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4 Device Comparison Table

ORDERABLE PART RATED OUTPUT
DEVICE NUMBER CURRENT PACKAGE JUNCTION TEMPERATURE RANGE
LM644A2-Q1 LM644A2QVBGRQ1 Dual 6A/6A, or VBG (WQFN, 24) —40°C to 150°C
stackable 12A
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5 Pin Configuration and Functions
VGB package, 24-pin VQFN-FCRLF with wettable flanks
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& 5-2. Single Output Primary (Top View)
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] 5-3. Single Output Secondary (Top View)

# 5-1. Pin Functions

PIN
bials TYPE(™" DESCRIPTION
NO. | pDUAL | SINGLE
OUTPUT | OUTPUT

1 VIN2 VIN2 Input supply to the regulator. Connect a high quality bypass capacitors from this pin to
PGND2. Low impedance connection must be provided to VIN1.
Channel 2 high-side driver upper supply rail. Connect a 100nF capacitor between SW2 and

2 BOOT2 BOOT2 Vo BOOT2. An internal diode charges the capacitor while SW2 is low.
Channel 2 Switching node that is internally connected to the source of the high-side NMOS

3 SW2 SW2 P buck switch and the drain of the low-side NMOS synchronous rectifier. Connect to the
switching node of the power inductor.
Power ground to internal low side MOSFET. Connect to system ground. Low impedance

4 PGND3 PGND3 G connection must be provided to PGND1, PGND2 and exposed pad.
Channel 1 Switching node that is internally connected to the source of the high-side NMOS

5 SWi1 SW1 P buck switch and the drain of the low-side NMOS synchronous rectifier. Connect to the
switching node of the power inductor.
Channel 1 High-side driver upper supply rail. Connect a 100nF capacitor between SW1 and

6 BOOT1 BOOT1 Vo BOOT1. An internal diode charges the capacitor while SW1 is low.

7 VINA VINA Input supply to the regulator. Connect a high quality bypass capacitors from this pin to
PGND1. Low impedance connection must be provided to VIN2.
This pin is not internally connected. The pin is provided for pin compatibility with LMQ644xx

8 SERIES | SERIES NC series where this pin is connected to mid-point of two series capacitors between pins VIN1

CAP1 CAP1 and PGND1. This pin can be left floating, or can be connected to the mid-point of additional

bypass capacitors in series configuration if required for the end application.
Power ground to internal low side MOSFET. Connect to system ground. Low impedance

9 PGND1 PGND1 G connection must be provided to PGND2 and PGND3. Connect a high quality bypass
capacitors from this pin to VIN1.
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# 5-1. Pin Functions (%i¥)

PIN

NO.

NAME

DUAL SINGLE
OUTPUT | OUTPUT

TYPE()

DESCRIPTION

10

SYNC SYNC

Multi-function pin. SYNC selects forced pulse width modulation (FPWM) or Diode Emulation
mode. Connect SYNC to AGND to enable diode emulation mode. Connect SYNC to VCC to
operate the LM644A2-Q1 in FPWM mode with continuous conduction at light loads. SYNC
can also be used as a synchronization input to synchronize the internal oscillator to an
external clock. When used as a secondary device in single output configuration, the SYNC
pin is connected to SYNC_OUT of the primary for clock timing.

1"

PG1 MODE

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. In single output
secondary mode configuration, this behaves as a mode pin to select between forced PWM
(FPWM) mode and Diode Emulation Mode (DEM). Connect MODE of single output
secondary to SYNC pin of single output primary to place them in the same mode of
operation. For FPWM, connect MODE to VCC through a 10 kOhm resistor. For DEM
connect to ground.

12

EN1 EN1

An active high input LM644A2-Q1 (Voy > 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 LM644A2-Q1 is in shutdown mode. EN1 must never be floating.

13

BIAS and | BIAS and
VOSNS1 | 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.

14

FB1 FB1

Feedback input to channel 1 of the LM644A2-Q1 in dual output operation and feedback
input to all channels in single output operation. Connect FB1 to VCC through a 10 kOhm
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
10kOhm for the top of the resistor divider.

15

VvCC VvVCC

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.

16

AGND AGND

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

17

RT RT

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

18

FB2 SS

Dual function pin. When in dual output operation, the pin functions as FB2, feedback input to
channel 2 of the LM644A2-Q1. Connect FB2 to VCC through a 10 kOhm 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 10kOhm 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.

19

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.

20

EN2 EN2

An active high input (Vo > 1.375V) enables Output 2 in dual output operation. When in
single output mode, EN2 of all LM644A2-Q1 must be connected together. An active high
input enables all secondary phases in the system. When disabled, only one channel in the
primary LM644A2-Q1 is active while all remaining phases are in shutdown mode. EN2 must
never be floating.

21

CONFIG | CONFIG

Single or Dual output selection. Connect specific resistor values to the pin (refer to % 7-3) to
select number of phases, primary and secondary and dither options.

22

SYNC_

PG2 ouT

Dual function pin. In dual output operation, this pin behaves as PG2, an open drain output
that transitions low if VOSNS2 is outside a specified regulation window. In single output
mode, the pin functions as SYNC_OUT and provides clock information from primary to
secondary.

6
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# 5-1. Pin Functions (%i¥)

PIN
NAME

NO. | pDUAL | SINGLE
OUTPUT | OUTPUT

TYPE(") DESCRIPTION

Power ground to internal low side MOSFET. Connect to system ground. Low impedance
23 PGND2 PGND2 G connection must be provided to PGND1, PGND3 and PGND4. Connect a high quality
bypass capacitors from this pin to VINZ2.

This pin is not internally connected. The pin is provided for pin compatibility with LMQ644xx

2 SERIES | SERIES NC series where this pin is connected to mid-point of two series capacitors between pins VIN1
CAP2 CAP2 and PGND1. This pin can be left floating, or can be connected to the mid-point of additional
bypass capacitors in series configuration if required for the end application.
Power ground and heat sink connection. Solder directly to system ground plane. Low
25 PGND4 PGND4 G impedance connection must be provided to PGND1, PGND2 and PGND3.
(1) 1=input, O = output, P = power, G = ground

5.1 Wettable Flanks

100% automated visual inspection (AVI) post-assembly is typically required to meet requirements for high
reliability and robustness. Optimized QFN packages do not have solderable or exposed pins and terminals that
are easily viewed. Visually determining whether or not the package is successfully soldered onto the printed-
circuit board (PCB) is therefore difficult. The wettable-flank process was developed to resolve the issue of side-
lead wetting of leadless packaging. The LM644A2-Q1 is assembled using a 24-pin, enhanced HotRod QFN
package with wettable flanks to provide a visual indicator of solderability, which reduces the inspection time and
manufacturing costs.
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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 to PGND (transient) -0.3 42 \Y
Pin voltage SW1, SW2 to PGND (less than 10ns transient) -6 42.3 \Y
Pin voltage SW1, SW2 to PGND (transient) -0.3 423 \
Pin voltage BOOT1 - SW1, BOOT2 - SW2 -0.3 55 \
Pin voltage EN1, EN2 to AGND -0.3 42 \%
Pin voltage PG1, SYNC_OUT/PG2 to AGND -0.3 20 \
Pin voltage SYNC/MODE, FB1, FB2/SS, CONFIG to AGND -0.3 55 \Y
Pin voltage BIAS/VOSNS1, COMP/VOSNS2 to AGND -0.3 22 \Y
Pin voltage RT, VCC to AGND -0.3 55 \Y
Pin voltage PGND1/2/3 to AGND 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 AEC Q100-002 (1) +2000
V(esD) Electrostatic discharge ) Corner pins (VIN1, VIN2, EN1, and EN2) +750 \%
Charged device model (CDM), per AEC Q100-011
Other pins +750
(1) AEC Q100-002 indicates that HBM stressing must be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
Over operating junction temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vyvosns1/2 Output Voltage range 0.8 20 \%
ViN172 Input supply voltage range VIN1, VIN2 3 36 \
Fsw Frequency Switching frequency range 100 2200 kHz
louT1/2 Output current range Each phase of LM644A2 0 6 A
T, Operating junction temperature —40 150 °C
6.4 Thermal Information
LM644XX-Q1
THERMAL METRIC(") VBG (WQFN-FCRLF) UNIT
24 PINs

Reua Junction-to-ambient thermal resistance (JESD 51-7) 34 °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance 55 °C/IW
Reuc(top) Junction-to-case (top) thermal resistance 0.36 °C/W
Rgys Junction-to-board thermal resistance 71 °C/W
Wyt Junction-to-top characterization parameter 0.3 °C/W
Wi Junction-to-board characterization parameter 7 °C/W

(1)  For more information about traditional and new thermal metrics, see the spra953 application note
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6.5 Electrical Characteristics
T, =—-40°C to +150°C. Typical values are at T; = 25°C and V,y = 13.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
SUPPLY
la(iNDT33) \é:xsq\iizsgsnt current, dual output mode, gc;rcl-iw‘:tg;in% VEN = E\/s\yg;,qso; Vvosnst = 7 30 uA

=9 - o, VVOSNs2 = o
lQ(VIN-ST5p0) VIN quiescent current, single output mode g\?r:ivéi;’hing* Ven = 2V, Veias = Vvosnst = 29 55 pA
lQ(VIN-ST3p3) VIN quiescent current, single output mode g.%r\;s"-witg;ing, Ven =2V, Veias = Vvosnst = 18 43 pA
Ispvin VIN shutdown supply current ::/gr":];g\(/nﬁg;: degrees resdlts only, all 0.5 8 uA
UvLO
VINyvLoR) VIN UVLO rising threshold V)N rising 3.5 3.80 \%
VINyvLoF) VIN UVLO falling threshold V) falling 25 \%
VINyvLoH) VIN UVLO hysteresis 0.75 1 1.25 \%
ENABLE
VENR) EN1/2 voltage rising threshold EN1/2 rising, enable switching 1.125 1.25 1.375 \%
VENGF) EN1/2 voltage falling threshold EN1/2 falling, disable switching 0.8 0.9 1.0 \%
VENH) EN1/2 voltage hysteresis 0.25 0.325 0.55 \%
VENW) EN1/2 voltage wake-up threshold 0.4 \%
len EI:J;S/ﬁO%n sourcing current post EN rising Ventz = Vin = 13.5V 1 400 nA
INTERNAL LDO
Vyvee Internal LDO output voltage Vgias 2 3.4V, lycc < 100mA 2.7 3.1 3.7 \%
lvee Internal LDO short-circuit current limit VN = 13.5V 100 360 880 mA
VVeC(UVLO-R) VCC UVLO rising threshold for startup 3.3 3.5 3.75 \%
Vvec(uvLo-F) VCC UVLO falling threshold for shutdown 25 3 \%
REFERENCE VOLTAGE
Vesiz output confguration 768 80 g2 mv
meo w0 ez
—— Efnic?;;rtalt?::age current in dual output Veg = 0.8V 10 250 nA
Ir81 so(LKG) Efnlf?;:;rtalt(ie::age current in single output Veg = 0.8V 10 250 nA
FBsel-5v0 Voltage threshold for fixed 5.0V setting VCC-0.5 \
FBsel-3v0 Resistor for fixed 3.3V setting 300 Q
Minimum Thevenin Equivalent resistance of
FBsel-ext external FB divider option to select 4 kQ
adjustable output voltage.

