Tl Power tech seminar for UIH

Van Yang
Analog FAE
van-yang@ti.com

{i’ TexAS
INSTRUMENTS




TI's Power Businesses’ Functions

Power Power
Businesses Functions
Advanced Low
Power Battery
Management
Battery _ _ _
Management Display/Lighting
Solutions Linear
DC Solutions Regulators

DC/DC Power

Linear Power
Isolated Power

Power Supply
Power Stage

RF Power

Power Products Protection &
Sequencing

Division
Mobile Power Load Switches

Devices Gate Drivers

13 TEXAS
INSTRUMENTS




DC/DC Solutions at a glance... hitp://powet.t.com

#1 in power management market share with 19.4%
53 new DC/DC power products introduced in 2012

1
Industrial & Automotive DC/DC 1 Computing DC/DC

TPS43060 TPS55340 LM5017 : :
60V, Low Iq 5A,40V Low Iq 100V/0.6A
Synchronous Boost Boost DC/DC Converter HV Buck Converter I Dual Synchronous Step-Down 2A Peak Sink/Source
Controller 11 Controller w/ ULQ Mode DDR Termination Regulator
TPS54061 TPS84250 LM55750 11 w/ VTTREF
200mA, 60V 50V, 2.5A 75V/3A 11
Synchronous Step-Down Power Module Simple Switcher | | 22V Input, BA/10A Step-Down
DC/DC Convellg) HV Buck Converter Converter w/ Integrated FET
TPS54360 TPS84259
3.5A, 60V Step-Down 40V, 2A Negative Output

DC/DC Converter w/ Eco-Mode Voltage Power Module

Consumer DC/DC | Power Stage [FET]

TPS54325 TPS54494/5 7 <

CSD1655605B CSD8636005D

4.5V-18VIN, 3A, Sync, 4.5V-18VIN, Dual 4A+24
Step-Down D-CAP2™ Synchronous, Stepngsvn, PTHO8T250W N S Extremely Low SynchronounslI
Converter D-CAP2™ Cenverter 50-A, TurboTrans, N Resistance Buck NexFET
7’ Smart Sync, Wide N 25V NexFET N-Channel Power Block
TPS54331/2 Pid Input Voltage RPN T CSD18532Q5B
ggenp:/—eDr(t)gTﬂ,l /Clztggir::\élgciﬁ 42V/3A 5V/1A 12V/10A S NexFET™ Power MOSFET
7 Simple Switcher Simple Switcher High Power Density N e —
P s Wide Vin Module Nano Module POL High Current Module S N CSD973

High Frequency

S Synchronous Buck
Power Module
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http://power.ti.com/

Battery Management at a glance...

#1 in power management market share with 19.4%

30 new battery management products introduced in 2012 UL Sl

Single-Cell Chargers

Multi-Cell Chargers

|
|
BQ2404x BQ2407x : BQ24190x B0Q24133
1A Charger, 30 V Input, w/ Support Fpr 1.5A Charger, 28V input, w/ Power Path Industry First 4.5A 1S charger High Integration 1-3S chargers
USB, HV Chemistry (4.35V), Status Indicator USB Support, Dynamic Pwr Mgmt I Fully integrated w/ 12C Standalone and simple design
Cost Competitive Low Cost/High Performance I Charge Fast, Stay Cool 94% efficiency, 2.5A/4A charging
BQ2425x BQ2426x I B0Q24195/5L BQ2417x
ZIgZLg;ry’s STJaslllsezsg;’g%t-ggrlltz Optimized Fast Charging I Industry First Single-Chip High Integration 1-3S chargers
. arger, .0/3.0, . 3.0A Charger, USB2.0/3.0, USB-OTG, Power Bank Standalone and simple design
I2C/Stand Alone, Power Path Power Path, 12C, Dynamic | 1S 2.5A/4.5A charger w/ 12C 94% efficiency, 2.5A/4A charging

Dynamic Pwr Mgmt
Y Sl 5 S62736/8 025570 UL AU

Nano-power Buck/Boost Charger,
330nA Ig, MPPT, >90% efficient at low currents
Extract uW to mW from ambient

D+D- w/5.1BV 1A/2.1A OTG

1-6S chargers controller
Standalone for Li-ion, SuperCap, Solar

Cost competitive solution

Multi-Cell Gauges/Monitoring

Battery
Management

Single-Cell Gauges/Monitoring

BQ347950 BQ34Z1xx
Q27421 BQ27530 | Impedence track + DQ + SMB Simple gas gauge for high cell
WCSP ROM based WCSP Flash based I gauge for high cell Li-lon, Li-Polymer Li-lon, Li-Polymer and Lead acid
Low Cost Gauge Charge Controller plus and Lead acid battery packs Battery packs
Fuel Gauge | 15t DQ Soln w/ Impedance Track 'MPedance Track Fuel Gauge
' [ B02945x | TR
SPALZERC: hiersiazend I 4S, 55 OVP Protector
WCSP ROM based QFN Flash based Over voltgge protectors for 2S-3S ’
Low Cost Fuel Gauge : I Li-ton Batter Pack
Pack Side Gauge I Small 2x2 QFN pkg
B0Q27520-G4
WCSP Flash based | Q76925 Q/6PLS36A
Programmable I  Analog Front End for 3S-6S Li-lon battery Stackable Analog Front End,
Fuel Gauge | With internal cell balancing Protection and Balancing for
Automotive
I
i3 TExas
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http://power.ti.com/

Advanced Low Power at a glance...

