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TLVM1440x High-Density, 36V, 0.8V to 9V Output, Dual 2/3A or single 4/6A Output
Power Module

1 Features

* Versatile dual output voltage or single output
synchronous buck module
— Integrated MOSFETSs, inductor, and controller
— Wide input voltage range of 3V to 36V
— Adjustable output voltage from 0.8V to 9V
— 6.5mm x 7.0mm x 2mm overmolded package
— —40°C to 125°C junction temperature range
» Ultra-high efficiency across the full load range
— Peak efficiency of 93.5%
— External bias option for improved efficiency
— Exposed Pad for low thermal impedance. EVM
0 JA = 20°C/W.
— Shutdown quiescent current of 0.6pA (typical)
* Ultra-low conducted and radiated EMI
— Low-noise package with dual input paths and
integrated capacitors reduces switch ringing
— Meets CISPR 11 and 32 Class B emissions
* Inherent protection features for robust design
— Precision enable input and open-drain PGOOD
indicator for sequencing, control, and V| UVLO
— Overcurrent and thermal shutdown protections
» Create a custom design using the TLVM1440x with
the WEBENCH® Power Designer

2 Applications

» Test and measurement, aerospace and defense
* Factory automation and control
* Buck power supplies
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3 Description

The TLVM1440x is a highly integrated, 36V input
capable, DC/DC design that combines power
MOSFETs, a shielded inductor, and passives in
an enhanced HotRod™ QFN package. The device
supports either dual output or high current single
output using an interleaved, stackable, current-mode
control architecture for easy loop compensation, fast
transient response, excellent load and line regulation.
The module has VIN and VOUT pins located at the
corners of the package for optimized input and output
capacitor placement. A large thermal pad beneath the
module enable a simple layout and easy handling in
manufacturing.

With an output voltage from 1V to 9V, the TLVM1440x
is designed to quickly and easily implement a low-EMI
design in a small PCB footprint. The total design
requires as few as six external components and
eliminates the magnetics selection from the design
process.

Although designed for small size and simplicity
in space-constrained applications, the TLVM1440x
module offers many features for robust performance:
precision enable with hysteresis for adjustable
input-voltage UVLO, along with integrated VCC,
bootstrap and input capacitors for increased reliability
and higher density. The module is configured for
automatically switching between constant switching
frequency (FPWM) at higher loads to variable
frequency (PFM) for higher light load efficiency.
Including a PGOOD indicator for sequencing, fault
protection, and output voltage monitoring.

Device Information

PART NUMBER®) PACKAGE(") PACKAGE SIZE®)
TLVM14404 RCH (QFN-FCMOD,
TLVM14406 28) 6.50mm x 7.0mm

(1)  For more information, see Section 11.

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

(3) See the Device Comparison Table.

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.


https://webench.ti.com/wb5/PartDesigner/quickview.jsp?base_pn=TLVM14406&origin=ODS&litsection=features
http://www.ti.com/applications/industrial/test-measurement/overview.html
http://www.ti.com/applications/industrial/aerospace-defense/overview.html
http://www.ti.com/applications/industrial/factory-automation/overview.html
https://www.ti.com/power-management/non-isolated-dc-dc-switching-regulators/step-down-buck/buck-modules-integrated-inductor/overview.html
https://www.ti.com/product/TLVM14404
https://www.ti.com/product/TLVM14406
https://www.ti.com/lit/pdf/SLVSHP0
https://www.ti.com/product/TLVM14404?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/TLVM14404?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/TLVM14404?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/TLVM14404?dcmp=dsproject&hqs=#support-training

I3 TEXAS
TLVM14404, TLVM14406 INSTRUMENTS
SLVSHPO — JULY 2024 www.ti.com
Table of Contents
TFEAtUres.........ooiiiiii 1 7.4 Device Functional Modes...........ccoccvveiiiiiiniieeinieenns 26
2 Applications.............ccooiiiiiiii 1 8 Applications and Implementation................................ 27
3 DeSCription...........oooiiiiiiii 1 8.1 Application Information...........ccccoecieiiiiiiineciiieee 27
4 Device Comparison Table...............cccccoiiiiiiinn e, 3 8.2 Typical Applications............ccooveveiiiiiiiiic e 27
5 Pin Configuration and Functions....................c.ccccoe. 4 8.3 Power Supply Recommendations............c.cccecvvennee 38
6 Specifications..............cccooiiiiiiiii 8 8.4 LaYOUL.....ooiiiiiiiiicee e 38
6.1 Absolute Maximum Ratings.........c.cccocveviiiiinieeeniinnes 8 9 Device and Documentation Support............................ 41
6.2 ESD RatiNgS.....cocuveiiiiieiiie et 8 9.1 DeViCe SUPPOIt......cccuviiiiiiiiieeectee e 41
6.3 Recommended Operating Conditions............c.cccouee... 8 9.2 Documentation Support.........ccccceveriieiinieiineee e 42
6.4 Thermal Information.............ccceviiinicii e 9 9.3 Receiving Notification of Documentation Updates....42
6.5 Electrical Characteristics............cccovveiiniiiiiiieeinieees 9 9.4 Support RESOUICES........ccceiiiiiiiiie e 42
6.6 System Characteristics..........cccocovveviieiiiiiiice, 11 9.5 Trademarks..........ccueeeiiiiiiiiiei e 42
6.7 Typical CharacteristiCs.............cccevviiieiniiiciiee e 12 9.6 Electrostatic Discharge Caution.............cccccoceeernneen. 42
7 Detailed Description..............ccocoeiiiiiiiiic e 13 9.7 GlOSSANY.....eeeeeitiieeiie et 42
7.1 OVEIVIEW. ...ttt 13 10 Revision History..............ccccooiiiniiiiic 42
7.2 Functional Block Diagram..........ccccccveeeviiienieecenneenn. 14 11 Mechanical, Packaging, and Orderable
7.3 Feature Description...........ccccvevieeiiieeeiiiic e 15 Information...............ccco i 43

2

Submit Document Feedback

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TLVM14404 TLVM14406


https://www.ti.com/product/TLVM14404
https://www.ti.com/product/TLVM14406
https://www.ti.com/lit/pdf/SLVSHP0
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHP0&partnum=TLVM14404
https://www.ti.com/product/tlvm14404?qgpn=tlvm14404
https://www.ti.com/product/tlvm14406?qgpn=tlvm14406

13 TEXAS

INSTRUMENTS

www.ti.com

TLVM14404, TLVM14406
SLVSHPO — JULY 2024

4 Device Comparison Table

ORDERABLE PART RATED OUTPUT
DEVICE NUMBER CURRENT PACKAGE JUNCTION TEMPERATURE RANGE
TLVM14404 TLVM14404RCHR Dual 2A /:2A or RCH (28) —40°C to 125°C
Single 4A
TLVM14406 TLVM14406RCHR D“g'i:gAl e’ g: or RCH (28) —40°C to 125°C
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5 Pin Configuration and Functions
RCH package, 28-pin QFN-FCMOD with Wettable Flanks
EN2 VOSNS2 FB2 RT AGND vcc FB1 VOSNS1
-
CONFIG PG1
pez |1 12 ---------- i GND
™
H 28 H
PGND2 H : PGND1
VIN2 . 14 D . 2- ;‘“““‘:: VIN1
= TR (T T
sw2 16 23 SWi1
sw2 17 ) SWi1
VOUT2 VOUT1
18 19 20 21
VOUT2 VOUT1
Figure 5-1. Dual Output (Top View)
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Figure 5-2. Single Output Primary (Top View)

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TLVM14404 TLVM14406

Submit Document Feedback

5


https://www.ti.com
https://www.ti.com/product/TLVM14404
https://www.ti.com/product/TLVM14406
https://www.ti.com/lit/pdf/SLVSHP0
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHP0&partnum=TLVM14404
https://www.ti.com/product/tlvm14404?qgpn=tlvm14404
https://www.ti.com/product/tlvm14406?qgpn=tlvm14406

TLVM14404, TLVM14406

SLVSHPO — JULY 2024

13 TEXAS
INSTRUMENTS
www.ti.com

Table 5-1. Pin Functions

PIN

NO.

NAME

DUAL
OUTPUT

SINGLE
OUTPUT

TYPE()

DESCRIPTION

14

VIN2

VIN2

Input supply to the regulator. Connect a high quality bypass capacitors from this pin to
PGND. Low impedance connection must be provided to VIN1.

15

BOOT2

BOOT2

110

Channel 2 high-side driver upper supply rail. Connected to an internal 100nF capacitor
between SW2 and BOOT2. An internal diode charges the capacitor while SW2 is low.
Mechanical connection, use as NC in design.

16, 17

Sw2

Sw2

Channel 2 Switching node that is internally connected to the source of the high-side
NMOS buck switch and the drain of the low-side NMOS synchronous rectifier. Mechanical
connection, use as NC in design.

22,23

SwWi1

SW1

Channel 1 Switching node that is internally connected to the source of the high-side
NMOS buck switch and the drain of the low-side NMOS synchronous rectifier. Mechanical
connection, use as NC in design.

24

BOOT1

BOOT1

110

Channel 1 High-side driver upper supply rail. Connected to an internal 100nF between
SW1 and BOOT1. An internal diode charges the capacitor while SW1 is low. Mechanical
connection, use as NC in design.

25

VIN1

VIN1

Input supply to the regulator. Connect a high quality bypass capacitors from this pin to
PGND. Low impedance connection must be provided to VIN2.

27

GND

GND

Analog ground connection. Ground return for the internal logic.

