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5 Device Comparison Table

DEVICE VARIANT LIGHT LOAD SPREAD OUTPUT TYPICAL CURRENT
SPECTRUM VOLTAGE FREQUENCY
LM61495QRPHRQ1 Adjustable
LM61495Q3RPHRQ1 3.3V
LM61495-Q1 . . .
(10-A rating) LM61495Q4RPHRQ1 Pin selectable Pin selectable 40V Pin selectable 10A
LM61495Q5RPHRQ1 50V
LM61480QRPHRQ1 Adjustable
- LM61480Q3RPHRQ1 3.3V
LM61480. Qi Pin selectable Pin selectable Pin selectable 8A
(8-A rating) LM61480Q4RPHRQ1 40V
LM61480Q5RPHRQ1 50V
LM62460QRPHRQ1 Adjustable
- LM62460Q3RPHRQ1 3.3V
LM62460. Q1 Pin selectable Pin selectable Pin selectable 6A
(6-A rating) LM62460Q4RPHRQ1 40V
LM62460Q5RPHRQ1 50V

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: LM61495-Q1 LM61480-Q1 LM62460-Q1

Submit Document Feedback

3


https://www.tij.co.jp
https://www.tij.co.jp/product/jp/lm61495-q1?qgpn=lm61495-q1
https://www.tij.co.jp/product/jp/lm61480-q1?qgpn=lm61480-q1
https://www.tij.co.jp/product/jp/lm62460-q1?qgpn=lm62460-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSJT2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSJT2D&partnum=LM61495-Q1
https://www.tij.co.jp/product/jp/lm61495-q1?qgpn=lm61495-q1
https://www.tij.co.jp/product/jp/lm61480-q1?qgpn=lm61480-q1
https://www.tij.co.jp/product/jp/lm62460-q1?qgpn=lm62460-q1

LM61495-Q1, LM61480-Q1, LM62460-Q1

13 TEXAS
INSTRUMENTS

JAJSJT2D — FEBRUARY 2020 — REVISED AUGUST 2021 www.tij.co.jp

6 Pin Configuration and Functions
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6-1. 16-Pin VQFN RPH Package (Top View)

& 6-1. Pin Functions

PIN

NAME

NO.

/0

DESCRIPTION

PGND2

Power ground to internal low-side MOSFET. Connect to system ground. Low-impedance
connection must be provided to PGND1. Connect a high-quality bypass capacitor or
capacitors from this pin to VIN2.

VIN2

Input supply to the regulator. Connect a high-quality bypass capacitor or capacitors from this
pin to PGND2. Provide a low-impedance connection to VIN1.

RBOOT

Connect to CBOOT through a resistor. A resistance, typically between 0 Q and 100 Q, is
used to adjust the slew rate of the SW node rise time. See [X| 8-10.

CBOOT

High-side driver upper supply rail. Connect a 100-nF capacitor between the SW pin and
CBOOQOT. An internal diode charges the capacitor while SW node is low.

BIAS

Input to internal voltage regulator. Connect the pin to an output voltage point or an external
bias supply from 3.3 V to 12 V. Connect an optional high-quality 0.1-puF capacitor from this
pin to GND for the best performance. If output voltage is above 12 V and no external supply
is used, tie the pin to ground.

VCC

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

FB

Feedback input to regulator. Connect this pin to an output voltage sense point for fixed
output versions (for example, 3.3 V and 5 V). Connect this pin to a feedback divider tap point
for adjustable output options. Do not float or ground.

AGND

Analog ground for regulator and system. All electrical parameters are measured with respect
to this pin. Connect this pin to PGND1 and PGND2 on PCB.

RT

110

Connect this pin to ground through a resistor with a value between 6.8 kQ and 80 kQ to set
the switching frequency between 200 kHz and 2200 kHz. Connect to VCC for 400 kHz.
Connect to GND for 2.2 MHz. Do not float.
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# 6-1. Pin Functions (continued)

PIN

NO.

/0

DESCRIPTION

10

Open-drain RESET output. Connect to a suitable voltage supply through a current limiting
resistor. High = power OK, low = fault. RESET goes low when EN = low.

SPSP

1"

Connect to VCC or through a resistor to ground to enable spread spectrum. Connect to GND
to disable spread spectrum. If using spread spectrum, a VCC connection turns off the spread
spectrum tone correction while a resistor to ground adjusts the tone correction to lower the
output voltage ripple. Do not float this pin. See 7<=~ 8.3.10.

SYNC/MODE

12

This pin controls the mode of operation of the LM6x4xx. Modes include Auto mode
(automatic PFM/PWM operation), forced pulse width modulation (FPWM), and synchronized
to an external clock. The clock triggers on the rising edge of an applied external clock. Pull
low to enable PFM operation, pull high to enable FPWM, or connect to a clock to
synchronize to an external frequency in FPWM mode. Do not float this pin.

When synchronized to an external clock, use the RT pin to set the internal frequency close

to the synchronized frequency to avoid disturbances if the external clock is turned on and off.

EN

13

Precision enable input to regulator. High = on, low = off. Can be connected to VIN. Precision
enable allows the pin to be used as an adjustable UVLO. Do not float. See 7<= 8.3.2.

VIN1

14

Input supply to the regulator. Connect a high-quality bypass capacitor or capacitors from this
pin to PGND1. Low-impedance connection must be provided to VIN2.

PGND1

15

Power ground to internal low-side MOSFET. Connect to system ground. Low-impedance
connection must be provided to PGND2. Connect a high-quality bypass capacitor or
capacitors from this pin to VIN1.

SwW

16

Switch node of the regulator. Connect to the output inductor.
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7 Specifications

7.1 Absolute Maximum Ratings
Over the recommended operating junction temperature range(")

PARAMETER MIN MAX UNIT

Transient VIN to AGND, PGND(?) -0.3 42
Continuous VIN to AGND, PGND®) -0.3 36
SW to AGND, PGND®) 03 Viy+ 0.3
RBOOT, CBOOT to SW -0.3 5.5
Transient EN or SYNC/MODE to AGND, PGND®) -0.3 42

Voltages \%
Continuous EN or SYNC/MODE to AGND, PGND®) -0.3 36
BIAS to AGND, PGND -0.3 16
FB to AGND, PGND: Fixed Versions -0.3 16
FB to AGND, PGND: Adjustable Versions -0.3 5.5
RESET to AGND, PGND 0 20

Current RESET sink current(®) 0 10 mA
RT to AGND, PGND -0.3 5.5

Voltages VCC to AGND, PGND -0.3 5.5 \%
PGND to AGND®) -1 2

Tstg Storage temperature -65 150 °C

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

(2) A maximum of 42V can be sustained at this pin for duration of £100ms at a duty cycle of £0.01%. 36 V can be sustained for the life of
this device.

(3) A voltage of 2V below GND and 2V above VIN can appear on this pin for <200ns with a duty cycle of < 0.01%.

(4) This specification applies to voltage durations of 100 ns or less. The maximum D.C. voltage should not exceed +/- 0.3V.

(5) Do not exceed pin 's voltage rating.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002(") £2000 v
v Electrostatic disch HBM ESD Clasification Level 2 B
ectrostatic discharge
(ESD) 9 Charged-device model (CDM), per AEC +750 Vv
Q100-011 CDM ESD clasiffication Level C5 -

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification

7.3 Recommended Operating Conditions
Over the recommended operating junction temperature range of —40°C to 150°C (unless otherwise noted) (V)

MIN MAX UNIT
Input voltage | Input Voltage Range!(") 3 36 \%
Output voltage | Output Adjustment Range for adjustable output versions () 1 0.95xVIN \%
Frequency Frequency adjustment range 200 2200 kHz
Sync Synchronization frequency range 200 2200 kHz
Frequency
Output current |loyt, LM62460 0 6 A
Output current |loyt, LM61480 A
Output current |loyt, LM61495 0 10 A
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Over the recommended operating junction temperature range of —40°C to 150°C (unless otherwise noted) (V)
MIN MAX UNIT

Temperature | Operating junction temperature, T —40 150 °C

(1) 3.7 Visrequired at VIN for start up, an extended input voltage range down to 3.0 V is possible after start up; See the minimum input
voltage for startup conditions.
(2) Under no conditions should the output voltage be allowed to fall below zero volts.

7.4 Thermal Information

LM6X4XX
THERMAL METRIC () RPH UNIT
16 PINS

Raua Junction-to-ambient thermal resistance (LM61495RPHEVM) () 21.6 °CIW
Raua Junction-to-ambient thermal resistance (JESD 51-7) (2 51.3 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 19.2 °C/W
Ress Junction-to-board thermal resistance 12.2 °C/W
Yr Junction-to-top characterization parameter 1.1 °C/W
Y Junction-to-board characterization parameter 12 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance - °C/W

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

(2) The value of Rgya given in this table is only valid for comparison with other packages and can not be used for design purposes. These
values were calculated in accordance with JESD 51-7, and simulated on a 4-layer JEDEC board. They do not represent the
performance obtained in an actual application. For example, the EVM Rgya = 21.6 °C/W. For design information please see the
Maximum Ambient Temperature section.

(3) Refer to the EVM User's Guide for board layout and additional information. For thermal design information please see the Maximum
Ambient Temperature section.