#1 in power management market share with 19.4%
25 new battery management products introduced in 2012

http://power.ti.com

. 1 . . . .
Display Power Integrated Display Lighting Solutions
|
TPS65150-Q1 TPS65132 TPS65130 | TPS61162/3 TPS61196
4ch LCD bias +/-5V SIMO +/- 15V max Regulator | 2-Ch WLED Driver 6¢ch WLED driver - T
Flexible LCD supply Highly flexible & Highly flexible 2ch for 4-6” Smartphones 6ch 200mA 1-D dimmin
: gnly g
for Automotive Programmable and efficient I 2.7V ~ 6.5V input voltage range Up to 120V output voltage
Integrated Vcom >B86% efficiency >85% efficiency Up to 38V output, 2x25mA 200mA continuous / 400mA pulse
Vs up to 15V (boost), 80mA output current 200mA output current | one-wire dimming & analog independent PWM dimming
<1% accuracy CSP package I dimming
Veu (With GVS) & Vg, | TOSEIITE
TPS65631 TPS61086 I 6¢ch WLED - tablets
2 output AMOLED high A, 1ch boost I 6¢ch for Single-Cell Battery Supply
High efficiency High current boost Up to 38V output, 6 x 30mA
and accuracy up to 18.5V Mixed-mode Dimming
300mA output 2A switch

Low Power DC/DC Converters Advanced Portable Power
TPS62130/40/50/60 TLV62090 TPS623870 TPS65090 TPS65912x

General purpose DC/DC reg. 3A Low Vin buck Highly integrated soln Highly integrated

TPS65050

6-ch Power Mgmt IC

Remote Sensing Highly efficient

with 3 ext components High _efficiency step down  ga qual phase buck with for single-cell Li-ion batt PMUs 6-ch Power mgmt IC
1A-4A 17V in buck conv in 3x3 mm QFN pkg DCS control Up to 90% efficacy 4 bucks with 2 DC/DCs, 4 LDOs,
with DCS control 2.7V-6.5V input voltage 10LDOs In 4x4 QFN

3 LED outputs

TPS65070 TPS650250
For batt. powered proc. Pwr Mgt IC for Li-ion

TPS65023
6-ch Power Mgmt IC

TP$81256 TPS63020/25 TPS650380
Wireless Wireless Processor Power

Integrated Pwr Soln Highly Efficient Trinle ml'ﬂi'lah'\;l; buck One IC for all power Flexible and low cost PMU Genergllvrlallérpose
3W fully integrated, low noiskA buck-boost in QFN/WCSP P P ’ functions 3 DC/DC and 3 LDOs,
. - . up to 6.8A 5-ch P 1C with Fully adjustable 3 DC/DCs, 3 LDOs,
boost in MicroSiP pkg package AU T S 12C interface and DVS
3 Dc/DCs, 2 LDOs
in 6x6mm QFN
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http://amplifier.ti.com/
http://amplifier.ti.com/

Llnear Power at a glance... http://power.ti.com

#1 in power management market share with 19.4%
Power Interface

23 new battery management products introduced in 2012
TPS23753A

LDOs and Supervisors

POE Interface and Isolated Converter Controller
150-mA Low-Dropout Regulator w/ Enhanced ESD Ride-Through

w/ Foldback Current Limit for
TPS23751/2/3A/6

Portable devices
PoE PD

with DC-DC Converter

TPS709xx

150-mA, 30V, Ultra-Low 1Q,

Wide Input Low-Dropout Regulator TBS247X
w/ Reverse Current Protection 3V-18V Converter
Hot Swap
TPS25910
3V-20V Protection
eFuse

Low Noise, 1A High Voltage
Low-Dropout Regulator

Hot Swap/Monitoring
PMBus Monitoring

High Voltage
ORing FET controller
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http://clocks.ti.com/

WEBENCH® Design Center & PowerLab

www.ti.com/webench

WEBENCH® Design Tools

Fast, Easy-To-Use Solutions
Power, lighting, sensors
FPGA & processor power

TINA-TI™

Circuit Simulator

Thousands of models for offfline
simulation

Downloadable Models
PSpice, IBIS, and more

PowerLab™

Reference Design Library — -

Hundreds of advanced
power reference design examples ===

Isolated/non-isolate

ti.com/powerlab
WEBENCH?® Designer My Designs
Power §FPGAIpP § Sensors LED

Enter your power supply requirements:

