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Resonators are one of the most important parts of electronic products. They provide a 

stable reference frequency to ensure the operation of these products. Recently, the electronic 

products have the trend of miniaturization, which rendered the size reduction of the resonators as 

well [1]. Better design of the resonators relies on a better understanding of the crystals' nonlinear 

behavior [2]. The nonlinearities affect the quality factor and acoustic behavior of MEMS (Micro-

Electro-Mechanical-System) and nano-structured resonators and filters [3]. Among these 

nonlinear effects, Drivel Level Dependence (DLD), which describes the instability of the 

resonator frequency due to voltage level and/or power density, is an urgent problem for 

miniaturized resonators [2]. Langasite and GaPO4 are new promising piezoelectric material. 

Resonators made from these new materials have superior performance such as good frequency-

temperature characteristics, and low acoustic loss [2].  

 In this thesis, experimental measurements of drive level dependence of langasite 

resonators with different configurations (plano-plano, single bevel, and double bevel) are 

reported. The drive level dependence of GaPO4 resonators are reported as well for the purpose of 

comparison. The results show that the resonator configuration affects the DLD of the langasite 

resonator. Experiments for DLD at elevated temperature are also performed, and it was found 

that the temperature also affects the DLD of the langasite resonator. 
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CHAPTER 1 

INTRODUCTION 

 Many electrics systems have resonators inside; they are used to either generate specific 

frequencies or to select specific frequencies from a signal. Quartz resonator is a common type of 

piezoelectric resonator. It has a high quality factor and a stable resonant frequency [1].  

 Recently, the electronic products have the trend of miniaturization, and the electronic 

components must be designed and manufactured to catch up with this trend. The size of the 

resonators should be reduced by three quarters in the future [1] [2]. The miniaturization of crystal 

resonators and filters demands improvement of nonlinear piezoelectricity theory and a better 

understanding of the nonlinear behavior of new crystal materials [3]. The nonlinearities affect the 

quality factor and acoustic behavior of MEMS (micro-electro-mechanical-system) and nano-

structured resonators and filters [4]. Among these nonlinear effects, drivel level dependence 

(DLD), which describes the instability of the resonator frequency due to voltage level and/or 

power density, is an urgent problem for miniaturized resonators; in addition, the DLD could 

worsen the activity dip problem [3][5][6]. Langasite, a new promising piezoelectric material, 

combines many of the advantages of quartz, barium titanate and lithium niobate - having good 

electromechanical coupling, good frequency-temperature characteristics, and low acoustic loss 

[3][7].  The most important advantage of the langasite is that it can work in high temperature, 

and it is possible to make high temperature micro sensor system with langasite resonators [8]. 

 In this thesis, experimental measurements of drive level dependence of langasite 

resonators with different configurations (plano-plano, single bevel, and double bevel) are 

reported. The results show that the resonator configuration affects the DLD of the langasite 

resonator. In addition, experiments at elevated temperatures are performed, and results for drive 
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level dependent and drive level sensitivity are obtained. Comparisons with the result at room 

temperature are made [9].  

 Furthermore, for the comparison purpose, the drive level dependence of another 

promising piezoelectric resonator – GaPO4 resonators [10] is also measured. GaPO4 has similar 

physical properties with quartz crystal and langasite. The high phase transition temperature 

GaPO4 has makes the material properties stable at high temperature. Moreover, lower acoustic 

velocity and lower thickness are the other two important advantages of GaPO4 resonator [4] [11].   
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Amplitude Frequency Effects of Y-cut Langanite and Langatate 

 Kim et al. [4] studied the amplitude frequency effects of Y-cut Langasite (La3Ga5SiO14), 

and list its advantages. This paper shows the measurement of the amplitude frequency effects for 

Langatate and Langanite resonators. Compared with quartz resonators, a lower amplitude-

frequency effect in LGX (Langanite, Langatate, and Langasite) resonator implies more 

insensitivity to current fluctuations, and the slow current drift in oscillator circuit give entitled 

resonators a better short-term stability and a lower long-term aging. Table 1 shows the 

parameters of the Langanite and Langatate resonators [4].   

 

 

 Y-cut LGN Y-cut LGT 

Crystal disk Plano-convex 14 mm Ø 

Diopter 3 2 

Electrodes 6.35 mm Ø gold with chrome adhesion layer 

Slow-shear 

velocity [m/s] 

2859.36 2600.32 

3
rd

 OT[MHz, Ω] 6.047 3.5 6.149 3 

5
th

 OT[MHz, Ω] 10.082 6 10.254 5 

7
th

 OT[MHz, Ω] 14.102 12 14.347 11 

 

 

Table 1. Resonator Parameters [3] 
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2.2 The Amplitude Frequency Effect in SC- Cut Resonators 

 Filler et al. [11] reported the results of the amplitude-frequency effect for SC-cut 

resonators with various contours, frequencies, and overtones. The results in this paper are 

compared with the amplitude frequency effect for AT - Cut resonators. The results from this 

paper advice that great attention should be paid to the current fluctuation the resonators are 

excited.  

