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OBJECTIVE IS TO UNDERSTAND

AWnhy do we need input/output capacitors for switch mode power
supplies

AHow do we go about choosing the type and size of these
capacitor(s)

AHow do we select input and output filter capacitors



INTRODUCTION

When we talk about input capacitors, broadly speaking we are trying to
achieve two Things

1)Energy storage

a) If you introduce massive load step to the output of the converter, energy has to ..
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converter will dip.

b) During Brownout if you do not have enough input capacitance, the line voltage will
also dip.

A You want to store enough energy at the input of the converter so when the line

voltage disappears for a while converter will ride through the event or will shut down
gracefully.

A We will use electrolytic type capacitor(s) for bulk energy storage since electrolytics
allows to store relatively larger amount of energy for this purpose.

2) Noise & Ripple reduction is done using ceramic capacitors.



Input Voltage & Current
signatures at the input of
a buck converter
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KHz switching frequency which gives us a switching
period of 4 usec.

A Consider input current and voltage ripple of the Power
Supply
A Noise reduction & Ripple reduction

A If we look at input current waveform the Tr & Tffor the
MOSFET is typically is 30 naneSeconds.

A The di/dt of this current waveform is h(is;h and it creates

DC Avg(C1): -38.17r

noise chirps at turn -on & off of the MOSFET.
A Electrolytic caps are not suitable for removing this sort
of high frequency events. 5oy
A Noise is due to di/dt so typically you will see noise
A So we use capacitor type that are good for high S—

L1 frequency noise reduction, they are usually ceramics
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Slgnature at the InpUt Voltage A During the OFF period big power supply (source) will pour

energy into power converter therefore charging them.

& the current Of the COnverte ['A You can see input cap voltage is rising. That is why we get

slower ripple.
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Waveforms depict
the Impact of high
energy bulk

capacitors on
energy storage —
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and the impact of - T
ceramic capacitors

D Display 1M Acqure ™ Trigger 3 Cursors [ Measure D Math B0 Analysis

vg(C1): -33 87mV

on high frequency e e im==
| noise reduction. ,

8,000 5,000 4,00, 2 00 9 0bus 0us 400u 500y 527050V

35.1392mV PhPK 517647V

2.00v/ 1.00v.

294V




N Ot e n Ou g h B u I k A Scope screen displays Vin and step load
Cap aCltan Ce behavior with AC coupled Vin trace
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Cursors

Mode

Manual

Cursor
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Cursors Type
)
Source

C1

Style

Load Step |

CursorX Ref

Load Step

Position
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Position

3.000x -2.000ms 1.000ms 0.00 0D 2.000ms
4,000ms 3.000n 00ms 1.000ms 0.000ms 1.000ms 2,000 3.000ms
Pk-Pk 2.07059V
215.1177mV Pk-Pk
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A Now if we remove input capacitors in and out of circuit
(capacitance, on an eval board) while introducing step -Load. Make

H " h r I n t ( : sure your scope triggers automatically and you are at AC coupling
I g e p u aF’ mode on the scope.

A If we do not have enough bulk capacitance, we will witness the input voltage
changes due to the load step (as we take the loading in/out).

e C S A Next T ceramic caps will allow noise reduction & ripple reduction T In the
pictures converter input voltage is at 12V, but the scope is set to AC coupling
to observe input voltage ripple.

A The Red trace is tied to the load, and we see when the load-step happens.

A Itis important to connect to a LISN to reduce the amount of impedance.
e Capacitor impedances will spoil what we are trying to see the detalils.
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