7.5 Electrical Characteristics

Limits apply over the recommended operating junction temperature range of -40°C to +150°C, unless otherwise noted.
Minimum and Maximum limits are ensured through test, design or statistical correlation. Typical values represent the most
likely parametric norm at T, = 25°C, and are provided for reference purposes only. Unless otherwise stated the following
conditions apply: V|y = 13.5V. VIN1 shorted to VIN2 = V. Vour is output set point.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY VOLTAGE (VIN PIN)
. o Needed to start up 3.7 \
VN Minimum operating input voltage -
Once Operating \%
VIN_oP_H Minimum voltage hysteresis 1 \%
Non-switching input current; measured
IQ at VIN pin (3)g P ViN=13.5V, Vgg = +5%, VBIAS =5V 0.662 10 HA
Shutdown quiescent current; measured _ _
Isp at VIN pin Ven =0V, V|y=13.5V 0.662 7.5 uA
. . . . VIN =13.5 V, VFB = +5%, VBIAS =5 V,
Ig Current into BIAS pin (not switching) Auto Mode Enabled 18.5 26 HA
ENABLE (EN PIN)
VeN Enable input-threshold voltage - rising | Vg rising 1.161 1.263 1.365 \Y
VEN_HYST Enable threshold hysteresis 0.25 0.5 \%
VEN_WAKE Enable Wake-up threshold 0.4 \%
len Enable pin input current ViN=Ven =135V 0.3 50 nA
INTERNAL LDO (VCC PIN)
ViN=13.5V,V, =0V 3.4
Vee Internal VCC voltage N BIAS \Y
ViN=13.5V, Vgas=3.3V, 20 mA 3.2
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Limits apply over the recommended operating junction temperature range of -40°C to +150°C, unless otherwise noted.

Minimum and Maximum limits are ensured through test, design or statistical correlation. Typical values represent the most
likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise stated the following
conditions apply: Viy = 13.5V. VIN1 shorted to VIN2 = V. Voyr is output set point.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V)N voltage at which Internal VCC under _
Vee_uwio voltage lock-out is released vee = 0A 37 v
Internal VCC under voltage lock-out .
VCCfUVLOfHYST hysteresis Hysteresis below VCCfUVLO 1.2 \%
VOLTAGE REFERENCE (FB PIN)
Vo Imhal_reference voltage accuracy for 3.3 Vin =5V to 36 V, FPWM Mode 324 33 334 Vv
- V option
Veg av Inltlal'reference voltage accuracy for 4 VIN = 5V to 36 V. FPWM Mode 39 4 4.04
— V option
Veg sy In|t|al.reference voltage accuracy for 5 Vi = 6V to 36 V, FPWM Mode 4.91 5 506 Vv
- V option
Initial reference voltage accuracy for _
Veg adjustable (1 V FB) versions VN = 3.0V to 36 V, FPWM Mode 0.99 1 1.01 \Y
5V Fixed Option 1.8
Reg Resistance from FB to AGND 4V Fixed Option 21 MQ
3.3 V Fixed Option 2.2
Ik Input current from FB to AGND Adjustable versions only, Veg = 1V 50 nA
CURRENT LIMITS
Isc 6 Short circuit high-side current Limit 8 10.35 12.6 A
ILS-LIMIT 6 Low-side current limit X 5.7 6.9 8.1 A
= — 6 A Variant, Duty cycle approaches 0%
IPEAK-MIN_6 Minimum Peak Inductor Current 1.2 A
IL..NEG_6 Negative current limit —4.9 -3.8 -2.4 A
Isc 8 Short circuit high-side current Limit 1.5 13.8 15.6 A
ILs.umiT 8 Low-side current limit . 8 9.2 10.4 A
= — 8 A Variant, Duty cycle approaches 0%
IPEAK-MIN_8 Minimum Peak Inductor Current 1.6 A
ILNEG 8 Negative current limit -6.4 -5.3 -3.9 A
Isc_10 Short circuit high-side current Limit 14 17.3 20 A
ILs-LimiT_10 Low-side current limit 10 A Variant, Duty cycle approaches 9.8 1.5 129 A
IPEAK-MIN_10 Minimum Peak Inductor Current 0% 1.8 A
IL-NEG_10 Negative current limit -6.6 -5.3 —4 A
Zero-cross current limit. Positive current .
ILzc direction is out of SW pin. Auto Mode, static measurement 10 200 mA
Vuiccup Hiccup threshold on FB pin 0.36 0.4 0.44 \%
POWER GOOD (/RESET PIN)
V RESET.OV RESET upper threshold - Rising % of FB voltage 110 112 114 %
V RESET-uv RESET lower threshold - Falling % of FB voltage 92 94 96.5 %
RESET UV threshold as percentage of
v steady state output voltage with output Fallin 97 %
RESET_GUARD | yltage and UV threshold, falling, read 9 °
at the same T, and V.
VRESETHYS- | RESET fallling threshold hysteresis % of FB voltage 0.5 1.3 25 %
FALLING
VRESETHYS- | RESET rising threshold hysteresis % of FB voltage 0.5 1.3 25 %
RISING
v Minimum input voltage for proper Measured when Vggser< 0.4 V with 10 12 v
RESET_VALID | RESET function kOhm pullup to external 5 V :
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Limits apply over the recommended operating junction temperature range of -40°C to +150°C, unless otherwise noted.
Minimum and Maximum limits are ensured through test, design or statistical correlation. Typical values represent the most
likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise stated the following
conditions apply: Viy = 13.5V. VIN1 shorted to VIN2 = V. Voyr is output set point.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
46.0 pA pull up to RESET pin, Viy=1.0 04
V,Ven=0V
VoL RESET Low-level function output 1 mA pl_J|| up to RESET pin, Viy=13.5 04 v
voltage V,Ven=0V
2 mA pull up to RESET pin, V|y=13.5 04
V,Ven=3.3V
RRESET RESET ON resistance, Ven =5V, 1mA pull up current 44 125 Q
RRESET RESET ON resistance, Ven =0V, 1mA pull up current 18 40 Q
OSCILLATOR (SYNC/MODE PIN)
VsyneoL SYNC/MODE input voltage low 0.4 \Y
VsynCDH SYNC/MODE input voltage high 1.7 \%
Vsynep HysT | SYNC/MODE input voltage hysteresis 0.185 1 \%
Revc SYNGIMODE dosan foat 100 0
HIGH SIDE DRIVE (CBOOT PIN)
VeBooT UVLO Voltagg on QBOOT pin_ com_pared _to 19 Vv
- SW which will turnoff high-side switch
MOSFETS
Rps-oN-Hs High-side MOSFET on-resistance Load =1 A, Cgootsw =32V 21 39 mQ
Rps-on-Ls Low-side MOSFET on-resistance Load =1 A, Cgootsw =32V 13 25| mQ
7.6 Timing Characteristics
Over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
PWM LIMITS (SW PIN)
toN-MIN Minimum HS switch on-time \R/,';oj;sz\g \(/ZSYNC’MODE =5V lour =24, 62 81 ns
toFF-MIN Minimum HS switch off-time ViN=5V 70 103 ns
toN-MAX Maximum switch on-time HS timeout in dropout 6.9 8.9 1 us
START UP
Vin =135V, Cycc = 1 WF, time from EN
ten Turn-on delay high to first SW pulse if output starts at 0.82 1.2 ms
oV
tss ;gl}z fé?sme?;s;ift\_lv pulse to Vrer at 17 2.2 27| ms
tw Short circuit wait time ("hiccup” time) 40 ms
POWER GOOD (/RESET PIN) and OVERVOLTAGE PROTECTION
treset FiTer | RESET edge deglitch delay 10 26 45 us
trESET ACT RESET active time 2:2:;3 .must be valid before RESET is 1.2 2.1 3.75| ms
OSCILLATOR (SYNC/MODE PIN)
tpuLSE H High duration need_ed to be recognized 100 ns
— on SYNC/MODE pin
fpuLSE L Low duration need_ed to be recognized 100 ns
= on SYNC/MODE pin
fsyne Time at one level needed to indicate 7 20 us
FPWM or Auto Mode
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Over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fLock Time nee_ded_ for (_:Iock to lock to a valid RT =392 kO 43 ms
synchronization signal

7.7 Switching Characteristics
Over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
OSCILLATOR (RT and SYNC PINS)
fosc Internal oscillator frequency RT = GND 1.90 2.2 242 MHz
fosc Internal oscillator frequency RT =VvCC 350 400 440| kHz
Oscillator frequency measured using
frIXED_2.2MHzZ maximum value of RT resistor to select |RT =6.81 kQ 1.95 2.2 2.42| MHz
2.2 MHz
Oscillator frequency measured using
frIXED_0.4MHzZ minimum value of RT resistor to select |RT =40.2 kQ 352 400 448| kHz
0.4 MHz
fapy Center Trim oscillator frequency RT =22.6 kQ 630 700 770 kHz
SPREAD SPECTRUM
AFc+ Frequency increase of internal oscillator 1 4 75 %
from spread spectrum
AFc- Freguency decrease of internal 8 4 1 %
oscillator from spread spectrum
SWITCH NODE
) ) While in frequency fold-back 98
Dmax Maximum switch duty cycle %
fsw =1.85 MHz 87

7.8 System Characteristics

The following specifications apply only to the typical application circuit, with nominal component values. Specifications in the
typical (TYP) column apply to T; = 25°C only. Specifications in the minimum (MIN) and maximum (MAX) columns apply to the
case of typical components over the temperature range of T; = —40°C to 150°C. These specifications are not ensured by
production testing.

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
SUPPLY VOLTAGE (VIN PIN)
vV Input voltage for full functionality at 3 Vv
VIN_MINt reduced load, after start-up.

Input voltage for full functionality at
VVIN_MIN2 100% of maximum rated load, after Voyr setto 3.3V 3.95 \%

start-up.

VIN =135V, VOUT =33V fixed, IOUT = 5
| Input current to V;y node of DC/DC for |0 A, Auto mode uA
QVIN fixed Vour versions Vin =135V, Vour = 5 V fixed, loyr = 0 8
A, Auto mode

VOLTAGE REFERENCE (FB PIN)

Vour=5V,V|N\=6Vto36V,I =1A _ .
Vour sv_Acc toof‘f" oad (1 IN out VN =6V to 36 V, PWM Operation -15 15| %

VOUT=5V1 ViNn=6Vto36V, IOUT=0A Vin =6V to 36V, PFM and PWM

o) . -1.5 25

to full load operation

Vour=33V,VN=38Vto36V,I = _ !
VouT 3r3v Acc 1%’{0 full load ) OUT ™ v,y = 3.8V to 36 V, PWM Operation -15 15 %

Voutr =33V, VN=38V1to36V, loyr=|Vin=3.8Vto36V, PFM and PWM

) g -1.5 25

0 A to full load operation

THERMAL SHUTDOWN
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The following specifications apply only to the typical application circuit, with nominal component values. Specifications in the
typical (TYP) column apply to T; = 25°C only. Specifications in the minimum (MIN) and maximum (MAX) columns apply to the
case of typical components over the temperature range of T; = —40°C to 150°C. These specifications are not ensured by

production testing.