2.3 Properties and Applications of Singly Rotated GaPO4 Resonators 

 Krispel et al. [12] studied the properties and applications of singly rotated GaPO4 

resonators, and show the advantage of this material; the singly rotated Y-cut resonators with 

different rotating angles are investigated as well [12].  

2.4 Drive Level Dependence in Quartz Resonators 

 Patel et al. [1] studied the drive level dependence in quartz resonators, and this paper 

mentioned that the quartz resonators have a very high quality and stable frequency of resonator. 

The drive level dependence is one of the most important properties. Scientists predict that in the 

next few years, the size of the resonators will be designed smaller and smaller, but the electrical 

power applied to the resonators cannot be reduced too much, these factors cause the ratio of the 

resonator size and power become larger and larger.  

2.5 High Temperature Nanobalance Sensor Based on Langasite 

 Fritze el al [16] studied the high temperature nanobalance sensor based on langasite. This 

paper mentioned that good nanobalance applications at the temperature which is much high than 

room temperature need to use the material which can be stable at high temperature experiment. 

 Nanobalance can monitor the composition of gas, and it is a very precise technology. The 

small mass change because of the gas adsorption can make the transducer change the frequency 
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of the resonator. 

2.6 Test Oscillator for Study of DLD of Quartz Crystals 

 Lennart et al. [15] studied the test oscillator for study of DLD of quartz crystals. This 

paper introduces three methods for measuring DLD of the resonators.  

 1. Test oscillators 

 2. Passive measurements using IEC-444 

 3. Passive network analyzer measurements at fixed frequency and swept output level 

The disadvantages of methods 2 and 3 require very complex and expensive equipments, and 

there are some advantages of method test oscillators. The most important one is that from noise 

to normal operation, this method can span the whole range of levels. Simple and inexpensive are 

the other advantages of the test oscillators’ method.  

 Thus, to sum up the papers above, the topic of drive level dependence of advanced 

piezoelectric resonators is still new and worth to investigating. From the research, we can have 

better understanding of the drive level dependence of LGS resonator which is crucial for the 

resonator design.  
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CHAPTER 3 

EXPERIMENT METHODOLOGY 

 3.1 Sample Preparation 

 

                    

 The samples are 3 doubly rotated circular langasite resonators with different 

configuration (double-plano, plano-bevel, and double-bevel) and two GaPO4 resonators. Table 2 

shows the resonator parameters for experiment. In Fig. 1, there are six pictures: picture 1 is the 

langasite stone, and picture 2 shows the resonators' different cut angles. Picture 3 and picture 4 

are resonators. Picture 5 is langasite resonator, and it is cut from the langasite stone. The 

langasite resonators have two cut angles (Fig. 2.) [17]. The angle   of langasite resonators is 45
o
, 

and the angle   is 65
o 

[10].The sample's diameter is 13mm, the thickness is 0.65 mm, and the 

electrode diameter is 5.5 mm. Picture 6 is GaPO4 resonator, and it has only one cut angle 

      o 
[17]. The sample's diameter is 13.8 mm, the thickness is 0.21 mm, and the electrode 

diameter is 7.52 mm. The resonators should be clamped by a resonator holder in experiments. 

Fig. 1. Sample Preparation 
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Resonator 

Configuration 

Plano-Plano Plano convex 

with double bevel 

Plano convex with 

single bevel 

GaPO4      

Material 

Orientation 

YX1w 

    
o

/    
o

 

YX1w 

    
o

/    
o

 

YX1w 

    o
/    o

 

YX1           

  =11.8
o 
           

Plate    Diameter 

(mm) 

 

13.0 

 

13.0 

 

13.0 

13.8  

Thickness 

(mm) 

0.65 0.65 0.65 0.21  

Electrode 

diameter             

(mm) 

 

5.50 

 

5.61 

 

5.61 

7.52  

Fundamental 

resonant 

frequency 

             

2,577,150          

             

2,752,600           

            

2,409,750               

 

5,808,320  

 

 

 

 

Fig. 2.   and   Cut Angles 

Table 2. Resonator Parameters for Experiments 
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3.2 Experiment Diagram 

 

 

Fig. 3 shows the experiment diagram. The computer controls the waveform generator to 

output a signal, and the electronic circuit transmit this signal to specimen, and the digital 

phosphor oscilloscope receive the signal pass through the specimen, then the program 

LABVIEW records all data of the signal.   

3.3 Experiment Setup 

 The experiments can be divided into two parts. One is the experiments at room 

temperature and the other is the experiments at elevated temperature. 

