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" T Power Management Focus

" T| System Power Supply Update (PFC, PWM, etc.)

" TI Design Tools

i3 TEXAS
INSTRUMENTS




Tl Power History

Tl has built the leading power
management business

Power supply in small
and energy efficient
products

Battery management for
power tools, e-bikes,
medical, hybrid
vehicles, auto

Oct. 10, 2007

Developer of
high-performance

power supply plug-in
modules

Key product
development in linear

regulators and powe
Switches X

1999 Nov. 2000
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Tl Total System Power Solutions

AVA N Yy %é
oy, T ded -
X | 2s
Down- MO.SFET é_co/c;(l: 37 l
Sgéfgrg Drivers IsDoé(/a\éeCd I
— —
i 1
H Local FBySgIT
Isolated Isolated DC/DC Bven
Feedback Feedback
Boost Flyback Flyback Synchronous Buck MOSFET
Interleaved Boost  Forward Forward Boost Ciclon MOSFET
Flyback 2-switch Forward 2-switch Forward Multiphase Sync Bucks
Half-Bridge Push-Pull Push-Pull
Phase-Shifted Full-Bridge Half-Bridge
Resonant Mode Phase-Shifted Full-Bridge
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Complete System Power Solutions from TI

High Performance Power-Optimized Fully Programmable
Analog Solutions Digital Controllers Digital Controllers

PEC Iso. DC/DC Stage
E » Analog PFC Controllers * Analog Controllers
'_I_'I_ « UCD30xx PFC Control « UCD30xx Controllers
g » F28xxx PFC Control « F28xxx Controllers /
» Gate Drive & Bias * Gate Drive & Bias

Tl Solutions Cover the Spectrum of Power Applications
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Price/
Performance

A

; uCD3040 b

80-pin Dig. Cont.

4A Dual Digital
Compatible
Gate Driver

4A Single Ended
Digital Compatible
Gate Driver

, UCC28070 j

2-phase CCM PFC

{ UCC28060/1

2-phase TM PFC

, UCC28019 }

PFC Roadmap

Piccolo B

_ &
Piccolo A

&

UCD3040

64-pin Dig. Controller
Multi-Phase Int. PFC

; UCD3020 b
48-pin Dig. Controller { uUCD3028 3
Multi-Phase Int. PFC

40-pin Dig. Controller
Multi-Phase Int. PFC

{ ucc28019A

Single Phase
. Enhanced 8-pin CCM PFC CCM,DCM, TM PFC w/ LL
8-pin CCM PFC Samples Today Management
I I I I | >
I ! ! ! | i
2008 2009 2010 2011 2012

I
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UCC28019A 8-Pin CCM (ACM) PFC Controller

Features

Annlications

Complete 8-pin Power Factor Solution using Few + Desktop and Server P/S

External Components
Average Current Mode PWM Control

External Current and Voltage Loop Compensation

Fixed Operating Frequency (65kHz)
Cycle-by-Cycle Peak Current Limiting

o LCD-TV and PDP-TV
+ Hi-Power Adapters

Over Voltage & Open Loop

VCC Under-Voltage Lockout Input Voltage Brown- Detection Protection
Open Loop Detection; Over-Voltage Protection Out Prqtection

Output Under-Voltage Detection Q\ 1.5A/ 2A Source/Sink

Input Voltage Brown-Out Protection MM

Enhanced Dynamic Response L] ] % T
Soft-Start to Limit Start Up Current o] 1 oy

8-pin PDIP (P) and SOIC (D) packages T A

Average Current

Mode PWM Control § | § | ____4% §
Tes L T

Sy

/
J

|
f

8-pin PDIP and

SOIC packages Current and Voltage

Fixed Operati -
Pzl ClaElEling Loop Compensation

Frequency (65kHz)
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UCC28070 Interleaved-CCM PFC

UCC28070 enables the benefits of a 2-phase interleaved CCM architecture
and more in a single-chip Power Factor Correction (PFC) IC solution

Current ripple cancellation on input filter
and reduction on output capacitor

Current Synthesis eliminates 2 current
sense transformers and improves
efficiency

Frequency dithering reduces EMI
Improved transient response
Complete system-level protection
» |IC protection
— Under-Voltage Lockout
— Thermal Shutdown
« Qutput protection (non-latched)
— Soft-Start
— Over-Voltage
— Open-Loop
— Peak Current Limit
— Power Limit

Y-

A A5

i
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UCC28070 180° Interleaved-PFC Benefits

110V input A 110V input

>
1200W output — P 1N 1200W output
—— 5 e AR T

Single phase
Al = ~6Appk

l ' E H | Vin
| g T.L g ; ;DJ Two-phase ~3.7Apk

E

\H—«
—L*

Two-phase
Al = ~1Appk
eCancellation Effects by Interleaving
Differential Mode Noise reduces input current ripple dramatically.
1 phase 2 phases

__________________________ *Reduced ripple allows smaller EMi filter
S design.

standard . .
*Interleaving also reduces rms current in

output capacitor.

eLower rms current allows smaller, fewer or

fs 2fs3fsdfs === cheaper caps and higher reliability.

