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Week 3 Lecture 2
Summary

» Section notes
— Slides 3-6 — Talk qualities

— Slides 7-16— Capacitor realities and
mechanisms

— Slides 17-36— Capacitor impedances
— Slides 37-40- Commercial capacitors
— Slides 41-53 — Buck converters
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Capacitor Fundamentals ¢ VZ Q

= |n Conventional capacitors, capacitance is
measured as the amount of charge divided by
the voltage, and charge is proportional to area of
the plates.

= Traditional capacitors require a large surface
area plate to have more capacitance

= |deally, to get a very large capacitance one
wants a very large surface area with as little
distance between the plates as possible
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Capacitor Technologies
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Vew Organic Semiconductor
Electrolytic Capacitors




Figure 15. Simplified equivalent capacitor circuit.






# Most of the parasitic inductanges that we are concerned with here are those

associated with jraces, W‘u etc. From an applications
point of view, we need concerned about PCB frace inductance icul
—- for that is what we can minimize easily. ‘?

0 + But not all PCB trace inductances are "trouble-makers". For example, the traces

in series with the inductor are "benign" — because they can be looked at as jus
being lumped together with the main inductor. A freewheeling path is available 1
them too — the same as the freewheeling path of the main inductor.

* ¥ However, certain other trace inductances do not have any mmoemam al

will therefore "complain” -- in the form of
the basic equation V=Ldl/dt. These tracey

"critical traces" from the viewpoint of PG
; \ inductances are considered to be "ung

nred |gh freqmncf or
layout, and their gsmmiﬂsad
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Fig. 3. As frequency increases, the parasitic
inductance of a capacitor becomes dominant.



“ Following graph illustrates how characteristic of some capacitors vary ove

frequency.
Impedance vs. Frequency
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Figure 16: Plot of frequency dependent behavior of equivalent circuit for various capacitors.
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citance vs Frequency

Page 1 of 4
Capacitance vs Frequency &L
The of the conductive

a/plates of the capacitor and the wires that link
these condu plates to the termin of the capacitors
that is called the ESR

Wmamgmep&
; a-E5E Ev alent Sgfies istanc&} The termination loop of the
gmina

wires also lead to a small a -l"'u?‘”'l‘; dligible parasitic inductance called the

I quivale eres Inductance). Thus, that-::-talimmaanap or varies
over the freque yhich it i1s used.
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. _ achieved in the last 10 years. With tan-
Vin=+5V : iz talum, the main ripple component
Vout = +1.8Y lon = 0.7us AlL = 0.24A comes from ESR.

lout=600mA | tofl=0.9ps | Ipeak = 0.72A

AVesr AVesl

ESL*AlL"
(1hon+1/0ff)

2.6mv 0.4mv
1.9mV 0.7mv
1.4mV 0.7mv
17.7mV 3mV

ESR "Al,

Table 3. Ripple characteristics of output capacitor in a step-down converter.
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Fig. 5. Currents in the inductor and tank capacitor (Cout) of a step-up
converter.



4 Several factors affect the ESR:
< Thickness and material of the electrodes
4 Area and aspect ratio of the electrodes
* Number of layers and parallel termination that form the electrodes
4 Electrode surface flatness and metallization density
< Distributed resistance of the dielectric
+ Frequency of operation

Below is a plot of ESR for various capacitors. Note that the ESR for ceramics can
be as small as 1% of that of the Tantalum capacitors.
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Fig. 5. Equivalent circuit, impedance and frequency dependence of bulk
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TAJB226MO10 vs. 1210ZD226M (22uF/10V)
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Fig. 1. Impedance versus frequency .



Capacitor characteristics.
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Capacitance vs Frequency _

4 Area and aspect ratio of the electrodes
4 Number of layers and parallel termination that form the slectrodes

4 Cover layer thickness

4 Case size
A — 7

LR




(c)



W N e IR

10,000

(b)



= Mon-wialila FFPIHIE Shorages = Hirmgew Lhgilal inianiecs

= f capacioT vaige with Program & som
Actes) fize Pawear-On-FRecal = NSO 00ME: 309 sech in
* Pl sstting Wi of Syra 10k umili

Whbar MM | laskiiny Owal
Eapaining n8ag

s sEurnmlamgles
[ Prudust tufunnation 2

| Coatact imtunmabion
wwe L IEnr g alnafley
Mot Ing. B33 Muphy Rasch R
Wilpima CA QA0 Tdich

Calll; (400 432-0e8

WeL L

TS0100 Replaces varinbie capacitors used to une the frequancy razpoace of
slectronle systams up ta 400ME:

The Digitally Cortroied Capachor cam be g6l b0 1 of 32 discrete staps ranging from 2.5 pF % 148 oF In 020 pF
incremasty. Onee the Sesired capaciior value i selected via an UP/DOWN intertice, & & stored in e on-dip
FEPRIMA The chip also has an imegrened Power-Oa-Alecal Srcun e wil reston the presst capachion posdon
frm e EEPROM during power up, thus sminasing the nesd of microcestner nitialzation. As & resull, e
HBO100 reclocs w cost of componants and manufacluring.

