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BEFORE AND AFTER: A new mobile phone prototype from
Infineon [bottom] has half the number of components of a typical
handset [top]. Integrating several ICs into one chip was the key.



In reality actual efficiency values are B5% lo 90% due to
lnsses in the parasitics.

The switching regulator generates very high lransienls of the
alactric and magnetic fields at 200 kHz. This generales both
conducted and radiated electromagnetic noise, This noise
can be easily higher than the 5% lolerance window of the
supply voltage 3.1 V' for the Pentium, To avoid malfunclion
of tha procassor i is necasaary to filker this nokse lor all
conditions. Mareaver, this nose must not pollute the ac
mains.

Which ragulatar, Example 1 or 2 is a bost choice for a laplop
computer?
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Function; Step-down (Vgur < Vin)

When to use: Typically when g7 < 1A, ultra
low-dropout, andh%ﬁ@ns
Characteristics: Excellent option where fixed
output, low current, and low voltage drops are
required. Easy to implement

Devices to use: Any low-dropout, linear regulatt
Comments: Great fn; micropower applications
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Fig.4. In a two-piece battery charger composed of a linear power supply
and a resistive linear requlator, overall efficiency is typically around 10%.
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Fig.5. A two-piece charger with two-switch mode components improves
efficiency over the linear charger significantly.
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1.1 Introduction to Power Processing

Yovler ¢
Power Switching Perwer
i canverter ol
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Q) Dec-de conversion: Change and control voltage magnitude
@ Ac-de rectification: Possibly control dc voltage, ac current
& )Dc-ac mversmn: Produce sinusoid of controllable
magnitude and frequency
@Ac—ac cycfaconvers;on Change and control voltage magnitude
Hel and frequency
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Chapter 2

Principles of Steady-State Converter Apilﬁis

2.1. Introduction To 3}‘\7

2.2. Inductor volt-second balance, capacitor charge
balance, and the small ripple approximation

) read for nest clus

2.5. Estimating the ripple in converters containing two-
pole low-pass filters

2.3. Boost converter example

2.4. Cuk converter example

2.6. Summary of key points
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Objectives of this chapter
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Develop techniques for easily determining output 1
voltage of an arbitrary converter circuit / nft’
nee

Derive the principles of inductor volt-s
and GWW C hesx

Introduce the key small ripple ximation Ce ot

Develop simple methods for selecting filter element
values

lllustrate via examples
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2.1 Introduction

SPDT switch changes dc
component

Switch output voltage

waveform

Duty cycle D
0=D=1

complement 07
D=1-D
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The small ripple approximation

Boetds Qe
ml-l*"ﬁrm iy

it 1)

Wil s
,.n"' i) = ¥4

L
¥,

W)=V 4w, (0

ﬂ-l'.r'ﬂ;l'lfmﬁll' v

In a well-designed converter, the output voltage ripple is small. Hence,
the waveforms can be easily determined by ignoring the ripple:
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Dc component of switch output voltage
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2.2.  Inductor volt-second balance, capacitor charge
balance, and the small ripple approximation
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Addition of low pass filter
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*  Chooss filter cutoff frequency f; much smaller than swi‘tzing J
e —

ﬁ'equencyﬁ
*  This circuit is known as the “buck converter”
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Buck converter analysis:
inductor current waveform F‘j 18

switeh in position ?/
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Inductor voltage and current
Subinterval 1: switch in position |

T e & =
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Inductor voltage
V.=V, = wt)

Small tipple approximation:
weV-V o Constamt @ver

Knowing the inductor voltage, we can now find the inductor current via

with=1L d—i-j?]
L]
Solve for the siope: L
di}@_n_m,h-“ = The induetor current changes with an
‘TR L ;
assentially consiant siope
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Fundamentals of Power Elsciranics 10 Chapter 2: Prinviples of steady-state converte atnalysis



Inductor voltage and current
Subinterval 2: switch in position 2

Inductor voltage A
tovdy - f.ith j
1":,{,” =- V‘“.} <
¥ L [ K< v
Small ripple approximation:

wiy=-v Congkast —

Knowing the inductor voltage, we can again find the induetor current via

vilr) =L d!:i?] N
by
Solve for the slope:
difty v = The inauctor current changes with an
dr L essentially constant slope
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Inductor voltage and current waveforms
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Determination of inductor current ripple magnitude
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The switch changes the dc voltage level

Wiy g D = switch duty cycle
0sD=<1
. 0 = T, = switching period
:- = DT, _pq-“_,'_'_:)'r‘_ i I
| switch ] : t
, i 1 s ; | I, = swilching frequency
| _ ! =1/T

Wy
DC component of v (1) = average value: £$ t &.3 - 7 !

