Switching Power Supply
Component Selection

7.1c Capacitor Selection — Meeting Ripple Requirements

w3 TEXAS INSTRUMENTS



Output Ripple

« The output capacitor must be designed to fulfill mainly two
requirements:

— To keep the steady-state peak-to-peak output voltage ripple below the
maximum allowed value AV,

— To keep the output voltage waveform within the required regulation window
[V, £ AV, 4] during the overshoot and undershoot caused by output current
transients

« The output capacitor design of a buck converter will be discussed in
this presentation

2

w3 TEXAS INSTRUMENTS



Output Ripple

« Boundary conditions formulated

separately for ESR and C of the ( AVEgrco @
output capacitor may lead to

selection of oversized commercial
components.
* Please note that there is a phase ..

shift between the contribute of C lm,
and the contribute of ESR. = B

* In this presentation an approach B aiﬁfﬁ‘c"‘“
based on Acceptability Boundary ™ - S - —
Curves which jointly considersthe . ]V
effect of ESR and C will be S R ——r—
shown. e — N

Time (us)
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Stray Inductances In
Output Ripple Analysis

« Depending on the constant ESR x
C, the output voltage waveform can
change from quasi-triangular to
guasi-sinusoidal.

« The effect of stray inductances can
be easily separated from the effect
of the principal parameters ESR and
C of the capacitor. In fact, stray
inductances produce additive step-
up and step-down effects on the
output voltage, whose amplitude is
given by:

=<

7

AVO(O) = —AVO(DTS) = (ESL + LPCB)

o~

Dominant ESR

AV, (DT,
Tantalum Electrolytic
Dominant C .
~———— =
Ceramic Bad layout
NO ESL Includes
ESL
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Output Voltage Ripple by Chemistry

Inductor Current

Ceramic

Tantalum Polymer &

OSCON

Electrolytic

This plot shows a
comparison of the
output voltage ripple of
a buck converter using
4 different capacitor
chemistries.

All caps = 47uF.

Scale = 20mV/div
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Stray Inductances in Output
Ripple Analysis

« To take in account the effect determined by the equivalent series
Inductance (ESL) of the output capacitor and by the inductance of
the printed circuit board trace L5 it Is sufficient to replace the
maximum allowed peak-to-peak output ripple voltage amplitude AV,
with the net effective peak-to-peak ripple voltage AV, allowed to
ESR and capacitance C, given by:

Vi
L

 If ESL and L5 are unknown, the previous formula can also be used to
determine the maximum allowed ESL compatible with the ESR and
capacitance C of a capacitor selected with the algorithm not including
the Lpgg:

AI/O[)peﬁ — AV)pp — (ESL + LPCB)

L
ESLma.X — V[A‘/opp T AVDPPGH}
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Output Ripple Analysis

. L A ,
Current fIOW|r_1g mto the ALy Ay (e [0.DT] onTvE
output capacitor is given by : i)=1 4 PL

By _ Alppy (r—=DT) te|DT.T | oFF TIME
2 D,T‘ 5?7 s

Initial voltage charge

e The remalnlng pal’t of ESR contribute capacitance contribute
the peak to peak

output ripple voltage ;U te[0,D7.] ONTIME
can be determined by (t):

analyzing the

A _ ESRi. +v.(DT,)+—- r)dt te[DT,,T.] oFF TIVE
circuit in the time m
Intervals between
SW|tch|_ng Instants and_ can e (0)=V, ——_ i, (1-2D)
be derived by integrating 12f,C
the current flowing into the { o

v.(DT.)=v.(0)+ = Iif (r)dr

0

output capacitor, where:
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Output Ripple Analysis

 In order to determine analytical expression of output voltage ripple,
maximum and minimum values of output voltage waveform must be

computed.

 Instant when minimum occurs is given by: Vot )
O\'max

_C-ESR+ 2 if C-ESR <—-
¥ 2,
Fmin = | D
0 R T DOMINANT ESR |
* Instant when maximum occurs is given by: \
VO(tmin)
D' , B
~C-ESR+——  if C-ESR<— . . .
. 2f 2f, The analytical output ripple is given by:
-2 if C-ESR=2
Js 2/, AvOpp = VO(tmax) - VO(tmin)
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Output Ripple Analysis

» Two different Domain Boundary Curves (DBC) can be defined as for

D<05and D >0.5

* Three different Acceptability Boundary Curves (ABC) can be defined for HIGH, MID

and LOW ESR case

D<0.5
AVop ESR
D<05> | D>05 | Zrr ESRAI,, A7,
' * ESRII :.—:Rn
D D HIGH ESR R
R.\'— = . R.\'+ — > R._ <ESR<R ; ' )2 | 1
2Cf" 2Cf§ = - AIL/)/)(D +2ESRf\ C) ESRM =——D4+— 2R,;,;,/;»CD'
- - MID ESR 87 CD' 25¢ 1C
D D' -
R = R, = ‘ ESR <R, Aiy, (DD+4ESR? 12 C?) ESR =] /DGR, /.C-DD
2(Y, 2 Cfﬁ_ LOW ESR 8f,CDD' 2f.C
=
ForD<05: D=0
FAY G ESR
« ESR=2R, 2 HIGH ESR :
S- ESR > Rs+ ESRAIL.{)[) ESR” . AI/HH —
« R.<ESR <R, > MID ESR HIGH ESR Aip,
- ESR<R_-> LOW ESR R.<ESR<R, | Ay, (D+2ESRCY ESR, =-——D+—— [2R J.CD
- _ MID ESR 8/ CD 2/€ 1€
Please note that boundaries - — —— 1
are duty cycle and switching ESR <R, 8iy,, (DD+4ESR £ C?) ESR, =—— /D8R, /.C-)D'
LOW ESR 8/ CDD' 2f.C

frequency dependent
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Output Ripple Analysis

» The following figure shows Domain Boundary Curves (DBC) and the Acceptability Boundary Curves (ABC) in ESR-C
plane for D = 33% , Ai ,, = 0.8A, AV, o = 55mV, fg = 500kHz. In applications where D > 0.5 the DBC are inverted.

- ABCs allow to quickly figure out real feasible capacitors representing possible design solutions when load transient
constraints are not needed. A real capacitor whose values of ESR and C correspond to a point located below ABCs
(green area) is suitable to meet ripple constraints requirements.

Pr I
ESR, = Yo R,
/ ESR,, =—ﬁp'+ﬁ% [2R,, f.CD' \
( , ESR, = b [DSR,, f,C-1)D' ] . ,
ESR vs C - Riprjlg Constraings 25.C ESR vs C - Ripple Cpastraints
01— 01—
A
ESR (4 008 v\ ESR |4 0.08
ESR VAR _— U
— — - ESR
£ EsR 0.06 ; ‘\T\\ \/ — M
=) ' i S Esr, 006
5 Rg_ \ \.____\ i L 6/
SRS s Te—\/ g X "Gy
T 004 . :V/O N| 4 7/G. — R, 004 N @S
weo Sp~T8, | T (O
0.02 L. . OR S’?\\
' O T T — 0.02 S,? =
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Output Ripple Analysis:
Simplified Formula

« A simplified equation can be derived by calculating the fundamental
component of the output ripple voltage as:

) — (S

. 2
AVopp = Alep-jESR it [S-f . Ainp

ESR vs C - Ripple Constraints

There is an
overestimation
of the needed
output cap
nearby the
MID ESR area
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Thank yout
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