ERROR AMPLIFIER
Im-s1 EA transconductance - single output mode | Vggq = Vcomp 625 1000 1300 uS
lcomPsre) EA source current - single output mode Veowp = 1V, VEg1 = 0.4V 100 200 400 uA
lcoMP(sink) EA sink current - single output mode Veomp = 1V, Vgg1 = 0.8V 100 200 500 pA
SWITCHING FREQUENCY
fsw1(FPwM) Switching frequency, FCCM operation Rgt = 7.15kQ to AGND 1.9 2.1 23 MHz
fsw2(FPwm) Switching frequency, FCCM operation Rgrt = 39.2kQ to AGND 360 410 450 kHz
fADJ(Fcem) Adjustable switching frequency range Rgt resistor from 6.81kQ to 158kQ to AGND 0.1 22 MHz
fss(int) Spread Spectrum switching frequency range | Rgr = 7.15 kQ, Rconrig= 73.2k Q +-10%
SYNCHRONIZATION
ViH(sync) SYNCIN high-level threshold 1.35 1.6 \Y
ViL(sync) SYNCIN low-level threshold 0.65 0.95 \%
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6.5 Electrical Characteristics (¥tX)
T, =-40°C to +150°C. Typical values are at T; = 25°C and V|5 = 13.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VoH(sync) Sync output high voltage min 10mA load 1.6 2.6 \%
VoL(sync) Sync output low voltage max 10mA load 0.35 0.68 \%
fsYNC-2p1 Frequency sync range around 2.1MHz Rgrt = 7.15kQ to AGND 1.7 2.1 2.4 MHz
fsYNC-0p4 Frequency sync range around 400kHz Rgt = 39.2kQ to AGND 320 400 480 kHz
tsvNC(min) SPiuIse width of external synchronization 100 ns
gnal above Viysync)
tsvNC(may ;ulse width of low external synchronization 100 ns
gnal below Vi (sync)
tsYNG-SW(delay) g)glay frc_;m SYNC rising edge to SW rising 120 ns
ge - single output mode - secondary
STARTUP
tss@) L:geg:al fixed soft-start time - dual output \F/rom VVOS—NS10/3/= 0% (first SW pulse) to 27 45 7 ms
vosNs1/2 = 907%
Time from first SW1/2 pulse to enable
tss_Lockout(R) FPWM mode if output not in regulation - 7 13 32 ms
dual output mode
lss®) :]%f(tj—estart charge current - single output Veg = OV 15 20 25 uA
Rss) iﬁ{t)—j:z:;toglzcharge resistance - single 10 27 I
EN1 (Single output mode) or EN1/
ten EN2 (whichever first in dual output mode) 600 900 us
HIGH to start of switching delay
POWER STAGE
RpsoN(Hs) High-side MOSFET on-resistance Veoot.sw = 3.3V, loyt = 1A 37 75 mQ
RpsoniLs) Low-side MOSFET on-resistance Vyee = 3.3V, loyr = 1A 23.9 50 mQ
toN(min) Minimum ON pulse width ViN =20V, loyT = 2A 50 65 ns
ton(max) g’i':;:;“mpﬂ“p’;‘;‘f;y";’idth (dual output, Rgr = 7.15kQ 5 8 12| ps
tonman glleiﬂrr?duaTy;)N pulse width (single output Rer = 7.15kQ 16 25 us
toFF(min) Minimum OFF pulse width VN =4V 80 110 ns
BOOT CIRCUIT
OVERCURRENT PROTECTION
lus(0c3) High-side peak current limit LME44A2 g‘;g'; 2“;;2;2?;‘5"01;3 FET when Duty 8.99 11 139 A
ILs(oc3) Low-side valley current limit LM644A2 Valley current limit on LS FET 6.2 7.7 9.27 A
ILs3noc) Low-side negative current limit LM644A2 Sinking current limit on LS FET 5 A
ILpEAK(min0) (I\:/;Iig:iﬁ(aizgx;tor current at minimum duty Viee = 3.3V, thyee < 100nS 15 A
ILpEAK3min-100) c'\;/;/i2|:i?\/l|((3i22,l'-]\;tor current at maximum duty Vwee = 3.3V, touge > 1ps 0.4 A
Vhicoup-F8 ::ggg?;gjrjssgm(;Zt';it‘ggtgodn“a' output )  FET On-time > 165ns 25 03 035 Vv
thiccup-1 ZYZ“;L":OZ?LOJEE rﬁgg‘zi"g Hicoup - single 126 128 130 CLuirl:r?i?t
cycles
tHiccup-2 Hiccup time before re-start 50 88 ms
POWER GOOD
VpGTH-1 Power-Good threshold (PG1/2) PGOOD low, Vyosns1/2 fising 93% 95% 97%
VpGTH-2 Power-Good threshold (PG1/2) PGOOD high, Vyosns12 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%
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6.5 Electrical Characteristics (¥tX)
T, =-40°C to +150°C. Typical values are at T; = 25°C and V|5 = 13.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

PG1/2 delay from Vyosns1/2 valid to _

tPGoOD(R) PGOOD high during start-up Vvosnstiz = 33V 23 ms
PG1/2 delay from V, invalid to

tpcooD(F) PGOOD on VOSNS1/2 Vvosnsire = 3.3V 45 us
PG1/2 pin Leakage current when open drain _

lpa(ke) output is high Vpe =3.3V 0.1 WA
PG pin output low-level voltage for both

VPG-D(LOW) Chasnels P 9 IPG =1mA, VEN =0V. 400 mV

Rpg-1 Pull Down MOSFET Resistance Ipg = TMA, Vgy = 3.3V. 30 90 Q

Pull up resistance on PG - Rpg = 10kQ,
VIN(PGfVALlD) Min VIN for valid PG output Voltage Pull up on PG - VPULLUFLPG =3V, 0.45 1.2 \%
VpG-p (Low) = 0.4V

THERMAL SHUTDOWN

TJ(SD) Thermal shutdown threshold Temperature rising 168 °C

TyHys) Thermal shutdown hysteresis 10 °C
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6.6 Typical Characteristics

Unless otherwise specified, V| = 13.5V.
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7 Detailed Description
7.1 Overview

The LM644A2-Q1 is a wide-input, synchronous, buck DC/DC converter for high-current single or dual outputs.
The device uses an interleaved, stackable, current-mode control architecture for easy loop compensation, fast
transient response, excellent load and line regulation, and accurate current sharing stackable up to six phases
for higher output currents up to 36A.

A high-side switch minimum on-time of 50ns allows large step-down ratios, enabling the direct conversion from
12V, 24V, or automotive inputs to low-voltage rails for reduced system complexity and design cost. The
LM644A2-Q1 supports input voltage dips as low as 3V, at nearly 100% duty cycle. If the minimum on-time or
minimum off-time does not support the desired conversion ratio, the frequency is reduced. This action
automatically allows regulation to be maintained during load dump and with very low dropout during cranking.

Power the bias of LM644A2-Q1 from the output of the converter for lower input quiescent current and power
loss. Achieving 9uA no-load quiescent current in dual output configuration to extend operating run-time in
battery-powered systems.

The LM644A2-Q1 has been designed for low EMI. The device includes the following:
* Reduction of noise at the fundamental switching frequency through interleaving
— To reduce input capacitor ripple current and EMI filter size, the device can be configured to operate in a
stack of either two, four or six phases with corresponding phase shift interleave operation based on the
number of phases. For example, in a 4-phase setup, a 90° out-of-phase clock output setup works well for
cascaded, multi-channel, or multi-phase power stages. Phase relationship is maintained in light load
operation for low output voltage ripple.
* Pin-enabled dual random spread spectrum (DRSS)
— Dual Random Spread Spectrum (DRSS) frequency hopping is set to £10% (typical), drastically reducing
peak emissions through a combination of triangular and pseudorandom modulation.
» Symmetrical V| pinout for low input inductance
» Operation over a frequency range above and below AM radio band
— Resistor-adjustable switching frequency adjustable from 100kHz to 2.2MHz can be synchronized to an
external clock source to eliminate beat frequencies in noise-sensitive applications.

Together, these features can eliminate shielding and other expensive EMI mitigation measures.

The device also includes the following features:

* Internal fixed soft start or adjustable soft start using an external capacitor with monotonic start-up into
prebiased loads

* Open-drain Power-Good flags with built-in delayed release for fault reporting and output monitoring

* Independent enable inputs

* Integrated VCC bias supply regulator

* Hiccup-mode overload protection

* Thermal shutdown protection with automatic recovery

The LM644A2-Q1 comes in a 5Smm x 4mm, enhanced, HotRod QFN 24-pin package with enlarged corner
terminals for improved BLR and wettable flanks, allowing for optical inspection and allowing use in reliability-
conscious environments
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Input Voltage Range (V)

The LM644A2-Q1 can start up from 3.5V to 36V. After start-up, the input voltage range can extend down to 3V.
The device is intended for step-down conversions from 12V automotive and 24V industrial supply rails. The
application circuit shows all the necessary components to implement an LM644A2-Q1 based wide-V |y dual-

output step-down regulator using a single supply. The LM644A2-Q1 uses an internal LDO subregulator to
provide a VCC bias rail for the gate drive and control circuits.

V|N1/2 =6V...36V —m_

EN1 VCC EN2
VIN1 VIN2

PGND1 PGND2

BOOT1 BOOT2

_|
e

L2

| o

SWA1 SW2

BIA

VOSSN/S1 VOSNS2
V0UT1 =3.3V VOUT2 =5.0vV
lout = 6A lout = 6A
Fsw = 2.1MHz FB1 FB2 [—VWAHVCC| Fg,=2.1MHz

—p|{SYNC PG2 |—»
PG1 AGND RT CONFIG

BJ 7-1. Dual-Output Regulator Schematic Diagram With Input Voltage Operating Range of 6V to 36V

In high input voltage applications, take extra care to make sure the VIN and SW pins do not exceed the absolute
maximum voltage rating of 42V during line or load transient events. Voltage excursions that exceed the
maximum ratings can damage the IC. Proceed carefully during PCB board layout and use high-quality input
bypass capacitors to minimize voltage overshoot and ringing.

7.3.2 Enable EN Pin and Use as Vy UVLO

Apply a voltage less than 0.25V to the EN1 pin to put the LM644A2-Q1 into shutdown mode. In shutdown mode,
the quiescent current drops to 0.5uA (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 entering shutdown mode. In single-output multi-phase
configuration EN1 on primaries and secondaries must be tied together. In single output configuration EN1 must
not be used to disable the secondary devices for phase shedding. EN2 of the primary and secondaries must be
tied together and can be used to shutdown the secondary phases. 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.
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The EN terminals cannot be left floating. The simplest way 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 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

7-2. VIN UVLO Using the EN Pin

Resistor values can be calculated using the following equations:

VEN(R
RgNB = RenT X (W) ;

VorE = Vingon) X (1 — VEn(H)) (2)

where

* Von = V|n turn-on voltage
* Vo = V|n turn-off voltage

7.3.3 Output Voltage Selection and Soft Start

A voltage divider between the output voltage and the FB1 pin is used to create an adjustable output voltage from
0.8V to 20V for the first buck converter. The thevenin impedance of the divider must be larger than 4kohms, to
correctly enter adjustable output voltage configuration. Tl recommends lower output voltages a minimum of
10kohms for Rpgt to meet this requirement. For a fixed 5V output connect FB1 to VCC through a 10 kohm
resistor. For a fixed 3.3V connect FB1 to AGND. For fixed output voltage configurations the first channel output
voltage is sensed on pin 13 BIAS/VOSNS1.

For dual-output voltage configuration, R conrig = O (spread spectrum disabled) or 121kQ (spread spectrum
enabled).

FB2 is configured in the same manner as FB1. A voltage divider between output voltage and the FB2 pin is used
to create an adjustable output voltage from 0.8 to 20V for the second buck converter. The thevenin impedance of
the divider must be larger than 4kohms, to correctly enter adjustable output voltage configuration. For lower
output voltages, Tl recommends a value of 10kohms for Regt to meet this requirement. For a fixed 5V output,
connect FB2 to VCC through a 10kohm resistor. For a fixed 3.3V connect FB2 to AGND. For fixed output voltage
configurations, the second channel output voltage is sensed on pin 19. that is, VOSNS2.
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Current sharing between multiple buck channels can increase the current. For one device, single-output multi-
phase operation can double the single buck current and provide up to 12A. Using three devices allows six times
the current up to 36A. When the device is configured to single-output multi-phase operation (9.53kQ < R conFig
< 93.1kQ) , FB2 is re-configured to provide an adjustable soft start (SS). An external capacitor can be placed
from this pin to ground to extend the internal soft-start time. The time can be calculated using the soft-start
current of 20uA (typical) charging the external capacitor to the reference voltage of 0.8V (typical). As an
example, a 220nF capacitor provides a soft start of 8ms after the initialization of the device. The pin must also be
tied to FB2/SS of all other LM stacked devices for fault communication between primary and secondary devices.
Faults, such as thermal shutdown, are communicated by pulling the pin low and stops switching for all devices.

FB

Ed 7-3. Setting Output Voltage of Adjustable Versions

The LM644A2-Q1 uses a 0.8V reference. The following equation can be used to determine Rggg for a desired
output voltage and a given Regt. Usually, Rggt is limited to a maximum value of 100kQ to prevent drifting due to
PCB leakage under harsh conditions. To improve light load efficiency, a larger resistance of up to 1MQ can be
used in cleaner environments, or the fixed output voltage options can be used under harsher conditions.

0.8 x RppT[kQ]
(Vour — 0.8)

Rppp[kQ] = (3)

In addition, a feedforward capacitor Cgr can be used to optimize the transient response. Typical values are
provided in the applications section and were selected based upon the top feedback resistor to place a zero
slightly above the cross-over frequency.

7.3.4 SYNC Allows Clock Synchronization and Mode Selection

The SYNC pin can be used to select forced pulse width modulation (FPWM) or pulse frequency modulation
(PFM). In FPWM the switching frequency remains constant at lighter output currents. In PFM the low-side FET is
turned off when the inductor current goes negative and the frequency is reduced to improve efficiency under
light-load conditions. Connect SYNC to AGND to enable PFM. Connect SYNC to VCC to operate the LM644A2-
Q1 in FPWM mode with continuous conduction at light loads.

