1) Consider the full-bridge converter shown in Fig. 1. Vin= 48 V, f,= 500 kHz, C=470 pF, R;=50 m£2,
L=50puH. Vo=53V.Po=25 W, V=12 V, V=2 V.
a) Derive the DC transfer function Vo/ Vi,

b) Caleulate the peak-to-peak output voltage ripple. o
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, (hint: perturb and linearize the bridge voltage <V ,g ) ).
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Sketch the Bode plot of G,(s).
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d) Derive H such that Vo=5 V.
e) Using the k-factor design method, determine the type-II compensator transfer function, G, (s), such that

the loop transfer function crosses the 0dB axis at f. = 50 kHz with a phase margin ¢,,=60°.

(note: k = &ztan(‘_"bﬁ+ﬁ) ).
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f) Design the error amplifier/compensator.
g) The input voltage is varied between 36 and 72 V. What are the issues with system stability?

1) ,_,M,V\__IQ X 1 AcqFit
I~ - -1, -
24 < Ry AC) (IBC4R4+’f) + N
Ra
{1+ M, R
Hy, m™—MWNV— 1 1
ST :
b R AGRA s &
) VIN 7 => | Goe M) A 4
Cy =
' Yack c -'7/ 173200
fo<gfow  Tabe Q*j-"" oY 0} © j, 1 Ke R = tkp
_ =
Sf.bil.‘i), IS5 Sa«hl{Cnnb ved

}dr})ofh Sl

AHH’ %0} ;SU\I G\Q mthl aoes Eoshit et ov it tast WL (350 p\«d_';l_ rmquM\,

Tutorial9 Page 2



2) The three-level buck converter shown in Fig. 2 operates in CCM at f,,, =1/T,=750 kHz. The switch gate-

driving waveforms are illustrated in Fig. 2 as well (D=T,/Ts). Assume the converter is lossless.

a) Sketch the plot of Vsw and I as a function of time, assuming Ve y=Vin/2 and D<0.5

b) Sketch the plot of Vgy and I;_as a function of time, assuming Vg y=Vin/2 and D>0.5.

¢) Derive the DC voltage transfer function Vo/V iy as a function of D.

d) Derive an expression for the peak-to-peak inductor current ripple, A3 as a function of D.

¢) Sketch the plot of Ai 3 as a function of D, along with the plot of Aiy_». for a standard buck converter
What is the advantage of the three-level buck compared with the standard (two-level) buck converter?
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Assuming Vi = 12V, \'/0 =38V,Pp=7.6 W:

f) Select the inductance L such that the peak-to-peak current ripple is less than 30% of the average current.
g) Sketch a plot of the current flowing through Cyy as a function of time.

h) Select Cypy to ensure that the peak-to-peak voltage ripple is less than 10% of the nominal voltage.

1) Calculate the peak-to-peak output voltage ripple (Co =22 pF, ESR=5mQ).
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