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LM5125-Q1, Wide-VIN, Dual-Phase, Automotive, Boost Controller With Vo1 Tracking

1 Features

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

Functional Safety-Capable

— Documentation available to aid functional safety

system design
Input voltage 4.5V to 42V

— Minimum 2.5V for V(BIAS) =45V or VOUT > 6V

Output Voltage 6V to 60V

— 2% accuracy, internal feedback resistors
— Bypass operation for V| > Vout
— Dynamic output voltage tracking

» Digital PWM tracking (DTRK)

* Analog tracking (ATRK)

Overvoltage protection (64V, 50V, 35V, 28.5V)

Low shutdown Iq of 2pA
Low operating lg of 1.4mA

Switching frequency from 100kHz to 2.2MHz

— Synchronization to external clock (SYNCIN)

— Dynamically selectable switching modes
(FPWM, diode emulation)

— Spread spectrum (DRSS)

Selectable dead time (14ns to 200ns)

Current sense resistor or DCR sensing

Average inductor current monitor

Average input current limit

— Programmable current limit

— Selectable delay time
Power-good indicator

2 Applications

* High-end audio power supply
+ Voltage stabilizer module
» Start-stop application

3 Description

The LM5125-Q1 is a dual-phase, synchronous
boost controller. The device provides a regulated
output voltage for lower or equal input voltage also
supporting V, to Voyt bypass mode to save power.

Dynamically program Vgpyr using the analog or
digital ATRK/DTRK function. V, is supported down
to 2.5V after start-up as the internal VCC supply is
automatically switched from Vgjas to Vout for Vgjas
< 4.5V. The fixed switching frequency is set between
100kHz and 2.2MHz through a resistor on the RT pin
or the SYNCIN clock. The switching modes FPWM or
diode emulation can be changed during operation.

The implemented protections peak current limit,
average input current limit, average inductor current
monitor, over and undervoltage protection, and
the thermal shutdown protect the device and the
application.

Package Information
PACKAGE!(") PACKAGE SIZE®
RHB (VQFN, 32) 5mm x 5mm

PART NUMBER
LM5125-Q1

(1)  For more information, see Section 10.
(2) The package size (length x width) is a nominal value and

Programmable V| undervoltage lockout (UVLO)

* Lead-less VQFN-32 package with wettable flanks

|

includes pins, where applicable.
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4 Pin Configuration and Functions
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Figure 4-1. LM5125-Q1 RHB Package, 32-Pin VQFN (Top View)

Table 4-1. Pin Functions

PIN
TYPE() DESCRIPTION
NAME NO.
nalog ground pin. Connect to the analog ground plane through a wide and short path.

AGND 4 G Anal d pin. C t to th | d pl th h id d short path
Output regulation target programming pin. Program the output voltage regulation target by
connecting the pin through a resistor to AGND, or by controlling the pin voltage directly

ATRK/DTRK 32 with a voltage in the recommended operating range of the pin from 0.2V to 2.0V. A
digital PWM signal between 8% to 80% duty cycle is automatically detected at startup and
enables the digital output voltage regulation, which programs Vgoyrt in the recommended
operating range.

BIAS 18 = Supply voltage input to the VCC regulator. Connect a 1uF local BIAS capacitor from the
pin to ground.

CFGO 27 1/0 Device configuration pin. Sets the dead time and enables the 20pA ATRK current.

CFG1 % o Device configuration pin. Sets the overvoltage protection level, spread spectrum mode,
PGOOD configuration and 120% peak current limit latch off.

CFG2 25 e Device configuration. pin. Sets if the device is using the internal or external clock and the
Overvoltage Protection Level.

COMP 3 o Output of the internal transconductance error amplifier. Connect the loop compensation
components between the pin and AGND.

CSN1 5 | Current sense amplifier input of phase 1. The pin operates as the negative input pin.

CSN2 21 | Current sense amplifier input of phase 2. The pin operates as the negative input pin.

CSP1 6 | Current sense amplifier input of phase 1. The pin operates as the positive input pin. Supply
for the internal V, undervoltage lockout circuit.

CSP2 20 | Current sense amplifier input of phase 2. The pin operates as the positive input pin.
Average input current limit delay setting pin. A capacitor from DLY to AGND sets the delay

DLY 1 (0] - ; i
from when V)yon reaches 1V until the average input current limit is enabled.

EN2 30 | Enable pin for phase 2.