Rreoot =0 Q

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Tsp R Thermal shutdown tripping threshold 158 168 180 °C
Tsp_F Thermal shutdown recovery threshold 150 159 °C
OTHER PARAMATERS
Input to output voltage differential to
VpRror1 maintain regulation accuracy, without 0.45 \%
inductor DCR drop
Input to output voltage differential to
Vpror2 maintain fgy = 1.85 MHz, without 1.2 \Y
inductor DCR drop
Typical 2.2MHz Efficiency Vin=13.5V, Vour=5.0V, lour =5 A, 92.6
Rreoor =0 Q
n Typical 400 kHz Efficiency Vin =135V, Vout=5.0V, loyr =8 A, 95.1 %
Rreoor =0 Q
Typical 250 kHz Efficiency Vin =135V, Vout =5.0V, lour = 10 A, 93.7
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7.9 Typical Characteristics

Unless otherwise specified, V) = 13.5 V.

1.004 1.5
1.003
1.25
1.002
1
E 1.001 i
g ~
> - £ o7
< ~— 2
> 0999 S—ln 3
© s
0.998
— 3V 0.25
0.997 — — 135V
------ 36V
0.996 0
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C
EN=0V
Eq 7-1. Feedback Voltage 7-2. Shutdown Supply Current
35 18
—— HS Switch
— — LS Switch i
30 16
W 15
E —_—
S < i
£ E 13
z =
Q 2 3 12
» © _ )1 1 _
2 11 — =
15 10
o| —— Hs Limit
— — LS Limit
10 8
-50 25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
Temperature (°C Temperature (°C
7-3. High-side and Low-side Switches Rps on Eq 7-4. High-side and Low-side Current Limits
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8 Detailed Description
8.1 Overview

The LM6x4xx-Q1 is a wide-input and output-voltage range, low-quiescent current, high-performance regulator
that operates over a wide range of frequencies and conversion ratios. 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.

This device is designed to minimize end-product cost and size while operating in demanding automotive and
high-performance industrial environments. The LM6x4xx-Q1 can be set to operate at fixed 400 kHz, fixed 2.2
MHz, or is adjustable from 200 kHz to 2.2 MHz using the RT pin. Internal compensation and an accurate current
limit scheme minimizes BOM cost and component count. In addition, the RESET output feature with built-in
delayed release and low-current light-load mode lets the user eliminate a backup LDO and reset chip in many
applications.

The LM6x4xx-Q1 has been designed for low EMI. The device includes the following:
* Adjustable switch node rising slew rate

» Pin-configurable spread spectrum

* Low input inductance package

» Operation over a frequency range above and below AM radio band

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

To use the device in reliability-conscious environments, the LM6x4xx-Q1 has a package with enlarged corner
terminals for improved BLR and wettable flanks, allowing optical inspection.
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8.2 Functional Block Diagram

SPSP  RT vee
? L"_‘J T
MODE/ Clock VCC
/“ggﬁg [ swnc [Se f oscilator — NS
Detect
Slope VCC UVLO
compensation LDO
/NN N
Over
| FPWM/Auto Temperature OTP
Frequency Foldback detect
{ ] rBOOT
EN [ Enable System enable
CBOOT
HS Current
sense VIN1
Error . h VIN
ifi 1 VIN2
amplifier Comp Node ¥ L
: }
High and |—! Clock
low limiting
circuit  |— !
v T -
—
Output|
low HS
Current +—{ ] sw
FB [ System enable || Limit
_OTP__| Soft start Drivers and -
Hiccup active] circuit and logic ﬁ
———— bandgap
VCC UVLO - LS
I Current
AGND []@ Limit
Voltage Reference =
s F1: : [ PGND1
PGOOD [ FPWM/Auto Current
j—L Min PGND2
PGOOD
<E Logic with Vout OV LS Current
filter and sense
release delay
System enable |
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8.3 Feature Description
8.3.1 Output Voltage Selection

A voltage divider between output voltage and the FB pin is used to adjust output voltage. See [%| 8-1.

FB

8-1. Setting Output Voltage of Adjustable Versions

The LM6x4xx-Q1 uses a 1-V reference for control to derive = 1. This equation can be used to determine Rggg
for a desired output voltage and a given Rrgt. Usually, Rggt is limited to a maximum value of 100 kQ to prevent
shifting due to PCB leakage under harsh conditions. A larger resistance of up to 1 MQ can be used to improve
light load efficiency in cleaner environments, or the fixed output voltage options under harsher conditions.

(1)
In addition, a feedforward capacitor Cg¢ can be used to optimize the transient response.

8.3.2 Enable EN Pin and Use as V|y UVLO

Apply a voltage less than 0.4 V to the EN pin to put the device into shutdown mode. In shutdown mode, the
quiescent current drops to 0.66 pA (typical). Above this voltage but below the LM6x4xx-Q1 lower EN threshold,
VCC is active but the SW node remains inactive. Once EN is above Vgy, the chip operates normally as long as
input voltage is above the minimum operating voltage.

The EN terminal cannot be left floating. The simplest way to enable the operation is to connect the EN pin to
VIN. This action allows the self-start-up of the device when VIN drives the internal VCC above its 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 8.1% tolerance. Hysteresis is enough to
prevent retriggering upon shutdown of the load (approximately 25%). The external logic output of another IC can
also be used to drive the EN terminal, allowing system power sequencing.
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EN

— AGND
Eq 8-2. VIN UVLO Using the EN Pin

Resistor values can be calculated using = 2:

V

Vorr =Von * (1 = VEnHysT)
(2)
where

* Von = VN turn-on voltage
. VOFF = VIN turn-off voltage

8.3.3 SYNC/MODE Uses for Synchronization

The LM6x4xx-Q1 SYNC/MODE pin can be used to synchronize the internal oscillator to an external clock. The
internal oscillator can be synchronized by coupling a positive edge into the SYNC/MODE pin. The coupled edge
voltage at the SYNC/MODE pin must exceed the SYNC amplitude threshold of Vgyncpn to trip the internal
synchronization pulse detector. The minimum SYNC rising pulse and falling pulse durations must be longer than

truLse_H and tpyLse L respectively. The LM6x4xx-Q1 switching action can be synchronized to an external clock
from 200 kHz to 2.2 MHz.

Clock SYNC/MODE
Range

— AGND

Eq 8-3. Typical Implementation Allowing Synchronization Using the SYNC/MODE Pin
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VSVNCDH

tpuLsE H —» e
This image shows the conditions needed for detection of a synchronization signal.

8-4. Typical SYNC/MODE Waveform
8.3.4 Clock Locking

Once a valid synchronization signal is detected, a clock locking procedure is initiated. After approximately 2048
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. Once
frequency is adjusted, phase is adjusted over a few tens of cycles so that rising synchronization edges
correspond to rising the SW node pulses. See [X]| 8-5.

|
I
Pulse 1 Pulse 2 Pulse 3 Pulse 4 ; Pulse Pulse Pulse Pulse }
I

~2048 ~2049 ~2050 ~2051
e e .y . e et et . e St 5 e 5 s e G g 0 g
|
VSVNCD;ynchromzanon J ) | — | — \_J J —! J | — | E—
signal Spread Spectrum is on between pulse 1 and pulse 2048, ! Also clock frequency matches the

I

I Phase lock achieved, Rising edges
} «+——  align to within approximately 45 ns,
| no spread spectrum

|

} On approximately pulse 2048, spread

here is no chan rating fr ncy. At pulse 4,
there is no change to operating frequency. At pulse 4, spectrum turns off

the device transitions from Auto Mode to FPWM.
SW Node r

el

L

synchronization signal and phase
locking begins
[

U e,

At pulse 4, the synchronization signal is detected. After approximately pulse 2048, it is ready to synchronize and the frequency is
adjusted using a glitch-free technique. Later, phase is locked.

8-5. Synchronization Process

8.3.5 Adjustable Switching Frequency

The RT pin is configurable. This pin can be tied to VCC for 400-kHz operation, grounded for 2.2-MHz operation,
or a resistor to AGND can be used to set an adjustable operating frequency. See [X] 8-6 for resistor values. Note
that if a resistor value falls outside of the recommended range, it can cause the LM6x4xx-Q1 to revert to 400 kHz
or 2.2 MHz. Do not apply a pulsed signal to this pin to force synchronization. If synchronization is needed, see
the SYNC/MODE pin in 732> 8.3.3.

Rt (kQ) = (16.4 / fw vHz) - 0.633 3)

For example, for fgy = 400 kHz, Rt = (16.4 / 0.4) - 0.633 = 40.37, so a 40.2-kQ resistor is selected as the closest
choice.
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Eq 8-6. Setting Clock Frequency

8.3.6 RESET Output Operation

While the RESET function of the LM6x4xx-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 reset
function and the normal power-good function seen in most regulators:

« A delay has been added for release of reset. See # 8-1.

- RESET output signals a fault (pulls its output to ground) while the part is disabled.

- RESET continues to operate with input voltage as low as 1.2 V. Below this input voltage, RESET output can
be high impedance.
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8-7. RESET Static Voltage Thresholds
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8-8. RESET Timing Diagram (Excludes OV Events)
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# 8-1. Conditions that Cause RESET 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 Vreset_uy for longer than treset_riLTER FB above VreseT uv + VReser_Hyst for longer than treset_FiLTER
FB above Vreset_ov for longer than treset_FiLTER FB below VreseT ov - VReseT_Hyst for longer than treset FiLTeR
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 Ve yvio -

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

(1) As an additional operational check, RESET remains low during soft start. It is defined as until the lesser of either full output voltage
reached or tssy 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 RESET is released.

The threshold voltage for the RESET function is specified to take advantage of the availability of the LM6x4xx-
Q1 internal feedback threshold to the RESET 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] 8-9.

