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LMR23610-Q1 SIMPLE SWITCHER® 36 V, 1 A Synchronous Step-Down Converter

1 Features

* Qualified for Automotive Applications

* AEC-Q100 Qualified With the Following Results:
- Device Temperature Grade 1: -40 °C to 125 °C
Ambient Operating Temperature Range
- Device HBM ESD Classification Level H1C
- Device CDM ESD Classification Level C4A

e 4V to 36V Input Range

» 1 A Continuous Output Current

» Integrated Synchronous Rectification

» Current Mode Control

e Minimum Switch-On Time: 60 ns

* Internal Compensation for Ease of Use

* 400 kHz Switching Frequency With PFM Mode

» Frequency Synchronization to External Clock

e 75 PA Quiescent Current at No Load

» Soft-Start into a Pre-Biased Load

» High Duty Cycle Operation Supported

» Output Short-Circuit Protection with Hiccup Mode

e 8-Pin HSOIC with PowerPAD™ Package Options

» Create a Custom Design Using the LMR23610-Q1
With the WEBENCH® Power Designer

2 Applications

» Automotive Battery Regulation

e Industrial Power Supplies

* Telecom and Datacom Systems

» General Purpose Wide Vin Regulation

Simplified Schematic
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3 Description

The LMR23610-Q1 SIMPLE SWITCHER® is an easy
to use 36 V, 1 A synchronous step down regulator.
With a wide input range from 4 V to 36 V, it is
suitable for various applications from industrial to
automotive for power conditioning from unregulated
sources. Peak current mode control is employed to
achieve simple control loop compensation and cycle-
by-cycle current limiting. A quiescent current of 75 pA
makes it suitable for battery powered systems.
Internal loop compensation means that the user is
free from the tedious task of loop compensation
design. This also minimizes the external components.
An extended family is available in 1.5 A (LMR23615-
Q1), 2.5 A (LMR23625-Q1) and 3 A (LMR23630-Q1)
load current options in pin-to-pin compatible
packages which allows simple, optimum PCB layout.
A precision enable input allows simplification of
regulator control and system power sequencing.
Protection features include cycle-by-cycle current
limit, hiccup mode short circuit protection and thermal
shutdown due to excessive power dissipation.

Device Information®
PART NUMBER PACKAGE | BODY SIZE (NOM)
LMR23610AQDDARQ1 | HSOIC (8) 4.9 mm x 3.9 mm

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

DDA Package

8-Pin HSOIC
Top View
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Pin Functions
PIN a
NAME NG /o @ DESCRIPTION
SW 1 = Switching output of the regulator. Internally connected to both power MOSFETSs. Connect to
power inductor.
BOOT 5 = Boot-strap capacitor connection for high-side driver. Connect a high quality 100 nF capacitor
from BOOT to SW.
Internal bias supply output for bypassing. Connect a 2.2 puF/ 16 V or higher capacitance
VCC 3 P bypass capacitor from this pin to AGND. Do not connect external loading to this pin. Never
short this pin to ground during operation.
FB 4 A Feedback input to regulator, connect the feedback resistor divider tap to this pin.
Enable input to regulator. High = On, Low = Off. Can be connected to VIN. Do not float.
EN/SYNC 5 A Adjust the input under voltage lockout with two resistors. The internal oscillator can be
synchronized to an external clock by coupling a positive pulse into this pin through a small
coupling capacitor. See Enable/Sync for detail.
AGND 6 G Analog ground pin. Ground reference for internal references and logic. Connect to system
ground.
VIN 7 P Input supply voltage.
PGND 8 G Power ground pin, connected internally to the low side power FET. Connect to system
ground, PAD, AGND, ground pins of Cjy and Cqoyt. Path to C;y must be as short as possible.
PAD 9 G Low impedance connection to AGND. Connect to PGND on PCB. Major heat dissipation
path of the die. Must be used for heat sinking to ground plane on PCB.

(1) A= Analog, P = Power, G = Ground
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6 Specifications

6.1 Absolute Maximum Ratings
Over the recommended operating junction temperature range of -40 °C to 125 °C (unless otherwise noted) @

PARAMETER MIN MAX UNIT
VIN to PGND -0.3 42
EN/SYNC to AGND -5.5 VIN + 0.3
Input Voltages \%
FB to AGND -0.3 45
AGND to PGND -0.3 0.3
SW to PGND -1 VIN + 0.3
SW to PGND less than 10 ns transients -5 42
Output Voltages \%
BOOT to SW -0.3 5.5
VCC to AGND -0.3 45 @
T, Junction temperature -40 150 °C
Tstg Storage temperature -65 150 °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.
(2) In shutdown mode, the VCC to AGND maximum value is 5.25 V.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM) () +2000
V(Esb) Electrostatic discharge - \%
Charged-device model (CDM) +1000
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
Over the recommended operating junction temperature range of -40 °C to 125 °C (unless otherwise noted) ®
MIN MAX UNIT
VIN 4 36
Input Voltage EN/SYNC -5 36 \%
FB -0.3 1.2
Output Voltage Vout 1 28 \%
Output Current lout 0 1 A
Temperature Operating junction temperature, T, -40 125 °C

(1) Operating Ratings indicate conditions for which the device is intended to be functional, but do not guarantee specific performance limits.

For guaranteed specifications, see Electrical Characteristics.
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6.4 Thermal Information

THERMAL METRIC @ @ DDA (8 PINS) UNIT
Rgia Junction-to-ambient thermal resistance 42.0
WIT Junction-to-top characterization parameter 5.9
viB Junction-to-board characterization parameter 23.4 .
Rojctop) Junction-to-case (top) thermal resistance 45.8 cw
Roc(bot) Junction-to-case (bottom) thermal resistance 3.6
Rgis Junction-to-board thermal resistance 23.4

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA9

53.

(2) Power rating at a specific ambient temperature T, should be determined with a maximum junction temperature (T;) of 125 °C, which is
illustrated in Recommended Operating Conditions section.

6.5 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.

