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LM5123-Q1 2.2-MHz Wide VIN Low-IQ Synchronous Boost Controller with VOUT
Tracking

1 Features

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

Suited for wide operating range automotive battery

powered applications

— 3.8-V to 42-V input operating range

Dynamically programmable VOUT from 5 V to

20V, orfrom15Vto 57V

Minimum boost input 0.8 V when BIAS = 3.8 V

— Bypass operation when Vsyppry > VioaD

Minimized battery drain

— Shutdown current < 3 pA

— Automatic mode transition

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

— Battery drain in deep sleep < 33 pA (bypass
operation, charge pump on)

— BIAS Ig in sleep < 11 pA (skip mode)

— Strong 5-V MOSFET drivers

Small solution size and low cost

— Maximum switching frequency 2.2 MHz

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 100 kHz to 2.2 MHz

— Selectable switching mode (FPWM, diode
emulation, skip mode)
EMI mitigation

Vioao

— Optional programmable spread spectrum
— Lead-less package
* Programmability and flexibility
— Dynamic VOUT tracking
Dynamic switching frequency programming
— Programable 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.

Device Information
PACKAGE(")

QFN (20)

PART NUMBER
LM5123-Q1

BODY SIZE (NOM)

3.5mm x 3.5 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION
December 2020 *

NOTES

Initial release

5 Description (continued)

The device features a low shutdown Ig and a low g sleep mode, which minimizes battery drain at no and light
load condition. The device also supports an ultra-low Iq 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. Controller architecture
simplifies thermal management at harsh ambient temperature conditions when compared to converter
architectures.

Wide input range supports automotive cold-crank and load dump. Minimum input voltage can be as low as 0.8 V
when BIAS is equal to or greater than 3.8 V. The switching frequency is dynamically programmed with an
external resistor from 100 kHz to 2.2 MHz. Switching at 2.2 MHz minimizes AM band interference and allows a
small solution size and fast transient response.

The device has built-in protection features such as peak current limit, which is constant over VIN, 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 power-
good indicator.
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6 Pin Configuration and Functions
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20-pin QFN with Wettable Flanks RGR Package (Top View)

Table 6-1. Pin Functions

PIN
[{e]V)] DESCRIPTION
NO. NAME

1 CSP | Current sense amplifier input. The pin works as a positive input pin.

2 CSN | Current sense amplifier input. The pin works as a negative input pin.

Output voltage sensing pin. An internal feedback resistor voltage divider is connected
from the pin to AGND. Connect a 0.1-pF local VOUT capacitor from the pin to ground.

3 VOUT/SENSE
High-side MOSFET drain voltage sensing pin. Connect the pin to the drain of the high-
side MOSFET through a short, low inductance path.

4 PGOOD 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.

5 HO 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.

6 SW p 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
non-synchronous boost configuration.

High-side driver supply for bootstrap gate drive. Boot diode is internally connected from

7 HB P VCC to the pin. Connect a 0.1-yF capacitor between the pin and SW. Connect to VCC for
non-synchronous boost configuration.

8 BIAS P Supply voltage input to the VCC regulator. Connect a 1-pF local BIAS capacitor from the
pin to ground.

9 vee P Output of the internal VCC regulator and supply voltage input of the internal MOSFET
drivers. Connect 4.7-uF VCC capacitor between the pin and PGND.

Power ground pin. Connect directly to the source of the low-side N-channel MOSFET

10 PGND G .
and the power ground plane through a short, low inductance path.

1 LO 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 6-1. Pin Functions (continued)

PIN

NO.

NAME

o

DESCRIPTION

12

MODE

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

13

UVLO/EN

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

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.

14

SYNC/DITHER/VH/CP

110

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

Clock dithering/spread spectrum modulation frequency programming pin. If a capacitor is
connected between the pin and AGND, the clock dithering/spread spectrum function is
activated. During the dithering operation, the capacitor is charged and discharged with an
internal 20-pA current source/sink. As the voltage on the pin ramps up and down, the
oscillator frequency is modulated between —7% and +7% of the nominal frequency set by
the RT resistor. The clock dithering/spread spectrum can be deactivated during operation
by pulling down the pin to ground.

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

Charge pump enable pin. If the pin is greater than 2.0 V, 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.

15

RT

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

16

VREF/RANGE

110

1.0-V internal reference voltage output. Connect a 470-pF capacitor from the pin to
AGND. The VOUT 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 20 kQ if used. Connect the low-side resistor of the divider to AGND.

VOUT range selection pin. Lower VOUT range (5 V - 20 V) is selected if the resistance
from the pin to AGND is in the range of 75 kQ and 100 kQ during initial power-on. Upper
VOUT range (15 V - 57 V) is selected if the resistance from the pin to AGND is in the
range of 20 kQ and 35 kQ 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 guaranteed within the selected range.

17

SS

lje}

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

18

TRK

Output regulation target programming pin. The VOUT regulation target can be
programmed by connecting the pin to VREF through a resistor voltage divider or by
controlling the pin voltage directly from a D/A. The recommended operating range of the
pin is from 0.25Vto 1.0 V.

19

AGND

Analog ground pin. Connect to the analog ground plane through a wide and short path.

