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LM5123-Q1 2.2MHz Wide V|y Low-lg Synchronous Boost Controller with Voyr
Tracking

1 Features

AEC-Q100 qualified for automotive applications
— Temperature grade 1: —40°C to +125°C, Ty
Functional Safety-Capable

— Documentation available to aid functional safety

system design

Suited for wide operating range automotive battery

powered applications

— 3.8V to 42V input operating range

— Dynamically programmable VOUT from 5V to
20V, or from 15V to 57V

— Minimum boost input 0.8V when BIAS = 3.8V

— Bypass operation when VgyppLy > Vioap

Minimized battery drain

— Shutdown current < 3pA

— Automatic mode transition

— Battery drain in deep sleep < 11pA (bypass
operation, charge pump off)

— Battery drain in deep sleep < 38uA (bypass
operation, charge pump on)

— BIAS Ig in sleep < 13pA (skip mode)

— Strong 5V MOSFET drivers

Small solution size and low cost

— Maximum switching frequency 2.2MHz

Internal boot diode

Constant peak current limit over VIN

Supports DCR inductor current sensing

— QFN-20 with wettable flanks

Avoid AM band interference and crosstalk

— Optional clock synchronization

— Switching frequency from 100kHz to 2.2MHz

Vioap

— Selectable switching mode (FPWM, diode
emulation, skip mode)
» EMI mitigation
— Optional programmable spread spectrum
— Lead-less package
» Programmability and flexibility
— Dynamic VOUT tracking
— Dynamic switching frequency programming
— Programmable line UVLO
— Adjustable soft start
— Adaptive dead-time
— PGOOD indicator
» Integrated protection features
Cycle-by-cycle peak current limit
Overvoltage protection
HB-SW short protection
Thermal shutdown

2 Applications

» Automotive audio power supply with tracking
» Automotive LED bias supply

* Automotive HVAC controller supply

» Automotive motor power supply

3 Description

The LM5123-Q1 device is a wide input range
synchronous boost controller that employs peak
current mode control.

Package Information
PACKAGE(") BODY SIZE (NOM)
QFN (20) 3.5mm x 3.5mm

PART NUMBER
LM5123-Q1

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

The device features a low shutdown Ig and a low lg sleep mode, which minimizes battery drain at no and
light load condition. The device also supports an ultra-low |o deep sleep mode with bypass operation, which
eliminates the need for an external bypass switch when the supply voltage is greater than the boost output
regulation target. The output voltage can be dynamically programmed by using the tracking function.

The wide input range of the device supports automotive cold-crank and load dump. The minimum input voltage
can be as low as 0.8V when BIAS is equal to or greater than 3.8V. The switching frequency is dynamically
programmed with an external resistor from 100kHz to 2.2MHz. Switching at 2.2MHz minimizes AM band
interference and allows a small solution size and fast transient response. Controller architectures simplify
thermal management at harsh ambient temperature conditions when compared to converter architectures.

The device has built-in protection features such as peak current limit, which is constant over V|y, overvoltage
protection, and thermal shutdown. External clock synchronization, programmable spread spectrum modulation,
and a lead-less package with minimal parasitic, help to reduce EMI and avoid cross talk. Additional features
include line UVLO, FPWM, diode emulation, DCR inductor current sensing, programmable soft start, and a
power-good indicator.
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20-Pin QFN with Wettable Flanks RGR Package (Top View)

Table 5-1. Pin Functions

Pin
oM Description
Name NO.
CSP 1 | Current sense amplifier input. The pin operates as the positive input pin.
CSN 2 | Current sense amplifier input. The pin operates as the negative input pin.
Output voltage sensing pin. An internal feedback resistor voltage divider is connected
from the pin to AGND. Connect a 0.1uF local VOUT capacitor from the pin to ground.
VOUT/SENSE 3 - - - - - - - -
High-side MOSFET drain voltage sensing pin. Connect the pin to the drain of the high-
side MOSFET through a short, low inductance path.
PGOOD 4 o Power-good indicator with open-drain output stage. The pin is grounded when the output
voltage is less than the undervoltage threshold. The pin can be left floating if not used.
HO 5 o High-side gate driver output. Connect directly to the gate of the high-side N-channel
MOSFET through a short, low inductance path.
Switching node connection and the high-side MOSFET source voltage sensing pin.
SW 6 = Connect directly to the source of the high-side N-channel MOSFET and the drain of the
low-side N-channel MOSFET through a short, low inductance path. Connect to PGND
for a non-synchronous boost configuration.
High-side driver supply for bootstrap gate drive. Boot diode is internally connected from
HB 7 P VCC to this pin. Connect a 0.1uF capacitor between this pin and SW. Connect to VCC
for a non-synchronous boost configuration.
BIAS 8 = Supply voltage input to the VCC regulator. Connect a 1uF local BIAS capacitor from the
pin to ground.
VCC 9 = Output of the internal VCC regulator and supply voltage input of the internal MOSFET
drivers. Connect a 4.7uF capacitor between the pin and PGND.
Power-ground pin. Connect directly to the source of the low-side N-channel MOSFET
PGND 10 G ;
and the power ground plane through a short, low inductance path.
LO 1 o Low-side gate driver output. Connect directly to the gate of the low-side N-channel

MOSFET through a short, low inductance path.
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Table 5-1. Pin Functions (continued)

Pin
Name NO.

oM Description

Device switching mode (FPWM, diode emulation, or skip) selection pin. The device is
configured to skip mode if the pin is open or if a resistor that is greater than 500kQ

is connected from the pin to AGND during initial power-on. The device is configured

to FPWM mode by connecting the pin to VCC or if the pin voltage is greater than

2.0V during power-on. The device is configured to diode emulation mode by connecting
the pin to ground or the pin voltage is less than 0.4V during initial power-on. The
switching mode can be dynamically programmed between FPWM and the DE mode
during operation.

MODE 12

Enable pin. The pin enables and disables the device. If the pin is less than 0.35V, the
device shuts down. The pin must be raised above 0.65V to enable the device.

UVLO/EN 13 Undervoltage lockout programming pin. The converter start-up and shutdown levels can
be programmed by connecting the pin to the supply voltage through a resistor voltage
divider. The low-side UVLO resistor must be connected to AGND. Connect to BIAS if not
used.

Synchronization clock input. The internal oscillator can be synchronized to an external
clock during operation. Connect to AGND if not used.

Clock dithering and spread spectrum modulation frequency programming pin. If a
capacitor is connected between the pin and AGND, the clock dithering and spread
spectrum function is activated. During the dithering operation, the capacitor is charged
and discharged with an internal 20pA current source or sink. As the voltage on the pin
ramps up and down, the oscillator frequency is modulated between —6% and +5% of the
SYNC/DITHER/VH/CP 14 1’0 nominal frequency set by the RT resistor. The clock dithering and spread spectrum can
be deactivated during operation by pulling down the pin to ground.

VCC hold pin. If the pin is greater than 2.0V, the device holds the VCC pin voltage when
the EN pin is grounded, which helps to restart quickly without reconfiguration.

Charge pump enable pin. If the pin is greater than 2.0V, the internal charge pump
maintains the HB pin voltage above its HB UVLO threshold for bypass operation, which
allows the high-side switch to turn on 100% during bypass operation.

Switching frequency setting pin. If no external clock is applied to the SYNC pin, the
RT 15 switching frequency is programmed by a single resistor between the pin and AGND.
Switching frequency is dynamically programmable during operation.

1.0V internal reference voltage output. Connect a 470pF capacitor from the pin to
AGND. The Vgyr regulation target can be programmed by connecting a resistor voltage
divider from the pin to TRK. The resistance from the pin to AGND must be always
greater than 20kQ if used. Connect the low-side resistor of the divider to AGND.

VREF/RANGE 16 /O Vout range selection pin. Lower Vgyt range (5V to 20V) is selected if the resistance
from the pin to AGND is in the range of 75kQ and 100kQ during initial power-on. Upper
VOUT range (15V to 57V) is selected if the resistance from the pin to AGND is in the
range of 20kQ and 35kQ during initial power-on. Boost converter output voltage can be
dynamically programmed within the pre-programmed range. The accuracy of the output
voltage regulation is specified within the selected range.

Soft-start time programming pin. An external capacitor and an internal current source set
SS 17 1/0 the ramp rate of the internal error amplifier reference during soft start. The device forces
diode emulation during soft-start time.