3.3.1 Room Temperature Measurement 

  A network analyzer is used to measure the resonance frequency of the resonator. The 

langasite resonator sample is placed in a test fixture in an electronic circuit (see Fig. 4). The 

LABVIEW program is started and the frequency obtained from network analyzer is inputted to        

Fig. 3. Experiment Procedure 
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the LABVIEW program, then an appropriate frequency increment is set. Changes in frequency, 

output voltage are recorded. The current is calculated from the current-voltage relation shown in 

Table 2. The final step is to use MATLAB program to plot the diagram of the frequency- current. 

and phase-current. The drive level sensitivity is extracted from the frequency-current data using 

quadratic regression. 

 The following figures show the experimental facility we used for room temperature 

measurement. 

Fig. 4. Experiment Circuit 

9



 

 

 

  

 E1 is the control center, a computer. The experiment is about the drive level dependence 

and the drive level sensitivity. They mainly deal with the relationship of the drive level, current, 

phase and frequency. The computer program Matlab and Labview are used very often to show 

the results intuitively. E2 is a function generator (Agilent 33220A), and it is used to output 

voltage to excite the specimen. E3 is an oscilloscope (Hewlett Packard 54602B), it needs to 

receive two signals while the experiment running. One is the signal from the function generator 

directly, and the other one is the signal which has passed through the circuit and the specimen. 

Then, compare them with the oscilloscope.  

3.3.2 Measurements at Elevated Temperatures  

 For the procedure of the experiments at elevated temperature, most of steps are the same 

as the experiments at room temperature. The only difference is that we need to use oven to 

change the temperature for the experiments. To avoid the influence from the vibration of the 

E1 E2 E3 

Fig. 5. Room Temperature Experiment Equipments 
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furnace, a special test fixture was designed to hold the sample inside the furnace. A high 

temperature wire is used to connect the sample to the circuit outside of the furnace (Fig. 6). E4 is 

an oven, and it is just used for elevated temperature experiment. The temperature range of the 

oven is 20
o
C-1200

o
C, our experiment is carried out below 100

o
C. The high temperature testing 

of the resonators will be done in the future. E5 is the holder of the specimen (Fig. 7). This holder 

is only used in elevated temperature test. 

 

  

 E6 is the high temperature resistant wire, it is used to prevent that the high temperature 

affect the transmission of the signal. E7 is s tripod which is used to hold the whole thing. E8 is 

the experiment circuit (Fig. 8.). 

E4

 
 

E1 

E2 E3 

E8 

E5 

E7 

E6

 
 

E1 

E1 

Fig. 6. Elevated Temperature Experiment Equipment 
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E5 

Fig. 7. Specimen Inside Furnace 

Fig. 8. Experiment Circuit 
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 Since the resonator samples are very thin and brittle, great care has been made to assure 

the safety of the sample. Soft springs are used to clamp the sample in the holder. Fig. 8 shows the 

location of the resistor in use and Table 3 shows the value of the resistances [4].  

 

 

R1 R2 R3 R4 

1202.95 OHMS 50.37 OHMS 50.64 OHMS 1193.76 OHMS 

R5 Ra Rb I 

49.96 OHMS 49.87 OHMS 50.57 OHMS 1.14 Vb 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Resistances Used for Experiment 
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CHAPTER 4 

FORMULAR AND EQUATION FOR THE EXPERIMENTS 

 The amplitude frequency effect is primarily due to the nonlinearity of piezoelectric 

crystals. The word nonlinearly refers to the relationship between the amplitude of the vibration 

and the applied force. Simple cases like this, a mass at the end of a spring, and we have  

       

The F is the applied force, x is the displacement, and the k is the spring constant [13]. In this case, 

the k and x are linearly related. The natural frequency of this system is as the follow, we make fn 

the natural frequency 

 

The m is the mass value, and the nature frequency fn is uninfluenced by the amplitude of the 

displacement [13].  

 The above formula is gotten form the ideal condition. In the real experiment environment, 

the relationship between applied force and displacement is nonlinearly, and then we get the mass 

spring system formula as following 

 

The k' is the effective constant [17]. From the experiment results, if we get positive a, that 

respects the spring's stiffness increases while we increasing amplitude. Then this case shows the 

spring is hard. If we get negative a, the spring's stiffness decreases while we increasing 

amplitude. Then this case shows the spring is soft. These cases mean that the stiffness of the 

nonlinear spring system is drive level dependent, and it is the same as the drive LGX resonator 

system.  

We can use Duffing's equation shows the movement of the nonlinear spring system [19],  

xkF 

xkxaxkF  )1( 2

2/1)/( mkfn 
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 The overall Duffing's equation is a second order differential equation shows as below [20] 

 

We assume the displacement x is at time t, so x = x(t), the  is first order derivative of x, and  

is the second order derivative. x is the displacement then the  is the velocity, and  is the 

acceleration.   ,  ,  , , and   are constants [13][17]. 

    controls the damping size. 

    controls the restoring force size. 

   controls the restoring force, so this equation describes the simple harmonic oscillator 

when    . 

   controls the driving force, so     that means this system without driving force. 

   controls the frequency when the system under driving force. 