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

Typical SMPS upper specification 112%
Highest Veg  101.25%
Selected output volt f 1.25%
elected output voltage 100% .
p g 00% * : Veg accuracy Typical Ves - Vaeser uv
Lowest Ves  98.75% :1.25%
-5.75%
Lowest Vour 98%
Voavro  -4% -5.75%  Typical Veg - VReser uv
Highest VHESET?UV 96.5%
p 1% v
Typical SMPS lower specification 95% v * 1%
Lowest Vour - Veaurp 94%, * oL
93% A
1%
Lowest VRreser uv 92% + 2
Low Vgg case High Veg case
Vaauro is available margin for
ripple and step loads

8-9. Reset Threshold Voltage Stack-up

8.3.7 Internal LDO, VCC UVLO, and BIAS Input

The LM6x4xx-Q1 uses VCC as its internal power supply. VCC is, in turn, powered from VIN or BIAS. Once the
LM6x4xx-Q1 is active, power comes from VIN if BIAS is less than approximately 3.1 V. Power comes from BIAS
if BIAS is more than 3.1 V. VCC is typically 3 V to 3.3 V 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 in 273 a2 7.5. During start-up, VCC momentarily exceeds its normal operating
voltage until Ve yvio is exceeded, then drops to its normal operating voltage. These UVLO values, when
combined with the dropout of the LDO when only powering the LM6x4xx-Q1, are used to derive minimum

VIN_operate and ViN_op_H-
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8.3.8 Bootstrap Voltage and Vcgoort-uvLo (CBOOT Pin)

The driver of the power switch (HS switch) requires bias higher than VIN when the HS switch is ON. The
capacitor connected between CBOOT and SW works as a charge pump to boost voltage on the CBOOT
terminal to (SW + VCC). The boot diode is integrated on the LM6x4xx-Q1 die to minimize the physical solution
size. Tl recommends a 100-nF capacitor rated for 10 V with X7R or better dielectric for the CBOOT capacitor.
The boot (CBOOQOT) rail has a UVLO to protect the chip from operation with too little bias. This UVLO has a
threshold of VgooT uvio and is typically 2.1 V. If the CBOOT capacitor voltage drops below VgooT uvio, then
the device initiates a charging sequence using the low-side FET before attempting to turn on the high-side
device.

8.3.9 Adjustable SW Node Slew Rate

To allow optimization of EMI with respect to efficiency, the LM6x4xx-Q1 is designed to allow a resistor to select
the strength of the high-side FET driver during turn-on. See [X| 8-10. The current drawn through the RBOOT pin
(the dotted loop) is magnified and drawn through from CBOOT (the dashed line). This current is used to turn on
the high-side power MOSEFT.

VIN

VCC

cBooT € ———

__________ 2k

Eq 8-10. Simplified Circuit Showing How RBOOT Functions

Rise time is rapid with RBOOT short circuited to CBOOT. In this condition SW node harmonics roll off at -20
dBpV per decade until around 150 MHz where the harmonics begin rolling off at -40 dBpV per decade. Slowing
the rise time decreases the frequency where this transition occurs which provides more rolloff in the higher
frequencies which provides more margin on EMI scans. If CBOOT and RBOOT are connected through 700 Q,
slew time due to high-side turnon is limited to no more than 13 ns. 10 ns is typical when converting 13.5V to 5 V.
This slow rise time allows energy in SW node harmonics to roll off near 50 MHz under most conditions. Rolling
off harmonics eliminates the need for shielding and common mode chokes in many applications. Note that rise
time increases with increasing input voltage. Noise due to stored charge is also greatly reduced with higher
RBOOT resistance. Switching with a slower slew rate decreases efficiency. Take care to optimize the resistance
to provide the best EMI while not generating too much heat. If RBOOT is left open, rise time is set to its
maximum value.

8.3.10 Spread Spectrum

Spread spectrum is configurable using the SPSP 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 LM6x4xx-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 LM6x4xx-Q1 uses a +4% (typical)
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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 its 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. Additionally, the LM6x4xx-Q1 also allows you to further reduce the
output voltage ripple caused by the spread spectrum modulating pattern. With the SPSP pin grounded, the
spread spectrum is disabled. With the SPSP pin tied to VCC, the spread spectrum is on. With the SPSP pin tied
through a resistor to ground, the spread spectrum is on. Also, a modulating tone correction is applied to the
switcher to reduce the output voltage ripple caused by the frequency modulation. The resistor is usually around

20 kQ, and can be more precisely calculated using =\ 4.

Vin
14.17
X Vour

R kQ) =
spsp (KQ) Vi - Vour 12

| ratep X L X fow 4)

. nlt HU” Wi y Mam»” Phigy W’fﬂ*ﬂ ks Ry WWJH!“W

Eq 8-12. Output Ripple with Ripple Cancellation Showing Vg (top), Fsw (middle), Voyrt (bottom)
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The spread spectrum is only available while the clock of the LM6x4xx-Q1 are free running at their natural
frequency. Any of the following conditions overrides spread spectrum, turning it off:

» 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. This is normally not seen above 750-mA load. 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 Timing Characteristics.

» The clock is synchronized with an external clock.

8.3.11 Soft Start and Recovery From Dropout

When designing with the LM6x4xx-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 733>~ 8.3.13.

* Recovery from shutdown due to overtemperature protection

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

Once 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 0 V, takes tgg to reach 90% of its desired value.

» Operating mode is set to auto, activating diode emulation. This 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 =7a> 8.3.13.

All of these actions together provide start-up with limited inrush currents. They 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 [%] 8-13.

If selected, FPWM
is enabled after

If selected, FPWM

-+— Triggering event
ggering is enabled after

| -— Triggering event

: — -+—regulation but no é — -+—regulation but no
_,E - ten later than tssp _’f - ten later than tssz

8 Vi e tss —a Ven 3 Vi e tes —m Ven
g Freeceee—— - - ———— - - % Fre—————— ———— - - - -
% VOUT Set : % VOUT Set :
- Point ) v - Point ) v
3 1 ouT 2 1 ouT
3 9o0%| 3 90%
—g VQUT Set : -g VOUT Set :
; Point 1 ; Point 1

L >t L »
Yoov— Time Yoov Time

- tgsp ——— +— fggop —»

The left curves show soft start from 0 V. The right curves show soft starting behavior from a pre-biased or non-zero voltage. In either
case, the output voltage reaches within 10% of the desired setpoint tgg time after soft start is initiated. During soft start, FPWM and
hiccup are disabled. Both hiccup and FPWM are enabled once output reaches regulation or tsg,, whichever happens first.

8-13. 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 its set point. Note that during dropout regulation
itself, hiccup is inhibited. See 72> 8.3.13.

*  FPWM mode is allowed during recovery from dropout. If output voltage were to suddenly be pulled up by an
external supply, the LM6x4xx-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.
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+ The reference voltage is set to approximately 1% above that needed to achieve the current output voltage. It
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 minimum 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 &7 a2
8.4.3.5.

» Overcurrent that is not severe enough to trigger hiccup or if the duration is too short to trigger hiccup. See
73a8.3.13.

\ Load
}  current_
1
o VOUT Set ] |‘
O = i ]
£5 F;omt ' ' Vour Slope
S § anamax \ the same
5O output | \ “—as during
%% current | f soft start
o ! \
] » t
Time

Whether output voltage falls due to high load or low input voltage, once the condition that causes output to fall below its setpoint is
removed, output climbs at the same speed as during start-up. Even though hiccup does not trigger due to dropout, it 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.

& 8-14. Recovery From Dropout

8.3.12 Overcurrent and Short Circuit Protection

The LM6x4xx-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 minimum of a fixed current setpoint, or the output of the voltage regulation loop minus slope
compensation, every switching cycle. Since the voltage loop has a maximum value and slope compensation
increases with duty cycle, the HS current limit decreases with increased duty cycle if duty cycle is above 35%.
See [¥] 8-15.

12

10

Command Current (A)
[}

4
2
—— HS Maximum Current
—— Rated Maximum Output
0
0 0.2 0.4 0.6 0.8 1

Duty Cycle

8-15. Maximum Current Allowed Through the HS FET - Function of Duty Cycle for LM62460-Q1
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When the LS switch is turned on, the current going through it 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 7> 3
8.4.3.4. 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 once the LS current
falls below its 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.
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K 8-16. 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.
Since the current waveform assumes values between | s and I s, output current is close to the average of
these two values unless duty cycle is very high. Once 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 733> 9.2.2.3. Since
current ripple is low, the part is able to deliver full current. The current delivered is very close to | s.
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Output Current

Under most conditions, current is limited to the average of I_yg and I s, approximately 1.4 times the rated current. If input voltage is
low, current can be limited to approximately I, ., s. Current does not exceed the average of I .ys and I, s as output drops to 0.4 times
the output voltage setting. Below 0.4 times the output voltage setting, the peak current does not exceed the average of I _ys and I g
and the hiccup mode activates, preventing excessive heating.

8-17. Output Voltage versus Output Current

Once the overload is removed, the device recovers as though in soft start; see z7=2> 8.3.11. Note that hiccup
can be triggered if output voltage drops below approximately 0.4 times the intended output voltage.
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8.3.13 Hiccup

The LM6x4xx-Q1 employs hiccup overcurrent protection 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 723> 8.3.11.
» Output 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 hiccup mode, the device shuts itself down and attempts to soft start after ty,. Hiccup mode helps reduce the
device power dissipation under severe overcurrent conditions and short circuits.

Shart Removed
K

Short Applied WOUT, 2Widiv

S o e |

linductar

B4 8-18. Inductor Current Bursts During Hiccup 8-19. Short-Circuit Transient and Recovery

8.3.14 Thermal Shutdown

Thermal shutdown limits total power dissipation by turning off the internal switches when the IC junction
temperature exceeds 168°C (typical). Thermal shutdown does not trigger below 158°C. After thermal shutdown
occurs, hysteresis prevents the device from switching until the junction temperature drops to approximately
159°C. When the junction temperature falls below 159°C (typical), the LM6x4xx-Q1 attempts to soft start.