Output regulation target programming pin. The Vot regulation target can be
programmed by connecting the pin to VREF through a resistor voltage divider or by

TRK 18 controlling the pin voltage directly from a D/A. The recommended operating range of the
pin is from 0.25V to 1.0V.
AGND 19 G Analog ground pin. Connect to the analog ground plane through a wide and short path.
Output of the internal transconductance error amplifier. Connect the loop compensation
COMP 20 o :
components between the pin and AGND.
Ep . . Exposed pad of the package. The EP must be soldered to a large analog ground plane

to reduce thermal resistance.

(1) G =Ground, | = Input, O = Output, P = Power
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6 Specifications

6.1 Absolute Maximum Ratings
Over the recommended operating junction temperature range (unless otherwise specified)()

MIN MAX UNIT

BIAS to AGND -0.3 50

UVLO to AGND -0.3 BIAS + 0.3

CSP to AGND -0.3 50

CSP to CSN -0.3 0.3

VOUT to AGND -0.3 65

HB to AGND -0.3 65

HB to SW -0.3 5.80)
Input(@ Vv

SW to AGND -0.3 60

SW to AGND (50ns) 1

SW to AGND (10ns) -5

MODE, SYNC, TRK to AGND -0.3 55

PGOOD to AGND -0.3 VOUT + 0.3

RT to AGND -0.3 25

PGND to AGND -0.3 0.3

VCC to AGND -0.3 5.80)

HO to SW (50ns) -1
Output@ \%

LO to PGND (50ns) 1

VREF, SS, COMP to AGND®*) -0.3 55
Operating junction temperature, T; ©) —40 150 o
Storage temperature, Tgtg -55 150

(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) Itis not allowed to apply an external voltage directly to VREF, COMP, SS, RT, LO, HO pins.

(3) Operating lifetime is de-rated when the pin voltage is greater than 5.5V.

(4) Maximum VREF pin sourcing current is 50uA.

(5) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002(V) 2000
. HBM ESD Classification Level 2 -
v Electrostatic \%
ESD ! ;
(ESD) | discharge Charged-device model (CDM), per AEC Q100-011 All pins 500
CDM ESD Classification Level C4B Corner pins +750

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

Over the recommended operating junction temperature range (unless otherwise specified)(")

MIN NOM MAX| UNIT
VsuppLY(BOOST) Boost Converter Input (when BIAS = 3.8V) 0.8 42
VL0AD(BOOST) Boost Converter Output 5 57
VBias BIAS Input 3.8 42
Vuvio UVLO Input 0 42 v
Vesps Vesn Current Sense Input 0.8 42
VvouT Boost Output Sense 5 57
VTRK TRK Input 0.25 1)
Vsyne Synchronization Pulse Input 0 5.25
fsw Typical Switching Frequency 100 2200 KHz
fsync Synchronization Pulse Frequency 200 2200
T, Operating Junction Temperature(® —40 150 °C

(1) Operating Ratings are conditions under the device is intended to be functional. For specifications and test conditions, see Electrical

Characteristics

(2)  High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.
(3) The maximum TRK pin voltage is limited to 0.95V when upper VOUT range is selected.

6.4 Thermal Information

LM5123-Q1
THERMAL METRIC(") RGR(QFN) UNIT
20 PINS
Rqua Junction-to-ambient thermal resistance 43.3 °C/W
RqJctop) Junction-to-case (top) thermal resistance 39.9 °C/W
Rque Junction-to-board thermal resistance 17.8 °C/W
Vit Junction-to-top characterization parameter 0.8 °C/W
YiB Junction-to-board characterization parameter 17.8 °C/W
Rguc(bot) Junction-to-case (bottom) thermal resistance 5.3 °C/W

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

6.5 Electrical Characteristics

Typical values correspond to T, = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise

stated, VBIAS =12V, VVOUT =12V, RT =9.09kQ, , RVREF =65kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY CURRENT(BIAS, VCC, VOUT)
IBIAS-SD BIAS current in shutdown VUVLO = OV, VOUT =11.3V 25 5 HA
BIAS current in deep sleep
| (Skip or Diode emulation mode, |VyyLo = 2.5V, V1rk = 0.25V, Vgyne = 10 16 A
BIAS-DST Charge pump off, VCC is 0V, Vout = 12V H
supplied by BIAS)
BIAS current in deep sleep _ _ _
IgIAS-DS2 (FPWM mode, Charge pump off, g\‘;V\L/O - 2;51\/2'\\// TRk = 0.25V, Vsyne = 40 69 pA
VCC is supplied by BIAS) » Yout
BIAS current in deep sleep
| (Skip or Diode emulation mode, |VyyLo= 2.5V, V1rk = 0.25V, Vgyne = 32 60 A
BIAS-DS3 Charge pump on, VCC is 2.5V, Vour = 12V H
supplied by BIAS)

Copyright © 2025 Texas Instruments Incorporated
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6.5 Electrical Characteristics (continued)

Typical values correspond to T, = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise
stated, VBIAS = 12V, VVOUT = 12V, RT = 909kQ, , RVREF = 65kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BIAS current in deep sleep _ _ _
IgIAS-DS4 (FPWM mode, Charge pump on, \2/%\0-0\/_ 2'5!’1\2/;"/“ = 0.25V, Vsyne = 114 154 pA
VCC is supplied by BIAS) 2 Yout
| BIAS current in sleep (Skip Vyvro = 2.5V, V1rk = 0.25V, MODE = 13 175 A
BIAS-SLEEP mode, VCC is supplied by BIAS) |OPEN, Vour = 5V : H
BIAS current in active (Non- _ _ _
IBIAS-ACTIVE switching, VCC is supplied by x%véo = 2.5V, Vrrg = 0.6V, MODE = 1.2 15 mA
BIAS)
IVOUT—SD VOUT current in shutdown VUVLO = OV, VOUT =11.3V 1 |JA
| VOUT current in deep sleep Vuvio = 2.5V, Virk = 0.25V, Vout = 192 15 uA
VOUT-DS (Diode emulation mode) 12V : :
| VOUT current in active (Non- Vyvio = 2.5V, Vrk = 0.6V, MODE = 42 55 A
VOUT-ACTIVE switching) VCC M
IBATTERY-SD Battery drain in shutdown VyvrLo = 0V, Vout = 11.3V 25 5 MA
Battery drain in deep sleep (Skip _ _ _
|BATTERY-DSH or Diode emulation mode, E)/\l;v'-o = 2.5V, Vrk = 028V, Vevne = 1 17 pA
Charge pump off)
Battery drain in deep _ _ _
IBATTERY-DS2 sleep (FPWM mode, Charge B/\L/’VLO = 2.5V, Vrric = 0.28V, Ve = 41 70 A
pump off)
Battery drain in deep sleep (Skip _ _ _
|BATTERY-DS3 or Diode Emulation mode, \2/US\<'/-O = 2.5V, Vrrk = 0.28V, Vsyne = 33 62 pA
Charge pump on) '
Battery drain in deep _ _ —
|BATTERY-DS4 sleep (FPWM mode, Charge \2/%‘(;0 = 2.5V, Vrrk = 0.28V, Vsyne = 15 155 pA
pump on) '
ENABLE, UVLO
VEN-RISING Enable threshold EN rising 0.45 0.55 0.65 \Y
VEN-FALLING Enable threshold EN falling 0.35 0.45 0.55 \Y
VEN-HYS Enable hysteresis EN falling 55 90 130 mV
UVLO pull-down hysteresis _
luviLo-Hys current Vyvio = 0.7V 8 10 12 HA
VUVLO-RISING UVLO threshold UVLO rising 1.05 1.1 1.15 \%
VUVLO-FALLING UVLO threshold UVLO falling 1.025 1.075 1.125 \Y
VUVLO-HYS UVLO hysteresis UVLO falling 25 mV
SYNC/DITHER/VH/CP
SYNC threshold/SYNC detection .
VSYNC-RISING threshold SYNC rising 2 \Y
VSYNC-FALLING SYNC threshold SYNC faIIing 0.4 \Y
Minimum SYNC pull up pulse 100 ns
width
IDITHER Dither source/sink current 16 21 26 HA
Afgyy1 fsw Modulation (Upper Limit) 5 %
Afgwo fsw Modulation (Lower Limit) —6 %
VDITHER—FALLING Dither disable threshold 0.65 0.75 0.85 \Y
vcc
VVCC-REG1 VCC regulation IVCC =100mA 4.75 5.25 \Y
Vvce-REG2 VCC regulation No load 4.75 5.25 \%
Vvce-REG3 VCC regulation during dropout Vgias = 3.8V, lycc = 100mA 3.45 \%
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6.5 Electrical Characteristics (continued)