R2

RDS Cz2

13 TEXAS Cr2
INSTRUMENTS




UCC28070 Innovations and Benefits

/@\ > ’m\ vouTt
— ] L.
H Tl
e‘ ' 12V tp 22V
RTD - ML

()
Sa
E— Fixed frequency =
< 7]
Frequency dither ( ]
\
\ —
Frequgncy
DREV IS *Frequency dithering reduces EMI peak lo Senseld Snthesived
signatures, allowing smaller filter design. \, b 9Y
\\ \\
*Discrete Vrms detection levels eliminate / N / A
. . . N\ N\
THD contribution and increase response to N \
line changes with minimized gain variations.
*Current synthesis eliminates 3 lossy
85vrms resistors or 2 of 4 sense transformers.
*Higher efficiency, smaller volume, less -

complexity, lower cost.
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UCC28070 Implement Bridgeless PFC

N N

“ﬁjé T\Ahaveform at- Synthesized
g\i O Fijl%x input down-slope
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Price/
Performance

4A Dual Digital
Compatible
Gate Driver

4A Single Ended
Digital Compatible
Gate Driver

: "I 3

120V HB Gate
Driver

Intermediate Bus
Controller

4A Sync FET Driver

a

Isolated DC/DC Controller

. Piccolo A !ﬂ
i UCD3040 y

; UCD3040 ﬁ

80-pin Dig. Controller

Piccolo B
&

64-pin Dig. Controller

; uCD3020 h

48-pin Dig. Controller

8Pin LLC Resonant Controller

{uccasa7a)

Current Mode Active
Clamp PWM Controller

; uCD3028 ﬁ

40-pin Dig.
Controller

, UCC28950 J

Phase Shifted Full Bridge
Controller w/ Sync FET
Control

Roadmap

I

2008

2009

2010 2011

2012

v

I
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TI UCC25600
8 Pin Resonant Half Bridge Controller

Features
= Adjustable Soft start (1ms to 500ms)
= Adjustable dead time  [[]1 () g [ ] GaTEL
= Adjustable F_,, .« & Faymin (3% accuracy)
= Jo=+1A/-1.6A
= Enable (ON/OFF control) oC LL{® ° LI enp
Protection functions ss || |4 5| | | GATE2

= Two levels over current protection
= auto recovery
= Jatch
Ready

= Bias voltage UV and OV protection e
= Qver temperature protection
= Soft start after all fault conditions

SOT 8 pin package= Easy design and layout

RT 2 7 VCC
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Application Circuit

[ss0-4002>
<
) o>
:
i
<
H
2
| o
Programmable dead time
Frequency control with minimum/maximum frequency limiting }

Programmable soft start with on/off control
Two level over current protection, auto-recovery and latch up

Matching output with 50ns tolerance
- i3 Texas
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LLC Resonant Converter with Wide
Operation Range

/l// ‘-.E\\ -
< A
— I/ X =
L T — Vo NG
: g l ~ % /// N~
— = : ‘

Resonant f, = 1 Transformer n = Vin /2
frequency 2rAL.C, turns-ratio V,
Cr Lr n.1:1

»At 400V input, switching frequency is resonant frequency

»>During Wﬂdup time, switching frequency is reduced
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Operation Principles
At Resonant Frequency

maximum efficiency is expected

» At resonant frequency

OOOOOOOOOOOOOOOOOOOOOOOOOOO
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Operation Principle
Below Resonant Frequency
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»When switching frequency is below
resonant frequency, magnetizing inductor
begins to participate in resonant and
increase voltage gain

»Secondary diode becomes discontinuous
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Operation Principle
Above Resonant Frequency

[)
......

1471
:j

»When switching frequency is above
resonant frequency, circuit behaves as SRC
»Secondary current becomes CCM, reverse
A \\ recovery loss increases
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YV V VYV V VY

Benefits of LLC Resonant Converter

—
#w
|

—
#w
|

ZVS can be achieved by utilizing transformer magnetizing inductor
Capacitor filter, less voltage stress on rectifiers

Smaller switching loss due to small turn off current

Variable switching frequency control, not sensitive to load change
Wide operation range without reducing normal operation efficiency

| é >

Ay
/1

o
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Impacts of Circuit Parameters

I\ — I\ —
I\ — \ —
I\ \
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Q=0.5
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Design Goals for LLC Resonant Converter

1= »
** | :

I .