20

COMP

Output of the internal transconductance error amplifier. Connect the loop compensation
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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7 Specifications

7.1 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
Input® HB to AGND -0.3 65 v
HB to SW -0.3 5.8(3)
SW to AGND (100ns) -5
MODE, SYNC, TRK to AGND -0.3 5.5
PGOOD to AGND -0.3 VOUT + 0.3
RT to AGND -0.3 2.5
PGND to AGND -0.3 0.3
VCC to AGND -0.3 5.8(3)
HO to SW (100ns) -5
Output® Vv
LO to PGND (100ns) -5
VREF, SS, COMP to AGND®*) -0.3 5.5
Operating junction temperature, T, ©) —-40 150 i
Storage temperature, Tstg -55 150 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) 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.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002(" £2000
Vieso, Ei':g:;“atic HBM ESD Cl'assmcatlon Level 2 . v
ge 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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7.3 Recommended Operating Conditions

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

MIN NOM MAX| UNIT
VsuUPPLY(BOOST) Boost Converter Input (when BIAS = 3.8V) 0.8 42
VLoAD(BOOST) Boost Converter Output 5 57
Vgias BIAS Input 3.8 42
VuvLo UVLO Input 0 42
Vesp, Vesn Current Sense Input 0.8 42 v
Vvout Boost Output Sense 5 57
V1Rrk 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 seleted.

7.4 Thermal Information

LM5123-Q1
THERMAL METRIC(") RGR(QFN) UNIT
20 PINS
Rqua Junction-to-ambient thermal resistance 43.4 °C/W
Rquc(top) Junction-to-case (top) thermal resistance 36.8 °C/W
RquB Junction-to-board thermal resistance 17.6 °C/W
Vit Junction-to-top characterization parameter 0.8 °C/W
YJB Junction-to-board characterization parameter 17.6 °C/W
Rguc(bot) Junction-to-case (bottom) thermal resistance 3.4 °C/W

(1)  For more information about traditional and new thermal metrics, see the application report.

7.5 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 =9.09 kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY CURRENT(BIAS, VCC, VOUT)
IgiAs-sD BIAS current in shutdown Vuvio=0V 2.5 5 uA
BIAS current in deep sleep
I (Dlode emulation mode, Charge VUVLO =25V, VTRK =0.25V, VSYNC = 9 15 IJA
BIAS-DS1 pump off, VCC is supplied by oV
BIAS)
BIAS current in deep sleep _ _ _
IBIAS-DS2 (FPWM mode, Charge pump on, \Z/%V\L/O =25V, Vrrc = 0.25V, Vene = 32 60 pA
VCC is supplied by BIAS) '
BIAS current in sleep (Skip _ _ _
IBIAS.SLEEP mode, EA disabled, VCC is \é%VELﬁ‘ 25V, Vrrk = 0.25 V, MODE = 11 17 uA
supplied by BIAS)
BIAS current in active (Non- _ _ _
IBIAS-ACTIVE switching, VCC is supplied by x%\éo =25V, Vrre = 0.6 V, MODE = 1.2 15 mA
BIAS)
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Typical values correspond to T; = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise
stated, Vgias = 12V, Vyout= 12V, Rt =9.09 kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
lvec.ps1 \sllggpc(gsgé lgrgjleart)ion mode, X‘O’LO =25V, Vrrk =025V, Vsyne = 0.029 2 A
Charge pump off)
lvouT-sD VOUT current in shutdown Vuvio=0V 1 MA
VOUT.DS 2’5&; Z“r;ﬁgiig’ndgiz:)'eep Vuvio = 2.5V, Vrri = 0.25 V 1.2 15 HA
NOUT-ACTIVE VO_UT_current in active (Non- Vuvo=2.5V, V1rk = 0.6 V, MODE = 42 55 uA
switching) VCC
IBATTERY-SD Battery drain in shutdown Vuvio=0V 2.5 5 uA
IBATTERY-DSH SIZ:?{E%?Q :anmdueI:tFi)on mode, X‘O’LO =25V, Vrrc =025V, Vsvne = 10 17 pA
Charge pump off)
B ATTERY.DS2 322%%\%”%3? Charge \Z/%V\L/O =25V, Vrrg =025V, Vsyne = 33 62| WA
pump on)
ENABLE, UVLO
VEN-RISING Enable threshold EN rising 0.45 0.55 0.65 \%
VEN-FALLING Enable threshold EN falling 0.35 0.45 0.55 \%
VEN-HYS Enable hysteresis EN falling 70 100 125 mV
loVLOHYS (L:JLXIr_e(')“pull-down hysteresis Vuvo = 0.7 V 9 10 1 uA
VUVLO-RISING UVLO threshold UVLO rising 1.05 1.1 1.15 \Y
VUVLO-FALLING UVLO threshold UVLO falling 1.025 1.075 1.125 \
VUVLO-HYS UVLO hysteresis UVLO falling 25 mV
SYNC/DITHER/VH/CP
VYNC.RISING tSrIe"\lscri Otlr:jreshold/SYNC detection SYNC rising 2 v
VSYNC-FALLING SYNC threshold SYNC falling 0.4 \%
Vl\ciigtir:num SYNC pull up pulse 100 ns
IDITHER Dither source/sink current 16 20 24 HA
Afswi fsw Modulation (Upper Limit) 5 7 9 %
Afswo fsw Modulation (Lower Limit) -9 -7 -5 %
VDITHER-FALLING Dither disable threshold 0.65 0.75 0.85 \Y
vcc
VVCC-REGH VCC regulation lycc =100 mA 475 5.25 \%
VVCC.REG2 VCC regulation No load 4.75 5.25 \Y
VVCC.REG3 VCC regulation during dropout  |Vgjas = 3.8V, lycc = 100 mA 3.45 \Y
Vvecc.uviorising | VCC UVLO threshold VCC rising 3.55 3.65 3.75 \Y
Vvece.uvio-FaLLing | VCC UVLO threshold VCC falling 3.2 3.3 34 \Y
lvee-cL VCC sourcing current limit Vycc =4V 100 mA
CONFIGURATION (MODE)
VMODE-RISING FPWM mode threshold MODE rising 2.0 \%
VMODE-FALLING Diode emulation mode threshold | MODE falling 0.4 \%
RT
Var \ RT regulation \ 0.5 \ Vv
VREF, TRK, VOUT
VRer ‘VREF regulation target \ 0.995 1 1.005\ Vv
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Typical values correspond to T; = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise

stated, Vgiag = 12

V, Vyout = 12 V, Ry = 9.09 kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VOUT regulation target1 with . . _
VOUT-REG resistor divider (Lower VOUT | YREF resistor divider to make Ve = 4.925 5 5075 Vv
0.25V, Ryrer = 75 kQ
range)
VOUT regulation target2 with . . _
resistor divider (Lower VOUT | YRE resistor divider to make Vg = 9.9 10 101 v
0.5V, Ryrer = 75 kQ
range)
VOUT regulation target3 with . . _
resistor divider (Lower VOUT | YRE resistor divider to make Vg = 19.8 20 202 v
1.0V, Rygrer = 75 kQ
range)
VOUT regulation target4 with . - _
resistor divider (Upper VOUT | Y REF resistor divider to make Vira = | 44 775 15 15225 v
0.25V, Ryger = 35 kQ
range)
VOUT regulation target5 with . .- _
resistor divider (Upper VOUT | YREF resistor divider to make Vg = 29.7 30 303 v
0.5V, Ryrer = 35 kQ
range)
VOUT regulation target6 with . . _
resistor divider (Upper VOUT VREF re5|stor£J|V|der {0 make Vrr = 56.43 57 5757 \Y
0.95V, Ryrer = 35 kQ
range)
VOUT regulation target1 using _ _
TRK (Lower VOUT range) V1rk = 0.25V, Ryrer = 75 kQ 4.95 5 5.05 \
VOUT regulation target2 using _ _
TRK (Lower VOUT range) V1rk = 0.5V, Ryrer = 75 kQ 9.95 10 10.05 \Y
VOUT regulation target3 using _ _
TRK (Lower VOUT range) V1rk = 1.0V, Ryrer = 75 kQ 19.9 20 20.1 \
VOUT regulation target4 using _ _
TRK (Upper VOUT range) V1rk = 0.25 V, Ryger = 35 kQ 14.85 15 15.15 \Y
VOUT regulation target5 using _ _
TRK (Upper VOUT range) V1rk = 0.5V, Ryrer = 35 kQ 29.85 30 30.15 \Y
VOUT regulation target6 using _ _
TRK (Upper VOUT range) V1rk = 0.95 V, Ryger = 35 kQ 56.715 57 57.285 \Y
TRk TRK bias current 1 UuA
SOFT START, DE to FPWM TRANSITION
Iss Soft-start current 17 20 23 pA
Vss.DONE MODE transition start SS rising 1.3 1.5 1.7 \Y
Rss SS pull-down switch Rpson 30 70 Q
Vss.pis SS discharge detection threshold 45 50 55 mV
Veg.ss internal FB to SS clamp Veg =0V 55 75 mV
CURRENT SENSE (CSP, CSN, SW, SENSE)
Peak slope compensation _ .
VsLoPE amplitude Rt =220 kQ, Referenced to CS input 45 mV
Acs Current sense amplifier gain CSP=3.0V 10 VIV
Current sense amplifier gain CSP=15V 10 VIV
Positive peak current limit _ _
VeLTH threshold (CSP-CSN) CSP = 3.0 V, MODE = GND 54 60 66 mV
Positive peak current limit _ _
threshold (CSP-CSN) CSP = 1.5V, MODE = GND 54 60 66 mV
Vzcep-pE ZCD threshold (SW-SENSE) MODE = GND 3 5 7 mV
lcsn CSN bias current 1 uA
lcsp CSP bias current 110 MA
BOOT FAULT PROTECTION (HB)
Maximum replenish pulse cycles 4 cycles
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Typical values correspond to T; = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise
stated, Vgias = 12V, Vyout= 12V, Rt =9.09 kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
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/NV
ISoURCE-MAX (I\:/llﬁgr:tum COMP sourcing Veomp =0V 100 HA
ISINK-MAX Maximum COMP sinking current |Vcomp = 1.8 V 100 pA
VCLAMP-MAX COMP maximum clamp voltage |COMP rising 1.9 2.2 25 \Y
COMP minimum clamp voltage,
VCLAMP-MIN active in sleep and deep sleep COMP falling 0.25 \
mode.
PULSE WIDTH MODULATION (PWM)
fswi Switching frequency Rt =220 kQ 85 100 115 kHz
fswe Switching frequency Rt =9.09 kQ 1980 2200 2420 kHz
toN-MIN Minimum controllable on-time Rt =9.09 kQ 15 22 50 ns
toFF-MIN Minimum forced off-time Rt =9.09 kQ 70 90 110 ns
Dmax1 Maximum duty cycle limit Rt =220kQ 90 93 96 %
Dmax1 Maximum duty cycle limit Rt =9.09 kQ 75 80 82 %
LOW IQ SLEEP MODE
Pulse skip to enter sleep mode 16 cycles
V\WAKE Internal wakeup threshold VOUT falling (referenced to Voyt.reg) 98.9 %
Sleep to Wake-up delay Rt =9.09 kQ 5 us
PGOOD, OVP
VOVTHRISING t?]‘r’gs“r’]z'f:)ge threshold (OVP /60U rising (referece to Vourrea) 105 107 109 %
VOVTHFALLING g‘r’gs“r’]‘(’)'fjfe threshold (OVP1\/6UT falling (referece to Vourrec) 103 105 107 %
VUVTHRISING t‘f]'r‘g:r:‘c’)?(;t)age threshold (PGOOD |y, rising (referece to Vour.rea) 93 95 97 %
VUVTHAALLING :f]'r‘s:r:‘é‘l’(;t)age threshold (PGOOD |y, falling (referece to Vour.rea) 91 93 95| %
UV comparator deglich filter Rising edge 30 us
UV comparator deglich filter Falling edge 25 us
Rpcoop PGOOD pull-down switch Rpson 90 180 Q
Minimum BIAS for valid PGOOD 25 \Y
MOSFET DRIVER
grii%r;'gtate voltage drop (HO 100-mA sinking 008 015 v
Iatr)ivwe-f)tate voltage drop (HO 100-mA sourcing 0.04 0.1 \Y
;’:ﬁ’/’;ﬁtate voltage drop (LO 100-mA sinking 008  0.15 Y,
(';?iye'f)tate voltage drop (LO 100-mA sourcing 0.04 0.1 v
Vys.uvLo HB-SW UVLO threshold HB-SW falling 25 2.65 2.90 \Y
lHB-SLEEP HB quiescent current in sleep HB-SW =5V 3.5 7 HA
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Typical values correspond to T; = 25 °C. Minimum and maximum limits apply over T;=-40 °C to 125 °C. Unless otherwise
stated, Vgias = 12V, Vyoutr = 12 V, Rt =9.09 kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
toHL HO off to LO on deadtime 12 18 30 ns
toLH LO off to HO on deadtime 13 19 31 ns

