Welcome!
Texas Instruments New Product Update

* This webinar will be recorded and available at www.ti.com/npu
* Phone lines will be muted

* Please post questions in the chat or contact your sales person or field
applications engineer
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New Product Update:

Using high-density wide V,, bucks to solve industrial design
challenges

Tristan Scott
2/11/2021
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Agenda

Wide V switching regulators introduction
Package technology evolution

Newly-released and sampling power-density leaders
— Package size comparison
— Solution size comparison

Device overviews and value propositions
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>30V Wide V,, DC/DC converters, controllers &
power modules

Communications
24V/48V systems

Industrial
24V & hlgher Bus

Automotive
12V/24/48V battery

Applications

Isolated DC-DC:

Integrated Buck Buck Converters
Fly-Buck, PSR Fbeack

Modules
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Wide Vin Operation High Efficiency 2MHz Switching Low Iq Reduced EMI
Smaller PCB area, AM @ s A o
band avoidance  High light load
efficiency, long battery

life g [ - WiH I
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Withstand transients
with less protection
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Wide V,, buck regulator packaging evolution
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Improved eQFN with caps &

Routing + inductor

Thermals eQFN with caps QO Highest integration
Q High integration, U Best EMI

Passive footprints 4 «proven-out SMPS”
hidden from user

Enhanced HotRod ™

QFN
O Better EMI
Reduced : O Higher power
package HR package device density
Thermal DAP size O No wirebonds - better EMI QO Better thermal

+ Wirebonds

+ Leaded pkg Q Thermals constrained by performance - less

derating at higher

WSON package PCB top layer out
Q Thermal DAP d Small Size
HTSSOP package O _Unleaded package Q Visual Inspection - WFlanks
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Enhanced HotRod QFN: Optimized EMI & Thermals

Optimized for EMI and Thermals

No SW node
ringing

i‘ Lo L\..‘ [ P

Wirebond Enhanced
SO S N N O QFN with
i T LMe0440

Max. Current vs. Ambient Temperature
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Improved Thermals LM60440
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Optimized for Manufacturing

+ Wettable flanks guarantees visible side-
wetting at good solder joints

* Corner pins with NiPdAu finish
improves BLR performance

* Previous Gen: 3024 cycles of Board Level
Reliability (BLR)*

« LM60440: 5737 cycles of BLR with no
failure

Standard QFN

Wettable Flank

B340

*Note: BLR is used to evaluate the solder connections between the IC and PCB.
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How small is small?

* New wide V,, power-dense products to highlight EQFNG
— LMQ61460 (36V, 6A) (moddle) ~
« 3.5 x 4 mm HR-QFN pkg w/ integrated caps 4 Alout &HR_QFN
— LM60440 (36V, 4A) 35 x4 mm
« 2x 3 mm eQFN pkg Caps

— TPSM53604 (36V, 4A) & TPSM5601R5H (60V, 1.5A)

« 5x 5.5 mm eQFN w/ integrated inductor '
— LMR36506 (65V, 600mA)

eQFN

* 2x 2mm HR-QFN 2x3mm
4 A lout

ON ~—T"TUNHNODQ 99 X O QD T

— TPSM265R1 (65V, 100mA)
» 2.8 x 3.7 mm uSIP pkg w/ integrated inductor

OUS”D

2.8x3.7mm
0.1 A lout

HR-QFN
2X2mm
2 A lout 7
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http://www.ti.com/product/lmq61460
http://www.ti.com/product/lm60440
http://www.ti.com/product/tpsm53604
http://www.ti.com/product/tpsm5601r5h
http://www.ti.com/product/lmr36506
http://www.ti.com/product/tpsm265r1

WEBENCH® Power Designer solution size comparison

65V, 100mA Comparison

VIEW OPTIONS:

@ Basic
~

Y Advanc
(_) Advanced

Basic Details

Design Considerations

TPsm265R1Vs  New!