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
POWER SUPPLY (VIN PIN)
VN Operation input voltage 4 36 \%
VIN_UVLO Under voltage lockout thresholds Rising threshold 3.3 3.7 3.9 v
Falling threshold 2.9 3.3 35
IsHDN Shutdown supply current yéN =0V,Vny=12V, T;=-40°Cto 125 2.0 4.0 uA
lo Op_era_ting quiescent current (non- ViN=12V, Vg =11V, T;=-40°Cto 75 uA
switching) 125 °C, PFM mode
ENABLE (EN PIN)
VEN_H Enable rising threshold Voltage 14 1.55 1.7 \%
VEN_HYS Enable hysteresis voltage 0.4 \%
VwaKE Wake-up threshold 04 \Y
. ViN=4V1to36V,Vegn=2V 10 100 nA
lEN Input leakage current at EN pin
ViN=4V1to36V, Vgn=36V 1 pA
VOLTAGE REFERENCE (FB PIN)
ViN=4Vto36V, T;=25°C 0985 10 1.015
VRer Reference voltage \%
ViN=4Vto36V, T;=-40°Cto 125 °C 0.980 1.0 1.020
I kG FB Input leakage current at FB pin Veg=1V 10 nA
INTERNAL LDO (VCC PIN)
Vee Internal LDO output voltage 4.1 \Y
Rising threshold 2.8 3.2 3.6
VCC_UVLO VCC under voltage lockout thresholds - \%
Falling threshold 2.4 2.8 3.2
CURRENT LIMIT
IHs_LimiT Peak inductor current limit 14 2.0 2.6 A
ILs LimiT Valley inductor current limit 1.0 15 21 A
I zc Zero cross current limit -0.04 A
INTEGRATED MOSFETS
Rps oN_Hs High-side MOSFET ON-resistance ViNn=12V, loyt=1A 185 mQ
Rps on_Ls Low-side MOSFET ON-resistance ViNn=12V, loyt=1A 105 mQ
THERMAL SHUTDOWN
TsHDN Thermal shutdown threshold 162 170 178 °C
Thys Hysteresis 15 °C

Copyright © 2016-201

7, Texas Instruments Incorporated

Product Folder Links: LMR23610-Q1

Submit Documentation Feedback

5


http://www.ti.com/product/lmr23610-q1?qgpn=lmr23610-q1
http://www.ti.com
http://www.ti.com/product/lmr23610-q1?qgpn=lmr23610-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSAR4A&partnum=LMR23610-Q1
http://www.ti.com/lit/pdf/spra953

13 TEXAS

INSTRUMENTS
LMR23610-Q1
SNVSAR4A —DECEMBER 2016—REVISED APRIL 2017 www.ti.com
6.6 Timing Characteristics
Over the recommended operating junction temperature range of -40 °C to 125 °C (unless otherwise noted)
PARAMETER TEST CONDITIONS | MIN  TYP MAX | UNIT

HICCUP MODE

Noc® Number of cycles that LS current limit is 64 Cveles

tripped to enter Hiccup mode 4

Toc Hiccup retry delay time 5 ms
SOFT START

Tss Internal soft-start time The time of internal reference to increase 1 2 3 ms

fromOVto 1.0V
(1) Guaranteed by design.
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6.7 Switching Characteristics
Over the recommended operating junction temperature range of -40 °C to 125 °C (unless otherwise noted)

PARAMETER MIN TYP MAX | UNIT
SW (SW PIN)
fsw Default switching frequency 340 400 460 kHz
Ton_MIN Minimum turn-on time 60 90 ns
Torr mn® Minimum turn-off time 100 ns
SYNC (EN/SYNC PIN)
fsync SYNC frequency range 200 2200 | kHz
Vsyne Amplitude of SYNC clock AC signal (measured at SYNC pin) 2.8 55 Y
Tsync_miN Minimum sync clock ON and OFF time 100 ns
(1) Guaranteed by design.
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6.8 Typical Characteristics

Unless otherwise specified the following conditions apply: V\y = 12 V, fgw = 400 kHz, L = 22 pH, Coyr = 47 puF x 2, T, = 25°C.
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Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Vi = 12 V, fgy = 400 kHz, L = 22 pH, Coyr = 47 PF x 2, T, = 25°C.
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Figure 11. VIN UVLO Hysteresis vs. Junction Temperature Figure 12. HS & LS Current Limit vs. Junction Temperature
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7 Detailed Description

7.1 Overview

The LMR23610-Q1 SIMPLE SWITCHER® regulator is an easy to use synchronous step-down DC-DC converter
operating from 4 V to 36 V supply voltage. It is capable of delivering up to 1 A DC load current with good thermal
performance in a small solution size. An extended family is available in multiple current options from 1 Ato 3 Ain
pin-to-pin compatible packages.

The LMR23610-Q1 employs fixed frequency peak current mode control. The device enters PFM mode at light
load to achieve high efficiency. The device is internally compensated, which reduces design time, and requires
few external components. The LMR23610-Q1 is capable of synchronization to an external clock within the range
of 200 kHz to 2.2 MHz.

Additional features such as precision enable and internal soft-start provide a flexible and easy to use solution for
a wide range of applications. Protection features include thermal shutdown, VIN and VCC under-voltage lockout,
cycle-by-cycle current limit, and hiccup mode short-circuit protection.

The family requires very few external components and has a pin-out designed for simple, optimum PCB layout.

7.2 Functional Block Diagram

EN/SYNC VCC
1 1
Lt
T 7y
SYNC Signal SYNG Voo J oo e ol
Detector > Enable g N 5

r—— \—> Precision | o Pl [] BOOT
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Lh
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+
W),
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A4 A4
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PEM PWM CONTROL LOGIC [ sw
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oviuv | A Y
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1
) 1!
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7.3 Feature Description

7.3.1 Fixed Frequency Peak Current Mode Control

The following operating description of the LMR23610-Q1 will refer to the Functional Block Diagram and to the
waveforms in Figure 13. LMR23610-Q1 is a step-down synchronous buck regulator with integrated high-side
(HS) and low-side (LS) switches (synchronous rectifier). The LMR23610-Q1 supplies a regulated output voltage
by turning on the HS and LS NMOS switches with controlled duty cycle. During high-side switch ON time, the
SW pin voltage swings up to approximately V,y, and the inductor current i, increase with linear slope (Vv — Vour)
/ L. When the HS switch is turned off by the control logic, the LS switch is turned on after an anti-shoot-through
dead time. Inductor current discharges through the LS switch with a slope of -Vqyt1 / L. The control parameter of
a buck converter is defined as Duty Cycle D = toy / Tsw, Where tgy is the high-side switch ON time and Tgyy is
the switching period. The regulator control loop maintains a constant output voltage by adjusting the duty cycle
D. In an ideal buck converter, where losses are ignored, D is proportional to the output voltage and inversely
proportional to the input voltage: D = Vgyr / V|-

Vsw
D= tON/ Tsw
S Vi
8
K]
>
=
n ton | forg
< > 4> t
0 >
Vp — —
) Tsw
A

£ e
@
= A
O lout === A= N A
= i
S
=)
2 t

0 >

Figure 13. SW Node and Inductor Current Waveforms in
Continuous Conduction Mode (CCM)

The LMR23610-Q1 employs fixed frequency peak current mode control. A voltage feedback loop is used to get
accurate DC voltage regulation by adjusting the peak current command based on voltage offset. The peak
inductor current is sensed from the high-side switch and compared to the peak current threshold to control the
ON time of the high-side switch. The voltage feedback loop is internally compensated, which allows for fewer
external components, makes it easy to design, and provides stable operation with almost any combination of
output capacitors. The regulator operates with fixed switching frequency at normal load condition. At light load
condition, the LMR23610-Q1 will operate in PFM mode to maintain high efficiency.

