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Applicati@ns
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~ PDAs
¢ Palm it
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-~ Industrial applications _
* Process control * MP3
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Zoeries

«"Bulletproof™ raliability

sDynamic workload
managemant

sLeading-cdge security

=Leading single-aystem
risliability

=Leading turnkey
anvironimaent

*Support for mixed OS
workloads

eries

sLueading price /
performance

s“Industry-standard”

architecture
sLoeading integrated
SOIVEr management
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Architecture

a5G - Storage
sLeading price /
porformance
sScalable, building-block
design

*“Industry-standard”
architeciurng

= NT / UNIX workloads
sindustry-eading SAN

Ridutions

sLoading RISC
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sLarge SMP scalability
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Power Architectures

CLASS
Mobile

ARCHITECTURES

= Battery Technology Main Power Source
» Efficient DC/DC Converters & Power
Management

Low End

|~ Centralized Power Supply
_-_PuhtJDf-Loud Regulator (UP or Memory)

Mid-Range

= Centralized Power Supply
* Paint-Of-Load Regulator (uP or Mamary)
* DC/DC Reguiators Imbedded In FS
= Fully Distribuled Power Supply
* +12V Bus Voltage
Y #12V Input DC/DC
= Telco (-48Y) Varsion

High End

» Fully Distributed Power Supply
* +350V Bus Voltage
* +350V Input DC/DC

= Fully Distributed Power Supply
* +48VY Bus Vo

* +48V Inpul DC/DC
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Digital still camera burns up power

Standalone consumption: 2 W per Hlash, 500 mW per LCD view

LCD module

Boiwre: Fadrehild Semicondinim



Swoll Low To! f homes

' Low Noise
Inductorless Step-Down Blltcrr Ehlrlar
Boost Converter DC/DC Converter IunLt Converter
LTC3200-5 LTC3406 13460
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Whits LED Driver
LT3465/A

Manager

Converter
LTC4410

LTC3440A
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Tiny & Efficient Power Solutions for Handheld Products
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95% Efficient DC/DC Converters

Imm Tall Power ICs Shrink Handheld Products



Entry Level Engineer Expectations

Proficiency

v Switching power supply technology

v Analog circuit design and analysis
techniques

v Understanding of magnetics

v Simulation skills
* Basic understanding

v Communication skills
e Written
¢ Oral

v Teamwork experience and skills
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| Isolated AC/DC Power Supply
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I Summary - FWM single inductor convartars

A. Eight circuit topologies and DC transfar funclions
WMD) where M{D) = V'V = (D). Its crucial to emphasize
that we assume LOSS LESS CIRCUITS BELOW.
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, - A high-efficiency converter
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A gofai ot currar?t converter technology is to construct converters of small
size and weight, which process substantial power at high efficiency w]‘
R

Fundamentals of Power Elactronies 6 Chapter 1; Introduction



Part I. Converters in equilibrium

Inductor waveforms Averaged equivalent circuil
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4.3.1. Transistor switching with clamped inductive load
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vall) =v,(1) =V, transistor turn-off
L0+ i) =i, transition
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Switching loss induced by transistor turn-off transition

Energy lost during transistor turn-off transition:
—————
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Similar result during transistor turn-on transition.
Average power loss: s
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Switch realization: semiconductor devices
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Efficiency vs. swilching fréquency
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Switching losses are equal to
the ather converter losses at the
e asympiote critical frequency
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This can be taken as a rough

W% upper limit on the switching
frequency of a practical
. converter. For £ = f . the
efficiency decreases rapidly
with frequency.
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Linear regulator
Vi

bour

—— Vour

Function: Step-down (Vs < Viy)

When to use: Typically when lgr < 14, ultra
low-dropout, and low-noise a ations
Characteristics: Excallant option where fixed
output, low current, and low voltage drops sre
required. Easy to implement

Devices to use: Any low-dropout, linear regulator
Comments: Great for micropower applications



\\

AR
JORS
£

VLDO™ Regulators Down to Viy = 0.9V and Voyr = 0.2V



I"o"li'cru'puwer, Low Noise,
Ultra Low Dropout 150mA
Linear Regulator

* Vy: 1.6V 10 6.5V

* Low 90mV Dropout at 150mA Oulpui
30mV Dropout at 50mA Output

* 40uA Supply Current

* Low Profile (<1mm) ThinSOT Package




Non-synchronous buck

Function: Step-down [Vyyr < Vig)

When to use: Typically when Vi, i5 3x to 5x Vi
and lgyr is > 0.54 and < 5A

Characteristics: Easy o design and good
efficiency for the above-mentionad typical
VVour/l gur conditions

Devices to use: All buck intagrated requlators
and controllers
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What if the inductor current wanted to go negativa with a
diode in the circuit?? What would accur??

