phononic crystal plate, made of an AT-cut quartz plate with air 
holes, was analyzed and designed to have a complete band gap 
covering the quartz resonator’s resonance frequency. Finally, 
the mode shape and impedance of the quartz resonators with 
three rows of phononic crystals were simulated to evaluate the 
isolation performance of the phononic crystals. 

 

 
Figure 1. Illustration of an AT-cut quartz resonator with phononic 
crystals. 
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II. RESONANACE ANALYSIS OF QUARTZ RESONATOR 
WITHOUT PHONONIC CRYSTAL 

The AT-cut quartz resonator without phononic crystal was 
characterized by calculating its eigenfrequency and frequency 
response. The geometry is shown in Fig. 2. The material 
constants of quartz crystal used in the simulation are from Ref. 
[15]. The material constants of the epoxy attachments are 
listed in Table I. The electrode is Au film whose constants can 
be found in COMSOL material library. Besides, the loss 
constants of quartz crystal, Au film, and epoxy are 10-6, 10-5, 
and 10-4, respectively.  

Table I. Material constants of epoxy in the simulation.  

Young’s modulus (GPa) 3.9379 
Poisson ratio 0.3769 
Density (kg/m3) 
Loss 

1157.8 
10-4 

 
The electric potential was defined asymmetrically by a 

sinusoidal voltage (±1V) at one electrode while keeping the 
other electrode grounded. All other surfaces are charge-free. 
Besides, a traction free boundary condition was applied to the 
free surfaces of the quartz plate. In the finite element analysis, 
the meshes in thickness and cross section were set to be 
independent. According to the mesh condition shown in Fig. 3, 
the resonance frequency of the TSM mode is around 16.41 
MHz when the quartz plate is 0.1 mm in thickness. Figure 4 
shows the displacement fields of the TSM resonance, and the 
color presents the magnitude of the displacements. The flexure 
component in TSM appears stronger when the epoxy 
attachments are introduced, which indicates the boundary of 
the quartz plate seriously affects the resonance characteristics. 
Moreover, the frequency response shows that the AT-cut 
quartz resonator without the phononic crystal has a impedance 
of 75.78Ω. 

  

 

 

 

III. BANDGAP ANALYSIS OF PHONONIC CRYSTALS IN AN 
AT-CUT QUARTZ PLATE 

The band structure of a square-lattice phononic crystal 
plate, made of an AT-cut quartz plate with air holes, was also 
calculated by the finite element method. As shown in Fig. 5, 
the thickness H, lattice constant a, and radius r of the unit cell 
are 100, 125, and 59.375 μm, respectively. Figure 6 depicts 
the frequency band structure of Lamb waves in the phononic 
crystal plate. The square-lattice phononic crystal plate gives 
rise to a complete band gap from 15.60 to 18.57 MHz, which 
covers the quartz resonator’s resonance frequency.  

Besides, the band structure of a square-lattice phononic 
crystal plate are highly dependent on the dimensions of 
phononic crystal, like the hole radius and lattice constant. 
Especially, a high volume filling ratio is usually needed to 
intensify the direction-dependent scattering such that a 
complete gap can be opened up. Therefore, the influences of 
the hole radius and lattice constant on the bandgap width were 
also discussed. 

Figures 7 show the gap map as a function of the hole 
radius when keeping the lattice constant a = 125 μm and the 
plate thickness H = 100 μm. The result show that both the 
width and frequency ranges of the band gap deeply depend on 
the two geometric dimensions. The central frequency of the 
bandgap decreases with increasing in the hole radius. The 

Figure 4. TSM mode shape of the quartz resonator without phononic 
crystal. 
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Figure 3. Mesh of the quartz resonator without phononic crystal used 
in the simulation. 
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Figure 2. Geometry of unbeveled quartz resonator used in simulation. 



band gap is broadened as the hole radius increases, indicating 
a larger r can intensify a stronger multiple scattering. 
According to the results, the lattice constant a of 125 μm and 
the hole radius r of 59.375 μm are concluded to be an 
appropriate geometric dimensions of phononic crystal for 
trapping acoustic energy and reducing anchor loss of AT-cut 
quartz resonators. 

 

Figure 6. Band structure of a square-lattice phononic crystal plate. 

 
Figure 7. Gap map of Lamb wave in a square-lattice phononic crystal plate. 

IV. RESONANACE ANALYSIS OF QUARTZ 
RESONATOR WITH PHONONIC CRYSTALS 

The AT-cut quartz resonators with phononic crystals 
were analyzed to evaluate the isolation performance of the 
phononic crystals. The mode shape of the AT-cut quartz 
resonator with 3 rows of the designed phononic crystals are 
shown in Fig. 8. The AT-cut quartz resonator with the 
phononic crystals has a more centralized diaplacement field 
distribution than the one without phononic crystals, indicating 
that the phononic crystals indeed contribute to a confinement 
of acoustic energy in the AT-cut quartz resonator. Besides, 
from the frequency response shown in Fig. 9, the AT-cut 
quartz resonator with the phononic crystals has a lower 
impedance of 2.21Ω than the one without phononic crystal. 
Note that the 3 rows of the designed phononic crystals are 
enough to significantly reducing anchor loss of AT-cut quartz 
resonators. 
 

 

Figure 8. TSM mode shape of the AT-cut quartz resonator with phononic 
crystals. 
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Figure 9. Frequency response of the AT-cut quartz resonator with phononic 
crystals. 

 

 
 

 

 

 

 

 

 

Figure 5. Illustration of a square-lattice phononic crystal plate. 
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V. CONCLUSION 

Phononic crystals were utilized for trapping acoustic 
energy and reducing anchor loss of AT-cut quartz resonators. 
Finite element analyses of the AT-cut quartz resonators with 
phononic crystals and the lossy epoxy attachments are 
presented herein. The resonance response of an AT-cut quartz 
resonator with no phononic crystal was first calculated. A 
square-lattice phononic crystal plate, made of an AT-cut 
quartz plate with air holes, was analyzed and designed to have 
a complete band gap covering the quartz resonator’s resonance 
frequency. Finally, the mode shape and impedance of the 
quartz resonator with 3 rows of phononic crystals were 
calculated to evaluate the isolation performance of the 
phononic crystals. Results show the quartz resonator with the 
through-hole phononic crystals exhibits a good energy 
confinement inside electrode area and small impedance. 
Therefore, the phononic crystal is verified to be capable of 
reducing anchor loss in an At-cut quartz resonator. 
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