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Abstract 
In this paper, an electromagnetic excitation resonant sensor was designed based on 

Microelectromechanical system (MEMS) technology. In this new sensor, four nc-Si/c-Si heterojunction p-
MOSFETs are manufactured by using the technique of MEMS on the N-type <100> orientation high 
resistance silicon wafer, and a Wheatstone bridge is composed of four nc-Si/c-Si heterojunction MOSFETs 
channel resistances, output voltage of the bridge circuit changes according to the applied pressure. A 
vibration will be generated when an alternating current is applied to the inductance coil of electromagnetic 
excitation resonant sensor, the maximum power produced  in the central part of the four edges of silicon 
membrane, whose frequency and amplitude are associated with the current in the inductance coil, and the 
applied pressure P can be detected. Using mechanics and electromagnetism coupling field analysis by 
Ansys software, the simulation to vibration situation of the silicon membrane of sensor was carried on 
when vertical magnetic field and alternating current were loaded. Experimental results show that, as the 
operating voltage is constant, with the increase of current in the inductance coil the conversion of applied 
pressure increases, and the output voltage of nc-Si/c-Si heterojunction MOSFETs pressure sensor is 
proportional to the increase of coil magnetic field i.e. the increase of pressure, the experimental results are 
consistent with the simulation results. 
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1. Introduction 

Electromagnetic excitation resonant sensor based on MEMS technology has become 
one of the hotspots of Microelectromechanical system (MEMS) research for its small size, light 
weight, compact structure, fast temperature response, impact durability, easiness of integration 
and mass production [1-5]. The sensor can be used in the manufacture of silicon micro-pump 
components, having broad application prospects in MEMS micro-flow devices and medical 
scientific research [6]. 

At present, cantilever beam structure is adopted in most of electromagnetic excitation 
resonant sensor, but its sensitivity to magnetic field is not high [7-13], and the manufacturing 
process is relatively complicated. In this paper, the sensor is manufactured by a new method 
that the planar spiral inductor coil is placed in the center of a pressure sensor which is 
composed of four nc-Si/c-Si heterojunction p-MOSFETs. The method is simple and has high 
sensitivity to magnetic field, and the integrated circuit can meet the requirement of high 
integration and low cost. 

On the basis of the design and manufacture of electromagnetic excitation sensor based 
on MEMS technology, the coupled physics analysis is adopted when studying the force, current 
and magnetic field of the sensor by using Ansys software. The results showed that the 
electromagnetic excitation resonant sensor design is reasonable, and silicon membrane 
vibration can be produced when loading alternating current in inductance coil with vertical 
magnetic field. Meanwhile, the frequency of vibration can be detected by the sensor which is 
composed of four nc-Si/c-Si heterojunction MOSFETs channel resistances, and the results of 
detection are given in this paper. 
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2. The Electromagnetic Excitation Resonant Sensor Structure 
Figure 1 is cross-section of the electromagnetic excitation resonant sensor. Its silicon 

cup is manufactured by <100> orientation of monocrystalline silicon chip, which is N-type with 
high resistance and double-sided polishing. On the center of surface of silicon cup, we made an 
inductance coil adopting the method of an internal down-lead produced by ohm contact 
electrode which is constructed by heavily boron-diffused and the Al evaporated, and a 
Wheatstone bridge which is composed of four nc-Si/c-Si heterojunction MOSFETs channel 
resistances is used to detect the vibration of silicon membrane. Magnetic materials are fixed on 
the pedestal, which is made of insulating materials, and the inductance coil is right above the 
magnetic materials. Figure 2 shows the layout of the electromagnetic excitation resonant sensor 
chip. 

An alternating magnetic field will be generated when an alternating current is applied to 
the inductance coil. The magnetic force produced by the interaction with the fixed magnetic field 
which was produced by magnetic materials causes the silicon membrane to vibrate. 
 
 

 
 

Figure 1. The cross-section of the electromagnetic 
excitation resonant sensor 

 
 

Figure 2. The layout of the electromagnetic 
excitation resonant sensor chip 

    
3. Ansys Modeling Process 

The components structure is complex, therefore, some simplifications were adopted 
when the finite element model was established, only inductance coil and silicon membrane 
model was built, as shown in Figure 3. The element type of inductance coil is “solid 236”, 
material model is aluminum, and cross sectional area is 100μm×100μm. The element type of 
silicon membrane is “solid 185”. “Sweep” was adopted to mesh inductance coil and silicon 
membrane respectively. 
 