 If we use the inductance to replace mass, use reciprocal of capacitance to replace the 

spring constant, use charger to replace the displacement, and use voltage to replace driving force, 

then we can get the electrical analog of the evolution of this equation [17].  

The replacement of the spring constant -- capacitance is given as the following equation [17]: 

            (1) 

The resulting equation for the LC network is 

            (2) 

where fn = (LC)
-1/2 

is the natural frequency. Assume 

             (3) 

and substitute equation (3) into equation (2) , we will obtain an algebraic equation with cos
3
 (wt) 

)cos(3   tFxakxkxm d

)cos(3 txxxx   

)cos(322
  tVqafqfq nn

)1()/(/ qaCICI 

)cos( tQq  

15

http://en.wikipedia.org/wiki/Frequency


 

 

terms. If we convert the formula by trigonometric function, it is possible to convert the formula 

to an equation with cos(3wt) terms. It is indicate that nonlinearity can generate the harmonics, 

and for present discussion we will ignore the harmonics. 

 From the analysis, the phase of the natural resonators is the same with the phase of the 

resonator when it gets the resonance oscillator. Make the resonant frequency fn ' [13], and assume 

the frequency shift is small, then we can arrive a equation as following [13], 

 

and the I is current that have peak value. From the formula above we can find that the resonant 

frequency of the LGX crystal can be expressed as a function of the square of the peak value 

current. Then we can define the drive sensitivity coefficient as the following equation [13], 

 

and the letter D is the drive level sensitivity. 

 

 

 

 

 

 

 

 

 

 

 

2)/()8/3()( Ifaff nnr 

2/ IDff n 
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CHAPTER 5 

EXPERIMENT RESULTS AND DISCUSSION 

 Experiments have been performed for Langasite and GaPO4 resonators, results of the 

experiments are shown below. 

5.1 Test at Room Temperature  

 Langasite resonators with three different configurations were used in this experiments, 

Double-Plano, Double-Bevel, and Plano-Bevel. 

5.1.1 Drive Level Dependence of Langasite Resonators 

 The relation between the resonator current and frequency is measured and shown in Figs. 

9, 10 and 11. 

 

 

 Fig. 9 shows the drive level dependence of the langasite (LGS) double Plano resonator at 

Fig. 9. Current Magnitude of Plano-Plano 
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room temperature environment. The abscissa is frequency with a unit of Hz, and the ordinate is 

current with a unit of mA [21]. 0 Hz is a relative frequency, and the frequency sweeping range is 

2577150 Hz to 2577300 Hz. The five curves represent the measured magnitude in different drive 

level. From the bottom to the top, the drive level is gradually increased. They are 11v, 12v, 13v, 

14v and 15v separately. As the drive level increasing, the peak values of these curves shifted to 

the left. It indicates that with higher drive level, the resonant frequency of the resonator will 

become lower.  
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 Fig. 10 shows the drive level dependence of the LGS double Plano resonator at room 

temperature environment. The abscissa is frequency with a unit of Hz, and the ordinate is current 

with a unit of mA. The frequency sweeping range is 2752600 Hz to 2752750 Hz. The five curves 

represent the measured magnitude in different drive level. From the bottom to the top, the drive 

levels are 11v, 12v, 13v, 14v and 15v separately. As the drive level increasing, the peak values of 

these curves shifted to the left.  

 

    

 

 

Fig. 10. Current Magnitude of Bevel-Bevel 
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 Fig. 11 shows the drive level dependence of the LGS double Plano resonator at 100 

degree environment. The abscissa is frequency with a unit of Hz, and the ordinate is current with 

a unit of mA. The frequency sweeping range is 2409750 Hz to 2409900 Hz. The five curves 

represent the measured magnitude in different drive level. From the bottom to the top, the drive 

levels are 15v, 17v, 18v, 19v and 20v separately. As the drive level increasing, the peak values of 

these curves shifted to the left.  

 

 

 

Fig. 11. Current Magnitude of Plano-Bevel 
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5.1.2 Drive Level Sensitivity of Langasite Resonators 

 The relative drive sensitivity D defined is extracted in Figs. 12, 13 and 14. 

 

 

 

 Fig. 12 shows the typical frequency vs. current data of the langasite double Plano 

resonator with down and up sweep at room temperature environment. The abscissa is current 

with a unit of mA, and the ordinate is related frequency with a unit of ppm. Before obtaining the 

drive level sensitivity, we should get 10 drive level dependence curves first, and the 10 points 

displayed in this figure is the peak points of the 10 curves. From left to right, the drive level 

loading to langasite resonator gradually increases. The drive level voltages are 11V, 12V, 13V, 

14V, 15V, 16V, 17V, 18V, 19V, and 20V separately. The norm of residuals (R
2
) of this quadratic 

is 1.0558.  

