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Abstract—AT-cut quartz resonator is used widely as a 
frequency source in electric devices. The main mode of AT-cut 
quartz plate is thickness-shear mode, which the frequency is 
inverse proportion to the plate thickness. Due to the sandwich 
structure, only odd thickness-shear overtones exist in AT crystal 
resonators. Normally, the vibration amplitude of fundamental 
mode is larger than that of all overtones. And that means the 
effect-series-resistance of the fundamental mode is lowest. In this 
paper, different energy trapping effects of fundamental and 3rd 
overtone are used to control the resistance ratio of these two 
modes. Two kinds of 5.0*3.2mm size resonators, 50MHz and 
54MHz 3rd overtone (the fundamental mode frequencies are 
16.67MHz and 18MHz, respectively), with different beveled chips 
are made. Comparing to the 3rd overtone, the fundamental mode 
has longer wavelength and stronger penetration ability to sink 
energy through the mounted end. The experiment data show that 
a proper beveling could cut the energy flux of 3rd overtone off, 
but allow some energy flux of fundamental mode propagates 
outward. And then the resistance ratio of these two modes could 
be controlled. 
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I.  INTRODUCTION 
AT-cut quartz crystal resonator is widely used in modern 

electric circuits. From home entertainment apparatus, PC, note 
book, to personal portable device, etc., quartz resonators 
usually provide an accurate frequency signal, like a heartbeat, 
to the central process unit (CPU). Because of the progress of 
wireless and telecommunication, a higher frequency source is 
more and more important to enhance the communication speed 
and quality. Since the frequency to temperature stability of AT-
cut quartz, the thickness-shear mode (TS mode) is the main 
mode of quartz crystal resonator. In TS mode, the frequency is 
inverse proportion to the thickness of the plate. The thinner the 
plate, the higher the frequency is. However, a thinner plate 
means higher cost of quartz chip, since brittle material lapping 
is hard. There are several ways to get higher frequency source 
by low frequency quartz resonator. Using the high overtone 
mode is one of economic methods. Because of the electrical 

boundary condition, only odd overtones, 3rd, 5th…, etc., of TS 
mode could be existed. The resistance of the fundamental mode 
is lowest, and the resistances of overtones are higher. If the 
oscillation circuit is designed to excite the 3rd overtone, but not 
the fundamental mode, it is a 3rd overtone quartz crystal 
resonator. This resonator could gain 3 times higher frequency, 
but with higher resistance also. It relies on the negative 
resistance adjustment of the oscillation circuit to suppress the 
fundamental mode. However, due to process or temperature 
variation, the IC negative resistance will be variance, and the 
fundamental mode may cause a harmonic noise to degrade the 
signal performance. If the resistance of fundamental mode 
could be designed higher than that of 3rd overtone, it is a better 
3rd overtone resonator, since the IC could excite the 3rd 
overtone mode easier with less interference. 

II. BEVELED QUARTZ CHIP AND ENERGY TRAPPING 
Beveled quartz chip is a crystal plate with thinner edge. 

There are two main purposes of beveling. One is to trap the 
vibration energy in the central area to reduce the mounting loss 
[1][2], and the other one is to “move away” from the unwanted 
mode [3][4]. This paper focuses on the former. 

 

Fig. 1. Sketch of a beveled quartz chip with mounting glue 

Figure 1 shows that a quartz resonator is electrode-quartz-
electrode structure, like a sandwich. The central region with 
electrode is thicker than others, even a flat chip without 
beveling. The energy can be trapped in the center, since the 
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cut-off frequency of the center is lower than that of all around. 
The wave will decay as it propagates outside. A contour chip 
can enhance the energy trapping effect in low frequency 
(thinker plate and longer wavelength) resonator. 

III. DISPLACEMENT FIELD SIMULATION 
In this section, we simulate the displacement field of two 

3rd overtone resonators, 50MHz and 54MHz, with both flat and 
contour quartz chips. The dimensions of these two resonators 
are 

50MHz: quartz chip-3.5*1.78mm2; electrode-2.31*1.19mm2 

54MHz: quartz chip-3.5*1.775mm2; electrode-2.24*1.12mm2 

 

Fig. 2. Geometric model of the two 3rd overtone resonators 
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Fig. 3. Enlargements of the mounting end of both flat and contour quartz 
chips for simulaiton (50 MHz) 

Figure 2 shows that two corners of the quartz plate are 
mounted and we use perfect matching layer (PML) to simulate 
the behavior of epoxy on the ceramic base. Figure 3 is the 
enlargement of both flat and contour quartz chip embedded in 
the epoxy. 