PG1

PG1

Dual function pin. An open drain output that transitions low if VOSNS1 is outside a specified
regulation window in dual output and single output primary configuration.

EN1

EN1

An active high input TLVM1440x (Von > 1.375V) enables Output 1 in dual output operation.
When in single output operation, an active high input enables all phases in the system.
When disabled, the TLVM1440x is in shutdown mode. EN1 must never be floating.

BIAS &
VOSNS1

BIAS &
VOSNS1

Output voltage sense and input to internal voltage regulator. Connect to non-switching side
of the inductor. Connect an optional high quality 0.1uF capacitor from this pin to AGND for
best performance.

FB1

FB1

Feedback input to channel 1 of the TLVM1440x in dual output operation and feedback input
to all channels in single output operation. Connect FB1 to VCC through a 10kQ resistor

for a 5V output or connect FB1 to AGND for a 3.3V output. A resistive divider from the
non-switching side of the inductor to FB1 sets the output voltage level between 0.8V and
20V. The regulation threshold at FB1 is 0.8V. For lower output voltages use at least a 10kQ
for the top of the resistor divider.

VCC

VCC

Internal regulator output. Used as supply to internal control circuits. Do not connect to any
external loads. Connect a high quality 1uF capacitor from this pin to AGND.

AGND

AGND

Analog ground connection. Ground return for the internal voltage reference and analog
circuits.

RT

RT

Frequency programming pin. A resistor from RT to AGND sets the oscillator frequency
between 100kHz and 2.2MHz.

FB2

SS

Dual function pin. When in dual output operation, the pin functions as FB2, feedback input
to channel 2 of the TLVM1440x. Connect FB2 to VCC through a 10kQ resistor for a 5V
output or connect FB2 to AGND for a 3.3V output. A resistive divider from the non-switching
side of the inductor to FB2 sets the output voltage level between 0.8V and 20V. For lower
output voltages use at least a 10kQ for the top of the resistor divider. When in single output
mode, the pin functions as SS. An external capacitor must be placed from SS to AGND for
external soft start of the output. Connect the SS pins of primary and secondaries for fault
communication between devices.

VOSNS2

COMP

Dual function pin. In dual output operation, the pin functions as VOSNS2 for the fixed 3.3V
and 5V and adjustable output conditions. In single output operation, the pin is the output of
the internal error amplifier.

10

EN2

EN2

An active high input (Von > 1.375V) enables Output 2 in dual output operation. When in
single output mode, EN2 of all TLVM1440x must be connected together. An active high input
enables all secondary phases in the system. When disabled, only one channel in the primary
TLVM1440x is active while all remaining phases are in shutdown mode. EN2 must never be
floating.
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Table 5-1. Pin Functions (continued)

PIN
NAME

NO. | puUAL | SINGLE
OUTPUT | OUTPUT

TYPE(") DESCRIPTION

Single or Dual output selection. Connect specific resistor values to the pin (refer to Table

M CONFIG | CONFIG 7-1) to select number of phases, primary and secondary and dither options.

Dual function pin. In dual output operation, this pin behaves as PG2, an open drain output

12 PG2 NC O that transitions low if VOSNS2 is outside a specified regulation window. In single output
mode, leave the pin floating.
18, 19| VOUT2 VOUT O Output of module. Connect a high quality bypass capacitors from this pin to PGND.
20,21| VOUT1 VOUT (6] Output of module. Connect a high quality bypass capacitors from this pin to PGND.
Power ground to internal low side MOSFET. Connect to system ground. Low impedance
13.26| PGND PGND G connection must be provided to PGND1, PGND3 and PGND4. Connect a high quality

bypass capacitors from this pin to VINZ2.

Power ground and heat sink connection. Solder directly to system ground plane. Low

28 PGND PGND G impedance connection must be provided to other PGND pins.
(1) 1=input, O = output, P = power, G = ground
Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 7
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6 Specifications

6.1 Absolute Maximum Ratings
Over operating junction temperature range (unless otherwise noted) (V)

MIN MAX UNIT
Pin voltage VIN1, VIN2 (transient) -0.3 42 \
Pin voltage SW1, SW2 (less than 10ns transient) -6 42 \Y
Pin voltage SW1, SW2 (transient) -0.3 42 \Y
Pin voltage BOOT1 - SW1, BOOT2 - SW2 -0.3 55 \
Pin voltage EN1, EN2 -0.3 42 \Y
Pin voltage PG1, PG2 -0.3 20 \Y
Pin voltage FB1, FB2/SS, CONFIG -0.3 55 \
Pin voltage BIAS/VOSNS1, COMP/VOSNS2 -0.3 22 \Y
Pin voltage RT, VCC -0.3 55 \
Pin voltage PGND1/2/3/4 voltage differential -1 2 \Y
Sink current PG1, PG2 10 mA
T, Operating junction temperature —40 150 °C
Tstg Storage temperature -55 150 °C

(1) Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum
Ratings do not imply functional operation of the device at these or any other conditions beyond those listed
under Recommended Operating Conditions. If used outside the Recommended Operating Conditions but within
the Absolute Maximum Ratings, the device may not be fully functional, and this may affect device reliability,
functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC +2000
o Js-001 (1 -
V(esD) Electrostatic discharge \%
Charged-device model (CDM), per ANSI/ESDA/JEDEC +750
JS-002 @ -

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

6.3 Recommended Operating Conditions
Over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VvosNs1/2 Output voltage range 0.8 9 \%
ViN1/2 Input supply voltage range VIN1, VIN2 3 36 \
Pin voltage SW1, SW2 0 36 \%
Pin voltage BOOT1, BOOT2 0 VIN + 3.3 \Y
Pin voltage BOOT1 - SW1, BOOT2 — SW2 0 3.3 \Y
Pin voltage VCC 0 3.3 \%

Fsw Frequency Switching frequency range 300 2200 kHz
lout1/2 Output current range 0 3 A
Ta Ambient temperature Operating ambient temperature —40 105 °C
T, Operating junction temperature —40 125 °C
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6.4 Thermal Information

TLVM1440X
THERMAL METRIC(") RCH (QFN-FCMOD) UNIT
28 PINS
Reua Junction-to-ambient thermal resistance (TLVM14406 EVM) 20 °C/W
Wi Junction-to-board characterization parameter 5.5 °C/W
(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

note.

6.5 Electrical Characteristics
T, =-40°C to 125°C. Typical values are at T; = 25°C and V,y = 13.5V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
SUPPLY
lQQIN-sT5p0) VIN quiescent current, single output mode gsrl-—sm:/f YhiTnJg,=\152,\‘5°=CZV, Veias = Vvosnst = 25 45 pA
la(viN-ST3p3) VIN quiescent current, single output mode g%r\w/-s)rw;tg; nng\iE%\‘zz%V Veias = Vvosnst = 15 35 pA
lQ(VIN-DT3p3) \é:f\;iizsgsnt current, dual output mode, gc;rcls)rw;tg;n%\/\c/)gzs; 3\/5 xB‘IfA?O_%\,/\ﬁsgm ) 9 18 pA
125°C
Isp(viny VIN shutdown supply current Ven=0V 1 8 uA
uvLo
VINyvLoR) VIN UVLO rising threshold V) rising 3.5 3.80 \%
VINyvLoF) VIN UVLO falling threshold V) falling 2.55 3 \
VINyvLoH) VIN UVLO hysteresis 0.735 0.95 1.25 \
ENABLE
VENR) EN1/2 voltage rising threshold EN1/2 rising, enable switching 1.125 1.25 1.375 \%
VENF) EN1/2 voltage falling threshold EN1/2 falling, disable switching 0.8 0.9 1.0 \%
VEN(H) EN1/2 voltage hysteresis 0.25 0.325 0.55 \%
VENw) EN1/2 voltage wake-up threshold 0.4 \%
len ET;slﬁoﬁ:jn sourcing current post EN rising Veniz = Vin = 13.5V 06 400 nA
INTERNAL LDO
Vvce Internal LDO output voltage Vpgjas 2 3.4V, lycc < 100mA 27 3.1 3.7 \%
lvee Internal LDO short-circuit current limit VN =13.5V 100 377 880 mA
VvCC(UVLO-R) VCC UVLO rising threshold for start-up 3.3 3.5 3.75 \%
Vvec(uvLo-F) VCC UVLO falling threshold for shutdown 23 2.5 2.7 \%
REFERENCE VOLTAGE
Vegi Eﬁtzluct)lgg:ftiéi?:t?::k voltages in adjustable 788 800 812 mv
Vee o dlustable outpu configuration T
Irs120K0) E()Bn;?:f:alt?::age current in dual output Vegip = 0.8V 10 250 nA
lra1 solke) Efnlf?;f:alt(ie::age current in single output Veg = 0.8V 2 250 nA
FBsel-5v0 Voltage threshold for fixed 5V setting VCC-0.5 \%
FBsel-3v0 Resistor for fixed 3.3V setting 300 Q
Minimum Thevenin Equivalent resistance
FBsel-ext of external FB divider option to select 4 kQ
adjustable output voltage.
ERROR AMPLIFIER
Im-s1 EA transconductance - single output mode |Vegq = Vcomp 625 888 1300 usS
SWITCHING FREQUENCY
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6.5 Electrical Characteristics (continued)

T, =-40°C to 125°C. Typical values are at T; = 25°C and V|y = 13.5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fsw1rcem) Switching frequency, FCCM operation Rgrt = 7.15kQ to AGND 1.9 2.1 2.3 MHz
fswarcem) Switching frequency, FCCM operation Rgt = 39.2 kQ to AGND 360 400 450 kHz
fADJ(Fcem) Adjustable switching frequency range Rgt resistor from 6.81kQ to 158kQ to AGND 0.1 22 MHz
STARTUP
¢ Internal fixed soft-start time - dual output From Vyosns12 = 0% (first SW pulse) to 27 45 7 ms