EP ) G Exposed pad of the package. Connect the exposed pad to AGND and solder it to a large
ground plane to reduce thermal resistance.
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Table 4-1. Pin Functions (continued)
PIN
TYPE(") DESCRIPTION
NAME NO.
HB1 9 P High-side driver supply for bootstrap gate drive for phase 1. Boot diode is internally
connected from VCC to this pin. Connect a 0.1uF capacitor between the pin and SW1.
HB2 16 P High-side driver supply for bootstrap gate drive for phase 2. Boot diode is internally
connected from VCC to this pin. Connect a 0.1uF capacitor between the pin and SW2.
HO1 8 o High-side gate driver output for phase 1. Connect to the gate of the high-side N-channel
MOSFET through a short, low inductance path.
HO2 17 o High-side gate driver output for phase 2. Connect to the gate of the high-side N-channel
MOSFET through a short, low inductance path.
Input current monitor and average input current limit setting pin. Sources a current
ILIM/IMON 31 (6] proportional to phase 1 and phase 2 differential current sense voltage. A resistor is
connected from this pin to AGND.
LO1 1 o Low-side gate driver output for phase 1. Connect to the gate of the low-side N-channel
MOSFET through a short, low inductance path.
LO2 14 o Low-side gate driver output for phase 2. Connect to the gate of the low-side N-channel
MOSFET through a short, low inductance path.
MODE 29 | Operation mode selection pin selecting DEM or FPWM.
NC 23 - Non Connect pin. Connect this pin to GND.
PGND 13 G Power ground connection pin for low-side gate drivers and VCC bias supply.
Power-good indicator with open-drain output stage. The pin is pulled low when the output
voltage is less than the undervoltage threshold or great than the overvoltage threshold
PGOOD 28 O based on the CFG1-pin setting. The pin is also pulled low indicating faults (see Power-
Good Indicator (PGOOD-pin)). Connet the pin to AGND or leave the pin floating if not in
use.
Switching frequency setting pin. The switching frequency is programmed by a resistor
RT 22 1/0 between the pin and AGND. Switching frequency is dynamically programmable during
operation.
Soft start time programming pin. An external capacitor and an internal current source set
SS 2 O the ramp rate of the internal error amplifier reference during soft start. The device forces
diode emulation during soft start time.
SW1 10 Switching node connection for phase 1. Connect directly to the source of the phase 1
high-side N-channel MOSFET.
SW2 15 Switching node connection for phase 2. Connect directly to the source of the phase 2
high-side N-channel MOSFET.
SYNCIN o External clock synchronization pin. Input for an external clock that overrides the free-
running internal oscillator. Connect the SYNCIN pin to ground when not used.
Undervoltage lockout programming pin. Program the converter start-up and shutdown
UVLO/EN 19 levels by connecting this pin to the supply voltage through a resistor divider. If greater than
VUVLO-RISINGv phase 1 is enabled.
Vol 12 = Output of the internal VCC regulator and supply voltage input of the internal MOSFET
drivers. Connect a 10uF capacitor between the pin and PGND.
VOUT 7 P 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.
(1) I'=Input, O = Output, I/O = Input or Output, G = Ground, P = Power.
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5 Specifications

5.1 Absolute Maximum Ratings

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

MIN MAX UNIT

BIAS to AGND -0.3 50

UVLO/EN to AGND -0.3 BIAS + 0.3

CSPx to AGND -0.3 50

CSPx to CSNx -0.3 0.3

VOUT to AGND -0.3 65

HBx to AGND -0.3 71
Input® HBX to SWx -03 5.80) v

SWx to AGND -0.3 65

SWx to AGND (10ns) -5 65

CFGO, CFG1, CFG2, SYNCIN, ATRK/DTRK, DLY, MODE, EN2 to

AGND —03 55

RT to AGND -0.3 2.5

PGND to AGND -0.3 0.3

VCC to AGND -0.3 5.8(3)

HOx to SWx (50ns) -1 HBx + 0.3
Output® \Y

LOx to AGND (50ns) -1 VCC +0.3

PGOOD, SS, COMP, ILIM/IMON to AGND -0.3 5.5
Operating junction temperature, T; ) —-40 150 i
Storage temperature, Tstg -55 150 c

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

(2) Itis not allowed to apply an external voltage directly to CFGO, CFG1, CFG2, COMP, SS, RT, LOx, HOx pins.

(3) Operating lifetime is derated when the pin voltage is greater than 5.5V.

(4) High junction temperatures degrade operating lifetimes. Operating lifetime is derated for junction temperatures greater than 125°C.

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002(") +2000
V(esp) Electrostatic All pins +500 \%
discharge Charged-device model (CDM), per AEC Q100-011
Corner pins +750

(1) AEC Q100-002 indicates that HBM stressing must be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
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5.3 Recommended Operating Conditions
Over the recommended operating junction temperature range (unless otherwise specified)(")

MIN NOM MAX| UNIT
\ Boost Controller Input Voltage (when BIAS = 4.5V or VOUT 26V ) 25 42 \%
Vout Boost Controller Output Voltage 6 60 \%
Vgias BIAS Input Voltage 45 42 \%
VUuvLOEN UVLO/EN Input Voltage 0 42 \%
Ven2 EN2 Input Voltage 0 5.25 \Y
VMmoDE MODE Input Voltage 0 5.25 \Y
xgzz; Vesnt, Vesp2: | cyrrent Sense Input Voltage 25 42 Y
VATRK ATRK Input Voltage 0.2 2 \%
VpTRK DTRK Input Voltage 0 5.25 \%
Vbry DLY Voltage 0 5.25 \Y
VpGooD PGOOD Voltage 0 5.25 \Y
ViLiM/iMON ILIM/IMON Voltage 0 3 \Y
VsyNcIN Synchronization Pulse Input Voltage 0 5.25 \Y
fsw Switching Frequency Range 100 2200 |  kHz
fSYNCIN Synchronization Pulse Frequency Range 100 2200@|  kHz
foTRK DTRK Frequency Range 100 2200 kHz
T, Operating Junction Temperature —40 1500) °C