VI:%-‘_[T‘ V1) dr = DV, kl‘-— e&*db‘}j
= t
Tk ebbeks
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Inductor current waveform
during turn-on transient
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When the converter operates in equilibrium:
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Fast Transient Response
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Vour = 2.5V

Coincident or Ratiometric Tracking
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Inductor dafining relation:
di (1)

win=L dr
Integrate over one complete switching period:

("
iT) =i =1 ("o a

W0

In periodic steady state, the net change in inductor current is zero:

0= _':r v (1) dr

An equivale
0= Hﬂ vy di = (v,)
The average inductor voltage is zero in steady state.

Fundamentals of Power Electronics 13 Chapter Z: Principles of steady-state converter analysls



Inductor volt-second balance:
Buck converter example

— i e
"Lr”

Inductor voltage waveform,

Integral of voltage waveform is aréa of rectangles:
A= J:* vty de = (V, = VIDT) + ( - VID'T)
Average voltage is Sw 4 oM P Swig, ON
(w)=f=p0v,-v1+p(=W)
Equate to zero and solve for |/
0=DV, - (D+DW=DV,-V = V=DV,

Fundamentals of Power Flectromics: 16 Chapter 2. Principles of steady-state convertor snalvsis



W n
The principle of capacitor charge balance:

Derivation

. . o “I-‘*‘"W
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Capacitor defining relation:

dv A
it

Integrate over one complete switching period:

vl T) = vl 0) = %J; i) dt

il=C

In periodic steady state, the net change in capacitor voltage is zero:
Y. »
0= TL i) dt = (i,

Hence, the total area (or charge) under the capacitor current
waveform is zero whenever the converter operates in steady state.
The average capacitor current is then zero.

Fundamentals of Pawer Electronics C W Chapter 2 Principles of steady-state covtverier analysis
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Use of a SPDT switch
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2.1 Introduction

Buck converter
1
SPOT switch changes dc ' © / * +
componant 2
Ve v R g i)
. GO
Switch output voitage Yy
wavsform _
DI, e s DT,
Duty cycle D I 0 .
0=D=1 0 nr, T '
Switch ; :
complement D' fressition: | : 2 ! |
DD=1-D
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Dc component of switch output voltage
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Fourier analysis: Dc component = average value

(n)= 4| vena
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{v)= 7 (DTV) =DV,
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9.5 A 100-Watt active-clamp farward converter
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LM5000 family, the complete sofution for distributed power architectures
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+ Turns on up to 4 DC-DC converters sequentially

v Eliminates the need for optocouplers

v Timing can be programmed using external resistors
v Programmable UV and OV




asseriing a fauk condition running, wit havunt interrupting the
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Fig.3. This hot-swap controller (MAX5933A) protects the power bus bus against inrush current

spikes and shor short-circuit faults, T iamish




» 15mm X 15mm x 2.8mm LGA with
15°C/W By,
~» Pb-Free (¢4), RoHS Compliant
» Only Caurx Required
+ Standard and High Voltage:
LTM4600EV: 4.5V < Vpy< 20V
LTM4600HVEV: 4.5V < Vjy <28V
» 0.6V=Voyr=5V
* lour: 10A DC, 14A Peak
« Parallel Two pModules for
20A Output
Ultratast Transient Response
2% AVgyy with 2 5A Step

= % w 22uF CERAMICS, 470uF POS CAF)



LR8: HV Adjustable

The LR8 can be used as a stand-alone linear
regulator or as a PWM start-up circuit










Fig. 1. The basic charge-pump circuit can
be used for regulated stepdown charge
pumps, inverting regulated charge pumps
and inverting unregulated charge pumps.
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Effective capacitance
(% of rated)
& 8 8
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Pulse width (ms)

ig.3. The effective capacitance of different capacitor technolo-
Jies varies as a function of pulse width.



Option 3 Option 4

(Etuotvocopsotancaim) | 80 | a4 | w | v

Voltage drop (V), GSM pulse 0.18 0.30 0,50 037

Table 1. Four potential soiurions 1o the design problem,
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Design parametei Value

2.0 A max

Table 1. Design problem summary.




PCMCIA

PCMCIA bus

3.3V
1A I
Current limit — v

Fig. 2. The capacitor in this simplified circuit diagram must deliver the
required current to the GSM transmitter while limiting the voltage drop
to 0.3 Vor less.

*n e T e mam Lk ——



| {Am_
2 _.

0 : y T
577 s i Vipee)
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Fig. 1. During GSM transmissions, the power amplifier transmits a pulse
lasting 577 ps. The capacitor supplying this current must charge during
the remaining portion of the cycle.
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Fig. 4. Paraﬁeﬂng three tantalum f:ﬁ};;c;cf—
tors provides 6.6 mF of capacitance with
an effective ESR of 12 A



