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Abstract— This paper introduces a high sensitivity micro-

machined gyroscope. It is an integrated micromechanical 

vibratory rate gyroscope based on resonant sensing of the 

Coriolis force. the structure includes proof masses, cantilevers, 

leverage mechanisms, DETF (double-ended tuning fork), 

driving and checking combs. The structure parameters’ 

influences on capability parameters are analyzed by 

MATLAB, the mechanical and model analysis of structure are 

carried out by ANSYS. At first, we have done the modal 

analysis in order to make sure the first modality of the 

structure is the working modality. At the same time, we change 

some parameters to let the frequencies of other interference 

modalities much higher than that of the working modality. 

Then, the harmonic analysis is made to get the information of 

the sensitivity of the structure. Verified from the simulation 

results, the sensor can successfully realize the purpose of high 

precision.   
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I. INTRODUCTION   

Resonant sensors, which change their output frequency as 

a function of the quantity to be measured, are attractive 

because of their high sensitivity, high resolution, and 

semidigital output. Their operation is based on the fact that 

the frequency of acoustic waves in solids is a highly sensitive 

probe for parameters that alter the internal energy, the 

geometry or the boundary conditions of the resonating 

structure. MEMS (Micro Electro Mechanical Systems) have 

been identified as one of the most promising technologies in 

these days. Gyroscope is an important device of MEMS, 

which is essential in navigation system. These years, due to 

the small size, Integrated Circuit compatibility, and low cost, 

micromachined gyroscopes have attracted attention of the 

researchers. Some types of MEMS gyroscope designs are 

given in references [1,2] .Many kinds of gyroscopes have 

been used to estimate the Coriolis force by measuring the 

displacement of the proof mass in a direction orthogonal to 

both the driven motion and the sensed rotational motion. Our 

current work utilizes resonant sensing as the detection 

principle for direct measurement of the Coriolis force. The 

mechanism of sensing has been widely used in cantilevers in 

atomic force microscopes [3], micro accelerometers [4] etc. 

Resonant gyroscopes have many advantages, including a 

quasi-digital FM output, high resolution, large dynamic 

range, good linearity, low noise and low power consumption. 

The simulated results show good mechanical and electrical 

sensitivities, as well as, a good resolution. 

 

II. OPERATING PRINCIPLE 

A schematic of resonant output gyroscope is shown in 

figure 1. The working principle can be described as: The 

proof mass is driven using embedded lateral comb drive 

actuators, which has the advantages of linear operation, large 

capacitance, and large dynamic range. If an external rotation 

is applied to the chip at the Z-axis direction, the Coriolis 

force will be acting on the proof mass, which is amplified by 

the lever mechanism. The amplified force is communicated 

axially onto two DETF resonators. Differential output is 

achieved by two tuning forks that are symmetrical 

distributed. Thus, by demodulating the oscillator output 

frequency, the rotation rate applied to the device can be 

estimated  

 

 

FIGURE 1: SCHEMATIC OF THE GYROSCOPE 
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III. THEORY 

 
The force driving the proof mass can be written as 

𝐹𝑒𝑐 = 𝑁. 𝜀.
ℎ

𝑑
𝑉𝑑𝑐 . 𝑉𝑜𝑐sin(𝜔0𝑡 + 𝜃)                         (1) 

where N is the number of the driving combs; h and d are 

the thickness and distance, respectively; Vdc  and Voc are the 

absolute value of the driving voltage; 

W0 is the angular frequency of the driving voltage. 

The Coriolis force can be written as 

 
 MvFc 2

                                                    (2) 

The alternating velocity is expressed as 

)cos( 000 tyyv  


                                  (3) 

Where 

)sin( 00 tyy 
                                                (4) 

 

Because v and ω is in the orthogonal directions, if ω is a 
constant value, we can get the absolute value of F from the 
equation: 

)cos(22 000 tyMMvFc                 (5) 

The proof mass dynamics can be described by a classical 

spring-mass-damper equation. And the dynamics of the 

DETF subjected to an axial time-varying Coriolis force is 

given by [5]: 

mrxr̈ + brẋr + (kr + kj cos(ωpt))xr = Fd          (6) 

 

Where mr is the mass of the resonant beam; cos(𝜔𝑝𝑡) is a 

significant perturbation term, which represents a modulation 

of the spring constant of the resonant sensor; Fd is the force 

that is applied to the tuning fork to sustain motion at 

resonance and essentially acts to cancel out the damping 

effects in the system. 

 An approximate solution of this equation is given by [6]: 

xr  x0 (1   sin( pt)) sin(r 0t   cos( pt)  )                 

                                                                                        (7) 

 

IV. SIMULATION 

A. Design parameters 
 

The principle of design can be described as: We invent 

the structure to achieve a high sensitivity, and, at the same 

time, make sure the structure can work steadily. Firstly, the 

proof mass is designed out of the DETF, in order to get a 

larger Coriolis force. Secondly, leverage mechanisms are 

used to amplify the Coriolis force. Thirdly, differential 

output is achieved by two tuning forks and the energy output 

is as two times as one double-ended tuning fork. 

 

 

FIGURE 2 : Element figure of the structure 

Table 1: Design parameters for the resonant gyroscope 

 

B. Modal analysis 

 

The first modality is the working modality, and the other 

three are the interference modalities. From Table 2, we can 

see that the frequency of the working modality is much lower 

than other modalities, which assures that the structure can 

work stably. 

 

Parameter Symbol Design Value 

Number of comb finger of 

driven mass 
N 75μm 

Comb finger gap b 200 

Comb finger thickness h 4μm 

 

Proof mass 
mp 1.38E-6 Kg 

DETF tine length L 600μm 

DETF beam width d 8μm 

 

DETF natural frequency 
f0 106.949KHz 

One resonant beam mass of 

DETF m 0.8388E-9 Kg 

Calculated comb mass M 0.7689E-9 Kg 
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Table 2: Frequencies of first four modalities 

 

 

 

  
(a) (b) 

 
 

(c) (d) 
                           Figure 3: Shape of four modalities 

C . Measurement of sensitivityand decoupled analysis 

 

The biggest displacement of y0 is 0.695μm at the frequency 

of 4547.4Hz (shows in figure 4). The value of the Coriolis 

force can be calculated as: 

F  2Mw0 y0 cos (w0t) 

 0.0504cos (4182.6 2  t)                    (10) 

 

We can get the changes of the DETF’s frequency from 

ANSYS harmonic analysis and MATLAB calculation. From 

Figure 4, the sensitivity 
∆f

ω
 is 2.625Hz/(deg/sec). 

Table 3: Value of Coriolis force in every implied rotational velocity 

 

 

 

 

Table 4: Value of differential frequency output 

 

 

 

 

Figure 4: the relationship between Ω and Δf 
 

CONCLUSION 

      This paper introduces a structure of resonant 

output gyroscope. Resonant output gyroscope has many 

advantages, including a quasi-digital FM (frequency 

modulation) output, high resolution, large dynamic 

range, good linearity. From the simulation, the new 

designed gyroscope can achieve a high resolution and 

good linearity. The frequency of the working modality is 

4433.7Hz, which is 25101Hz lower than the second 

modality. The distinguished contrast between the 

working modality’s frequency and other interference 

modalities’ frequencies can assures that the structure 

works stably. Moreover, the sensitivity of the gyroscope 

is 2.625Hz /(deg/sec). 
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