Typical values correspond to T, = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise
stated, VBIAS = 12V, VVOUT = 12V, RT = 909kQ, , RVREF = 65kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VVCC—UVLO—RISlNG VCC UVLO threshold VCC rising 3.55 3.65 3.75 \%
VVCC—UVLO—FALLING VCC UVLO threshold VCC faIIIng 3.2 3.3 3.4 \Y
lvee-cL VCC sourcing current limit Vyee = 4V 100 mA
CONFIGURATION (MODE)
VMODE-RISING FPWM mode threshold MODE rising 2.0 \Y
VMODE-FALLING Diode emulation mode threshold |MODE faIIing 0.4 \%
RT
VRt RT regulation 0.5 \%
VREF, TRK, VOUT
VREr VREF regulation target 0.99 1 1.005 \%
VOUT regulation target1 with . - _
VoUTREG resistor divider (Lower VOUT | YREF resistor divider to make Vg = 4915 5 5085 v
0.25V, Ryrer = 65kQ
range)
VOUT regulation target2 with . - _
VouTREG resistor divider (Lower VOUT | YREF resistor divider to make Vrrk = 9.9 10 10.1 v
0.5V, Ryrer = 65kQ
range)
VOUT regulation target3 with . . _
VourREG resistor divider (Lower VOUT | YREF resistor divider to make Vg = 19.8 20 202 v
1.0V, Ryrgr = 65kQ
range)
VOUT regulation target4 with . . _
VOUT.REG resistor divider (Upper VOUT | YREF resistor divider to make Vg = 14.74 15 15.24 Vv
0.25V, Ryrer = 35kQ
range)
VOUT regulation target5 with . . _
VoUT-REG resistor divider (Upper VOUT | YREF resistor divider to make Ve = 29.7 30 303 v
0.5V, Ryrer = 35kQ
range)
VOUT regulation target6 with . . _
VoUT.REG resistor divider (Upper VOUT | YREF resistor divider to make Vg = 56.43 57 5757 v
0.95V, Ryrer = 35kQ
range)
VOUT regulation target1 using _ _
VOUT-REG TRK (Lower VOUT range) V1Rrk = 0.25V, Ryrer = 65kQ 4.91 5 5.09 \
VOUT regulation target2 using _ _
VOUT-REG TRK (Lower VOUT range) V1Rrk = 0.5V, Ryrer = 65kQ 9.88 10 10.11 \
VOUT regulation target3 using _ _
VOUT-REG TRK (Lower VOUT range) V1rk = 1.0V, Ryrer = 65kQ 19.8 20 20.2 Vv
VOUT regulation target4 using _ _
VOUT-REG TRK (Upper VOUT range) V1Rrk = 0.25V, Ryger = 35kQ 14.71 15 15.25 \
VOUT regulation target5 using _ _
VOUT regulation target6 using _ _
VOUT-REG TRK (Upper VOUT range) V1Rrk = 0.95V, Ryrer = 35kQ 56.45 57 57.5 Vv
ITRK TRK bias current 1 uA
SOFT START, DE to FPWM TRANSITION
Iss Soft-start current 17 20 23 uA
Vss.DONE MODE transition start SS rising 1.3 1.5 1.7 \%
Rss SS pull-down switch Rpson 30 70 Q
Vss.pis SS discharge detection threshold 30 50 75 mV
Vss.FB internal SS to FB clamp Veg=0V 55 75 mV
CURRENT SENSE (CSP, CSN, SW, SENSE)
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6.5 Electrical Characteristics (continued)

Typical values correspond to T, = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise
stated, VBIAS = 12V, VVOUT = 12V, RT = 909kQ, , RVREF = 65kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VsLopE :rfﬂl(itzlgge compensation Referenced to CS input 45 mV
Acs Current sense amplifier gain CSP=3.0V 10 VIV
Current sense amplifier gain CSP=1.5V 10 VIV
Veurn ;?Z::; dp‘(agg;‘fgse;t)"m“ CSP=3.0V, MODE = GND 54 60 66| mv
;‘;Z:'r:’oel dp‘(*gg;‘fggm)"m“ CSP=1.5V, MODE = GND 51 60 72| mv
Vzep-DE ZCD threshold (SW-SENSE) MODE = GND 4 mV
lesn CSN bias current 1 MA
lcsp CSP bias current 110 uA
BOOT FAULT PROTECTION (HB)
Maximum replenish pulse cycles cycles
Replenish off cycles 12 cycles
Number of sets to enter hiccup
mode protection 4 sets
Off-cycle during hiccup mode off 512 cycles
ERROR AMPLIFIER (COMP)
Gm Transconductance 1 mA/N
ISOURCE-MAX l(\:/lljz?:;?tum COMP sourcing Vcomp=0V 95 HA
ISINK-MAX Maximum COMP sinking current |Vcomp=1.8V 90 MA
VELAMP-MAX COMP maximum clamp voltage |COMP rising 1.8 2.2 2.55 \Y
COMP minimum clamp voltage,
VGLAMP-MIN active in sleep and deep sleep COMP falling 0.25 \Y
mode.
PULSE WIDTH MODULATION (PWM)
fswi Switching frequency Rt =220kQ 85 100 115 kHz
faw2 Switching frequency Rt =9.09kQ 1980 2200 2420 kHz
toON-MIN Minimum controllable on-time Rt =9.09kQ 14 20 50 ns
toFF-MIN Minimum forced off-time Rt =9.09kQ 70 95 115 ns
Dmaxi Maximum duty cycle limit Rt =220kQ 90 94 98 %
Duax2 Maximum duty cycle limit Rt =9.09kQ 75 80 83 %
LOW IQ SLEEP MODE
V\WAKE Internal wakeup threshold VOUT falling (referenced to Voyt.reG) 98.5 %
Sleep to Wake-up delay Rt =9.09kQ 5 us
PGOOD, OVP
VOVTH-RISING tC:]\::Sr\rl]zllt:)ge threshold (OVP VOUT rising (referece to Voyrt.reG) 104.5 108 111 %
VOVTHFALLING tcr’]‘r’:s”r’:)'ltj)ge threshold (OVP 1\, falling (referece to Vour.rea) 100.5 105 109 %
VUVTHRISING :ﬂ?g:;‘é?c'jt)age threshold (PGOOD |/ riging (referece to Vour.rea) 915 94 98 %
VUVTHFALLING #}?g:;‘é‘l’ét)age threshold (PGOOD |\, alling (referece to Vour.rea) 89.5 92 955 %
UV comparator deglich filter Rising edge 26 us
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6.5 Electrical Characteristics (continued)

Typical values correspond to T, = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise

stated, VBIAS = 12V, VVOUT = 12V, RT = 909kQ, , RVREF = 65kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
UV comparator deglich filter Falling edge 21 us
Rpcoop PGOOD pull-down switch Rpson 90 180 Q
Minimum BIAS for valid PGOOD 25 \Y
MOSFET DRIVER
Z'riif’/r;';tate voltage drop (HO 100mA sinking 008 015 v
I;)iy;)tate voltage drop (HO 100mA sourcing 0.04 0.1 \Y
;iif’/';'gtate voltage drop (LO 100mA sinking 008 047 v
(';‘r’iye'f)tate voltage drop (LO 100mA sourcing 0.04 0.1 v
Vys.uvLo HB-SW UVLO threshold HB-SW falling 22 25 3.0 \Y
lHB-SLEEP HB quiescent current in sleep HB-SW = 5V 3.5 HA
tDHL HO off to LO on deadtime 20 ns
toLH LO off to HO on deadtime 22 ns
HB diode resistance 1.2 Q
THERMAL SHUTDOWN
TTsD-RISING Thermal shutdown threshold Temperature rising 175 °C
TTSD-HYS Thermal shutdown hysteresis 15 °C
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6.6 Typical Characteristics
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Figure 6-1. Frequency vs RT Resistance Figure 6-2. Frequency vs Temperature
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Figure 6-3. Frequency vs Temperature Figure 6-4. Vgjas Vs Igjas (Active Mode)
(RT = 220kQ, 100kHz)
36 12
| 1.5
34
33 11 ~
~ 32 2 —
Z g —
= 31 @ 10.5 /
< <
B 30 = 1
I 10
29 ’ /
28 I 9.5
27
26 ° 0 5 10 15 20 25 30 35 40 45
0 5 10 15 20 25 30 35 40 45
Vaias (V) Veias (V)
Figure 6-5. Vgjas Vs Igjas (Bypass Mode, Charge Pump On) Figure 6-6. Vias Vs Isias (Bypass Mode, Charge Pump Off)
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6.6 Typical Characteristics (continued)
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Temperature (CSP = 3V)
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6.6 Typical Characteristics (continued)
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7 Detailed Description
7.1 Overview

The LM5123-Q1 device is a wide input range synchronous boost controller that employs peak current mode
control. The device features a low shutdown I and a low I sleep mode, which minimizes battery drain at no
and light load condition. The device also supports an ultra-low | deep sleep mode with bypass operation, which
eliminates the need for an external bypass switch when the supply voltage is greater than the boost output
regulation target. The output voltage can be dynamically programmed using the tracking function.