@DCc O AC
Min Max
Wvin 140 vy 220 W
Wout lout
Output 22y 2.0 A
Ambient Temp 30 C
Multiple Loads Single Cutput

PowerLab™ Power Reference Designs Selection Tool

INSTRUMENTS




SIMPLE SWITCHER® Regulators

A Legacy of Ease-of-Use

Gen 1: LM257x/LM258x Gen 2: LM259x Gen 3: LM267x
Released: 1989 ” Released: 1995 Released: 1997

First generation SIMPLE SWITCHER Vjy Increased to 60V and switching Switching frequency increased
regulators released as a Wide Vn frequencies to 150 kHz, 3x higher to 280 kHz and output accuracy
device with simple software than the previous generation improved. Leadless package and

adjustable current limit first offered
1T TN T T DT T T T T T T

1990 1995 2000

WEBENCH® Online Design Tools
released for custom clrcult designs

in seconds
Gen 4: LM(2)557x Gen 5: LM2267x/80 Gen 6: LM4360x/LM4600x
Released: 2007 | Released: 2008 ” Released: 2014
Increase of Vin max up to Output curent increased to 54 and Integrated synchronous FETS, high
75V and introduction of switching frequencies up to 1 MHz light-load efficlency architecturs,
emulated current mode awitching frequencies up to 2.2 MHz

EEE IIIIIIIIIII-IIIIIIIIIII-IIIIIIIIIII-IIIIIIIIIII-IIIIIIIIIII-IIIIIIIIIII-IIIIIIIIIII-IIIIIIIIIII-IIIIIIIIII-IIIIIIIIII-IIIIII’

2005 2010 Today

DOS-based circult calculator

wlillsl 3 8 Tl: @iﬁg

— ‘ Reference Design Library
= n | ‘
= |
== = i
=" il
WEBENCH® Schematic Editor
WEBENCH® Visualizer ]
™
WEBENCH WEBENGH® FPGA Power Architect PowerlLab WEBENGH® PCE Layout
Design Center Reference Design Library and Schematic Export
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Part Number Nomenclature
LM 4 VV I

4: Synchronous Simple
Switcher feature set

* Fully synchronous

« Low quiescent current
* Power Good

* Precision Enable

* Internal compensation

Example: LM43603
» Synchronous family
* Max Vin: 36V
* lout: 3A

LM557x Series

* Non-synchronous
* 6V to 75V input

* Up to 3A output

+ TSSOP

Output
Current

Input Rail
36: 36V Vin
60: 60V Vin

Max Operating

00: 500mA
01: 1A
02: 2A
03: 3A

LM2267x Series

* Non-synchronous
* 4.5V to 42V input
* Up to 5A output

* Internal comp

* PSOP, TO-263

LM4xxxx Series

* Synchronous

+ 3.5V to 60V

* Up to 3A output

* Internal comp

+ TSSOP

* Low Ig

. Eggkaz to 2.2MHz

13 TEXAS
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Gen6 36V —LM43600/1/2/3
0.5A/1A/2A/3A SIMPLE SWITCHER® Synchronous Buck Regulators

Features

* Vin range 3.5V-36V * Wide Vin range to fit a variety of applications
« Synchronous Peak Current Mode architecture » Improved efficiency compared to non-synchronous
« Vout Range 1.0V to 28Vout solutions
» Output current options: 0.5A/1A/2A/3A » Scalable footprint simplifies design reuse
» Internal Compensation * Minimized BOM count and solution size
 Low 27pA operating quiescent current + >80% efficiency at 1mA output current
 Precision Enable (12V->3.3V, 500kHz)
 Default frequency of 500kHz, Adjustable or » Higher switching frequency allows smaller external
Synchronizable from 200kHz — 2.2MHz filtering components
+ Internal or adjustable Soft-Start/Tracking * Pin compatible with 60V 0.5A/1A/2A HTSSOP and
» Power Good output 36V 0.5A/1A/2A HTSSOP
» Operating Junction Temperature: -40 to 125C
« HTSSOP16 package Vin_

