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Week 3 Lecture 1
Summary

« Section notes
— Slides 3-11 — Buck converters
— Slides 12-21 — Current sensors and waveforms
— Slides 22-31- Commercial chip characteristics
— Slides 32-34 Convertor efficiencies
— Slides 35-69 — Homework review
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When to use: Typically when Vyy is 3x to 5x Vg
and | gyy is > 0.5A and < 5A

Characteristics: Easy to design and good
efficiency for the above-mentioned typical

V.,ﬂwﬁlm conditions
Devices to use: All buck integrated regulators
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Synchronous Rectification in High-

Performance Power Converter Design
— By Robert Selders, fr. Applicarions Engineee ’]
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Synnhrunnus buck
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Function: Step-down Wum <V

When m use: Whu jency is required
or low duty cycles
n-lﬂ'nrlm-c 5A)

eristics: A second switch replaces the
dmda in ﬂm basic buck topology, reducing losses
in the conditions mentioned above

Devices to use: Any “synchronous rectification”
buck integrated regulator or controller

Figure 2: Step-down configurations
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Fig. 3. The TrueDrive gare-drive architecture {low-side anly) from Texas
Instruments places bipolar and MOS transistors in parallel to defiver
the rated drive current while lowering the pull-down impedance for
better dv/dt immunity.



Ultrafast Transient Response
2% ﬁ“uu]’ with a 5A StEﬂ

25pus/DIV

Vm: = 12‘1&?. vﬂl:‘r = 1.9V, OA to 5A [ﬂad Sll‘l'[J
(Cour = 3 X 22uF CERAMICS, 470pF POS CAP)
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Fig. 1. Simplified schematic of a buck converter.






Current Probe Insertion --- Correct Location “

The correct location to introduce a current probe (or current sense resistor), for any
topology — is in series with the inductor. Note that this is the length from the switchit
node to the output capacitor. This particular "stretch of land” is nof critical.
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(also non-critical in terms of PCB layout)




Connect for Vi, 3.0 - 4,0V

Open for Viy 4.0 - 5.0V *ﬂ g ‘* ‘-fd

£ I
Increases switching (Increases
requency) current limit)

Fig. 1. This synchronous buck converter is aptimized for minimum .iw:‘!fhﬂ' and conduiction losses.
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Fig. 2. A simplified schematic of a uultiphase uncoupled buck regulater (a) illustrates the two basic
switching actions. in state one (b), STH and $2L are closed while S1L and 52H are open. The input

then sources energy to L1 and the output, and L2 sources energy to the output, In state tweo (c), S11
and 52L are closed, and S1H and $2H are open. Thus, WWMM
These operations are reversed for states three and four (not shown),
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Multiphase interleaved buck converter. (Courtesy of Intersil Corp.)
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Fig.3. In the uncoupled two-phase buck, the phase currents are

out of phase.
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Up to 2.5MHz switching frequency

>4MHz sync capability

Minimum pulse width <25ns

Fast current limit: <35ns

Built-in 180V start-up circuitry

<1mA quiescent current

Built-in MOSFET driver: 3Q sink, 72 source
Programmable undervoltage lockout
Programmable soft start

Resistor programmable current sense threshold
Primary power limit for fault conditions
Low current <5uA shutdown mode

50% duty cyel2 limit with MIC9130

75% duty cycle limit with MIC9131

16-pin SOIC and QSOP packages

QEI/&Q‘;‘-I,



Applications:
B Low-voltage, high-density distributed
power gystems

W Point-of-load regulation for
high-performance DSPs, FPGAs,
ASICs and microprocessars

W Broadband, networking and optical com-
munications infrastructure
B Fortable computing/notebook FUs

Features:
W 3-V 1o 6-V input

B 20-mL), 12-A peak MOSFET switches for
high efficiency at B-A confinuous output

B 0.5V ip 3.3-V adjustabie output vollage

W Wide PV frequency — fiked 350 kHz, 550
kHz or adiustable 280 ke to 700 kHz

W [0 protected by peak current limil and
thermal shistdown

B Complete set of design tools: EVM, soft-
ware tool and datasheets

B TPS5461x starls at $4.99 per device in
quantities of 1,000
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e Switching Frequencies up to 4MHz

» High Efficiency Operation: Up to 96%
* Quiescent Currents as low as 10pA

* Very Fast Transient Response

» EMI Control Techniques Reduce
Interference

e Minimal External Components
e Small, < Imm Profile Packages



Fig. 1. Tirrn-an of the high-side MOSFET {not shown) produces a voltage
transient dv/dt across the low-side (synchronous) MOSFET, which leads
ro the off-stare current conduction thown here.
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Fig.2.Q_ ., and Q_ may be determined from the MOSFET gate-
charge curve.
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atures

