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     Abstract—This work reports on the development of a 

micromachined monolithic single-axis electromagnetic 

       accelerometer based on the relative motion between the 

     windings of a concentric planar transformer, whose internal 

inductor  is  suspended.  The mechanical  and  electromagnetic 

        modelling of the sensor is presented, as well as the 

implementation of a virtual read-out circuit. Electromagnetic 

simulations  were  used  to  extract  the  electrical performance 

parameters in the form of a lumped-element model. The results 

demonstrate that rotation between the two windings leads to an 

      approximately linear variation in the mutual inductance. 

Furthermore,  measurement  circuit simulations  revealed that 

the sensor could achieve an in-plane acceleration sensitivity of 

32.9 mV/g for a matched network when excited with 3Vpp, 100 

MHz excitation voltage.  

Keywords—inductive accelerometer, MEMS, micromachined, 

electromagnetic induction, on-chip transformer. 

I. INTRODUCTION

   Microelectromechanical systems (MEMS) technology 
     enables the integration of mechanical and electrical 

      components at a microscopic scale to achieve integrated 
devices  and  systems.  The  integration  of  different  sensing 
principles such as piezoelectric, piezoresistive, and capacitive 

       into MEMS systems has enabled the creation of various 
families of sensors. These sensors are typically used to detect 
mechanical changes such as pressure and motion. As one of 

   the earliest commercial successes of microfabrication 
technology, MEMS-based accelerometers are widely used for 
acceleration sensing and in inertial measurement units (IMUs) 

 for a  variety  of  applications ranging  from the automotive 
     industry to aerospace and consumer electronics [1], 

      particularly for airbag safety, safety belt tighteners, burglar 
alarms, balance sensors, gaming consoles, video cameras, and 
navigation [2-6]. 

      Advances in recent years indicate that the sensitivity of 
     MEMS accelerometers could potentially reach the level of 

seismic monitoring for detecting underground resources (oil 
and natural gas) or detecting gravitational waves [7-11]. In the 
literature, there are examples of MEMS-based accelerometers 
operating under various physical sensing principles, such as 

  capacitive, piezoelectric, piezoresistive, tunnel, optical, and 
     others. Of these, capacitive accelerometers are the most 

common and commercially successful. They feature good DC 

       response, low thermal sensitivity, and high noise tolerance. 
   Despite  their many advantages, capacitive accelerometers 

    require complex manufacturing processes, readout circuits, 
and packaging [12]. 

    Piezoresistive accelerometers, thanks to their simple 
    fabrication and readout mechanisms, enable faster 

manufacturing cycle times [13]. However, they are sensitive 
to temperature and assembly stress, which compromises their 

  performance and reliability. Piezoelectric accelerometers 
offer better temperature sensitivity, better long-term stability, 
and a better dynamic acceleration bandwidth than the previous 
two types [14]. However, integrating piezoelectric materials 

       into the microfabrication process is not easy, and thin-film 
properties exhibit significant differences compared to reported 
values of their bulk counterparts. Furthermore, materials with 
high piezoelectric coefficients, such as lead zirconate titanate 

        (PZT), are not amenable to integration into the CMOS 
fabrication process. Although piezoelectric devices have the 
potential to operate as self-powered systems, this functionality 
is limited to scenarios involving dynamic acceleration inputs. 

    This means that piezoelectric accelerometers are generally 
suitable for applications such as vibration monitoring where 
the operating bandwidth is high. Research into tunneling and 

   optical accelerometers is also promising, providing  highly 
sensitive sensors with a small form factor, but to date, sensors 
operating with these principles have not been commercialized. 

As an alternative sensing mechanism, the electromagnetic 

      transduction principle has not yet been widely studied, 
although it has been briefly mentioned in a few studies [15, 

  16]. No accurate MEMS-based electromagnetic 
   accelerometer has yet been developed to the level where it 

can be utilized in a practical application setting. This type of 

accelerometer would rely on inductive coupling between two 
       inductors, where the relative motion or mechanical change 

between the two coils is directly translated into a variation in 
        the induced voltage, resulting in a simple read-out circuit. 

The microfabrication of this sensor would also resemble that 
of planar, on-chip concentric transformers, enabling seamless 
CMOS-compatible monolithic integration with readout ICs. 

In  this paper,  we  present  a comprehensive multi-physics 
model of the proposed inductive accelerometer based on the 

   electromagnetic transduction principle. The following 
sections describe the mechanical design of the accelerometer, 

extraction of its electrical parameters, the inductive coupling 
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