7.3.2 Adjustable Output Voltage

A precision 1.0 V reference voltage is used to maintain a tightly regulated output voltage over the entire
operating temperature range. The output voltage is set by a resistor divider from output voltage to the FB pin. It
is recommended to use 1% tolerance resistors with a low temperature coefficient for the FB divider. Select the
low-side resistor Regg for the desired divider current and use Equation 1 to calculate high-side Rggt. Regt in the
range from 10 kQ to 100 kQ is recommended for most applications. A lower Reggt value can be used if static
loading is desired to reduce Vqyr offset in PFM operation. Lower Rggr Will reduce efficiency at very light load.
Less static current goes through a larger Rrgr and might be more desirable when light load efficiency is critical.
But Rpgy larger than 1 MQ is not recommended because it makes the feedback path more susceptible to noise.
Larger Rggr value requires more carefully designed feedback path on the PCB. The tolerance and temperature
variation of the resistor dividers affect the output voltage regulation.
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Feature Description (continued)
Vout
ReT
FB
RreB
Figure 14. Output Voltage Setting
V, -V
Regp = ~QUT — "REF \ R o
VRer Q)

7.3.3 Enable/Sync

The voltage on the EN pin controls the ON or OFF operation of LMR23610-Q1. A voltage less than 1 V (typ) will
shut-down the device while a voltage higher than 1.6 V (typ) is required to start the regulator. The EN pin is an
input and can not be left open or floating. The simplest way to enable the operation of the LMR23610-Q1 is to
connect the EN to V|y. This allows self-start-up of the LMR23610-Q1 when V) is within the operation range.

Many applications will benefit from the employment of an enable divider Rgyt and Rgyng (Figure 15) to establish a
precision system UVLO level for the converter. System UVLO can be used for supplies operating from utility
power as well as battery power. It can be used for sequencing, ensuring reliable operation, or supply protection,
such as a battery discharge level. An external logic signal can also be used to drive EN input for system
sequencing and protection.

VIN

RENT

| ENISYNC

RENB

Figure 15. System UVLO by Enable Divider

The EN pin also can be used to synchronize the internal oscillator to an external clock. The internal oscillator can
be synchronized by AC coupling a positive edge into the EN pin. The AC coupled peak-to-peak voltage at the EN
pin must exceed the SYNC amplitude threshold of 2.8 V (typ) to trip the internal synchronization pulse detector,
and the minimum SYNC clock ON and OFF time must be longer than 100ns (typ). A 3.3 V or a higher amplitude
pulse signal coupled through a 1 nF capacitor Cgyyc IS @ good starting point. Keeping Rent // Reng (Rent parallel
with Rgyng) in the 100 kQ range is a good choice. Reyt is required for this synchronization circuit, but Rgyg can be
left unmounted if system UVLO is not needed. LMR23610-Q1 switching action can be synchronized to an
external clock from 200 kHz to 2.2 MHz. Figure 17 and Figure 18 show the device synchronized to an external
system clock.
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Feature Description (continued)

VIN

R
Csvne ENT

RENB
Clock J—I_
Source

=

[ ] enisync

Figure 16. Synchronize to external clock

Vsyne [2V/div] Vsyne [2V/div] ;
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Vsw [5V/div] Vsw[5V/div]
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iL [1A/dliv] _ FAN /N /‘_\ AN /N
@ } [ Y " JRE Y
Time [2ps/div] ! Time [4ps/div]
Figure 17. Synchronizing in PWM Mode Figure 18. Synchronizing in PFM Mode

7.3.4 VCC, UVLO

The LMR23610-Q1 integrates an internal LDO to generate V¢ for control circuitry and MOSFET drivers. The
nominal voltage for V¢ is 4.1 V. The VCC pin is the output of an LDO and must be properly bypassed. A high
quality ceramic capacitor with a value of 2.2 yF to 10 pF, 16 V or higher rated voltage should be placed as close
as possible to VCC and grounded to the exposed PAD and ground pins. The VCC output pin should not be
loaded, or shorted to ground during operation. Shorting VCC to ground during operation may cause damage to
the LMR23610-Q1.

VCC under voltage lockout (UVLO) prevents the LMR23610-Q1 from operating until the V¢ voltage exceeds 3.2
V (typ). The VCC UVLO threshold has 400 mV (typ) of hysteresis to prevent undesired shutdown due to
temporary V,y drops.

7.3.5 Minimum ON-time, Minimum OFF-time and Frequency Foldback at Drop-out Conditions

Minimum ON-time, Ton mins 1S the smallest duration of time that the HS switch can be on. Toy min IS typically 60
ns in the LMR23610-Q1. Minimum OFF-time, Toer mins iS the smallest duration that the HS switch can be off.
Torr win IS typically 100 ns in the LMR23610-Q1. In CCM operation, Toy min @nd Tore miv limit the voltage
conversion range given a selected switching frequency. - -

The minimum duty cycle allowed is:

Duin = Ton_min X fsw (2
And the maximum duty cycle allowed is:

Duyax = 1 - Tore min X fsw (3)
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Feature Description (continued)

Given fixed Toy min @nd Tore mine the higher the switching frequency the narrower the range of the allowed duty
cycle. In the LMR23610-Q1, a frequency foldback scheme is employed to extend the maximum duty cycle when
Toer min IS reached. The switching frequency will decrease once longer duty cycle is needed under low V
conditions. Wide range of frequency foldback allows the LMR23610-Q1 output voltage stay in regulation with a
much lower supply voltage V. This leads to a lower effective drop-out voltage.

Given an output voltage, the choice of the switching frequency affects the allowed input voltage range, solution
size and efficiency. The maximum operation supply voltage can be found by:
V,
ViN_max = ___outr
(fsw XTON_MIN) )

At lower supply voltage, the switching frequency will decrease once Togr Wiy is tripped. The minimum V,y without
frequency foldback can be approximated by:

VOUT

VIN_MIN =
N (1_fsw x TOFF_MIN) )

Taking considerations of power losses in the system with heavy load operation, V\y uax is higher than the result
calculated in Equation 4. With frequency foldback, Viy_w is lowered by decreased fsy.

450
400 /
350 /
N 300
: /V/
<
5]
c
g 200
o
T 150 /
L
[ /[T
100 e — — lour=04A
— IOUT =06A
50 IOUT =08A
— lout = 1.0A
0

5 5.1 5.2 5.3 54 55 5.6 5.7 5.8
Vin (V)

Figure 19. Frequency Foldback at Dropout (Voyr =5V, fgw = 400 kHz)

7.3.6 Internal Compensation and Cg

The LMR23610-Q1 is internally compensated as shown in Functional Block Diagram. The internal compensation
is designed such that the loop response is stable over the entire operating frequency and output voltage range.
Depending on the output voltage, the compensation loop phase margin can be low with all ceramic capacitors.
An external feed-forward capacitor Cgr is recommended to be placed in parallel with the top resistor divider Reg
for optimum transient performance.

