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BOOSTXL-DRV8305EVM User’s Guide

This document is provided with the BOOSTXL-DRV8305EVM customer evaluation module (EVM) as a
supplement to the DRV8305 data sheet (DRV8305 Three Phase Gate Driver With Current Shunt
Amplifiers and Voltage Regulator). This user's guide provides details on the setup and hardware
implementation of the BoosterPack™ plug-in module.
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1.1 PCB 3-D Views

Figure 1 shows the top view of the BOOSTXL-DRV8305EVM board. Figure 2 shows the BoosterPack
header signals.
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Figure 2. BoosterPack Header Signals
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1.2 PCB 3-D Views
Figure 3 and Figure 4 show the top and bottom three-dimensional PCB views.
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Figure 4. 3-D Bottom View
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2 Introduction

The BOOSTXL-DRV8305EVM BoosterPack is a complete 3-phase driver stage in order to evaluate motor
application with the DRV8305 motor gate driver. It utilizes a compact and modular form factor for ease of
use and is designed to dock with compatible TI LaunchPad™ development kits for a complete motor
control system.

2.1 Features
The following lists the BOOSTXL-DRV8305EVM features:

Complete 3-phase drive stage in a compact form factor (2.0 in x 2.2 in)

Supports 4.4- to 45-V voltage supply and up to 15-A RMS (20-A peak) drive current

6x CSD18540Q5B N-Channel NexFET™ Power MOSFETSs (1.8 mQ)

Individual motor phase and DC bus voltage sense

Low-side current shunt sense for each half-bridge

Fully protected drive stage including short circuit, thermal, shoot-through, and undervoltage protection
LMR16006 wide voltage input, 0.6-A step down buck regulator for MCU supply

Combine with compatible LaunchPad XL kits to create a complete 3-phase motor control platform

Optimized for the Piccolo™ LAUNCHXL-F28027F LaunchPad to support the InstaSPIN-FOC™
sensorless motor control solution

Figure 5. BOOSTXL-DRV8305EVM With LAUNCHXL-F28027F
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2.2 Pinout

The BOOSTXL-DRV8305EVM brings out a mixture of power, control, and feedback signals to the XL
LaunchPad headers.

Signal Types

. (__POWER ]

Viewed From Top =

(__GPIO__]

SPI )

ADC
Crwm )
To LaunchPad XL J1 Supply Motor To LaunchPad XL J2

Header Header

PWRGD
SDI
SDO
ENGATE
WAKE

TTTTT

DRV8305
To LaunchPad XL J6
PWMHA
PWMLA
PWMHB
PWMLB
PWMHC
PWMLC

To LaunchPad XL J5

Figure 6. BOOSTXL-DRV8305EVM Pinout

« Terminal block headers for the power supply and motor connections

* Onboard LM16006 step-down buck regulator to provide 3.3-V power to the LaunchPad

» Fault reporting through the nFAULT and PWRGD signals

+ SPI to set device configuration, operating parameters, and read out diagnostic information

+ Voltage sense for the voltage supply bus and each phase output (scaled for 4.4- to 45-V operation)
» Low-side current shunt sensing on each phase (scaled for 0- to 20-A peak current operation)

2.3 Operating Conditions

Table 1 lists the operating conditions.

Table 1. Operating Conditions

Parameter Minimum Maximum Unit
Operating supply voltage 4.4 45 \%
Operating supply current (EN_GATE = Low) 150 mA
Operating temperature -40 125 °C
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3

3.1

3.2

Getting Started

Requirements

The BOOSTXL-DRV8305EVM is not a standalone motor control kit and requires a compatible XL
LaunchPad to provide the appropriate motor control signals. The BOOSTXL-DRV8305EVM has been
specifically designed for the LAUNCHXL-F28027F InstaSPIN-FOC LaunchPad. In addition to the
BoosterPack and a compatible XL LaunchPad, a 3-phase motor and sufficient power supply are required.

Configuring the LaunchPad

The BOOSTXL-DRV8305EVM BoosterPack supplies 3.3 V to the LaunchPad through the onboard
LMR16006 0.6-A, step-down buck regulator. It is recommended to remove the jumpers on the LaunchPad
that connect the emulation and controller power supplies. The LaunchPad communication lines should
also be configured to ensure proper operation from the host PC.

Example: LAUNCHXL-F28027F

For the LAUNCHXL-F28027F LaunchPad, remove the JP1 (3.3 V), JP2 (GND), and JP3 (5 V) jumpers to
isolate the two power supply domains (MCU and Emulator).

The S1 switch should be set to the ON-ON-ON position to allow for a JTAG debug connection. The S4
switch should be moved to the OFF position to allow for the nFAULT pin from the DRV8305 to report
correctly.

i L Al anCé
- C2000™ ®r? %
<4+ LaunchPad XL /2.
< F4 TMS3208F2€82x

ua i

Figure 7. LAUNCHXL-F28027F Configuration
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3.3

Connecting the Hardware

Use the following steps to connect the hardware:

1.

Plug the BOOSTXL-DRV8305EVM BoosterPack onto the LaunchPad as shown in Figure 5. The
terminal block headers should be oriented towards the USB connector and the 20-pin headers (J1 and
J2) should align properly.

Connect the 3-phase motor to the terminal block header J4. The motor connections have been labeled
with A, B, and C but can be connected in any order.

Connect the power supply, that will power the BoosterPack’s DRV8305 3-phase gate driver, 3-phase
power stage, and LMR16006 buck regulator to the terminal block header J3. The connections have
been labeled PVYDD and GND. For full performance, ensure the supply can support as much current as
your motor may demand. The BoosterPack has a designed operating range from 4.4- to 45-V with up
to 15-A RMS (20-A peak) of phase output current.

WARNING

At high currents the drive stage can increase to high temperatures.
Use proper handling procedures.

Enable the power supply. A fault may appear on the nFAULT LED. This is normal and should be
cleared when the status registers are read or EN_GATE is taken HIGH.

Enable the control algorithm and begin spinning the motor. The BOOSTXL-DRV8305EVM
BoosterPack combined with a compatible XL LaunchPad will provide a complete motor drive and
control evaluation platform. With the Piccolo LAUNCHXL-F28027F LaunchPad you can take full
advantage of TI's InstaSPIN™-FOC sensorless control solution. To get started with InstaSPIN-FOC
(http://www_ ti.com/instaspin-foc) download and run the MotorWare™ software
(http://www.ti.com/tool/motorware), reviewing the LAUNCHXL and BOOSTXL resources.

Demo Application

The BOOSTXL-DRV8305EVM BoosterPack has been optimized to work together with the Piccolo
LAUNCHXL-F28027F LaunchPad to provide a complete motor drive and control evaluation platform. To
quickly get your 3-phase motor spinning, see TI's InstaSPIN-FOC sensorless control solution at
http://www.ti.com/tool/motorware. Multiple projects, labs, and an easy to use GUI are available with TI
MotorWare available at http://www.ti.com/tool/motorware, with detailed documentation and user guides.

File
A 7
Devices: | Al Topics: | A s

enter search keyword Address: b

& InstaSPIN-FOC

4 InstaSPIN-MOTION MotorWare™ Software

P Drivers

P Modules MotorWare™ is a cohesive set of software and technical resources designed to minimize motor control

Resources system development time
%# CCS From device-specific drivers and support software to complete system examples and technical training,
MotorWare™ provides support for every stage of development and evaluation.