The SYNC pin can also be used to synchronize the internal oscillator to an external clock. When synchronized to
an external clock the LM644A2-Q1 operates in FPWM. The internal oscillator can be synchronized to a positive
edge into the SYNC pin. The coupled edge voltage at the SYNC pin must exceed the SYNC amplitude threshold
of VsyncpH to trip the internal synchronization pulse detector. The minimum SYNC rising pulse and falling pulse
durations must be longer than tpy sg H and tpy s L respectively. The LM644A2-Q1 switching action can be
synchronized to an external clock from 200kHz to 2.2MHz. When synchronizing to an external clock, the Ry pin
must be used to set the internal frequency to a value close to that of the external clock. This action prevents
large frequency changes in the event of loss of synchronization. This action is also used to set the slope
compensation for secondary devices.
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In single-output two-phase operation, the PG2/SYNC-OUT terminal of the primary can be left floating as clock
information is shared internally.

In single-output four-phase operation, the PG2/SYNC-OUT terminal of the primary must be connected to the
SYNC pin of the secondary to clock all four phases 90 degrees out of phase.

In single-output six-phase operation, the PG2/SYNC-OUT terminal of the primary must be connected to the
SYNC pin of the secondary device. The PG2/SYNC-OUT terminal of the secondary must be connected to the
SYNC pin of the tertiary device. In this way, the devices operate all six phases 60 degrees out of phase.

Clock SYNC/MODE
Range

— AGND

Eq 7-4. Typical Implementation Allowing Synchronization Using the SYNC/MODE Pin

A —p :4— teuLse L

VsyncoH

tpuLse —» <
This image shows the conditions needed for detection of a synchronization signal.

B 7-5. Typical SYNC/MODE Waveform

7.3.5 Clock Locking

After a valid synchronization signal is detected on the primary or dual output converter, a clock locking procedure
is initiated. After approximately 32 pulses, the clock frequency abruptly changes to the frequency of the
synchronization signal. While the frequency adjusts suddenly, phase is maintained so the clock cycle lying
between operation at the default and synchronization frequencies is of intermediate length. There are no very
long or very short pulses. After frequency is adjusted, phase is adjusted over a few tens of cycles so that rising
synchronization edges correspond to rising the SW node pulses.

7.3.6 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 the following table for resistor values. Note that if a resistor value falls outside of the
recommended range, this fall can cause the device to stop switching. Do not apply a pulsed signal to this pin to
force synchronization. If synchronization is needed, see the SYNC pin.

Ry[kQ] = (% - 0.633) (4)

For example, for fgy = 400kHz, Ry = (16.4 / 0.4) — 0.633 = 40.37, so a 40.2kQ resistor is selected as the closest
choice.
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& 7-1. Typical Ry values

Rt (kQ) Frequency (kHz)
6.81 2206
7.15 2106
15.4 1005
31.6 4974
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)

Eq 7-6. Setting Clock Frequency

7.3.7 Power-Good Output Voltage Monitoring

While the PG1/PG2 of the LM644A2-Q1 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 # 7-2.

* 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 (R conrpig = 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 VOSNS1 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 multiphase operation (9.53kQ < R conFig < 93.1kQ) , PG2 is re-configured as SYNC-OUT to
provide a phase shifted clock to the secondary devices. In this configuration, the PG2/SYNC-OUT terminal of the
primary device can be left floating for dual phase operation or tied to the SYNC pin of the secondary device for
more than four-phases. For six-phase operation the PG2/SYNC-OUT pin of the secondary device is connected
to the SYNC pin of the tertiary device.
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B 7-7. PG Static Voltage Thresholds
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7-8. PG Timing Diagram (Excludes OV Events)
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# 7-2. 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 — VReseT_Hys for longer than treset_riLTer
Junction temperature exceeds Tgp r Junction temperature falls below Tgp ¢ M
EN low ten passes after EN becomes high(!)

VIN falls low enough so that VCC falls below Vce yyvio —

is hi i )
Ve uvio_tvst. This value is called Vi operare. Voltage on VIN is high enough so that VCC pin exceed V¢ _yvio

(1) As an additional operational check, PG remains low during soft start. It is defined as until the lesser of either full output voltage reached
or tsso has passed since initiation. This 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 X 7-9.

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

Typical SMPS upper specification 112%
Highest Veg 101.5%
Selected output volt b
elected output voltage 100% .
" t\g/ o ¢ 1% Vre accuracy Typical Vg - VRreset_uv
owest Veg 98.5% . 0
Lowest Vout 98% 5:5%
Veruro 4% -5.5%  Typical Ves - VReser uv
Highest Vreser_uv 96.5%
TSRRTAR
Typical SMPS lower specification 95% v * -1%
Lowest Vour - Veaurp 94% 9
F % v
93%
_19
Lowest Vreser uv 92% + 1%
Low Vgg case High Veg case
Veauro is available margin for
ripple and step loads

B 7-9. Reset Threshold Voltage Stack-Up

7.3.8 Internal LDO, VCC UVLO, and BIAS Input

The LM644A2-Q1 uses VCC as the internal power supply. VCC is, in turn, powered from VIN or VOSNS1/BIAS.
After the device is active power comes from VIN, if BIAS is less than approximately 3.1V. Power comes from
BIAS, if BIAS is more than 3.1V. VCC is typically 3V to 3.3V under most conditions, but can be lower if VIN is
very low. To prevent unsafe operation, VCC has a UVLO that prevents switching if the internal voltage is too low.
See Vee uvio and Vee uvio HysT - During start-up, VCC momentarily exceeds the normal operating voltage
until Ve uvio is exceeded, then drops to the normal operating voltage. These UVLO values, when combined
with the dropout of the LDO when powering the LM644A2-Q1, are used to derive minimum input operating
voltage.
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7.3.9 Bootstrap Voltage and Vcgoot.uvLo (CB1 and CB2 Pin)

The driver of the power switch (HS switch) requires bias higher than VIN when the HS switch is ON. The
capacitors connected between CB1 and SW1 and CB2 and SW2 work as charge pumps to boost voltage on the
CB terminals to (SW + VCC). The boot diode is integrated on the LM644A2-Q1 die to minimize the physical
design size. Tl recommends a 100nF capacitor rated for 10V with X7R or better dielectric for the CBOOT
capacitors. The boot (CB1 and CB2) rails have UVLO to protect the chip from operation with too little bias. This
UVLO has a threshold of Voot yvio and is typically 2.1V. If the CBOOT capacitor voltage drops below
VgooT uvLo. then the device initiates a charging sequence using the low-side FET before attempting to turn on
the high-side device.

7.3.10 CONFIG Device Configuration Pin

Several features are included to simplify compliance with CISPR 25 and automotive EMI requirements. To
reduce input capacitor ripple current and EMI filter size, the device can be configured to operate in a stack of
either two, four, or six phases with corresponding phase shift interleave operation based on the number of
phases. For example, in a 4-phase setup, a 90° out-of-phase clock output setup works well for cascaded, multi-
channel, or multi-phase power stages. Resistor-adjustable switching frequency as high as 2.2MHz can be
synchronized to an external clock source to eliminate beat frequencies in noise-sensitive applications. Optional
spread spectrum modulation further improves the EMI signature.

The CONFIG terminal is used to set up the device for either dual output or single output multi-phase operation.
The spread spectrum can also be turned on and off with different resistor values.

& 7-3. Rconrig Resistor Selection

R conrig (kQ) Mode Spread Spectrum

0 Dual output No
9.53 2 phase primary No
19.1 4 phase primary No
29.4 6 phase primary No
41.2 Secondary N/A
56.2 2 phase primary Yes
73.2 4 phase primary Yes
93.1 6 phase primary Yes
121 Dual output Yes

When configured in single output multiphase 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¢ =
11kOhms, Cc = 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. The table below has several settings for
different output configurations.

#+ 7-4. Typical Bill of Materials

MODE | Vour | Vour: | FREQUENCY |  Cour SACH I el 25 L1, L2 R¢ Ce
DUAL 3.3V 5V 400kHz 47 + 22uF 2 x 10uF + 1 x 100nF 3.3uH INTERNAL INTERNAL
DUAL 3.3V 5V 2200kHz 47 + 22uF 1x10uF +1 x100nF | 0.68uH | INTERNAL INTERNAL
SINGLE | 3.3V 3.3V 400kHz 47 + 22uF 2 x 10uF + 1 x 100nF 3.3uH 11kQ 2.2nF
SINGLE 5V 5V 2200kHz 47 + 22uF 1 x 10uF + 1 x 100nF 1uH 11kQ 2.2nF
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V|N1/2 =3V...36V —m_
EN1 vce EN2
VIN1 VIN2
g PGND1 PGND2 i
J_— BOOT1 BOOT2 __I_
L1 I I L2
[ SW1 Sw2
BIAS /
® COMP
VOUT =3.3V VOSNS1
lour = 12A
Fow = 2.2MHz FB1 S8
—»| SYNC SYNC_OUT |—»p
PG1 AGND RT PGND3 CONFIG

Eq 7-10. High-Efficiency, Single Output 2-Phase Step-Down Converter

Vi = 3V...36V gt Vintz = 3V...36V L
il T
EN1 vee EN2 EN1 vee EN2
VIN1 VIN2 VIN1 VIN2
E PGND1 PGND2 PGND1 PGND2 i
f BOOT1 Primary BOOT2 1 f BOOT1 Secondary BOOT2 1
L1 L2 13 L4
’_NY‘(\L SW1 SW2 M ’_fYY"(\i SW1 SW2 M
BIAS /
Vorr=33V | Voskst coump VOSNS1 comp
lour = 24A
Fsw =22 MHz FB1 ss e 55
—>»| syne SYNC_OUT SYNC SYNC_OUT  [—»
N PG1 AGND RT PGND3 CONFIG MODE  AGND RT  PGND3 CONFIG
7-11. High-Efficiency, Single Output 4-Phase Step-Down Converter
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Virn = 3V..36V et Viviz = 3V..36V et Viviz = 3V..36V It
EN1 vee EN2 EN1 vee EN2 EN1 vee EN2
VINT VIN2 VIN1 VIN2 VINT VIN2
jul e |3 i roer |4 oo roor |4
In B0OOT1 Primary B0OT2 ul In BOOT1 Secondary BOOT2 ol In BOOT! Secondary BOOT2 ul
v T 1T 2 o T T w T T~
swi1 sw2 sw1 sw2 Swi1 swz
BIAS / BIAS / BIAS /
Vour =33V \ VOSNS1 COMP VOSNS1 CoMP VOSNS1 comp
lour = 36A
Fsw = 2.2MHz. FB1 88— N FB1 ss F— e FB1 ss ——
SYNC SYNC_ouT SYNC SYNC_ouT SYNC SYNC_OUT [ —»
PGI  AGND  RT PGND3 CONFIG MODE ~ AGND  RT  PGND3 CONFIG MODE ~ AGND  RT  PGND3 CONFIG

High-Efficiency, Single Output 6-Phase Step-Down Converter

7.3.11 Spread Spectrum

Spread spectrum is configurable using the CONFIG pin. Spread spectrum eliminates peak emissions at specific
frequencies by spreading these peaks across a wider range of frequencies than a part with fixed-frequency
operation. The LM644A2-Q1 implements a modulation pattern designed to reduce low frequency-conducted
emissions from the first few harmonics of the switching frequency. The pattern can also help reduce the higher
harmonics that are more difficult to filter, which can fall in the FM band. These harmonics often couple to the
environment through electric fields around the switch node and inductor. The LM644A2-Q1 uses a £+10%
(typical) spread of frequencies which can spread energy smoothly across the FM and TV bands. The device
implements Dual Random Spread Spectrum (DRSS). DRSS is a combination of a triangular frequency spreading
pattern and pseudorandom frequency hopping. The combination allows the spread spectrum to be very effective
at spreading the energy at the following:

* Fundamental switching harmonic with slow triangular pattern

» High frequency harmonics with additional psuedorandom jumps at the switching frequency

The advantage of DRSS is the equivalent harmonic attenuation in the upper frequencies with a smaller
fundamental frequency deviation. This reduces the amount of input current and output voltage ripple that is
introduced at the modulating frequency.

The spread spectrum is only available while the clocks of the The LM644A2-Q1 are free running at the natural
frequency. Any of the following conditions overrides the clock and can interfere with spread spectrum:

* The clock is slowed due to operation at low input voltage. This is operation in dropout.

» The clock is slowed under light load in auto mode. Note that if the device is operating in FPWM mode, spread
spectrum is active, even if there is no load.