Figure 20. Feedforward Capacitor for Loop Compensation
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Feature Description (continued)

The feed-forward capacitor Cgr in parallel with Regr places an additional zero before the cross over frequency of
the control loop to boost phase margin. The zero frequency can be found by

1
f =
Z_CFF (27T X CFF X RFBT) (6)
An additional pole is also introduced with Cgg at the frequency of
1
f =
P-CFF (27 Cep xRegr/Regs) @

The zero f; cgr adds phase boost at the crossover frequency and improves transient response. The pole fp.crr
helps maintaining proper gain margin at frequency beyond the crossover. Table 1 lists the combination of Cqyr,
Cee and Regy for typical applications, designs with similar Cq1 but Regt other than recommended value, please
adjust Cgr such that (Cer X Regy) is unchanged and adjust Rggg such that (Regt / Regg) is unchanged.

Designs with different combinations of output capacitors need different Crr. Different types of capacitors have
different Equivalent Series Resistance (ESR). Ceramic capacitors have the smallest ESR and need the most
Cee. Electrolytic capacitors have much larger ESR and the ESR zero frequency

1
f =
ZESR ™ (2nxCour XESR)

®

would be low enough to boost the phase up around the crossover frequency. Designs using mostly electrolytic
capacitors at the output may not need any Cgr.

The Cgg creates a time constant with Reggt that couples in the attenuate output voltage ripple to the FB node. If
the Cgr value is too large, it can couple too much ripple to the FB and affect Voyt regulation. Therefore, Cgr
should be calculated based on output capacitors used in the system. At cold temperatures, the value of Cgr
might change based on the tolerance of the chosen component. This may reduce its impedance and ease noise
coupling on the FB node. To avoid this, more capacitance can be added to the output or the value of Crr can be
reduced.

7.3.7 Bootstrap Voltage (BOOT)

The LMR23610-Q1 provides an integrated bootstrap voltage regulator. A small capacitor between the BOOT and
SW pins provides the gate drive voltage for the high-side MOSFET. The BOOT capacitor is refreshed when the
high-side MOSFET is off and the low-side switch conducts. The recommended value of the BOOT capacitor is
0.1 pF. A ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 16V or higher is
recommended for stable performance over temperature and voltage.

7.3.8 Over Current and Short Circuit Protection

The LMR23610-Q1 is protected from over-current conditions by cycle-by-cycle current limit on both the peak and
valley of the inductor current. Hiccup mode will be activated if a fault condition persists to prevent over-heating.

High-side MOSFET over-current protection is implemented by the nature of the Peak Current Mode control. The
HS switch current is sensed when the HS is turned on after a set blanking time. The HS switch current is
compared to the output of the Error Amplifier (EA) minus slope compensation every switching cycle. Please refer
to Functional Block Diagram for more details. The peak current of HS switch is limited by a clamped maximum
peak current threshold Iys | » Which is constant. So the peak current limit of the high-side switch is not affected
by the slope compensation and remains constant over the full duty cycle range.

The current going through LS MOSFET is also sensed and monitored. When the LS switch turns on, the inductor
current begins to ramp down. The LS switch will not be turned OFF at the end of a switching cycle if its current is
above the LS current limit I g (- The LS switch will be kept ON so that inductor current keeps ramping down,
until the inductor current ramps below the LS current limit I g . Then the LS switch will be turned OFF and
the HS switch will be turned on after a dead time. This is somewhat different than the more typical peak current
limit, and results in Equation 9 for the maximum load current.

(Min —Vour) . Vour
2xfgw xL Vin 9)

lout _max =ls_umiT +
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Feature Description (continued)

If the current of the LS switch is higher than the LS current limit for 64 consecutive cycles, hiccup current
protection mode will be activated. In hiccup mode, the regulator will be shut down and kept off for 5 ms typically
before the LMR23610-Q1 tries to start again. If over-current or short-circuit fault condition still exist, hiccup will
repeat until the fault condition is removed. Hiccup mode reduces power dissipation under severe over-current
conditions, prevents over-heating and potential damage to the device.

7.3.9 Thermal Shutdown

The LMR23610-Q1 provides an internal thermal shutdown to protect the device when the junction temperature
exceeds 170 °C (typ). The device is turned off when thermal shutdown activates. Once the die temperature falls
below 155 °C (typ), the device reinitiates the power up sequence controlled by the internal soft-start circuitry.
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7.4 Device Functional Modes

7.4.1 Shutdown Mode

The EN pin provides electrical ON and OFF control for the LMR23610-Q1. When Vgy is below 1 V (typ), the
device is in shutdown mode. The LMR23610-Q1 also employs VIN and VCC under voltage lock out protection. If
V|y or Ve voltage is below their respective UVLO level, the regulator will be turned off.

7.4.2 Active Mode

The LMR23610-Q1 is in Active Mode when Vgy is above the precision enable threshold, V,y and V¢ are above
their respective UVLO level. The simplest way to enable the LMR23610-Q1 is to connect the EN pin to VIN pin.
This allows self startup when the input voltage is in the operating range: 4 V to 36 V. Please refer to VCC, UVLO
and Enable/Sync for details on setting these operating levels.

In Active Mode, depending on the load current, the LMR23610-Q1 will be in one of three modes:

1. Continuous conduction mode (CCM) with fixed switching frequency when load current is above half of the
peak-to-peak inductor current ripple.

2. Discontinuous conduction mode (DCM) with fixed switching frequency when load current is lower than half of
the peak-to-peak inductor current ripple in CCM operation.

3. Pulse frequency modulation mode (PFM) when switching frequency is decreased at very light load.

7.4.3 CCM Mode

CCM operation is employed in the LMR23610-Q1 when the load current is higher than half of the peak-to-peak
inductor current. In CCM operation, the frequency of operation is fixed, output voltage ripple will be at a minimum
in this mode and the maximum output current of 1 A can be supplied by the LMR23610-Q1.

7.4.4 Light Load Operation

When the load current is lower than half of the peak-to-peak inductor current in CCM, the LMR23610-Q1 will
operate in Discontinuous Conduction Mode (DCM), also known as Diode Emulation Mode (DEM). In DCM, the
LS switch is turned off when the inductor current drops to I, zc (-40 mA typ). Both switching losses and
conduction losses are reduced in DCM, compared to forced PWM operation at light load.

At even lighter current loads, Pulse Frequency Modulation (PFM) is activated to maintain high efficiency
operation. When either the minimum HS switch ON time (ton min ) OF the minimum peak inductor current lpgak min
(300 mA typ) is reached, the switching frequency will decrease to maintain regulation. In PFM, switching
frequency is decreased by the control loop when load current reduces to maintain output voltage regulation.
Switching loss is further reduced in PFM operation due to less frequent switching actions. The external clock
synchronizing will not be valid when LMR23610-Q1 enters into PFM mode.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI 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.