MotorWare™ software has been developed to enable easy integration of best-in-class motor control techniques.
The software has been designed to enable:

e Cross TI MCU support

¢ Modular and portable across MCU, power electronics and control techniques

¢ Object Oriented software design

¢ APlbased

Figure 8. MotorWare™ Software
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5.1

5.2

Detailed Hardware Description

The BOOSTXL-DRV8305EVM BoosterPack is a complete drive stage for 3-phase motor applications. The
design consists of the DRV8305 motor gate driver, CSD18540Q5B N-Channel NexFET Power MOSFETSs,
and LMR16006 buck regulator. See the respective data sheets for the DRV8305 (SLVSCX2),
CSD18540Q5B (SLPS488), and LMR16006 (SNVSA24) for more information concerning each device.

DC Bus and Phase Voltage Sense

The BoosterPack has been designed with voltage sense circuits on the DC bus (PVDD) and each half-
bridge outputs (phases A, B, and C). These circuits, shown Figure 9, consist of a voltage divider with a
filtering capacitor to reduce high frequency noise on the ADC pins. These circuits have been scaled to
support 4.4 to 45 V. The high-side resistors for the phase outputs are located near the motor output
header (J4) while the low-side resistors and filtering capacitors are located near the ADC pins on the
BoosterPack to LaunchPad header (J1) for improved noise reduction purposes.

PVDD

+c19 LRM

$62.0k
330uF VSEN_PVDD

(>R16 c22
49% | 0.1ypF
<

GND

GND

Figure 9. Voltage Sense

To achieve higher resolution voltage feedback, the scaling can be adjusted by replacing the high-side
resistors with a lower value.

Example: For a 12-V system, R8, R9, R10, and R14 could be replaced with 22-kQ resistors to
approximately triple the voltage resolution. The new full scale voltage would be 17.85 V.

Low-Side Current Shunt Sense

The BoosterPack has low-side current shunt sense for each half-bridge (phases A, B, and C). The current
sense setup takes advantage of the DRV8305'’s triple shunt current amplifiers (phases A, B, and c). The
configuration for the low-side sense is shown in Figure 9. The differential amplifier senses voltage across
a 0.007-Q power sense resistor with differential connections. The differential voltage is then amplified by
10 V/V and centered at 1.65 V to allow for sensing both positive and negative currents. The sense resistor
has been scaled for 0- to 20-A peak currents.

DRV8305 Current Shunt Amplifier

RGvAIN

SN

§ RSENSE

SP

VREF

>

Rrer

Figure 10. Current Sense
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5.3 BoosterPack GPIO Signals

The Motor Drive BoosterPack brings out the GPIO signals for the DRV8301 to the LaunchPad XL. These
signals are described in detail in the following list and further information can be found in the DRV8301
data sheet.

1. nFAULT: Fault indicator, specific FAULT status can be obtained through the status registers
2. PWRGD: Watchdog and LDO regulator status indicator

3. EN_GATE: Enables gate driver and current shunt amplifiers

4. WAKE: Used to bring the device out of its low power sleep mode.

5.4 DRV8305 Status and Control Registers

The DRV8305 provides extensive fault reporting and device configuration through an SPI interface and
internal registers. There are two categories of registers: status and control. Status registers provide
information about device faults and warnings. This information can include items ranging from IC
overtemperature to MOSFET overcurrent events. The control registers allow various device parameters to
be modified to suit system requirements. These parameters include but are not limited to gate drive
current, dead times, current shunt amplifier configurations, and fault reporting modes. For specific
information concerning the DRV8305 registers, refer to the data sheet (SLVSCX2).

The InstaSPIN GUI allows easy access to read and modify the DRV8305'’s internal registers. These can
be accessed on the DRV8305 tab of the InstaSPIN Universal GUI.

FOC DRV8301 SPI  DRV8305 SPI

InstaSPIN-FOC MotorWare Instrumentation
Enable System|  [] |RsRecalc [ Auto Field weaken

user.h Params OffsetCalc Pole Pairs

D Run ForceAngle D PowerWarp (EPL)

Figure 11. Enable System
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Power to the BoosterPack needs to be supplied and Enable System needs to be checked to allow SPI
reads and writes. The DRV8305 SPI tab displays a map of the DRV8305 internal registers, both status
and control. To read from the registers, select the Read button. The register map will update with the
current register values. To write to the registers, make the desired change in the map and select the Write

button. Manual reads or writes to individual registers can be made with the Manual Write and Manual
Read buttons (in decimal).

File

Control Register 0x0C

Addr. (Dec)  Write Data (Dec)
0 0
Addr. (Dec)  Read Data (Dec)

0

SPI DRVS8305 SPI

Note: Only enabled for DRV8305 hardware

FAULT RSVD TEMP_FLG4 PVDD_UVFL PVDD_OVFL VDS_STAT VCPH_UVFL TEMP_FLG1 TEMP_FLG2 TEMP_FLG3 oTw
Status Register 0x01
FETHA_VDS FETLA_VDS FETBH_VDS FETLB_VDS FETHC_VDS FETLC_VDS  RSVD RSVD  SNS_C_OCP SNS_B_OCP SNS_A_OCP
Status Register 0x02
PVDD_UVLO2 WD_FAULT oTs RSVD VREG_UV AVDD_UVLO VCP_L_UVLO2 RSVD VCPH_UVLO2 VCPH_OVLO VCPH_OVLO_ABS
Status Register 0x03
FETHA_VGS FETLA_VGS FETHB_VGS FETLB_VGS FETHC_VGS FETLC_VGS RSVD RSVD RSVD RSVD RSVD
Status Register 0x04
RSVD TORIVEN IDRIVEN_HS IDRIVEP_HS
Control Register 0x05 TSour_2000_ns 1Sink_HS_0p060_A ISour_HS_0p0S0_A
RSVD TORIVEP IDRIVEN_LS IDRIVEP_LS
Control Register 0x06 TSour_2000_ns 1Sink_HS_0p060_A ISour_HS_0p0SO_A
RSVD  COMM_OPT PWM_MODE DEAD_TIME TELANK TVDS
Control Register 0x07 A PwmMod DeadTime_60_ns VDSBInk_2_us VDSDeg_4_us
FLIP_OTS DIS_UVLO2 DIS_FAULT EN_SNS_CLAMP WD_DLY DIS_SNS_OCP WD_EN SLEEP  CLR_FLTS SET_VCPH_UV
Control Register 0x09 0 0 0 WD_Dly_20_ms 0 0 0 0 0
CAL_CH3 CAL_CH2 CAL_CH1 CS_BLANK GAIN_CS3 GAIN_CS2 GAIN_CS1
Control Register 0x0A 0 0 0 Blank_0p00_us Gain3_10VpV Gain2_10VpV Gainl_10VpV
RSVD VREF_SCALING RSVD RSVD RSVD SLEEP_OLY DIS_PWRGD  VREG_UV_LEVEL
Control Register 0x08 Scaling_k_2 SleepDly_10_us UvLevel_30
RSVD RSVD RSVD

VDS_LEVEL VDS_MODE

VDS_Level__1p175_V Latched_Shutdown

MANUAL WRITE

WRITE READ

MANUAL READ

Figure 12. DRV8305 SPI Registers
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5.5 BOOSTXL-DRV8305EVM Schematic
Figure 13 shows the BOOSTXL-DRV8305EVM schematic.
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Figure 13. BOOSTXL-DRV8305EVM Schematic
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5.6 Hardware Source Files

The complete design files can be found on the tool folder, including the schematic, Gerbers, designs files,
PCB views, and bill of materials.
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers TI evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

1.1 EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

1.2 EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

2.1 These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

2.2 Tl warrants that the TI EVM will conform to Tl's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than TI, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (c) User has not paid on time. Testing and other quality control
techniques are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

2.3 TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by Tl not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

Regulatory Notices:
3.1 United States
3.1.1  Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.