HB diode resistance 0.7 Q
THERMAL SHUTDOWN
T1sD-RISING Thermal shutdown threshold Temperature rising 175 °C
Ttsp-HYS Thermal shutdown hysteresis 15 °C
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8 Detailed Description
8.1 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 Iq and a low | sleep mode, which minimizes battery drain at no/
light load condition. The device also supports an ultra-low Io 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. Controller architecture
simplifies thermal management at harsh ambient temperature conditions when compared to converter
architectures.

Wide input range supports automotive cold-crank and load dump. Minimum input voltage can be as low as 0.8 V
when BIAS is equal to or greater than 3.8 V. The switching frequency is dynamically programmed with an
external resistor from 100 kHz to 2.2 MHz. Switching at 2.2 MHz minimizes AM band interference and allows for
a small solution size and fast transient response.

The device has built-in protection features such as peak current limit, which is constant over VIN, 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
line UVLO, FPWM, diode emulation, DCR inductor current sensing, programmable soft start, and a power-good
indicator.

8.2 Functional Block Diagram

Vioso
Cou'ri
RLDAD g
Ly
Qu j

Cn Rs Lu

|J-| VOUT/SENSE N
1+ Min. Peak C/L
N

Comparator

71— Ves

4— SKIP
10mv

ZCDh
Comparator

Q s

+—DE/SKIP
PWM Peak

Comparator 450mV
4 _

VsuppLy

Peak C/L
Gomparator Ves

:I: CcSP Acs Ves
¥

VCC_EN2

CLK,
CP Enable D
MAX

1] f

Ready SYNC /

Clock
DITHER MODE
Selector Generator vag\é Switching Mode
SKIP Selector
SYNC/DITHER/VH/CP RT N

& Twd

Rr

8.3 Feature Description

Note

Read through Section 8.4 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 ensured minimum, maximum, and typical
values.
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8.3.1 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
40-ps internal delay before the device shuts down.

The device provides a 33-kQ internal EN pulldown resistor to prevent a false turnon when the pin is floating. The
EN pulldown resistor is connected to ground during the device configuration time or when the device shuts
down. If the device configuration is finished and VH is greater than Vgync, EN hysteresis is accomplished by
disconnecting/connecting the resistor when EN is greater/less than Vgy.

VsuppLy

EN/UVLO VCC 2 Vycc.uvio

Ready
to start

TSD
Configuration

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

Figure 8-1. EN/UVLO Circuit

8.3.2 High Voltage VCC Regulator (BIAS, VCC Pin)

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

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

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

BIAS VCC

1.0 uF g 5V VCo $4.7 uF
Regulator

Figure 8-2. High Voltage VCC Regulator

The VCC regulator features VCC current limit function that prevents device damage when the VCC pin is short
to ground accidentally. The minimum sourcing capability of the VCC regulator is 100 mA (lycc.cL) during either
the device configuration time or active mode operation. The minimum sourcing capability of the VCC regulator is
reduced to 1 mA during sleep mode or deep sleep mode, or when EN is less than Vgy and VH is greater than
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Vsync- 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.