2. DISCONTINOUS CONDUCTION MODE
An exira peried “d” oocurs in tha switching that is craated by
circuit topology conditions, nat by tha switch drive alone
For example, swilches may closa ar open due to circuit
conditions alone a3 when a diada will nol conduct in the
opposite direction even though the controlled switch asks it
o do so0. This change occurs during a portion of a switch
bme interval and is indepandant of gate signals.  Another
example would be a bipolar transistor which conducts in only
ane direction and not in the opposite as MOS transistors can
do.. The onset and duration of this “out of control® interval
are not s&t by control swilch signals but rather by the circuit
conditions as we will see later.

Balow we show this interval “d” and the associated
switch voltage and inductor cumrent waveforms.



NOTICE ABOVE THAT THE INDUCTOR CURRENT
CANNOT GO NEGATIVE IN THIS TOPOLOGY AND
CHOICE OF SWITCHES, Be careful, olher circult
topologies and switch chaices could allow a negative
inductor current 1o occur.

FOR A SPECIFIC EXAMPLE, consider below the switch
mode circuit where | (leakage) of a transformer causes a
dead-time t, when

| {leakage) discharges. This leskage inductor ig not on your
original circuil design. I is a parasitic element of the real
transformar which modifies the ime durstions expacted from
switching via control signals alona.



L |
Features
« Complete, easy-to-use switcher solution has smallest
tootprine and highest power density in the industry
¢ State-of-the-art 13 ps minimum ON-time allows for

high conversion ratigs without the need to reduce

switching frequency or increase solution size

* Choice of E_\zhghiug_ﬁnq.umsj,es allows designers to
rrade off efficiency agai ion size and EMI

= Current mode conrrol improves phase margin, line
regularion and rejection of transients

= PWM provides a predictable, casily filtered swirching
frequency for reduced output noise

* Internal softstart circuitry, cycle-by-cycle, thermal
shutdown, and over-voltage protection

* Available in Thin 50T-23
packaging (1.0 mm height)

Ideal for systems that need to convert 3.3V, 5V, 12V,
or 16V intermediate rails to 1.5V or less where solution

size is critical
| bueX




Complete, Quick & Ready.
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Fig. 3. Currents in the inductor and filter
capacitor (C,, ;) of a buck converter.
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Buck converter with synchronous rectifier

eV e A e T s came i eie SR s R AL AN e A et W T

« MOSFET 0, is
comtrolled to turm on

’j P A L it whan diode would
é Jds1 il O normally conduct
!
(_-|_ - _L v Bemiconductor
v, = Vi o conduclion loss can
0 i T he made arbitrarily
=t small, by reduction

of MOBFET an-
registances

« Usetul in low-voliage
high-currgnt
applications
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Buck converter with synchronous rectifier
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Semiconductor
conduction loss can
be made arbitrarily
small, by reduction
of MOSFET on-
resistances

Useful in low-
voltage high-current
applications

Chapler 4: Switch realization



Synchronous buck

[ o F

Function: Step-down (Vgyr < Vil

When to use: When high efficiency is required

with high-output currant (> 5A) or low duty cycles

(Vi > 5 x Vigur andfor | gy < 0.54)

e e e
m

in the conditions menticned above o

Devices to use: Any “synchronous rectification”

buck integrated regulator or controfier

i o i
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Buck CONVERTER
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4.1.5. W
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4.1.5. Synchronous rectifiers

o R roas s WL R R T A e o o PP AT

Replacement of diode with a backwards-connected MOSFET,
lo abtain reduced conduction loss
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ideal switch conventional MOSFET as instanianeous i-v
diode rectifier  synchronous characteristic
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Efficiency (%)