3.2

3.3

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

* Reorient or relocate the receiving antenna.

* Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
» Consult the dealer or an experienced radio/TV technician for help.

Canada

3.2.1  For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247

Concerning EVMs Including Radio Transmitters:

This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) I'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas l'intensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d’'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur

Japan

3.3.1  Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page AXRERIC
MASHBTHMEAEY M, R—RIEZDVTE, ROEZBREZBIEEV,
http://www_tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMSs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

ENRBERBECOVTORREFY hEBFEVICEZIBOEREFEICOVTRE, ROECHEIBIEE VW, hitp/
/www_tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union
3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.

4 EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by Tl, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS I1S" AND "WITH ALL
FAULTS." TI DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL Tl BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)
will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated



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 (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 T| products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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CSD18540Q5B 60-V, N-Channel NexFET™ Power MOSFETs
1 Features
Product Summa
+ Ultra-Low Qg and Qgq y
) Ta = 25°C TYPICAL VALUE | UNIT
* Low-Thermal Resistance Vps Drain-to-Source Voltage 60 \%
* Avalanche Rated Qg Gate Charge Total (10 V) 41 nC
* Lead-Free Terminal Plating Qg Gate Charge Gate-to-Drain 6.7 nC
. . Ves=45V | 26
RoHS Comp“ant Rps(n) | Drain-to-Source On Resistance s — mQ
» Halogen Free Ves=10V | 1.8
. vV Threshold Volt 1.9 v
«  SON 5-mm x 6-mm Plastic Package Gsuy | THESROX TOTe0e
. . H ion(M
2 Applications Device Information
. DEVICE QTY| MEDIA PACKAGE SHIP
* DC-DC Conversion CSD18540Q5B | 2500 | 13-Inch Reel SON Tape
. i ifi 5.00-mm x 6.00- d
Secondary Side Synchronous Rectifier CSD18540Q5BT | 250 | 7-Inch Reel | > ogamt Packagf:m and

Isolated Converter Primary Side Switch
Motor Control

3 Description

This 1.8-mQ, 60-V NexFET™ power MOSFET is
designed to minimize losses in power conversion
applications with a SON 5-mm x 6-mm package.
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Vgs - Gate-to-Source Voltage (V)

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Absolute Maximum Ratings

Ta =25°C VALUE UNIT

Vps Drain-to-Source Voltage 60 \

Vgs | Gate-to-Source Voltage +20 \%
Continuous Drain Current (Package Limited) 100
Continuous Drain Current (Silicon Limited),

| o 205 A

b Tc=25°C
Continuous Drain Current") 29

lov | Pulsed Drain Current, T, = 25°C 400 A
Power Dissipation(") 3.8

Pp W
Power Dissipation, T¢ = 25°C 188

T, Operating Junction, . o

Tstg Storage Temperature 5510175 ¢
Avalanche Energy, Single Pulse

Bas | |)=80A L=01mH,Rs=250 820 mJ

(1) Typical Rgja = 40°C/W on a 1-in?, 2-0z Cu pad on a 0.06-in
thick FR4 PCB.

(2) Max Rgyc = 0.8°C/W, pulse duration < 100 ps, duty cycle <

—

Vgs - Gate-to-Source Voltage (V)
N W A~ OO0 OO N o © O

1%.
Gate Charge
7
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Vps =30V
DS ///
//
/
7
/
/|
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Qq - Gate Charge (nC)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Specifications

5.1 Electrical Characteristics
Ta = 25°C (unless otherwise stated)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
STATIC CHARACTERISTICS
BVpss Drain-to-source voltage Vgs =0V, Ip =250 pA 60 \
Ibss Drain-to-source leakage current Vgs =0V, Vps =48V 1 pA
lgss Gate-to-source leakage current Vps =0V, Vgs=20V 100 nA
Vasith) Gate-to-source threshold voltage Vps = Vgs, | =250 pA 15 1.9 2.3 \
. . Ves =45V, Ip =28 A 2.6 3.3
Rps(on) Drain-to-source on resistance mQ
Ves =10V, Ip =28 A 1.8 2.2
Ofs Transconductance Vps=6V,Ip=28A 116 S
DYNAMIC CHARACTERISTICS
Ciss Input capacitance 3250 4230 pF
Coss Output capacitance Vgs=0V,Vps=30V, f=1MHz 622 808 pF
Crss Reverse transfer capacitance 15 20 pF
Rg Series gate resistance 0.8 1.6 Q
Qq Gate charge total (4.5 V) 20 26 nC
Qq Gate charge total (10 V) 41 53 nC
Qqq Gate charge gate-to-drain Vps =30V, Ipp=28 A 6.7 nC
Qgs Gate charge gate-to-source 8.8 nC
Qgq(th) Gate charge at Vi, 6.3 nC
Qoss Output charge Vps =30V, Vgs =0V 83 nC
ta(on) Turnon delay time ns
tr Rise time Vps =30V, Vgs =10V, 9 ns
td(off) Turnoff delay time Ips =28 A,Rg=00Q 20 ns
t Fall time 3 ns
DIODE CHARACTERISTICS
Vsp Diode forward voltage Isp=28A,Vgs=0V 0.8 1 \
Qrr Reverse recovery charge Vps= 30V, e = 28 A, 145 nC
t Reverse recovery time di/dt = 300 A/ps 82 ns

5.2 Thermal Information
Ta = 25°C (unless otherwise stated)

THERMAL METRIC

MIN TYP MAX| UNIT

Rosc Junction-to-case thermal resistance (")

0.8

Rosa Junction-to-ambient thermal resistance (")

°C/W

50

(1) Rgyc is determined with the device mounted on a 1-in? (6.45-cm?), 2-0z (0.071-mm) thick Cu pad on a 1.5-in x 1.5-in
(3.81-cm x 3.81-cm), 0.06-in (1.52-mm) thick FR4 PCB. Rg,c is specified by design, whereas Ry,a is determined by the user’s board

design.

(2) Device mounted on FR4 material with 1-in? (6.45-cm?), 2-0z (0.071-mm) thick Cu.

Copyright © 2014-2017, Texas Instruments Incorporated
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3 2-0z (0.071-mm) thick 3 2-0z (0.071-mm) thick
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Y Y
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5.3 Typical MOSFET Characteristics
Ta = 25°C (unless otherwise stated)
10
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o
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8 1 = — | (
a = —— 1
g | |
= — — ~ ul
£
q’ o
o n
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g l’-——":‘f'//f/ ! s
e /""’
' // :
g 0.01 = —t,—p =
N == =
Max Rgyc = 0.8° C/W I
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0.001 ‘ ‘ ‘ ‘ ‘
1E-5 0.0001 0.001 0.01 0.1 1
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Figure 1. Transient Thermal Impedance
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Typical MOSFET Characteristics (continued)

Ta = 25°C (unless otherwise stated)