* The clock is slowed due to high input-to-output voltage ratio. This mode of operation is expected if on-time
reaches minimum on-time. See the Electrical Characteristics.

* The clock is synchronized with an external clock.

7.3.12 Soft Start and Recovery From Dropout

When designing with the The LM644A2-Q1, slowed rise in output voltage due to recovery from dropout and soft
start must be considered separate phenomena. Soft start is triggered by any of the following conditions:

* EN is used to turn on the device.

» Recovery from a hiccup waiting period; see 7322 7.3.14.

* Recovery from shutdown due to overtemperature protection

» Power is applied to the VIN of the IC or the VCC UVLO is released.

After soft start is triggered, the IC takes the following actions:

* The reference used by the IC to regulate output voltage is slowly ramped from zero. The net result is that
output voltage, if previously 0V, takes tgg to reach 90% of the desired value.
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» Operating mode is set to auto, activating diode emulation. This action allows start-up without pulling output
low if there is a voltage already present on the output.
* Hiccup is disabled for the duration of soft start; see =722 7.3.14.

All of these actions together provide start-up with limited inrush currents. These actions also allow the use of
output capacitors and loading conditions that cause current to border on current limit during start-up without
triggering hiccup. In addition, if output voltage is already present, output is not pulled down. See [X| 7-12.

If selected, FPWM
is enabled after

If selected, FPWM

| < Trigger
is enabled after 1 riggering event

1 -4— Triggering event

: — -+—regulation but no é — -+—regulation but no
—»! e ten later than tss» —>! i ten later than tssz
& VM Ll a— tss — Ve 8 VM Ul e tss —p Ve
% Freeceee—— _————— ————-—— g Fre—————— —————— ——————
% VOUT Set : % VOUT Set :
> Point \ > Point \
E H Vour E H Vour
3 oo%d| 1 3 90%d—
2 Vour Set : 2 Vour Set :
; Point 1 ‘Z“ Point 1
“oov—r Time Hoov—Y Time
-+ fggp ———» - fg5p ——»

The left curves show soft start from OV. The right curves show soft starting behavior from a prebiased or non-zero voltage. In either
case, the output voltage reaches within 10% of the desired setpoint tsg time after soft start is initiated. During soft start, FPWM and
hiccup are disabled. Both hiccup and FPWM are enabled after output reaches regulation or tssy, whichever happens first.

B 7-12. Soft-Start Operation

Any time output voltage is more than a few percent low for any reason, output voltage ramps up slowly. This
condition, called recovery from dropout, differs from soft start in three important ways:

» Hiccup is allowed only if output voltage is less than 0.4 times the set point. Note that during dropout
regulation, hiccup is inhibited. See =7/ =2 7.3.14.

 FPWM mode is allowed during recovery from dropout. If output voltage were to suddenly be pulled up by an
external supply, the The LM644A2-Q1 can pull down on the output. Note that all the protections that are
present during normal operation are in place, protecting the device if output is shorted to a high voltage or

ground.
» The reference voltage is set to approximately 1% above that needed to achieve the current output voltage.
The reference voltage is not started from zero.

Despite the name, recovery from dropout is active whenever output voltage is more than a few percent lower
than the setpoint for long enough that:

» Duty factor is controlled by maximum on-time or

*  When the part is operating in current limit.

This primarily occurs under the following conditions:

» Dropout: When there is insufficient input voltage for the desired output voltage to be generated. See 7332
7.4.3.5.

» Overcurrent that is not severe enough to trigger hiccup or if the duration is too short to trigger hiccup. See &
7iar 7.3.14.
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Whether output voltage falls due to high load or low input voltage, after the condition that causes output to fall below the setpoint is
removed, output climbs at the same speed as during start-up. Even though hiccup does not trigger due to dropout, hiccup can, in
principal, be triggered during recovery if output voltage is below 0.4 times output the setpoint for more than 128 clock cycles during

recovery.

7-13. Recovery From Dropout

7.3.13 Overcurrent and Short-Circuit Protection

The LM644A2-Q1 is protected from overcurrent conditions by cycle-by-cycle current limiting on both the high-

side and the low-side MOSFETs.

High-side MOSFET overcurrent 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 short blanking time. The HS switch current is
compared to the output of the voltage regulation loop minus slope compensation, every switching cycle.
Because the voltage loop has a maximum value and slope compensation increases with duty cycle, the HS
current limit decreases with increased duty cycle such that the HS current limit is reduced by 35% for high output

to input voltage duty ratios. See [X]| 7-14.
12

11

10

Command Current (A)
(o]

5

4

3

2

1 Dual Vout HS Maximum Current
—— — Rated Maximum Current

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Duty Cycle

7-14. Maximum Current Allowed Through the HS FET - Function of Duty Cycle for LM644A2-Q1
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When the LS switch is turned on, the current going through the LS switch is also sensed and monitored. Like the
high-side device, the low-side device turn-off is commanded by the voltage control loop. For a low-side device,
turn-off is prevented if current exceeds this value, even if the oscillator normally starts a new switching cycle.
See 713 7.4.3.4. Also like the high-side device, there is a limit on how high the turn-off current is allowed to
be. This is called the low-side current limit; see the Electrical Characteristics for values. If the LS current limit is
exceeded, the LS MOSFET stays on and the HS switch is not turned on. The LS switch is turned off after the LS
current falls below the limit. The HS switch is turned on again as long as at least one clock period has passed
since the last time the HS device has turned on.

SW

SW Voltage

ton < ton_max
- >

0 —— — >t
-
Typically, tsw > Clock setting

iL
A

ILhs

ILis

Inductor Current

K 7-15. Current Limit Waveforms

The net effect of the operation of high-side and low-side current limit is that the IC operates in hysteretic control.
Because the current waveform assumes values between || s and | g, output current is close to the average of
these two values unless duty cycle is very high. After operating in current limit, hysteretic control is used and
current does not increase as output voltage approaches zero.

If duty cycle is very high, current ripple must be very low to prevent instability; see =7 3. 8.2.2.3. Because
current ripple is low, the part is able to deliver full current unless dropout across device is less than 0.5V. The
current delivered is very close to I s.

If overloaded, after the overload is removed, the device recovers as though in soft start; see 73> 7.3.12.
Note that hiccup can be triggered if output voltage drops below approximately 0.4 times the intended output
voltage.

7.3.14 Hiccup

The LM644A2-Q1 employs hiccup overcurrent protection to prevent overheating in the presence of a short circuit
condition.

In dual output mode the part enters hiccup when all of the following conditions are met for 128 consecutive
switching cycles:

» A time greater than tgg, has passed since soft start has started; see =732 7.3.12.
» OQutput voltage is below approximately 0.4 times output setpoint.
* The part is not operating in dropout defined as having minimum off-time controlled by duty factor.

In single output mode the part enters hiccup when all of the following conditions are met for 128 consecutive
switching cycles:

*  COMP pin is at maximum of 1.1V.
* The part is not operating in dropout defined as having minimum off-time controlled by duty factor.
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In hiccup mode, the device shuts down and attempts to soft start after t,,. Hiccup mode helps reduce the device
power dissipation under severe overcurrent conditions and short circuits.

Bq 7-16. Inductor Current Bursts During Hiccup

Shart Removed
i

i VOLIT, 2idiv

Shoot A psied

linductar

7-17. Short-Circuit Transient and Recovery

7.3.15 Thermal Shutdown

Thermal shutdown is a safety mechanism for the device that limits total power dissipation by turning off the
internal switches when the a temperature sensor on the IC exceeds 168°C (typical). After thermal shutdown
occurs, hysteresis prevents the device from switching until the temperature sensor temperature drops to
approximately 159°C (typical). When the sensor temperature falls below 159°C (typical), the LM644A2-Q1
attempts to soft start. While the sensor is close to the power FETs, the sensor must not be used to determine
maximum junction temperature of the device under load as there can be temperature gradients across the
device. Instead thermal couples and other methods must be used to characterize thermal design in application.

While the LM644A2-Q1 is shut down due to high junction temperature, power continues to be provided to VCC.
To prevent overheating from a short circuit applied to VCC, the LDO providing power to VCC has reduced
current limit while the part is disabled due to high junction temperature. The LDO only provides a few
milliamperes during thermal shutdown.

7.4 Device Functional Modes
7.4.1 Shutdown Mode

The EN pin provides electrical on and off control of the device. When the EN pin voltage is below 0.4V, both the
regulator and the internal LDO have no output voltage and the part is in shutdown mode. In shutdown mode, the
quiescent current drops to typically 0.66pA.

7.4.2 Standby Mode

The internal LDO has a lower EN threshold than the output of the regulator. The internal LDO regulates the VCC
voltage at 3.3V, typically when:

* The EN pin voltage is above 1.1V (maximum).

» The EN pin voltage is below the precision enable threshold for the output voltage.

The precision enable circuitry is ON after VCC is above the UVLO. The internal power MOSFETs of the SW
node remain off unless the voltage on the EN terminal goes above the precision enable threshold. The
LM644A2-Q1 also employs UVLO protection. If the VCC voltage is below the UVLO level, the output of the
regulator is turned off.

7.4.3 Active Mode

The device is in active mode when the following occurs:
* The EN pin is above Vgy.
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e V|yis above Vgy.
* V|n is high enough to satisfy the V| minimum operating input voltage.
* No other fault conditions are present.

See 7 3> 7.3 for protection features. The simplest way to enable the operation is to connect EN to VIN,
allowing self-start-up when the applied input voltage exceeds the minimum V\y_opgrate-

In active mode, depending on the load current, input voltage, and output voltage, the LM644A2-Q1 is in one of
six sub-modes:

« Continuous conduction mode (CCM) with fixed switching frequency and peak current mode operation

« Discontinuous conduction mode (DCM) while in auto mode when the load current is lower than half of the
inductor current ripple. If current continues to reduce, the device enters Pulse Frequency Modulation (PFM)
which reduces the switch frequency to maintain regulation while reducing switching losses to achieve higher
efficiency at light load.

* Minimum on-time operation while the on-time of the device needed for full-frequency operation at the
requested low-duty cycle is not supported by Ton MmN

+ Forced pulse width modulation (FPWM) similar to CCM with fixed-switching frequency, but extends the fixed
frequency range of operation from full to no load

« Dropout mode when switching frequency is reduced to minimize dropout

* Recovery from dropout similar to other modes of operation except the output voltage setpoint is gradually
moved up until the programmed setpoint is reached.

7.4.3.1 Peak Current Mode Operation

The following operating description of the LM644A2-Q1 refers to Functional Block Diagram and the waveforms in
[X] 7-18. Both supply a regulated output voltage by turning on the internal high-side (HS) and low-side (LS)
NMOS switches with varying duty cycle (D). During the HS switch on-time, the SW terminal voltage, Vg, swings
up to approximately V,y, and the inductor current, i, increases with a linear slope. The HS switch is turned off by
the control logic. During the HS switch off-time, torr, the LS switch is turned on. Inductor current discharges
through the LS switch, forcing Vsw to swing below ground by the voltage drop across the LS switch. The
regulator loop adjusts the duty cycle to maintain a constant output voltage. D is defined by the on-time of the HS
switch over the switching period: D = Ton/ (Ton + Torg)-

In an ideal buck converter where losses are ignored, D is proportional to the output voltage and inversely
proportional to the input voltage: D = Voyr/ Vin.
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7-18. SW Voltage and Inductor Current Waveforms in Continuous Conduction Mode (CCM)

To get accurate DC load regulation, a voltage feedback loop is used. Peak and valley inductor currents are
sensed for peak current mode control and current protection. The regulator operates with continuous conduction
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mode with constant switching frequency when load level is above one half of the minimum peak inductor current.
The internally-compensated regulation network achieves fast and stable operation with small external
components and low-ESR capacitors.

7.4.3.2 Auto Mode Operation

The LM644A2-Q1 can have two behaviors while lightly loaded. One behavior, called auto mode operation,
allows a seamless transition between normal current mode operation while heavily loaded and in highly-efficient
light-load operation. The other behavior, called FPWM mode, maintains full frequency even when unloaded.
Which mode the LM644A2-Q1 operates in depends on the SYNC/MODE pin. When SYNC/MODE is high, the
part is in FPWM. When SYNC/MODE is low, the part is in PFM.

In auto mode, light-load operation is employed in the LM644A2-Q1 at load lower than approximately 1/10th of
the rated maximum output current. Light-load operation employs two techniques to improve efficiency:

» Diode emulation, which allows DCM operation
* Frequency reduction

Note that while these two features operate together to create excellent light load behavior, these features
operate independently of each other.