Fig. 12. Drive Sensitivity of Plano-Plano 
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 Fig. 13 shows the typical frequency vs. current data of the langasite double Bevel 

resonator with down and up sweep at room temperature environment. The abscissa is current 

with a unit of mA, and the ordinate is related frequency with a unit of ppm. Obtaining 10 drive 

level dependence curves first, and the 10 peak value points displayed in this figure are collected 

to represent the drive level sensitivity of this resonator. From left to right, the drive level loading 

to LGS resonator gradually increases. The drive level voltages are 11V, 12V, 13V, 14V, 15V, 16V, 

17V, 18V, 19V, and 20V separately. The norm of residuals (R
2
) of this quadratic is 8.267. 

Fig. 13. Drive Sensitivity of Bevel-Bevel 
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 Fig. 14 shows the typical frequency vs. current data of the langasite Plano-Bevel 

resonator with down and up sweep at room temperature environment. The abscissa is current 

with a unit of mA, and the ordinate is related frequency with a unit of ppm. The 10 points 

represented the 10 peak value of these curves. Keep them together can show the drive level 

sensitivity clearly. From left to right, the drive level loading to LGS resonator gradually increases. 

The drive level voltages are 11V, 12V, 13V, 14V, 15V, 16V, 17V, 18V, 19V, and 20V separately. 

The norm of residuals (R
2
) of this quadratic is 2.7049. 

 

 

 

Fig. 14. Drive Sensitivity of Plano-Bevel 
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 Table 4 compares the drive sensitivity D for the langasite resonators and SC cut quartz 

resonators with different curvatures. Smaller curvatures are better, because smaller curvature 

shows the better stability. It is apparent that the drive sensitivity of the langasite resonators 

exceeds SC cut quartz resonators. 

 

 

Different 

Configurations 

Drive 

Sensitivity D 

[ppm/mA
2
] 

Norm of 

Residuals 

Drive Sensitivity D [ppm/mA
2
] for a 

SC cut resonators at 5.115 MHz 

fundamental mode 

LGS Double-Bevel -0.0954 8.267 Diopter 1.00 0.0076 

LGS Plano-Plano -0.1741 1.0558 Diopter 1.25 0.0116 

LGS Single Bevel -1.2460 2.7049 Diopter 1.5 0.0127 

 

 

 

 

 

 

 

 

 

 

Table 4. Drive Sensitivity Comparison 
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5.1.3 Phase vs. Frequency of Langasite Resonators 

 The relationship of phase and frequency of the langasite has been measured and extracted 

in Figs. 15, 16 and 17. 

 

 

 Fig. 15 shows the phase of the langasite double Plano resonators at room temperature 

environment. The phase curves bend toward to the lower frequency. The drive level loading to 

the resonator are 11V, 13V, 15V, 17V, and 19V separately.  

 

 

Fig. 15. Phase vs. Frequency of Plano-Plano 
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 Fig. 16 shows the phase of the langasite double bevel resonators at room temperature 

environment. The phase curves bend toward to the lower frequency. The drive level loading to 

the resonator are 13V, 15V, 17V, 18V, and 19V separately. 

 

 

 

 

 

 

Fig. 16. Phase vs. Frequency of Bevel - Bevel 
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 Fig. 17 shows the phase of the langasite plano-bevel resonators at room temperature 

environment. The phase curves bend toward to the lower frequency. The drive level loading to 

the resonator are 11V, 14V, 16V, 18V, and 20V separately. 

 

 

 

 

 

 

Fig. 17. Phase vs. Frequency of Plano - Bevel 
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5.1.4 Drive Level Dependence of GaPO4 Resonators 

The relation between the resonator current and frequency is measured and shown in Figs. 

18 and 19. 

 

 

 Fig. 18 shows the drive level dependence of the GaPO4 resonator at room temperature 

environment. The abscissa is frequency with a unit of Hz, and the ordinate is current with a unit 

of mA. 0 Hz is a relative frequency, and the frequency sweeping rang is 5984500 Hz to 5988500 

Hz. The five curves represent the measured magnitude in different drive level. GaPO4 resonators 

are more sensitive, so the drive level voltage can be smaller. From the bottom to the top, the 

drive level is gradually increased. They are 1v, 3v, 5v, 7v and 9v separately. As the drive level 

increasing, the peak values almost the same. It indicates that with higher drive level, the resonant 

frequency of the resonator is almost the same. 

Fig. 18. Current Magnitude of GaPO4-72 
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 Fig. 19 shows the drive level dependence of the GaPO4-85 resonator at 80 degree 

environment. The abscissa is frequency with a unit of Hz, and the ordinate is current with a unit 

of mA. The frequency sweeping range is 5808000 Hz to 5811000 Hz. The five curves represent 

the measured magnitude in different drive level. From the bottom to the top, the drive level is 

gradually increased. They are 1v, 3v, 5v, 7v and 9v separately. As the drive level increasing, the 

peak values of these curves do not move too much. It indicate that higher drive level do not 

affect the resonant frequency much.  