SSR) mode Vvosnsirz = 90% ’ '
Soft-start charge current - single output _

ISS(R) mode Vgs = 0V 15 20 25 MA
Soft-start discharge resistance - single

Rss(F) output mode 10 27 Q
EN1 (Single output mode) or

ten EN1/EN2 (whichever first in dual output 687 900 us
mode) HIGH to start of switching delay

POWER STAGE

RpsoN(Hs) High-side MOSFET on-resistance Vgoot.sw = 3.3V, loyt = 1A 37 mQ

RDSON(LS) Low-side MOSFET on-resistance Vyce =33V, oyt = 1A 23.9 mQ

tON(min) Minimum ON pulse width VN =20V, loyt = 2A 40 62 ns
Maximum ON pulse width (dual output, _

fon(max) single output primary) Rer = 7.15k0 5 8 12 Hs
Maximum ON pulse width (Single output _

tON(max) secondary) Rgrr = 7.15kQ 16 25 us

toFF(min) Minimum OFF pulse width VN =4V 70 110 ns

OVERCURRENT PROTECTION

. . o Peak current limit on HS FET when Duty
Ihs(oct) High-side peak current limit TLVM14404 Cycle approaches 0% 4.76 A
. . L Peak current limit on HS FET when Duty

Ihs(oc2) High-side peak current limit TLVM14406 Cycle approaches 0% 5.5 A

ILs(oc1) Low-side valley current limit TLVM14404 Valley current limit on LS FET 3.2 A

ILs(oc2) Low-side valley current limit TLVM14406 Valley current limit on LS FET 3.7 A
Minimum peak inductor current at minimum _

"—PEAK1(min—0) duty cycle TLVM14404 Vyee = 3.3V, tpulse < 100ns 0.71 A
Minimum peak inductor current at maximum _

ILpEAK 1 (min-100) duty cycle TLVM14406 Vyee = 3.3V, touise 2 1ps 0.19 A
Minimum peak inductor current at minimum _

ILpEAK2(min-0) duty cycle TLVM14404 Vyee = 3-3V, thuise < 100ns 0.81 A
Minimum peak inductor current at maximum _

ILpEAK2(min-100) duty cycle TLVM14406 Vvee = 3-3V, touise 2 1ps 0.22 A

_ Hiccup threshold on FB pin - dual output "

VHiccup-FB mode, adjustable output option HS FET On-time > 165ns 0.25 0.3 0.35 \Y

o . . . Curent

) Wait time before entering Hiccup - single L
tiiccup-1 and dual output mode 126 128 130)  Limit
cycles
tHiccup-2 Hiccup time before re-start 50 88 ms
POWER GOOD
VpGTH-1 Power-Good threshold (PG1/2) PGOOD low, Vyosnsi/2 rising 93% 95% 97%
VpGTH-2 Power-Good threshold (PG1/2) PGOOD high, Vyosns1/2 falling 92% 94% 96%
VpGTH-3 Power-Good threshold (PG1/2) PGOOD high, Vyosns1/2 rising 105% 107% 110%
VpGTH-4 Power-Good threshold (PG1/2) PGOOD low, Vyosns1/2 falling 104% 106% 109%
PG1/2 delay from Vyosns1/2 valid to _
tPGoOD(R) PGOOD high during start-up Vvosnstiz = 3:3V 15 21 3| ms
PG1/2 delay from V invalid to
trcoon(F) PGOOD Iovz VOSNS1/2 Vvosnstre = 3.3V 25 40 70 s
PG1/2 pin leakage current when open drain _
IPG(LKG) output is high Vpg = 3.3V 0.075 pA
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6.5 Electrical Characteristics (continued)
T, =-40°C to 125°C. Typical values are at T; = 25°C and V|y = 13.5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Veeoow) Erisrl]r;r;utput low-level voltage for both Ipg = 1A, Vey = OV. 400 mv

Rpg-1 Pulldown MOSFET resistance lpg = TMA, Vgy = 3.3V. 30 90 Q
Pull up resistance on PG - Rpg = 10kQ,

VIN(PG_VALID) Minimum VIN for valid PG output Voltage Pull up on PG - VpyLup_pg = 3V, 0.45 1.2 \%
VpG-p (Low) = 0.4V

THERMAL SHUTDOWN

Tysp) Thermal shutdown threshold (1) Temperature rising 160 170 180 °C

Tyrvs) Thermal shutdown hysteresis (1) 10 °C

(1)  Specified by design.

6.6 System Characteristics
The following specifications apply only to the typical applications circuit, with nominal component values. Specifications in the
typical (TYP) column apply to T; = 25°C only. Specifications in the minimum (MIN) and maximum (MAX) columns apply to

the case of typical components over the temperature range of T, = —40°C to 125°C. These specifications are not specified by
production testing.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OUTPUT VOLTAGE
. . VBIAS/VOSNS1 =3.3YV, VVOSNS2 =5V (dual output
Load and Line Regulation on VOUT1(3.3V) - |, 1040y 3/ " 3 8Vt 36V, Iy = OA to full load, 60 mv
single and dual output mode PFM Mode
’ - } VBiasvosnst = 5V, Vyosnsz = 3.3V (dual output
';%Z‘I’ea:: d"c'j';‘;iﬁ;ﬁ“rzz;: VOUuT1(5v) mode), Vi = 6V to 36V, loyr = 0A to full load, 70 mv
PFM Mode
Duaxgm) | Maximum switch duty cycle ;ﬁg’\‘qz:ﬁg;’/‘fg/lég:'éﬁ =3.3V. lour = 2A, 99%
Dmax Maximum switch duty cycle I\\/llllwi; 6V, Vvosnst =5V, lout = 2 A, fay = 1 88%
EFFICIENCY
Efficiency on VOUT1(5V) - dual output mode IVB'AS_N:C;EN? =_51V,\’A\}_/|\£°5N32 =33V, Vin=12V, 91.5%
OouT — s Isw =
Efficiency on VOUT2(3.3V) - dual output mode IVB'AS_/V‘,‘;EN? =_51V,\’A\}{|\£OSNSZ =33V, Vin=12V, 88%
out = 3A, fs =
Efficiency - single output mode \2/'31"R/ISQV§SNS1 =8V, Vin=12V, lour = A, fow = 91%
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6.7 Typical Characteristics

Unless otherwise specified, Vy = 13.5V.

0.804 1.5
0.803
1.25
0.802
s = 1
< 0.801 <
S 2
S o8 E 075
sl — o | £
m 0.799 =3
TH © 0.5
0.798
0.797 0.25
0.796 0
-50 -25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C
Figure 6-1. Feedback Voltage EN =0V
Figure 6-2. Shutdown Supply Current
70 7 I
—— HS Switch
65 — Peak
— — LS Switch 6.5 - H
60 Valley
55 6
) 50 f_’ 5.5
E 4 =
- 5
=z -
Q 40 @
0 35 5 45
(]
X 3 O
4
25
2 3.5
15 3
10 50 25 0 25 50 75 100 125
-50 25 0 25 50 75 100 125 150 Junction Temperature (°C)
Temperature (°C . . . . ..
) . . P C) ) ) Figure 6-4. High-side and Low-side Current Limits
Figure 6-3. High-side and Low-side Switches TLVM14406
Rps_on
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7 Detailed Description
7.1 Overview

The TLVM1440x is an easy-to-use, synchronous buck DC/DC power module designed for a wide variety of
applications where reliability, small design size, and low EMI signature are of paramount importance. With
integrated power MOSFETs, a buck inductor, and PWM controller, the TLVM1440x operates over an input
voltage range of 3V to 36V with transients as high as 42V. The module delivers up to 3A per phase DC load
current with high conversion efficiency and ultra-low input quiescent current in a very small footprint. Control loop
compensation is not required for dual out configuration, reducing design time and external component count for
multiple output voltages.

Due to a programmable switching frequency from 300kHz to 2.2MHz using the RT pin, the TLVM1440x has a
very wide range adjustable output voltage, even with a fixed inductor.

Several EMI reduction features are included in the module.

* Integrated high-frequency capacitor layouts minimize parasitic inductance, switch-voltage ringing, and
radiated field coupling
* Integrated power MOSFETSs with enhanced gate drive control enable low-noise PWM switching

Together, these features significantly reduce EMI filtering requirements, while helping to meet CISPR 11 and
CISPR 32 Class B EMI limits for conducted and radiated emissions.