Inductor Ratio Quality factor

Ay
A

Ln:L_m Q:\/Lr/Cr
L, n’R,

» Minimize RMS current under normal operation condition
» Ensure ZVS operation
» Ensure desired operation range
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Choice of Lm

Criteria 1. Primary RMS Current at Normal Operation
{E
<

A

1V, \/n“R 72

| = +4r°
RMS_P 42 nR, @
n.1:1

»Primary side RMS current is

- = >
- ﬂ
#W -
-«

determined by magnetizing

M inductor

» Larger Lm the better
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Choice of Lm

Criteria 2. Secondary RMS Current

IRMS_S

Primary side current

1V, [572°-48n°R°T?

=— - +1
4nR, \ 127

» Secondary side current is the difference between resonant tank current,

and magnetizing current

» Larger Lm the better

A4

74

N

induLi~tAar
| h.l UUILULV
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Choice of Lm
Criteria 3. Zero Voltage Switching

ILm (Max)

> Turn off current should be gple to discharge junction caps during dead-time

| < T 'tdead
"7 16C

€q
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Trade-off Design of Dead Time

1:dead ‘

Lo |

»Smaller turn off current
»Smaller magnetizing current

»Increase RMS current due to
duty cycle loss

1:dead l

L |

»Smaller duty cycle loss

»Larger magnetizing current
»Larger turn off loss
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Normalized Primary
RMS Current

Trade-off Design of Dead Time

Conduction loss

Switching loss

\

\\

\ \

N T O

N\
\

2 B
1.8
16 , Total loss
1.4 35 A
1.2 s \\
1 2 SN~ —
0.8 1
0.6 > | | | |
04 ° ? I;(:aoad timleS(ZnS) 0 =

» 100nS shpws the trade-off between the switching loss and conduction loss

0
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Achievable Peak Gain for Different Ln and Q

10 7

10 -

Vin=200V

20

0
5
0

'._g“oo (- 02 0.4 0.6 0.8 . o Ln
ngOO-I .a Q
5 mooljlﬂ4><220u|: > For each Ln and Q combination, the maximum
g o gain can be achieved is determined
« 800
@]
§ 600 3 2X220uF » Colored surface represent the maximum gain
= » : for different Ln and Q combinations f=
3 L -
S . .
T a0l — g - - J > Only certain Ln and Q region can meet 8

Minimum DEMC operation voltage (V) gain requirement
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Peak Gains for Different Designs

0.95 \‘\
: A
oss 1 Constant L m
0.75 v
\ Lm decreases
0.65 |— ’/‘ /Lr Cr
\\2 \\\\7’\9 e Q= 2/ L=
o 0.55'm\ \\ - _ R
0454 | \ >\J n°R
) —
ossx‘?" , /\ \\ L = 2 rf LnQ
. \ e 1.5\ 1.3 0
0.25
N\ 2
25 | S~
0.15 ‘ o2 e
T 3

0.05 .
1 3 5 7 9 11 13 15 17 19 20

Ln
» To keep Lm constant and achieve low conduction loss and switching loss at
normal operation, product of Ln and Q is expected to be constant

» Reduce Lm can help achieve higher peak gain
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Start Up Current Consideration

H_E
— 1<Q_<2
. 4.::_? 7 f:—.ﬂm?qu
Ip = 72 . Q,=""T"%
—— sin(—) £}, >2 Jy
4.0,
R, 10 F 1 1 T
I'T 12

o 2 3 ) g 6 7 :

Qq
Fig 9 Normalized start-up first peak current

» Larger Q value gives smaller start up current with less frequency range

“A Novel Precise Design Method for LLC Series Resonant Converter”, Teng liu, etc., INTELEC ‘06
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Design Flow Chart for LLC Resonant Converter

v NO

s == Peak gain enough? Yes
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Outline

" Tl Power Management Focus
" T| System Power Supply Update (PFC, PWM, etc.)

®" Tl Design Tools
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Switcher Pro Design Software

Schematic: TP55430EVHM-173 15% to 5% @ 3A

Vout: 3.000% Iout: 2.000A VinMin: 10.80% VinMa:x: 19.80%W What If Analysis

1 "
TPS5430 22uH
"".-"Iirl _________ Fi i PH g Ir‘m ""."Ill:lut
| et . |.¢8 -
| 1 = _I"" T
| Empty | [470Fi20 ZEns  BoOTH H ZS p1 | o i 1 c2 g R
- - c3 i T
0.071uF BI404 | Empty ! 220uF 10K
—ne vsensE R
= R2
e GND |2 g
. 21BKD

Gnd

#] show s h R Mote : Parts with bold blue labels can be completely modified, parts with plain black labels allow only name changes.