 

 

 

Fig. 19. Current Magnitude of GaPO4-85 
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5.1.5 Drive Level Sensitivity of  GaPO4 Resonators 

 The relative drive sensitivity D defined is extracted in Figs. 20 and 21. 

 

 

 Fig. 20 shows the typical frequency vs. current data of the GaPO4-72 resonator with 

down and up sweep at room temperature environment. The abscissa is current with a unit of mA, 

and the ordinate is related frequency with a unit of ppm. Before obtaining the drive level 

sensitivity, we should get 10 drive level dependence curves first as the same like before, and the 

10 points display in this figure are the peak points of the 10 curves. From left to right, the drive 

level loading to LGX resonator gradually increases. The drive level voltages are 2, 3, 4, 5, 6, 7, 8, 

9, 10, and 11, but the typical frequency does not move at all. The norm of residuals (R
2
) of this 

quadratic is 10.467. 

 

Fig. 20. Drive Sensitivity of GaPO4-72 
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 Fig. 21 shows the typical frequency vs. current data of the GaPO4-85 resonator with 

down and up sweep at room temperature environment. The abscissa is current with a unit of mA, 

and the ordinate is related frequency with a unit of ppm. Although the 10 peak value points are 

not in the same line, we get 0 drive level sensitivity from quadratic, and it is the same as at 60 

degree. From left to right, the drive level loading increase. The drive level voltages are 2V, 3V, 

4V, 5V, 6V, 7V, 8V 9V, 10V, and 11V. The norm of residuals (R
2
) of this quadratic is 8.1287. 

 

 

 

Fig. 21. Drive Sensitivity of GaPO4-85 
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 Table 5 compares the drive sensitivity D for the GaPO4 resonators, langasite resonators, 

and SC cut quartz resonators with different curvatures, and smaller curvature shows the better 

stability. It is apparent that the drive sensitivity of the GaPO4 resonators and langasite resonators 

exceeds SC cut quartz resonators. 

 

 

GaPO4 D of GaPO4 

[ppm/mA
2
]  

Norm of 

Residuals 

Langasite Norm of 

Residuals 

D of LGS 

[ppm/mA
2
]  

D [ppm/mA
2
] for a 

SC cut 

GaPO4-

72 

0.0007 10.467 Double-

Bevel 

8.267 -0.0954 Diopter 

1.00 

0.0076 

GaPO4-

85  

0.0016 8.1287 Plano-

Plano 

1.0558 -0.1741 Diopter 

1.25 

0.0116 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Drive Sensitivity D Comparison 
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5.1.6 Phase vs. Frequency of GaPO4 Resonators 

 The relationship of phase and frequency is extracted in Figs. 22 and 23. 

 

 

 Fig. 22 shows the phase of the GaPO4-72 resonators at room temperature environment. 

The drive level loading to the resonator are 3V, 5V, 7V, 9V, and 10V separately. 

 

 

 

 

 

Fig. 22. Phase vs. Frequency of GaPO4-72 
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 Fig. 23 shows the phase of the GaPO4-85 resonators at room temperature environment. 

The drive level loading to the resonator are 5V, 6V, 7V, 8V, and 9V separately. 

 

 

 

 

 

 

 

 

Fig. 23. Phase vs. Frequency of GaPO4-85 
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5.2 Test at Elevated Temperatures  

 Some experiments with Double-Plano langasite are completed, and the results are 

reported as bellow. 

5.2.1 Dive Level Dependence of Langasite at Elevated Temperatures 

 

 

 

 Fig. 24 shows the drive level dependence of the LGX double Plano resonator at 60 degree 

environment. The abscissa is related frequency with a unit of Hz, and the ordinate is current with 

a unit of mA. The five curves represent the measured magnitude in different drive level. From 

the bottom to the top, the drive level is gradually increased. They are 11v, 12v, 13v, 14v and 16v 

separately. As the drive level increasing, the peak values of these curves shifted to the left. It 

indicates that with higher drive level the resonant frequency of the resonator will become lower.  

Fig. 24. Current Magnitude of Plano-Plano at 60
o
C 
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 Fig. 25 shows the drive level dependence of the LGX double Plano resonator at 80 degree 

environment. The abscissa is related frequency with a unit of Hz, and the ordinate is current with 

a unit of mA. The five curves represent the measured magnitude in different drive level. From 

the bottom to the top, the drive levels are 11v, 12v, 13v, 14v and 15v separately. As the drive 

level increasing, the peak values of these curves shift to the left.  