7.4.3.2.1 Diode Emulation

Diode emulation prevents reverse current though the inductor, which requires a lower frequency needed to
regulate given a fixed peak inductor current. Diode emulation also limits ripple current as frequency is reduced.
Frequency is reduced when peak inductor current goes below lpgak.vin. With a fixed peak current, as output
current is reduced to zero, frequency must be reduced to near zero to maintain regulation.
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In auto mode, the low-side device is turned off after inductor current is near zero. As a result, after output current is less than half of
inductor ripple in CCM, the part operates in DCM. This action is equivalent to saying that diode emulation is active.

Ed 7-19. PFM Operation

The LM644A2-Q1 has a minimum peak inductor current setting in auto mode. That being said, when current is
reduced to a low value with fixed input voltage, on-time is constant. Regulation is then achieved by adjusting
frequency . This mode of operation is called PFM mode regulation.

7.4.3.3 FPWM Mode Operation

Like auto mode operation, FPWM mode operation during light-load operation is selected using the SYNC/MODE
pin.
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In FPWM Mode, frequency is maintained while lightly loaded. To maintain frequency, a limited reverse current is
allowed to flow through the inductor. Reverse current is limited by reverse current limit circuitry. See the
Electrical Characteristics for reverse current limit values.

VSW
A D= v

VIN

ton | :tOFF=

SW Voltage
A

Inductor Current

ILpk
lout ;.....%...\.. ..... A}P'e\ _
0 AN t

N N y

\j

FPWM mode Continuous Conduction (CCM) is possible even if oyt is less than half of Iripple.

7-20. FPWM Mode Operation

In FPWM mode, frequency reduction is still available if output voltage is high enough to command minimum on-
time, even while lightly loaded. This availability allows good behavior during faults which involves the output
being pulled up.

7.4.3.4 Minimum On-time (High Input Voltage) Operation

The LM644A2-Q1 continues to regulate output voltage. This statement is true even if the input-to-output voltage
ratio requires an on-time less than the minimum on-time of the chip with a given clock setting. This requirement
is accomplished using valley current control. At all times, the compensation circuit dictates both a maximum
peak inductor current and a maximum valley inductor current. If, for any reason, valley current is exceeded, the
clock cycle is extended until valley current falls below that determined by the compensation circuit. If not
operating in current limit, the maximum valley current is set above the peak inductor current. This prevents valley
control from being used unless there is a failure to regulate using peak current only. If the input-voltage to output-
voltage ratio is too high, even though current exceeds the peak value dictated by compensation, the high-side
device cannot be turned off quickly enough to regulate output voltage. See ton min in the Electrical
Characteristics. As a result, the compensation circuit reduces both peak and valley current. After a low enough
current is selected by the compensation circuit, valley current matches that being commanded by the
compensation circuit. Under these conditions, the low-side device is kept on and the next clock cycle is
prevented from starting until inductor current drops below the desired valley current. Because on-time is fixed at
the minimum value, this type of operation resembles that of a device using a COT control scheme. See [X] 7-21.
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In valley control mode, the minimum inductor current is regulated, not peak inductor current.
Eg 7-21. Valley Current Mode Operation

7.4.3.5 Dropout

Dropout operation is defined as any input-to-output voltage ratio that requires frequency to drop to achieve the
needed duty factor. At a given clock frequency, duty factor is limited by minimum off-time. After this limit is
reached, if clock frequency is maintained, output voltage falls. Instead of allowing the output voltage to drop, the
LM644A2-Q1 extends on-time past the end of the clock cycle until the required peak inductor current is
achieved. The clock can start a new cycle after peak inductor current is achieved or after a pre-determined
maximum on-time, ton.vax, Of approximately 9us passes. As a result, after the needed duty factor cannot be
achieved at the selected clock frequency due to the existence of a minimum off-time, frequency drops to
maintain regulation. If input voltage is low enough that the output voltage cannot be regulated even with an on-
time of ton_max. output voltage drops to slightly below input voltage.
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This image shows the switching waveforms while in dropout. Inductor current takes longer than a normal clock to reach the desired
peak value. As a result, frequency drops. This frequency drop is limited by ton_max-

B 7-22. Dropout Waveforms

7.4.3.6 Recovery from Dropout

In some applications, input voltage can drop below the desired output voltage then recover to a higher value
suddenly. With most regulators, the sudden increase in input voltage results in output voltage rising at a rate
limited only by current limit until regulation is achieved. As input voltage reaches the desired output voltage,
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there is overshoot due to wind up in the control loop. This overshoot can be large in applications that have small
output capacitors and light loads. Also, large inrush currents can cause large fluctuations on the input line after

the regulator starts regulating the output voltage. This action typically requires less current than during this initial
inrush.

The LM644A2-Q1 greatly reduces inrush current and overshoot. This reduction is done by engaging the soft-
start circuit whenever the input voltage suddenly rises, after dipping low enough to cause the output voltage to
droop. To prevent this feature from accidentally engaging, output voltage must fall more than 1% to engage this
feature. Also, this feature engages only if operating in dropout or current limit, preventing interference with
normal transient response but allowing several percent overshoot while engaging. If output voltage is very close
to the desired level, overshoot is reduced by inductor current not having time to rise to a high level before
regulation starts.
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& 7-23. When Output Voltage Falls, Output Voltage Recovers Slowly, Preventing Overshoot and Large
Inrush Currents

7.4.3.7 Other Fault Modes

Fault modes and descriptions can be found in 732~ 7.3 of this data sheet.
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8 Application and Implementation

-
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8.1 Application Information

The LM644A2-Q1 step-down DC-to-DC converter is typically used to convert a higher DC voltage to a lower DC
voltage with a maximum output current up to 12A per device. Maximum load current is dependent on the thermal
environment of the design. The thermal performance curves for the EVM can be used as a starting point for
determining load capability at different ambient temperatures.

The following design procedure can be used to select components for the LM644A2-Q1.
8.2 Typical Application

%] 8-1 and %] 8-2 show typical application circuits for the LM644A2-Q1. The following design procedure can be
used to select components for the LM644A2-Q1. This device is designed to function over a wide range of
external components and system parameters. However, the internal compensation is optimized for a certain
range of external inductance and output capacitance. As a quick start guide, & 8-2 provides typical component
values for some of the most common configurations. The values given in the table are typical. Other values can
be used to enhance certain performance criterion as required by the application. Note that for this eQFN
package, the input capacitors are split and placed on either side of the package. See &7 8.2.2.5 for more
details.

Viniz = 3.8V...36V —r_l_
_|_
VCC

EN1 EN2
VIN1 VIN2

PGND1 PGND2

BOOT1 BOOT2

E‘”_I L S —

L1 L2
q SWi1 Sw2

BIAS /
® L COMP
Vour = 3.3V VOSNSA1
|ou'|' =12A
Few = 400kHz FB1 S8
—p SYNC SYNC_OUT —»
PG1 AGND RT PGND3 CONFIG

B 8-1. Example Application Circuit - 400kHz Single Adjustable Output
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—»|SYNC PG2 |—»
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Eq 8-2. Example Application Circuit - 2.1MHz Dual Fixed Output

8.2.1 Design Requirements
3% 8-1 provides the parameters for our detailed design procedure example for [X] 8-2:

#% 8-1. Detailed Design Parameters

DESIGN PARAMETER

EXAMPLE VALUE

Input voltage

13.5V (8V to 36V)

Output voltage

3.3V and 5V fixed

8.2.2 Detailed Design Procedure

The following design procedure refers to [X| 8-2, and % 8-1.
8.2.2.1 Choosing the Switching Frequency

The choice of switching frequency is a compromise between conversion efficiency and overall design size.
Lower switching frequency implies reduced switching losses, usually resulting in less power dissipated in the IC.
Lower power dissipated in the IC results in higher system efficiency and a lower IC temperature. However,
higher switching frequency allows the use of smaller inductors and output capacitors, hence, a more compact
design. Many applications require that the AM band be avoided. These applications tend to operate at around
400kHz (below the AM band), or 2.1MHz (above the AM band). For 400kHz, a 39.2k 1% resistor can be used.
For this 2100kHz example, a 7.15k 1% resistor is selected.

8.2.2.2 Setting the Output Voltage

The output regulation target can be programmed to a fixed 3.3V by connecting FB to AGND, or a fixed 5.0V
output by connecting FB to VCC through a 10kQ resistor. Also, the output voltage of the LM644A2-Q1 is
externally adjustable using a resistor divider network. The divider network is comprised of the top and bottom
feedback resistors, Rpgt and Rggg, and closes the loop between the output voltage and the converter. The
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converter regulates the output voltage by holding the voltage at the internal error amplifier input equal to the
internal reference voltage, Vg = 0.8V. The total resistance of the divider is a compromise between excessive
noise pickup and excessive loading of the output. Lower resistance values reduce noise sensitivity but also
reduce the light-load efficiency. The recommended value for Rggt is around 100kQ with a maximum value of
1MQ.

8.2.2.3 Inductor Selection

The main parameters for selecting the inductor are the inductance and saturation current. The inductance is
based on the desired peak-to-peak ripple current. The inductance is normally chosen to be in the range of 20%
to 50% of the maximum output current. Experience shows that a good value for inductor ripple current is 30% of
the maximum load current for systems with a fixed input voltage. This example uses V,y = 13.5V, which is closer
to the nominal voltage of a 12V car battery. When selecting the ripple current for applications with much smaller
maximum load than the maximum available from the device, the maximum device current must be used for this
calculation. . 5 can be used to determine the value of the inductance. The constant K is the percentage of
peak-to-peak inductor current ripple to rated output current. For this 6A, 210kHz, 3.3V example, K = 0.25 is
chosen and the closest standard value of 1uH was selected.

VOUT) < VIN — Vour )
L= X 5
( VIN fsw X K XIguT_MAX ()

The saturation current rating of the inductor must be at least as large as the high-side switch current limit, Iys.
This rating makes sure that the inductor does not saturate, even during a soft-short condition on the output. A
hard short causes the LM644A2-Q1 to enter hiccup mode (see 7 a2 7.3.14). A soft short can hold the output
current near the current limit without triggering hiccup. When the inductor core material saturates, the inductance
can fall to a very low value, causing the inductor current to rise very rapidly. Although the valley current limit, I s,
is designed to reduce the risk of current runaway, a saturated inductor can cause the current to rise to high
values very rapidly. This event can lead to component damage, so the inductor not saturating is crucial.
Inductors with a ferrite core material have very hard saturation characteristics, but usually have lower core
losses than powdered iron cores. Powered iron cores exhibit a soft saturation, allowing some relaxation in the
saturation current rating of the inductor. However, powered iron cores have more core losses at frequencies
typically above 1MHz. To avoid subharmonic oscillation, the inductance value must not be less than that given in
. 6. The maximum inductance is limited by the minimum current ripple required for the current mode control to
perform correctly. As a rule, the minimum inductor ripple current must be no less than about 10% of the device
maximum rated current under nominal conditions.

1> (i) (6)

fsw X IRATED
8.2.2.4 Output Capacitor Selection

The output capacitor value and ESR determine the output voltage ripple and load transient performance. The
output capacitor is usually limited by the load transient requirements rather than the output voltage ripple. & 8-2
can be used to find capacitor values for Coyt and Cgf for a few common applications. Note that 4.99kQ Rgr can
be used in series with Cg to limit high frequency noise into the FB pin. In this example, 3.3Vgoyt and 2.1MHz,
good transient performance is desired. From the table select 3 x 22uF ceramic as the output capacitor and 10pF
as Cgg. For other voltage a frequency combinations Cout can be estimated using the desired crossover
frequency (fx) and output voltage. Crossover is usually limited by the sampling pole created from the switching
frequency. Thus, the crossover is usually a percentage such as 1/10th the switching frequency.

# 8-2. Selected Output Capacitor and Cgg Values

R lour PETS:%NRSJE\':LE . 3.3V OUTPUT 5V OUTPUT
our (per phase) Crr Cout Crr
400kHz 6A Minimum 3 x 47uF ceramic 2 x 47uF ceramic
400kHz 6A Better Transient 4 x 47uF ceramic 10pF 3 x 47uF ceramic 10pF
2.1MHz 6A Minimum 3 x 22uF ceramic 2 x 22uF ceramic
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# 8-2. Selected Output Capacitor and Cgg Values (ftX)

TRANSIENT 3.3V OUTPUT 5V OUTPUT
AR E G lour PERFORMANCE
Court (per phase) Crr Cout Crr
2.1MHz 6A Better Transient 4 x 22uF ceramic 10pF 3 x 22uF ceramic 10pF

8.2.2.5 Input Capacitor Selection

The ceramic input capacitors provide a low impedance source to the regulator in addition to supplying the ripple
current and isolating switching noise from other circuits. A minimum of 10uF ceramic capacitance is required at
each input, ground pin pair of the LM644A2-Q1. Use 2 x 10uF ceramic capacitance or more for better EMI
performance. This must be rated for at least the maximum input voltage that the application requires. Having
twice the maximum input voltage to reduce DC bias derating is preferable. This capacitance can be increased to
help reduce input voltage ripple and maintain the input voltage during load transients. In addition, a small case
size (0603 or 0402) ceramic capacitor can be used at each input, ground pin pair, VIN1/PGND1 and VIN2/
PGND2. The capacitor must also have an X7R or better dielectric. Choose the highest capacitor value with these
parameters. This choice provides a high frequency bypass to reduce switch-node ring and electromagnetic
interference emissions. The eQFN (VBG) package provides two input voltage pins and two power ground pins
on opposite sides of the package. This allows the input capacitors to be split and placed optimally with respect to
the internal power MOSFETSs, thus improving the effectiveness of the input bypassing. This example places two
10uF, 50V, 1206, X7R ceramic capacitors and two 0.1uF, 50V, 0402, X7R ceramic capacitors at each VIN/PGND
pin pair.