Ic =2 % Qggsv * fsw (1

If the bypass operation is required, the BIAS pin must be connected to the output of the boost converter (V| oap)-
By connecting the BIAS pin to V| pap, the boost converter input voltage (Vsyppry) can drop down to 0.8 V if BIAS
is greater than 3.8 V. See Section 8.3.17 for more detailed information about the minimum Vgyppry-

8.3.3 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 which is greater than 500 kQ 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 reconfiguring the device.

If the MODE pin voltage is less than 0.4 V (Vvope-FaLLing) OF grounded during the device configuration, the
device is configured to diode emulation (DE) mode. If the MODE pin voltage is greater than 2.0 V (Vpmope-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, the light load switching mode can be dynamically changed
between DE and FPWM modes during operation without reconfiguration.

j[‘_ Close during
configuration

|: MODE MODE % FPWM or DE
Selector |y SKIP

Close during

I ¢ configuration

Figure 8-3. MODE Selection Circuit

8.3.4 VOUT Range Selection (RANGE Pin)

The programmable VOUT range is selected during the device configuration and it cannot be changed until you
reconfigure the device. Lower VOUT range (5 V - 20 V) is selected if the resistance from VREF to AGND
(Rvrert + Ryrerg) is in the range of 75 kQ to 100 kQ during the device configuration. Upper VOUT range (15 V -
57 V) is selected if the resistance from VREF to AGND is in the range of 20 kQ to 35 kQ during the device
configuration. The accuracy of the VOUT regulation is ensured within the selected range.

8.3.5 Line Undervoltage Lockout (UVLO Pin)

When UVLO is greater than the UVLO threshold (Vyyio), the device enters active mode if the device
configuration is finished. UVLO hysteresis is accomplished with an internal 25-mV voltage hysteresis (VyyLo-Hys)
at the UVLO pin, and an additional 10-pA current sink (lyyi o-Hys) that is switched on or off. When the UVLO pin
voltage exceeds Vyyi 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 (RyyviLoT, Ruvios) must be designed so that the voltage at the UVLO
pin is greater than Vv o when VgyppLy is in the desired operating range. The values of Ryy ot and Ryyiog can
be calculated as follows.
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VUVLO-RISING
_(VsuppLY-ON- *VSUPPLY-OFF)
RuvioT = VUVLO-FALLING (2)

luvLo-HYS

_ Vuvio-Fartine*RuvioT
Ruvios = (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.Hys iS
disabled.

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

8.3.6 Fast Restart using VCC HOLD (VH Pin)

After the device configuration, a fast restart can be achieved without reconfiguration by toggling EN when VH is
greater than Vgyne. The device stops switching, but keeps the VCC regulator active when EN is less than Vgy
and VH is greater than Vgync (See Figure 8-5).

BIAS
VUVLO_ _________________________ __I———
P _I -_——-
UVLO/ :
EN | |
: chc—Lng ______________________ v
|
| | 1120-us (Typ.) 1120-ps (Typ.)
| | | conﬁgurauon : configuration
vce — I time [ time |
I b - :4_ _H
50-us (Typ.) I
internal start-up delay |
SS 1
|
o | LLLLLI
| |
I
SS = Vioap X Vrrk : !

VLOAD(TAP\GET) |

I

I

I

!

Vioan

Figure 8-4. Boost Start-up Waveforms Case 1: Start-up by EN/UVLO, Restart when VH < Vgyne
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3.8V
BIAS
Voo ————————————————— I
Ven o/
UVLO/
EN

Vvcouno 7
|
1120-ps (Typ.)
| configuration
VCC — | time I
\
H} :<_ —> <= V1RK
50-ps (Typ.) |
internal start-up delay |
SS ‘

|
0 L LR
|

|
Vioap /

ss - Vioap X Vrrk |
Figure 8-5. Boost Start-up Waveforms Case 2: Start-up by EN/UVLO, Restart when VH > Vgync

VLOAD(TARGET)

8.3.7 Adjustable Output Regulation Target (VOUT, TRK, VREF Pin)

The VOUT regulation target (VouTt.reg) is adjustable by programming the TRK pin voltage which is the reference
of the internal error amplifier. The accuracy of Voyt.reg is ensured when the TRK voltage is between 0.25 V and
1.0 V. 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 1-V voltage reference (Vreg) which can be used to program the TRK pin voltage through
a resistor voltage divider. It is not recommended to use VREF as a reference voltage of an external circuit
because the device periodically disables VREF in sleep or deep sleep mode. The recommended VREF capacitor
(CVREF) is 470 pF

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

Lower VOUT Range

20 * RyREFB
VouT-REG = (4)
RvrRerB* RVREFT

Upper VOUT Range

60 x RyREFB
VouT-REG = (5)
RvrerB+* RVREFT

The TRK pin voltage can be dynamically programmed in active mode, which makes an envelop 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.
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| VREF

Cvrer
Ryrert TRK

Ryrers

AGND

(a) (b)
Figure 8-6. TRK Control (a) using VREF (b) by External Step Input

The TRK pin voltage also can be dynamically programmed during deep sleep mode, but during deep sleep
mode, Voutreg tracks the TRK pin voltage with a maximum of a 20-ms delay. Take extra care when
programming TRK if VgyppLy is greater than Voyt.reg in any conditions. The device enters active mode with a 5-
us delay if Vi pap falls down below Vgout.reg in deep sleep mode, but the device enters active mode with
maximum of a 20-ms delay if Voyt.reg is increased by TRK above V| pap in deep sleep mode.