 

 

 

 

 

 

Fig. 25. Current Magnitude of Plano-Plano at 80
o
C 
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5.2.2 Dive Level Sensitivity of Langasite at Elevated Temperatures 

 

 

 Fig. 26 shows the typical frequency vs. current data of the LGX double Plano resonator 

with down and up sweep at 60 degree environment. The abscissa is current with a unit of mA, 

and the ordinate is related frequency with a unit of ppm. Before obtaining the drive level 

sensitivity, we should get 10 drive level dependence curves first, and the 10 points display in this 

figure is the peak points of the 10 curves. From left to right, the drive level loading to LGX 

resonator gradually increases. The drive level voltages are 11V, 12V, 13V, 14V, 15V, 16V, 17V, 

18V, 19V, and 20V separately. The norm of residuals (R
2
) of this quadratic is 12.679. 

 

 

Fig. 26. Drive Level Sensitivity of Plano-Plano at 60
o
C 

37



 

 

 

 

 Fig. 27 shows the typical frequency vs. current data of the LGX double Plano resonator 

with down and up sweep at 80 degree environment. The abscissa is current with a unit of mA, 

and the ordinate is related frequency with a unit of ppm. Obtaining 10 drive level dependence 

curves first, and the 10 peak value points display in this figure are collected to represent the drive 

level sensitivity of this resonator. From left to right, the drive level loading to LGX resonator 

gradually increases. The drive level voltages are 11V, 12V, 13V, 14V, 15V, 16V, 17V, 18V, 19V, 

and 20V separately. The norm of residuals (R
2
) of this quadratic is 28.034. 

 

 

 

 

Fig. 27. Drive Level Sensitivity of Plano-Plano at 80
o
C 
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 Table 6 compares the drive sensitivity D of the langasite resonators at room temperature 

and elevated temperature. Base on the experiment results, it is apparent that the drive sensitivity 

of langasite resonators at elevated temperature is lower than the room temperature. 

 

 

Temperature Double Plano Langasite Resonators Norm of Residuals 

Room Temperature -0.1714 1.0558 

Elevated Temperature 60
o
C -0.0621 12.679 

Elevated Temperature 80
o
C -0.0312 28.034 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. Drive Sensitivity Comparison 
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5.2.3 Phase vs. Frequency of Langasite at Elevated Temperatures 

 

 

 

 Fig. 28 shows the phase of the LGX double Plano resonators at 60 degree environment. 

The phase curves bend toward to the lower frequency. The drive level loading to the resonator 

are 11V, 12V, 13V, 16V, and 17V separately.  

 

 

 

 

 

 

Fig. 28. Phase vs. Frequency of Plano-Plano at 60
o
C 
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 Fig. 29 shows the phase of the LGX double Plano resonators at 80 degree environment. 

The phase curves bend toward to the lower frequency. The drive level loading to the resonator 

are 11V, 12V, 13V, 14V, and 15V separately. 

 

 

 

 

 

 

 

Fig. 29. Phase vs. Frequency of Plano-Plano at 80
o
C 
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CHAPTER 6 

CONCLUSION AND FUTURE RESEARCH 

 The research performed in this thesis is to report the measurements for doubly rotated 

langasite resonators, and GaPO4 resonators. The thesis is divided into five parts. The first part is 

the sample preparation of the experiments. The langasite resonators for this experiment have 

three different configurations: Double Plano, Double Bevel, and Single Bevel. They all have two 

cut angles (Fig. 1), and the cut angles are the same. GaPO4 resonators have one cut angle. GaPO4 

resonators are much thinner, and their resonate frequency are larger. The second part is the 

description of the experiment equipments. The third part is the experimental measurements 

report of drive level dependence of langasite resonators with different configurations (plano-

plano, plano-bevel, and double-bevel), also the GaPO4 resonators. The forth part is on the 

determination of the drive sensitivity of the resonators. And the last part of the experiment is the 

measurement of the resonators at elevated temperatures.  

Based on the results of the experiments, the langasite resonators show softening behavior 

which is contrary to the hardening behavior a SC cut quartz resonator exhibits. While the drive 

level increasing, the resonance frequency of the resonators shifting to the lower frequency.  For 

GaPO4 resonator, while the drive level increasing, the resonance frequency of the resonators shift 

to the higher frequency, that means the GaPO4 resonators show hardening behavior. Compare 

with langasite resonators and GaPO4 resonators, the drive level dependence of GaPO4 resonators 

are smaller, so the reference frequency which is provided by GaPO4 resonators is more stable.  

Drive level sensitivity of the langasite resonator and GaPO4 resonator at room 

temperature are reported in this thesis. The data from drive level sensitivity is collected form the 

peak value of the drive level dependence. Base on the results, the change of resonator 
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configuration alters the drive level sensitivity. In three different configuration resonators, their 

drive level sensitivities are different. Langasite resonator with single bevel configuration has the 

largest drive sensitivity coefficient; the resonator with double bevel configuration has the least 

drive sensitivity. The drive level sensitivity of GaPO4 resonators is smaller than all three of the 

langasite resonators.  