8.1 Application Information

The LMR23610-Q1 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 1 A. The following design procedure can be used to select
components for the LMR23610-Q1. Alternately, the WEBENCH® software may be used to generate complete
designs. When generating a design, the WEBENCH® software utilizes iterative design procedure and accesses
comprehensive databases of components. Please go to ti.com for more details.

8.2 Typical Applications

The LMR23610-Q1 only requires a few external components to convert from a wide voltage range supply to a
fixed output voltage. Figure 21 shows a basic schematic.

Vi 12 V Csoor
VIN BOOT
01w |
ClN
10 pFl
EN/
SYNC PAD
Cvce cc Rrss 68 uF
2.2 uF Vi 22.1kQ
E PGND AGND
N

Copyright © 2016, Texas Instruments Incorporated

Figure 21. Application Circuit

The external components have to fulfill the needs of the application, but also the stability criteria of the device's
control loop. Table 1 can be used to simplify the output filter component selection.

Table 1. L, Coyt and Cgr Typical Values

fsw (kHz) Vour (V) L (uH) Court (HF) Cer (PF) RegT (KQ)

400 3.3 15 82 100 51

400 5 22 68 75 88.7

400 12 47 33 See note (5) 243

400 24 47 22 See note (5) 510

1. Inductance value is calculated based on V| = 36 V.

2. All the Coyt values are after derating. Add more when using ceramic capacitors.

3. Regr=0Q for Voutr = 1 V. Regg = 22.1 kQ for all other Vgyr setting.

4. For designs with Rggr other than recommended value, please adjust Crr such that (Cgr x Rggy) is

unchanged and adjust Regg such that (Regt / Regg) is unchanged.
5. High ESR Cgyr will give enough phase boost and Crr not needed.

8.2.1 Design Requirements

Detailed design procedure is described based on a design example. For this design example, use the
parameters listed in Table 2 as the input parameters.
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Table 2. Design Example Parameters
Input Voltage, V) 12 V typical, range from 8 V to 28 V
Output Voltage, Vout 5V
Maximum Output Current Io_max 1A
Transient Response 0.1 Ato 1 A 5%
Output Voltage Ripple 50 mV
Input Voltage Ripple 400 mV
Switching Frequency fgwy 400 kHz

8.2.2 Detailed Design Procedure

8.2.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the LMR23610-Q1 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V|y), output voltage (Voyt), and output current (Igyt) requirements.

2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.

3. Compare the generated design with other possible solutions from Texas Instruments.

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

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance

* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

* Print PDF reports for the design, and share the design with colleagues

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

8.2.2.2 Output Voltage Set-Point

The output voltage of LMR23610-Q1 is externally adjustable using a resistor divider network. The divider network
is comprised of top feedback resistor Rggt and bottom feedback resistor Rggg. Equation 10 is used to determine
the output voltage:
V, -V
ouT ~ YREF , R_

VRrer (20)
Choose the value of Regg to be 22.1 kQ. With the desired output voltage set to 5 V and the Vgege = 1.0 V, the
Regg Value can then be calculated using Equation 10. The formula yields to a value 88.7 kQ.

Regr =

8.2.2.3 Switching Frequency

The default switching frequency of the LMR23610-Q1 is 400 kHz. For other switching frequency, the device must
be synchronized to an external clock, please refer to Enable/Sync for more details.

8.2.2.4 Inductor Selection

The most critical parameters for the inductor are the inductance, saturation current and the rated current. The
inductance is based on the desired peak-to-peak ripple current Ai_. Since the ripple current increases with the
input voltage, the maximum input voltage is always used to calculate the minimum inductance Ly,y. Use
Equation 12 to calculate the minimum value of the output inductor. K\yp is a coefficient that represents the
amount of inductor ripple current relative to the maximum output current of the device. A reasonable value of
Kinp should be 30% to 50%. During an instantaneous short or over current operation event, the RMS and peak
inductor current can be high. The inductor current rating should be higher than the current limit of the device.

~ Vour ><(V|N_|\/|Ax _VOUT)

Vin_ max X Lx Ty (11)
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Lo VIN_max — Your Vout
MIN = KV f
ouT *NIND IN_MAX X Isw (12)

In general, it is preferable to choose lower inductance in switching power supplies, because it usually
corresponds to faster transient response, smaller DCR, and reduced size for more compact designs. But too low
of an inductance can generate too large of an inductor current ripple such that over current protection at the full
load could be falsely triggered. It also generates more conduction loss and inductor core loss. Larger inductor
current ripple also implies larger output voltage ripple with same output capacitors. With peak current mode
control, it is not recommended to have too small of an inductor current ripple. A larger peak current ripple
improves the comparator signal to noise ratio.

For this design example, choose Kjyp = 0.5, the minimum inductor value is calculated to be 20.5 pH. Choose the
nearest standard 22 pH ferrite inductor with a capability of 2 A RMS current and 2.5 A saturation current.
8.2.2.5 Output Capacitor Selection

The output capacitor(s), Coyut, Should be chosen with care since it directly affects the steady state output voltage
ripple, loop stability and the voltage over/undershoot during load current transients.

The output ripple is essentially composed of two parts. One is caused by the inductor current ripple going
through the Equivalent Series Resistance (ESR) of the output capacitors:

(13)
The other is caused by the inductor current ripple charging and discharging the output capacitors:
AVour ¢ = Aig __ Kinp Xlour
- (8XfSW XCOUT) (8XfSW XCOUT) (14)

The two components in the voltage ripple are not in phase, so the actual peak-to-peak ripple is smaller than the
sum of two peaks.

Output capacitance is usually limited by transient performance specifications if the system requires tight voltage
regulation with presence of large current steps and fast slew rate. When a fast large load increase happens,
output capacitors provide the required charge before the inductor current can slew up to the appropriate level.
The regulator’s control loop usually needs six or more clock cycles to respond to the output voltage droop. The
output capacitance must be large enough to supply the current difference for six clock cycles to maintain the
output voltage within the specified range. Equation 15 shows the minimum output capacitance needed for
specified output undershoot. When a sudden large load decrease happens, the output capacitors absorb energy
stored in the inductor. which results in an output voltage overshoot. Equation 16 calculates the minimum
capacitance required to keep the voltage overshoot within a specified range.

