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HEATSINK OPTIMIZATION
  
  

Introduction

  

Optimal design of a heatsink, meeting program targets for cost, weight, size, and performance,
is one of the more challenging activities within most electronics engineering teams. Without a
dedicated solver, designers or thermal engineers can be involved in a game of ‘opinioneering’,
which typically involves overdesign, or initiate an expensive and time-consuming physical
design of experiments that provides limited results. In the case study below, we worked to
optimize an extruded aluminum heat sin k for an IGBT module in a low-cost, high-volume
design. Reliability requirements (10-year life), harsh environments (vibration, elevated
temperature), limited ability to perform maintenance (consumer household), and cost
constraints eliminated forced air cooling as a practical solution. The focus was instead to
optimize the design within the dimensional constraints provided by the end-user.

  

IGBT Module

  

Optimization was requested because the IGBT module starts to behave intermittently at 60°C
and shuts down completely at 65°C. The module shutdowns due to a thermal cutoff limit of
100°C at the internal thermistor. The data sheet for the IGBT module indicates that the cutoff
temperature of the IGBT junction temperature is 150°C. The module thermal resistances are
supplied by the manufacturer and are shown in Figure 1. The goal of this analysis was to
reduce the thermistor temperature during operation such that the module achieves stable
operation at 60°C and shutdown at or above 65°C. To achieve this goal, the case temperature
of the IGBT must be decreased. This increase in the operating margin will be achieved by
modifying the relevant heatsink parameters. The baseline heatsink dimensions are displayed in
Figure 2.
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  Figure 1: Thermal resistance of IGBT module  

    Model Calibration  A thermal analysis of the original heatsink design was conducted to baseline the thermal model.A thermal image of the heatsink while the IGBT module is dissipating 40 watts at 20°C is shownin Figure 3 (left image). The maximum heat sink temperature is measured as 90.1C, or a 70.1Crise above ambient. The results of thermal simulation at 40 watts at 20C are also shown inFigure 3 (right image). The maximum temperature rise was predicted to be 75.7C. Thedifference between measured and predicted is within 6%, which is a reasonable margin of error.  

  Figure 3: Heatsink temperatures at 20°C ambient  Design of Experiments  The heatsink parameters assessed in this design optimization study are presented in Table 1.Number of fins, fin height, location of heat source, and surface treatment were all assessed interms of their ability to lower IGBT case temperature.  Table 1: Heatsink DoE Parameters  
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  Results  When the calibrated model is run at the desired use condition of 20 watts at 60°C ambient, thecase temperature rise is 43.1°C over ambient (see Figure 4). This clearly explains theintermittent operation of the IGBT under these conditions and indicates that for the heatsinkoptimization to be successful, the new heatsink design must reduce case temperatures by atleast 5 and preferably 10C.  Interesting finding within the DoE: At 20C and 40W, the optimumnumber of fins is six (6). However, when the ambient temperature is increased to 60C, but thepower dissipation is lowered to 20W, the optimum number of fins drops to five (5).  

  Figure 4: Baseline heatsink analysis at 20 watts, 60°C ambient, five fins optimal, 103°C  Heat source location The effect of moving the heat source was simulated at 60°C ambient conditions. Moving theheat source to the heatsink center had little effect on the performance (
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