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ACTIVITIES DURING THE SECONDMENT
I. INTRODUCTION
Nowadays, a crucial aspect in electronic designs is thermal analysis, which aims at predicting the working temperature of a
device. This analysis can be performed using various software tools and Computational Fluid Dynamics (CFD) simulators. Yet,
these are not always available for RF designers, and moreover the complexity of the system may require long simulation times. The
model presented here can be easily implemented into existing electromagnetic simulation software with acceptable levels of
simulation time. The thermal-electrical analogy was used in order to evaluate the heat distribution on the surface of an electronic
device. The main mechanisms of heat transfer, namely conduction, convection and radiation, were integrated in the model. Empire
XCcelTM [1] was used for the simulations. This is a versatile and powerful 3D-EM solver based on the FDTD method. The
simulation results and the accuracy of the method were validated by measuring a set of PCBs using an infra-red (IR) camera.

II. THERMAL-ELECTRICAL ANALOGY
Due to the similarity between thermal and electrical conduction, it is possible to perform thermal analysis using an EM solver.
Indeed, Poisson´s equation for electrical charge can be assimilated to the heat-equation in the steady state [2] by using the following
transformations shown in TABLE I.
TABLE I.

Electrical
Voltage (V)
Current (A)
Electrical Conductivity (Ω-1m-1)
Electrical Resistance (Ω)

THERMAL-ELECTRICAL ANALOGY CONVERSION TABLE.
Thermal
Temperature (K)
Power (W)
Thermal Conductivity (W/(mK))
Thermal Resistance (K/W)

III. METHOD
Using the proposed analogy, the 3D-EM solver has to be initialized with the following requirements:
1) The electrical conductivity of the materials has to contain its specific thermal conductivity.
2) Special components such as coolers or chip packages are simulated as electrical resistances with the thermal resistance value
provided by the manufacturer.
3) Thermal power sources are modeled using electrical current sources.
4) DC simulation is used to get the thermal solution in the steady state.
It is common practice to perform a simple thermal analysis once the thermal characteristics of the components to be used are
known. For example, using the thermal conductivity of the materials, the junction-to-case thermal resistance of the chip (ability to

dissipate heat from the surface of the die to the outside surface of the package), the heatsink-to-ambient thermal resistance if
necessary (which includes convection and radiation as well), and neglecting natural convection and radiation elsewhere, it is
possible to predict the temperature and even the heat distribution using the proposed solution. Actually, when the convective (and
radiative) heat transfer coefficient h (W/(m2K)) is known, it is also possible to take it into account over the structure, and simulate
as a resistance in a determined area.
The problem arises when this information is not available. Moreover, it is also necessary to define in the EM solver how the air
(or any other liquid/gas used for the cooling) dissipates the heat by convection and radiation.
The model proposed here is capable of predicting the temperature and heat distribution in a 3D structure under these
unfavorable conditions. The main difficulty appears when calculating convection and radiation, because of their dependence on the
surface temperature, which is in fact the unknown variable. A set of functions programmed in Python [3] allows executing the
required simulations iteratively with Empire XCcelTM.
With this method the temperature on the area exposed to the air is evaluated so that it is possible to calculate the convection and
the radiation heat transfer coefficient in the steady state [4]. Since the temperature is not known in the beginning, two arbitrary
initial coefficients are used. These values do not affect the final result. After the first iteration of the simulation, the temperature in
the 3D structure is accessible, and the coefficients derived from it are used for the new iteration. The routine simulates the structure
and calculates the coefficients until a convergence in the temperature of the structure is obtained. The main challenges were the
calculation of the average temperature on the surface and the way to include these coefficients in the EM solver.

IV.

COMPARISON BETWEEN SIMULATION AND MEASUREMENTS

As stated above, a set of PCBs was fabricated to compare simulation and measurement results. The proposed PCBs were made
of RO4350B material, with Surface Mount Devices (SMD) resistors as heat sources. All PCBs include two main sources with 8
SMD resistors each. Both sources are connected through a copper line. 5 measurement points are defined between the two sources.
An anti-glare-spray was used to cover the surface to compensate the differences in the emissivity of the materials used in the PCBs.
As shown in Figure 1, Empire XCcelTM delivers a good prediction of both the maximum reached temperature and the heat
distribution. As additional information, the temperature of the different measurement points is also plotted in Figure 2.

Figure 1. Heat distribution on the PCB. Measurement with an IR Camera (top). Simulation with Empire XCcel TM (bottom).
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Figure 2. Temperature distribution in the measurement points.
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FORECAST ACTIVITIES
It is envisaged to test the methodology in more complex systems and validate the model for other
environments, i.e. using heat-sink as the main cooling mechanism, including radiation and
convection in its fins.
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HOST ORGANIZATION
I am satisfied with the quality and quantity of supervision I received.
I had access to adequate resources to support my research.
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I would recommend this secondment programme to others.
I believe the skills I have learned will help me to improve my job/research.
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