6% (lon —loL)

Court >
fsw x Vus (15)
i1 —181
COUT > > > X L
(VOUT X Vos) —Vourt (16)
where

*  Knp = Ripple ratio of the inductor ripple current (Ai_ / loyt)
* g = Low level output current during load transient

* loy = High level output current during load transient

» Vys = Target output voltage undershoot

» Vg = Target output voltage overshoot

For this design example, the target output ripple is 50 mV. Presuppose AVoyt esr = AVour ¢ = 50 mV, and
chose Kyp = 0.5. Equation 13 yields ESR no larger than 100 mQ and Equation 14 yields Cqyt no smaller than
3.1 uF. For the target over/undershoot range of this design, Vs = Vos = 5% % Vgyt = 250 mV. The Cgyt can be
calculated to be no smaller than 54 uF and 8.5 pF by Equation 15 and Equation 16 respectively. Consider of
derating, one 82 uF, 16 V ceramic capacitor with 5 mQ ESR is used.
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8.2.2.6 Feed-Forward Capacitor

The LMR23610-Q1 is internally compensated. Depending on the Vgt and frequency fsyy, if the output capacitor
Cout is dominated by low ESR (ceramic types) capacitors, it could result in low phase margin. To improve the
phase boost an external feedforward capacitor Crz can be added in parallel with Rggt. Cge is chosen such that
phase margin is boosted at the crossover frequency without Cr. A simple estimation for the crossover frequency
(fx) without Cgr is shown in Equation 17, assuming Cqyt has very small ESR, and Cqyt value is after derating.

8.32
fy=——"-—-—T—
Vout *Cour (17)
The following equation for Cgr was tested:
1
CFF = xR
TXTx XRppT (18)

For designs with higher ESR, Cge is not needed when Cgyt has very high ESR and Cg calculated from
Equation 18 should be reduced with medium ESR. Table 1 can be used as a quick starting point.

For the application in this design example, a 75 pF, 50 V, COG capacitor is selected.

8.2.2.7 Input Capacitor Selection

The LMR23610-Q1 device requires high frequency input decoupling capacitor(s) and a bulk input capacitor,
depending on the application. The typical recommended value for the high frequency decoupling capacitor is 4.7
uF to 10 pF. A high-quality ceramic capacitor type X5R or X7R with sufficiency voltage rating is recommended.
To compensate the derating of ceramic capacitors, a voltage rating of twice the maximum input voltage is
recommended. Additionally, some bulk capacitance can be required, especially if the LMR23610-Q1 circuit is not
located within approximately 5 cm from the input voltage source. This capacitor is used to provide damping to the
voltage spike due to the lead inductance of the cable or the trace. For this design, two 4.7 uF, 50 V, X7R ceramic
capacitors are used. A 0.1 puF for high-frequency filtering and place it as close as possible to the device pins.

8.2.2.8 Bootstrap Capacitor Selection

Every LMR23610-Q1 design requires a bootstrap capacitor (Cgpoo1). The recommended capacitor is 0.1 pF and
rated 16 V or higher. The bootstrap capacitor is located between the SW pin and the BOOT pin. The bootstrap
capacitor must be a high-quality ceramic type with an X7R or X5R grade dielectric for temperature stability.

8.2.2.9 VCC Capacitor Selection

The VCC pin is the output of an internal LDO for LMR23610-Q1. To insure stability of the device, place a
minimum of 2.2 uF, 16 V, X7R capacitor from this pin to ground.

8.2.2.10 Under Voltage Lockout Set-Point

The system undervoltage lockout (UVLO) is adjusted using the external voltage divider network of Rgyt and
Reng. The UVLO has two thresholds, one for power up when the input voltage is rising and one for power down
or brown outs when the input voltage is falling. The following equation can be used to determine the V,y UVLO
level.

Rent +Rens
Rens (29)

The EN rising threshold (Vgyy) for LMR23610-Q1 is set to be 1.55 V (typ). Choose the value of Rgyg to be 287
kQ to minimize input current from the supply. If the desired V,y UVLO level is at 6.0 V, then the value of Rgyt can
be calculated using the equation below:

VIN_RISING
Rent = [\7——1 xReng
ENH

VIN_RISING = Venn X

(20)
The above equation yields a value of 820 kQ. The resulting falling UVLO threshold, equals 4.4 V, can be
calculated by below equation, where EN hysteresis (Vey_nys) is 0.4 V (typ).

Rent +Reng

VIN_FALLING = (VENH _VEN_HYS)X R
ENB (21)
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8.2.3 Application Curves

Unless otherwise specified the following conditions apply: Vi =12 V, fgy = 400 kHz, L = 22 pH, Coyr = 47 uF x 2, T, = 25

°C.
Vew[5V/div] ' Vw[5V/div] '
L
2™/ VN
VOUT(AC) [5 mV/dIV] I
NN AN
a i [1A/div] I
i Time [4ps/div] Time [10ms/div]
Vour =5V lout=1A fSW =400 kHz Vour =5V loutr =0 mMA fSW =400 kHz
Figure 22. CCM Mode Figure 23. PFM Mode
Vi [2V/div] Vi [2V/div]
-
) . i s
" Vour [1V/div] Ven [2V/div] /7
Vour [1 Vidiv] A
iL [1 A/dlv] (B i
A iL[1A/div] M":
! Time [1ms/div] Time [1ms/div]
V|N=12V VOUT=5V IOUT=1A V|N=12V VOUT=5V IOUT=1A
Figure 24. Start Up by Vi Figure 25. Start Up by EN
{ VN [10V/div] g
of Voutac) [100mV/div]
al T S
: VOUT(AC) [1 OOmV/div]
1 B i AT
iout [500mMA/div] |
f ; J M ! i [1A/div]
| o S
@ @ }
i Time [400 ps/div] I Time [40ps/div]
Vin=12V Vour=5V lout=0.1Ato 1A, Vout =7V to 36 Vour=5V lout=1A
100 mA / ps V,2V/us
Figure 26. Load Transient Figure 27. Line Transient
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Unless otherwise specified the following conditions apply: V,y = 12 V, fgy = 400 kHz, L = 22 pH, Coyr = 47 uF x 2, T, = 25

°C.

 Vour[2vidiv]

VOUT [2V/dIV]

VewlBVidiv] |

iL [1A/div]

|

o
| I

z |
& \

|

\

L !

|
|
|

| o |

\

Vaw[5V/div]
i [1A/div]

Time [4ms/div]

Time [4ms/div]

VOUT =5V IOUT =1 Ato short

Figure 28. Short Protection

Vour =5V

IOUT =shortto 1 A

Figure 29. Short Recovery
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9 Power Supply Recommendations

The LMR23610-Q1 is designed to operate from an input voltage supply range between 4 V and 36 V. This input
supply should be able to withstand the maximum input current and maintain a stable voltage. 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 LMR23610-Q1 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 LMR23610-Q1, additional bulk capacitance may be required in
addition to the ceramic input capacitors. The amount of bulk capacitance is not critical, but a 47 uF or 100 uF
electrolytic capacitor is a typical choice.

10 Layout

10.1 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 input bypass capacitor C;y must be placed as close as possible to the VIN and PGND pins. Grounding
for both the input and output capacitors should consist of localized top side planes that connect to the PGND
pin and PAD.

2. Place bypass capacitors for V¢ close to the VCC pin and ground the bypass capacitor to device ground.

3. Minimize trace length to the FB pin net. Both feedback resistors, Regr and Rggg should be located close to
the FB pin. Place Cgg directly in parallel with Regt. If Vour accuracy at the load is important, make sure Vgt
sense is made at the load. Route Vgt sense path away from noisy nodes and preferably through a layer on
the other side of a shielded layer.