M

(2
(©)

Characteristics

5.4 Thermal Information

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

Maximum switching frequency is programmed by Rgt The device supports up to 2200kHz switching.
High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

LM5125-Q1
THERMAL METRIC() RHB(VQFN) UNIT
32 PINS
Rqua Junction-to-ambient thermal resistance 33.9 °C/W
Rquc(top) Junction-to-case (top) thermal resistance 24.8 °C/W
RquB Junction-to-board thermal resistance 14.1 °C/W
it Junction-to-top characterization parameter 0.4 °C/W
YJB Junction-to-board characterization parameter 14.0 °C/W
Rquc(bot) Junction-to-case (bottom) thermal resistance 4.3 °C/W

M

note.

5.5 Electrical Characteristics

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

Typical values correspond to T, = 25°C. Minimum and maximum limits apply over T;=—40°C to 150°C. Unless otherwise

stated, V| = VBlAS =12V, VOUT =24V, RT = 14kQ

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY CURRENT (BIAS, VCC, VOUT)
V| current in shutdown state (BIAS connected Vv =0V V, —12V T
Isp to V). Current into BIAS, CSP1, CSN1, CSP2, _E_“Z‘é\choto 125:,00‘” n 2 5 pA
CSN2, SW1, SW2. -
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5.5 Electrical Characteristics (continued)

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T;=—40°C to 150°C. Unless otherwise
stated, V| = VBlAS = 12V, VOUT = 24V, RT = 14kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Venuvio = 0V, Voyr =12V, Ty = -

Isp_Bias BIAS-pin current in shutdown state 40°C to 125°C 2 5 MA
- ; Venwvio = 0V, Voyur =12V, Ty = -
Isb_vout VOUT-pin current in shutdown state 40°C to 125°C 0.001 0.5 MA
1-phase, Venuvio = 2.0V, Venz
= OV, VCFGZ = OV, VATRK = 11 1.5 mA
BIAS-pin quiescent current in active state, 0.667V, T, = —40°C to 125°C
lo_BiAs_FPwM FPWM-Mode, internal clock (not-switching, RT
and IMON current is excluded) 2-phase, Venuvio = 2.0V, Veng =
2V, VCFGZ = OV, VATRK = 0667V, 1.6 2 mA
T,=-40°C to 125°C
1-phase, Venuvio = 2.0V, Ve =
. . . . OV, VCFGZ = OV, VATRK = 0667V, 1.1 1.5 mA
BIAS-pin qw.escent current in actlye §tate, T, =-40°C to 125°C
lo_BIAS_DEM DEM-Mode, internal clock (not-switching, RT
and IMON current is excluded) 2-phase, Venuvio = 2.0V, Veng =
2V, VCFG2 = OV, VATRK = 0667V, 1.6 2 mA

T, =-40°C to 125°C

2-phase, VenuuviLo = 2.0V, Veng =
2V, VCFG2 = OV, VATRK = 0667V, 250 300 IJA
T,=-40°C to 125°C

1-phase, Venuvio = 2.0V, Venp =
ov, VCFG2 =0V, VOUT =12V, TJ 1 1.5 mA
=-40°C to 125°C

VOUT-pin quiescent current in active state,

la_vour_FPuwm FPWM-Mode, internal clock (not-switching)

BIAS-pin current in bypass state (RT and
IMON current is excluded)

lo_sias_sypP
- - ; 2-phase, VenuviLo = 2.0V, Veng =
B et nbypass Sate (KT 410 Ve, <01 ooy = 121 T, 15 20 ma
=-40°C to 125°C
2-phase, VEN/UVLO =2.0V, VEN2
. . =2V, VCFG2 =0V, VOUT =12V,
lo_vout BYP VOUT-pin current in bypass state T, = —40°C to 125°C, no resistor 280 330 MA
between HO and SW.
Igias BIAS-pin bias current Vgias = 12V, lycc = 200mA 200 210 mA
Vour VOUT-pin bias current when VCC is supplied Vaias = 3.3V, lyee = 200mA 200 230 mA
by VOUT
VCC REGULLATOR (VCC)
Threshold to switch VCC supply from VOUT- .
VBIAS-RISING pm to BIAS-pln pRly VBIAS rising 4.25 4.35 4.45 \Y
Threshold to switch VCC supply from BIAS-pin .
VBIAS-FALLING to VOUT—pIn pply P VBIAS faIIlng 41 4.2 4.3 V
VBIAS-HYS VCC supply threshold hysteresis 100 150 mV
VVCC-REGH VCC regulation No load 4.75 5 5.25 \Y
VvCC-REG2 VCC regulation during dropout Vpgias = 4.5V, lycc = 110mA 4 4.3 \%
Vvee-uvio- VCC UVLO threshold VCC rising 3.4 35 3.6 Y,
RISING
Vvec-uvo- VCC UVLO threshold VCC falling 32 33 34 v
FALLING
Vvcc-uvio-Hys | VCC UVLO threshold hysteresis VCC falling 215 mV
lvee-cL VCC sourcing current limit Vyce = 4V 200 mA
ENABLE (EN/UVLO)
VEN-RISING Enable threshold EN rising 0.50 0.55 0.6 V
VEN-FALLING Enable threshold EN falling 0.40 0.45 0.50 V
VEN-HYS Enable hysteresis EN falling 100 mV
Ren EN pulldown resistance Ven = 0.2V 30 37 50 kQ
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5.5 Electrical Characteristics (continued)