The TLVM1440x module also includes inherent protection features for robust system requirements:

* An open-drain PGOOD indicator for power-rail sequencing and fault reporting
* Precision enable input with hysteresis, providing
— Programmable line undervoltage lockout (UVLO)
— Remote ON and OFF capability
* Internally fixed output-voltage soft start with monotonic start-up into prebiased loads in two output mode
» Externally adjustable soft start with monotonic start-up into prebiased loads in single output mode
» Hiccup-mode overcurrent protection with cycle-by-cycle peak and valley current limits
» Thermal shutdown with automatic recovery

Leveraging a pin arrangement designed for simple layout that requires only a few external components, the
TLVM1440x is specified to maximum junction temperatures of 125°C. See typical thermal performance to
estimate suitability in a given ambient environment.
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7.2 Functional Block Diagram
LS CURRENT LIMIT
VIN1 VALLEY FOLDBACK
okt +—| [] SYNC
VCClj Clk2 +—
PLL and DUAL or SINGLE
PFM/ FPWM +—— le——
AGND [i—) ) OSCILLATORS ;4 /6pnase | DECODER CONFIG
CLK SLOPE COMP RAMP 1/2 +—| Dither
A
- os8s6v
PGOV I\
PG,\? C/ L PG2 H
DEGLITCH FB2
45ms RT amp
PGUV
L GND +— 0752V {] RT
-~ ossev P S
- PGOV | |
PG [ PG1 + ! |
DEGLITCH FB1 | CHANNEL 112 !
a’ 45ms ' |
Z ! i
- PGUV ! ‘.|
+ 0752V ! 11 EN1/2
=GND | i
| i
| i
! {] cB1/2
| : |
| 4 i
! HS !
._I g;gs ISLOPECOMP  HS CURRENT ESﬁSREENT |
DEC%SDER | RAWP 112 SENSE12 Ly !
FAULT LOGIC | r
DUAL or SINGLE 3 HICCUP —— }L] VIN1/2
FB2 i i
DECODER -
VOSNS2 /[ sv | Fixepor | PWMI2 o 100 nF i
COMP compP1 ADJ 1 <h I
I
FAULT i = !
Loeic CURRENT ! CLK1/2 !
= LIMIT DUAL or SINGLE i DRIVER 742??—}[] SW1/2
u
s : i
COMPENSATION LS CURRENT LIMIT !
FB1 [} i + VALLEY FOLDBACK ﬁ 1
| —— 100nF !
VOSNS1/ aav : T 1
FB1 i !
BIAS DECODER | LS CURRENT {] PGDN1/2
5V FI);ED[j or | SENSE 112 Ls ‘ 1
i
! EXTSS ggﬁgg N |
FAULT | STANDBY i
Loaic CURRENT 1 |
= LIMIT | !
DUAL or SINGLE
° H1somy ) !
| i
COMPENSATION I !
L

14

Submit Document Feedback

Product Folder Links: TLVM14404 TLVM14406

Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/product/TLVM14404
https://www.ti.com/product/TLVM14406
https://www.ti.com/lit/pdf/SLVSHP0
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHP0&partnum=TLVM14404
https://www.ti.com/product/tlvm14404?qgpn=tlvm14404
https://www.ti.com/product/tlvm14406?qgpn=tlvm14406

13 TEXAS

INSTRUMENTS TLVM14404, TLVM14406
www.ti.com SLVSHPO — JULY 2024

7.3 Feature Description
7.3.1 Input Voltage Range (VIN1, VIN2)
With a steady-state input voltage range from 3V to 36V, the TLVM1440x module is intended for step-down

conversions from typical 12V, 24V, and 28V input supply rails. The schematic circuit in Figure 7-1 shows all the
necessary components to implement a TLVM1440x-based buck regulator using a single input supply.

VIN
0
VINT VIN2
j———— | _ Cing —— 1 Cne
| | 10pF 10uF
I PGND PGND
. Renr § |
Precision enable | : = —
for Viy UVLO : | ENA PG
T
|
I : EN2 PG2 PGOOD
| \ indicator
|
|
: Rens gl Rpc
| | 100kQ
I \ vVCC
: ! CVCC
I 1 I 1uF
| = |
O VOUT1 VOUT2 'm|
VOUT1 =3.3v VOUTZ =5y
BIAS /
VOSNS1 VOSNS2
FB1 tied to —_
AGND for ? FB1 FB2 IWAAVCC FB2 tied to
3.3V fixed — | vccforsv
AGND RT CONFIG = fixed
Rrr

Configure Single or Dual Output

—— Adjustable
Switching
Frequency

Figure 7-1. TLVM1440x Schematic Diagram With Input Voltage Operating Range of 3V to 36V

The minimum input voltage required for start-up is 3.7V. Take extra care to make sure that the voltage at the VIN
pins of the module (VIN1 and VIN2) does not exceed the absolute maximum voltage rating of 42V during line or
load transient events. Voltage ringing at the VIN pins that exceeds the absolute maximum ratings can damage
the IC.

7.3.2 Enable EN Pin and Use as V;y UVLO

Apply a voltage less than 0.25V to the EN1 pin to put the TLVM1440x into shutdown mode. In shutdown mode,
the quiescent current drops to 0.5pA (typical). Above this voltage but below the lower EN threshold, VCC is
active but switching on SW1 and SW2 remains inactive. After EN1 is above Vgy, the SW1 becomes active. EN2
controls switching on the second output SW2. In dual output configuration EN2 can be used to independently
turn off the second output voltage, but does not control when the device enters shutdown mode. In single output
configuration EN1 must not be used to disable the secondary device for phase shedding and must be tied to
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EN2. The very high efficiency of the device in PFM operation eliminates the need to phase shed in most designs
as phase of the secondaries is controlled even under PFM operation.

The EN terminals can not be left floating. The simplest method to enable the operation is to connect the EN pins
to VIN. This action allows the self-start-up of the device when VIN drives the internal VCC above the UVLO level.
However, many applications benefit from employing an enable divider string, which establishes a precision input
undervoltage lockout (UVLO). The precision UVLO can be used for the following:

» Sequencing

* Preventing the device from retriggering when used with long input cables

* Reducing the occurrence of deep discharge of a battery power source

Note that EN thresholds are accurate. The rising enable threshold has a 10% tolerance. Hysteresis is enough to
prevent retriggering upon shutdown of the load (approximately 38%). The external logic output of another IC can
also be used to drive the EN terminals, allowing system power sequencing.

Vin

g Rent

EN

g Rens

— AGND

Figure 7-2. VIN UVLO Using the EN Pin

Resistor values can be calculated using the following equations.

VEN(R) ) (1)

= X | 74— F———
ReNB = Rent (VIN(on)_VEN(R)

VorE = Vin(on) X (1 = VEN(H)) (2)

where

* Von = V|n turn-on voltage
* Vo = V|n turn-off voltage
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7.3.3 CONFIG Device Configuration Pin

The CONFIG terminal is used to set up the device for either dual output or single output operation.

Table 7-1. Rconrig Resistor Selection

Rconric (kQ) Mode
0 Dual output
9.53 Single output
121 Dual output

When configured for single output operation, the VOSNS2 pin becomes the output of the error amplifier (COMP)
and a resistor and capacitor are needed at this pin to compensate the control loop. R¢ = 11kQ, C¢ = 2.2nF can
be used in initial evaluation for many designs. Increasing the resistance results in higher loop gain and tends
to require proportionately larger output capacitors. Decreasing the capacitance increases the loop response of
the device, resulting in faster transients but can lower phase margin at the cross-over frequency and can require

adjustments to the output capacitance. Table 7-2 provides several settings for different output configurations.

Table 7-2. Typical Bill of Materials

MODE | Vour1 | Vourz | FREQUENCY | Cour EACH PHASE Cin *+ Cur Rc Cc
DUAL 3.3V 5V 500kHz 47 + 22uF 2 x 10pF +2 x 100nF | INTERNAL INTERNAL
DUAL 3.3V 5V 2100kHz 2 x 22uF 1 x 10uF +2 x 100nF | INTERNAL INTERNAL

SINGLE | 3.3V 3.3V 500kHz 47 + 224F 2 x 10pF + 2 x 100nF 11kQ 2.2nF

SINGLE | 5V 5V 2100kHz 2 x 22uF 1 x 10pF + 2 x 100nF 11kQ 2.2nF
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Figure 7-3. High-efficiency, Single Output 2-Phase Step-Down Converter
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7.3.4 Adjustable Switching Frequency

The frequency is set using a resistor on the RT pin. A resistor to AGND is used to set the adjustable operating
frequency. See below for resistor values. A resistor value that falls outside of the recommended range can cause
the device to stop switching.

Rp[kQ] = (% —~ 0.633) 3)

For example, for fgy = 400kHz, Rt = (16.4 / 0.4) — 0.633 = 40.37, so a 40.2kQ resistor is selected as the closest
choice.

Table 7-3. Typical Rt values

Rt (kQ) Frequency (kHz)
6.81 2206
7.15 2106
15.4 1005
31.6 497.4
39.2 402
158 101
90
80
70
60
a 50
=
& 40
30
20
10
0
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Frequency (kHz)

Figure 7-4. Setting Clock Frequency

7.3.5 Adjustable Output Voltage (FB)

The TLVM1440x has an adjustable output voltage range from 0.8V up to a maximum of 9V or slightly less than
VN, Whichever is lower. Setting the output voltage requires two feedback resistors, designated as Rrggt and Regg
in schematics. The reference voltage at the feedback (FB) pin is set at 0.8V with a feedback system accuracy
over the full junction temperature range of +1%. The junction temperature range for the device is —40°C to
125°C.

Calculate the value for Rggg using Equation 4 below based on a recommended value for Rggt of 100kQ.
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_ Rpprk)
Reee(k2) = v5up 4)
08 1

Table 7-4 lists the standard resistor values for several output voltages and the recommended switching
frequency range to maintain reasonable peak-to-peak inductor ripple current. This table also includes the
minimum required output capacitance for each output voltage setting to maintain stability. The capacitances
as listed represent effective values for ceramic capacitors derated for DC bias voltage and temperature.
Furthermore, place a feedforward capacitor, Cgr, in parallel with Rggt to increase the phase margin when the
output capacitance is close to the minimum recommended value.