. . p g Cin o LM43603 =
« Industrial I ey BIAS
* Sub-AM band Automotive | ssiTrK
» Networking — rT FB
« Computing — svne vee

| AGND PGND

INSTRUMENTS




Gen6 60V — LM46000/01/2
0.5A/1A/2A SIMPLE SWITCHER® Synchronous Buck Regulators

Features

 Vin range 3.5V-60V « Transient protection for 12V, 24V, 36V, 48V input
« Vout Range 1.0V to 28Vout systems
« Synchronous Peak Current Mode architecture » Improved efficiency compared to non-synchronous
« Output current options: 0.5A/1A/2A solutions
 Low 27uA operating quiescent current * 75% efficiency at 1ImA output current
 Precision Enable (12V->3.3V)
 Default frequency of 500kHz, Adjustable or » Higher switching frequency allows smaller external
Synchronizable from 200kHz — 2.2MHz filtering components
« Internal or adjustable Soft-Start/Tracking * Minimized BOM count and solution size
« Power Good output » Scalable footprint simplifies design reuse
* Internal Compensation * Pin compatible with 36V 0.5A/1A/2A/3A family
» Operating Junction Temperature: -40 to 125C .
« HTSSOP16 package Vi e Vour
: : p : ] Gm__l_ " LM46002 o 1cmT Cor |

« Industrial | reoop e I I !
+ Sub AM-band 12V and 24V Automotive | s I 2.
» Networking — RT FB
« Computing —] syne vee — Reps

1 acND ‘_rcm T

iy PGND 1 =

i3 Texas
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Advantages of a Synchronous Solution

Smaller Solution Size

Typical Non-Synchronous EVM LM43603 Synchronous EVM

Non-Synchronous : - @ SIMPLESTITIER

& TExas InsTrS

(1] ]
] a1 ] °
[ |
I 1v? I
i | i
] 1 — C0
] Controller |n
'] '] Total Regulator Area Total Regulator Area
[ | [ | (IC + Diode) = 95 mm2 (IC) = 32 mm2
[ | ] &
] ] -
o o o o e e e e Improved Efficiency
10[]. ==
g B= =
Synchronous b
g SR
| NN N Y \\
L] (o 1 g ol Vin NI
N Q1 N ° g F—12v —
: i g | e 24/ x\%,(
] ] s [ N
: i £ [T
N 1 p— 1] 0.001 0.01 0.1 1
= Controller : lour
= 1 1 Better EMI Performance
i —— Jr—
:---------------: .l".‘ ﬁ“‘. L
P T
TNTL LOAD
e N 3
12
13 TEXAS

INSTRUMENTS




Pin-Out Optimized for EMI Performance

80 -
_ . Eyaluation Board
§ 70 ——EN 55022 Class B Limit
é 60 EN 55022 Class A Limit
»
s 50
2
€40 |
E [
E 30 A ™
'B 'y r et
Ew \ /‘\JN
8 10 -

0
0 200 400 600 800 1000
Frequency (MHz)
Vour =33V Fg = 500 kHz louT=2A

CBOOT

VIN
BOOT

HS
sw Driver
L

b I vouT

VCC

LS
FET
cvee
LS
Driver
loND

1

Gate drives are also high di/dt paths-
Keep Cgoor @nd C,¢ bypass caps very
close to the device pins to minimize
loop area (inductance) in the high di/dt
loop

With LM4360x/LM4600x, the BOOT pin
is located right next to SW — allows for
close CBOOT placement with smallest
possible loop area (lowest inductance)

. The VCC pin is next to BOOT

VOouT

. The VIN and PGND location
allows for the input cap to be
placed as close as possible to
the package.

. The SW pin is on the other side,
so there is no need for the input
cap to jump over the SW node.

. The loop area formed by the
input cap, VIN, and PGND pins

VIN L
is minimized.

L

T

O To Vout

Unbroken GND copper for thermal pefromance

Vout

FB
pin

VouL

FB
pin

Make long runs to low impedance nodes, short runs to high
impedance nodes.

Place output voltage divider close to the FB node (high
impedance), farther from Vout (low impedance

With LM4360x/LM4600x, the FB Pin is in the corner, shielded by
AGND and away from noise sources. This makes it easy to place
the divider right next to the FB pin, keeping this node as small as
possible.

13 TEXAS
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LM43603EVM
VIN=12V VOUT=3.3V IOUT=3A

LM43603EVM
VIN=12V VOUT=3.3V IOUT=2A

Lock
Lo

66.0

LM43603EVM
VIN=24V VOUT=3.3V IOUT=3A

LM43603EVM

VIN=24V VOUT=3.3V IOUT=2A

14
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TI's SIMPLE SWITCHER® Power Module

Most Comprehensive Power Module Portfolio

Leaded LMZ1/LMZ2 Modules Nano Modules LMZ3 Modules
* Wide VIN up to 10A * 5V/12V up to 2A module » High Power Density 12V, up to 30A
» Leaded PMOD Packaging * 3.5mm x 3.5mm DFN » Small Low-Profile QFN Package
Vin(¥) n
50 -

42 -
36 =

20 =
17 =

145 =

55 —tm
45 ==

LMZ35003
LMZ14201/02/03

also H

LMZ34002 et LMZ23603/05 LMZ13608/10
() Vout options LMZ23608/10

Blue - 24V+ Rail
LMZ12001/02/03 LMZ22003/05 LMZ12008/10 Green = 5/12V Rail
also H & EXT options LMZ22008/10 Red-> 3.3/5V Rail