8.3.8 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 resistors. 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 by force 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.

After four cycles in OVP status, the device enters deep sleep mode. The device turns on the high-side driver
100% in deep sleep mode if the light load switching mode of the device is FPWM or DE, and the CP is greater
than Vgync before entering deep sleep mode. The recommended VOUT capacitor (Cyoyt) is 0.1 pF.

8.3.9 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 5 kQ and 100 kQ can be externally connected. The PGOOD
switch opens when the VOUT pin voltage is greater than the undervoltage threshold (VyytH). 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.uvio, or during thermal shutdown. A 25-ps bi-directional deglitch filter prevents any false pulldown of
the PGOOD due to transients. The PGOOD pin voltage cannot be greater than Vyoyt + 0.3 V

25us

VUVTH I Delay PGOOD

4-cycle
Delay
Bypass Mode

(Only LM5152)

Figure 8-7. PGOOD Indicator

8.3.10 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
(Ry) is calculated as follows.
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2.21x 1010
rE— 955 ©)
fRT(typicaI)

The RT pin is regulated to 0.5 V 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 8-8.

RT

Higher Fsw 1

Figure 8-8. Frequency Hopping Example

8.3.11 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 high logic state and must be less than Vgyne
in 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 100 ns. The frequency of the external synchronization
pulse must satisfy the following two inequalities.

200kHZ < fgyng < 2.2MHz -

0.75x farypican) < fsyne <1-5% frrypica) ®)

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

Rsvne
] sYNC
SYNC rising threshold
SYNC falling threshold
SYNC
NN [ A AL A | (NN S O N =
RT programmed 7 cycles ~150us Clock 2 cycles RT programmed
switching PLL enable delay = PLL lock time Synchronized SYNC exit delay switching
Figure 8-9. External Clock Synchronization
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Drive the SYNC pin through a minimum 1-kQ resistor if the BIAS pin voltage is less than the SYNC pin voltage in
any conditions.

8.3.12 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 1.0 V is generated
across the dither capacitor. This triangular waveform modulates the oscillator frequency by +7% of the frequency
set by the RT resistor. The dither capacitance value sets the rate of the low frequency modulation.

| DITHER

CDITHER

i
Il

IpitHer = -20UA

1.0V +7.0%

¥ ’
1.0V -7.0% \

IoitheR = 20UA - > Dither disable threshold
Tmoo =1/ fuwop
DITHER
N Clock ditherin RT programmed o
RT programmed 9 gwitgching
switching

Figure 8-10. 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 9 kHz or 10 kHz is a good starting point.

20 p A

C = 9
DITHER = 0. 29 (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 8-11. Dynamic Dither On/Off Example

8.3.13 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.
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The internal 20-pA soft-start (Igs) current turns on 120 ps 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 1.5 V. When the SS pin
voltage is greater than 1.5V, the device changes the zero current detection (ZCD) threshold gradually from 5 mV
to -145 mV to achieve a smooth transition from diode emulation to FPWM mode.

_____ /

VCC
UvLO lss=20uA
VCC ——
""" V1re
SS >
‘ R Transient period
P
120us .
delay Forced Qlode
Emulation

Figure 8-12. Soft Start and Smooth Transition to FPWM

In boost topology, the soft-start time (tsg) 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 in
Equation 10.

Css VsuppLY
tss = VTrRk ¥ x(1- ) (10)
20pA Vioap

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 100-pF Cgg to reach steady state as soon as possible.

The device also features an internal 55-mV FB-to-SS clamp (VEg.ss), which is activated if 256 consecutive
switching cycles occur with current limit. The FB-to-SS 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 1.5 V. It is not
recommended to pulldown SS to stop switching.

8.3.14 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 = 10 MQ) and wide bandwidth (BW
= 3 MHz) 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 Cyr 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 8-13 compares the sum of the amplified sensed inductor current and the slope
compensation ramp with the sum of the COMP pin voltage and a 0.3-V internal offset, and terminates the
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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 0.3-V internal offset.

Rs VsuppLy
mﬂ:?_/\/w X_‘ vy
T

CSN
VCCiEN VREF r
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 Css

Rcomp
Chr

(optional)
g Coomp

Figure 8-13. Error Amplifier, Current Sense Amplifier and PWM

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

The device features a high-side current sense amplifier with an effective gain of 10 (Acs), and provides an
internal slope compensation ramp to the PWM comparator to prevent a subharmonic oscillation at high duty
cycle. The device generates the 45-mV peak slope compensation ramp (Vg opg) at the input of the current
sense amplifier which is 0.45-V 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 * Rg x Margin < Vg opg * fsw (in Boost) (1)

where

* 1.5-1.7 is recommended as the Margin to cover non-ideal factors.
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Current (10 x Rs x Iou)

Internal Slope
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»
»

Figure 8-14. PWM Comparator Input

8.3.16 Constant Peak Current Limit (CSP, CSN Pin)

When the CSP-CSN voltage exceeds the 60-mV 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
. csp g