200 200
\
/ — Tc=125C /
180 4 180 | — 7o =25C
— — c=
< 160 < 160 Tc=-55C /
f f
£ 140 / £ 140 //
3 3
g 120 / g 120 / /
§ 100 » § 100 /]
S 80 / S 80
£ // £ //
g 60 % g 60
w 40— / w» 40 /
8 // — Vgs=45V 8 /
) / — Vgs=6.0V )
/ Vas =10V e |
0 0
0 01 02 03 04 05 06 07 08 09 1 1 1.5 2 25 3 35 4 45 5
Vps - Drain-to-Source Voltage (V) Vs - Gate-to-Source Voltage (V)
VDS =5 \Y
Figure 2. Saturation Characteristics Figure 3. Transfer Characteristics
10 v 100000
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g 6 % 8 1000 e
3 / 8
§ ° e E =
S 4 yd & 100
® L~ 3
s 8 o
g 2 /| 10
= //
1
0 1
0 5 10 15 20 25 30 35 40 45 0 10 20 30 40 50 60
Qq - Gate Charge (nC) Vps - Drain-to-Source Voltage (V)
Ib=28 A Vps =30V
Figure 4. Gate Charge Figure 5. Capacitance
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23— T 45 — Tc=125C, Ip =28 A
S I~ E 4
5 21 g \
> c 35
5 1.9 g N
> ? 3
T 17 & \
2 © 25
g 15 © \
= »
= 1.3 N, oé 2 —
z ) 15
2 1.1 \\ =
< N g !
0.9 < 0.5
0.7 0
75 -50 25 0 25 50 75 100 125 150 175 200 0 2 4 6 8 10 12 14 16 18 20
Tc - Case Temperature (T) Vgs - Gate-to-Source Voltage (V)
Ip =250 pA
Figure 6. Threshold Voltage vs Temperature Figure 7. On-State Resistance vs Gate-to-Source Voltage
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Typical MOSFET Characteristics (continued)

Ta = 25°C (unless otherwise stated)
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Figure 8. Normalized On-State Resistance vs Temperature Figure 9. Typical Diode Forward Voltage
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Figure 10. Maximum Safe Operating Area Figure 11. Single Pulse Unclamped Inductive Switching
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Figure 12. Maximum Drain Current vs Temperature
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6 Device and Documentation Support

6.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

6.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

6.3 Trademarks

NexFET, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

6.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘f I\ during storage or handling to prevent electrostatic damage to the MOS gates.

6.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

Copyright © 2014-2017, Texas Instruments Incorporated Submit Documentation Feedback 7
Product Folder Links: CSD18540Q5B


http://www.ti.com/product/csd18540q5b?qgpn=csd18540q5b
http://www.ti.com
http://www.ti.com/product/csd18540q5b?qgpn=csd18540q5b
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLPS488B&partnum=CSD18540Q5B
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022

13 TEXAS
INSTRUMENTS
CSD18540Q5B

SLPS488B —JUNE 2014—REVISED APRIL 2017 www.ti.com

7 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

7.1 Q5B Package Dimensions

—» K
., c1 H ‘4_—E2 d—’l— »lk L
E *‘ N | ul | B
I i j( i: o | J Ll %
_‘O | e i _{
~ [ 20400TYP NS
N ~ C a8 - 4 - _f
ww - + - —t - +— 0 © [—
w © I: — |: q
ot | ot
- )L —+
plle— d1
! L1_J L d2— e
o | Top View Side View Bottom View
|
c2 )
L 1
! | |
1< E1 ql
Front View
MILLIMETERS
DIM
MIN NOM MAX
0.80 1.00 1.05
b 0.36 0.41 0.46
c 0.15 0.20 0.25
c1 0.15 0.20 0.25
c2 0.20 0.25 0.30
D1 4.90 5.00 5.10
D2 4.12 4.22 4.32
D3 3.90 4.00 4.10
d 0.20 0.25 0.30
a1 0.085 TYP
d2 0.319 0.369 0.419
E 4.90 5.00 5.10
E1 5.90 6.00 6.10
E2 3.48 3.58 3.68
e 1.27 TYP
0.36 0.46 0.56
L 0.46 0.56 0.66
L1 0.57 0.67 0.77
0 0° — —
K 140 TYP
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7.2 Recommended PCB Pattern
(0.175)
4440 ————p
(0.023) (0.043)
0.
A <
© -
? 1.270 (0.050)
_ SYM
0.178 _ _
G159 ¢ +
0.560 (0.022) {
* ) ~— 0.710(0.028)
’ f
(0.136) (0.039) (0.054)
—— 3456 —»| 0.984l¢— —pl 1372 e

For recommended circuit layout for PCB designs, see Reducing Ringing Through PCB Layout Techniques
(SLPAQQS).

7.3 Recommended Stencil Pattern

(0.020) 0.014)
0.508 )
4 (0.011) 0.350 = |4— (0.029) 0(%-2222)4
1 0.286 —Pl — 0.746 x 8 I . X
¢ 7 2.186(0.086)
4.318(0.170) — + ? — l
0.300
1.270 (0.050) (0.012) 1.270(0.050)
(0.051)
0.95 1294 (0.060) |5 042
0.766 8 € < 1.525p" <«
1.072
(0.259)
6.586
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7.4 Q5B Tape and Reel Information

e
—» KO S
0.30 £0.05 < »l— 4.00 £0.10 (See Note 1) 10
2.00£0.05 —b  |¢— @150 908 I
000 JgJo o o of+r
o
- @
o
T e O o O \ %
(To "o ' g || o1t
' S
* ) \ 3
o
Y]
6
«— A0 —» 4— 8.00 £0.10 —»,
R 0.30 MAX A0 8.00 £0.10
@ 1.50 MIN
AO = 6.50 £0.10 R0.30 TYP
BO = 5.30 +0.10
KO = 1.40 £0.10
M0138-01
Notes:
1. 10-sprocket hole-pitch cumulative tolerance £0.2.
2. Camber not to exceed 1 mm in 100 mm, noncumulative over 250 mm.
3. Material: black static-dissipative polystyrene.
4. All dimensions are in mm (unless otherwise specified).
5. A0 and B0 measured on a plane 0.3 mm above the bottom of the pocket.
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PACKAGING INFORMATION

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
 There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

®) |ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1

Orderable Device Status Pack Type Pack Pins Pack Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty @ Ball material @) (4/5)
(6)
CSD18540Q5B ACTIVE  VSON-CLIP DNK 8 2500 RoHS-Exempt NIPDAU | SN Level-1-260C-UNLIM ~ -55to 175 CSD18540 m
& Green
CSD18540Q5BT ACTIVE  VSON-CLIP DNK 8 250  RoHS-Exempt NIPDAU | SN Level-1-260C-UNLIM ~ -55to 175 CSD18540 m
& Green
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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 (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 T| products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated
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LMR16006 SIMPLE SWITCHER® 60 V 0.6 A Buck Regulators With High Efficiency ECO

Mode

1

VIN

Features

Ultra Low 28 uA Standby Current in ECO Mode
Input Voltage Range 4 V to 60 V

1 A Shutdown Current

High Duty Cycle Operation Supported

Output Current up to 600 mA

0.7 MHz and 2.1 MHz Switching Frequency
Internal Compensation

High Voltage Enable Input

Internal Soft Start

Over Current Protection

Over Temperature Protection

Small Overall Solution Size (SOT-6L Package)

Create a Custom Design Using the LMR16006
with the WEBENCH Power Designer

Applications

Industrial Distributed Power Systems
Automotive

Battery Powered Equipment
Portable Handheld Instruments
Portable Media Players

Simplified Schematic

3 Description

The LMR16006 is a PWM DC/DC buck (step-down)
regulator. With a wide input range of 4 V to 60 V, it is
suitable for a wide range of application from industrial
to automotive for power conditioning from an
unregulated source. The regulator’s standby current
is 28 pA in ECO mode, which is suitable for battery
operating systems. An ultra low 1 pA shutdown
current can further prolong battery life. Operating
frequency is fixed at 0.7 MHz (X version) and 2.1
MHz (Y version) allowing the use of small external
components while still being able to have low output
ripple voltage. Soft-start and compensation circuits
are implemented internally, which allows the device to
be used with minimized external components. The
LMR16006 is optimized for up to 600 mA load
currents. It has a 0.765 V typical feedback voltage.
The device has built-in protection features such as
pulse by pulse current limit, thermal sensing and
shutdown due to excessive power dissipation. The
LMR16006 is available in a low profile SOT-6L
package.