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T;=—40°C to 150°C. Unless otherwise
stated, V| = VBlAS = 12V, VOUT = 24V, RT = 14kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VUVLO-RISING UVLO threshold UVLO rising 1.05 1.1 1.15 \
VUVLO-FALLING UVLO threshold UVLO falling 1.025 1.075 1.125 \
VUVLO-HYS UVLO hysteresis UVLO falling 25 mV
luvLO-HYS UVLO pulldown hysteresis current Vyvio =0.7V 9 10 1 pA
oo v, 8 M WA
luvLO/EN UVLO/EN-pin bias current VU\_/LO/EN =0.7V, 10pA current = 9 10 1 uA
active.
VuvLoen = 3.3V 1 pA
CH2 ENABLE (EN2)
VEN2_H Enable 2 high level input voltage EN2 rising 1.19 5.25 \%
VENn2 L Enable 2 low level input voltage EN2 falling -0.3 0.41 \%
len2 Enable 2 bias current EN1=EN2 = 3.3V 0.01 1 MA

CONFIGURATIO

N (CFGO, CFG1, CFG2)

Rerex 1 Level 1 resistance 0 0.1 kQ
Recrex 2 Level 2 resistance 0.496 0.51 0.526 kQ
Recrex 3 Level 3 resistance 1.1 1.15 1.19 kQ
Rcrex_4 Level 4 resistance 1.81 1.9 1.93 kQ
Rcrex s Level 5 resistance 2.65 2.7 2.82 kQ
Rcrex 6 Level 6 resistance 3.71 3.8 3.94 kQ
Rerex 7 Level 7 resistance 4.95 5.1 5.26 kQ
Rerex 8 Level 8 resistance 6.29 6.5 6.68 kQ
Recrex 9 Level 9 resistance 8.00 8.3 8.50 kQ
Rcrex_10 Level 10 resistance 10.18 10.5 10.81 kQ
Recrex 11 Level 11 resistance 12.90 13.3 13.70 kQ
Recrex_12 Level 12 resistance 15.71 16.2 16.69 kQ
Rcrex 13 Level 13 resistance 19.88 205 2111 kQ
Rcrex 14 Level 14 resistance 24.15 249 25.65 kQ
Rcrex 15 Level 15 resistance 29.20 30.1 31.00 kQ
Rcrex 16 Level 16 resistance 35.40 36.5 38.60 kQ

SWITCHING FREQUENCY

VRt RT regulation 0.7 0.75 0.8 \Y
faw1 Switching frequency Rt =316kQ 85 100 115 kHz
fswe Switching frequency Rt = 14kQ 1980 2200 2420 kHz
toN-MIN Minimum controllable on-time Rt = 14kQ 14 20 50 ns
tOFF-MIN Minimum forced off-time Rt = 14kQ 55 80 105 ns
Dumax1 Maximum duty cycle limit Rt =316kQ 98.7% 99.4%
Dmax2 Maximum duty cycle limit Rt =14kQ 75% 87%
SYNCHRONIZATION (SYNCIN)

Mlplrpum SYNCIN frequency | Spread B RT = 316kQ 60 KHz

activity detection Spectrum = off

SYNCIN frequency activity Soread

detection vs RT set p _ RT = 14kQ to 210kQ —-60%

o Spectrum = off
switching frequency
SYNCIN activity detection cycles 3 cycles
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5.5 Electrical Characteristics (continued)

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T;=—40°C to 150°C. Unless otherwise
stated, V| = VBlAS = 12V, VOUT = 24V, RT = 14kQ