 
 

Figure 3. The picture of inductance coil and 
silicon membrane 

 
 

Figure 4. The picture of mesh generation 
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Choose “analysis type” for “harmonic”, load alternating current of 10 + 10i mA on the 
middle end of inductance coil, at the frequency of 50 Hz, provide voltage=0 on the other end. 
Fix all sides of silicon membrane, apply perpendicular magnetic field and set the Z=0 surface 
energy exchange interface as coupling field, as shown in Figure 4 after setting. 
 
 
4. The Results of Simulation 

The solving order is from magnetic field to force field. We set the force pass from 
inductance coil to silicon membrane, and the displacement pass from silicon membrane to 
inductance coil, all objects of convergence to 1e-7, the analysis type of electromagnetic field is 
“harmonic”, and the analysis type of force field is “static”. The simulation results showed that the 
inductance coil can generate magnetic field, the vector diagram of inductance coil current 
density are as shown in Figure 5, the vector diagram of inductance coil magnetic field intensity 
are as shown in Figure 6. 
 
 

 
 

Figure 5. The vector diagram of current 
density vector of inductance coil 

 
 

Figure 6. The vector diagram of magnetic field 
intensity of inductance coil 

 
 
After the solution, by observing the stress distribution of silicon membrane, as shown in 

Figure 7, the largest stress was found in the central part of the four edges of silicon membrane, 
larger output voltage may be obtained if four nc-Si/c-Si heterojunction MOSFETs channel 
resistances were placed in these positions. And in the process of simulation, the silicon 
membrane deformation was observed, certifying that the silicon membrane of sensor can 
produce vibration under alternating current excitation, and confirming the sensor design of 
originally envisioned is reasonable, the deformation situation is shown in Figure 8. 
 
 

 
 

Figure 7. The simulation diagram of the 
stress distribution of silicon membrane 

 
 

Figure 8. The picture of the deformation 
situation of silicon membrane 
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5. The Experimental Results 
Figure 9 is the sample of the electromagnetic excitation resonant sensor. The structure 

picture of nc-Si/c-Si heterojunction MOSFET channel resistance which are placed in the central 
part of the four edges of silicon membrane is shown in Figure 10. 
 
 

 
 

Figure 9. The sample of the electromagnetic 
excitation resonant sensor 

 
 

Figure 10. The structure picture of nc-Si/c-Si 
heterojunction MOSFET channel resistance 

 
 
Figure 10 shows the basic structure of p-MOSFET device with nc-Si/c-Si heterojunction 

as source (S) and drain (D), the thickness of silicon membrane is 56 nm, the channel aspect 
ratio is 2:1. Testing IDS-VDS characteristics of the nc-Si/c-Si heterojunction p-MOSFET by using 
HP4145B semiconductor parameter analyzer, and the results are shown in Figure 11. 

 
 

 
 

Figure 11. IDS-VDS characteristics of the nc-Si/c-Si heterojunction p-MOSFET 
 
 
Figure 12 shows the input-output characteristics experimental curves of MOSFETs 

pressure sensor under the working voltage VDD = 1.5 V.    
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Figure 12.  Input-output characteristics experimental curves of MOSFETs pressure sensor. 
 
 

Experimental results show that, as the operating voltage is constant, with the increase 
of current in the inductance coil the conversion of applied pressure increases, and the output 
voltage of nc-Si/c-Si heterojunction MOSFETs pressure sensor is proportional to the increase of 
coil magnetic field i.e. the increase of pressure, the experimental results are consistent with the 
simulation results. 

 
 

6. Conclusion  
The design of electromagnetic excitation resonant sensor, the simulation analysis and 

experimental testing results are given in this paper. A Wheatstone bridge which is composed of 
four nc-Si/c-Si heterojunction MOSFETs channel resistances is manufactured by using the 
technique of MEMS on the N-type <100> orientation high resistance silicon wafer, and this is a 
new structure of pressure sensor based on MOSFET. The input-output characteristics 
experimental curves of MOSFETs pressure sensor is given in this paper, which can be seen 
that the sensor has a good linearity when VDD is 1.5 V. An Al inductance coil is made on the 
central part of surface of silicon membrane. The interaction of a magnetic field generated by 
current in inductance coil with the fixed magnetic field causes the silicon membrane to vibrate, 
and frequency and amplitude are associated with the applied altering current. With the increase 
of current in the inductance coil the conversion of applied pressure increases, and the output 
voltage of Wheatstone bridge increases with the increase of applied pressure, to detect the 
vibration of silicon membrane. The results of experiment and simulation have proved that our 
design scheme is feasible. 
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