While the LM6x4xx-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.

8.4 Device Functional Modes
8.4.1 Shutdown Mode

The EN pin provides electrical on and off control of the device. When the EN pin voltage is below 0.4 V, 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 0.66 pA.

8.4.2 Standby Mode

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

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

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

The precision enable circuitry is ON once VCC is above its UVLO. The internal power MOSFETs of the SW node
remain off unless the voltage on the EN terminal goes above its precision enable threshold. The LM6x4xx-Q1
also employs UVLO protection. If the VCC voltage is below its UVLO level, the output of the regulator is turned
off.
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8.4.3 Active Mode

The LM6x4xx-Q1 is in active mode when the following occurs:

* The EN pin is above Vgy.

* V|yis above Vgy.

* V\n is high enough to satisfy the V,y minimum operating input voltage.
* No other fault conditions are present.

See 7/ =2 8.3 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 LM6x4xx-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 miN

+ 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.

8.4.3.1 Peak Current Mode Operation

The following operating description of the LM6x4xx-Q1 refers to 27 3. 8.2 and the waveforms in 8-20.
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, Vs, 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, togf, the LS switch is turned on. Inductor current discharges through
the LS switch, forcing Vg 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 + TorF)-

In an ideal buck converter where losses are ignored, D is proportional to the output voltage and inversely
proportional to the input voltage: D = Vpoytr/ Vin.

»
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Ed 8-20. SW Voltage and Inductor Current Waveforms in Continuous Conduction Mode (CCM)
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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
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.

8.4.3.2 Auto Mode Operation

The LM6x4xx-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 LM6x4xx-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 LM6x4xx-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, they operate
independently of each other.

8.4.3.2.1 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 will be reduced when peak inductor current goes below Ipgak-min- 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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Inductor Current

In auto mode, the low-side device is turned off once inductor current is near zero. As a result, once output current is less than half of
inductor ripple in CCM, the part operates in DCM. This is equivalent to saying that diode emulation is active.

B 8-21. PFM Operation

The LM6x4xx-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.

8.4.3.3 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.
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FPWM mode Continuous Conduction (CCM) is possible even if oyt is less than half of Iripple.

8-22. 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 allows good behavior during faults which involves the output being pulled

up.
8.4.3.4 Minimum On-time (High Input Voltage) Operation

The LM6x4xx-Q1 continues to regulate output voltage. This 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 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 it is 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. Once 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. Since on-time is fixed at its minimum value, this type of operation
resembles that of a device using a COT control scheme. See [% 8-23.
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In valley control mode, the minimum inductor current is regulated, not peak inductor current.

B4 8-23. Valley Current Mode Operation

8.4.3.5 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. Once this limit is
reached, if clock frequency is maintained, output voltage falls. Instead of allowing the output voltage to drop, the
LM6x4xx-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 once peak inductor current is achieved or once a pre-determined maximum on-
time, ton.max, Of approximately 9 us passes. As a result, once 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, Vprop4- See 7= 7.
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Output voltage and frequency versus input voltage: If there is little difference between input voltage and output voltage setting, the IC
reduces frequency to maintain regulation. If input voltage is too low to provide the desired output voltage at approximately 110 kHz,
output voltage tracks input voltage.

8-24. Frequency and Output Voltage in Dropout
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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-

8-25. Dropout Waveforms

8.4.3.6 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,
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 once
the regulator starts regulating the output voltage. This typically requires less current than during this initial inrush.

The LM6x4xx-Q1 greatly reduces inrush current and overshoot. This 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 accidently 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 its
desired level, overshoot is reduced by inductor current not having time to rise to a high level before regulation
starts.
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Eq 8-26. When Output Voltage Falls, It Recovers Slowly Preventing Overshoot and Large Inrush Currents

8.4.3.7 Other Fault Modes

Fault modes and their description can be found in 72>~ 8.3 of this data sheet.
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9 Application and Implementation

Note
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The LM6x4xx-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 of 10 A. If run at 400 kHz, 10 A can be sustained continuously. If run at
2.2 MHz, continuous current must be limited to 6 A if ambient temperature is 105°C. The following design
procedure can be used to select components for the LM6x4xx-Q1.

9.2 Typical Application

9-1 shows a typical application circuit for the LM6x4xx-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, & 9-2 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
QFN package, the input capacitors are split and placed on either side of the package. See &7z 9.2.2.5 for
more details.

6V to 36 Vinput

Cii CiN_HF1 VIN1 VIN2 c _
1 Cinvre _[ N
J_I PGND1 PGND2 J_
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EN sw ) O
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SPSP RBOOT T
RT FB
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Eq 9-1. Example Application Circuit - 400-kHz Adjustable Output
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6V to 36 Vinput

Cint Cin_HF1 VIN1 VIN2 c zi
N

—|— CINiHFZ |

}__ PGND1 PGND2

L4 Output

EN SW

aflins

CBOOT —_— COUT

SYNC/MODE  CBOOT

SPSP RBOOT I

RT B
VCC BIAS
RReser
Cvcc__ RESET AN

AGND

B 9-2. Example Application Circuit - 400-kHz Fixed Output

9.2.1 Design Requirements
7% 9-1 provides the parameters for our detailed design procedure example:

# 9-1. Detailed Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage 13.5V(6Vto36V)
Output voltage 5V
Maximum output current 10 A continuous
Switching frequency 400 kHz
# 9-2. Typical External Component Values
Cin+
fsw Vour Resr | Rree Cgoot | Reoot | Cvcc | Crr Rer
| A)| L1 (uH C RATED (o]
(kHz) | (v) |louT®L1HH) oy (AT (@) | (@ | M| @R | @ | @R | R | k)
5 x 22 pF ceramic or 2 x 2x10+
400 5 10 2.7 22 UF + 15 mQ 150 uF 100 24.9 2% 047 0.1 0 1 10 4.99
5 Fixed 1%x10 +
400 Min 10 2.7 2 x 47 uF ceramic Short | Open 0.1 Short 1 Open | Open
2x047
BOM
3 x 47 uF ceramic or 3 x 2x10+
400 3.3 10 2.2 22 UF + 15 mQ 150 uF 100 43.2 2% 047 0.1 0 1 10 4.99
3.3
Fixed . 1x10 +
400 Min 10 2.2 3 x 47 uF ceramic Short | Open 2% 047 0.1 Short 1 Open | Open
BOM
3 x 22 yF ceramic or 1 x 2x10+
2200 5 6 0.75 22 UF + 15 mQ 150 uF 100 24.9 2% 047 0.1 0 1 10 4.99
5 Fixed 1x10 +
2200 Min 6 0.75 2 x 33 yF ceramic Short | Open 0.1 Short 1 Open | Open
2x047
BOM
3 x 33 yF ceramic or 1 x 2x10+
2200 3.3 6 0.62 33 uF + 15 mQ 150 uF 100 43.2 2% 047 0.1 0 1 10 4.99
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# 9-2. Typical External Component Values (continued)

Cin+
fsw | Vour Reer | Rees Cgoot | Recor | Cvcc | Ckr Rer
| A) | L1 (pH C RATED C
() | (v |lour@LTIRY - CourRATED) 1 a) | k) | PR | WP | @ | @R | GF) | ()
3.3
2200 F|x_ed 6 0.62 2 x 47 uF ceramic Short | Open 1x10 + 0.1 Short 1 Open | Open
Min 2x0.47
BOM

9.2.2 Detailed Design Procedure
The following design procedure refers to [ 9-1 and % 9-1.
9.2.2.1 Choosing the Switching Frequency

The choice of switching frequency is a compromise between conversion efficiency and overall solution 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 either 400
kHz below the AM band, or 2.2 MHz above the AM band. In this example, 400 kHz is chosen.

9.2.2.2 Setting the Output Voltage

The output voltage of the LM6x4xx-Q1 is externally adjustable using a resistor divider network. Two divider
networks for two recommended output voltages are found in & 9-2. The divider network is comprised of the top
and bottom feedback resistors, Rggt and Rprgg, and closes the loop between the output voltage and the
converter. The converter regulates the output voltage by holding the voltage on the FB pin equal to the internal
reference voltage, Vgg = 1 V. 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 Regr is 100 kQ with a maximum value of 1 MQ. If 1 MQ is
selected for RegT, then a feedforward capacitor Crg must be used across this resistor to provide adequate loop
phase margin (see £7 a2 9.2.2.9). Once RggT is selected, =\ 1 is used to select Rggg. For this 5-V example,
RFBT =100 kQ and RFBB =249 kQ.

9.2.2.3 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. It is normally chosen to be in the range of 20% to 40% of the
maximum output current. Experience shows that the best value for inductor ripple current is 30% of the
maximum load current for systems with a fixed input voltage. For systems with a variable input voltage such as
the 12-V battery in a car, 25% is commonly used. This example uses V,y = 13.5 V, which is closer to the nominal
voltage of a 12-V 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 still be used for this calculation.
7\ 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 10-A, 400-kHz, 5-V example, K = 0.25 is chosen and an
inductance of approximately 3.15 yH is found. The closest standard value of 3.0 yH was selected.

L Vin — Vour Vour
~ fsw K- lour(MAX) Vi

®)

Ideally, the saturation current rating of the inductor should be at least as large as the high-side switch current
limit, Isc. This ensures that the inductor does not saturate, even during a soft-short condition on the output. A
hard short causes the LM6x4xx-Q1 to enter hiccup mode (see 73> 8.3.13). A soft short can hold the output
current at 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..imiT
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is designed to reduce the risk of current runaway, a saturated inductor can cause the current to rise to high
values very rapidly. This could lead to component damage, so it is crucial that the inductor does not saturate.
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, they have more core losses at frequencies typically above 1
MHz. 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-of-thumb, the minimum inductor ripple current must be no less than about 10% of the device
maximum rated current under nominal conditions.

