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Buck Converter: Inductor current




Mode boundary

I < Ai, for DCM .—

Insert buck converter expressions for I and Ai, :

j:L. — D];/g<DD'TSVg Pl VI
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Simplify:
ANAS

This expressiond

where
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Critical load resistance R

Solve K

crit

equation for load resistance

R < Rcrit(D )

R > Rcrit(D )
_ 2L
Where Rcrit(D) - D'TS
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Summary: mode boundary

mm—

[ S B ]
K>K,. (D) or R<R_. (D) for CCM
K<K,_ (D) or R>R,. (D) for DCM
o S —
Table 5.1. CCM-DCM mode boundaries for the buck, boost, and buck-boost converters _—
) L ) &
Converter ﬁ(cm@) o T3%  (Keri ) R_.(D) ooin (R )
~ - 2L L
Buck &~ (1-D) d=D)T. 2T
2L 27 L
/ Boost ¢ D (I - Dy 6 D(—-D)T, 2T,
Buck-boost (1 — DY 1 2L 2L
- — 2
- - (1-D)° T, T,
N\ /
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\//J} = M [D/ Rou, K2 Vo, Cp %a, éf/
5.2. Analysis of the conversion ratio M(D,K)

F’—N

e —

Analysis techniques for the discontinuous conduction mode:

Indutter volt-second balance [
/ <vL>=%fva(t) dt=0
Capacitor charge balance y

- @:%SLTS,-C(t)dt=o

Small ripple appyoximation sometimes applies:
v(t) =V Dbecause Av <<V
S mximation W@

Converter steady-state equations obtained via charge balance on
each capacitor and volt-second balance on each inductor. Use in
applying small ripple approximation.
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Example: Analysis of
DCM buck converter M(D,K)

i

subinterval 1
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Subinterval 2

it L
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Subinterval 3
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Capacitor charge balance

(6'5720

;<—D1TS —>i— D,T, —>ie DT, >
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Inductor Current Waveform
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Solution for V N

T —

EEE— BE———— |
Two equations and two unknowns (V and D,):
from inductor volt-second balance
’/ S D +D < ( )

V DlTs
R=a Di+D) V. -V) (from capacitor charge balance

/M/yé?//
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Eliminate D, , solve for V:

1+\/1+4K/DD

where =2L/RT,

valid for "K\<K""‘

crit




Buck converter M(D,K)

for K> K

crit

for K <K

crit
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5.3. Boost converter example

i) L Dy i 1)
—— 000
. P .
+ VL(t) ZC(Z)

™

v, Cf) —IE 0, | == RS w1

Mode boundary: Previous CCM soln:
I>Ai, for CCM % Vv
o S [=—% Ai, = =% DT
I < Ai, for DCM D'" R 2L ¢
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