LMZ31704 LMZ31707 LMZ31710

LMZ30602 LMZ30604 LMZ30606 LMZ31530 30A

LMZ10503/4/5 - EXT

2.95 ==
2.7 =1 Iout max (A) *Nano2: LMZ20501/2, LMZ21700/1
1 1 1 1 1 1 1 (( 1 (( 1 (( | (( >
1 1 1 1 1 | | 12 " 12 L 12 " )2 |
1 2 3 4 5 6 7 10 16 30 50
i3 TEXAS
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Leaded & QFN Modules
LMZ A BB CCH

/ EXT: Extended
Temp

Z: Power Modules

. High Output Voltage

. Max Operating Output
. st
; ;zdsse”.es Input Rail Current
- Ser.'es 05: 5.5V Vin 01: 1A
-0 SCHes 20: 20V Vin 02: 2A
Example: LMZ23610 igf i% x!n &
« LMZ2-series ' il 10 10A =
* Max Vin: 36V LMZ3-Series
* lout: 10A - QFN

* Precision Enable
» Soft Start/Tracking
* Frequency Sync

* PGood

* Current Sharing*

* Leaded
* Precision Enable
* Leaded » Soft Start

* Precision Enable * Frequency Sync
« Soft Start * Current Sharing

LMZ1-Series

*LMZ31710 & LMZ31506 I }‘EXAS
NSTRUMENTS




Nano Modules

LMZ A BB CC

.

Z: Power Modules

Max Operating Output Current

. t -
L ;dse”-es Input Rail 00 500-650MA
2: 2% Series 05: 5.5V Vin 01 1A

17: 17V Vin 02: 2A

Example: LMZ10501
 LMZ1-series z
° Max Vin: 55\/ LMZ1-Series * Precision Enable

» Soft Start
 lout: 1A ot

* Precision Enable * Ecomode Q
’ + Soft Start « PGOOD
e fm

LMZ2-Series

17
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Device Qualification

\

LMZ31506H Qualification Summary

High Quality Devices
Test Type Condition/Duration Qty (Lots/Pieces) Results
Moisture Sensitivity (Level 3 @ 260C peak +5/-0C) 27 Pass
In d iVi d u a| CO m p onents **Temp cycling -65C/150C -65C/+150C (500, 1000* Cyc) 3/77 Pass
& F| n al Pro d u Ct Qu al **Unbiased HAST 110C/85%RH/17.7 psia (96, 264* hrs) 3/77 Pass
teSted **Biased Temp. Humidity 85C/85%RH (500, 1000 Hrs) 177 Pass
BLR - Temp Cycle, -40/125C -40/125C (1200) cycles) 1/42 Pass
. **High Temp. Storage Bake 150C (500 Hrs) 1/75 Pass
Happy to discuss any -
. 2 **High Temp. Storage Bake 170C (168, 420hrs) 2077 Pass
.teSt In g reater d etal I If **Steady-State Life Test 125C (500, 1000 Hrs) 2177 Pass
I ntereSted **Power Cycling 15 Minute Duty Cycle 1000 Hours 3/40 Pass
K j Vibration MIL-STD-883D, METHOD 2007.2 - Pass 20g 1/9 Pass
Mechanical Shock MIL-STD-883D, METHOD 2002.3 - pass 15009 1/3 Pass
Flammability Method A - UL94-0 3/5 Pass
LIV||§3 fOIIOWZtaindard QdFN Solderability Steam age, 8 hours 3/22 Pass
SO enng gL“ elines and are Salt Atmosphere 24Hours 3/22 Pass
rated at MSL 3 as per
, ESD HBM +/-100V 1/3 Pass
JEDEC (parts don’t need to
. ESD MM +/-100V 1/3 Pass
be baked before soldering,
.. ESD CDM +/-500V 1/3 Pass
providing the parts are used - — -
ey . Radiated Emissions Pass - Class B EN55022 Regulations 1/3 Pass
within 168 hours of the — -
. Conducted Emissions Data Provided, Passed Class B EN55022 1/3 Pass
package being opened)
** - MSL 3 Preconditioning
i3 Texas
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Tools: WEBENCH® FPGA Architect

SIMPLE S

Easy-to-us s. Simple solutic

WEBENCH® Designer

MyDesigns
miE |rreappl| e | LeD -
BT R -
o mHwm O &
Bl b=
FAE 140 vy 220 vy
AL koo ki)
Hith 33 v 20 A
FERE <
fcinky

Can optimize—]
designs for cost,

TEXAS INSTRUMENTS

Source List - Configure Your Power Sources.