» No External FETS or Schuttk}f} ‘,;’,{';"”)
Diode Required wtihes
* 10pA Quiescent Current 3@

* Up To 95% Efficiency

*2.65V to 10V Input Voltage (LTC1877)
*600mA Output Current

* <] pA Shutdown Current

* Selectable Burst Mode™ Operation

* 550kHz Constant Frequency Operation
Synchronizable from 400kHz to 700kHz

*Uses Ceramic or Tantalum Capac:tors
« Small, Thin 8- Pin MSOP Package



High-Efficiency LM1770 Synchronous Controller for Low-Voltage DC-DC Conversion







Efficiency (%)

>90% Efficiency Over Load Current
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Subinterval 1:

dvi(1) _iplt)
dt G

Subinterval 2;

dv (z] & ;c,(n L(J:D

Fundamentals of Power Electronics AT Chapter 2. Principles of steady-state converter analysis
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Analysis results Use dc converter solution to simplify:
VKDT . _ VDT,
Af, = Ai, = 20
. V + Vz . V.DT,
Ai, = ZL DT, Ai, = L,
Av, = -?;J - VRDIT
: = 2DRC, RC,

@: How large is the output voltage ripple? ‘l..% as nNo E '
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2.4 Cuk converter example

— T YT "), Tl

Cuk converter,
with idaal switch

<
3

Cuk converter:

practical realization Brmmbiiiony py | .' =
using MOSFET and | | +w- “
diode v, _llt ¢, \ &) r::,_[_ v SK

Fundamentals of Power Electronics W Chapter 2 Principles uf sivady-state converier analysis



Cuk converter circuit £ .z;:.l
with switch in positions 1 and 2 4
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Switch in positign,J: ‘ o T
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MOSFET conducts o+ vy b ¥ Ve = *
= b s
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Waveforms during subinterval 1
MOSFET conduction interval
= e ————

Inductor voltages and e——
capacitor currents: '

v =V,

Vap=—¥—-w

e =1 51‘1‘5 1"

"-i-—:-'i-' VE T e o o
a™h=F

Small ripple approximation for subinterval 1:
V= i"'rg

\ '
va==-V, -V, C‘f.’ “* g l"plc' 4avTeeSs Fﬂf .ﬁt
i =1,

p V.
‘f.'.:=fa""‘.i;.|£

Fundamentals of Power Electronics ' 3 Chapter 2: Principles of steady-state canvertor analysis



Waveforms during subinterval 2

Diode conduction interval g, ogp
Inductor voltages and
capacitor currents:

Y= Vg =¥

Vg ==V,
E£| =]
I s
I =iy = R

Small ripple approximation for subinterval 2:

vy = V=V,
V==V,
i =1,

. V.
1!‘,1:!.1 = Rz

Fundamentals of Fower Electronics ' AU Chapter 2. Principles of steady-state converter analysis



Equate average values to zero

=t Eguations from g on b

The principles of inductor volt-second and capacitor charge balance
state that the average values of the perbodlc inductor voltage and
capacilor current waveforms are zerg, ), whan the converter operates in
steady state. Hence, to determine the steady-state conditions in the
converter, lat us sketch the inductor voltage and capacitor current
waveforms, and equate their average values to zero.

Waveforms:

Inductor w:-ltag
Volt-second halanm

'Ll'r”

135 7 o
"oy
V.-v

Fundamentals of Power Flectronics - 42 Chapter 2: Frinciples of steady-state converter analysis




Equate average values to zero b

/nd ge 5

vt =¥, ?9 ‘L ‘
\:ﬂ'ﬂ i b .

V=V, f Average the waveforms:

{Vu} =I(-V,-V)+D(-V,)=0
{icy=DI,+ DI, =0

Fundamentals of Power Electronics Com Chapter 2: Frinciples of steady-srate converter analysis



Equate average values to zero

At

-V,/R (=) g v
. m— ! -
- DT,—1 | (o) =ls=gf=

Capacitor curravafmn ﬂ 1.4

il

Note: during both subintervals, the
capacitor current i,., is equal to the

dlff-;ila_mmmmum
_i> and the load current V,/8. When
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Cuk converter conversion ratio M= V/ V‘g
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Ch 1 Switch node

Ch2 Vgs low side MOSFET
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For the Sepie of Phm. L2 (above)
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