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Department of Electrical Engineering and Computer Science


6.334 Power Electronics Issued: April 6, 2007 
Problem Set 7 Due: April 13, 2007 
Reading: KSV Chapter 25, Chapter 9.1 – 9.5, 9.7.1 

Problem 7.1 

Figure 1 shows the structure, waveforms, and operating sequence of a power converter topology known 
as a resonant pole inverter. The top switch is turned on until inductor current iL rises to a positive value 
ip+. The top switch is then turned off (under ZVS conditions) and the resonant capacitors ring with the 
resonant inductor until the bottom diode conducts, at which point the bottom switch can be turned on 
(under ZVS conditions). The other half of the cycle is essentially the reverse of the first half. 

Derive the minimum current ip+ that will enable zero voltage turn-on of the bottom device.  Express this 
minimum current as a function of Cr, Lr, Vdc, and Vcf. You may assume that Vcf does not change during a 
cycle.   

Calculate the turn-off loss of the top switch, assuming that at turn off the current in the switch falls 
linearly to zero in a time tf. As this converter is designed to operate with “zero-voltage” switching, you 
may assume the switch current reaches zero before the switch voltage rises to the bus voltage Vdc. 

Problem 7.2 KSV Problem 25.4 

Problem 7.3 KSV Problem 25.5 

Problem 7.4 

Attached is a portion of the data sheet for an International Rectifier power MOSFET IRF620S; the full 
datasheet can be obtained at www.irf.com. Assume a maximum allowable junction temperature of 140 
˚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 2.0 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 1 ˚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 40 ˚C, what is the maximum allowable current 
pulse magnitude?  You may assume that the MOSFET on-state resistance is always at its 140 ˚C 
value. 

Problem 7.5 KSV Problem 9.2 

Also, calculate the average power dissipated in the two circuits. 

http:www.irf.com


Figure 1 The resonant pole inverter 
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