Gain=10 ' CS Ampliier
Current Limit i

Comparator

0.6V

Figure 8-15. Current Limit Comparator

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

0.06
lbEAk-cL = 5 —
S

Current Limit = 0.6V

S

Sensed Inductor
Current (10 x Rs x o)

»
|

Figure 8-16. Current Limit Comparator Input

(12)

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)-

Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: LM5123-Q1

Submit Document Feedback

21

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/LM5123-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFF1&partnum=LM5123-Q1
https://www.ti.com/product/lm5123-q1?qgpn=lm5123-q1

NOILVINYOANI 3ONVAQV

13 TEXAS
LM5123-Q1 INSTRUMENTS
SLVSFF1 - DECEMBER 2020 www.ti.com

8.3.17 Maximum Duty Cycle and Minimum Controllable On-time Limits

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

VsuppLy(MiNy = ViLoap * (1 - Dmax ) * IsuppLy(Max) * (Rpcr + Rs + Rps(on)) (13)

where

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

* Rps(on is the turnon resistance of the MOSFET

At very light load condition or when Vgyppyy is close to Voyt.rea, the device skips the low-side driver pulses if
the required on-time is less than ton.min- This pulse skipping appears as a random behavior. If Vgyppyy is further
increased to the voltage higher than Voyrt.Rreg, the required on-time becomes zero 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-
8.3.18 Deep Sleep Mode and Bypass Operation (HO, CP Pin)

When SS is greater than 1.5 V, the device enters deep sleep mode after four cycles in OVP status. The device
re-enters active mode if VOUT falls down below Vgyp. In FPWM or DE mode, the device turns on the high-side
driver at 100% duty cycle (bypass operation) if the CP pin voltage is greater than Vgync Or an external
synchronization clock is applied before entering deep sleep mode. During bypass operation, the loss which is
caused by the body diode of the high-side MOSFET is minimized. See Section 8.4.1.5 for more information.

Skippin
LO-PGND .»4- PRng.

Boost
Output ! | | T
| | | |
| | | |
| | | |
Boost | | Bypass Operation | |
Input | - > |
,  Pulse ,  Pulse
Skipping T 1 Skipping |
HO-SW .;.‘_._._,: :_.‘_._._,:
| |
| | | |
}  Pulse | Pulse
| |
| L. ]
| | |
f | |
| |
l [

Figure 8-17. PWM to Bypass Transition in CCM Operation
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Figure 8-18. PWM to Bypass Transition in DCM Operation

8.3.19 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 2.2 A and sink a peak
current of 3.3 A. 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_uvLo)-

When the SW pin voltage is approximately 0 V 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 0.1 pF.

The LO and HO outputs are controlled with an adaptive dead-time methodology which ensures 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 (tpnL).
Similarly, the HO turnon is delayed until the LO-PGND voltage has discharged. HO is then turned on after a
small delay (tp_H).

If the BIAS pin voltage is below the 5-V VCC regulation target, take extra care when selecting the MOSFETSs.
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 4.0 V.

VCC
Dhs
HB
ZCD —»p)
] Delay HO
Level I:
Shifter Adaptive SW
Deadtime
I: VGG
PWM —e Delay LO
PGND

Figure 8-19. Driver Structure with Internal Boot Diode
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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 75 ns 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
pulldown PNP transistor. Extra care should be taken when adding the gate resistor since it can decrease the
effective dead-time.

L

PGND .

Figure 8-20. Slew Rate Control

8.3.20 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.

8.4 Device Functional Modes
8.4.1 Device Status
8.4.1.1 Shutdown Mode

When EN is less than Vgy and VH is less than Vgyne, the device shuts down, consuming 3 pA 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.

8.4.1.2 Configuration Mode

When the device is enabled initially, the 120-us device configuration starts if VCC is greater than Vycc.uviLo-
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 2.2 V. The preferred way to
reconfigure the device is to shut down the device. During the configuration time, a 33-kQ internal EN pulldown
resistor is connected, the minimum sourcing capability of the VCC regulator is 100 mA and the RT pin is
regulated to 0.5 V by the internal RT regulator.

8.4.1.3 Active Mode

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

8.4.1.4 Sleep Mode

When skip mode is selected as the light load switching mode and SS is greater than 1.5 V, 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 8 ps minimum sleep time. During sleep mode, the device stops
internal oscillator to reduce the operating current, disables UVLO comparator, disables the error amplifier, and
parks the COMP pin at 0.25 V. The device re-enters active mode if the VOUT pin voltage falls down below the
wake up threshold (V\yake) which is 1.1% lower than the Voyt.rec-
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8.4.1.5 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 0.25 V. In FPWM or DE mode, the device turns on the
high-side driver 100% (bypass operation) if CP is greater than Vgync before entering deep sleep mode. In skip
mode, the high-side switch turns off during deep sleep mode.

In FPWM or DE mode, the device re-enters active mode if VOUT falls down below VgytH. 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.

8.4.2 Light Load Switching Mode

The device provides three light load switching modes. Inductor current waveforms in each mode are different at
the light/no load condition.