Table 7-4. Standard Rggr Values, Recommended Fgy Range and Minimum Cgyr

SUGGESTED Fgsy RANGE | C in) (UF), Per Phase
(1) (1) sSwW OUT(min) (2)
VOUT (V) RFBT (kQ) RFBB (kn) (kHZ) (EFFECTIVE) BOM cFF (pF)
1 x 47WF (6.3V), 1
0.8 10 Open 300 to 700 470 x 470uF (2.5V) —
3 x 47pF (6.3V), 1
1.8 12.4 10 300 to 1000 125 x 224F (6.3V) 330
3.3 31.2 10 500 to 1300 64 4 x 22uF (10V) Internal
5 52.3 10 700 to 2100 64 4 x 22uF (10V) Internal
9 105 10 1200 to 2100 40 3 x 22uF (16V) 4.7

(1)  Rggt = 100kQ.
(2) Refer to Table 7-6 for the output capacitor list.

Note that higher feedback resistances consume less DC current. However, an upper RggT resistor value higher
than 1MQ renders the feedback path more susceptible to noise. Higher feedback resistances generally require
more careful layout of the feedback path. Make sure to locate the feedback resistors close to the FB and AGND
pins, keeping the feedback trace as short as possible (and away from noisy areas of the PCB). See Layout
Example guidelines for more detail.

7.3.6 Input Capacitors

Input capacitors are necessary to limit the input ripple voltage to the module due to switching-frequency AC
currents. Tl recommends using ceramic capacitors to provide low impedance and high RMS current rating over
a wide temperature range. Equation 5 gives the input capacitor RMS current. The highest input capacitor RMS
current occurs at D = 0.5, at which point the RMS current rating of the capacitors must be greater than half the
output current.

—
2 Aip,
ICIN, rms = \/D X (IOUT x(1-D)+—3 ) (5)

where
* D =Vgoyut/ V| is the module duty cycle.

Ideally, the DC and AC components of input current to the buck stage are provided by the input voltage source
and the input capacitors, respectively. Neglecting inductor ripple current, the input capacitors source current of
amplitude (Ioyt — Iiv) during the D interval and sink Iy during the 1 — D interval. Thus, the input capacitors
conduct a square-wave current of peak-to-peak amplitude equal to the output current. The resultant capacitive
component of AC ripple voltage is a triangular waveform. Together with the ESR-related ripple component,
Equation 6 gives the peak-to-peak ripple voltage amplitude:

Iour XD x(1—-D)
AViy = (W +Iout X Rgsr (6)

Equation 7 gives the input capacitance required for a particular load current:
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IoyTxD x (1 -D) )
> 7
IN (FSW x (AViN = IouT % RESR) (7)

where
* AV|yis the input voltage ripple specification.

The TLVM1440x requires a minimum of two 10uF ceramic input capacitors, preferably with X7R or X7S dielectric
and in 1206 or 1210 footprint. Additional capacitance can be required for applications to meet conducted EMI
specifications, such as CISPR 11 or CISPR 32.

Table 7-5 includes a preferred list of capacitors by vendor. To minimize the parasitic inductance in the switching
loops, position the ceramic input capacitors in a symmetrical layout close to the VIN1 and VIN2 pins and connect
the capacitor return terminals to the PGND pins using a copper ground plane under the module.

Table 7-5. Recommended Ceramic Input Capacitors

VENDOR() DIELECTRIC PART NUMBER CASE SIZE CAPACITANCE (uF)® RATED VOLTAGE (V)
TDK X7R C3216X7R1H106K160AC 1206 10 50
Murata X7S GCM32EC71H106KA03K 1210 10 50
AVX X7R 12105C106MAT2A 1210 10 50
Murata X7R GRM32ER71H106KA12L 1210 10 50

(1)  Consult capacitor suppliers regarding availability, material composition, RoHS and lead-free status, and manufacturing process
requirements for any capacitors identified in this table. See Third-Part Products Disclaimer.
(2) Nameplate capacitance values (the effective values are lower based on the applied DC voltage and temperature).

As discussed in Power Supply Recommendations, an electrolytic bulk capacitance (68uF to 100uF) provides
low-frequency filtering and parallel damping to mitigate the effects of input parasitic inductance resonating with
the low-ESR, high-Q ceramic input capacitors.

7.3.7 Output Capacitors

Table 7-4 lists the TLVM1440x minimum amount of required output capacitance. The effects of DC bias and
temperature variation must be considered when using ceramic capacitance. For ceramic capacitors in particular,
the package size, voltage rating, and dielectric material contribute to differences between the standard rated
value and the actual effective value of the capacitance.

When including additional capacitance above Coytmin), the capacitance can be ceramic type, low-ESR polymer
type, or a combination of the two. See Table 7-6 for a preferred list of output capacitors by vendor.

Table 7-6. Recommended Ceramic Output Capacitors

VENDOR(") DIELECTRIC PART NUMBER CASE SIZE | CAPACITANCE (uF)® VOLTAGE (V)
Murata X7R GRM31CZ71C226ME15L 1206 22 16
TDK X7R C3225X7R1C226M250AC 1210 22 16
Murata X7R GRM32ER71C226KEA8K 1210 22 16
TDK X6S C3216X6S1E226M160AC 1206 22 25
AVX X7R 12103C226KAT4A 1210 22 25
Murata X7R GRM32ER71E226ME15L 1210 22 25
AVX X7R 1210ZC476MAT2A 1210 47 10
Murata X7R GRM32ER71A476ME15L 1210 47 10
Murata X6S GRM32EC81C476ME15L 1210 47 16
TDK X6S C3216X6S0G107M160AC 1206 100 4
Murata X6T GRM31CD80J107MEASL 1206 100 6.3
Murata X7S GRM32EC70J107ME15L 1210 100 6.3

(1)  Consult capacitor suppliers regarding availability, material composition, RoHS and lead-free status, and manufacturing process
requirements for any capacitors identified in the table. See Third-Part Products Disclaimer.
(2) Nameplate capacitance values (the effective values are lower based on the applied DC voltage and temperature).
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7.3.8 Power-Good Output Voltage Monitoring

While the PG1/PG2 of the TLVM1440x resembles a standard power-good function, the functionality is designed
to replace a discrete reset IC, reducing BOM cost. There are three major differences between the PG function
and the normal power-good function seen in most regulators:

» A delay has been added for release of reset. See Table 7-7.

» PG output signals a fault (pulls the output to ground) while the part is disabled.

» PG continues to operate with input voltage as low as 1.2V. Below this input voltage, PG output can be high
impedance.

For dual output configuration (Rconrig = 0 or 121kQ), The PG1 is an open-drain and must be tied through a
resistor to an external voltage, and pulls low if the monitors on FB1 or VOSNSH1 trip. The PG2 flag is configured
in the same manner as PG1 and monitors the second output at either FB2 or VOSNS2.

For single-output operation (Rconrig = 9.53kQ), PG2 is no long active and the PG2/NC terminal of the primary
device can be left floating.

VOUTA
VReseTov —}b——p-——————————
; VRESET-HYS-FALLING I
. Ashsstiiibalosiadiy 4 .
| |
| |
| |
| |
| |
I " | |
| |
v, | ¢ VRESET-HYSRISING |
RESET-WV —— —— /- —p———————— :— ——————— -l* ————————

: I I !

| | ‘ I
I I

1 1 1 >
RESET A
High = Power Good—}—
Low = Fault >
Figure 7-5. PG Static Voltage Thresholds
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Figure 7-6. PG Timing Diagram (Excludes OV Events)
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Table 7-7. Conditions that Cause PG to Signal a Fault (Pull Low)

FAULT CONDITION ENDS (AFTER WHICH tgeser act MUST PASS
BEFORE RESET OUTPUT IS RELEASED)

FAULT CONDITION INITIATED

FB below Vreser_yy for longer than treset_riLter FB above Vreser_uv *+ VReseT_HysT for longer than treset_riTer
FB above Vreset_ov for longer than treset_riLTer FB below Vreset_ov — VRese_Hyst for longer than treset_riLTer
Junction temperature exceeds Tsp g Junction temperature falls below Tgp ¢ ()
EN low ten passes after EN becomes high(!)

VIN falls low enough so that VCC falls below Ve yvio -
VCC_UVLO_HYST- This value is called VIN_OPERATE-

Voltage on VIN is high enough so that VCC pin exceed Vcc yvio (!

(1) As an additional operational check, PG remains low during soft start. Soft start is defined as until the lesser of either full output voltage
reached or tss, has passed since initiation. This definition is true even if all other conditions in this table are met and treset_act has
passed. Lockout during soft start does not require treset_act to pass before PG is released.

The threshold voltage for the PG function is specified to take advantage of the availability of the internal
feedback threshold to the PG circuit. This allows a maximum threshold of 96.5% of selected output voltage to
be specified at the same time as 96% of actual operating point. The net result is a more accurate reset function
while expanding the system allowance for transient response. See the output voltage error stack-up comparison
in Figure 7-7.

In addition to signaling a fault upon overvoltage detection (FB above Vreser ov), the switch node is shut down
and a small, approximately 1TmA pulldown is applied to the SW node.

Typical SMPS upper specification 112%
Highest Vg 101.5%

Selected output volt to1en

elected output voltage 9
p 9 100% Vg accuracy Typical Ves - Veeser oy
¢ 1.5 -
Lowest Vrg 98.5% 1.5%
-5.5%
Lowest Vout 98%
Voauro 4% -5.5%  Typical Vg - VRreser uv
Highest VRESETﬁUV 96.5%
TSRRTAR
Typical SMPS lower specification 95% v * -1%
Lowest Vour - Veaurn 94% 7%
o v

93%

-1%

Lowest Vreser_uv 92% + .

Low Vgg case High Veg case
Veauro is available margin for
ripple and step loads
Figure 7-7. Reset Threshold Voltage Stack-up
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The PG signal can be used for start-up sequencing of downstream regulators, as shown in the following figure,
or for fault protection and output monitoring.