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Syncing frequency range Frequency synchronized to ext.
fsyne from RT set frequency clock min. = 100kHz, max. = -50% 50%
during synchronization 2200kHz
VsyNCIN_H SYNCIN high level input voltage SYNCIN rising 1.19 5.25 \%
VsyNCIN_L SYNCIN low level input voltage SYNCIN falling -0.3 0.41 \%
Isyncin SYNCIN bias current SYNCIN = 3.3V 0.01 1 pA
\l)vﬂiigti:um SYNCIN pullup / pulldown pulse 135 ns
VOUT PROGRAMMING (ATRK/DTRK)
ATRK = 0.2V, V|, = 4.5V 5.88 6 6.12 \%
ATRK =0.4V, V, = 10V 11.82 12 12.18 \
VouT REG Vourt regulation with ATRK voltage ATRK = 0.8V 23.64 24 24.36 \%
ATRK = 1.6V 47.28 48 48.72 \Y
ATRK =2V 59.10 60 60.90 \Y
GpTRK Conversion ratio of DTRK duty cycle to Varrk | FpTr = 100kHZ, 440kHz 25 mV/ %
DTRK duty cycle range 8% 80%
forrk = 100kHz, DC = 8% 0.19 0.2 0.21 \
forrk = 100kHz, DC = 40% 0.98 1.02 \Y
fotrk = 100kHz, DC = 80% 1.98 2.02 \
VATRK ATRK voltage for given DTRK duty cycle
fotrk = 440kHz, DC = 8% 0.188 0.2 0.212 \Y
fotrk = 440kHz, DC = 40% 0.98 1.02 \Y
fotrk = 440kHz, DC = 80% 1.98 2 2.02 \Y
VDTRK_H DTRK high level input voltage DTRK rising 1.19 5.25 \Y
VbTRK L DTRK low level input voltage DTRK falling -0.3 0.41 \Y
IaTRK Source current when activated through CFGO 19.8 20 20.2 MA
IATRI/DTRK ATRK/DTRK-pin bias current ES::?:C;UW is disabled, Vatrks 0.01 1 HA
Minimum DTRK pullup / pulldown pulse width 25 ns
SOFT START (SS)
Iss Soft-start current 42.5 50 57.5 MA
Vss.DONE Soft-start done threshold 215 2.2 2.25 \%
Rss SS pulldown switch Rpson 26 70 Q
Vss.ois SS discharge detection threshold 20 45 70 mV
CURRENT SENSE (CSPx, CSNx)
Acs Current sense amplifier gain Vesp = 2.5V 10 VIV
VeLtH Positive peak current limit threshold Referenced to CS input 54 60 66 mV
VNCLTH Negative peak current limit threshold rl?}zfgerenced to CS input, FPWM -34 —-28 22 mV
VicL Input current limit Referenced to CS input 65 72 80 mV
AViel oumh (I:Dfrlrt:n\;otlrt]?é:]:hlglegween ICL and positive peak 6 12 mv
Peak current limit trip delay 100 ns
Vaco ZCD threshold (CSPx — CSNx) ggl\iﬂ"p“t falling, fsw = 100kHz, 0 3 6| mv
Ve ZCD threshold (CSPx — CSNx) gg,\iﬂr‘,p}’j iagtrg’tésg;é 00kHz, 0 3 5 mv
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5.5 Electrical Characteristics (continued)

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T;=—40°C to 150°C. Unless otherwise
stated, V| = VBlAS = 12V, VOUT = 24V, RT = 14kQ

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

(ZCCSDP’[1hr_ezhst:)ll\ld1 ;or phase 1 in bypass mode 6 5 0 mv
Vzcp_syp -

ZCD threshold for phase 2 in bypass mode 6 25 0 mv

(CSP2 - CSN2)
VsLoPE Peak slope compensation amplitude Ifgéiﬁgced to CS input, fsw = 40 48 55 mV
lcsnx CSNx current Device in Standby state, V; = 1.2 HA
Icspx CSPx current Veias = Vour = 12V 150 170 uA
Algnt ph2 IIZ;zzlgelnzd)uctor Current unbalance (Phase 1 to Vg, = 60mV ~10 0 10 %
CURRENT MONITOR / LIMITER WITH DELAY (IMON/ILIM)
GimoN Transconductance Gain 0.320 0.333 0.346| pA/mV
loFFsET Offset current 3 4 5 MA
Vium ILIM regulation target 0.93 1 1.07 \%
VILIM_th ILIM activation threshold 0.95 1 1.25 \%
VILIM_reset DLY reset threshold ILIM falling, referenced to V| u 85% 88% 91%
oLy DLY sourcing/sinking current 4 5 6 pA
VDLY peak_rise Vpyy rising 2.45 2.6 2.75 \Y
VLY peak_fal Vpuy falling 2.25 24 255 Y,
VbLy valley 0.2 \Y
ERROR AMPLIFIER (COMP)
Gm Transconductance 700 1000 1300 uS
Acomp-PWM COMP-to-PWM gain 1 VIV
VCoMP-MAX COMP maximum clamp voltage COMP rising 23 2.6 29 \Y

COMP minimum clamp voltage, active in DEM | COMP falling 0.38 0.48 0.55 \Y
Vcomp-MIN COMP minimum clamp voltage, active in COMP falling 013 0.16 0.19 Vv

FPWM
VcoMP-offset Offset in respect to min clamp COMP falling 0.01 0.03 0.06 \Y
ISOURCE-MAX Maximum COMP sinking current Vcowmp = 0V 90 MA
ISINK-MAX Maximum COMP sourcing current Vcowmp = 2.6V 100 MA
OPERATION MODES
VMODE_H MODE-pin high level FPWM 1.19 5.25 \Y
VMoDE_L MODE-pin low level DEM -0.3 0.41 \Y
ImMopE MODE-pin bias current MODE = 3.3V 0.01 1 pA
OVER / UNDER VOLTAGE MONITOR
Voup Overvoltage threshold Zg\ﬂlfffr'”rgfggﬁg‘;’)‘ced oermor | 4og%  110%  112%
Vovp.L Overvoltage threshold Vour falling (referenced to error | 440, 1039, 105%

amplifier reference)
64V 63 64 65 \Y
Vovp_maxH Overvoltage threshold :gz Zr?\gi frii;nrgfgg‘ﬁ(r:e;r)lced to error :i iz 2; z
28.5V 27 28.5 30 \
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5.5 Electrical Characteristics (continued)