100

LM5165X

, step-down power module in

ynchrenous Buck Converter With

CUSTOMIZE DESIGN CUSTOMIZE DESIGN

3-V 10 65V input, 100-mA, step-down power module in 3V-65Y, 150mA Synchronous Buck Converter With Ultra-

60V, 500mA Comparison

2837 mm package Low1q enhanced HotRod QFN package converter with 4 A1Q Ultra-Low Ig
SOM Ares r— somm: BOM Area g6mm? 87mm? 113mm=
36V, 4-6A Comparison
VIEW OPTIONS:
TPSM53604 New! «  LM60440D New! x  LMQ61460 % LM73605 <
(®) Basic 36-V, 4-A st 5 Industrial A Synchronous Step-Down
~ 5% 4-mm E Voltage Converte
() Advanced X m m age Converter
d T e - RH .
4t ! i
CUSTOMIZE DESIGN CUSTOMIZE DESIGN
CUSTOMIZE DESIGN

VIEW OFTIONS TPsMseo1RsH ~ New! »  LMRr3ssosrs  New!
@ Basic 0-A / 5\ -A ultra-small synchronous buck
() Advanced Al
I ESRRNSRp [T] = L
L | =T |
! [T
CUSTOMIZE DESIGN CUSTOMIZE DESIGN
Basic Details

1\ K 5 A Dowe
Design Considerations 60-V input, 1-V to 16-V output, 1.5-A power module in

3-V to 65-V, 0.6-A ultra-small synchronous buck

LM5166 .

CUSTOMIZE DESIGN

3V-65V Input, S00mA Synchrenous Buck Converter With

Basic Details

36V, 4-A step-down power module in small 5.5x 5% 4-

Design Considerations
g mm Enhanced HotRod QFN with simple footprint

BOM Area 117mm2

CUSTOMIZE DESIGN

36-V, 4-A synchronous converter in an enhanced EMI
QFN package with wettable flank and external pad

139mm?

Industrial 3-V to 36-V, 6-A, low-noise synchronous step-

down converter

175mm?

3.5V to 36V, 5A Synchronous Step-Down Voltage
Converter

334mm?
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LMR36506/03 e

Industry’s smallest, highest power density & lowest I, 65V, 600mA & 300mA synchronous step-
down DC-DC converter

.+ 2mm x 2 mm HotRod ™ package; -40C to 150C T, operation » Industry's Smallest, Highest Power Density and Lowest Iq in the

. 60V <1A space
) <6_HA Low Iq (Standby) with VOUT/BIAS » Allows uItrz small solution size suitable for space constrained
* Wide VIN range: 3.6 V-65V (Abs. Max = 70V) applications
* VINUVLO Falling = 3V > Capable of handling input transients up to 70V
* Adjustable Fsw with RT variant(200kHz — 2.2MHz) » Fixed frequency (with adjustable option) and ultra low output
«  FPWM (OTP variant; for fixed Frequency at all load) voltage ripple over entire load range
«  PFM (OTP variant ; for Improved light load Efficiency) > Bestin class Wide-V Tl solution for <10uA standby current
* MODE/SYNC variant (fixed 400kHz/1MHz/2.2MHZz) requirements )
. EPWM and PEM selectable » Typ. Industrial (~90% @24VIN, 5VOUT @500mA, 1MHZz)

» Peak Current mode control with internal compensation
* Precision EN/UVLO and PGOOD with delay
» Fixed (3.3V/5V) and Adj. VOUT options available

[a)]
P4 50
[©]

Ap p I I Catlo ns MODE/SOT';(T: 1: ig! | 8 |VOUTIFB Zﬂ Tymoly
FA&C - Field Transmitters & Process _ ’;;f, 20 —yn-sey
Sensors, Proximity Sensors PEOODLLS 1 1 nhqvee 1 — Vm-sav

i EN[ 3] 6 | BOOT 0
* Appliances B O om oom
* Building Automation VIN| 4 L5 |sw
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LMQ61460 & LMQ62440 A ke

Industry’s lowest EMI and highest power density 36V 2.1MHz 4A/6A synchronous buck converter

Features Benefits
+ <7 pA standby Iq with BIAS to Vout (2.1MHz 13.5Vto 3.3V noload) » High Efficiency at Light Load with no load Iq as low as 9pA
« 3.5 mm x 4 mm HotRod™ package; -40C to 150°C T, operation and auto mode for long standby time
* Spread Spectrum + Adjustable SW node rise time to reduce EMI » Low EMI Noise with Wettable Flank HotRod ™ package, spread

« Internal Bypass Capacitors Reduce EMI spectrum and pin-adjustable SW node rise time