VIN(on) =8.05V
ViNer) = 5.8V
Vour1 = 5V Vourz = 3.3V
Ruv1 T !
680kQ PG R Rec PG Ress
i 25kQ

17:| EN 42.2kQ 100kQ —E?] EN
Ruvz F8 | 8 ] 1V F8[8 1V

125kQ
Reg2 Rre4
8.06kQ 8kQ
N
Regulator #1 Regulator #2
start-up based on sequential start-up
input voltage UVLO based on PG

Figure 7-8. TLVM1440x Sequencing Implementation Using PG and EN]|

7.3.9 Bias Supply Regulator (VCC, VOSNS)

VCC is the output of the internal LDO sub-regulator used to supply the control circuits of the TLVM1440x. The
nominal VCC voltage is 3.3V. The VOSNS pin is the input to the internal LDO. Connect this input to Vgoyt to
provide the lowest possible input supply current. If the VOSNS voltage is less than 3.1V, VIN1 and VIN2 directly
power the internal LDO.

To prevent unsafe operation, VCC has UVLO protection that prevents switching if the internal voltage is too low.
See Ve uvio and Ve uvio Hys in the Electrical Characteristics.

VCC must not be used to power external circuitry. Do not load VCC or short VCC to ground. VOSNS is an
optional input to the internal LDO. Connect an optional high quality 0.1uF to 1uF capacitor from VOSNS to
AGND for improved noise immunity.

The LDO provides the VCC voltage from one of two inputs: V|y or VOSNS. When VOSNS is tied to ground or
below 3.1V, the LDO derives power from V5. The LDO input becomes VOSNS when VOSNS s tied to a voltage
above 3.1V. The VOSNS voltage must not exceed both V,y and 12V.

Equation 8 specifies the LDO power loss reduction as:
PLDO — Loss = ILpo X (Vvosns — Vvcc) (8)

The VOSNS input provides an option to supply the LDO with a lower voltage than V5, thus minimizing the LDO
input voltage relative to VCC and reducing power loss. For example, if the LDO current is 10mA at 1MHz with
VN = 24V and Vgyt = 5V, the LDO power loss with VOSNS tied to ground is 10mA x (24V — 3.3V) = 207mW,
while the loss with VOSNS tied to Vgt is equal to 10mA x (5V — 3.3V) = 17mW — a reduction of 190mW.

7.3.10 Overcurrent Protection (OCP)

The TLVM1440x is protected from overcurrent conditions using cycle-by-cycle current limiting of the peak
inductor current. The current is compared every switching cycle to the current limit threshold. During an
overcurrent condition, the output voltage decreases.

The TLVM1440x employs hiccup overcurrent protection if there is an extreme overload. In hiccup mode, the
TLVM1440x module is shut down and kept off for 40ms (typical) before a restart is attempted. If an overcurrent
or short-circuit fault condition still exists, hiccup repeats until the fault condition is removed. Hiccup mode
reduces power dissipation under severe overcurrent conditions, thus preventing overheating and potential
damage to the device. After the fault is removed, the module automatically recovers and returns to normal
operation.
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7.3.11 Thermal Shutdown

Thermal shutdown is an integrated self-protection used to limit junction temperature and prevent damage related
to overheating. Thermal shutdown turns off the device when the junction temperature exceeds 168°C (typical) to
prevent further power dissipation and temperature rise. Junction temperature decreases after shutdown, and the
TLVM1440x attempts to restart when the junction temperature falls to 159°C (typical).

7.4 Device Functional Modes
7.4.1 Shutdown Mode

The EN pin provides ON and OFF control for the TLVM1440x. When Vgy is below approximately 0.4V, the
device is in shutdown mode. Both the internal LDO and the switching regulator are off. The quiescent current in
shutdown mode drops to 0.6pA (typical). The TLVM1440x also employs internal undervoltage protection. If the
input voltage is below the UV threshold, the regulator remains off.

7.4.2 Standby Mode

The internal LDO for the VCC bias supply has a lower enable threshold than the regulator. When Vg is above
1.1V (maximum) and below the precision enable threshold of 1.263V (typical), the internal LDO is on and
regulating. The precision enable circuitry is turned on after the internal V¢ is above the UVLO threshold. The
switching action and voltage regulation are not enabled until Vg rises above the precision enable threshold.

7.4.3 Active Mode

The TLVM1440x is in active mode when Vycc and Vgy are above the relevant thresholds and no fault conditions
are present. The simplest method to enable operation is to connect EN to V|, which allows self start-up when
the applied input voltage exceeds the minimum start-up voltage.
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8 Applications 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, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The TLVM1440x synchronous buck module requires only a few external components to convert from a wide
range of supply voltages to an output voltage at an output current up to 3A per for dual output configuration and
6A for single output configuration.

8.2 Typical Applications

8.2.1 Design 1 — High-efficiency, Dual Output 5V at 3A, 3.3V at 3A, Synchronous Buck Regulator

Figure 8-1 shows the schematic diagram of a dual output 5V at 3A and 3.3V at 3A buck regulator with a
switching frequency of 1MHz. In this example, the target efficiencies is 91.5% at full load, based on a nominal
input voltage of 12V that ranges from 6.3V to 36V. A resistor of 15.4kQ, Rgy, sets the free-running switching
frequency at TMHz.

Vsuppry = 6.3V to 36V BOOTA
- VINZ Vour = 5V
LCV\NZ SW1 foort= A
VOUT1 ‘ ‘ LD
PGND2 Cuosns IC
— VOSNS1 1 oo
Resit =
VIN1 -
LCV|N1 FB1 RFB1
B
Iii PGND1
= TLVM14406 -
' EN1 BOOT2[— Vourz = 3.3V
EN2 Sw2— lour2=3A
PGOOD Rpa1 VOUT2 * ! LD
Indicator Crosne
! oo ) Icoum
VOSNS2 I L
N =
PGOOD Fez = A
Indicator FB2
« PG2 Rrazs
vee RT CONFIG  AGND

Cvcc
Ry Rconric

Figure 8-1. Circuit Schematic

8.2.1.1 Design Requirements

Table 8-1 shows the intended input, output, and performance parameters for this application example.
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Table 8-1. Design Parameters

DESIGN PARAMETER VALUE
Input voltage range 6.3V to 36V
Input voltage UVLO turn on, off 6V, 4.3V
Output voltage 1 5V
Output voltage 2 3.3V
Full-load current 1 3A
Full-load current 2 3A
Switching frequency 1MHz
Output voltage regulation +1%

Table 8-2 provides the selected buck module power-stage components with availability from multiple vendors.
This design uses an all-ceramic output capacitor implementation.

Table 8-2. List of Materials for Application Circuit 1

REF DES QTY SPECIFICATION MANUFACTURER(") PART NUMBER
Cints Cin2 4 10pF, 50V, X5R, 0805, ceramic Murata GRM21BR61H106ME43L
CINBULK 1 100uF, 50V electrolytic Panasonic EEE-FK1H101P
4 22pF, 25V, X7R, 1210, ceramic Murata GRM32ER71E226KE15L
Cout1, Cout2 ,
2 1uF, 25V, X7R, 0603, ceramic Murata GCM188R71E105KA64D
U, 1 TLVM1440x 36V, 6A synchronous buck module Texas Instruments TLVM1440xRDLR

(1)  See Third-Party Product Disclaimer.
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8.2.1.2 Detailed Design Procedure
8.2.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TLVM1440x module with WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) 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/\WWEBENCH.
8.2.1.2.2 Output Voltage Setpoint

The feedback resistor divider equation can be used to calculate the output voltage setpoint for both outputs.
Recommended values for Rggqt and Rgpgor is 100kQ for improved noise immunity compared to 1MQ and
reduced current consumption compared to lower resistance values. Calculate Rggig and Rggog using the
following equation:

RFBT X VREF
RFBB = Vour = VRer ©)
Choose the closest standard value of 19kQ for Rgg4g Which correlates to a Vgy14 of 5V. Additionally, choose the
closest standard value of 32kQ for Rggog Which correlates to a Vgt of 3.3V.

8.2.1.2.3 Switching Frequency Selection
Connect a 15.4kQ resistor from RT to AGND to set a switching frequency of 1MHz for each output.
8.2.1.2.4 Input Capacitor Selection

The TLVM1440x requires a minimum input capacitance of 4 x 10uF ceramic, preferably with X7R dielectric.
The voltage rating of input capacitors must be greater than the maximum input voltage. For this design, select
four 10uF, X7R, 50V, 0805 case size, ceramic capacitors connected from VIN1 and VIN2 to PGND as close as
possible to the module. See Figure 8-24 for recommended layout placement.

8.2.1.2.5 Output Capacitor Selection

From Table 7-4, the TLVM1440x requires a minimum of 24uF of effective output capacitance for proper operation
at an output voltage of 5V at 1MHz and requires a minimum of 37uF of effective output capacitance for
proper operation at an output voltage of 3.3V at 1MHz. Use high-quality ceramic type capacitors with sufficient
voltage and temperature rating. If needed, connect additional output capacitance to reduce ripple voltage or for
applications with specific load transient requirements.

For this design example, use two 22uF, 25V rated, X7R, 1210, ceramic capacitors connected close to the
module from the VOUT1 to PGND and two 22uF, 25V rated, X7R, 1210, ceramic capacitors from the VOUT2
pins to PGND. Use the derating curves from the capacitor data sheet to gauge the effective capacitance by
temperature and DC bias.