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T;=—40°C to 150°C. Unless otherwise
stated, V| = VBlAS = 12V, VOUT = 24V, RT = 14kQ

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
64V 62 63 64 \Y
Vovp_max-L Overvoltage threshold :gz Zr?\L;)Til‘fizllli?ngi;ec:rs; ced to error :2 zj 22 z
28.5V 26 27.5 29 \Y
Vove s Undervoltage threshold Z%%{If:":r'”rgfgfgﬁg)‘ced fo error 91%  93%  95%
Vivp. Undervoltage threshold Vour falling (referenced to error 88%  90%  92%
amplifier reference)

PGOOD
Rpcoop PGOOD pulldown switch Rpson 1mA sinking 90 180 Q

Minimum BIAS for valid PGOOD 2 \
MOSFET DRIVER (HBx, HOx, SWx, LOx)

High-state on resistance (HO driver) 100mA sinking, HB — SW = 5V 1.1 2 Q

Low-state on resistance (HO driver) 100mA sourcing, HB — SW = 5V 0.6 1.2 Q

High-state on resistance (LO driver) 100mA sinking, VCC = 5V 1.1 2 Q

Low-state on resistance (LO driver) 100mA sourcing, VCC = 5V 0.7 1.4 Q
VHB.uvLo HB — SW UVLO threshold HB — SW rising 2.85 3.05 3.25 \Y
Vys.uvLo HB — SW UVLO threshold HB — SW falling 2.6 2.8 3 \
VHB-HYS HB — SW UVLO threshold hysteresis 250 mV
lHB-SLEEP HB quiescent current in bypass HB - SW =5V 8 15 MA
lcp HB charge pump current available at HBx-pin |BIAS = 4.5V, VOUT = 6V 55 75 100 MA
DEAD TIME CONTROL
DT1 Setting 1 7 14 30 ns
DT2 Setting 2 17 30 50 ns
DT3 Setting 3 32 50 75 ns
DT4 HO off to LO on and LO off |Setting 4 50 75 110 ns
DT5 to HO on dead time Setting 5 68 100 140 ns
DT6 Setting 6 85 125 180 ns
DT7 Setting 7 105 150 215 ns
DT8 Setting 8 135 200 285 ns
THERMAL SHUTDOWN (TSD)
TtsD-RISING Thermal shutdown threshold Temperature rising 175 °C
Ttsp-HYS Thermal shutdown hysteresis 15 °C
TIMINGS
STANDBY gimer \ STANDBY timer \ 130 150 170 \ us
5.6 Timing Requirements
Over operating junction temperature range and recommended supply voltage range (unless otherwise noted)

\ \ | MIN NOoM  mAX| UNIT
OVERALL DEVICE FEATURES
‘Minimum time low EN toggle ‘time measured from EN toggle from H to L and from L to H ‘ 1 ‘ us
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5.7 Typical Characteristics

The following conditions apply (unless otherwise noted): T; = 25°C; Vgjas = 12V

2600 105
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< 41800 = ]
= { < 102 =
2 1600 2 L L
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S 1400 \ s ——
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Figure 5-2. Switching Frequency (100kHz, RT = 316kQ) vs

Figure 5-1. Switching Frequency Versus RT Resistance

Temperature
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Figure 5-3. Switching Frequency (2200kHz, RT = 14kQ) vs
Temperature
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Figure 5-5. BIAS-pin Current vs BIAS-pin Voltage (Active, 1ph,
DEM)

Figure 5-6. BIAS-pin Current vs BIAS-pin Voltage (Active, 2ph,
DEM)
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5.7 Typical Characteristics (continued)

The following conditions apply (unless otherwise noted): T; = 25°C; Vgjag = 12V
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Figure 5-7. BIAS-pin Current vs BIAS-pin Voltage (Active, 1ph,
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Figure 5-8. BIAS-pin Current vs BIAS-pin Voltage (Active, 2ph,
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Figure 5-9. VCC Voltage vs VCC Load Current Figure 5-10. VOUT-pin Current vs Temperature (Bypass, 2ph)
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Figure 5-11. Peak Current Limit Threshold V¢ 1y vs
Temperature

Figure 5-12. Maximum Duty Cycle vs Switching Frequency
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5.7 Typical Characteristics (continued)

The following conditions apply (unless otherwise noted): T; = 25°C; Vgjag = 12V

140 140
130 —— Dead time sw node rising setting 1 (14ns) 130 —— Dead time sw node falling setting 1 (14ns)
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Figure 5-13. Dead Time Switch Node Rising vs Temperature Figure 5-14. Dead Time Switch Node Falling vs Temperature
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Figure 5-15. Soft-start Current vs Temperature Figure 5-16. Undervoltage Lockout (UVLO) vs Temperature
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Figure 5-17. UVLO/EN-pin Current vs Temperature Figure 5-18. Average Current Limit Regulation Voltage vs
Temperature
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5.7 Typical Characteristics (continued)