Often, using an electrolytic capacitor on the input in parallel with the ceramics is desirable. This action is
especially true if long leads/traces are used to connect the input supply to the regulator. The moderate ESR of
this capacitor can help dampen ringing on the input supply caused by the inductance of the long power leads.
The use of this additional capacitor also helps with momentary voltage dips caused by input supplies with
unusually high impedance.

Most of the input switching current passes through the ceramic input capacitors. The approximate worst case
RMS value of this current can be calculated with = 7. This value must be checked against the manufacturer
maximum ratings.

- Vour
Irms = Iout X ( VN ) (7)
8.2.2.6 BOOT Capacitor

The LM644A2-Q1 requires a bootstrap capacitor connected between the CBOOT pin and the SW pin. This
capacitor stores energy which is used to supply the gate drivers for the power MOSFETs. Tl recommends a
high-quality, 100nF ceramic capacitor with a rating of at least 10V.

8.2.2.7VCC

The VCC pin is the output of the internal LDO used as a supply to the internal control circuits of the regulator.
This output requires a 1uF, 10V, X7R or similar, 0603 or similar ceramic capacitor connected from VCC to AGND
for proper operation. Generally avoid loading this output with any external circuitry. However, this output can be
used to supply the pullup for the PG pin (see &7 a2 7.3.7) as well as configuring the FB pin for fixed output
voltages. A pullup resistor with value of 100kQ is a good choice in this case. The nominal output voltage on VCC
is 3.3V.

8.2.2.8 Cgr and Rgf Selection

A feedforward capacitor, Cgg, on the order of tens of picofarads and no bigger than 15nF, can be used to
improve phase margin and transient response of circuits which have output capacitors with low ESR and tight
voltage margin requirements. Because this Cgr capacitor can conduct noise from the output of the circuit directly
to the FB node of the IC, a 4.99kQ resistor, Rggr, can be placed in series with Cgg to lower high frequency
susceptibility when used. If the ESR zero of the output capacitor is below 200kHz, no Cgg must be used. In
general, the Cff capacitor can be sized to add phase boost slightly above the desired crossover frequency.
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If output voltage is less than 2.5V, Cg has little effect, so can be omitted. If output voltage is greater than 14V,
Crr must be used cautiously because Cgg can easily introduce too much gain at higher frequencies.

If 1IMQ is selected for RegT, then a feedforward capacitor Cg is usually required to offset parasitic capacitance in
PCB construction.

8.2.2.9 SYNCHRONIZATION AND MODE

The SYNC pin allows you to synchronize the converter to an external clock voltage (SYNC). The pin also allows

the selection between two modes. The following are the selectable modes:

» Forced pulse width modulation (FPWM) operation, which operates at a fixed frequency at all loads in typical
operation

* Auto mode which automatically switches to pulse-frequency modulation (PFM) at light loads to improve light-
load efficiency

Connect the SYNC pin to VCC through a 10kOhm resistor for FPWM. Connect to ground for PFM. You can also
apply a clock signal to synchronize the switching frequency to an external clock. See &7 2> 7.3.4 for more
information.

8.2.2.10 External UVLO

In some cases, the user can need an input undervoltage lockout (UVLO) level different than that provided
internal to the device. This need can be accomplished by using the circuit shown in [X| 7-2. The input voltage at
which the device turns on is designated Vgn while the turn-off voltage is Vogg. First, a value for Rgng is chosen
in the range of 10kQ to 100kQ, then =X 1 is used to calculate RgnT and Vork.

8.2.2.11 Typical Thermal Performance

The dual thermal pads of the LM644A2-Q1 allow the part to be cooled through the PCB and with a top side
heatsink to extend the temperature range of the device. However, as with any power conversion device, the
LM644A2-Q1 dissipates internal power while operating, so careful design of the thermal environment is
important. The effect of this power dissipation is to raise the internal temperature of the converter above ambient
temperature. The internal die temperature (T) is a function of the following:

* Ambient temperature

* Power loss

» Effective thermal resistance, Rga of the device

» PCB layout

The maximum internal die temperature for the LM644A2-Q1 must be limited to 150°C. This limit establishes a
limit on the maximum device power dissipation and, therefore, the load current. The following equation shows
the relationships between the important parameters. Larger ambient temperatures (Ta) and larger values of Rgja
reduce the maximum available output current. For low ambient temperature designs the converter efficiency can
be estimated by using the curves provided in the Application Curves section. If the desired operating conditions
cannot be found in one of the curves, then the junction temperature can be roughly estimated using the EVM
thermal performance as a starting point. Alternatively, the EVM can be adjusted to match the desired application
requirements and the efficiency can be measured directly. The correct value of Rgya is more difficult to estimate.
As stated in the Semiconductor and IC Package Thermal Metrics application note, the JEDEC value of Rgjp
given in the electrical characteristics table is not always valid for design purposes and must not be used to
estimate the thermal performance of the device in a real application. Additionally, adding a heatsink to the top of
the package will create a parallel thermal path through Rg ctop) @and lower Rg a accordingly. The values reported
in the electrical characteristics table were measured under a specific set of conditions that are rarely obtained in
an actual application.

9)

I _ T] —Ta x -1 % 1
OUT_MAX = \"Rgja = (@—n ~ Vour
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where

n = efficiency

Ta = ambient temperature

T, = junction temperature

Rgya = the effective thermal resistance of the IC junction to the air, mainly through the PCB

The effective Rgyp is a critical parameter and depends on many factors (just to mention a few of the most critical
parameters:

Power dissipation

Air temperature

Airflow

PCB area

Copper heat-sink area

Number of thermal vias under or near the package
Adjacent component placement

A typical curve of maximum output current versus ambient temperature is shown in [X] 8-3 and [X] 8-4 for a good
thermal layout. This data is calculated using the Rg p of the EVM without a heatsink and adding the calculated
effect of a HSB43-454515P heatsink under either natural convection or airflow conditions. Remember that the
data given in these graphs are for illustration purposes only, and the actual performance in any given application
depends on all of the previously mentioned factors.

Temperature, V|y = 12V Fgyw = 400kHz, Dual Output | Temperature, V|y = 24V Fgy = 400kHz, Dual Output

LM644A2

LM644A2
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8-5. Typical Output Current versus Ambient
Temperature, Vg = 12V Fgy = 1MHz, Dual Output
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8-6. Typical Output Current vs Ambient
Temperature, V|y = 24V Fgy = 1MHz, Dual Output
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Use the following resources as a guide to excellent thermal PCB design and estimating Rgja for a given

application environment:

* Thermal Design by Insight not Hindsight application note
* A Guide to Board Layout for Best Thermal Resistance for Exposed Pad Packages application note
» Semiconductor and IC Package Thermal Metrics application note

* Quick Reference Guide To Tl Buck Switching DC/DC application note
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8.2.3 Application Curves

Unless otherwise specified, the following conditions apply: Device: LM644A2-Q1, Viy = 13.5V, Tp = 25°C. The
circuit is shown in 8-1, and 8-2 with the appropriate BOM from # 8-3. No heatsink was attached during
radiated emissions tests.
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Vour =5V  Fgw=2.1MHz FPWM mode Dual Output Vour =3.3V  Fsw=2.1MHz Auto mode  Dual Output
8-23. Efficiency 8-24. Efficiency
Vout=3.3V Fsw=2.1MHz AUTO Vour=3.3V Fsw=2.1MHz FPWM
100 100
95 95
% —T _‘\\ /’f—h_\k\
90
S — - T 8 / —
I S N e WP AP ———
c
S 5 / /
& 75 5 7
— Vin=8V / — V=8V
70 — V=12V 70 — V=12V
— V=16V / — V=16V
65 — V|N=24V 65 — V=24V
— V|\=36V I / — V=36V
60 60
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Output Current [A] Output Current [A]
Vour=3.3V Fgw=21MHz Auto mode  Dual Output Vour=3.3V Fgw=2.1MHz FPWM mode Dual Output
8-25. Efficiency 8-26. Efficiency
44 BHEHZBTT 57— RN 2 (ZE SRR GPH) &35 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: LM644A2-Q1
English Data Sheet: SNVSCW3


https://www.ti.com/product/jp/lm644a2-q1?qgpn=lm644a2-q1
https://www.ti.com/jp/lit/pdf/JAJSVQ2
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSVQ2&partnum=LM644A2-Q1
https://www.ti.com/product/jp/lm644a2-q1?qgpn=lm644a2-q1
https://www.ti.com/lit/pdf/SNVSCW3

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

LM644A2-Q1
JAJSVQ2 — NOVEMBER 2024

Vout=3.3V Fsw=2.1MHz FPWM

3.35

Output Voltage [V]
w
w

— V=8V
— V=12V
— Vin=24V

3.25

0 1 2 3 4 5 6
Output Current [A]

Vour =33V Fgw =2.1MHz FPWM mode Single Output
8-27. Load and Line Regulation

Vout=3.3V Fsw=2.1MHz AUTO

335
N
= Rl
S
) NS
B
S 33
3
g
=3
S
— V=8V
— V=12V
— Vin=24V
325
0.0001 0.001 0.010.02 0.050.1 02 05 1

Output Current [A]
Voutr=3.3V Fsw=2.1MHz Auto mode Single Output

8-28. Load and Line Regulation

Vour=3.3V Fsw=2.1MHz FPWM

3.35
=
[}
o
S
S 33
= iy
=
5
1]
— V=8V
— V=12V
— Vin=24V
3.25
0 1 2 3 4 5 6

Output Current [A]
Voutr =3.3V Fsw=2.1MHz FPWM mode Dual Output

8-29. Load and Line Regulation

Vout=3.3V Fsw=2.1MHz AUTO

3.35
‘H:;E:\
N
= N
(o]
j=2}
= N
S 33
5
i3
=]
o
— V|in=8V
— V=12V
— V|in=24V
3.25
0.0001 0.001 0.010.02 0.050.1 0.2 05 1

Output Current [A]
Voutr =3.3V Fsw=2.1MHz Auto mode

8-30. Load and Line Regulation

Dual Output

Vour=5V Fsw=2.1MHz FPWM

5.05
=
(o)
o
S
S 5
s
Qo
=] —
o
— V=8V
— V=12V
— V=24V
4.95
0 1 2 3 4 5 6

Qutput Current [A]
Vour=5V Fsw=2.1MHz FPWM mode Dual Output

& 8-31. Load and Line Regulation

Vout=5V Fsw=2.1MHz AUTO

5.1
5.05 S =y
> n!i:\
N
g N
S 5
=]
2
=
o
4.95
— Vin=8V
— Vin=12V
— Vin=24V
4.9
0.0001 0.001 0.010.02 0.050.1 0.2 05 1