WEBENCH® Power Architect

Q

2. Optimize

FPGA/PROCESSOR POWER ARCHITECT

or 1.A0d Lo

Search

B42 M h  REES B0 | Pyccond fsic | Ponugués

Deutsch _ Wisicome oy

(=]
¥ Preter Modules Solution:
V] Prefer SIMPLE SWITCHER® Solutions

Can Select
Power Module

sovnce o1 DrvpmsmeT | Tt ] ) s et o 0O | utions fO r
ofo
= Ease of Use
===y .

LoD (@ vocaux Loadvoltage: 15 V. Marimum Losd Current fLoadMa): 0474 A (e 5 D eS I g n S

Vet o Towanen 8 70 % | | e e | ——— PR

] son et i e P
LOAD_2 Lead Voltage 1 v Maximum Load Current (ILoadMax) 0103 A (Cpeieie )
. TexAs INSTRUMENTS

E&= veco_por

Back

WEBENCH® Power Architect

New  0.FPGA/Processor 1.Add Loads 2. Optimize 3. View/Edit

| B3 | Ffh3 | W@P3 | SHR0) | Pycciwii A3uik | Portugués | Deutsch

sty % [ [

size, and efficiency

19

(( searcnFor @

\Weicome joy.taylor@ti.com + ()

Assistant
FPGA/PROCESSOR POWER ARCHITECT o
Project Optimization : Select the optimum solution; Create your WEBENCH® Project
Optimization Tuning Solution List Filtering Selected Project: Next Step:
Lowest @ Efficiency BOM Cost ProjectD: 3
BOM Cost @ “75\ £ S1T3 | prgjectname:  PA_Project_301
Smallest Highest 80.0% 760%  $0.20 $1173  Intermediate Rails None
Footprint Efficiency Total Efficiency 755%
— e o EEmD Power Dissipation 19w
o ¥ s —gED (¢ 4g Total Footprint 594 mm2
& A Total BOM Cost $9.20
590 130 33 48| Total BOM Count 2
1200 . Rail Voltages Total Total Total BOM Total BOM Optimization Dial Factor 3
Efficiency (%) Footprint Cost Count
( e e s [
\ 02| av 75.37) 815 51022 43
1100 SOURCE_0C 1 suppLYs
03| 2v 75.44 856 51082 4 ovoszmn [ | rousmm 1000
204 2,2V 7278, 909 51124 48 am VEA
05| 7v 69.59 1126 51173 42 Vtage Sz Low
1000

SuPPLY 2

SUPFLY

s
VCCPAUX
TN

LoAD_;
veepLL

Loan_2
VeCBRAM
E

788

Loan2
veemt
R
Loan_7
veerinT
-

LoAD_4
veeo

mm

LoaD_s

Veco_DoR
Eooma
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Tools: FPGA Power Supply Design

Detail Report with Complete BOM, Electrical Performance

I TEXAS

INSTRUMENTS
WEBENCH® Power Architect

Project Report

Project : 830070010 - PA_Project_0
Created - 2013-07-23 156:15:30.062
Opfimize project optFactor=5

Project Summary
. Total System Eficiency

5
{
a

. Total System Power Dissipation

(modified from 0)

85319 %
320

375.6mW

> Launch WEBENCH Power Architect.

Power Supplies
# Mame NSID Description Vout  lout Effciency Foot-  Cost Design Page
print.
SWITCHER Nano Module
2 SUPPLY_ 2 LMZ30602 Swatcher - 2A Synchronous Buck: 1V 1475/ 823% 377 $525 156 6
Module
3. SUPPLY_ 3 LMZ12001 Swatcher - 1A SIMPLE SWITCHER 15V D368A 802% 328 75 167 8
Power Module
4. SUPPLY 4 LMZI0500  Switcher: 650mA SIMPLE 25V 0OTEA  BaA% 76§43 1% 2
SWITCHER Nano Module
5. SUPPLY_ S LPS00T-1.8 LDO : Ultra low noise with no 18V DOTEA 853% 25 $025 158 10
bypass capacitor
Power Loads
Vioad ILoad Description
TEV Ti00A Voutippie=10%
18V 0005 A VoulRipple=10%
18V 0037 A VoutRipple=10%
18V D025 A VoulRipple=10%
v 05E8A VoutRipple=10%
1w 0.565 A VoutRipple=10%
v D024 A VoutRipple=10%
15V 0386 A VoulRipple=10%
18V noTEA Requires a separate supply
FPGAs, Processors
# Manufacturer Part Number Name Series Description
T Xamx RCT2020-2CLGA000 FPGA_T  Zynq-7000  FPGA Klinx Zyng-7000 XG72020-20L 64000