Iy
I(r;dtrjrctgtr Inductor current coducts continuously.
urre Negative current flow is allowed.
0A >
(a)
Iy
Inductor
Current
Random pulse skip Random pulse skip
when the required ton when the required ton
0A is less than ton-min is less than ton.win -
(b)
Iy
Inductor Minimum peak inductor The channel enters sleep mode after 16
Current C _ «— h S
current is limited consecutive pulse skipping
""" lpeak-min=10mV / Rg
0A >

()
Figure 8-21. Inductor Current Waveform at Light Load (a) FPWM (b) Diode Emulation (c) Skip Mode

8.4.2.1 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 the 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 145 mV/Rpg(on) in FPWM mode.

8.4.2.2 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 5 mV
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 8-22. Zero Current Detection

8.4.2.3 Forced Diode Emulation Operation in FPWM Mode

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

lpp xR
w«%mv (14)

8.4.2.4 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 Vyake-

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 1.5 V, the device works in the diode emulation, but the
minimum peak current is limited to 10 mV/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 8-23. 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.-

Copyright © 2020 Texas Instruments Incorporated Submit Document Feedback 27
Product Folder Links: LM5123-Q1

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/LM5123-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFF1&partnum=LM5123-Q1
https://www.ti.com/product/lm5123-q1?qgpn=lm5123-q1

NOILVINYOANI 3ONVAQV

i3 TEXAS
LM5123-Q1 INSTRUMENTS
SLVSFF1 - DECEMBER 2020 www.ti.com

9 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.

9.1 Application Information

Tl provides an application note that explains how to design boost converter using the device. This
comprehensive application note includes component selections and loop response optimization.

See the How to Design a Boost Using the LM5123 application note for more information on loop response and
component selection.

9.2 Typical Application

Figure 9-1 shows all optional components to design a boost converter.

VSUPPLY
CVOUT 1 BIAS

VLOAD Cvce

----- ’ e VOUT BIAS VCC —| |—| >
Rioap +—L —L sw, Cre |— HB
g g — RT FVWA—]>
Cour2 | Court R

HO ss —| |—|>
C Ccomp
sw COMP —xAN‘—|

LO MODE

PGND AGND —| >
CSN PGOOD —\NV‘—I

Crcs Curer
: CSP VREF

Ren

VSUPPLY

L55

VsuppLy

RU\/LOT RUVLOS

i Cuvio

Figure 9-1. Typical Synchronous Boost Converter with Optional Components

UVLO SYNC/DITHER TRK

HE

CD\THEH

F{VF{EFT

RVREFB
RUVLOB

9.2.1 Design Requirements
Table 9-1 shows the intended input, output, and performance parameters for this application example.

Table 9-1. Design Example Parameters

DESIGN PARAMETER VALUE
Minimum input supply voltage (VsuppLy(min)) 9V
Target output voltage (V| oap) 24V
Maximum load current (l_oap) 4 A (96 Watt)
Typical switching frequency (fsy) 440 kHz

9.2.2 Detailed Design Procedure

Use the Quick Start Calculator to expedite the process of designing of a regulator for a given application.
Download the LM5123 Quick Start Calculator for detailed design procedure.
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See the LM5123EVM-BST Evaluation Module EVM user guide for recommended components and typical
application curves.

9.2.3 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.

Cocre  Rocre

CSP CSN

<
(2]
(=
o
o
— r
>

L L |
Figure 9-2. DCR Current Sensing

L

=Rpcrc*Cpcre (15)
Rocr

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 9-3. Additional PGOOD Delay

9.3 System Example

To configure non-synchronous boost converter, please connect SW to PGND, and connect HB to VCC.
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Figure 9-4. Non-synchronous Boost Configuration

10 Power Supply Recommendations

The device is designed to operate from a power supply or a battery whose voltage range is from 0.8 V to 42 V.
The input power supply must be able to supply the maximum boost supply voltage and handle the maximum
input current at 0.8 V. 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.
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11 Layout
11.1 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: Cha, and Cyout as close to the device. Make direct connections to the pins.

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

Place Ly, Rs, and Cy. Make the loop (C)\ 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 Q. 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 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
which is connected to EP.
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11.2 Layout Example

Analog Ground Plane
(Connect to EP via AGND pin)
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Figure 11-1. PCB Layout Example

Power Ground Plane
(Connect to EP and PGND pin)

Component sizes don’t
match with actual
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12 Device and Documentation Support
12.1 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.

12.2 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.

12.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
12.4 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.

12.5 Glossary

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

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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
LM5123QRGRRQ1 PREVIEW VQFN RGR 20 3000  Non-RoHS & Call Tl Call TI -40 to 150
Non-Green
XLM5123QRGRRQ1 ACTIVE VQFN RGR 20 3000 N’\cl)n-Rcc;HS & Call Tl Call T -40 to 150 Samples
on-Green

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA

RGR (S—PVQFN—N20)

PLASTIC QUAD FLATPACK NO—LEAD
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« ,
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15 | 1
|
16 ‘ 10
|
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‘\\\ 3,35
20 6
Pin 1 Index Area /

Top and Bottom 1 5
¢ 0,20 Nominal
1,00 Lead Frame
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Seating Height

j ? ‘ Seating Plane
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0,10@]c[A]B]
©
0,06]|c
Bottom View 4210217 /A

04,/2009

All linear dimensions are in millimeters.

Dimensioning and tolerancing per ASME Y14.5M-1994.

This drawing is subject to change without notice.

QFN (Quad Flatpack No-Lead) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
Pin 1 identifiers are located on both top and bottom of the package and within the zone indicated.
The Pin 1 identifiers are either a molded, marked, or metal feature.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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