+  LMQ62440-Q1: pin 6 = MODE/SYNC (4A DC current max) » Small solution size with 3.5mm x 4mm Wettable Flank
HotRod™ package and 2.2-MHz max frequency

» Flexible design options with Auto Mode (high efficiency at light
load and low Ig) or FPWM (fixed frequency for noise reduction)

» High Ambient Temp Operation with high efficiency at heavy load
and 150°C Tjpyax

* Pin-select Auto Mode or FPWM operation

* Fixed 2.1MHz & Synchronizable to External Clock: 200 kHz to 2.2 MHz
LMQ61460-Q1: pin 6 = RT (6A DC current max)

» Program frequency by resistor and Synchronizable : 200kHz to 2.2MHz

3.0 Vto 36 V input

» Factory programmed Auto Mode or FPWM versions
*  65ns (max) minimum on-time Frequenoynoap H we |
- . . 10 PGND1 PGND:
« 3V-36V (Abs. Max = 42V) Wide input voltage range pligh mtegfa“ E % %
RESET N o

EN/SYNC

+ Fixed 3.3V, fixed 5V and Adj. output voltage versions available

BIAS

T —‘E: L U IE! ?3— Adj Frequency
Applications = it &
= Automotive infotainment, ADAS o, s ﬁ
and body applications ‘[ 2E
= Industrial distributed power "TJ '} 7 |_ L?? T =D
= General purpose Wide VIN I ‘ 1
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Features for great EMI: LMQ6x460-Q1

uuuuu

B=2f, -(1+m,)=2-(Af, +1,)

SWITCH

oo Y -IE
P <]

VIN VIN

High Frequency Input
Capacitors Intggrated

Pseudo-Random Spread Symmetrical PINOUT
Spectrum @
. LM62440-Q1 = o
Wire Bond | vee
Silicon Die P B 2 DR B A o
Lead frame : { ® ' o
Board :} i 2 !
s |} ) HSFET| RBOOT
Silicon Die . {#ﬁil: U I T i
Copper bump =
Solder J: o o o e
Lead frame 7 .
Board T >5 dB improvement with integrated caps
HotRod Package Slew Rate Control w/ RBOOT even with poor PCB layout
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Capacitor location impacts EMI performance

Notes:

1. Minimizes the ESL impact at high frequency, thus minimizes the ringing at SW node
2. Minimizes the solution size
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L M60440/30 e

Industry’s smallest 36V, 3A/4A synchronous converter in Enhanced HotRod QFN package

« 2x 3 mm Enhanced HotRod™ QFN package with wettable » Enhanced QFN Package with no Bond-Wires for best EMI
flanks and External Pad performance and Wettable Flanks for easy visual inspection
- Up to 7% improvement in thermal performance » Wide vin operation to accommodate industrial line variation

» High efficiency with increased thermal performance to
withstand higher ambient temperatures
» Highest 36V converter Power Density

* -40C to 150C T, operation

* Low 85/55 mOhm Internal HS & LS Rdson

* 50ns min ON time, 75ns min OFF-time

» <25pA quiescent current at no load

* Vinrange 3.8V - 36V, Vout Range Adjustable from 1.0V to

95%Vin (38V Abs Max) VIN BT
CBOOT
+ Switching frequency = 400 kHz and 1MHz EN sw Veur
+ Soft-start time = 5 ms; Starts into pre-biased load PGND couT

+ Cycle by cycle current limit & Hiccup Short Circuit Protection Polar Reef

Applications

* CPU (PLC Controller), Industrial PC, and Automotive USB Charging
» General purpose wide input power supply

WCC PG p—

RFBT

AGND
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TPSM53604/3/2

Industry’s highest density 36V, 2A/3A/4A power module

+ Enhanced HotRod™ QFN Package Technology * Reduced design risk — integrated inductor and small passives
in easy to handle QFN packaging

* 4to 36V Input Voltage Range

* 2A, 3A, and 4A Output Current Options

* 1V to 7V Output Voltage Range

* 5x5.5x 4 mm Enhanced HotRod™ QFN Package

* -40°C - 105 °C Operating Temp Range (125 °C Junction)

* Smallest 36V, 4A/3A solution (30% smaller than discrete
implementation and competition module solution)

* Bestin class efficiency (89% at 24Vin, 5Vout, 3A)
* Up to 20W output power at 85°C with no airflow

* Low EMI — Meets CISPR11 radiated emissions
* Pin out engineered to reduce EMI

» High efficiency across load range
* PG, Pre-Biased Start Up and Prog UVLO Footprint . PGOOD
- LMR33630 Silicon 2

Factory Automation
Test & Measurement
Grid

Defense

Industrial Transport -

VouT
TPSM53604

FB
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TPSM5601R5H

Sampling Now!