 The experiment at elevated temperatures is completed with Double-Plano langasite 

resonator. The drive level sensitivity and the relationship of phase and frequency in elevated 

temperature are determined, and the results in temperature--60
o
C and 80

o
C are reported in this 

thesis. The results show that the elevated temperature affects the drive level dependence of 

langasite resonators. At elevated temperature, the drive level sensitivity of the langasite lowers 

than the drive sensitivity at room temperature, and the drive level dependence in elevated 

temperature is also lower.     

For the future research, there are two parts worthy to be studied. One is to do the 

experiments in high temperature if possible; and the other important part of future research is to 

find a method to re-design the resonator to reduce the drive level dependence to improve the 

electronic system performance.   

 

 

 

 

  

 

 

43



 

 

REFERENCE 

[1] M. S Patel, Y. K Yong, M. Tanaka, and T Imai, "Drive Level Dependency in Quartz 

Resonators," Proc. 2005 Ann. Symp. On Freq. Cont. pp 793-801, 2005 

[2] B Parzen, "Design of crystal and other harmonic oscillators," John wiley and Sons, New York, 

1983 

[3] H. F Zhang, Y. Xie, J. A Turner, and J. A Kosinski, "Drive level Dependence of Doubly 

Rotated Langasite Resonators with different Configurations," IEEE European. Freq. Contr. FCS. 

CA. 2011  

[4] Y. Kim. "Amplitude-Frequency effects of Y-cut Langanite and Langatate," Proc. 17
th 

European. Freq. Contr., pp 631-636, 2003 

[5] B. Parzen, "Design of Crustal and Other Harmonic Oscillators," John Wiley and Sons, 1983 

[6] Wood A. and Seed A., "Activity dips in at-cut crystals," Proc. 21
st
 Ann. Symp. OnFreq. Cont., 

pp. 420-435, 1967 

[7] R. C Smythe, R. C Helmbold, G. E Hague, and K. A Snow, "Langasite, langanite and 

langatate bulk-wave Y-cut resonators," IEEE Trans. Ultrason. Ferro. Freq. Contr., Vol. 47, no. 2, 

pp. 355-360, 2000 

[8] E. nsorge, S. Schimpf, S Hirch, J Sauerwald, F H ritze, and B Schmidt, ''Evaluation of 

langasite as material for high temperature micro system '', Sensors and Actuators, pp. 393-396, 

2006 

[9] H Seh, H. L Tuller, and H Fritze, ''Langasite for high-temperature acoustic wave gas sensors'', 

Sensor and Actuators, pp. 169-174, 2003 

[10] A Ballato, E. P EerNisse, and T Lukaszek, "The force frequency effect in doubly rotated 

quartz resonators," Proc. 31
th

 Annu. Symp. Freq. Contr., pp. 8-16, 1977 

44



 

 

[11] H Fritze, H Seh, H. L Tuller, and G Borchardt, ''Operation limits of langasite high 

temperature nanobalances'', Journal of the European Ceramic Society, pp.1473-1477, 2001. 

[12] F Krispel, C Reiter, J Neubig, F Lenzenhuber, P. W Krempl., W Wallnofer, and P. M Worsch,  

"Properties and Applications of Singly Rotated GaPO4 Resonators," IEEE Proc.17
th

 Freq. Contr., 

Tampa, 2003, Tu3B-3 

[13] R. L Filler, "The Amplitude-Frequency effect in SC-cut resonators," Proc.39
th

 Annu. Symp. 

Freq. Contr., pp.311-316, 1985 

[14] Y Watanabe, N Fujita, S Goka, and S H ekimoto, "Drive Level Dependence of Long-Term 

Aging in Quartz Resonators," Joint meeting EFTF, IEEE IFCS, Japan, 1999 

[15] L Lindberg, and G Portnoff, "Test Oscillator for study of Drive Level Dependence of Quartz 

Crystals," IEEE, International, Symp. Freq. Contr. pp 273-278, 1994 

[16] H Fritze, H. L Tuller., H. Seh, G. t Borchard, "High temperature nanobalance sensor based 

onlangasite," Sensors and Actuators, pp. 103-107, 2001 

[17] http://www.kvg-gmbh.de/assets/files/PDF/IntroductionQuartz.pdf  

[18] http://www.newpiezo.com/langasite.html  

[19] W. J Cunningham, "Introduction to nonlinear analysis," McGraw-Hill, New York, 1958 

[20] http://en.wikipedia.org/wiki/Duffing_equation 

[21] D Hammond, C Adams, and L Cutler, "Precision crystal units," Proc. 17
th

 Annu. Symp. Freq. 

Contr., pp215-232, 1963 

 

45

http://www.kvg-gmbh.de/assets/files/PDF/IntroductionQuartz.pdf
http://www.newpiezo.com/langasite.html
http://en.wikipedia.org/wiki/Duffing_equation