The wide input range of the device supports automotive cold-crank and load dump. The minimum input voltage
can be as low as 0.8V when BIAS is equal to or greater than 3.8V. The switching frequency is dynamically
programmed with an external resistor from 100kHz to 2.2MHz. Switching at 2.2MHz minimizes AM band
interference and allows for a small solution size and fast transient response. Controller architecture simplifies
thermal management at harsh ambient temperature conditions when compared to converter architectures.

The device has built-in protection features such as peak current limit, which is constant over V|y, overvoltage
protection, and thermal shutdown. External clock synchronization, programmable spread spectrum modulation,
and a lead-less package with minimal parasitic help reduce EMI and avoid cross talk. Additional features include
the following:

* Line UVLO

« FPWM

* Diode emulation

« DCR inductor current sensing
* Programmable soft start

* Power-good indicator

7.2 Functional Block Diagram

Viono

VOUT/SENSE
; 'l' OUTISENS @ Min. Peak G/L VCC _EN VREF / RANGE
j (;Omi Vu Comparator 1
BIA! ZCDTH V
g s ZCD ; ;T(IP VOUT40/ Curer
Ruono Ly \Yele} Comparator L omy
m R
au™ Q s «—DE/SKIP = VREFT
B W PWM  Peak ef efeqce R
Comparator 450mV generator VREFB
. -
VsuppLy - Voo
Ci Rs Lu 0D
X N4 |
Peak C/L 0.3V ss
Gomparator Ves
Y% Veutn SS l Cu
cspP Acs Ves COMP g
'II: + M
V.
SUPPLY 25us RCOMP
Vot PGOOD
VCC_EN2 o
CLK FB - 'COMP
CP Enable Duae
Ruvior MAX
VOVTH
Bypass Mode
(Only LM5152)
Ruvios Ready SYNC/ Clock
DITHER | Ganer MODE
Selector enerator vag\é Switching Mode
SKIP Selector
SYNC/DITHER/VH/CP RT N
Rr
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7.3 Feature Description

Note

Read through Section 7.4 before reading the feature description of the device. It is recommended to
understand which device functional modes and what type of light load switching modes are supported
by the device.

The parameters or thresholds values mentioned in this section are reference values unless otherwise
specified. Refer to the Electrical Characteristics to find the minimum, maximum, and typical values.

7.3.1 Device Enable/Disable (EN, VH Pin)

The device shuts down when EN is less than the EN threshold (Vgy) and VH is less than the SYNC threshold
(Vsync)- The device is enabled when EN is greater than Vg or VH is greater than Vgyne. The VH pin provides a
40us internal delay before the device shuts down.

During shutdown, a 33kQ internal pulldown resistor on the EN pin is connected to GND to prevent a false turn-on
when the pin is floating. Once EN goes above the EN threshold (Vgy), the 33kQ resistor is disconnected and the
luvLo-HYs current source is enabled to provide the UVLO functionality. The Iy o.Hys current is designed to avoid
chatter around the EN threshold voltage.

VsuppLy

EN/UVLO VEC2Vveoumo

Ready
to start

TSD
Configuration

L
Ven b Enable
33 kQ VCC
ﬂ D VH 2 Vgyne
Configuration

Figure 7-1. EN/UVLO Circuit

7.3.2 High Voltage VCC Regulator (BIAS, VCC Pin)

The device features a high voltage 5V VCC regulator, which is sourced from the BIAS pin. The internal VCC
regulator turns on 50us after the device is enabled and the 120us device configuration starts when VCC is
above the VCC UVLO threshold (Vycc.uvLo)- The device configuration is reset when the device shuts down or
VCC falls down below 2.2V. The preferred way to reconfigure the device is to shut down the device. During the
configuration time, the light load switching mode and VOUT range are selected.

The high voltage VCC regulator allows the connection of the BIAS pin directly to supply voltages from 3.8V to
42V. When BIAS is less than the 5V VCC regulation target (Vycc.reg), the VCC output tracks the BIAS pin
voltage with a small dropout voltage, which is caused by the 1.7Q resistance of the VCC regulator.

The recommended VCC capacitor value is 4.7uF. The VCC capacitor should be populated between VCC and
PGND as close to the device as possible. The recommended BIAS capacitor value is 1.0uF. The BIAS capacitor
must be populated between BIAS and PGND close to the device.
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BIAS VCC

1.0 uF g 5V VCo $4.7 uF
Regulator

Figure 7-2. High Voltage VCC Regulator

The VCC regulator features a VCC current limit function that prevents device damage when the VCC pin is
shorted to ground accidentally. The minimum sourcing capability of the VCC regulator is 100mA (lycc.cL) during
either the device configuration time or active mode operation. The minimum sourcing capability of the VCC
regulator is reduced to 1TmA during sleep mode or deep sleep mode, or when EN is less than Vgy and VH
is greater than Vgync. The VCC regulator supplies the internal drivers and other internal circuits. The external
MOSFETs must be carefully selected to make the driver current consumption less than lycc.c.. The driver
current consumption can be calculated in Equation 1.

lg =2 x Qggsv * fsw (1)

where
* Qgg@sv is the N-channel MOSFET gate charge at 5V gate-source voltage.

If VIN operation below 3.8V is required, the BIAS pin must be connected to the output of the boost converter
(Vi oap)- By connecting the BIAS pin to V| pap, the boost converter input voltage (VsyppLy) can drop down to
0.8V if BIAS is greater than 3.8V. See Section 7.3.17 for more detailed information about the minimum VgyppLy-

7.3.3 Light Load Switching Mode Selection (MODE Pin)

The light load switching mode is selected during the device configuration. The device is configured to skip mode
when the MODE pin is floating or a resistor that is greater than 500kQ is connected between MODE and AGND
during the device configuration. Once the device is configured to skip mode, the light load switching mode
cannot be changed until the user reconfigures the device.

If the MODE pin voltage is less than 0.4V (Vmope-raLLing) OF grounded during the device configuration, the
device is configured to diode emulation (DE) mode. If the MODE pin voltage is greater than 2.0V (Vyope-RISING)
or connected to VCC during the device configuration, the device is configured to forced PWM (FPWM) mode. If
the device is configured to DE or FPWM mode, light load switching mode can be dynamically changed between
DE and FPWM modes during operation without reconfiguration.

Closed during
4— configuration

l: MODE MODE —» FPWM or DE
Selector |y gKIP

Closed during

I ¢ configuration

Figure 7-3. MODE Selection Circuit

7.3.4 Voyr Range Selection (RANGE Pin)

The programmable Vgoyt range is selected during the device configuration and it cannot be changed until the
user reconfigures the device. Lower Vot range (5V to 20V) is selected if the resistance from VREF to AGND
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(Rvrert + Ryrerg) is in the range of 75kQ to 100kQ during the device configuration. Upper Vgyt range (15V
to 57V) is selected if the resistance from VREF to AGND is in the range of 20kQ to 35kQ during the device
configuration. The accuracy of the Vgt regulation is specified within the selected range.