=¥ Four Phase

7 T T T
D 50 100 150

Load Current (A)

Fig. 7. Power-conversion efficiency for different implementations of the VAM design.
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One can show for R, small, V, should be the average value
of V; = D4V, hence we gan control motor speed by varying

cibarNaorD: wimatar) = DVik
e

The left side of L Is fixed at V; (raw do) and the right side of
L is swilche J from Vo, to ground. Again L keaps KWL

violations frgm mw duﬂg m g
1 For the switch Lo
——TYY Y Y \_\D— around:
‘%
v, v, i
I Fnrthe swilch o Ve

ﬁ'ﬂL_v“} {Als)

Here, VLAL=11{1-D=1/0. This gives oulpul greater than
input.
(mmam)  veovos
= VN, = 10’ = 1/04,D=08
T
Unigyue (D) for Boost tepology

Verify 545, = DD’ = 0.6/0.4 = 1.5 = 3020



We can consider the | as transforming Vg mlo a current
source input to the switch to achiowe,

Voa = Vin/(1-0) and i = lowf{1-0).
Note Piy = Puw both on avirage and instantaneously, as we
assumed zero losses in the converter switches as well as L-
C components.
Considar the boost circurl below;

it
Con DRV IEV
b 34
o
Goal: V=5V bul] v Low E™ v
Vo= 120V + O oN iw
Pia = Py = 50W
Hence [gLaeploss | = 10A and L, = 0.42] ¢
Tew 15 Txed al 20 kHz ] Ik"‘
of Ty = 50 s

Sodution = The off time of the switch ransistor is:
D = 5120 = 0,042 Recall D+ D'=1

] mmmmmwwizwmmm
the 120V,

For the lossless operation |, = 5005 = 104 and we spacify

Al = #0.1% = + 1A, TL‘EWMEEE“
e = L difdt{on time nsigtor)
5 =L (0.2 AM7.8 us)
L= 1.2 mH 1o insure Al < 0.01. Fer lossless operation
la = 501120 = 0.42 A Our AVoy = 120%+ 0.01 = + 1.2V
this AV, sets the C choice




High Frequency, Monolithic, Efficient & Tiny



%art No. Viy Range | Vgur Max. lisw) Fs:q":::g Package
T®1935 | 23Vt 16V | 38.0V 2A 1.2MHz ThinSOT™
T3489 24Vio 16V | 38.0V 2.5A 2.2MHz MS8E

4mm x 4mm QFN-20,
13477 25Vto 25V | 40,0V 3A 3.5MHz TSSOP-20E

4mm x 3mm DFN-14
13479 25Vio 24V | 40.0v 3A 3.5MHz TSSOP-16E
TI370HV | 2.7Vto 30V | 40.0V 6A 500kHz

10-220, T0-263




i = C dvhdt{olf ti diode) [ ¢pe
gazs -Cl;?fz.tps % }5\‘ W
G:-ﬂsifﬁrggn-ﬂg,ﬂi ,
Filtni fpmuelaj_raurs.eirﬂ'lala

+.50.05 time jiltaron
the lansisloc suilch e Gauses Ve to vary from 117 to
123 Voor + 2.5%.

G’M'}Tﬂhipﬁ

4. Buck-Bagal Clouil Topolegy

Boltom of L is fied al ground whike e lop side
gwilches from WV, o V. For the case of leedback in the
gircuit, V, could be crude reclified DG and V., regulated DG,

Here Val'Vis = DID" and the oulput is opposite polarity o
the input moreover we overcome the Vs = Vi, limitation of
the buck and the Vee = Vi, limitation of the boost. No KVL
violations occur as each voltage supply only sees L which
appears as a cument Source,
For analysis below we assume bolh do nol vary over T,

I—O O Swilch al Vy
5= LiArs)

v Vo Swilch sl Ve

sg= (A s)




97% Efficient Single Inductor Buck-Boost Controller
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A noninverting buck-boost converter incorporates n- and p-channel
power MOSFETs,
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Eme for L8

