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Purpose of the Numerical Experiment:

The purpose of this numerical experiment is to learn something about the 

electromagnetic fields, induced currents and absorbed power in and around 

a silicon wafer placed above a “cup core” coil excited at an RF frequency.

For this analysis, I used an excitation frequency of 5 MHz.  However, 

because I wanted the option of exciting the system at substantially higher 

frequencies,  I employed the full blown Helmholtz wave equation 

formulation for media that are specified by their permeability, permittivity 

and conductivity.  Because the excitation is sinusoidal, the various field 

parameters are complex valued.

Using the wave equation approach, the excitation frequency in the model 

could be raised high enough for radiation of energy from the system to 

occur … and … be accurately evaluated.  I was interested in this from a 

“how much EMI shielding do I need” and “will the shielding lower the 

performance of the sensor” point of view.
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The Model Geometry
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Various Field Plots
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B field – Real Component
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B field – Imaginary Component
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E field – Azimuthal - Real Component
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Vector Magnetic Potential field – Azimuthal - Real Component

{This field effectively shows the magnetic lines of flux}
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H Field - Real Component
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Induced Current Density – Azimuthal - Real Component
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Induced Current Density – Azimuthal - Imaginary Component
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Ohmic Power Loss Density
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E Field on Wafer Center Plane – Azimuthal - Real Component
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Current Density on Wafer Center Plane – Azimuthal - Real Component
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Ohmic Power Dissipation on Wafer Center Plane
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E Field on a Cut Plane – Azimuthal - Real Component
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B Field on a Cut Plane – Azimuthal - Real Component
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H Field on a Cut Plane – Azimuthal - Real Component
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Summary of Model Parameters and Resultant Values
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Summary and Conclusions

A finite element model has been developed that allows insight into the nature 

and magnitude of electromagnetic fields, induced currents and absorbed 

power in a silicon wafer placed above a “cup core” coil excited at an 

arbitrary RF frequency.

The model uses the Helmholtz “full wave” formulation which allows 

analysis of radiation from the system.  This model could be developed in 

many further ways.