Vour

L> * *
fsw * 0.6 * IrateD (6)

9.2.2.4 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. & 9-3
can be used to find capacitor values for Coyt and Cgr for a few common applications. Note that 4.99-kQ Rgg
must be used in series with Cgg. In this example, good transient performance is desired, giving 4 x 47-uF
ceramic + 220-pF electrolytic as the output capacitor and 15 pF as Cgr.

K 9-3. Selected Output Capacitor and Cgr Values

3.3-V OUTPUT 5-V OUTPUT
FREQUENCY lour LN
Cour Crr Cour Crr

400 kHz 10A Minimum 6 x 22-uF ceramic 15 pF 5 x 22-uF ceramic 15 pF
400 kHz 10A Better Transient 6 x 22-F ceramic +220-pF 15 pF 5 X 22-yF ceramic +220-yF | 5

electrolytic electrolytic
2.2 MHz 6A Minimum 5 x 22-uF ceramic 15 pF 3 x 22-yF ceramic 15 pF
2.2 MHz 6A Better Transient 5 x 22-uF ceramic + 220-uF 15 pF 3 x 22-yF ceramic + 220-uF 15 pF

electrolytic electrolytic

9.2.2.5 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 10-uyF ceramic capacitance is required on
the input of the LM6x4xx-Q1. Use 2 x 10-yF ceramic capacitance or more for better EMI performance. This must
be rated for at least the maximum input voltage that the application requires. It is preferable to have twice the
maximum input voltage to reduce DC bias derating. 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 must be used at each input/ground pin pair, VIN1/PGND1 and VIN2/PGND2, immediately
adjacent to the regulator. The capacitor should have a voltage rating of at least double the maximum input
voltage to minimize derating. The capacitor must also have an X7R or better dielectric. Choose the highest
capacitor value with these parameters. This provides a high frequency bypass to reduce switch-node ring and
electromagnetic interference emissions. The QFN (RJR) 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 MOSFETs, thus improving the effectiveness of the input bypassing. This
example places two 10-pF, 50-V, 1206, X7R ceramic capacitors and two 0.47-uF, 50-V, 0603, X7R ceramic
capacitors at each VIN/PGND pin pair.

Often, it is desirable to use an electrolytic capacitor on the input in parallel with the ceramics. This 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.
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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 manufacturers'
maximum ratings.

e = lout
RMS =~ 2

(7)
9.2.2.6 BOOT Capacitor

The LM6x4xx-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. A high-quality 100-nF
ceramic capacitor with a rating of at least 10 V is required. The package provides space between the VIN2 and
RBOOT pins to route SW to the boot capacitor without needing long traces or multi-layer routing.

9.2.2.7 BOOT Resistor

A BOOT resistor can be connected between the CBOOT and RBOOT pins to slow the rise-time of the SW node.
If EMI performance is not critical, these two pins can be shorted. If EMI is critical, use a 0-Q placeholder. The
value can be increased if additional EMI margin is required. Increase to 200 Q as a first step. This slows the rise-
time of the SW node, reducing EMI at hundreds of MHz by a few dBuV. This is at the expense of about 0.3%
efficiency at 400 kHz at 10 A. Use 50 Q for a similar efficiency drop at 2.2 MHz at 6 A. In this example, 0 Q is
chosen to maximize efficiency. Continue to increase the value of RBOOT to further improve high-frequency EMI
emissions at the expense of more efficiency. RBOOT connected to pins RBOOT and CBOOT can be any value
between a short and an open without triggering BOOT UVLO.

9.2.2.8 vCcC

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 1-pF, 16-V, 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 RESET (power-good) function (see &7z 8.3.6). A pullup resistor
with value of 100 kQ is a good choice in this case. The nominal output voltage on VCC is 3.3 V. Do not short this
output to ground or any other external voltage.

9.2.2.9 Crr and R Selection

A feedforward capacitor, Cgg on the order of tens of picofarads, is used to improve phase margin and transient
response of circuits which have output capacitors with low ESR. Since this Cgg capacitor can conduct noise from
the output of the circuit directly to the FB node of the IC, a 4.99-kQ resistor, Rgg, must be placed in series with
CkE. If the ESR zero of the output capacitor is below 200 kHz, no Cgr must be used.

If output voltage is less than 2.5V, Cgf has little effect, so it can be omitted. If output voltage is greater than 14V,
Crr must be used cautiously since it can easily introduce too much gain at higher frequencies.

If 1 MQ is selected for RggT, then a feedforward capacitor Cgg must be used.
9.2.2.10 Rgpsp Selection

The SPSP pin can be connected to GND to disable spread spectrum. The pin can be connected to VCC to
enable spread spectrum. The pin can also be connected to GND through a resistor to enable spread spectrum
with ripple cancellation. This actively reduces the output ripple associated with spread spectrum which arises
from the inductor current ripple amplitude modulation caused by the spread spectrum frequency modulation. The
value is typically approximately 20 kQ and can be more precisely calculated using = 4.

9.2.2.11 Rt Selection

The Ry resistor sets the switching frequency of the converter. See &7 3. 8.3.5 for more details. A resistor
value of 40.2 kQ corresponds to 400 kHz. The pin is also configured to set the switching frequency at 400 kHz
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when the RT pin is connected to VCC. Connecting the RT pin to VCC allows you to save cost and space, but
placing a 40.2-k resistor allows for more flexibility if a different frequency is desired at a later time.

9.2.2.12 Ryope Selection

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

allows the selection between two modes (MODE). 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/MODE pin to VCC for FPWM. Connect to GND for auto. You can also apply a clock signal to
synchronize the switching frequency to an external clock. See z7 = 8.3.3 for more information.

9.2.2.13 External UVLO

In some cases, the user may need an input undervoltage lockout (UVLO) level different than that provided
internal to the device. This can be accomplished by using the circuit shown in [X] 8-2. The input voltage at which
the device turns on is designated Von while the turn-off voltage is Vogg. First, a value for Rgng is chosen in the
range of 10 kQ to 100 kQ, then =\ 2 is used to calculate RgnT and Vogk.

9.2.2.14 Maximum Ambient Temperature

As with any power conversion device, the LM6x4xx-Q1 dissipates internal power while operating. 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, Rgj of the device

* PCB layout

The maximum internal die temperature for the LM6x4xx-Q1 must be limited to 150°C. This establishes a limit on
the maximum device power dissipation and, therefore, the load current. . 8 shows the relationships between
the important parameters. Larger ambient temperatures (Tp) and larger values of Rgja reduce the maximum
available output current. 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
interpolation can be used to estimate the efficiency. Alternatively, the EVM can be adjusted to match the desired
application requirements and the efficiency can be measured directly. The correct value of Rg;a is more difficult
to estimate. As stated in the Semiconductor and IC Package Thermal Metrics Application Report, the value of
Rgya given in the =222~ 7.4 is not valid for design purposes and must not be used to estimate the thermal
performance of the device in a real application. The values reported in the =222 7.4 table were measured
under a specific set of conditions that are rarely obtained in an actual application.

lour] :(TJ_TA). n 1
OITIMAX =Ry (1-m) Vour (8)

where

* n = efficiency

* Tp = 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
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« PCB area

» Copper heat-sink area
*  Number of thermal vias under or near the package
» Adjacent component placement

Due to the ultra-miniature size of the VQFN (RNX) package, a die-attach pad is not available, requiring most of
the heat to flow from the pins to the board. This means that this package exhibits a somewhat large Rgja value
when the layout does not allow for heat to flow from the pins. A typical curve of maximum output current versus
ambient temperature is shown in 9-3 and 9-4 for a good thermal layout. This data was taken on the
LM61495RPHEVM evaluation board with a device and PCB combination, giving an Rgja of about 21.6°C/W. It
must be remembered 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.
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Ed 9-3. Maximum Output Current versus Ambient 9-4. Maximum Output Current versus Ambient
Temperature Temperature

Use the following resources as a guide to optimal thermal PCB design and estimating Rgja for a given
application environment:

* Thermal Design by Insight not Hindsight

* A Guide to Board Layout for Best Thermal Resistance for Exposed Pad Packages
» Semiconductor and IC Package Thermal Metrics

* Thermal Design Made Simple with LM43603 and LM43602

*  PowerPAD™ Thermally Enhanced Package

* PowerPAD™ Made Easy

* Using New Thermal Metrics
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9.2.3 Application Curves

Unless otherwise specified, the following conditions apply: Device: LM61495-Q1, V|y = 13.5 V, Tp = 25°C. The circuit is

shown in [X] 9-1, with the appropriate BOM from # 9-4.
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g 0%/ g %l f
S 759 2% S gl L/ S
S 70% -/ g o II / // —
i Wi i 90% [11/
65% |/ 89% [/
/ 88% I
0,
60% y — Vn=8V SZZ/; | — Vn=8V
55% — V|N=135V o — V|y=13.5V
1/ — V=24V 85% IIII — Vin=24V
509 LL 84%
0.001 0.010.02 00501 02 05 1 2 345710 1 2 3 4 5 6 7 8 9 10
Output Current (A) Output Current (A)
Vour = 3.3V Few = 400 kHz Auto mode Vour = 3.3V Fsw = 400 kHz FPWM mode
9-7. Efficiency 9-8. Efficiency
100% 100%
95% o 98%
% T
90% e e e e = =T 96%
85% = S 94% ,
g 8% [A f S A
> >
S 75% 2 90% /
° o 8 0 | /|
£ 70% y £ 88% l’ll //
0, 0,
65% / 86% l, ll /
60% — V=8V 84% 11 — V=8V
o o — Wy
— ViN= — VINT
50% 80% LLLL
0.001 0.010.02 00501 02 05 1 2 345710 1 2 3 4 5 6 7 8 9 10
Output Current (A) Output Current (A)
Vour =5V Fsw = 2.2 MHz Auto mode Vour=5V Fsw = 2.2 MHz FPWM mode
9-9. Efficiency 9-10. Efficiency
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9.2.3 Application Curves (continued)