SIMPLE SWITCH MODE CONVERTERS

= '..‘{..vnﬂrvm;-v,,
i - H 10 «{(D)=0
sNever get
negative outpul
T buck s o “o1 0s 10T eVyfmin)=0
 thiat Vi < Vi only
Eﬁfﬂm l'l «HO)=11{1-0)
: s sNever get zero
]- = "’/’ \wa“t o
L (rin) 2
BOOST T
The boost is limied in oz ae 10 P VimVocV,orV,
Tt Yoy > 'y Oy
&k 9,02 ¢ . eHO=DA1-D)
0 ol * _1 [, g:
I ':"1 w.rl \,
- ViV, = Mpe
3UCK-BOOST he forD="%
T busck oot is rmited
o negative voltages

4. UNSYMMETRIC i, AND v WAVEFORMS OF
EQUAL INTEGRATED AREA IN THE ABOVE THREE
CONVERTERS
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Kevicw '2.1-)16 Comverders }SHM
fov \lawer EmMc/ c:me

transfar function follows the same principles. All pro
fram O to nV,.

" .l\-ﬂ — . ‘
st wan i =

b ?Fjj A
w?‘”{ 12
IR

(-hit ; 2

g &bk Sovmd ntmbam o e bt rha o Sl g phaglle-vwee soaecrian pning b=b
aiam.

Note: Of the above, only Gulk hiis negative Ve, Wit v, and Ve
varias fram 0 1o DI, for all of the double LIC converiars.

B. Lossless Cuk converter M{D) analysis



Swilch

W fink I | Moce Vi
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§
Incidentally, some switching signals have wyfﬁmv nf.ciﬁb ¢

g (switeh

u"‘

Previously, we saw that for an equal duration square wave
{d = ') the fundamental ac component of the signal has
an amplitude 2veon. We will consider the attenuation of the
filter in two ways on the next page:

+ A rough transfer function approach

= An infuitive ripple estimate approach



LP385x family of CMOS
low dropout regulators
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LP3853 dropout voltage vs. output load current
VOUT - 2.5“

! T

1] 0.5 1 15 2 “ -'.' E ]

Output load current (amps) s
= = 125°C - = 25°C T
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Hopefuily this tited cwarvies will be keptin mind as we
procesd in the course. Each sulyzection {gkes so much
eflo Uhat we easily ose the overall gosl.

I section B we gter the infroduction te the wavedorns
foaad dn the PWH converlers, Thei shape and thei
rsthempbcal iepragentation. Again this malenal w rean



Non-Isolated DC/DC Power Supply




Isolated DC/DC Power Supply

Fairchild Power Switch Optically Isoloted Error Amplilier




L1737
: L1952 | Synchronous. Programmabie voll-second clamp
Forward Controtlers | LT1950 | 5V 10 25V input vliage ange; Onboard uilry boas Convarsr
LTC3800 Secondary side synchronous rectitier driver for forward controliers
2-Switch Forward LTC3706 | PolyPhuse™, No need for saparats bias
Contrallers LT3781 T2V pparation; wﬁﬁmm
Push-Pull Hall- & | LTC3723 | Synchronous; Adjustable dead-time and synchranous timing k
Full-Bridge PWM LTC3721-1 | Adjustable dead-lime; 4mm x 4mm OFN package
Comtroliers LTC3901__| Secondary side synchronous driver for push-pull and full-bridge
Current mode with o control
m LTC3706 | Fast, PolyPhase current mods
Controliars LTC1688 | Secondary side synchranous rectifier controlisr
ulated auxil in isolated DC/DC convertars;
et o MG ?yl!dlrmm dﬁr:ugmnnmmmnh current limit
Comvators [T [ agulates o sacondary outputs; Integrated optocoupler driver
LTC4440 | 8OV aperation; 100V transient tolerant, Fast gats drive
MOSFET Orivers | [TC4441 | 6A peak output current, 5V to BV adjustable gate drive
_ LTC1693 | Singls & dual N-, P-channal MOSFET drivers 50-8, MSOP
 Dptocoupler Driver LT4430 | @00mV, 1% soourate overshool _ ThinSOT
Dvervoltage +2% overvoltage threshold accuracy, Gate drive for SCR crowbar or
Controlier | LTC1696 | onnal discannacs MOSFFT. Mnnitare fun nutout wnitanes
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