8.2.1.2.6 Other Considerations

To increase phase margin when using an output capacitance close to the minimum in Table 7-4, a feedforward
capacitor, designated as Cgr can be placed across the upper feedback resistor. Place the zero created by Cgr
and Rggt higher than one fifth the switching to boost the phase without significantly increasing the crossover
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frequency. Because this Cgg capacitor can conduct noise from the output of the circuit directly to the FB node of
the IC, a 4.99kQ resistor, Rgr, must be placed in series with Cgg. If the ESR zero of the output capacitor is below

200kHz, do not use CFF.
Additionally, for a dual output voltage output of 5V for VOUT1 and 3.3V for VOUT2, a fixed-frequency

configuration can be used. Connect FB to VCC through a 10kQ resistor for a 5V output or connect FB to
AGND for a 3.3V output. With the use of internal fixed feedback resistors, higher efficiency can be observed.
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8.2.1.3 Application Curves

Efficiency and Load Regulation Performance
Unless otherwise indicated, VIN = 12V, VOUT1 = 5V, VOUT2 = 3.3V, IOUT1 = 3A, IOUT2 = 3A and fgy = 1MHz.

100 100
95
95 %0
S
T — . // T—
= / I S 85 ~
SN ] = / / /——
3 L 2 80 4 1
5 / _— = v
= = P,
£ 85 — w7 /
w 70 —_—VN=12V
/ — /N = 12V —_— VIN=24V
= Vin=24V | | — Vin=36V
80 — V=36V 65 I
60
0 0.5 1 15 2 25 3
75 Output Current (A)
0 0.5 15 2 25 3
Output Current (A) PFM Mode, FSW = 1MHz
PFM Mode, FSW = 1MHz Figure 8-3. Efficiency, VOUT = 3.3V
Figure 8-2. Efficiency, VOUT = 5V
5.1 I ——— 5.1 T T T
5.08 —_— VN =12V H 5.08 —_ VN =12V H
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5.06 — Viy =36V [] 5.06 — Vy =36V []
S 504 S 5.04
g 5.02 9 502 [\
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32 4.98 3 498
5 5
S 496 S 4.96
4.94 4.94
4.92 4.92
49 4.9
0 03 12 15 18 21 24 27 3 0 03 06 09 12 15 18 21 24 27 3
Output Current (A) Output Current (A)
Figure 8-4. Load Regulation, VOUT = 5V, PFM Figure 8-5. Load Regulation, VOUT = 3.3V, PFM
Mode Mode
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Figure 8-6. Start-up and Shutdown, VOUT1 = 5V Figure 8-7. Start-up and Shutdown, VOUT2 = 3.3V
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Figure 8-11. Load Transient Falling (CH1)
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Figure 8-14. Bode Plot (CH1)

Figure 8-15. Bode Plot (CH2)
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Figure 8-17. Infrared Thermal Image: VIN = 36V
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8.2.2 Design 2 — High-efficiency, 6A, Synchronous Buck Regulator for Industrial Applications

The following figure shows the schematic diagram of a 5V, 6A buck regulator with a switching frequency of
2.1MHz. In this example, the target efficiencies is 90%, based on a nominal input voltage of 12V that ranges
from 7V to 36V. A resistor of 6.9kQ, Rgrr, sets the free-running switching frequency at 2.1MHz.

VsuppLy = 7V to 36V

BOOT1|— _
O VIN2 Vour= 5V
LCVINZ SW1— lour = 6A
VOUT1 ‘ LD
1 PGND2 ﬁCVOSNS ICOUT
) VOSNS1 I TR | Crr | =
FBT -

VIN1
Tom F1 -

Ress
—Lii PGND1 é

TLVM14406
L EN1 BOOT2|—
< EN2 sSw2—
PGOOD Fe VOuT2
Indicator
< PG COMP

Rcomi
SS Chr
Ccomp

¥

VCC CONFIG AGND

RT
Cvce % Ry % Rconric J

Figure 8-21. Circuit Schematic

I

8.2.2.1 Design Requirements

The following table shows the intended input, output, and performance parameters for this application example.
Note that if the input voltage decreases below approximately 7V, the regulator operates in dropout with the
output voltage below the 5V setpoint.

Table 8-3. Design Parameters

DESIGN PARAMETER VALUE
Input voltage range 7V to 36V
Input voltage UVLO turn on, off 6V, 4.3V
Output voltage 5V
Maximum output current 6A
Switching frequency 2.1MHz
Output voltage regulation 1%
Module shutdown current <1pA

Table 8-4 provides the selected buck module power-stage components with availability from multiple vendors.
This design uses an all-ceramic output capacitor implementation.
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Table 8-4. List of Materials for Application Circuit 2

REFERENCE
(1)

DESIGNATOR QTY SPECIFICATION MANUFACTURER PART NUMBER
Cint, Cinz 4 |2.2yF, 50V, X7R, 0805, ceramic TDK C2012X7R1H225K125AC

CiNBULK 1 | 100pF, 50V electrolytic Panasonic EEE-FK1H101P
Cout1, Cout2 5 |10uF, 25V, X7R, 1210, ceramic TDK C3225X7R1E106K250AC
1 |22uF, 25V, X7R, 1210, ceramic TDK CNABPIXTRIE226M250A

U4 1 | TLVM1440x 36V, 6A synchronous buck module Texas Instruments TLVM1440xRDLR

(1)  See Third-Party Product Disclaimer.

More generally, the TLVM1440x module is designed to operate with a wide range of external components
and system parameters. However, the integrated loop compensation is optimized for a certain range of output
capacitance.

8.2.2.2 Detailed Design Procedure
8.2.2.2.1 Output Voltage Setpoint

The output voltage of a TLVM1440x module is externally adjustable using a resistor divider. A recommended
value for Rggt of 100kQ for improved noise immunity compared to 1MQ and reduced current consumption
compared to lower resistance values. Calculate Rggg using the following equation:

_ RpBT X VREF
RFBB = Vour = VRer (10)

Choose the closest standard value of 19kQ for Rggg which correlates to a Voyr of 5V.
8.2.2.2.2 Switching Frequency Selection

Connect a 6.9kQ resistor from RT to AGND to set a switching frequency of 2.1MHz per phase, which is designed
for an output of 5V as the device establishes an inductor peak-to-peak ripple current in the range of 20% to 40%
of the 6A rated output current at a nominal input voltage of 12V.

8.2.2.2.3 Input Capacitor Selection

The TLVM1440x requires a minimum input capacitance of 4 x 10uF ceramic, preferably with X7R dielectric.
The voltage rating of input capacitors must be greater than the maximum input voltage. For this design, select
four 10uF, X7R, 50V, 0805 case size, ceramic capacitors connected from VIN1 and VIN2 to PGND as close as
possible to the module. See Figure 8-24 for recommended layout placement.

8.2.2.2.4 Output Capacitor Selection

From the quick-start calculator, the TLVM1440x requires a minimum of 15uF of effective output capacitance for
proper operation at an output voltage of 5V at 2.1MHz. Use high-quality ceramic type capacitors with sufficient
voltage and temperature rating. If needed, connect additional output capacitance to reduce ripple voltage or for
applications with specific load transient requirements.

For this design example, use five 10uF, 25V, X7R, 1210 and one 4uF, 16V, X5R, 1210 ceramic capacitors
connected close to the module from the VOUT1 and VOUT2 pins to PGND. Use the derating curves from the
capacitor data sheet to gauge the effective capacitance by temperature and DC bias.

8.2.2.2.5 Other Connections

To increase phase margin when using an output capacitance close to the minimum in Table 7-4, a feedforward
capacitor, designated as Cgr can be placed across the upper feedback resistor. Place the zero created by Cgr
and Rggt higher than one fifth the switching to boost the phase without significantly increasing the crossover
frequency. Because this Cgg capacitor can conduct noise from the output of the circuit directly to the FB node of
the IC, a 4.99kQ resistor, Rgr, must be placed in series with Cgg. If the ESR zero of the output capacitor is below
200kHz, do not use CFF.
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Additionally, for an output voltage output of 5V or 3.3V, a fixed-frequency configuration can be used. Connect
FB to VCC through a 10kQ resistor for a 5V output or connect FB to AGND for a 3.3V output. With the use of
internal fixed feedback resistors, higher efficiency can be observed.

8.2.2.3 Application Curves

Efficiency Performance
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Figure 8-22. Efficiency Figure 8-23. Load Regulation
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8.3 Power Supply Recommendations

The TLVM1440x buck module is designed to operate over a wide input voltage range of 3V to 36V. The
characteristics of the input supply must be compatible with the Absolute Maximum Ratings and Recommended
Operating Conditions in this data sheet. In addition, the input supply must be capable of delivering the required
input current to the loaded regulator circuit. Estimate the average input current with Equation 11.

VouTt X Io
- (i) (o

where
* nis the efficiency.

If the module is connected to an input supply through long wires or PCB traces with a large impedance, take
special care to achieve stable performance. The parasitic inductance and resistance of the input cables can
have an adverse affect on module operation. More specifically, the parasitic inductance in combination with
the low-ESR ceramic input capacitors form an under-damped resonant circuit, possibly resulting in instability or
voltage transients each time the input supply is cycled ON and OFF. The parasitic resistance causes the input
voltage to dip during a load transient. If the module is operating close to the minimum input voltage, this dip can
cause false UVLO triggering and a system reset.