4. Use ground plane in one of the middle layers as noise shielding and heat dissipation path.

5. Have a single point ground connection to the plane. The ground connections for the feedback and enable
components should be routed to the ground plane. This prevents any switched or load currents from flowing
in the analog ground traces. If not properly handled, poor grounding can result in degraded load regulation or
erratic output voltage ripple behavior.

6. Make V)\, Vour and ground bus connections as wide as possible. This reduces any voltage drops on the
input or output paths of the converter and maximizes efficiency.

7. Provide adequate device heat-sinking. Use an array of heat-sinking vias to connect the exposed pad to the
ground plane on the bottom PCB layer. If the PCB has multiple copper layers, these thermal vias can also be
connected to inner layer heat-spreading ground planes. Ensure enough copper area is used for heat-sinking
to keep the junction temperature below 125 °C.

10.2 Compact Layout for EMI Reduction

Radiated EMI is generated by the high di/dt components in pulsing currents in switching converters. The larger
area covered by the path of a pulsing current, the more EMI is generated. High frequency ceramic bypass
capacitors at the input side provide primary path for the high di/dt components of the pulsing current. Placing
ceramic bypass capacitor(s) as close as possible to the VIN and PGND pins is the key to EMI reduction.

The SW pin connecting to the inductor should be as short as possible, and just wide enough to carry the load
current without excessive heating. Short, thick traces or copper pours (shapes) should be used for high current
conduction path to minimize parasitic resistance. The output capacitors should be placed close to the Vot end
of the inductor and closely grounded to PGND pin and exposed PAD.

The bypass capacitors on VCC should be placed as close as possible to the pin and closely grounded to PGND
and the exposed PAD.
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10.3 Ground Plane and Thermal Considerations

It is recommended to use one of the middle layers as a solid ground plane. Ground plane provides shielding for
sensitive circuits and traces. It also provides a quiet reference potential for the control circuitry. The AGND and
PGND pins should be connected to the ground plane using vias right next to the bypass capacitors. PGND pin is
connected to the source of the internal LS switch. They should be connected directly to the grounds of the input
and output capacitors. The PGND net contains noise at switching frequency and may bounce due to load
variations. PGND trace, as well as VIN and SW traces, should be constrained to one side of the ground plane.
The other side of the ground plane contains much less noise and should be used for sensitive routes.

It is recommended to provide adequate device heat sinking by utilizing the PAD of the IC as the primary thermal
path. Use a minimum 4 by 2 array of 12 mil thermal vias to connect the PAD to the system ground plane heat
sink. The vias should be evenly distributed under the PAD. Use as much copper as possible, for system ground
plane, on the top and bottom layers for the best heat dissipation. Use a four-layer board with the copper
thickness for the four layers, starting from the top of, 2 0z/ 1 0z / 1 oz / 2 oz. Four layer boards with enough
copper thickness provides low current conduction impedance, proper shielding and lower thermal resistance.

The thermal characteristics of the LMR23610-Q1 are specified using the parameter 635, which characterize the
junction temperature of silicon to the ambient temperature in a specific system. Although the value of 0,4 is
dependent on many variables, it still can be used to approximate the operating junction temperature of the
device. To obtain an estimate of the device junction temperature, one may use the following relationship:

Ty=PpX0ja+Tha (22)

where
T; = Junction temperature in °C
Pp = Vin X Iy X (1 - Efficiency) - 1.1 X loyt? X DCR in Watt
DCR = Inductor DC parasitic resistance in Q
034 = Junction to ambient thermal resistance of the device in °C/W
T, = Ambient temperature in °C

The maximum operating junction temperature of the LMR23610-Q1 is 125 °C. 03, is highly related to PCB size
and layout, as well as environmental factors such as heat sinking and air flow.

10.4 Feedback Resistors

To reduce noise sensitivity of the output voltage feedback path, it is important to place the resistor divider and
Ckr close to the FB pin, rather than close to the load. The FB pin is the input to the error amplifier, so it is a high
impedance node and very sensitive to noise. Placing the resistor divider and Cgr closer to the FB pin reduces the
trace length of FB signal and reduces noise coupling. The output node is a low impedance node, so the trace
from Vgyr to the resistor divider can be long if short path is not available.

If voltage accuracy at the load is important, make sure voltage sense is made at the load. Doing so will correct
for voltage drops along the traces and provide the best output accuracy. The voltage sense trace from the load to
the feedback resistor divider should be routed away from the SW node path and the inductor to avoid
contaminating the feedback signal with switch noise, while also minimizing the trace length. This is most
important when high value resistors are used to set the output voltage. It is recommended to route the voltage
sense trace and place the resistor divider on a different layer than the inductor and SW node path, such that
there is a ground plane in between the feedback trace and inductor/SW node polygon. This provides further
shielding for the voltage feedback path from EMI noises.
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10.5 Layout Example
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Figure 30. Layout
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11 Device and Documentation Support

11.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the LMR23610-Q1 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V|y), output voltage (Voyt), and output current (Iopyt) requirements.

2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.

3. Compare the generated design with other possible solutions from Texas Instruments.

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

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

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

11.2 Receiving Notification of Documentation Updates

To receive natification 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.

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

11.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
WEBENCH, SIMPLE SWITCHER are registered trademarks of Texas Instruments.

11.5 Electrostatic Discharge Caution

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

11.6 Glossary

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

Copyright © 2016-2017, Texas Instruments Incorporated Submit Documentation Feedback 27
Product Folder Links: LMR23610-Q1


http://www.ti.com/product/lmr23610-q1?qgpn=lmr23610-q1
http://www.ti.com
http://www.ti.com/product/lmr23610-q1?qgpn=lmr23610-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSAR4A&partnum=LMR23610-Q1
https://webench.ti.com/wb5/WBTablet/PartDesigner/quickview.jsp?base_pn=LMR23610-Q1&origin=ODS&litsection=device_support
http://www.ti.com/lsds/ti/analog/webench/overview.page?DCMP=sva_web_webdesigncntr_en&HQS=sva-web-webdesigncntr-vanity-lp-en
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

LMR23610-Q1
SNVSAR4A - DECEMBER 2016—REVISED APRIL 2017 www.ti.com

12 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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MECHANICAL DATA
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NOTES:

All linear dimensions are in millimeters.  Dimensioning and tolerancing per ASME Y14.5-1994.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.