Output Current [A]
Vour=5V Fgw=2.1MHz Auto mode

X 8-32. Load and Line Regulation

Dual Output
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Vour=5V Fsw=400kHz FPWM Vout=5V Fsw=2.1MHz FPWM
500 2.6
450 24
= 400 w22 7
N N 2
£ 250 / | z . yavs
2 300 | | g 16 // / u /
g 250 [ | g 14 /S 1/
- ] £ 12 y
2 200 o 1 /
5 150 I l / S 08 L L S
3 100 / / & 06
— lour=1oma 04 / / — lour=toma
52 —_ I231=12A 0.2 i// —_ |83;12A
4.5 5 5.5 6 6.5 7 7.5 %5 5 55 6 6.5 7 75
Input Voltage [V] Input Voltage [V]
Vour =5V Fsw =400kHz FPWM mode Single Output Vour =5V  Fsw=2.1MHz FPWM mode Single Output
B 8-33. Dropout Eq 8-34. Dropout
Vour=3.3V Fsw=400kHz FPWM Vour=3.3V Fsw=2.1MHz FPWM
500 2.6
450 24
= 400 w 22 7
N N 2
Z 300 [ 1/ 2 y A A4
g [ ] 1/ 5 /7
$ 300 l I I g !° / /
= 3 14
g 250 | ] [ 212 VA 4
= 20 E 1 / /7
Sl | [ - A A4
(% 100 I / § 0.6
[~ — lour=10mA b 4 /1 / — lour=10mA
50 — lout=6A : / 1/ —— louT=6A
. — lout=12A 0.2 7—] — lout=12A
3 35 4 4.5 5 5.5 % 35 4 45 5 55
Input Voltage [V] Input Voltage [V]
Vour =33V Fsw =400kHz FPWM mode Single Output Vour=3.3V  Fgw=2.1MHz FPWM mode Single Output
[ 8-35. Dropout ] 8-36. Dropout
EN 2V/DIV
7 ';u,,w?' DIV B — ILOUT 5A/ DIV
ST |
\I/OUT_z ;’X F\jwf g?o":/z S{"“tlo ’gofe t Vour = 5V Fsw = 400kHz FPWM mode
out = IN= 910 ingle Lulpu lout = 100mA Viy = 13.5V Dual Output
| 8-37. .
8-37. Dropout Recovery K 8-38. Start-Up With 100mA Load
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EN1&EN2 5V / DIV,

EN 2V/DIV

ILOUT 5A7 DIV I
ILOUT2 2A/ DIV
00 s :s

ILOUT1 2A/ DIV,

o
-
o i
oo

FPWM mode

Vour = 3.3V Fsw = 400kHz FPWM mode Vour = 3.3V Fsw = 400kHz
lour = 100mA Vin = 13.5V Dual Output lout = 12A Vi = 13.5V Single Output
8-39. Start-Up With 100mA Load 8-40. Start-Up With 12A Load

SS2V/ DIV \

E \ NSRS P, " e o
ILOUT 5A/ DIV
" i\
ILOUT1 5A/ DIV .
ILOUT2 5A/ DIV \
2 3 N

Auto mode

VOUT =3.3V FSW = 400kHz Auto mode VOUT1 =3.3V FSW = 400kHz
lout = OA to short VN = 13.5V Single Output louT = OA to short Vin = 13.5V Dual Output
circuit circuit
8-41. Short-Circuit Protection B 8-42. Short-Circuit Protection

ILOUT2 5A/ DIV 'x/

SS 2v/DIV
ILOUT1 5A/ DIV /Z\ ILOUT 5A/ DIV
[

Auto mode

Vouyr = 3.3V Fsw = 400kHz Auto mode Vour = 3.3V Fsw = 400kHz
loyT = short circuit VN = 13.5V Single Output loyT = short circuit VN = 13.5V Dual Output
to OA to OA
8-43. Short-Circuit Hiccup 8-44. Short-Circuit Hiccup
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VOUT 0.1V/ DIV

\ \
[ 4 |

I0UT 5A/ DIV
LT T Ty
Vout =5V Fsw =2.1MHz FPWM mode
lout = 100mA to 6A VN = 13.5V Dual Output
to 100mA

B 8-45. Load Transient

VOUT 0.2V / DIV

\ \

[ [ |

IOUT 5A /- DIV.

Vour = 5V Fsw = 400kHz FPWM mode

lout = 100mA to 6A VN = 13.5V Dual Output
to 100mA

8-46. Load Transient

‘ v |

/ IOUT 5A/ DIV

VOUT 0.1V./ DIV

B 8-49. Load Transient

IOUT 5A/ DIV
‘ T D s s B o s s
VOUT =5V FSW = 400kHz Auto mode VOUT =5V FSW = 400kHz FPWM mode
IOUT = 100mA to 6A VIN =13.5V Dual OUtpUt IOUT =3Ato6A to VIN =13.5V Dual OUtpUt
to 100mA 3A
B 8-47. Load Transient 8-48. Load Transient
VOUT 0.1V / DIV VOUT 0.2V// DIV
d \ A\, o «K_____V_____A
/ i . I
IOUT 5A/ DIV IOUT 5A/ DIV
VOUT =3.3V FSW =2.1MHz FPWM mode VOUT =3.3V FSW =2.1MHz Auto mode
lout = 100mA to 6A VN = 13.5V Dual Output lout = 100mA to 6A VN = 13.5V Dual Output
to 100mA to 100mA

8-50. Load Transient
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VOUT 0.1V/ DIV

A\ A\
s |4

IOUT 5A/ DIV

Vour = 3.3V Fsw = 2.1MHz FPWM mode

lour = 3A to BA to Vin = 13.5V Dual Output
3A

B 8-51. Load Transient

VOUT 0.2V / DIV

o A\ A\l
/ 4

IOUT 5A/ DIV

Fsw = 400kHz FPWM mode

VOUT =3.3V
lour = 100mAto 6A Vg = 13.5V Dual Output
to 100mA

8-52. Load Transient

VOUT 0.2V./DIV.

= AR B !
/ V |

(

IOUT 5A/ DIV

Vourt = 3.3V Fsw = 400kHz Auto mode
lour = 100mAto 6A Vi = 13.5V Dual Output
to 100mA

B 8-53. Load Transient

VOUT 0.1V /DIV

IOUT 5A/ DIV

Fsw = 400kHz FPWM mode

VOUT =3.3V
louT = 3A to BA to Vin = 13.5V Dual Output
3A

8-54. Load Transient

VOUT 0.2V / DIV

| N\
| v !

IOUT 5A/ DIV

FPWM mode

VOUT =3.3V FSW = 400kHz
loutr =4Ato 12A to VN = 13.5V Single Output
4A

B 8-55. Load Transient

VOUT 0.2V / DIV

N S

TOUT 5ATDIV

Fsw = 400kHz FPWM mode

VOUT =3.3V
lout = 6Ato 12A to VN = 13.5V Single Output
4A

8-56. Load Transient
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Level in dBV/m

aom

200m
Frequency in Hz

oM
Frequency in Hz

oL

VOUT = 33V FSW = 2100kHZ IOUT = 12A VOUT = 33V FSW = 2100kHZ IOUT = 12A

Frequency tested: 150kHz to 30MHz Frequency tested: 30MHz to 200MHz
8-57. Single Output Monopole Radiated B 8-58. Single Output Bicon Radiated Emissions

Emissions vs CISPR25 Class 5 Limits (Orange: vs CISPR25 Class 5 Limits (Orange: Peak Signal,
Peak Signal, Red: Average Signal, Green: Quasi- Red: Average Signal, Green: Quasi-Peak Signal)

Peak Signal)
e . —— ] : —
Vourt = 3.3V Fsw = 2100kHz lout = 12A Vout =3.3V Fsw = 2100kHz lout = 12A
Frequency tested: 200MHz to 1000MHz Frequency tested: 1000MHz to 2500MHz

Eq 8-59. Single Output Log Radiated Emissions vs 8-60. Single Output Horn Radiated Emissions vs
CISPR25 Class 5 Limits (Orange: Peak Signal, Red: | CISPR25 Class 5 Limits (Orange: Peak Signal, Red:

Average Signal, Green: Quasi-Peak Signal) Average Signal, Green: Quasi-Peak Signal)
@ RBW (QPK) 9 kHz MT 1s ® RBW (QPK) 120 kHz MT 1s
Y T T —— ) T T
70 a8
R — S0 dey!
40 dBy/
30 ey : ELE T
20 dBy - 20.dap N l - —
10 cei 3 E o
[ Start 150.0kHz _ _ — —_stopa n.u'r»ﬁz” Start 30.0 MHZ . Stop 108.0 MHZ
Vour = 3.3V Fsw = 2100kHz lout = 12A Vour = 3.3V Fsw = 2100kHz louT = 12A
Frequency tested: 150kHz to 30MHz Frequency tested: 30MHz to 108 MHz

B 8-61. Single Output Conducted Emissions vs B 8-62. Single Output Conducted Emissions vs
CISPR25 Class 5 Limits (Orange: Peak Signal, Red: | CISPR25 Class 5 Limits (Orange: Peak Signal, Red:
Average Signal, Green: Quasi-Peak Signal) Average Signal, Green: Quasi-Peak Signal)
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Vour = 3.3V Fsw = 2100kHz lout = 12A Vout = 3.3V Fsw = 2100kHz lout = 12A
Frequency tested: 150kHz to 30MHz Frequency tested: 30MHz to 200MHz
8-63. Dual Output Monopole Radiated ¥ 8-64. Dual Output Bicon Radiated Emissions vs
Emissions vs CISPR25 Class 5 Limits (Orange: |CISPR25 Class 5 Limits (Orange: Peak Signal, Red:
Peak Signal, Red: Average Signal, Green: Quasi- Average Signal, Green: Quasi-Peak Signal)
Peak Signal)
Vour = 3.3V Fsw = 2100kHz lout = 12A Vour = 3.3V Fsw = 2100kHz lout = 12A
Frequency tested: 200MHz to 1000MHz Frequency tested: 1000MHz to 2500MHz

8-65. Dual Output Log Radiated Emissions vs 8-66. Dual Output Horn Radiated Emissions vs
CISPR25 Class 5 Limits (Orange: Peak Signal, Red: | CISPR25 Class 5 Limits (Orange: Peak Signal, Red:

Average Signal, Green: Quasi-Peak Signal) Average Signal, Green: Quasi-Peak Signal)
B B s | R e
Limit Chelk 10 MHz ISPRARIER LIN 100 MHz
it
s || 70
N w0
30 By i 30 B I J
20 } “ “ 2 l
10 ey ! : 10 dBv
start 150.0kHz A - - stopaona MH;- Start 30.0 MHZ Stop 108.0 MHz
Vout = 3.3V Fsw = 2100kHz lout = 12A Vour = 3.3V Fsw = 2100kHz lout = 12A
Frequency tested: 150kHz to 30MHz Frequency tested: 30MHz to 108 MHz

EJ 8-67. Dual Output Conducted Emissions versus | [ 8-68. Dual Output Conducted Emissions versus
CISPR25 Class 5 Limits (Orange: Peak Signal, Red: | CISPR25 Class 5 Limits (Orange: Peak Signal, Red:

Average Signal, Green: Quasi-Peak Signal) Average Signal, Green: Quasi-Peak Signal)
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78279225101 XEL5030-102MEB

N+ D_fww D N
22nF |22nF |22uF [224F + |47wF  [224F [224F

IN- GND

Eq 8-69. Recommended Input EMI Filter

# 8-3. BOM for Typical Application Curves

Vour | FREQUENCY Rras Cour EACH PHASE | Cyy + e EACH PHASE L CFFFO%‘G.?%?TABLE
3.3V 400kHz 32.4kQ 47 + 220F 2 x 10uF + 1 x 100nF 2.8uH 10pF
3.3V 2200kHz 32.4kQ 47 + 220F 2 % 10uF + 1 x 100nF 1uH 10pF

5V 400kHz 19.1k0 47+ 220F 2 x 10F + 1 x 100nF 2.8uH 10pF

5V 2200kHz 19.1kQ 47 + 220F 2 % 10F + 1 x 100nF 1oH 10pF

8.3 Power Supply Recommendations

The characteristics of the input supply must be capable of delivering the required input current to the loaded
regulator. The average input current can be estimated with = 10.

1 \Y
IIN = —O}IJT X (_SILIJ\IT ) (10)

where
* nis the efficiency

If the regulator is connected to the input supply through long wires or PCB traces, special care is required to
achieve good performance. The parasitic inductance and resistance of the input cables can have an adverse
effect on the operation of the regulator. The parasitic inductance, in combination with the low-ESR ceramic input
capacitors, can form an underdamped resonant circuit. This can result in overvoltage transients at the input to
the regulator or tripping UVLO. Consider that the supply voltage can dip when a load transient is applied to the
output depending on the parasitic resistance and inductance of the harness and characteristics of the supply. If
the application is operating close to the minimum input voltage, this dip can cause the regulator to momentarily
shut down and reset. The best way to solve these kinds of issues is to reduce the distance from the input supply
to the regulator. Additionally, use an aluminum input capacitor in parallel with the ceramics. The moderate ESR
of this type of capacitor helps damp the input resonant circuit and reduce any overshoots or undershoots. A
value in the range of 20uF to 100uF is usually sufficient to provide input damping and help hold the input voltage
steady during large load transients.

In some cases, a transient voltage suppressor (TVS) is used on the input of regulators. One class of this device
has a snap-back characteristic (thyristor type). Tl does not recommend to use a device with this type of
characteristic. When the TVS fires, the clamping voltage falls to a very low value. If this voltage is less than the
output voltage of the regulator, the output capacitors discharge through the device back to the input. This
uncontrolled current flow can damage the device.