7.3.5 Line Undervoltage Lockout (UVLO Pin)

When UVLO is greater than the UVLO threshold (Vyy o), the device enters active mode if the device
configuration is finished. UVLO hysteresis is accomplished with an internal 25mV voltage hysteresis (VyyvLo-Hys)
at the UVLO pin, and an additional 10pA current sink (IyyLo-Hys) that is switched on or off. When the UVLO
pin voltage exceeds Vy o, the current sink is disabled to quickly raise the voltage at the UVLO pin. When the
UVLO pin voltage falls below Vo or during the device configuration time, the current sink is enabled, causing
the voltage at the UVLO pin to fall quickly.

The external UVLO resistor voltage divider (RyyLoT, RuviLos) must be designed so that the voltage at the UVLO
pin is greater than Vyy_o when Vgyppyy is in the desired operating range. The values of Ryy ot and RyyLog can
be calculated as follows.

v _ Vuvio RISING )
SUPPLY_ON ~ Vyy 10 raLLING ' SUPPLY_OFF

R =
UVLOT TUVL0 HYS (2)

R _ Vyviro_rALLING X RyvLOT 3
UVLOB = (3)

VsuppLy_OFF —VUVLO_FALLING

A UVLO capacitor (CyyLo) is required in case VgyppLy drops below Vsyppry.orr momentarily during the start-up
or during a severe load transient at the low input voltage. If the required UVLO capacitor is large, an additional
series UVLO resistor (RyyLos) can be used to quickly raise the voltage at the UVLO pin when lyy o.xys iS
disabled.

The UVLO pin can be connected to the BIAS pin if not used. Drive the UVLO pin through a minimum of a 5kQ
resistor if the BIAS pin voltage is less than the UVLO pin voltage in any conditions.

7.3.6 Fast Restart Using VCC HOLD (VH Pin)

The device is prepared for a fast start or restart when VH is greater than Vgync. The device configuration is
completed and the VCC regulator is active. The device stops switching, but keeps the VCC regulator active
when EN is less than Vgy and VH is greater than Vgyne (see Figure 7-5).
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Figure 7-4. Boost Start-Up Waveforms Case 1: Start-Up by EN/UVLO, Restart when VH < Vgy\c
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|
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|
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|
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VCC T / | time :
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|
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Figure 7-5. Boost Start-Up Waveforms Case 2: Start-Up by EN/UVLO, Restart when VH > Vgync
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7.3.7 Adjustable Output Regulation Target (VOUT, TRK, VREF Pin)

The Voyut regulation target (Vout.reg) is adjustable by programming the TRK pin voltage, which is the reference
of the internal error amplifier. The accuracy of Voyt.reg is given when the TRK voltage is between 0.25V and
1.0V. The high impedance TRK pin allows users to program the pin voltage directly by a D/A converter or by
connecting to a resistor voltage divider (Ryrert, Ryrers) between VREF and AGND.

The device provides a 1V voltage reference (Vrgg), which can be used to program the TRK pin voltage through
a resistor voltage divider. It is not recommended to use Vrgr as a reference voltage of an external circuit
because the device periodically disables Vgrgr in sleep or deep sleep mode. For stability reasons, the VREF
capacitor (Cyrger) should be between 330pF and 1nF. 470pF is recommended.

When Rygrert and Ryrerg are used to program the TRK pin voltage, Voyut.reg can be calculated as follows.
Lower Voyt Range

20 X RyREFB
Ronrrn T RURF T (4)

Your_REG = Rypprp + RyRerr

Upper Voyut Range

60 X RyREFB
R TR ®)
VREFB + RVREFT

Vour_RrEG =
The TRK pin voltage can be dynamically programmed in active mode, which makes an envelope tracking power
supply design easy. When designing a tracking power supply, it is required to adjust the TRK pin voltage slow
enough so that the VOUT pin voltage can track the command and the internal overvoltage or undervoltage
comparator is not triggered during the transient operation. An RC filter must be used at the TRK pin to slow
down the slew rate of the command signal at the TRK pin, especially when a step input is applied. When a
trapezoidal or sinusoidal input is applied, the slew rate or the frequency of the command signal must be limited.

VREF
CvRrer
Rvrerr TRK
Rvrers
AGND
(a (b)

Figure 7-6. TRK Control (a) Using VREF (b) by External Step Input

In FPWM operation, Voyt.Rreg tracks the TRK pin voltage immediately and during deep sleep mode. While in
skip or diode mode operation, Vout.reg tracks the TRK pin voltage with a maximum of a 20ms delay during
deep sleep mode to save power. Take extra care when programming TRK if VgyppLy is greater than Voyrt.reg
in any conditions. The device enters active mode with a 5us delay if V| gap falls below Voyrt.reg in deep sleep
mode, but the device enters active mode with maximum of a 20ms delay if Vout.ReG IS increased by TRK above
V\oap in deep sleep mode.

7.3.8 Overvoltage Protection (VOUT Pin)

The device provides an overvoltage protection (OVP) for boost converter output. The OVP comparator monitors
the VOUT pin through an internal resistor voltage divider. If the VOUT pin voltage rises above the overvoltage
threshold (VoytH), OVP is activated. When OVP is triggered, the device turns off the low-side driver and turns on
the high-side driver until zero current is detected in diode emulation or skip mode. In FPWM mode, the low-side
driver is not turned off when the OVP is triggered.
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After at least 40ps in OVP status, the device enters deep sleep mode and turns on the high-side driver 100%.
The recommended VOUT capacitor (Cyoyt) is 0.1uF.

7.3.9 Power Good Indicator (PGOOD Pin)

The device provides a power-good indicator (PGOOD) to simplify sequencing and supervision. PGOOD is an
open-drain output and a pullup resistor between 5kQ and 100kQ can be externally connected. The PGOOD
switch opens when the VOUT pin voltage is greater than the undervoltage threshold (Vyyty). The PGOOD pin
is pulled down to ground when the VOUT pin voltage is less than Vyyty, UVLO is less than Vyy o, VCC is
less than Vycc.yviLo, or during thermal shutdown. A 26us rising and 21us falling deglitch filter prevents any false
pulldown of the PGOOD due to transients. The PGOOD pin voltage cannot be greater than Vyoyt + 0.3V.

426 us Delay
Vovt D oV '*21 usDelay  pgooD

Figure 7-7. PGOOD Indicator

7.3.10 Dynamically Programmable Switching Frequency (RT)

The switching frequency of the device is set by a single RT resistor connected between RT and AGND if no
external synchronization clock is applied to the SYNC pin. The resistor value to set the RT switching frequency
(Rt) is calculated as follows.

_2.21x10'% o
T fRT(typical)

(6)

The RT pin is regulated to 0.5V by an internal RT regulator when the device is in active mode or during the
device configuration. The switching frequency can be dynamically programmed during operation as shown in
Figure 7-8.

RT

Higher Fsw 1

Figure 7-8. Frequency Hopping Example

7.3.11 External Clock Synchronization (SYNC Pin)

The switching frequency of the device can be synchronized to an external clock by directly applying an
external pulse signal to the SYNC pin. The internal clock is synchronized at the rising edge of the external
synchronization pulse using an internal PLL. Connect the SYNC pin to ground if not used.

The external synchronization pulse must be greater than Vgync in the high logic state and must be less
than Vgync in the low logic state. The duty cycle of the external synchronization pulse is not limited, but the
minimum on-pulse and the minimum off-pulse widths must be greater than 100ns. The frequency of the external
synchronization pulse must satisfy Equation 7 and Equation 8.
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200kHz < fgyne < 2.2MHz @
0.75 xfar(typican) < fsyne <1-5% frrypical) ®)

For example, a RT resistor is required for typical 350kHz switching to cover 263kHz to 525kHz clock
synchronization without changing the RT resistor.

F(SYNC
] sYNC
SYNC rising threshold
SYNC falling threshold
SYNC
TN o N A N SNV CHNN ) SN () L B S O =
RT programmed 7 cycles ~150us Clock 2 cycles RT programmed
switching PLL enable delay = PLL lock time Synchronized SYNC exit delay switching

Figure 7-9. External Clock Synchronization

Drive the SYNC pin through a minimum 1kQ resistor if the BIAS pin voltage is less than the SYNC pin voltage in
any conditions.

