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6.334 Power Electronics Practice Exam C 

 
Problem 1  

Fig. 3 shows an input filter for a switching power converter.  The current drawn by the 
converter is represented as iX, and the voltage supplying the converter is vY. The converter 
switching frequency 1/T is 100 kHz.  You may assume the filter components are ideal. 
a. Select component values L, C, and R for the filter such that 

i. The maximum output impedance of the filter, ZO, is 1 Ω or less at all frequencies 
ii. The filter achieves an attenuation of approximately 40 dB (a factor of 100) in 

current at the switching frequency. That is, |iY / iX| ≈ 0.01 at the switching 
frequency. 

iii. The filter is well damped, such that it has less than 10 dB of peaking in |iY / iX| 
near the undamped natural frequency of the filter. 

b. Suppose that the load on the filter (slowly) adjusts the local average current <iX> drawn 
based on the local average voltage <vX> to maintain a constant average power draw PO.  
Please find a (low-frequency) equivalent small-signal resistance rE for this load for the 
operating point PO = 10 W and VX = 100 V.  Will this load greatly affect the filter 
damping? 

c. Please propose a simple filter modification (e.g., an addition of no more than one 
component) that would provide higher-order attenuation performance (and increased 
attenuation) at and above the switching frequency, without harming filter damping.  
Please specify values for any added or modified components. 
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Figure 3 
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6 .334 Power Electronics Practice Exam E 
 
Problem 1   
 
The dc/dc converter of Figure 1 takes in an input voltage V1, and generates an output current I2.  
Derive an averaged model for this converter in continuous conduction under duty ratio control.  
You may derive such a model by either direct circuit averaging or by state space averaging, but 
you should express your results as a pair of state-space equations in terms of the local averages 
of state variables iL and vC. 
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Figure 1 

Problem 2   
 
Figure 2 shows an RF power amplifier, an L-section matching network, and a resistive load. 
 
a. Derive an expression for the input impedance Zin of the matching network and load in 

terms of L, C, R, and ω. 
 
b. Find the frequency ω for which the specified matching network components provide an 

impedance match between the RF amplifier and the load resistance R. 
 
c. Design a different L-section (2 component) matching network that will match the RF 

power amplifier to the load at an operating frequency of 100 MHz.   Specify the 
component values to be used. (Hint: use a “high-pass” L-section, rather than the “low-
pass” L-section that is shown in Fig. 2.) 
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Figure 2 

 
Problem 3  
 
Figure 3 shows a semiconductor device mounted to a heatsink via an insulating pad.  The 
Semiconductor device has a junction-to-case thermal resistance of Rθjc = 1.2˚C/W, and the 
thermal insulating pad results in a case-to-sink thermal resistance of  Rθcs = 0.8 ˚C/W.  The heat 
sink has a sink-to-ambient thermal resistance of Rθsa = 4 ˚C/W, and a thermal capacitance Cθs = 
70 J/˚C.  The thermal capacitance of the device and thermal pad are negligible.  The system 
operates at an ambient temperature TA = 100 ºC.  We denote the semiconductor device 
dissipation in Watts as PD, and the junction temperature of the device as Tj. 
 
a. Draw the thermal model for the system of Fig. 3. 
 
b. What is the largest average device dissipation PD that is permissible if the junction 

temperature Tj of the device is to be kept below 175 ºC? 
 
c. At startup (after being at zero dissipation for a long time), the device is subjected to a 

dissipation of 30 W for 0.1 s before dropping to a much lower steady-state level (below 
that of part B).  Please calculate the peak device junction temperature reached during the 
startup transient for an ambient temperature TA = 100 ºC.  (Note: An accuracy of 1ºC  is 
sufficient. You may make reasonable approximations as long as you justify them.) 

 

 

                                                                       
 

Figure 3 
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