The input voltage must not be allowed to fall below the output voltage. In this scenario, such as a shorted input
test, the output capacitors discharge through the internal parasitic diode found between the VIN and SW pins of
the device. During this condition, the current can become uncontrolled, possibly causing damage to the device. If
this scenario is considered likely, then use a Schottky diode between the input supply and the output.

8.4 Layout
8.4.1 Layout Guidelines

The PCB layout of any DC/DC converter is critical to the excellent performance of the design. Bad PCB layout
can disrupt the operation of an otherwise good schematic design. Even if the converter regulates correctly, bad
PCB layout can mean the difference between a robust design and one that cannot be mass produced.
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Furthermore, the EMI performance of the regulator is dependent on the PCB layout to a great extent. In a buck
converter, the most EMI-critical PCB feature is the loop formed by the input capacitor or capacitors and power
ground. This loop is shown in 8-70. This loop carries large transient currents that can cause large transient
voltages when reacting with the trace inductance. Excessive transient voltages can disrupt the proper operation
of the converter. Because of this, the traces in this loop must be wide and short while keeping the loop area as
small as possible to reduce the parasitic inductance. [X| 8-71 shows a recommended layout for the critical
components of the LM644A2-Q1 circuit.

Place the input capacitor or capacitors as close as possible to the input pin pairs: VIN1 to PGND1 and VIN2
to PGND2. Place the small capacitors closest. Each pair of pins are adjacent, simplifying the input capacitor
placement. With the QFN package, there are two VIN/PGND pairs on either side of the package. This
provides a symmetrical layout and helps minimize switching noise and EMI generation. Use a wide VIN plane
on a mid-layer to connect both of the VIN pairs together to the input supply. Route symmetrically from the
supply to each VIN pin to best use the benefits of the symmetric pinout.

Place the bypass capacitor for VCC close to the VCC pin and AGND pin: This capacitor must be routed with
short, wide traces to the VCC and AGND pins.

Place the CBOOT capacitors as close as possible to the device with short, wide traces to the CBOOT and
SW pins: Make sure to route the SW connection with a short wide trace to handle the current, but not longer
than necessary to avoid generating common mode noise.

Place the feedback divider as close as possible to the FB pin of the device: Place Regg, RrgT, CrF if Uused,
and Rgf if used, physically close to the device. The connections to FB and AGND through Rggg must be short
and close to those pins on the device. The connection to Voyt can be somewhat longer. However, this latter
trace must not be routed near any noise source (such as the SW node) that can capacitively couple into the
feedback path of the regulator.

Make layer 2 of the PCB a ground plane: This plane acts as a noise shield and as a heat dissipation path.
Using layer 2 reduces the enclosed area in the input circulating current in the input loop, reducing inductance.
Provide wide paths for Vi, Voyt, and GND: These paths must be as wide and direct as possible to reduce
any voltage drops on the input or output paths of the converter to maximize efficiency.

Provide enough PCB area for proper heat sinking: Enough copper area must be used to make sure a low
Rgya, considering maximum load current and ambient temperature. Make the top and bottom PCB layers with
two-ounce copper and no less than one ounce. If the PCB design uses multiple copper layers
(recommended), thermal vias can also be connected to the inner layer heat-spreading ground planes. Note
that the package of this device dissipates heat through all pins. Wide traces can be used for all pins except
where noise considerations dictate minimization of area.

Keep the switch area small: Keep the copper area connecting the SW pin to the inductor as short and wide
as possible. At the same time, the total area of this node must be minimized to help reduce radiated EMI.

VIN1
I Py

HS
FET

L A

PGND1

B4 8-70. Input Current Loop

8.4.1.1 Ground and Thermal Considerations

As mentioned above, Tl recommends using one of the middle layers as a solid ground plane. A ground plane
provides shielding for sensitive circuits and traces. A ground plane also provides a quiet reference potential for
the control circuitry. The AGND and PGND pins must be connected to the ground planes using vias next to the

Copyright © 2024 Texas Instruments Incorporated BHEHZBTT 57— RN 2 (BB GPY) &85 53

Product Folder Links: LM644A2-Q1
English Data Sheet: SNVSCW3


https://www.ti.com/jp
https://www.ti.com/product/jp/lm644a2-q1?qgpn=lm644a2-q1
https://www.ti.com/jp/lit/pdf/JAJSVQ2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSVQ2&partnum=LM644A2-Q1
https://www.ti.com/product/jp/lm644a2-q1?qgpn=lm644a2-q1
https://www.ti.com/lit/pdf/SNVSCW3

13 TEXAS
LM644A2-Q1 INSTRUMENTS
JAJSVQ2 — NOVEMBER 2024 www.ti.com/ja-jp

bypass capacitors. PGND pins connect directly to the grounds of the input and output capacitors. The PGND net
contains noise at the switching frequency and can bounce due to load variations. The PGND trace, as well as
the VIN and SW traces, must be constrained to one side of the ground plane. The other side of the ground plane
contains much less noise and can be used for sensitive traces.

Tl recommends providing adequate device heat sinking by using vias near PGND and VIN pins to connect to the
system ground plane or V| strap, both of which dissipate heat. Use as much copper as possible for the system
ground plane on the top and bottom layers and avoid plane cuts and bottlenecks for the heat flow for the best
heat dissipation. Use a four-layer board with the copper thickness for the four layers, starting from the top as:
20z / 10z / 10z / 20z. A four-layer board with enough copper thickness and proper layout provides low current
conduction impedance, proper shielding, and low thermal resistance.

8.4.2 Layout Example

Legend VLoAD1 VLoaD2

- Top layer B B b .
Il Layer-2 ground
Top solder

Place output capacitors
adjacent to the inductor

Output capacitors Output capacitors

Inductor Inductor

Keep the switch node
copper area small

Place Cgoor
close to the IC

Place Cyn-nr2 next
to the Cvinnri

Place Cyin.rit
close to the IC

Connect AGND, PGND1,
PGND2, PGND3 directly to
the DAP/EP on the top layer

Place Rees, Rrr, Cvce,
Cuosns close to the IC

)
z
@
Q
3
o
o

X

8-71. Layout Example
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9 Device and Documentation Support

9.1 Device Support

911 ¥ — R - N—FrBEICET SEEEFR

PR =T AL ET T — BRI T 2T R ARV AY ORI, IR ET T T YR AR LA
YO P —ERE—FEICRE SN DG A I BIRR =R =T A L E T T — B ADE A VEIC R 5 2R
—R =T L F T —EAD R ORI L BRI 5D TIEHVEE A,

9.2 Documentation Support

9.2.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Thermal Design by Insight not Hindsight application note

» Texas Instruments, A Guide to Board Layout for Best Thermal Resistance for Exposed Pad Packages
application note

» Texas Instruments, Semiconductor and IC Package Thermal Metrics application note

» Texas Instruments, Quick Reference Guide To TI Buck Switching DC/DC application note

9.3 R+ AV MOEFBEMEZITMSAHiE

R 2 A D EH IOV T ORI EZ T EDITIE ., www.tij.co.jp DT /A AR 7 4 V2 % BV TLIE S, @] 27
Uo7 L TRERTHE, BREINT- TR TCOBERICET I AV AN FRZITAZENTEET, BEOFEMIZ
O, WRTENZRF 2 A MIEEN TWAUGETEREZ B IEE0,

9.4YKR—F-UY—2R

FXY AR AL A ILALY E2E™ R —F T —F AT, T U= T RERER D EIE L EH BT A M RoR
—IPLRGEN D EESAZENTEXALET T, BEFEORIEERR LD, ME OEME LIV 52T, i
X eI ENTEET,

Vo733 7o V0d, FEREICIVIBUROEE IS NIHOTT, TNOHIRTF TR A AV LAY D
BERHER TALDTIIRL, ST L TR R A AV LAY O RRE KM LTS DOTIEHVER A, T H R AR
A DER G EZRLTIESN,

9.5 Trademarks

HotRod™ and 7 &AL AV )L A E2E™ are trademarks of Texas Instruments.

TRCOBEE L, TN T EE IIRBLET,

9.6 HESNEICET 3 EEEIE

ZD IC 1%, ESD IZho THEIE T A AREMENRHVE S, TR AL AV LAV T, IC B BT ISl e B o2&

A EAERLET, ELOROIRO B L ORBFIECIEDRV A, 7 A 2B T 5B Z b T,
A\ ESD ICEAMHAIE, DT DR MREE T DT A AD TR/ £ CHIGI D0 E T, K72 IC DG, /$TA—ZHD T
BT BT TARS TSN OANS TR D BT, IR AT Ao TOET,
9.7 A&
FXP R AL AV VALY FEE ZORFEEICIE, HECIKGED BB X OERS SN TWET,
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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 ©)
@ ©)
LM644A2QVBGRQ1 Active Production WQFN-FCRLF 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 LM644A2
(VBG) | 24
LM644A2QVBGRQ1.A Active Production WQFN-FCRLF 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 LM644A2
(VBG) | 24
LM644A2QVBGRQ1.B Active Production WQFN-FCRLF 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 LM644A2
(VBG) | 24

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

@ Mmaterial 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
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. 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 | 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 O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
LM644A2QVBGRQ1 WQFN- VBG 24 3000 330.0 12.4 4.3 53 1.3 8.0 12.0 Q1
FCRLF
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PACKAGE MATERIALS INFORMATION
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www.ti.com 22-Dec-2024
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM644A2QVBGRQL1 WQFN-FCRLF VBG 24 3000 346.0 346.0 33.0
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VBGO0024A

PACKAGE OUTLINE

WQFN-FCRLF - 0.8mm max height

PLASTIC QUAD FLATPACK - NO LEAD

I

[A]

A
PIN 1 INDEX AREA/
355 5.1
EXPOSED DIE———_| 345 49
f 0.1 MIN
|
: oy b
2X (0.75)
SECTION A-A
! # 245 L 0.05 TYPICAL
¢ .
EXPOSED 4x[16 ﬁ e (0.035) 10X '35 (0.1) TYP
THERMAL PAD -
2X[0.775 H=—n | TYP 010 [C|A|B — (0.2) TYP
1 8] 1 @ foosm |c I
0.65 7
A N 0 e i
} f
x[ors] | ‘ - m
N = m
= | F =1
T [0
s | A A
—d— 11—+ - —f - 24+01 0
‘ T [
| 1
2xm ' [ M === [
T’*"B ? B m
L axos] 2x[os] i
m@\cms\ m @ Q@Eo—{
4 0.05@) ‘C‘ 24 ‘ H ‘
2x[0.775] 2x[0575]
PINLI
2x[0.05] 2x [0.525]
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
VBGO0024A WQFN-FCRLF - 0.8mm max height

PLASTIC QUAD FLATPACK - NO LEAD

~— (1.4) —

DETAIL
‘ 1ox (0.4)

| BAES
‘ I
i ! ‘ i 4X (2.1)
o | W“”ﬂ“fﬂ o | O
‘ |
|
|

W 4X (0.8) |=— P(*EG SEE SOLDER MASK

j ]

4% (0.8) 2X(0.75)

[}

4

1
i |
18X (0.25) J‘ 2X (0 75) E

25 | 8X (0.5) SYMM

EB 4‘»/®ED;L)¢ (4.6)
| —

| |
oy \ |—— ==
| =

(R0.05) TYP ‘ !
7 ] E ‘ H 12
.M. { J
2X
(0.775)
2X (0.05) —= — 2X (0.525)
=— 4X (1.6)
(3.6)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X

0.05 MIN
0.05 MAX W
ALL AROUND r ALL AROUND T
METAL UNDER

METAL EDGE 1 ; SOLDER MASK
|
! I
! \
|

EXPOSED METAL T\ SOLDER MASK EXPOSED/ | SOLDER MASK
OPENING METAL | | OPENING
NON SOLDER MASK
DEFINED SOLDER MASK DEFINED

(PREFERRED)
SOLDER MASK DETAILS

4230163/B  12/2023

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
VBGO0024A WQFN-FCRLF - 0.8mm max height

PLASTIC QUAD FLATPACK - NO LEAD

le— 2X (1.3) —

4X (0.8) PG
o W 10X (0.4)

} f o
4X (0.8) 2X(0.75) ‘ - 20
i t 1! , —
r—‘ﬁ |
I —— dj 4X (2.1)
2X (0.625) + 18X (0.8)4'——'——‘ r,—‘/ﬁ i]
: — T |
J‘ 2X ((T) 75) | | t
18X (0.25) ‘ w | 25 \ 8X (0.5) | symm
R =TT —o=r o St
! (4.6)
— [
| @ CD (0.63)
J«@ L 2x (1.06) ‘ C;j
(R0.05) TYP ‘
7 ] H H :
t _ ]
2X
(0.775)
2X (0.05) — 2X (0.525)
~— 4X (1.6)
(3.6)

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

EXPOSED PAD 23:
79% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

4230163/B  12/2023

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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