7.3.12 Programmable Spread Spectrum (DITHER Pin)

The device provides an optional programmable spread spectrum (clock dithering) function that is activated by
connecting a capacitor between DITHER and AGND. A triangular waveform centered at 1.0V is generated
across the dither capacitor. This triangular waveform modulates the oscillator frequency by —6% to +5% of the
frequency set by the RT resistor. The dither capacitance value sets the rate of the low frequency modulation.
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| DITHER
CDITHER l
IpitHer = -20UA
1.0V +7.0%
/ Jr
1.0V -7.0% i

Ipither = 20UA Dither disable threshold

-t -
-

Tmoo=1/fwop
DITHER

\

\
A

RT programmed
switching

Clock dithering

RT programmed
switching

Figure 7-10. Switching Frequency Dithering
For the dithering circuit to effectively reduce peak EMI, the modulation frequency must be much less than the RT

switching frequency. The dither capacitance, which is required for a given modulation frequency (fyop), can be
calculated from Equation 9. Setting the fyop to 9kHz or 10kHz is a good starting point.

_ 2044
CDITHER = Fy0p X 0.297 9

Connecting DITHER to AGND deactivates clock dithering, and the internal oscillator operates at a fixed
frequency set by the RT resistor. Clock dithering is also disabled when an external synchronization pulse is

applied.

| DITHER

Figure 7-11. Dynamic Dither On/Off Example

7.3.13 Programmable Soft Start (SS Pin)

The soft-start feature helps the converter gradually reach the steady state operating point. To reduce start-up
stresses and surges, the device regulates the error amplifier reference to the SS pin voltage or the TRK pin
voltage (V1rk), Whichever is lower.

The internal 20pA soft-start (Isg) current turns on 120us after the VCC pin crosses Vycc.uvio- lss gradually
increases the voltage on an external soft-start capacitor (Cgg). This results in a gradual rise of the output
voltage.

In FPWM mode, the device forces diode emulation while the SS pin voltage is less than 1.5V. When the SS pin

voltage is greater than 1.5V, the device changes the zero current detection (ZCD) threshold gradually from 4mV
to —145mV to achieve a smooth transition from diode emulation to FPWM mode.
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_____ /

lss=20uA

VCC ——
""" Vrrk
SS >
‘ R Transient period
P
120us .
delay Forced Qlode
Emulation

Figure 7-12. Soft Start and Smooth Transition to FPWM

In boost topology, the soft-start time (tss) varies with the input supply voltage because the boost output voltage
is equal to the boost input voltage at the beginning of the soft-start switching. tsg in boost topology is calculated
with Equation 10.

_ Css VsuppLY
tSS_VTRmeX<1_W (10)

In general, it is recommended to choose a soft-start time long enough so that the converter can start up without
going into an overcurrent state. If the device is used for a pre-boost in automotive application, it is recommended
to use 100pF Cggs to reach steady state as soon as possible.

The device also features an internal SS-to-FB clamp (Vss.g), which clamps SS 55mV above FB and is activated
if 256 consecutive switching cycles occur with current limit. The SS-to-FB clamp is deactivated if 32 consecutive
switching cycles occur without exceeding the current limit threshold. This clamp helps to minimize surges after
output shorts or over load situations. The device can enter deep sleep mode when SS is greater than 1.5V. It is
not recommended to pulldown SS to stop switching.

7.3.14 Wide Bandwidth Transconductance Error Amplifier and PWM (TRK, COMP Pin)

The device includes an internal feedback resistor voltage divider. The internal feedback resistor voltage divider
is connected to the negative input of the internal transconductance error amplifier, and the TRK pin voltage
programs the positive input of the internal transconductance error amplifier after the soft start is finished. The
internal transconductance error amplifier features high output resistance (Rg = 10MQ) and wide bandwidth (BW
= 3MHz) and sinks (or sources) current, which is proportional to the difference between the negative and the
positive inputs of the error amplifier.

The output of the error amplifier is connected to the COMP pin, allowing the use of a Type-2 loop compensation
network. Rcomp, Ccomp, @and an optional Cye loop compensation components configure the error amplifier gain
and phase characteristics to achieve a stable loop response. This compensation network creates a pole at very
low frequency, a mid-band zero, and a high frequency pole.

The PWM comparator in Figure 7-13 compares the sum of the amplified sensed inductor current and the slope
compensation ramp with the sum of the COMP pin voltage and a —0.3V internal offset, and terminates the
present cycle if the sum of the amplified sensed inductor current and the slope compensation ramp is greater
than the sum of the COMP pin voltage and the —0.3V internal offset.
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Rs VsuppLy

VAN il

CSN CSP g
VCCiEN VREF il
Gain=10 1V L 4
L
voutT—~_ 9 Curer
gl TRK Rvrert
l Reference 4[
-— : )¢ R
PWM generator VREFB
Comparator 0.3V FB T AGND
DC offset Bypass —|
Mode
N lss
SS
-+ COMP g Css
RCOMP
Chr

(optional)
g Coomp

Figure 7-13. Error Amplifier, Current Sense Amplifier, and PWM

7.3.15 Current Sensing and Slope Compensation (CSP, CSN Pin)

The device features a current sense amplifier with an effective gain of 10 (Acg), and provides an internal slope
compensation ramp to the PWM comparator to prevent a subharmonic oscillation at high duty cycle. The device
generates the 45mV peak slope compensation ramp (Vs _opg) at the input of the current sense amplifier, which is
a 0.45V peak (at 100% duty cycle) slope compensation ramp at the PWM comparator input.

According to peak current mode control theory, the slope of the slope compensation ramp must be greater than
at least half of the sensed inductor current falling slope to prevent subharmonic oscillation at high duty cycle.
Therefore, the minimum amount of the slope compensation must satisfy Equation 11.

0.5 x (ViLoap - VsuppLy) / Lu X Rs x Margin < Vg opg * fsw (in Boost)

where

* 1.5-1.7 is recommended as the margin to cover non-ideal factors.

"

A

VCOMP
0.3V offset

Internal Slope

Compensation 0.45V x D

S

Sensed Inductor
Current (10 x Rs x Ium)

»
»

Figure 7-14. PWM Comparator Input

(11)
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7.3.16 Constant Peak Current Limit (CSP, CSN Pin)

When the CSP-CSN voltage exceeds the 60mV cycle-by-cycle current limit threshold (V¢ 1H), the current limit
comparator immediately terminates the LO output. The device provides an constant peak current limit whose
peak inductor current limit is constant over the input and output voltage. For the case where the inductor
current can overshoot, such as inductor saturation, the current limit comparator skips pulses until the current has
decayed below the current limit threshold.

Rs VsuppLy
»y

L
R il

Gain=10 ' CS Ampliier
Current Limit i

Comparator

0.6V

Figure 7-15. Current Limit Comparator

Cycle-by-cycle peak current limit is calculated as follows:

0.06
IPEAK—CL =5
s (12)

Current Limit = 0.6V

S

Sensed Inductor
Current (10 x Rs x I.m)

»
»

Figure 7-16. Current Limit Comparator Input

Boost converters have a natural pass-through path from the supply to the load through the high-side MOSFET
body diode. Due to this path, boost converters cannot provide the peak current limit protection when the output
voltage is close to or less than the input supply voltage, especially the peak current limit protection that does not
work during the minimum on time (ton-min)-

7.3.17 Maximum Duty Cycle and Minimum Controllable On-Time Limits

The device provides the maximum duty cycle limit (Dyax) and minimum off time to cover the non-ideal factors
caused by resistive elements. Dyax decides the minimum input supply voltage (VsuppLy(uin)), Which can achieve
the target output voltage (Vi oap) during CCM operation, but VsyppLy(miny, Which can achieve the target output
voltage during DCM operation, is not limited by Dyax. VsuppLy(miny, Which can achieve the target output voltage
during CCM operation, can be estimated as follows. See also Figure 6-17.

VsuppLy(miNy= Vioap * (1 - Dmax) + IsuppLy(vax) % (Rpcr + Rs + Rps(on)) (13)

where

*  lsuppLy(mAx) is the maximum input current at VsyppLymin)-
* Rpcris the DC resistance of the inductor.

* Rps(on) is the turn-on resistance of the MOSFET.
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At very light-load condition or when VgyppLy is close to Voyt.rea, the device skips the low-side driver pulses if
the required on time is less than tonvn- This pulse skipping appears as a random behavior. If Vgyppyy is further
increased to the voltage higher than Voyt.reG, the required on time becomes 0 and eventually the device can
start bypass operation, which turns on the high-side driver 100% when the VOUT pin voltage is greater than

VovTh-
7.3.18 Deep Sleep Mode and Bypass Operation (HO, CP Pin)

When SS is greater than 1.5V, the device enters deep sleep mode after at least 40us in OVP status. The device
re-enters active mode if VoyT falls down below Vgyp. During bypass operation, the loss, which is caused by the
body diode of the high-side MOSFET, is minimized. See Section 7.4.1.5 for more information.