Device Information("
PACKAGE
SOT (6)

PART NUMBER
LMR16006

BODY SIZE
2.90 mm x 1.60 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Efficiency vs Output Current
(fsw= 0.7 MHZ, VOUT= 3.3 V)

10 1
90 Vin=12V
80 = el ™
" |
T 70 —
)
c 60
3
Q
&I 50
40
30
20
1 10 100 1000

Output Current (mA)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Pin Configuration and Functions

SOT (DDC)
6 Pins
LMR16006
ce[1] 6 | sw
GND | 2 5 | Vi
', PIN1ID|
B3 | 4 | SHDN
TSOT-6L (Top View)
Pin Functions
PIN 110 DESCRIPTION
NAME NUMBER
CB 1 | Switch FET gate bias voltage. Connect Cy,,o; cap between CB and SW.

GND 2 G Ground connection.

FB 3 | Feedback Input. Set feedback voltage divider ratio with Voyt = Vg (1+(R1/R2)).

SHDN 4 | Enable and disable input (high voltage tolerant). Internal pull-up current source. Pull below
1.25 V to disable. Float to enable. Establish input undervoltage lockout with two resistor
divider.

VN 5 | Power input voltage pin. Input for internal supply and drain node input for internal high-side
MOSFET.
SW 6 (0] Switch node. Connect to inductor, diode, and Cpot Ccap.
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Specifications
7.1 Absolute Maximum Ratings (")
MIN MAX UNIT
V)y to GND -0.3 65
SHDN to GND -0.3 65
Input Voltages
FB to GND -0.3 v
CB to SW -0.3
SW to GND -0.3 65
Output Voltages -
SW to GND less than 30 ns transients -2 65
T, Operation Junction temperature -40 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range -55 165 °C
Hum(?n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 2000
ins
Vesp) | Electrostatic discharge P - — \%
Charged device model SCDM), per JEDEC specification 500
JESD22-C101, all pins®®

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted) ("

MIN MAX UNIT
Vin 4 60
CB 4 66
Buck Regulator CB to SW -0.3 6 v
SwW -0.3 60
FB 0 5.5
Control SHDN 0 60
Temperature Operating junction temperature range, T, -40 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.4 Thermal Information
over operating free-air temperature range (unless otherwise noted)

THERMAL METRIC (! soT UNIT
(6 PINS)
RO A Junction-to-ambient thermal resistance 102
RO, ctop Junction-to-case (top) thermal resistance 36.9 °C/W
ROy Junction-to board characterization parameter 28.4

(1) All numbers apply for packages soldered directly onto a 3" x 3" PC board with 2 oz. copper on 4 layers in still air in accordance to
JEDEC standards. Thermal resistance varies greatly with layout, copper thickness, number of layers in PCB, power distribution,
numberof thermal vias, board size, ambient temperature, and air flow.
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7.5 Electrical Characteristics

Limits apply over the recommended operating junction temperature (T,) range of -40°C to +125°C, unless otherwise stated.
Minimum and Maximum limits are specified through test, design or statistical correlation. Typical values represent the most
likely parametric norm at T, = 25°C, and are provided for reference purposes only. Unless otherwise specified, the following
conditions apply: V\y = SHDN = 12V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V\n (Input Power Supply)
VN Operating input voltage 4 60 \%
IsHDN Shutdown supply current | Vgy =0V 1 3 WA
la Operating quiescent no load, Viy =12V 28 WA
current (non-switching)
UVLO Undervoltage lockout Rising threshold 4
thresholds Falling threshold 3 v
SHDN
VSHDN_Thre Rising SHDN Threshold 1.05 1.25 1.38 \Y
Voltage
IsHDN Input current SHDN =23V 4.2
SHDN =09V -1 HA
ISHDN_HYs Hysteresis current -3 HA
HIGH-SIDE MOSFET
Rbs_on | On-resistance |Vin=12V,CBto SW=58V 900 mQ
VOLTAGE REFERENCE (FB PIN)
Ves | Feedback voltage | 0.747 0765 0782 V
CURRENT LIMIT
lumim Peak Current limit ViN=12V, T, =25°C 1200 mA
1700
THERMAL PERFORMANCE
Tshon Thermal shutdown 170 °C
threshold
Tays ! Hysteresis 10 °C
(1) Ensured by design
7.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
SW (SW PIN)
fsw Switching frequency LMR16006X 595 700 805 KHz
LMR16006Y 1785 2100 2415
Ton_MIN U] Minimum turn-on time fsw = 2.1 MHz 80 ns
Dmax Maximum duty cycle LMR16006X 96%
LMR16006Y 97%

(1) Ensured by design.
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7.7 Typical Characteristics
Unless otherwise specified the following conditions apply: Vi = 12V, fgw = 700 kHz, L1 = 22 pH, Cout = 10 pF, T, = 25°C.
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A T |
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g 0/ xR 70 f
) 3 il
c 60 c 60
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igure 1. Efficiency vs. Load Curren igure 2. Efficiency vs. Load Curren
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Figure 3. Efficiency vs. Load Current Figure 4. Load Regulation
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Figure 5. Shut-Down Current and Quiescent Current Figure 6. UVLO Threshold
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Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Viy = 12V, fgy = 700 kHz, L1 = 22 pyH, Cout = 10 pF, T, = 25°C.

1 6
3
= 05 5
S —
c
g //
L —
g - /
S 0 5 4
S o
= > / /
>
5
i=2
5 -05 3 —— 600 mA Load
S / —— 300 mA Load

100 mA Load
—— 10 mA Load
-1 2
5 16 27 38 49 60 3.8 4.3 4.8 53 5.8 6.3 6.8
Input Voltage (V) Vin (V)
VOUT =5V IOUT =600 mA VOUT=5 \Y
Figure 7. Line Regulation Figure 8. Dropout Curve
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8 Detailed Description

8.1 Overview

The LMR16006 device is a 60 V, 600 mA, step-down (buck) regulator. The buck regulator has a very low
quiescent current during light load to prolong battery life.

LMR16006 improves performance during line and load transients by implementing a constant frequency, current
mode control which requires less output capacitance and simplifies frequency compensation design. Two
switching frequency options, 0.7 MHz and 2.1 MHz, are available, thus smaller inductor and capacitor can be
used. The LMR16006 reduces the external component count by integrating the boot recharge diode. The bias
voltage for the integrated high side MOSFET is supplied by a capacitor on the CB to SW pin. The boot capacitor
voltage is monitored by an UVLO circuit and will turn the high side MOSFET off when the boot voltage falls
below a preset threshold. The LMR16006 can operate at high duty cycles because of the boot UVLO and refresh
the wimp FET. The output voltage can be stepped down to as low as the 0.8 V reference. Internal soft-start is
featured to minimize inrush currents.