100% 100%
95% e
" - o,
90% u ———1 - TN 95% ]
85% |~ ad WSS — T 00 ——
—_ —_ o
2 80% g & / 4 \\§
> > —
g |/ s 8%
E 70% 7/ E
0,
65% / 80%
60% |/
Wi Vin=8V 75% Vn=8Y
55% | — Vin=135V — V=135V
— VN=24V — Vn=24V
50% 70%
0.001 0.010.02 0.050.1 02 05 1 2 345710 0 1 2 3 4 5 6 7 8 9 10
Output Current (A) Output Current (A)
Vour=3.3V Fsw =2.2 MHz Auto mode Vour =3.3V Fsw = 2.2 MHz FPWM mode
9-11. Efficiency 9-12. Efficiency
5.07 5.07
_V|N=8V _V|N=8V
— V|N:13.5V — V|N:13.5V
5.06 — Vin=24V 5.06 — Vjn=24V
S 505 S 505
(] ()
& &
S 504 S 504
3 3
g 503 3 503
5.02 5.02
5.01 5.01
0o 1 2 3 4 5 6 7 8 9 10 0o 1 2 3 4 5 6 7 8 9 10
Output Current (A) Output Current (A)
VOUT =5V FSW =400 kHz Auto mode VOUT =5V FSW =400 kHz FPWM mode
9-13. Load and Line Regulation 9-14. Load and Line Regulation
3.350 3.350
_V|N=8V _V|N=8V
— V|N=13.5V — V|N=13.5V
3.345 — Vn=24V 3.345 — Vn=24V
S 3340 S 3340
(0] (0]
g g
g 3.335 R g 3.335
3 3 T
3 3330 3 3330
3.325 3.325
3.320 3.320
0 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Output Current (A) Output Current (A)
Vout =3.3V Fsw = 400 kHz Auto mode Vour=3.3V Fsw = 400 kHz FPWM mode
9-15. Load and Line Regulation 9-16. Load and Line Regulation
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9.2.3 Application Curves (continued)

9-21. Dropout

5.04 5.04
_V|N=8V _V|N=8V
— V|N=13.5V — V|N=13.5V
5.03 — Vn=24V 5.03 — Vn=24V
S 502 S 502
[ (0]
& — g —
E 5.01 ;O 5.01
5 — 5 B
o o
3 500 3 500
4.99 4.99
4.98 4.98
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Output Current (A) Output Current (A)
Vour=5V Fsw =2.2 MHz Auto mode Vour=5V Fsw =2.2 MHz FPWM mode
9-17. Load and Line Regulation 9-18. Load and Line Regulation
3.330 3.330
_V|N=8V _V|N=8V
— V|N:13.5V — V|N:13.5V
3.325 — Vin=24V 3.325 — Vn=24V
S 3320 S 3320 ||
(0] [
(o)} P o ——
8 — 8 —
S 3315 E— — S 3315 — i
3 3310 3 3310
3.305 3.305
3.300 3.300
0 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Output Current (A) Output Current (A)
VOUT =33V FSW =2.2 MHz Auto mode VOUT =33V FSW =2.2 MHz FPWM mode
9-19. Load and Line Regulation 9-20. Load and Line Regulation
5.25 3.8
5 7~ 3.6
P aP%
|
4.75 > / 3.4
=S 1 =S
o 45 < /! @ 32 e
<) / o))
£ A A g
g 4.25 // / >O 3
El 4 // zﬁ 2.8
3 ans 3
3.75 26
/ — IOUT =0.01A h— IOUT =0.01A
3.5 — louT=5A 24 — louT=5A
_|OUT=10A _|OUT=10A
3.25 2.2
4 42 44 46 48 5 52 54 56 58 6 3 3.2 3.4 3.6 3.8 4 4.2 4.4
Input Voltage (V) Input Voltage (V)
Vour=5V Fsw =400 kHz Auto mode Vour=3.3V Fsw =400 kHz Auto mode

9-22. Dropout
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9.2.3 Application Curves (continued)

5.25 3.8
5 L/ 3.6
4.75 did // 34
= v s
o 45 < o 32
g A A g
= L1 / =
S 425 v L s 3
5 pavd // 5
g 4 7 2 28
= >
o) 0]
3.75 - ’/ 2.6
L — lour =0.01A — lour=0.01A
3.5 % — louT=5A 2.4 — louT=5A
— lout=10A — louT=10A
3.25 2.2
4 42 44 46 48 5 52 54 56 58 6 3 3.2 3.4 3.6 3.8 4 4.2 44
Input Voltage (V) Input Voltage (V)
Vour=5V Fsw =2.2 MHz Auto mode Vour=3.3V Fsw =2.2 MHz Auto mode
9-23. Dropout 9-24. Dropout
500 500
5 400 = 400
I I
3 53
g 2y /
& 300 S 300 /
> >
o o
a o
[T [T
o 200 o 200
£ £
< e
: 5 [ 1)
= =
® 100 @ 100
— lour=5A — lour=5A
— lour=10A — lour=10A
0 0
5 51 52 53 54 55 56 57 58 59 6 3 315 33 345 36 375 3.9 405 42 435 45
Input Voltage (V) Input Voltage (V)
Vour=5V Fsw =400 kHz Auto mode Voutr=3.3V Fsw =400 kHz Auto mode
9-25. Frequency Dropout 9-26. Frequency Dropout
2500 2500
2250 2250
S 2000 ,/ // < 2000 / 7
L s / £ 1750 /
> / e =
oy / / [4)
S 1500 4 $ 1500
3 / / 3
g 1250 7 g 1250
B ARy, s
o 1000 o 1000
£ 74 £
s 750 S 750
= 3
® 500 ® 500
250 — lour=5A 250 — lour=5A
VA /| — lour=10A / — lour=10A
0 0
4.5 5 55 6 6.5 7 7.5 8 3 33 36 39 42 45 48 51 54 57 6
Input Voltage (V) Input Voltage (V)
Vour=5V Fsw = 2.2 MHz Auto mode Voyur=3.3V Fsw =2.2 MHz Auto mode
9-27. Frequency Dropout 9-28. Frequency Dropout
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9.2.3 Application Curves (continued)

IRANNAAMRARNAY

Vour=5V
loutr = 50 mA

Fsw = 2100 kHz
V|N =135V

Auto mode

9-29. Switching Waveform and Vgoyt Ripple

Vour

ANAAAAAAAAAAMAAAAAA

Vaw |

ARV AAONY

MMM ARAARA LA A m:w,«
I

CRVVY VYTV YY ‘\\‘.'

FPWM mode

VOUT 5V
IOUT =50 mA

Fsw = 2100 kHz
VIN =135V

9-30. Switching Waveform and Vgyt Ripple

i\iiﬁ

Vour =5V
IOUT =50 mA

Fsw = 2100 kHz
VIN =135V

9-31. Start-up with 50-mA Load

Auto mode

Vour =5V
IOUT =50 mA

Fsw = 2100 kHz FPWM mode

VIN =135V
9-32. Start-up with 50-mA Load

FPWM mode

VOUT =33V
IOUT =3.25A

Fsw = 2100 kHz
VIN =135V

9-33. Start-up with 3.25-A Load

Vour=5V Fsw = 2100 kHz FPWM mode
louT = 5 A to Short ViN=13.5V
Circuit

9-34. Short Circuit Protection
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9.2.3 Application Curves (continued)

VOUT =5V FSW =2100 kHz
lout = Short Circuitto 5 A

9-35. Short Circuit Recovery

V|N =135V

FPWM mode

lour=4A

Fsw = 2100 kHz

FPWM mode

Vin=135V1t04Vto 135V

9-36. Recovery from Dropout

[

Vour |

=:cov]
Vour
‘m
\
I ‘
out |

Vour =5V

lout

Vour =5V Fsw =400 kHz Auto mode
lour=2Ato4Ato V=135V TrR=Te=1ps
2A

9-39. Load Transient

Vour=5V Fsw =400 kHz Auto mode Fsw = 400 kHz FPWM mode
loutr =10 mA to 10 Vin=13.5V Tr=Te=1uys lout =10 mA to 10 ViNn=13.5V TrR=Tg=1uys
Ato 10 mA Ato 10 mA
9-37. Load Transient 9-38. Load Transient
[2eceov] [=:cov

Vour =5V

Fsw = 400 kHz Auto mode
|OUT=5AtO10A V|N=13.5V TR=TF=1|JS
to5A

9-40. Load Transient
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9.2.3 Application Curves (continued)

‘ = .
‘ Vour ‘ Vour
‘ il lour
m
‘ lour |
-\n—m—u—-—- 1 ‘
Vour=33V Fsw =400 kHz Auto mode Fsw =400 kHz Auto mode
IOUT=10mAto1O V|N=13.5V TR=TF=1HS |OUT=5AtO1OA Vin=13.5V Tr=Tg=1ps
Ato 10 mA to5A
9-41. Load Transient 9-42. Load Transient
‘ [E£Crov] |
‘ Vour |
1 Vour L J0
‘ Tour f - L
‘ . VOUT =5V FSW = 2200 kHz Auto mode
"'—"""" ‘ lour=2Ato4 Ato Vin=13.5V Tr=Tg=1ys
= — 2A
P 9-44. Load Transient
Fsw = 2200 kHz FPWM mode
IOUT=10mAto1O V|N=13.5V TR=TF=1HS
Ato 10 mA
9-43. Load Transient
i f ooy
! Vour
|
| m \ "‘”‘”"“’"/?/
| lout | i '.._»//
r-—-—-u‘ i
Vour=5V Fsw = 2200 kHz Auto mode | 0t st et 170
louT=5Ato 10 A ViN=13.5V TrR=Tg=1ups Vour=5V Fsw = 400 kHz loutr=10A
toS A Frequency Tested: 150 kHz to 30 MHz
9-45. Load Transient 9-46. Conducted EMI versus CISPR25 Class 5 Limits (Green:
Peak Signal, Blue: Average Signal)
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9.2.3 Application Curves (continued)