Boost

Output !
|
|
|

Boost :

Bypass Operation
Input | -
,  Pulse Pulse
: Pulse Pulse
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LO-PGND |~~— PRIng

| |
| |
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| |
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| »!
] gl |
| | |
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i i— = O |
HO-SW | | |
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] [ ]
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f | |
| |
| |

Figure 7-17. PWM to Bypass Transition in CCM Operation
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Figure 7-18. PWM to Bypass Transition in DCM Operation
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7.3.19 MOSFET Drivers, Integrated Boot Diode, and Hiccup Mode Fault Protection (LO, HO, HB Pin)

The device provides N-channel logic MOSFET drivers, which can source a peak current of 2.2A and sink a peak
current of 3.3A. The LO driver is powered by VCC, and is enabled when EN is greater than Vgy and VCC is
greater than Vycc.uvLo- The HO driver is powered by HB, and is enabled when EN is greater than Vgy and
HB-SW voltage is greater than HB UVLO threshold (Vyg.uvio)-

When the SW pin voltage is approximately OV by turning on the low-side MOSFET, the Cyg is charged from VCC
through the internal boot diode. The recommended value of the Cyg is 0.1pF.

The LO and HO outputs are controlled with an adaptive dead-time methodology, which makes sure that both
outputs are not turned on at the same time. When the device commands LO to be turned on, the adaptive
dead-time logic first turns off HO and waits for HO-SW voltage to drop. LO is then turned on after a small delay
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(tppL)- Similarly, the HO driver turn-on is delayed until the LO-PGND voltage has discharged. HO is then turned
on after a small delay (tp_n)-

If the BIAS pin voltage is below the 5V VCC regulation target, take extra care when selecting the MOSFETs.
The gate plateau voltage of the MOSFET switch must be less than the BIAS pin voltage to completely enhance
the MOSFET, especially during start-up at low BIAS pin voltage. If the driver output voltage is lower than the
MOSFET gate plateau voltage during start-up, the converter may not start up properly and it can stick at the
maximum duty cycle in a high-power dissipation state. This condition can be avoided by selecting a lower
threshold MOSFET or by turning on the device when the BIAS pin voltage is sufficient. Care should be taken
when the converter operates in bypass at any conditions. During the bypass operation, the minimum HO-SW
voltage is 3.75V.

VCC
DHB
Qpump HB
ZCD —p
] Delay |— HO
Level I: /I/— sw
Shifter Adaptive
Deadtime
> [F
PWM —e Delay |— LO
PGND

Figure 7-19. Driver Structure with Internal Boot Diode

The hiccup mode fault protection is triggered by the HB UVLO. If the HB-SW voltage is less than the HB UVLO
threshold (Vyg.uvLo), the LO turns on by force for 75ns to replenish the boost capacitor. The device allows
up to four consecutive replenish switching. After the maximum four consecutive boot replenish switching, the
device skips switching for 12 cycles. If the device fails to replenish the boost capacitor after the four sets of the
four consecutive replenish switching, the device stops switching and enters 512 cycles of hiccup mode off time.
During the hiccup mode off time, PGOOD and SS are grounded.

If required, the slew rate of the switching node voltage can be adjusted by adding a gate resistor in parallel with
a pulldown PNP transistor. Extra care should be taken when adding the gate resistor because it can decrease
the effective dead time.

L

PGND .

Figure 7-20. Slew Rate Control

7.3.20 Thermal Shutdown Protection

An internal thermal shutdown (TSD) is provided to protect the device if the junction temperature (T;) exceeds
175°C. When TSD is activated, the device is forced into a low-power thermal shutdown state with the MOSFET
drivers and the VCC regulator disabled. After the T is reduced (typical hysteresis is 15°C), the device restarts.
The TSD is disabled during sleep or deep sleep mode.
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7.4 Device Functional Modes

7.4.1 Device Status
7.4.1.1 Shutdown Mode

When EN is less than Vgy and VH is less than Vgyne, the device shuts down, consuming 3uA from BIAS. In
shutdown mode, COMP, SS, and PGOOD are grounded. The device is enabled when EN is greater than Vgy or
VH is greater than Vgync.

7.4.1.2 Configuration Mode

When the device is enabled initially, the 120us device configuration starts if VCC is greater than Vycc.uvio-
During device configuration, the light load switching mode and VOUT range are selected. The device
configuration is reset when the device shuts down or VCC falls down below 2.2V. The preferred way to
reconfigure the device is to shut down the device. During the configuration time, a 33kQ internal EN pulldown
resistor is connected, the minimum sourcing capability of the VCC regulator is 100mA and the RT pin is
regulated to 0.5V by the internal RT regulator.

7.4.1.3 Active Mode

After the 120us initial device configuration is finished, the device enters active mode with all functions enabled if
UVLO is greater than Vy o. In active mode, a soft-start sequence starts and the error amplifier is enabled.

7.4.1.4 Sleep Mode

When skip mode is selected as the light load switching mode and SS is greater than 1.5V, the device enters
sleep mode if the low-side driver skips switching for 16 consecutive cycles. Once the device enters sleep mode,
the device cannot re-enter active mode during 8us minimum sleep time. During sleep mode, the device stops the
internal oscillator to reduce the operating current, disables UVLO comparator, disables the error amplifier, and
parks the COMP pin at 0.25V. The device re-enters active mode if the VOUT pin voltage falls down below the
wake up threshold (Viyake), which is 1.1% lower than Voyt.reG-

7.4.1.5 Deep Sleep Mode

When SS is greater than 1.5V, the device enters deep sleep mode after four cycles in OVP status. During deep
sleep mode, the device stops the internal oscillator to reduce the operating current, disables UVLO comparator,
disables the error amplifier, and parks the COMP pin at 0.25V.

In FPWM or DE mode, the device re-enters active mode if Vgt falls down below Voyth. In skip mode, the
device re-enters active mode if VOUT falls down below Voyth, then immediately enters sleep mode after 16
consecutive cycles of pulse skipping.

7.4.2 Light Load Switching Mode

The device provides three light load switching modes. Inductor current waveforms in each mode are different at
the light or no load condition.
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Figure 7-21. Inductor Current Waveform at Light Load (a) FPWM (b) Diode Emulation (c) Skip Mode

7.4.2.1 Forced PWM (FPWM) Mode

In FPWM mode, the inductor current conducts continuously at light or no load conditions, allowing a continuous
conduction mode (CCM) operation. The benefits of FPWM mode are a fast light load to heavy load transient
response and constant switching frequency at light or no load conditions. The maximum reverse current is
limited to 145mV/Rpson) in FPWM mode.

7.4.2.2 Diode Emulation (DE) Mode

In diode emulation (DE) mode, inductor current flow is allowed only in one direction — from the input source to
the output load. The device monitors the SENSE-SW voltage during the high-side switch on time and turns off
the high-side switch for the remainder of the PWM cycle when the SENSE-SW voltage falls down below the
5mV zero current detection (ZCD) threshold (Vzcp). The benefit of the diode emulation is a higher efficiency than
FPWM mode efficiency at light load condition.
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Figure 7-22. Zero Current Detection

7.4.2.3 Forced Diode Emulation Operation in FPWM Mode

During soft start, the device forces diode emulation while the SS pin voltage is less than 1.5V. When the SS
pin is greater than 1.5V, the device reduces the zero current detection (ZCD) threshold down to —145mV. The
peak-to-peak inductor current must satisfy Equation 14 for a proper FPWM operation at no load.

1 R
PP X 2DS(om) ZDS("”) < 145my (14)

7.4.2.4 Skip Mode

When skip mode is selected as the light load switching mode, the device enters sleep mode when the pulse
skip counter detects 16 consecutive cycles of pulse skipping in the active mode, and re-enters the active mode if
VOUT falls down below Vyyake-

The light load efficiency can be increased by entering sleep mode more frequently and staying in sleep mode
longer. In skip mode and when SS is greater than 1.5V, the device works in the diode emulation, but the
minimum peak current is limited to 10mV/Rg once the low-side driver turns on. By limiting the minimum peak
current, the boost converter is able to supply more current than what is required when switching, and enters
sleep mode more frequently and stays longer in the sleep mode.
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Figure 7-23. Skip Mode Operation

When skip mode is selected as the light load switching mode, Ly, should be selected for the peak inductor to
reach the 10m-V minimum peak current limit before LO turns off by Dyax at the minimum Vgyppry-
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8 Application and Implementation

Note

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

8.1 Application Information

The device integrates several optional features to meet system design requirements, including input UVLO,
programmable soft start, clock synchronization, spread spectrum, and selectable light load switching mode.
Each application incorporates these features as needed for a more comprehensive design. Refer to the
LM5123EVM-BST User's Guide for more information.