On-Line Beta Version Available at www.ti.com/analogelab

,
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http://www.ti.com/analogelab

Power Quick Search Tool

1 | TI Worldwide | my.TI | Search i Advanced Search
Technology for Innovators™ Keyword | |m
|
Products . Part Numnber | |m
oy ==+ ¢ Enter Vin, Vout, el [Add to my.T1
Powerl lout "\
\‘
Product T _
e Tool Recommends [ M Required
d Al Quick Search
products across
#- AC/S DG H Input Output 1
= eatted all lines i e e "
- Hot S Noeminal Vin (W) Vout (W) Iout (&)
— - Linean ® ] J
#- Plug-i
E [+ Power Management Special Functions —
#- Supervisory Circuits (192) = View Additicnal Criteria | Reset | |
#-Nen-Isolated Switching DC/DC Regulators
of - Application Specific Multi-Output Solutions (4
[+ Fusion Digital Power({TM) Control Solutions Resources
[+ Lighting and Display Solutions
F- References SWIFT De .
ﬂ SWIFT Designer Software
e r
- . Des=ign Step-Down DC/DC Circuits Quickly with SWIFT
Selection Guides (Switcher with Integrated FET Technology) Designer
Software
Power Management Selection Guide # Learn More
(slvtl45d.pdf, 2 MB)
Mrwinlnad

power.ti.com

,
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Processor Power Web Page

*i3 Texas INSTRUMENTS

b Products

b Applicationa

¥ Design Support Sample & B

| Horms & Fogar Marsgemeant = Froosooor Foser B afersnos e migns

FPower Management
"Cross Reference ®Application Notes ® Training " Tools & Soft,

Processor Power Reference Designs
Fower Solutinns for Your Peacessar of Choloe

iZhops= Frocessar Type | Show O]l Types L

choose Frocessar Family | . calect 4 Family Wl

TESEZNDMEES
1ORET =
T200MEa 35
QLML 2

iME31

Spartan-d8 5 W dE
Sparlan-34 DE2
Spadan-3E ¢
Spartan-3
Wirosx-5
irtE B
Virmmi E
Virtex-3 ¢
. Dapyright it o | WiFme ] F
Virte - /
W& 11 EPM ser
Cyclone I1: EF2C series
Etrale 11 EPES senas

Find power requirements and reference designs at

Processors

A Texas INSTRUMENTS

® Samphe & Buy

Power Managemeant
*Gross Befarence * Appdsation Motes * Training * Teals & Software * Bla<k Disgram

Many

TRES200NES TR

Supported

Vokmge [1inas | Yoltnge | bequeadag 1

Fin plame il (&) | Toderandee | Lrder Timdnig Delpy
ka1 4.0 - AR 4 D I £ du
anrunny ok B -4

Resources e TMSIFZOING-13

Specific s
Details o
Provided

rer Gk (05K Technical Bzference & Schematic
477 Tedlled pdf, L.1% FEY

B TsEMIOMBLTS Paser Congis

B THSI00ME4Ix Spar Card [1pr 12 pef, 126 KB

Pamer spreadsh el (oarsaie Jn, A8 EE

riamn awnlsad Dt

Download
Reference
Designs

www.tl.com/processorpower
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Tl Power Management Service and Support

Qualification Reports and

fpr—r—
[rr— e
. et
aa na
[P
e -
e e
— e
-
=T = e = ey
xxxxx s as e r=r " ®
xxxxx ' s ass = "~ " "

Software Tools
| Switcher FTO —

Tarali: Mimsys
- N— i 6 Kbt i, | i Aokt |t
* % Srhwrmbc | § Ok deawwe Gl Sk Citewnzy
S . Nt e SOMI Irut BG4 Wese: LN Srsive SEO004
e
LA e
e vt P
- IR =
Vo e LG L D e O I'I‘I
R i Ak, el ; |
I ke e !
5 ]
Ll e
e Dievey L)
L Hiea
s
Ao ] |
Lhgt |

v Lze

Free Samples and EVMs

103 ] s ey Yiry
TESSAI0/ I1 EVM-173 15V to 5 334

P Fm

my. Tl Account

Acsount Lagin

Register Today!

Broad Power Portfolio

= BE e T .
e e Pt el iy Loy -
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» _—— i i
= — -
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Complete Design/Product Cycle Support

Education
Analysis
Research
Product
Ramp Sample
Hardware
Breadboard
Test
Schematic
Simulation Design
.&2’;4* Ahalog =L 7
\"¥®./  Design Center ' -

e FilterPro™

¢ o

* & ¢ o

Seminars, webcasts, collateral and
design notes

Selection guides, web search tools,
industry brochures, application
notes, datasheets, ACAT

Rapid delivery samples, EVMs

Reference designs, Cookbook | and
Il and design services, design
software

TINA - spice based simulation
AFAs, ACAT and FAQs
Distributor partners, Mfg capacity

AFASs, distributor FAEs and internal
support teams
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Thank You
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