8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Fixed Frequency PWM Control

The LMR16006 has two fixed frequency options, and it implements peak current mode control. The output
voltage is compared through external resistors on the Vgg pin to an internal voltage reference by an error
amplifier which drives the internal COMP node. An internal oscillator initiates the turn on of the high side power
switch. The error amplifier output is compared to the high side power switch current. When the power switch
current reaches the level set by the internal COMP voltage, the power switch is turned off. The internal COMP
node voltage will increase and decrease as the output current increases and decreases. The device implements
a current limit by clamping the COMP node voltage to a maximum level.

8.3.2 Bootstrap Voltage (CB)

The LMR16006 has an integrated boot regulator, and requires a small ceramic capacitor between the CB and
SW pins to provide the gate drive voltage for the high side MOSFET. The CB capacitor is refreshed when the
high side MOSFET is off and the low side diode conducts. To improve drop out, the LMR16006 is designed to
operate at 100% duty cycle as long as the CB to SW pin voltage is greater than 3 V. When the voltage from CB
to SW drops below 3 V, the high side MOSFET is turned off using an UVLO circuit which allows the low side
diode to conduct and refresh the charge on the CB capacitor. Since the supply current sourced from the CB
capacitor is low, the high side MOSFET can remain on for more switching cycles than are required to refresh the
capacitor, thus the effective duty cycle of the switching regulator is high. Attention must be taken in maximum
duty cycle applications with light load. To ensure SW can be pulled to ground to refresh the CB capacitor, an
internal circuit will charge the CB capacitor when the load is light or the device is working in dropout condition.

8.3.3 Output Voltage Setting

The output voltage is set using the feedback pin and a resistor divider connected to the output as shown on the
front page schematic. The feedback pin voltage 0.765 V, so the ratio of the feedback resistors sets the output
voltage according to the following equation: Vqoyr = 0.765 V (1+(R1/R2)). Typically R2 will be given as 1k Q - 100
kQ for a starting value. To solve for R1 given R2 and Vout uses R1 = R2 ((Voyt/0.765 V)-1).

8.3.4 Enable SHDN and VIN Undervoltage Lockout

LMR16006 SHDN pin is a high voltage tolerant input with an internal pull up circuit. The device can be enabled
even if the SHDN pin is floating. The regulator can also be turned on using 1.23 V or higher logic signals. If the
use of a higher voltage is desired due to system or other constraints, a 100 kQ or larger resistor is recommended
between the applied voltage and the SHDN pin to protect the device. When SHDN is pulled down to 0 V, the chip
is turned off and enters the lowest shutdown current mode. In shutdown mode the supply current will be
decreased to approximately 1 pA. If the shutdown function is not to be used the SHDN pin may be tied to V| via
100kQ resistor. The maximum voltage to the SHDN pin should not exceed 60 V. LMR16006 has an internal
UVLO circuit to shutdown the output if the input voltage falls below an internally fixed UVLO threshold level. This
ensures that the regulator is not latched into an unknown state during low input voltage conditions. The regulator
will power up when the input voltage exceeds the voltage level. If there is a requirement for a higher UVLO
voltage, the SHDN can be used to adjust the system UVLO by using external resistors.

8.3.5 Current Limit

The LMR16006 implements current mode control which uses the internal COMP voltage to turn off the high side
MOSFET on a cycle-by-cycle basis. Each cycle the switch current and internal COMP voltage are compared,
when the peak switch current intersects the COMP voltage, the high side switch is turned off. During overcurrent
conditions that pull the output voltage low, the error amplifier will respond by driving the COMP node high,
increasing the switch current. The error amplifier output is clamped internally, which functions as a switch current
limit.

8.3.6 Overvoltage Transient Protection

The LMR16006 incorporates an overvoltage transient protection (OVTP) circuit to minimize voltage overshoot
when recovering from output fault conditions or strong unload transients on power supply designs with low value
output capacitance. For example, when the power supply output is overloaded the error amplifier compares the
actual output voltage to the internal reference voltage. If the FB pin voltage is lower than the internal reference
voltage for a considerable time, the output of the error amplifier will respond by clamping the error amplifier
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Feature Description (continued)

output to a high voltage. Thus, requesting the maximum output current. Once the condition is removed, the
regulator output rises and the error amplifier output transitions to the steady state duty cycle. In some
applications, the power supply output voltage can respond faster than the error amplifier output can respond, this
actuality leads to the possibility of an output overshoot. The OVTP feature minimizes the output overshoot, when
using a low value output capacitor, by implementing a circuit to compare the FB pin voltage to OVTP threshold
which is 108% of the internal voltage reference. If the FB pin voltage is greater than the OVTP threshold, the
high side MOSFET is disabled preventing current from flowing to the output and minimizing output overshoot.
When the FB voltage drops lower than the OVTP threshold, the high side MOSFET is allowed to turn on at the
next clock cycle.

8.3.7 Thermal Shutdown

The device implements an internal thermal shutdown to protect itself if the junction temperature exceeds
170°C(typ). The thermal shutdown forces the device to stop switching when the junction temperature exceeds
the thermal trip threshold. Once the junction temperature decreases below 160°C(typ), the device reinitiates the
power up sequence.

8.4 Device Functional Modes

8.4.1 Continuous Conduction Mode

The LMR16006 steps the input voltage down to a lower output voltage. In continuous conduction mode (when
the inductor current never reaches zero at CCM), the buck regulator operates in two cycles. The power switch is
connected between V|y and SW. In the first cycle of operation the transistor is closed and the diode is reverse
biased. Energy is collected in the inductor and the load current is supplied by Cout and the rising current through
the inductor. During the second cycle the transistor is open and the diode is forward biased due to the fact that
the inductor current cannot instantaneously change direction. The energy stored in the inductor is transferred to
the load and output capacitor. The ratio of these two cycles determines the output voltage. The output voltage is
defined approximately as: D = Vgoy1/Viy and D' = (1-D) where D is the duty cycle of the switch, D and D' will be
required for design calculations.

8.4.2 ECO Mode

The LMR16006 operates in ECO mode at light load currents to improve efficiency by reducing switching and gate
drive losses. The LMR16006 is designed so that if the output voltage is within regulation and the peak switch
current at the end of any switching cycle is below the sleep current threshold, lnpuctor < 80 mA, the device
enters ECO mode. For ECO mode operation, the LMR16006 senses peak current, not average or load current,
so the load current where the device enters ECO mode is dependent on V,y, Vout and the output inductor value.
When the load current is low and the output voltage is within regulation, the device enters an ECO mode and
draws only 28 pA input quiescent current.
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9 Application and Implementation

NOTE

Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The LMR16006 is a step down DC-to-DC regulator. It is typically used to convert a higher DC voltage to a lower
DC voltage with a maximum output current of 600 mA. The following design procedure can be used to select
components for the LMR16006. This section presents a simplified discussion of the design process.

9.2 Typical Application

9.2.1 Design Requirements

LMR16006

Figure 9. Application Circuit, 5 V Output

Table 1. Design Example Parameters

Input Voltage, V|y

9Vto 16V, Typical 12V

Output Voltage, Voyur 50V +3%
Maximum Output Current lo max 0.6 A
Minimum Output Current lo_min 0.03 A
Transient Response 0.03 A to 0.6 A 5%

Output Voltage Ripple 1%
Switching Frequency Fsw 0.7 MHz

Target during Load Transient

Over Voltage Peak Value

106% of Output Voltage

Under Voltage Value

91% of Output Voltage

9.2.2 Detailed Design Procedure

9.2.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LMR16006 device with the WEBENCH® Power Designer.
1. Start by entering your V|, Vout and lgyt requirements.

2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:
— Run electrical simulations to see important waveforms and circuit performance,
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— Run thermal simulations to understand the thermal performance of your board,
— Export your customized schematic and layout into popular CAD formats,
— Print PDF reports for the design, and share your design with colleagues.