VOUT =5V FSW =400 kHz IOUT =10 A
Frequency Tested: 30 MHz to 300 MHz

9-47. Radiated EMI Bicon Horizontal versus CISPR25 Class 5
Limits

Vour=5V Fsw = 400 kHz lout = 10A
Frequency Tested: 30 MHz to 300 MHz

9-48. Radiated EMI Bicon Vertical versus CISPR25 Class 5
Limits

VOUT =5V FSW =400 kHz lOUT =10 A
Frequency Tested: 300 MHz to 1 GHz

9-49. Radiated EMI Log Horizontal versus CISPR25 Class 5

VOUT =5V FSW =400 kHz IOUT =10 A
Frequency Tested: 300 MHz to 1 GHz

9-50. Radiated EMI Log Vertical versus CISPR25 Class 5

9-51. Recommended Input EMI Filter

Limits Limits
XAL5030-332MEB
742792261 01 L=33uH

h % I ITL°"
IN= O T T T T T T O GND d

Ces = 0.47uF Re =1Q Cpa = 2.2uF Cry = 0.47uF . .,J’/

Ce7=047uF Cgs=22uF Cgy=22uF Crz = 0.47uF v

VOUT=5V FSW=2-2 MHz IOUT=4A

Frequency Tested: 150 kHz to 30 MHz

9-52. Conducted EMI versus CISPR25 Class 5 Limits (Green:
Peak Signal, Blue: Average Signal)
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9.2.3 Application Curves (continued)

VOUT =5V FSW =2.2 MHz IOUT =4 A
Frequency Tested: 30 MHz to 300 MHz

9-53. Radiated EMI Bicon Horizontal versus CISPR25 Class 5
Limits

VOUT=5V FSW=2'2 MHz IOUT=4A
Frequency Tested: 30 MHz to 300 MHz

9-54. Radiated EMI Bicon Vertical versus CISPR25 Class 5
Limits

VOUT =5V FSW =22 MHz IOUT =4 A
Frequency Tested: 300 MHz to 1 GHz

9-55. Radiated EMI Log Horizontal versus CISPR25 Class 5
Limits

\ ’,\/&“ ™ ;‘ ‘MW“
| w"’
AN ‘/w

VOUT=5V FSW=2-2 MHz IOUT=4A
Frequency Tested: 300 MHz to 1 GHz

9-56. Radiated EMI Log Vertical versus CISPR25 Class 5
Limits

BLM31 KN121SZ1L

74437336010
L=1pH

IN+ LLWLL O VIN

Crs=047uF R =1Q

.o TTETT L1,

Cra = 2.2uF
Crr=047uF Cps=22uF Cgq=22uF

Cry = 0.47uF
Cr2 = 0.47uF

9-57. Recommended Input EMI Filter

48 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: LM61495-Q1 LM61480-Q1 LM62460-Q1


https://www.tij.co.jp/product/jp/lm61495-q1?qgpn=lm61495-q1
https://www.tij.co.jp/product/jp/lm61480-q1?qgpn=lm61480-q1
https://www.tij.co.jp/product/jp/lm62460-q1?qgpn=lm62460-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSJT2
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSJT2D&partnum=LM61495-Q1
https://www.tij.co.jp/product/jp/lm61495-q1?qgpn=lm61495-q1
https://www.tij.co.jp/product/jp/lm61480-q1?qgpn=lm61480-q1
https://www.tij.co.jp/product/jp/lm62460-q1?qgpn=lm62460-q1

13 TEXAS

INSTRUMENTS

www.tij.co.jp

LM61495-Q1, LM61480-Q1, LM62460-Q1
JAJSJT2D — FEBRUARY 2020 — REVISED AUGUST 2021

9.2.3 Application Curves (continued)

% 9-4. BOM for Typical Application Curves

Vout FREQUENCY ResB Cout Cin*+ Che L Crr

33V 400 kHz 43.2kQ eI:C’t‘rélzltch++21)?ggF“F 4x 11(?0“:,:*6'26;:27'&2': T | 2.4 pH (744325240) | 22 pF
33V 2200 kHz 43.2kQ elezc)t(rglzltrcF:;)? g.ngF 2 11(?0ppFF+elze:t:)7l)(l)ti2F i (7442;3:?4%';068) 10 pF
5V 400 kHz 24.9 KQ eI:c)t(rgIZthF++21>?g.ngF 4x 1180”;;6'29;17'&2': T | 2.4 pH (744325240) | 22 pF
SV 2200 kHz 24.9kQ e|e2c¥r3|§t$cF++21>? %EFUF 2 11(§)OHUFF+e|2e:t::)7I)(/)ti2F ' (744?3?(?4%5{068) 10 pF
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10 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 = 9.

_ Vour - lout
N Vin - n

9)
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 20 yF to 100 uF 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). It is not recommended 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.
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11 Layout

11.1 Layout Guidelines

The PCB layout of any DC-DC converter is critical to the optimal 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. 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 is
shown in [X| 11-1. 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| 11-2 shows a recommended layout for the critical components of the

LM6x4xx-Q1 circuit.

* Place the input capacitor or capacitors as close as possible to the input pin pairs: VIN1 to PGND1 and
VINZ2 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. It is best to route
symmetrically from the supply to each VIN pin to best utilize 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 capacitor as close as possible to the device with short, wide traces to the CBOOT
and SW pins: It is important to route the SW connection under the device through the gap between VIN2 and
RBOOT pins, reducing exposed SW node area. If an RBOOT resistor is used, place it as close as possible to
the CBOOT and RBOOT pins. If high efficiency is desired, RBOOT and CBOOT pins can be shorted. This
short must be placed as close as possible to the RBOOT and CBOOT pins.

* Place the feedback divider as close as possible to the FB pin of the device: Place Rggg, RrgT, CpF if
used, 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 Vot 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.

* Layer 2 of the PCB must be a ground plane: This plane acts as a noise shield and as a heat dissipation
path. Using layer 2 reduces the inclosed area in the input circulating current in the input loop, reducing
inductance.

* Provide wide paths for Vi, Voyr, 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 ensure 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 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.
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B4 11-1. Input Current Loop

11.1.1 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. It 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 bypass
capacitors. PGND pins are connected directly to the source of the low-side MOSFET, and 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 must 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,y 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: 2
oz/10z/10z/2 oz. Afour-layer board with enough copper thickness and proper layout provides low current
conduction impedance, proper shielding, and low thermal resistance.
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11.2 Layout Example

Display purposes only Display purposes only
Do not cut top layer here Do not cut top layer here

INNER GND PLANE
BOTTOM GND PLANE

Top Trace/GND Plane N VIA to Signal Layer Q  Mid-layer trace — — —

Inner Trace/GND Plane VIA to GND Planes Q  Transparent Top layer
to show Inner layer

Inner GND Plane VIA to VIN Strap Q
Bottom Trace/GND Plane I VIA to VOUT Strap Q

B4 11-2. Layout Example
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12 Device and Documentation Support
12.1 Device Support

12.1.1 Third-Party Products Disclaimer
TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES

OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.
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12.4 Trademarks

PowerPAD™ and Tl E2E™ are trademarks of Texas Instruments.

T RCOPEEL, TNENOFAEICFELET,

12.5 Glossary

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

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

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
“ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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13 Mechanical, Packaging, and Orderable Information

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

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 ©)
@ )

LM61480Q3RPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6148Q3
LM61480Q3RPHRQ1.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6148Q3
LM61480Q4RPHRQ1 Active Production ~ VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6148Q4
LM61480Q4RPHRQ1.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6148Q4
LM61480Q5RPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6148Q5
LM61480Q5RPHRQ1.A Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6148Q5
LM61480QRPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 61480Q
LM61480QRPHRQL.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 61480Q
LM61495Q3RPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 1495Q3
LM61495Q3RPHRQ1.A Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 1495Q3
LM61495Q4RPHRQ1 Active Production ~ VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 1495Q4
LM61495Q4RPHRQ1.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 1495Q4
LM61495Q5RPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 1495Q5
LM61495Q5RPHRQ1.A Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 1495Q5
LM61495QRPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 61495Q
LM61495QRPHRQL.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 61495Q
LM62460Q3RPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6246Q3
LM62460Q3RPHRQ1.A Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6246Q3
LM62460Q4RPHRQ1 Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6246Q4
LM62460Q4RPHRQ1.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6246Q4
LM62460Q5RPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6246Q5
LM62460Q5RPHRQ1.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 6246Q5
LM62460QRPHRQ1 Active Production  VQFN-HR (RPH) |16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 62460Q
LM62460QRPHRQL.A Active Production  VQFN-HR (RPH) | 16 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 150 62460Q

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

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.
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® 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. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF LM61480-Q1, LM61495-Q1, LM62460-Q1 :

o Catalog : LM61480, LM61495, LM62460

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O OO OO OO O O OfspFOCket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM61480Q3RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 | 8.0 12.0 Q1
HR
LM61480Q4RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM61480Q5RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM61480QRPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM61495Q3RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM61495Q4RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM61495Q5RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM61495QRPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM62460Q3RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
LM62460Q4RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 118 | 8.0 12.0 Q1
HR
LM62460Q5RPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 | 8.0 12.0 Q1
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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)
HR
LM62460QRPHRQ1 VQFN- RPH 16 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1

HR

TAPE AND REEL BOX DIMENSIONS

- E
~_ s
e 7
\\y/ P -\\{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM61480Q3RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM61480Q4RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM61480Q5RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM61480QRPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM61495Q3RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM61495Q4RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM61495Q5RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM61495QRPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM62460Q3RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM62460Q4RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM62460Q5RPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
LM62460QRPHRQ1 VQFN-HR RPH 16 3000 367.0 367.0 38.0
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‘ PACKAGE OUTLINE
RPHOO16A VQFN-HR - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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.

NOTES:

i
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EXAMPLE BOARD LAYOUT

RPHOO16A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

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

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

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste

be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RPHOO16A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

PAl
85% PRINTED SOLDER COV

DS 1 & 15:
ERAGE BY AREA UNDER PACKAGE

PADS 6 & 10:

90% PRINTED SOLDER COV

ERAGE BY AREA UNDER PACKAGE
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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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‘ PACKAGE OUTLINE
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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
RPHOO16A VQFN-HR - 1 mm max height
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NOTES: (continued)

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

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
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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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