The following conditions apply (unless otherwise noted): T; = 25°C; Vgjag = 12V

Spread Spectrum = off
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Figure 5-19. Minimum toy and togr Time vs Switching Figure 5-20. ATRK-pin Current vs Temperature
Frequency
2300
l,
2100 /
—. 1900 /
N
£ 1700
& 1500 »
$ 1300 L/ —
] /’ —— Pos. Synchronization Frequency
w1100 7 —— Neg. Synchronization Frequency
je))
£ 900
2 4
= 700 » —
(2] T
500 /' —
/|
300 —
100 —
100 400 700 1000 1300 1600 1900 2200

Figure 5-21. Synchronization Switching Frequency (SYNCIN) vs RT-pin Set Switching Frequency
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6 Detailed Description
6.1 Overview

The LM5125-Q1 is a wide input range dual phase boost controller. The device provides a regulated output
voltage if the input voltage is equal or lower than the adjusted output voltage. The resistor-to-digital (R2D)
interface offers the user a simple and robust selection of the device functionality.

The operation modes DEM (Diode Emulation Mode) and FPWM (Forced Pulse Width Modulation) are on-the-fly
pin-selectable during operation. The peak current mode control operates with fixed switching frequency set by
the RT-pin. Through the activation of the dual random spread spectrum operation, EMI mitigation is achievable
at any time of the design process.

The integrated average current monitor helps to monitor or limit the input current. The output voltage can
be dynamically adjusted during operation (dynamic voltage scaling and envelope tracking). Adjusting Voyr is
possible by changing the analog reference voltage of the ATRK/DTRK-pin or with a PWM input signal on the
ATRK/DTRK pin.

The internal wide input LDOs provide a robust supply of the device functionality under different input and output
voltage conditions. Due to the high drive capability and the automatic and headroom depended voltage selection
(Veias or Vour), the power losses are kept at a minimum. Connect the separate BIAS-pin to V,, Voyt or an
external supply to further reduce power losses in the device. At all times, the internal supply voltage is monitored
to avoid undefined failure handling.

The device integrates a half bridge N-channel MOSFET driver. The gate driver circuit has a high driving
capability to drive a wide range of MOSFETs. The gate driver features an integrated high voltage low dropout
bootstrap diode. The internal bootstrap circuit has a protection against an overvoltage that is injected by negative
spikes and an undervoltage lockout protection to avoid a linear operation of the external power FET. An
integrated charge pump enables 100% duty cycle operation in BYPASS mode.

The built-in protection features provide a safe operation under different fault conditions. There is a V,
undervoltage lockout protection to avoid brownout situations. Brownout is avoided under different designs
because the input UVLO threshold and hysteresis is configured through an external feedback divider. The
device also incorporates an output overvoltage protection. The selectable hiccup overcurrent protection avoids
excessive short circuit currents by using the internal cycle-by-cycle peak current protection. Due to the integrated
thermal shutdown, the device is protected against thermal damage caused by an overload condition of the
internal VCC regulators. All output-related fault events are monitored and indicated at the open-drain PGOOD-

pin.

16 Submit Document Feedback Copyright © 2026 Texas Instruments Incorporated
Product Folder Links: LM5125-Q1


https://www.ti.com/product/LM5125-Q1
https://www.ti.com/lit/pdf/SNVSC77
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSC77C&partnum=LM5125-Q1
https://www.ti.com/product/lm5125-q1?qgpn=lm5125-q1

13 TEXAS
INSTRUMENTS

www.ti.com

LM5125-Q1

SNVSC77C — DECEMBER 2024 — REVISED JANUARY 2026

6.2 Functional Block Diagram
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Figure 6-1. Functional Block Diagram
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6.3 Feature Description

6.3.1 Device Configuration (CFGO0-pin, CFG1-pin, CFG2-pin)

The CFGO-pin defines the minimum dead time and the ATRK/DTRK-pin 20uA current. The levels shown in
Table 6-1 are selected by the specified resistors in the Specifications section. When Vgt is programmed with a
resistor turn the 20pA ATRK-pin current on, for voltage tracking turn the ATRK-pin current off.

Table 6-1. CFGO0-pin Settings

Level Dead Time [ns] 20pA ATRK Current
1 14 on
2 30 on
3 50 on
4 75 on
5 100 on
6 125 on
7 150 on
8 200 on
9 14 off
10 30 off
11 50 off
12 75 off
13 100 off
14 125 off
15 150 off
16 200 off

The CFG1-pin setting defines the Voyt overvoltage protection level, Clock Dithering, the 120% input current limit
protection (lcL_jatch) Operation, and the power-good pin behavior.

OVP bit 0:

Clock Dithering:

lcL_jaten:

PGOODovp enable:

OVP bit 1 and 0 set the Vgt overvoltage protection level. [00] = 64V, [01] = 50V, [10]= 35V
or [11] = 28.5V.

Enables dual random spread spectrum (DRSS) clock dithering or disables clock dithering.