5. Get more information about WEBENCH tools at www.ti.com/webench.

This example details the design of a high frequency switching regulator using ceramic output capacitors. A few
parameters must be known in order to start the design process. These parameters are typically determined at the
system level:

9.2.2.2 Output Inductor Selection

The most critical parameters for the inductor are the inductance, peak current and the DC resistance. The
inductance is related to the peak-to-peak inductor ripple current, the input and the output voltages. Since the
ripple current increases with the input voltage, the maximum input voltage is always used to determine the
inductance. To calculate the minimum value of the output inductor, use Equation 1. Kyp is a coefficient that
represents the amount of inductor ripple current relative to the maximum output current. A reasonable value is
setting the ripple current to be 30%-40% of the DC output current. For this design example, the minimum
inductor value is calculated to be 20.4 uH, and a nearest standard value was chosen: 22 uH. For the output filter
inductor, it is important that the RMS current and saturation current ratings not be exceeded. The RMS and peak
inductor current can be found from Equation 3 and Equation 4. The inductor ripple current is 0.22 A, and the
RMS current is 0.602 A. As the equation set demonstrates, lower ripple currents will reduce the output voltage
ripple of the regulator but will require a larger value of inductance. A good starting point for most applications is
22 pH with a 1.6 A current rating. Using a rating near 1.6 A will enable the LMR16006 to current limit without
saturating the inductor. This is preferable to the LMR16006 going into thermal shutdown mode and the possibility
of damaging the inductor if the output is shorted to ground or other long-term overload.

Vin max — Vout Vout
Ly min = X
LoxKinp  Vinmax X fsw (1)
I _ Vour % (Vm max Vout)
ole =
e Vinmax X Lo X fon (2)
2 1 2
]L—RMS = [0 +§Iripple 3)
1ripple
]preak = [0 + 2 4)

9.2.2.3 Output Capacitor Selection

The selection of Cout is mainly driven by three primary considerations. The output capacitor will determine the
modulator pole, the output voltage ripple, and how the regulator responds to a large change in load current. The
output capacitance needs to be selected based on the most stringent of these three criteria.

The desired response to a large change in the load current is the first criteria. The regulator usually needs two or
more clock cycles for the control loop to see the change in load current and output voltage and adjust the duty
cycle to react to the change. The output capacitance must be large enough to supply the difference in current for
2 clock cycles while only allowing a tolerable amount of droop in the output voltage. Equation 5 shows the
minimum output capacitance necessary to accomplish this. The transient load response is specified as a 3%
change in Vg7 for a load step from 0.03 A to 0.6 A (full load), Algyt = 0.6 -0.03 = 0.57 A and AVt =0.03 x 5 =
0.15 V. Using these numbers gives a minimum capacitance of 10.8 pF. For ceramic capacitors, the ESR is
usually small enough to ignore in this calculation. Aluminum electrolytic and tantalum capacitors have higher
ESR that should be taken into account.
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The stored energy in the inductor will produce an output voltage overshoot when the load current rapidly
decreases. The output capacitor must also be sized to absorb energy stored in the inductor when transitioning
from a high load current to a lower load current. Equation 6 is used to calculate the minimum capacitance to
keep the output voltage overshoot to a desired value. Where L is the value of the inductor, gy is the output
current under heavy load, lg, is the output under light load, Vf is the final peak output voltage, and Vi is the initial
capacitor voltage. For this example, the worst case load step will be from 0.6 A to 0.03 A. The output voltage will
increase during this load transition and the stated maximum in our specification is 3% of the output voltage. This
will make Vo_overshoot = 1.03 x 5 = 5.15 V. V, is the initial capacitor voltage which is the nominal output voltage
of 5 V. Using these numbers in Equation 6 yields a minimum capacitance of 5.2 pF.

Equation 7 calculates the minimum output capacitance needed to meet the output voltage ripple specification.
Where f, is the switching frequency, V, e is the maximum allowable output voltage ripple, and I gy is the
inductor ripple current. Equation 7 yields 0.26 pF.

Equation 8 calculates the maximum ESR an output capacitor can have to meet the output voltage ripple
specification. Equation 8 indicates the ESR should be less than 680 mQ.

Additional capacitance de-ratings for aging, temperature and dc bias should be factored in which will increase
this minimum value. For this example, 10 yF ceramic capacitors will be used. Capacitors in the range of 4.7 pF-
100 pF are a good starting point with an ESR of 0.7 Q or less.

. 2xAl,,
out
fS‘WX AVout (5)
(Ioh? - Iol?)
out > Lo X——=—7—
a8 6)
1 1
c > X
ot 8 x fS‘W Vo_ripple
[L_ripple (7)
RESR . Vo_ripple
L _ripple (8)

9.2.2.4 Schottky Diode Selection

The breakdown voltage rating of the diode is preferred to be 25% higher than the maximum input voltage. In the
target application, the current rating for the diode should be equal or greater to the maximum output current for
best reliability in most applications. In cases where the input voltage is not much greater than the output voltage
the average diode current is lower. In this case it is possible to use a diode with a lower average current rating,
approximately (1-D) x loyt. However the peak current rating should be higher than the maximum load current. A
0.5 A to 1 A rated diode is a good starting point.

9.2.2.5 Input Capacitor Selection

A low ESR ceramic capacitor is needed between the V,y pin and ground pin. This capacitor prevents large
switching voltage transients from appearing at the input. Use a 1 pF-10 pyF value with X5R or X7R dielectric.
Depending on construction, a ceramic capacitor’s value can decrease up to 50% of its nominal value when rated
voltage is applied. Consult with the capacitor manufactures data sheet for information on capacitor derating over
voltage and temperature. The capacitor must also have a ripple current rating greater than the maximum input
current ripple of the LMR16006. The input ripple current can be calculated using below Equation 9.

For this example design, one 2.2 yF, 50 V capacitor is selected. The input capacitance value determines the
input ripple voltage of the regulator. The input voltage ripple can be calculated using Equation 10. Using the
design example values, loyt max = 0.6 A, Cin = 2.2 yF, fsw = 700 kHz, yields an input voltage ripple of 97 mV
and a rms input ripple current of 0.3 A.

V. oo =V
[cirms =[auz X\/ Vout x( in min 0”[)

Vin min Vm min 9)
AV, = L out max > 0-25
in — C
PR (10)
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9.2.2.6 Bootstrap Capacitor Selection

A 0.1 uF ceramic capacitor or larger is recommended for the bootstrap capacitor (Cgpoot). For applications where
the input voltage is close to output voltage a larger capacitor is recommended, generally 0.1 pF to 1 pF to ensure
plenty of gate drive for the internal switches and a consistently low Rpgon. A ceramic capacitor with an X7R or
X5R grade dielectric with a voltage rating of 10 V or higher is recommended because of the stable characteristics
over temperature and voltage.

Table 2 represents the recommended typical output voltage inductor/capacitor combinations for optimized total
solution size.