This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAOQ2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
This package complies to JEDEC MS-012 variation BA

PowerPAD is a trademark of Texas Instruments.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
4) (5)
LMR23610AQDDAQ1 Active Production SO PowerPAD 75| TUBE Yes NIPDAU | NIPDAUAG Level-2-260C-1 YEAR -40 to 125 F10AQ
(DDA) | 8
LMR23610AQDDAQ1.A Active Production SO PowerPAD 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40to 125 F10AQ
(DDA) | 8
LMR23610AQDDAQ1.B Active Production SO PowerPAD 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 F10AQ
(DDA) | 8
LMR23610AQDDARQ1 Active Production SO PowerPAD 2500 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-2-260C-1 YEAR -40 to 125 F10AQ
(DDA) | 8
LMR23610AQDDARQ1.A Active Production SO PowerPAD 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 F10AQ
(DDA) | 8
LMR23610AQDDARQ1.B Active Production SO PowerPAD 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 F10AQ
(DDA) | 8

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI'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.
OTHER QUALIFIED VERSIONS OF LMR23610-Q1 :

o Catalog : LMR23610

NOTE: Qualified Version Definitions:

¢ Catalog - TI's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. 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
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LMR23610AQDDARQ1 SO DDA 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
PowerPAL

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 23-May-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMR23610AQDDARQ1 SO PowerPAD DDA 8 2500 366.0 364.0 50.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U L
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
LMR23610AQDDAQ1 DDA HSOIC 8 75 507 8 3940 4.32
LMR23610AQDDAQ1 DDA HSOIC 8 75 517 7.87 635 4.25

LMR23610AQDDAQ1.A DDA HSOIC 8 75 517 7.87 635 4.25
LMR23610AQDDAQ1.A DDA HSOIC 8 75 507 8 3940 4.32
LMR23610AQDDAQ1.B DDA HSOIC 8 75 507 8 3940 4.32
LMR23610AQDDAQ1.B DDA HSOIC 8 75 517 7.87 635 4.25
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MECHANICAL DATA

DDA (R—PDS0O—-G8) PowerPAD MPLASTIC SMALL—QUTLINE

0,51

1,27 T ﬁ r 0 [ ]0,25®)
8 5

:__TFERMAL PAE_-: 0,20 NOM

SIZE AND SHAPE SHOWN 4’00 @
| ON SEPARATE SHEET | 3,80 5,80 /
/
H H H H Gage Plane
1 4]

L |
N
08

\\
)

5,00
4,80

—»

47

1,70 MAX

; e \
Seating Plane 4 \ % // /k

S —

— |J
-

Tt

o
(@3]

o
o
(e

4202561 /F 12/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOOZ2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

F. This package complies to JEDEC MS—012 variation BA

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DDA (R—PDS0O-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

RN

R j/—— Exposed Thermal Pad
|

2,40__|_ I
s |

oo E

1 3,10 4
265 "
Top View

Exposed Thermal Pad Dimensions

4206322-6/L 05/12

NOTE: A. All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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http://www.ti.com/lit/slma002
http://www.ti.com/lit/slma004

LAND PATTERN DATA

DDA (R—PDSO—G8)

PowerPAD™ PLASTIC SMALL OUTLINE

(Note E)
4x1,30 — . — 1,27 , | —1,27
RN 0.45 N
solder mask
over copper \ ||l I|l| | L. _ _ 915 |1 (] || | b _
6x90,33 *
y /V///////AV///////////f//[/A) |

%o ® O 3,10 f
2,40 2,95 55 Y 240 5,75

X l

Example Board Layout
Via pattern and copper pad size
may vary depending on layout constraints

0,127mm Thick Stencil Design Example
Reference table below for other
solder stencil thicknesses

Example Solder Mask
Defined Pad
(See Note C, D)

/
/Non Solder Mask Defined Pad
/

e ——

— —
Example Solder Mask Opening
(Note F)
Center Power Pad Solder Stencil Opening
00— |~ Stencil Thickness X Y
f ) \ 0.1mm 33 2.6
29 0.127mm 3.1 2.4
! ’ ~\L 0.152mm 29 2.2
\ f L Pad Geometry 0.178mm 2.8 2.1
\ - / (Note C)
0,07
All Around
~N—— "

4208951-6/D 04/12

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQ02, SLMAQO4, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC-7351 is recommended for dlternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric

c metal load solder paste. Refer to IPC—7525 for other stencil recommendations.

PowerPAD is a trad

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
emark of Texas Instruments.
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http://www.ti.com/lit/slma002
http://www.ti.com/lit/slma004

Q PACKAGE OUTLINE
DDA0O00SB e PowerPAD™ SOIC - 1.7 mm max height

PLASTIC SMALL OUTLINE

6.2
58 1YP SEATING PLANE
PIN 1 ID
AREA
— 6X
—_ 8 —_
- H
1 2X
381

1 4X (0°-10°)
3= P

\. J 5
gy 0-51 T L
—={ 1.7 MAX

40 0.31
8] 3.8 g (& [0.250) [c]A[B]
NOTE 4

/
\ J
AN

[} : \ 0.25
» ]

\[0'10 TYP
E\f

/
SEE DETAIL A

4 s
EXPOSED
THERMAL PAD
/
— [
¥y
2.8 9 GAGE PLANE

[ ]
[ ]
[ ] 1 i
[ ] s o

DETAIL A

271 TYPICAL
2.11

4214849/B 09/2025

NOTES: PowerPAD is a trademark of Texas Instruments.

[N

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

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MS-012.
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EXAMPLE BOARD LAYOUT
DDAOOO8B PowerPAD™ SOIC - 1.7 mm max height

PLASTIC SMALL OUTLINE

(2.95)
NOTE 9
SOLDER MASK
(2.71) DEFINED PAD
SOLDER MASK
OPENING SEE DETAILS

8X (1.55)

i
l S
8X (0.6) ‘ !

(3.4)
(1.3) SOLDER MASK
TYP OPENING

* 4.9
Né)TE) 9

SYMM [

(R0.05) TYP
METAL COVERED

|

(@0.2) T\)(Ii | ¢ i | BY SOLDER MASK
(13 TYP J——a ‘
Li (5.4) 4—1

LAND PATTERN EXAMPLE
SCALE:10X

0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND

|
|
|
[ g
SOLDER MASKJ SOLDER MASK—/ \METAL UNDER

METAL
OPENING OPENING SOLDER MASK

NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
PADS 1-8

4214849/B 09/2025

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAOO02 (www.ti.com/lit/sima002) and SLMAO004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

i
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EXAMPLE STENCIL DESIGN
DDAOOO8B PowerPAD™ SOIC - 1.7 mm max height

PLASTIC SMALL OUTLINE

(2.71)
BASED ON
0.125 THICK
STENCIL

8X (1.55) (R0.05) TYP
1 A R k 7777777 3 e

T

SYMM BASED ON
0.125 THICK
STENCIL

T

6X (1.27)
R ITIT)
4

METAL COVERED
BY SOLDER MASK !

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:10X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.03 X 3.80
0.125 2.71 X 3.40 (SHOWN)
0.150 2.47 X 3.10
0.175 2.29 X 2.87

4214849/B 09/2025

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com




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, regulatory 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 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, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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