
 
 

   
  

   
  

     

  

  
  

 
   

   
       

   

       
   

    
  

     

    
  

   

  

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department of Electrical Engineering and Computer Science 

6.622 Power Electronics Issued: March 13, 2023 
Problem Set 5 Due: March 20, 2023 
Reading: KPVS Chapter 26 through 26.3; Texas Instruments Application Note AN-2020 
“Thermal Design”; KPVS Chapter 8 though 8.2 

Problem 5.1 KPVS Problem 25.4 

Problem 5.2 

Consider the thermal model suggested in Figure 3 and Table 1 of the model in Texas Instruments 
application note AN-2020 page 4. 

We often transfer heat through a printed circuit board mounted to a heat sink mounted on the opposite side 
of the circuit board, using a “via farm” – a dense collection of vias placed to aid heat transfer vertically 
through the circuit board. Consider that we would like to transfer heat from the bottom of a device 
package soldered to the top of a pcb vertically through the pcb to a heatsink attached to the bottom of the 
pcb. 

a. Consider vertical heat transfer through 1 cm2 area of a circuit board. Without thermal vias, what 
would be the thermal resistance of the vertical heat path through a 63 mil (0.063”, 1.6 mm) thick FR4 
printed circuit board over an area of 1 cm2 ? How many 12-mil 1-oz plated vias would one seek to place in 
that 1 cm2 area to reduce the thermal resistance of the vertical path to below 25 °C/W?  (Note that AN-
2020 only provides numbers for a 12-mil thick section of printed circuit board.)  If the pcb process requires 
a minimum spacing of 8 mils between holes (edge to edge), is this density achievable? (Note, we could 
also further reduce thermal resistance by using a pcb process that would allow the vias to be completely 
filled with copper or another thermally-conductive material.) 

b. Consider the GaN Systems GS66508B transistor used on a printed circuit board having similar 
characteristics and constraints as in part a.  (a subset of the datasheet for the transistor is shown in Fig. 1.) 
In the circuit considered in this problem, the transistor is used such that its source is electrically connected 
to system ground on the printed circuit board, with a thermal via farm placed under the source pad 
connecting to a water-cooled heatsink mounted on the opposite side of the board. Consider the 
conservative case of heat transfer only to the heatsink and only through the portion of the pcb directly 
under the transistor, and assume that the heatsink is able to maintain the back surface of the board at 85 °C. 

Propose a via-farm design for the board (indicating how many thermal vias you will utilize), assuming 
that the thermal vias can only be placed under the source pad.  How much power can we dissipate in the 
transistor if we limit the junction temperature to a conservative value of 125 °C? 
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https://www.ti.com/lit/an/snva419c/snva419c.pdf
https://www.ti.com/lit/an/snva419c/snva419c.pdf


 Figure 1  Segments of the datasheet for the GaN Systems GS66508B transistor.
© GaN Systems. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see https://ocw.mit.edu/help/faq-fair-use/ 
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Problem 5.3 

See the data sheet for an International Rectifier power MOSFET IRF620S; pay special attention to the first 
page and figs. 3, 4, and 7–11. Assume a maximum allowable junction temperature of 150 ˚C and a 
maximum ambient temperature of 50 ˚C for this problem. (Note that the on-state resistance of the 
MOSFET varies with junction temperature, as illustrated in datasheet Fig. 4.) 

a. Assume that the device must carry a (forward) rms current of 2.5 A, and that switching losses can 
be ignored.  The MOSFET is attached to a heat sink using an insulating pad with a maximum thermal 
resistance of 0.75 ˚C/W.  What is the maximum allowable thermal resistance of the heat sink? 

b. Suppose the device is instead operated in a pulsed fashion, carrying large pulses of current 1 ms in 
duration with 99 ms of off time between pulses.  If the device is mounted to an extremely good heat 
sink that maintains the case temperature at 50 ˚C, what is the maximum allowable current pulse 
magnitude?  You may assume that the MOSFET on-state resistance is always at its 150 ˚C value. 

Problem 5.4 KPVS Problem 7.3 
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https://www.irf.com/product-info/datasheets/data/irf620s.pdf
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