Table 2. Recommended Typical Output Voltage

P/IN Vout (V) R1 (kQ) R2 (kQ) L (uH) Cout (pF)
LMR16006 Y 5 54.9 (1%) 10 (1%) 6.8 10
LMR16006 Y 12 147 (1%) 10 (1%) 10 10
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9.2.3 Application Curves

Unless otherwise specified the following conditions apply: Viy = 12 V, fgw = 700 kHz, L1 = 22 pH, Cout = 10 yF,
Ta=25°C

Vour (10 mV/DIV) Vour (50 mV/DIV)

% i A AN N AN AN Y Y i 1A

\
SW (5 V/DIV) \[
|_inductor (500 mA/DIV)

Sw ’/7
I_inductor (500 mA/DIV) ;
Time (1 us/DIV) Time (800 ps/DIV)
VOUT =5V IOUT =600 mA VOUT =5V
Figure 10. Output Voltage Ripple Figure 11. Load Transient from 0.1 A to 0.6 A

Vson (5 V/DIV)

Vshon (5 V/DIV) 1 4
B e iy mirainiaiiy

Vour (5 V/DIV)

Vour (5 V/DIV)

Iinductor (1 A/DIV)

B = f ‘

Time (800 ps/DIV) Time (200 ps/DIV)
VIN =24V VOUT =12V IOUT =600 mA VIN =24V VOUT =12V IOUT =600 mA
Figure 12. Start-Up Figure 13. Shut-Down
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Vsion (5 V/DIV) 9 Vston (5 V/DIV) T 4
B B
Vour (5 V/DIV) o
i T ]
_ Vour (5 VIDIV) "':1‘:.:::: ) L
linductor (0.5 A/DIV) 1

Dﬁ
Time (2 ms/DIV) Time (200 ps/DIV)
ViN=12V VOUT =5V IOUT =600 mA ViN=12V VOUT =5V IOUT =600 mA
Figure 14. Start-Up Figure 15. Shut-Down
Vour (2 V/DIV)
[ Vour @VIDIV) 1 ey
i
7.‘_““—-*;:‘:&
| linductor (0.5 A/DIV)
linductor (0.5 A/DIV)
Blissr st g3 :
i
Time (100 ps/DIV) Time (800 us/DIV)
V|N=12V VOUT=5V

V|N= 12V

Figure 16. Short Circuit Entry

Vour=5V

Figure 17. Short Circuit Recovery
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10 Power Supply Recommendations

The LMR16006 is designed to operate from an input voltage supply range between 4 V and 60 V. This input
supply should be able to withstand the maximum input current and maintain a voltage above 4 V. The resistance
of the input supply rail should be low enough that an input current transient does not cause a high enough drop
at the LMR16006 supply voltage that can cause a false UVLO fault triggering and system reset. If the input
supply is located more than a few inches from the LMR16006, additional bulk capacitance may be required in
addition to the ceramic input capacitors.

11 Layout

11.1 Layout Guidelines
Layout is a critical portion of good power supply design. The following guidelines will help users design a PCB
with the best power conversion performance, thermal performance, and minimized generation of unwanted EMI.

1. The feedback network, resistors R1 and R2, should be kept close to the FB pin, and away from the inductor
to minimize coupling noise into the feedback pin.

2. The input bypass capacitor Cin must be placed close to the V| pin. This will reduce copper trace resistance
which effects input voltage ripple of the IC.

3. The inductor L1 should be placed close to the SW pin to reduce magnetic and electrostatic noise.

4. The output capacitor, Cout should be placed close to the junction of L1 and the diode D1. The L1, D1, and
Cout trace should be as short as possible to reduce conducted and radiated noise and increase overall
efficiency.

5. The ground connection for the diode, Cin, and Cout should be as small as possible and tied to the system
ground plane in only one spot (preferably at the Cout ground point) to minimize conducted noise in the
system ground plane.

6. For more detail on switching power supply layout considerations see AN-1149 Layout Guidelines for
Switching Power Supplies SNVA021

11.2 Layout Example

k

Figure 18. Layout
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12 Device and Documentation Support

12.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LMR16006 device with the WEBENCH® Power Designer.
1. Start by entering your V|, Vout and lgyt requirements.

2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:

Run electrical simulations to see important waveforms and circuit performance,
Run thermal simulations to understand the thermal performance of your board,
Export your customized schematic and layout into popular CAD formats,

Print PDF reports for the design, and share your design with colleagues.

5. Get more information about WEBENCH tools at www.ti.com/webench.

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Related Documentation
AN-1149 Layout Guidelines for Switching Power Supplies SNVA021

12.4 Trademarks

WEBENCH is a registered trademark of Texas Instruments.
SIMPLE SWITCHER is a registered trademark of Tl .
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“&: I\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

®) |ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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Orderable Device Status Pack Type Pack Pins Pack Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty @ Ball material @) (4/5)
(6)
LMR16006XDDCR ACTIVE SOT-23-THIN  DDC 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40 to 125 Do2X m
LMR16006XDDCT ACTIVE SOT-23-THIN  DDC 6 250  RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 D0o2X m
LMR16006YDDCR ACTIVE SOT-23-THIN DDC 6 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 Do2Y m
LMR16006YDDCT ACTIVE SOT-23-THIN  DDC 6 250  RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40 to 125 Do2y m
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall Tl's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
3 ’4— KO ’«P1—>
E EaE ) ER RS T
O ol Bo W
Reel A i
Diameter
Cavity -» A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O OO0 oy—f Sprocket Holes
I I
T T
Q1 : Q2 Q1 : Q2 ﬁ
d-—q-—4 t-—-7-—1-
Q3 I Q4 Q31 Q4 User Direction of Feed
[ S 4 |
T T
N~
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
LMR16006XDDCR SOT- DDC 6 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
23-THIN
LMR16006XDDCT SOT- DDC 6 250 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
23-THIN
LMR16006YDDCR SOT- DDC 6 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
23-THIN
LMR16006YDDCT SOT- DDC 6 250 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
23-THIN

Pack Materials-Page 1



i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS

www.ti.com 3-Mar-2017

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMR16006XDDCR SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
LMR16006XDDCT SOT-23-THIN DDC 6 250 210.0 185.0 35.0
LMR16006YDDCR SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
LMR16006YDDCT SOT-23-THIN DDC 6 250 210.0 185.0 35.0
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PACKAGE OUTLINE
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DDCO006A : SOT - 1.1 max height
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PIN 1— 1'45 ﬂ
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4x[0.95]
i - 9%
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e 3 4 ~— TP
[ o200 [c]A[B]

012 GAGE PLANE
TYP

oo
wo

4214841/B  11/2020

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Reference JEDEC MO-193.
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EXAMPLE BOARD LAYOUT

DDCO006A SOT - 1.1 max height
SOT
SYMM
— 6X(11) =~ ¢
bl |
|
6X (0.6) — ﬁ‘ -— ‘ | 6
* L } J ‘ L J
|
i ‘ ‘ SYMM
T7A7\74V7 J‘riiA*i\iiii
4X (0.95) |
¢ T S E—
= 1)
- 4+
(R0.05) TYP ‘ ‘ ‘
i (2.7) |
LAND PATTERN EXAMPLE
EXPLOSED METAL SHOWN
SCALE:15X
METAL UNDER SOLDER MASK
SOLDER MASK:
OPENING \ METAL SOLDER MASK\ /OPENING

EXPOSED METAL\ \:
| |
| |
| |

EXPOSED METAL

J Lﬁ 0.07 MAX

ARROUND

NON SOLDER MASK
DEFINED

J l‘* 0.07 MIN
ARROUND

SOLDER MASK
DEFINED

SOLDERMASK DETAILS

4214841/B  11/2020

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

DDCO006A SOT - 1.1 max height
SOT
SYMM
— X (1.1) = ¢
toto | —t
6X (0.6) — —— - —f ‘ | 6
! S ‘ S
T*'J***‘* AiS\((LMM
4X(0.95) !
o I )
I

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X

4214841/B  11/2020

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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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 (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 T| products.
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