N

Industry’s highest density 60V, 600mA/1.5A power module

* 4.2V to 60V Input Voltage Range
* 1.5A Output Current Options
+ Output Voltage Range:
* 1V -6V ADJ, 400kHz
+ 1V -16V ADJ, 1MHz
*+ 5x5.5%x 4mm Enhanced HotRod™ QFN package
* -40°C - 105 °C Operating Temp Range (125 °C Junction)
* -55C Rated Option Available
* FPWM operation and Spread Spectrum option to reduce EMI
* PG, Pre-Biased Start Up and Prog UVLO
+ LMR36015 Silicon

* Factory & Building Automation, Smart Grid & Energy
* Medical
* Aerospace & Defense

+ Smallest 60V, 1.5A solution (60% smaller than
competition) with Best in class efficiency (85% at 24Vin,
3.3Vout, 1.5A)

* Reduced manufacturing complexity for customer with
standard footprint

* Pass radiated EMI requirement with minimal effort

* HotRod® silicon minimize noise loop and improves
efficiency

* Fixed Frequency operation and Spread Spectrum feature
further enable mitigating EMI

.

Vs | 414 PG00 [
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Better thermal performance in smaller
Power Module package

Maximum Output Current for Viy=24V and Vg, =5V

TPSM53604 (RS Competitor - (same board area)
3.8-36 V | 3.4-40 V ' == Enhanced QFN Module (5x5.5mm)
4A R Engir;:m 3.5 A “peak” 4.5 —— BGA Module (6.25x6.25mm)
5x5.5 mm i 6.25x6.25 mm <
Enhanced QFN BGA = 4.0
=z
E 35 \\
Area = 27.5 mm?2 Area = 39 mm?
= () 330 ~ AN
@ @ = \
@ @ o525 S
— — 520
() (] O
15
Thermal contact Thermal contact 10

42% of package area 18% of package area 40 50 60 70 80 90 100
AMBIENT TEMPERATURE (°C)
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TPSM265R1

Industry’s highest density 65V, 100mA power module with ultra low I, | &
Features Benefits
+ Input voltage range from 3V to 65V + Continuous 65V operation. No need to transient suppressors.
* 10.5pAno-load Ig 2 pA Shutdown lg +  Smallest 65V capable 100mA solution (11% smaller than
* PFM Mode For Excellent Light Load Efficiency competition solution space for 3.3V/5V rail)
* Miniature 2.8mm x 3.7mm x 1.9mm package with integrated +  Fixed output voltage versions guarantee lowest BOM count (Just

inductor C\y and Cqyr required)
» Output Voltage options:
+ 3.3V, 5V Fixed Vout
- 1.3V to 15V Adjustable Output Voltage * Ensure one sideto be no more than 3mm
» Power Good flag, Internal + external soft start »  Ensure small switching current loops and low noise operation

* Precision input UVLO

A D [ | I Catl O n S Single-sided layout solution size

» Factory Automation 5V or 3.3V output
+ Process and Field Sensors 3 .EI -------------- ;
* 4-20 mA current-loop powered sensors : ' '

‘ 5 GND
2 : {1}
BEEHEB = -

+ Form Factor and pin out engineered to:

TPSM265R1V5
PGOOD

Veur
VOUT

SENSE+

7 mm | Copyright @ 2019,
| - Texas Instruments Incorporated
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Embedded module technology

System-in-Package integrates the IC inside the printed circuit board (laminate substrate) with SMD components on top of
the package.

Texas Instruments is the first company that made high volume production with this packaging technology as
MicroSiP/L™ with an embedded die Picostar™.

Fully embedded IC inside PCB

ALL Passive components

(L, CIN, COUT)are on the PCB InE et s B e (G2

Module package is BGA (WCSP) Module package is in QFN format

» &
e

s

7

6

5
MicroSIP™ package MicroSiL™

w .

L}
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Visit www.tl.com/npu

For more information on the New Product Update
series, calendar and archived recordings
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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