It Mixed Signol Company xicor.com

25' EHTITOND BN ABMNAY [RES | Moy Oh 7000



vce

X90100 Replaces variable capacitors used to tune the frequency response of
electronic systems up to 400MHz
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SIMPLE SWITCH MONE CONVERTERS
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is a DUAL requirement!

_ Decoupling is a DUAL requirement!

In general, th irements at the input of a r
should be visualized as requ -

+ Decoupling for the power stage (buck and buck-boost in particular).

» Imespective of the t‘upo:'ugy, the IC cnnh'ul nr.tlunl [and switch drivers -— which
alsud spikes of . gt

g e g e supply and

lavaeC 7T Qow ESL
"\16\\ £5R L_—T

gmund pins of the IC.



Decoupling and the SIMPLE SWITCHER family Page

Decoupling and the SIMPLE SWITCHER family n

For example:

A = In a buck converter driving a Mosfet, we need a large "bulk capacitor” (e.g. a low-
grade Aluminum Electrolytic) in parallel to a low-ESR ceramic.

» In a buck converter driving a BJT, we can usually get away with a single low-grad
bulk cap close to the IC (no ceramic).

# The third generation SIMPLE SWITCHER (buck) family (LM267x) uses a (high-

speed) MOSFET as the switch. Therefore, because of the high crossover speec
(typically 30ns), the noise is relatively worse (more “customer complaints” tool).

L~ We therefore always need a 0.1uF to 0.47uF capacitor right next to the pin
of the IC. This component is in fact the most important compaonent in the entire
PCB layout (the second being the diode, which has to be very close too, to
reduce the trace length from SW pin to switching node). In fact, customers have
reported anomalous behavior even if the ceramic decoupling capacitor was ver)
close, but on the other side of the PCBE — i e. the intervening vias apparently ha
enough stray inductance to cause the IC to malfunction. especially under
abnormal situations like overloads and oulput shorts,

‘The second generation SIMPLE SWITCHER (buck) ICs (LM259x%) use a BJT

switch , so we can usually combine the input decoupling requirements of the
power stage and IC into one single low-grade (e.g. aluminum electrolytic) bulk
capacitor. It seems that not only this particular series of ICs has a higher level o
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ol z
G) *La“ 15 doiw Chery storo 6: Lk

7 ’i#h Cg't . c"“ﬁf'l"f ’\1
LLESR) gu&'j’(‘ |- 5OM
Vy (mea) 35(% Ve

Cuskomer

nt Lfr??k) o = 5«6

gl

G L eets sy (eiqqle)
&Vn.u* v, AL
L (eWosen) %7 a"







BIMPLE 8

4

RTERS

BUCK

1hat Wiy = Wi, ondy

The buck |9 Imiteg in

! b

L.

BOOST

Pt Wy, = W, oy

o negRive voitages

i Tha boost s himmead o

V=V, of Yoo Vs |

A=
sMaver get
negative output
s« imin} =0

b T4
BUCK-BOOST
Thay buch-boost ia Bmded

«f{D= 100100
wMeéver et zen
autpul:

Vo mdn} # 0
Vi=Voc-Va or V2

w0y Di(1-0)

sinverling ouwlput -
w.rl Wy

Wim WV, = -Wpe
far D =

4. UNSYMMETRIC i, AND v WAVEFORMS OF
EQUAL INTEGRATED AREA IN THE ABOVE THREE
CONVERTERS




We thus conclude

¥ A buck converter draws spikes of input current (Le. with sharp edges). That
produces a high di/dt -— and therefore lots of noise originating at the input.

‘Sama for the buck-boost.

# The only exception is the boost, in which the input is in series with the inductar,

and therefore the input current waveform is a slowly rising and falling ramp (no

"sharp edges"). This makes the boost topology reasonably insensitive to input
decoupling (no significant di/dt on input side).

Therefore, providing effective input decoupling (for the power stage) is a very
E!MD&W PCB layout - especially for the Buck and the Buck-
oost .
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Snubbers Page

h Snubbers -

A small RC snubber from Switch Node to Ground helps as shown below

Typical Values:
C=4T0pF to 4.7nF
R=10 ohms to 100 ohms

Dissipation in resistor is:
CxV? xFsw

=i where few is the switching
& ’ frequency and V is the

. voltage that appears across

the capacitor when charged
up {aqual to Vin)




'8~ Fig.2. Actual capacitors
B3  have parasitic inductance
R- and resistance.
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rent 1s linear and equal

—a

to AlL/ton:

foot

Vin = 45V L=8yH (104H nom)| F =850 kHz
Fesll (O<rt<ron)= ESL* =k Wat =+1.8Y e S ali=0.20A
on lout < 600mA | toff =07us | Ipeak=072A
Nominal C | MinimumC | Dielectric AVe AVesr AVesi AVout
4 ESR . Graphic
lout"tofiiC | | (lout+AIL2) ESL *Al /ton hosesionl
10pF uF MK T7mv 7.8mV 0.2mv ~B0mV
220F 16yF MK 33.8mV 5.8mv 0.4mV =~36m\V
47yF 34yF MK 15.9mV 4.3mv 0.4mV ~18mV
33uF 27uF TPA 20mV S54my 1.7mV =75mV

Table 5. Ripple characteristies of Input capaciter in a step-down converter
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