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I. Introduction

There is a need to explore the capabilities of VHDL-AMS in the area of thermal modeling and to develop test result displaying how well this language performs in this area.  It was the goal of my studies this quarter to develop a model to test in MATLAB, translate it to VHDL-AMS, and then compare the results.  I was able to get as far as developing the problem and attempting to solve the thermal equation with boundary conditions.

II. Problem Definition

For each of the geometries that I attempted to solve, the goal was to find how the temperatures at all points in a medium reacted to a step increase in the temperature of an adjoining medium, making temperature a function of both position and time.  This step in temperature was meant to be a model for a resistor producing heat when a current is suddenly passed through it.  

The original geometry that I wished to explore consisted of a self-heating resistor laying on a silicon substrate with convective air above and below.  This seems a common one-dimensional problem for small, fabricated circuits.  Unfortunately, this proved to be a more complicated problem since there are three boundary conditions (air-resistor, resistor-substrate, and substrate-air) that must be met when solving the heat equation.  After approaching this geometry in various ways (see following section) I decided to try a very basic one dimensional problem, an infinitely-long resistor surrounded by air or on top of a perfect conductor / insulator.  This geometry also was challenging because of the heat generation requirement.

III. Approach

The first approach that I attempted was the lumped capacitance model for solving heat balance problems.  In this model, an RC circuit represents each layer, while interfaces are represented as a resistor.  This produces an electrically equivalent model that can be used to model temperature over time, but it is not able to model temperature at every position in the geometry.  Temperatures at boundaries are easily found using this model.  Another problem for this approach was the difficulty of modeling the heat generation of the resistor.

Since the lumped capacitance model did not fulfill the desired specifications, Pavel pointed me in the direction of solving the heat equation for the specific geometry.  What I then attempted to do was to find an analytical solution for the chosen geometry.  This seemed very similar to solving the wave equation for an electromagnetics problem.  Unfortunately, I have had no experience with solving these equations with sources present (i.e. with the equation not equal to zero).  I decided to simplify the problem further and assume no heat generation from the resistor, and instead model a step in the air temperature surrounding a dielectric.  This would at least allow me to approach an analytical solution using the math that I know.

After trying out a few different geometries with further simplifications, it became apparent that the analytical solution would continue to produce large, and close to unmanageable equations for moderately complex configurations.  I needed another approach to solve these problems, and after talking with Pavel once more, he suggested that it would be easier to do this numerically rather than analytically.  

IV. Conclusions

Setting up the appropriate problem and finding a way to solve the chosen geometry was the main complication of the work that I performed this quarter.  I was able to examine various methods for solving heat transfer problems before running into complications due to misunderstanding the problem or application of boundary conditions.  The lumped capacitance method would provide a good estimate of temperature vs. time, but not position.  The analytical solution is complex and unmanageable for most geometries that I tried.  The next step in solving the heat equation for a simple geometry is to discretize the heat equation and solve for temperature vs. time and position numerically.  After that, a MATLAB simulation should be easier to implement, followed by a VHDL-AMS simulation.  
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