 

     

Fig. 4. The displacement fields of the the 50MHz 3rd overtone resonator with 
FLAT chip 

     

Fig. 5. The displacement fields of the the 50MHz 3rd overtone resonator with 
BEVELED chip 

 

      

Fig. 6. The displacement fields of the the 54MHz 3rd overtone resonator with 
FLAT chip 

 

      

Fig. 7. The displacement fields of the the 54MHz 3rd overtone resonator with 
BEVELED chip 

Figure 4 to 7 are the simulation results. For fundamental 
mode (wavelength longer than that of 3rd overtone) with flat 
chip, the vibration can extend to the mounted area. Then the 
displacement field can be concentrated a little bit to the center 
as the chip is beveled. For 3rd overtone mode, the vibration is 
almost confined in the electrode-plated area as the chip is flat. 
Therefore, it seems that beveled chip doesn’t change the 
displacement field of 3rd overtone obviously. Both 50MHz and 
54MHz 3rd overtone resonators show this tendency. 

IV. EXPERIMENT AND RESULTS 
The effect series resistance (ESR) of the two 3rd overtone 

resonators with different beveled chips are measured. The 
diameter of the beveling tube is 120mm, and figure 8 and 9 are 
the contour of those quartz chip. As the beveling time 
increasing, the chip is beveled further. 
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Fig. 8. The contour of flat and beveled 50MHz 3rd overtone chip after 5, 10, 
12, and 15hrs beveling 

 

    

    

 

Fig. 9. The contour of flat and beveled 54MHz 3rd overtone chip after 5, 10, 
12, and 15hrs beveling 

We also measure the edge thickness of the beveled chip 
after each beveling time. Figure 10 is the sketch of the “edge 
thickness.” Table I and II are the measurement data of edge 
thickness. 

 

 

Fig. 10. The contour of flat and beveled 54MHz 3rd overtone chip after 5, 10, 
12, and 15hrs beveling 

TABLE I.  THE EDGE THICKNESS OF THEH 50MHZ 3RD OVERTONE 
RESONATOR 

Beveling 
Time 
(hrs) 

0 5 10 12 15 

Edge 
thickness 

(mm) 
0.111 0.105 0.098 0.092 0.083 

TABLE II.  THE EDGE THICKNESS OF THEH 54MHZ 3RD OVERTONE 
RESONATOR 

Beveling 
Time 
(hrs) 

0 5 10 12 15 

Edge 
thickness 

(mm) 
0.096 0.091 0.086 0.081 0.079 

 

Figure 11 and 12 are the ESR to beveling time chart of 
50MHz and 54MHz respectively. For 3rd overtone mode, 
beveling doesn’t affect the ESR too much, since the vibration 
can be confined in the electrode-plated area even in flat plate. 
However, for fundamental mode, further beveling can lower 
the ESR, because contour shape can depress the vibration 
energy sinking through the mounting end. These tendencies 
meet the displacement field simulation results in section III. 
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Fig. 11. Fundament and 3rd overtone ESR to beveling time chart of the 50MHz 
resonator 
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Fig. 12. Fundament and 3rd overtone ESR to beveling time chart of the 54MHz 
resonator 

Figure 13 and 14 are the ESR ratio (3rd OT/Fund.) to 
beveling time chart. As the ratio smaller than 1, the 
fundamental ESR is larger than that of 3rd overtone. The energy 
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of fundament mode loss through the mounted glue to the 
ceramic base seriously. Under same beveling process, the ratio 
can be greater than 1 easier in 54MHz. Since the wavelength of 
54MHz is shorter than that of 50MHz, and the wave 
propagation outside ability of 54MHz is poorer than that of 
50MHz. Slight beveling can cut the energy flux of short 
wavelength outward. 
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Fig. 13. ESR ratio (3rd OT/Fund.) to beveling time chart of 50MHz resonator 
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Fig. 14. ESR ratio (3rd OT/Fund.) to beveling time chart of 54MHz resonator 

V. CONCLUSION 
According to the simulation and experiment data, a proper 

beveling could cut the energy flux of 3rd overtone off, but allow 
some energy flux of fundamental mode propagates outward. 
And then the resistance ratio of these two modes could be 
controlled to avoid harmonic noise and enhance the 
performance of 3rd overtone resonator. 
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