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10.1 KPVS 26.1: Input Filter for 
Buck Converter 

Proceeding as in Example 26.1, the range of duty 
cycles is � � 

D = 
V2 

V1 
∈ 

10 
,

25 
10 
20 

= [0.4, 0.5] 

while the range of the average inductor current 
is � � 

Po 50 100 
IL = ∈ , = [5, 10]

V2 10 10 

Assuming zero inductor ripple and that the frst 
harmonic of Ix is most important for flter design, 
we approximate the drive waveform as a sinusoid at 
ωs = 2π(500k) = 3.15×106 rad/s having worst case 
amplitude at D=0.5 and IL = 10, Ix,1 = 6.36 A. As 
in the example, we’ll take a conservative (though 
arbitrary) factor of three in our ripple requirement 
to account forour simplifcations. So, we require 
Iy,1 = 5 × 10−3 A. Since our worst-case is identical 
to that of Example 26.1, the rest of this solution 
proceeds identically. 

10.2 KPVS 26.4: EMI Noise Seper-
ator 

(a) Applying KVL: v1 − vp − vR = 0 and v2 + vP − 
vR = 0, where vR is the voltage across the resistor 
and vp is the voltage on the winding of the trans-
former between v1 and vCM . Since the transformer 
is 1:1, this voltage is the same on all four ports of 
the transformer. Summing these expressions yields 
v1 + v2 = 2vR, as expected. 
(b) Applying KVL: 

vDM − 2vp = 0 

We have seen that vp = v1 − vR = (v1 − v2)/2. 
Thus vDM = v1 − v2 as expected. 

(c) Calling the current out of port 1 i1, the cur-
rent out of port 2 i2, and the current into the 
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DM resistor iDM , and noting that the transformer 
windings must be magnetically in-series (the volt-
age at every port is identical), we can write: 

v1 − v2
i1 − i2 = 2iDM = 

50 
Similarly, we can connect these currents to the 

vCM voltage as: 

v1 + v2
i1 + i2 = 

50 
Summing these equations yields: 

v1 − v2 v1 + v2 v1
2i1 = + = 

50 50 25 

Thus, Z1 = v1/i1 = 50 Ω, as expected. 

10.3 KPVS 26.5: Filter Capacitor 
Parasitics 

(a) We can derive the asymptotes by considering 
the impedance of the RLC branch, which is 

1 
ZRLC = + jωLc + Rc

jωCf 

At low frequencies, the capacitance’s impedance 
dominates, and the branch is efectively an open-
circuit. Thus, ĩx = ĩy, and the gain is 1 as ex-
pected. As the frequency increases, the dominantly 
Cf branch interacts with the series Lf inductance 
and once we are past the resonance of Lf and Cf , 
this LC flter rolls-of at -40dB/dec. This contin-
ues to happen until the impedance of Cf drops 
low enough that Rc begins to control the series 
impedance. We assume this happens at the fre-
quency where their impedance magnitude is equal, 
ω = 1/(RcCf ). After this, the branch is consid-
ered dominantly resistive, and forms an RL flter 
between Lf and Rc, rolling of at -20dB per decade. 
This continues as frequency is increased until the 
branch becomes inductive, which we again assume 
starts to happen around the frequency where the 
impedance magnitude of Lc is equal to Rc, ω = 

1



Rc/Lc. Beyond this value, the dominantly induc-
tive branch forms a simple current divider with Lf 

which results in constant gain between ĩy and ĩx of 
Lc/(Lc +Lf ) (this can be straightforwardly derived 
by equating −iyZLf = (iy − ix)ZLc ). 

(b) At high frequencies, the current gain ap-
proaches the fnal asymptote 

Lc Lc|Hi| → ≈ = 10−3 

Lc + Lf Lf 

The fgures in the chapter just show the base-
10 log of the value, which would be -3 dB. On a 
conventional bode plot, we’d show this as 20 times 
the base-10 log, which is -60 dB. 

(c) In this case, the resistance never dominates 
the branch and we transition directly from a capaci-
tive impedance to an inductive impedance. So, this 
asymptote would occur at the resonant frequencyp
ω = 1/ LcCf . 
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