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3.1* Listed below are some useful circuit theorems or analysis techniques that are frequently applied to dc-to-dc power conversion circuits. For each item, give a brief description, mathematical expression, or illustrative example.
	· Volt-sec balance condition
	· Amp-sec balance condition

	· Small-ripple approximation
	· Piecewise linear analysis

	· Flux balance condition
	· Charge balance condition


3.2* Fig. P3.2 shows a buck converter together with its switch drive signal.
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Fig. P3.2

1) Perform the frequency-domain analysis to predict the magnitude of the output voltage ripple.

2) Use the equation (3.29) to predict the magnitude of the output voltage ripple.

3.3**In the buck converter shown in Fig. P3.3, a secondary filter stage is added to a conventional buck converter resulting in the buck converter with a two-stage filter.
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Fig. P3.3
Circuit analyses reveal that the transfer function of the two-stage filter can be approximated as
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where
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  with assumptions 
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1) Perform the frequency-domain analysis to predict the magnitude of the output voltage ripple. Consider only the first harmonic component of the output voltage in this analysis.
2) Now assume that the secondary filter stage is removed (
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). For this case, find new values for 
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 so that the converter produces the same output voltage ripple as that of 1). For this problem, assume 
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3) State the advantage of using a two-stage output filter rather than a single-stage filter.
3.4** Fig. P3.4 shows the generic structure of a buck converter. Answer the questions.
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Fig. P3.4

A variety of low-pass filter circuits can be placed inside Box to accomplish the desired step-down dc-to-dc power conversion. Typical examples of such circuits are also shown below. For each of these low-pass filter circuits, estimate the magnitude of the output voltage ripple considering only the first harmonic component of the output voltage.
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3.5 Fig. P3.5 shows the circuit diagram of a buck converter and its inductor current waveform. Answer the following questions.
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Fig. P3.5

1) Find the output voltage 
[image: image9.wmf]O
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. Ignore the ripple component.

2) Sketch the steady-state waveform of the inductor voltage 
[image: image10.wmf]L
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 and diode current 
[image: image11.wmf]D

i

. Label the maximum and minimum values on your sketch.

3) Find the values of the inductance 
[image: image12.wmf]L

 and the load resistance 
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.
3.6** Consider the dc-to-dc conversion system shown in Fig. P3.6. Referring to the switch drive signals for 
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 and 
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, answer the questions.
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Fig. P3.6
1) First assume that all the circuit components are ideal and the power conversion is performed losslessly. Evaluate the average current flowing through each semiconductor switch: 
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2) Now, assume the following practical devices for the semiconductor switches
· 
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Calculate the average power dissipated at each practical switch.
3) Lastly, estimate the overall efficiency of the system using the following formula
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where 
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 is the power delivered to the output resistors and 
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 is the sum of the power losses, each evaluated in 2) for the practical switch.

3.7* Fig. P3.7 shows two buck converters. Referring to the circuit diagrams, answer the questions.
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Fig. P3.7
1) For Converter A, determine values for 
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 and 
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 to meet the design specifications of  
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2) For Converter B, determine value for 
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 in order to meet the design specification of 
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3.8** Fig. P3.8(a) shows a buck converter and Bode plot of its output filter transfer function, 
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Fig. P3.8(a)
1) Estimate the magnitude of the output ripple voltage when the converter is operating at 
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. Use the information shown on the Bode plot.
2) Now assume the converter is modified into the two circuits shown in Fig. P3.8(b). For each of these two circuits, repeat 1). Use the information shown on the Bode plot.
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             Circuit A                             Circuit B
Fig. P3.8(b)

3. 9* Fig. P3.9 shows a buck converter together with its switch drive signal. 

For problems 1) and 2), assume the output filter capacitor has no esr: 
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1) Use the frequency-domain analysis method to find an estimation for 
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.
2) Use the time-domain analysis method to find another estimation for 
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.
3) Now, assume 
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 for the esr of the output filter capacitor. With 
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 repeat Problems 1) and 2). Assume that 
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 does not significantly affect the pole frequency and damping factor of the output filter.
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Fig. P3.9
3.10** Fig. P3.10 shows the inductor current of a buck converter that operates at the boundary between the CCM and DCM. 
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Fig. P3.10
1) Assume that the converter operates in an open-loop condition with a fixed duty ratio. The load resistance is increased beyond the critical value that places the converter at the CCM/DCM borderline while the input voltage remains the same. Sketch a family of inductor currents, each with a different load resistance, to illustrate the transition pattern of the inductor current as the load resistance is increased. 

2) Assume that the converter is now closed-loop controlled (thereby achieving a dc regulation) and again operates on the CCM/DCM boundary. Assuming the load resistance is increased beyond the critical value while the input voltage remains the same, sketch a family of inductor currents to show the change of the inductor current as the load resistance is increased.