it erveve i

7Z010-XCTZ020-Data-Sheet pdf

3 Teas
INSTRUMENTS
WEBENCH ® Design Report

Design - 620070/156 LMZ30B02RKGR
LMZSSERKGRA S-S5 18 100 @ LITSA

Vinblax = 5.5V

WEBENCH® Power Architect Project

Electrical BOM
# Mame  Manufacturer Part Number Properties Oty Price  Footprint
1 Cin Panasonic EEF-UDDK1D1R Cap= 100.0 yF 1 5083 m
E:
CAPSMT_0_UD 58mm2
2 cel TK CASIXERIAATEM 1 soes
‘Series= X5R
1812 38mm2
4 Cost  Mippon ChemiCon APXEARIARMGIMESIG 1 s
‘Series= PXE
CAPSMT_62_E61 53mn)
4 Cott  TOK CI1BXEROATEM 152 @
Series=X5R 1206 16mm2
5 Rsel  VishayDale CROWD4D25KO2FKED  Res=5.02 kOhm 1osm .
‘Series= CRCW..e2 Pawer=82.0 mif 0402 Bmm2
Tolerance= 1.0%
e R Vishay-Dale CRCWOMO2IMZIFKED  Res=1.21 MOhm 10 .
‘Series= CROW..e3 Power=03.0miY 0402 Bmm2
Tolerance= 1.0%
7 Texas Instuments LMZI060ZRKGR Suitcher 15285
BQFN-30 143mm2
Operating Values
# _Name Value GCategory __ Descrption
1. Cin RMS SEE T mA Current input capacitor RMS rippe curent
2 CoutIRMS 387093 mA Gurent ‘capacitor RMS fippie curent
3 icipk 1B45A Current Peak switch current n IC.
4 linAg 24188 mA Current Average input current
5 Milms 51712 mA Current
& BOM Cour General Tetal Design BOM count
7. FootPrint 327 0mm2 General otal Foot Frint Area of BOM companents
% F 500 kHz General 5
2. IC Tolerance 00my General IC Feedback Tolerance
10, MVds 26245 mV General Voltage drop across the MasFET
1 " General Conduction Mode
12 Pout 1475w General Total output power

Cin IRMS Avg
et e
fr=1 = wars r
i iy
prey F:
gom g
i = B
i
Funs i
sl = waas —f
m el |
nd > i | |
e o —
touta)
Pout IC Ipk
- -
- - wre
= o
e A I
CIEE) gl.l’!
o il s
i
e
lout(a) tout(a)
Cout IRMS Mod L1_Pd
o — o=
i [ sy ,
o == b
Tuu ;::ﬁ
Buo Evns
Eun S w— i::: 2
L ——
" e

Vine 4 8 =i

SV Vin=8.5Y

i 4 5 i 8.0¥ =8 5V
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PSRR (dB)

Advantages of Quiet Supply sl

PSRR — Power Supply Rejection Ratio

« Measurement of power supply’s ability to reject/filter noise on the input bus
« Historically, LDOs have had poor high frequency PSRR performance

« Today, Tl has LDOs with PSRR > 40dB @ 5MHz

TPS717 Typical LDO PSRR Graph Competitor LDO
) o T
- ™~ ! . 90 CL=1uF 1 @ g0 /"\.‘ io=1mA /~20dB PSRR
NN I >
50 U ‘\\ JomALL ‘z 80 [ I =50 mA E sof-Y | @ 1MHz y
50 ~ 7 E—’- S 60 b.}
@ 1MHz /| T~ JX X 6o 2 Ny
40 d } ﬁ N 2 T 50 h S i
75mA & 50 N S HRNLULTI TN
30 N 2 . @ 40 N
h O%L I, =100 mA N °g’ 30 lo =250 mA X i m
20 P < I N
2 30 ) 20 I
10 Cour=TuFl & . E 10 m
Cyr = 100F I I e m
0 e 10 e 0
10 100 tk 10k 100k 1M 1OM 10 100 1k 10k 100k ™ 10 100 1k 10k 100k 1M 1OM
Frequency (Hz) f - Frequency — Hz f—Frequency - Hz

 Most LDOs have high PSRR at lower frequencies
« Having high PSRR over alarge bandwidth is what distinguishes performance LDOs

21
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Advantages of Quiet Supply

]

—> DCDC [—— — | pcpec B Comp |
LDO
1000.00 Input Spectrum Competition o/p Spectrum
. 100.00
100.00 /\
=== ik °
%— 1.00 _&ﬁ\;@!!‘fm | . | T gl.oo ==
0.01 == 0.01
Freq () 10 100 1K Fri;)l((Hz) 100K im 10M
« Switching frequency spike (~1MHz) ——> DCDC TILDO |——
Not attenuated by competition’s LDO 100.00 e e
Attenuated by TPS717 oo
May show up at output of RF VCO which
after mixing will affect the PA F100 2
performance E
May fold back into audio band and 2010 £N
create noise in audio application
0.00
10 100 1K 10K 100K M 10M
Freq (Hz)
i3 Texas