8.2 Typical Application

Figure 8-1 shows all optional components to design a boost converter.

V.
CVOUT S_UP_PLY BIAS
VLOAD Cvce
_____ T «—{vour  BIAS vee |
Rioap WI&H— HB RT A >
Cour2 COUT1 Ren Rr
HO sst—HE
VSUPPLY Css ¥ Ccomp

Rs sw COMP —xAM—|
Rcomp

Cinz | Cins LO MODE —| >

PGND AGND —{>

Rey
VsuppLy CSN PGOOD —\/\/\/‘—I
Crcs Cvrer
R -I CSP VREF
uvLot
Ruvios
UVLO SYNC/DITHER TRK
Rvrers

Ruvios

HE

CD\THER

l Cuvio

Figure 8-1. Typical Synchronous Boost Converter with Optional Components

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

Table 8-1. Design Example Parameters

DESIGN PARAMETER VALUE
Minimum input supply voltage (VsuppLy(miN)) 9V
Target output voltage (V_oap) 24V
Maximum load current (I_oap) 4A (96W)
Typical switching frequency (fsw) 440kHz
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8.2.2 Detailed Design Procedure

Use the Quick Start Calculator to expedite the process of designing of a regulator for a given application.
Refer to the LM5123EVM-BST User's Guide for recommended components and typical application curves.
8.2.2.1 Application Ideas

For applications requiring the lowest cost with minimum conduction loss, inductor DC resistance (DCR) can be
used to sense the inductor current rather than using a sense resistor. Rpcre and Cpcre must meet Equation 15
to match a time constant.

E Lwm Rocr

|

Cocre  Rocre

Figure 8-2. DCR Current Sensing

Ly

M _ R X C
Rpcr — RDCRC % CpCRC (15)

If required, an additional PGOOD delay can be programmed using an external circuit.
VDD_MCU

PGOOD : Internal 25us pull-down and pull-up delay

PGOOD [
VDD_MCU

/RESET (with additional delay)

CDELAV

Figure 8-3. Additional PGOOD Delay
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8.2.3 Application Curves
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Figure 8-4. Efficiency vs. loyTt, VouT = 24V (FPWM) Figure 8-5. Efficiency vs. loyt, Vout = 24V Light
Load
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Figure 8-6. 24V Load Regulation
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8.3 System Example
Use LM5123 in LED application. The TRK pin can be used to control head-room.

TPS92515 Buck

LED Driver
VLOAD

T TPS92515 Buck

LED Driver

3 7
High-side MOSFET can turn VOUT/SENSE  BIAS VCC _| |—|> MCU VDD

N

N
N
N

W

|

on 100% when car battery g HE  SYNG/DITHERVH/QP [ %

voltage is in normal range
HO PGOOD

SW RT _'\/\/\’_{> Power Good

indicator to
LO ss —| |—{> MCU
PGND COMP —WH I—{>

Car Battery VsuppLy

Hh

CSN MODE [—— VCC
CSP REF/ RANGE
Enable from MCU R
» UVLO/EN AGND TRK g VREF

<

RFTRK

Dynamic
c Headroom
FTRK Control

Figure 8-7. LM5123 in LED Application

To configure non-synchronous boost converter, connect SW to PGND, and connect HB to VCC.

Vioap

o

VOouT

HB

HO

VsuppLy

<

SW

KoL

LO

PGND

CSN

CcspP

Figure 8-8. Non-Synchronous Boost Configuration
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9 Power Supply Recommendations

The device is designed to operate from a power supply or a battery that has a voltage range is from 0.8V to 42V.
The input power supply must be able to supply the maximum boost supply voltage and handle the maximum
input current at 0.8V. The impedance of the power supply and battery including cables must be low enough that
an input current transient does not cause an excessive drop. Additional input ceramic capacitors can be required
at the supply input of the converter.

10 Layout
10.1 Layout Guidelines

The performance of switching converters heavily depends on the quality of the PCB layout. The following
guidelines will help users design a PCB with the best power conversion performance, thermal performance, and
minimize generation of unwanted EMI.

» Place Cycc, Cgias, Chp, and Cygyr as close to the device. Make direct connections to the pins.

* Place Qp, Q(, and Coyt. Make the switching loop (Coyt to Qn to Q to CoyT) as small as possible. A small
size ceramic capacitor helps to minimize the loop length. Leave a copper area near the drain connection of
Qp for a thermal dissipation.

* Place Ly, Rg, and Cjy. Make the loop (Cjy to Rg to Ly, to Cjy) as small as possible. A small size ceramic
capacitor helps to minimize the loop length.

« Connect Rg to CSP-CSN. The CSP-CSN traces must be routed in parallel and surrounded by ground.

« Connect VOUT, HO, and SW. These traces must be routed in parallel using a short, low inductance path.
VOUT must be directly connected the drain connection of Qy. SW must be directly connected to the source
connection of Qy

* Connect LO and PGND. The LO-PGND traces must be routed in parallel using a short, low inductance path.
PGND must be directly connected the source connection of Q; .

* Place RCOMPv CCOMPv Css, CVREFa RVREFT1 RVREFBa RT, and RUVLOB as close to the device, and connect to a
common analog ground plane.

» Connect the power ground plane (the source connection of the Q| ) to EP through PGND. Connect the
common analog ground plane to EP through AGND. PGND and AGND must be connected underneath the
device.

* Add several vias under EP to help conduct heat away from the device. Connect the vias to a large analog
ground plane on the bottom layer.

* Do not connect Coyt and Cjy grounds underneath the device and through the large analog ground plane that
is connected to EP.
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10.2 Layout Example
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Figure 10-1. PCB Layout Example
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

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

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

11.2 Receiving Notification of Documentation Updates

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

11.3 Support Resources

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

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

11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ 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.

11.6 Glossary

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

12 Revision History

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

Changes from Revision B (January 2022) to Revision C (November 2025) Page
+ Updated table to include SW to AGND (10NS) -5V MIN..... ..o 6
Changes from Revision A (December 2021) to Revision B (January 2022) Page
» Updated Bias current and battery drain in deep SIEEP.......i oo 7
* Updated overvoltage (OVP) and undervoltage threshold (PGOOD)..........cooiiiiiiiiiiiiiieee e 7
o Updated dEad tIME.... ..o e e e e e e e e e e ———————————————————aaaaaaaaaes 7
o Updated HB diode rESISTANCE. ........ccoiiiiiiiii ettt ettt e e e e e e e e aeaaaans 7
* Updated VOUT regulation target VOItAGES. ..........ooii it e e e e 7
Changes from Revision * (December 2020) to Revision A (December 2021) Page
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Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 39

Product Folder Links: LM5123-Q1


https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com
https://www.ti.com/product/LM5123-Q1
https://www.ti.com/lit/pdf/SLVSFF1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFF1C&partnum=LM5123-Q1
https://www.ti.com/product/lm5123-q1?qgpn=lm5123-q1

13 TEXAS
INSTRUMENTS

LM5123-Q1
SLVSFF1C — DECEMBER 2021 — REVISED NOVEMBER 2025 www.ti.com

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 ©)
@ ©)
LM5123QRGRRQ1 Active Production VQFN (RGR) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 LM5123
LM5123QRGRRQ1.A Active Production VQFN (RGR) | 20 3000 | LARGE T&R - NIPDAU Level-2-260C-1 YEAR -40 to 150 LM5123

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

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

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

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

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

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

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

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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM5123QRGRRQ1 VQFN RGR 20 3000 330.0 12.4 375 | 375 | 1.15 | 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM5123QRGRRQ1 VQFN RGR 20 3000 367.0 367.0 35.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
RGR 20 VQFN - 1 mm max height

3.5x 3.5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE

RGR0020C VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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

RGR0020C VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

‘ 16 SEE SOLDER MASK
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SOLDER MASK DETAILS

4225699/B 05/2020

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
RGR0020C VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
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