The best method to solve such issues is to reduce the distance from the input supply to the module and use
an electrolytic input capacitor in parallel with the ceramics. The moderate ESR of the electrolytic capacitor helps
damp the input resonant circuit and reduce any overshoot or undershoot at the input. A capacitance in the range
of 47uF to 100uF is typically sufficient to provide input parallel damping and helps hold the input voltage steady
during large load transients. A typical ESR of 0.1Q to 0.4Q provides enough damping for most input circuit
configurations.

8.4 Layout

Proper PCB design and layout is important in high-current, fast-switching module circuits (with high internal
voltage and current slew rates) to achieve reliable device operation and design robustness this primarily affects
the performance of EMI and thermal dissipation of the device on the board.

8.4.1 Layout Guidelines

The following list summarizes the essential guidelines for PCB layout and component placement to optimize
DC/DC module performance, including thermals and EMI signature. Figure 8-24 shows a recommended
PCB layout for the TLVM1440x with optimized placement and routing of the power-stage and small-signal
components.

» Place input capacitors as close as possible to the VIN pins. Note the dual and symmetrical arrangement
of the input capacitors based on the VIN1 and VIN2 pins located on each side of the module package.
The high-frequency currents are split in two and effectively flow in opposing directions such that the related
magnetic fields contributions cancel each other, leading to improved EMI performance.
— Use low-ESR 1206 or 1210 ceramic capacitors with X7R or X7S dielectric. The module has integrated
dual 0402 input capacitors for high-frequency bypass.
— Ground return paths for the input capacitors must consist of localized top-side planes that connect to the
PGND pads under the module.
— Use a wide polygon plane on a lower PCB layer to connect these pins together and to the input supply,
even though the VIN pins are connected internally
» Place output capacitors as close as possible to the VOUT pins. A similar dual and symmetrical arrangement
of the output capacitors enables magnetic field cancellation and EMI mitigation.
— Make sure ground return paths for the output capacitors consist of localized top-side planes that connect
to the PGND pads under the module.
— Use a wide polygon plane on a lower PCB layer to connect these pins together and to the load, thus
reducing conduction loss and thermal stress, even though the VOUT pins are connected internally
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* Keep the FB trace as short as possible by placing the feedback resistors close to the FB pin. Reduce noise
sensitivity of the output voltage feedback path by placing the resistor divider close to the FB pin, rather than
close to the load. FB is the input to the voltage-loop error amplifier and represents a high-impedance node
sensitive to noise. Route a trace from the upper feedback resistor to the required point of output voltage
regulation.

* Use a solid ground plane on the PCB layer directly below the top layer with the module. This plane acts as
a noise shield by minimizing the magnetic fields associated with the currents in the switching loops. Connect
AGND pins 6 and 11 directly to PGND pin 19 under the module.

* Provide enough PCB area for proper heat sinking. Use sufficient copper area to achieve a low thermal
impedance commensurate with the maximum load current and ambient temperature conditions. Provide
adequate heat sinking for the TLVM1440x to keep the junction temperature below 150°C. For operation at
full rated load, the top-side ground plane is an important heat-dissipating area. Use an array of heat-sinking
vias to connect the exposed pads (PGND) of the package to the PCB ground plane. If the PCB has multiple
copper layers, connect these thermal vias to inner-layer ground planes. Make the top and bottom PCB layers
preferably with two-ounce copper thickness (and no less than one ounce).

8.4.1.1 Thermal Design and Layout

For a DC/DC module to be useful over a particular temperature range, the package must allow for the efficient
removal of the heat produced while keeping the junction temperature within rated limits. The TLVM1440x module
is available in a small 6.5mm x 7.55mm 28-pin QFN package to cover a range of application requirements. The
Thermal Information table summarizes the thermal metrics of this package with related detail provided by the
Semiconductor and IC Package Thermal Metrics application note.

The 28-pin QFN package offers a means of removing heat through the exposed thermal pads at the base of
the package. This design allows a significant improvement in heat sinking. Designing the PCB with thermal
lands, thermal vias, and one or more grounded planes is imperative to complete the heat removal subsystem.
The exposed pads of the TLVM1440x are soldered to the ground-connected copper lands on the PCB directly
underneath the device package, reducing the thermal resistance to a very low value.

Preferably, use a four-layer board with 20z copper thickness for all layers to provide low impedance, proper
shielding and lower thermal resistance. Numerous vias with a 0.3mm diameter connected from the thermal lands
to the internal and solder-side ground planes are vital to promote heat transfer. In a multilayer PCB stack-up,
a solid ground plane is typically placed on the PCB layer below the power-stage components. Not only does
this design provide a plane for the power-stage currents to flow, but the design also represents a thermally
conductive path away from the heat-generating device.
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8.4.2 Layout Example
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Figure 8-24. Typical Top Layer Design
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9 Device and Documentation Support

9.1 Device Support
9.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

9.1.2 Development Support

With an input operating voltage from 3V to 36V and rated output current up to 6A, the TLVM1440x family
of synchronous buck power modules provides flexibility, scalability and optimized design size for a range
of applications. These modules enable DC/DC designs with high density, low EMI, and increased flexibility.
Available EMI mitigation features include integrated input bypass capacitors.

Table 9-1. Synchronous Buck DC/DC Power Module Family

DC/DC MODULE |RATED loyr| PACKAGE DIMENSIONS FEATURES EMI MITIGATION
TLVM14404 4A B3QEN (28) 6.5mm x 7.0mm x RT adjustable Fgy, integrated input and BOOT
TLVM14406 6A 4mm PGOOD capacitors

For development support see the following:

« For TlI's reference design library, visit the T/ Reference Design library.
« For Tl's WEBENCH Design Environment, visit the WEBENCH® Design Center.
» To design a low-EMI power supply, review Tl's comprehensive EMI Training Series.
» To design an inverting buck-boost (IBB) regulator, visit DC/DC inverting buck-boost modules.
» Tl Reference Designs:
— Multiple Output Power Solution For Kintex 7 Application
— Arria V Power Reference Design
— Altera Cyclone V SoC Power Supply Reference Design
— Space-optimized DC/DC Inverting Power Module Reference Design With Minimal BOM Count
— 3-To 11.5-V, =5-Voyr, 1.5-A Inverting Power Module Reference Design For Small, Low-noise Systems
» Technical Articles:
— Powering Medical Imaging Applications With DC/DC Buck Converters
— How To Create A Programmable Output Inverting Buck-boost Regulator

9.1.2.1 Custom Design With WEBENCH® Tools
Click here to create a custom design using the TLVM1440x module with WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (VoyT), and output current (Ioyt) 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.
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9.2 Documentation Support
9.2.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Quick Reference Guide to Tl Buck Switching DC/DC Application Notes compilation of
application notes

« Texas Instruments, Innovative DC/DC Power Modules selection guide

« Texas Instruments, Enabling Small, Cool and Quiet Power Modules with Enhanced HotRod™ QFN Package
Technology white paper

» Texas Instruments, Benefits and Trade-offs of Various Power-Module Package Options white paper

» Texas Instruments, Simplify Low EMI Design with Power Modules white paper

» Texas Instruments, Power Modules for Lab Instrumentation white paper

« Texas Instruments, An Engineer's Guide To EMI In DC/DC Regulators e-book

» Texas Instruments, Soldering Considerations for Power Modules application note

» Texas Instruments, Practical Thermal Design With DC/DC Power Modules application note

» Texas Instruments, Using New Thermal Metrics application note

« Texas Instruments, AN-2020 Thermal Design By Insight, Not Hindsight application note

« Texas Instruments, Using the TPSM53602/3/4 for Negative Output Inverting Buck-Boost Applications
application note

9.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications 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.

9.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

9.5 Trademarks

HotRod™ and Tl E2E™ are trademarks of Texas Instruments.
WEBENCH® is a registered trademark of Texas Instruments.
All trademarks are the property of their respective owners.
9.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

\ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

9.7 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

10 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION NOTES
July 2024 * Initial Release
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11 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

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 ©)
@ ©)

TLVM14404RCHR Active Production QFN-FCMOD 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 14404
(RCH) | 28

TLVM14404RCHR.A Active Production QFN-FCMOD 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 14404
(RCH) | 28

TLVM14406RCHR Active Production QFN-FCMOD 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 14406
(RCH) | 28

TLVM14406RCHR.A Active Production QFN-FCMOD 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 14406
(RCH) | 28

@ 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 TI RoHS Statement for additional information and value definition.

@ | ead 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.

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.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
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

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q3 1 Q4 Q3 | User Direction of Feed
[ & |
T T
AN
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)
TLVM14404RCHR QFN- RCH 28 1000 330.0 16.4 6.8 7.3 225 | 12.0 | 16.0 Q2
FCMOD
TLVM14406RCHR QFN- RCH 28 1000 330.0 16.4 6.8 7.3 225 | 12.0 | 16.0 Q2
FCMOD
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLVM14404RCHR QFN-FCMOD RCH 28 1000 367.0 367.0 38.0
TLVM14406RCHR QFN-FCMOD RCH 28 1000 367.0 367.0 38.0
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RCHO0028B

PACKAGE OUTLINE

QFN-FCMOD - 2.1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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4229068/B 02/2023
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.
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EXAMPLE BOARD LAYOUT

RCHO0028B

QFN-FCMOD - 2.1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

OPENING

NON SOLDER MASK
DEFINAED

SOLDER MASK DETAILS

!
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. 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.
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EXAMPLE STENCIL DESIGN
RCHO0028B QFN-FCMOD - 2.1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 14X

PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
PADS 1, 11, 18 & 21: 94%
PADS 16 & 23: 80%
PADS 19 & 20: 73%
PAD 28: 81%

4229068/B 02/2023

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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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, 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 © 2026, Texas Instruments Incorporated
Last updated 10/2025
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