INSTRUMENTS




PSRR (dB)
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Advantages of Quiet Supply H T
TPS7A8101
( J
\\
N _/
— IDUT= 10 mA ‘ ‘
—  loyt= 100 mA VIN - Vout = 1.0V
— lout= 750 mA No CiN, Cout = 100uF
— lout=1A CNRrR = Caypass = 470nF
.
10 100 1k 10K 100k 1M 10M

Frequency (Hz)
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Advantages of Quiet Supply

Output Noise Density

Random Noise due to statistical effects in conduction

« Split into two types:

— Thermal and Bipolar Shot Noise

— Flicker Noise

Having low output noise density ensures that the LDO is not affecting the ralil

il

* You could just use opt for a normal LDO and try to filter its noise BUT:
— Alarge filter is required to filter out low frequency noise
— Your solution gets larger and more expensive

TPS7A4700
Noise Spectrum Density

Noise (uV[4Hz)

100

—
=]

—

e
-

0.01

NOISE vs OUTPUT VOLTAGE

— VOUT = 14 V!VNOISE = 417 ”-VRMS

— Vour = 5 V,Vnoise = 4.67 UVrns
Vour = 10 V., Vnoise = 7.25 uVgms

= Vour = 15 V,Vnoise = 12.28 nVrms

I/ V

IOUT =500 mA

Cour = 50 uF

CNR =1 ]J.F

BWRMSNDISE (10 Hz, 100 kHZ) T

: ﬁ
| o :
Ll

7 -

el

ll dmiaiiion

10

100 1k 10k 100k ™
Frequency (Hz) @020
Figure 1.
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Quiet Supply LDO Solutions
,T

]

TPS7A4700/1 TPS7A8300 TPS7A3301 TPS7A8101
(4MVrys) (BHVeys) (16UVepys) (18MVgys)
Vin: 3-36V Vin: 1.1-6.5V Vin: -3 to -36V Vin: 2.2-6.5V
lout: 1A lout: 2A lout: 1A lout:1A
LP38798 TPS7A3501 LP3878
(SMVews) (3.8UVRys) (18MVews)
| Vin: 3V=20V Vin: 1.7V — 5.0V Vin: 2.5V-16V
out lout: 800mA lout: 1A lout: 800mA
(IéP\S/QOO TPS7A3001 LP2989
(6MVgums) (14MVeus) (18MVrys)
Vin: 1.8V-5.5V Vin: -3 10 -36V Vin: 2.8Ve16V
lout: 200mA lout: 200mA lout: 500mA
L(Fg553/00/0)7 TPS7A4901 LP3995
(OHVgms (12uVigps) (25MVigps)
Vin: 2.2V-5.5V Vin: 3-36V Vin: 2.5V-6V
lout: 150MA/250mA lout: 150mA lout: 150mA
@ : >
Output Noise
25
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Quiet Supply LDO Solutions Table ]

TPS7A83 | TPS7A47 | TPS7A33 | LP38798 | LP2989 | LP5900/7 | LP8900 | TPS7A30 | TPS7A49 | TPS7A35

0.2 0.15 1

0.15/0.25 0.2

0.8 0.5

lout (A) 2 1 1

VIN (V) 1.1-6.5 3-36 -31t0 -36 3-20 2.8-16 2.5-5.5 1.8-5.5 -31t0 -36 3-36 14-5

1.5-3.3 1.2-3.6
Vour (V) 0.8-5 1.4-34 -1.18to -33 1.2-11.8 255 (fixed) (fixed) -1.18to -33 1.2-33 1.2-45
Vout
Accuracy +-1 +/-1 +/-1 +/-1 +/-0.75 +/-2 +/-1 +/-1.5 +/-1.5 +/- 30mV
(%)
Dropout 200 @ 310 @ 80/120 @ 215@ 260 @
125 @ 2A 307 @ 1A 7@ 800mMA 500 mA 150/200ma 110 @ 200mA 100mA 100mA 200 -500

(mV)

Output
Noise

16uVvVrms 18uVrms 6.5/10 uvVrms 14uVrms 12.7uvVrms 3.8uVrms

PSRR @
100kHz (dB)

4-DSBGA

Package 8S0IC
20-SON 6-SON 8MSOP- 8MSOP-
( 2OSON - ZOSON 77090 1HSON SVESOE 4:s0N 6-DSBGA  powerpaD  Powerpap  6-SON
) 5SOT-23
Solution DA | serme | sEmme | 290 | SEB0C | o ammme | isaamme | DT | i 2
: 4 caps + Y 3 caps 3 caps + 3 caps + 2 caps 3 caps 4 caps + 4 caps + 3 caps +
Size 1 resistor P 2 resistors 1 resistor 2 resistors 2 resistors 1 resistor
26
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Thank You
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated
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