3) Again assume that a closed-loop control and borderline operation for the converter. However, for this case, the input voltage is increased beyond the critical value that places the converter at the CCM/DCM borderline while the load resistance remains the same. Sketch a family of the inductor currents that exhibit the transition pattern of the inductor current as the input voltage is increased.
3.11 Referring to the buck converter shown in Fig. P3.11, answer the following questions.
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Fig. P3.11
1) Determine 
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 so that the converter operates at the CCM/DCM boundary with 
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2) Determine 
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 so that the converter operates in CCM for 
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.
3) Sketch the dc voltage gain curve, 
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, of the converter with 
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3.12 Fig. P3.12 shows a family of voltage conversion curves of a buck converter, as a function of the duty ratio 
[image: image51.wmf]D

 and a dimensionless parameter 
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. Referring to the voltage conversion curves and circuit parameters of the buck converter operating at 
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1) Sketch the steady-state waveform of 
[image: image54.wmf]L
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 when the operating point of the converter is located at Point A. Show the maximum, minimum and average values on your sketch.

2) Assume that the operating point of the converter is located at Point B, and repeat Problem 1).
3) Assume that the operating point of the converter is located at Point C, and repeat Problem 1).
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Fig. P3.12

3.13* Fig. P3.13 shows the circuit diagram of a buck converter and its inductor current waveform.
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Fig. P3.13
1) Referring to the inductor current 
[image: image55.wmf]L
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, sketch the inductor voltage 
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 for two switching periods. Show the maximum and minimum value on your sketch.
2) Find values for L and R.

3) Sketch the capacitor current 
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 for two switching periods. Show the maximum and minimum value.

4) Evaluate 
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5) Evaluate 
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3.14* Consider the closed-loop controlled buck converter shown in Fig. P3.14 and answer the questions.
First, assume 
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 for Problems 1) and 2).
1) When 
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, sketch the steady-state waveforms for the inductor current 
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 and control voltage 
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 for two switching periods. Label the maximum and minimum values on your sketches.
2) When the operating conditions of the converter are varied as 
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Now assume 
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 for Problems 3) and 4).
3) With 
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, the converter fails to achieve a dc regulation. Explain reason for this.
4) When 
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, find the steady-state value for the output voltage 
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Fig. P3.14
3.15 Fig. P3.15 shows a closed-loop controlled buck converter and its voltage gain curve drawn with respect to the duty ratio. Using the information given in Fig. P3.15, answer the following questions.
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Fig. P3.15
1) Find the range for the duty ratio 
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 and control voltage 
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 when the input voltage is varied as 
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2) Find the inductance of the filter inductor 
[image: image83.wmf]L

.
3) Sketch the inductor current 
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 for two switching periods for the cases of 
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3.16** Consider the buck converter shown in Fig. P3.16 and answer the following questions.

Fig. P3.16
1) Assume that the input voltage is varied between 
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. For this condition, the converter could operate in either CCM or DCM, depending on the input voltage range. Fill in the blanks in the following expressions in order to summarize the operation of the closed-loop controlled buck converter.
i) The converter operates in CCM for 
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 and, in this CCM operation, the control voltage varies between 
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ii) The converter operates in DCM  for 
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 and, in this DCM operation, the control voltage varies between 
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2) Now assume 
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 and answer the questions.
i) Find the steady-state value for the output voltage 
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 and control voltage 
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.
ii) Assume that the capacitor 
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 is accidentally open-circuited. Do you expect any change in the steady-state waveform of 
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iii) Assume the compensation capacitor 
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 is accidentally short-circuited and repeat the previous question.
3.17 Fig. P3.17(a) shows a closed-loop controlled buck converter and its inductor current waveform.
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Fig. P3.17(a)
1) Referring to the information given in the circuit diagram and inductor current 
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, find values for the inductance 
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2) Shown in Fig. P3.17(b) is the inductor current of the converter with 
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.  Assume that the load resistance is increased to 
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 while the other circuit parameters retain the values you found in 1). Under this assumption, sketch the inductor current 
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. Use Fig. P3.17(b) as a reference to show the steps of constructing the new inductor current waveform.
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Fig. P3.17(b)

3) Repeat 2) for 
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4) Now assume that the input voltage is increased to 
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 while the load resistor is decreased to 
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using Fig. P3.17(b) as a reference.
3.18 Shown in Fig. P3.18 are the transient responses of the major circuit waveforms of a closed-loop controlled buck converter. Case A is the transient response of the inductor current 
[image: image115.wmf]L
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 and control voltage 
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 in response to the step changes in the input voltage: 
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               Case A                             Case B

   Fig. P3.18
The following table summarizes 1) the prominent behavior of the inductor current 
[image: image119.wmf]L
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 and control voltage 
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, observed in the period circled on the corresponding circuit waveform, and 2) a brief explanation for the cause/origin of the respective circuit behavior. Fill in the blanks.
	Circled period
	Observed behavior
	Cause/origin of behavior

	A
	Undershoot in 
[image: image121.wmf]L
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	B
	Decrease in ripple of 
[image: image122.wmf]L
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	C
	Overshoot in 
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	D
	Increase in 
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	E
	Discontinuity in 
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	DCM operation with 
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	F
	Decrease in 
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