When || jatch is enabled and the peak current limit is exceeded by 20% the device goes to
the Shutdown State (turns off and is latched). If Ic__atch is disabled the device stays active
and tries to limit the inductor current at peak current limit.

When PGOODoyp_enable is enabled the PGOOD-pin is pulled low for Voyt above OVP
(Overvoltage Protection) or below the UV (Undervoltage) threshold. If PGOODoyp enable
is disabled the PGOOD-pin is only pulled low when VqoyT is below UV (Undervoltage)
threshold.

Table 6-2. Overvoltage Protection Level Selection

OVP Level OVP Bit 1 OVP Bit 0
64V 0 0
50V 0 1
35V 1 0
28.5v 1 1
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Table 6-3. CFG1-pin Settings
Level OVP Bit 0 Clock Dithering Mode lcL_latch PGOODoyp_enable
1 0 enabled (DRSS) disabled disabled
2 1 enabled (DRSS) disabled disabled
3 0 enabled (DRSS) disabled enabled
4 1 enabled (DRSS) disabled enabled
5 0 enabled (DRSS) enabled disabled
6 1 enabled (DRSS) enabled disabled
7 0 enabled (DRSS) enabled enabled
8 1 enabled (DRSS) enabled enabled
9 0 disabled disabled disabled
10 1 disabled disabled disabled
11 0 disabled disabled enabled
12 1 disabled disabled enabled
13 0 disabled enabled disabled
14 1 disabled enabled disabled
15 0 disabled enabled enabled
16 1 disabled enabled enabled

The CFG2-pin defines the Vgyt overvoltage protection level and if the device uses the internal clock generator
or an external clock applied at the SYNCIN-pin. During clock synchronization, the clock dither function is
disabled.

OVP bit 1: OVP bit 1 and 0 set the Voyt overvoltage protection level. [00] = 64V, [01] = 50V, [10]= 35V or
[11] = 28.5V.

Internal clock: The device uses the internal clock.

External clock: The device uses the internal clock and synchronizes to an external clock if applied.

Defines if the clock syncing function at the SYNCIN-pin is active (on) or disabled (off). The

SYNCIN: device is only syncing to an external clock applied to the SYNCIN-pin when SYNCIN is active.

In case the internal oscillator is used the clock dithering is set according to the CFG1-pin
Clock Dithering:  setting Clock Dithering Mode. When external clock is selected the clock dithering function is
disabled ignoring the CFG1-pin setting.

Table 6-4. CFG2-pin Settings

Level OVP Bit 1 Clock SYNCIN Clock Dithering
1 0 Internal off CFG1-pin
2 1 Internal off CFG1-pin
3 0 Internal off CFG1-pin
4 1 External on disabled
25 0 External on disabled

6.3.2 Device and Phase Enable/Disable (UVLO/EN, EN2)

During shutdown the UVLO/EN-pin is pulled low by the internal resistor Rgn. When VyyioEN rises above
VeN-RIsING: Ren is disabled and the Iyy oen (typically 10pA) current source is enabled to provide the UVLO
functionality. The device boots up, reads the configuration and enters STANDBY state (see Functional State
Diagram). When Vv o/en rises above Vv o-rising the lyvio/en current source is disabled and the device enters
START PHASE 1 and 2 state executing the soft-start ramping up Voyt in DEM operation. A hysteresis VEn.HYs
and VyyLo-Hys is implemented. Select the external UVLO resistor voltage divider (Ryy ot and Ryyog) according
to Equation 1 and Equation 2.
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A UVLO capacitor (Cyy o) is required in case V, drops below Vorr momentarily during startup or a load transient
at low V,. 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 |y o.Hys is disabled.

The 2" phase is enabled when Vgy, rises above VENn2 H and disabled when Vgy, falls below Vgnp (. Enable
and disable the 2" phase at or before startup as well as during operation. The 2"d phase is 180° phase shifted
towards phase 1 for lowest input and output ripple.

The UVLO/EN-pin voltage is not allowed to exceed the BIAS-pin voltage +0.3V (see Absolute Maximum Ratings)
as the ESD-diode between UVLO/EN-pin and BIAS-pin gets conducting. However, a higher voltage up to 42V
(Recommended Operating Conditions) is applicable at the UVLO/EN-pin when the current is limited to maximum
100pA with a series resistor.

Boot &
Read Configuration
complete Logic
3 —> transitions to
V, _U— START PHASE
Vuvo| - 1& 2 STATE
Ruvior
UVLO/EN i
+ Logic
Ven _ﬂ— —4 transitions to
Ruvios — = BOOT STATE
g luvio-Hys
% Ren ¢ \
_|
gl
_|
Figure 6-2. Functional Block Diagram UVLO and EN
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Figure 6-3. Dual-phase Operation

6.3.3 Switching Frequency and Synchronization (SYNCIN)

The switching frequency of 100kHz to 2.2MHz is set by the RT resistor connected between the RT-pin and
AGND. The RT resistor is selected between 14kQ and 316kQ according to Equation 4. If configured to use an
external clock the device uses the RT-pin to set the internal oscillator and synchronizes the switching frequency
within £50% to an external clock applied at the SYNCIN-pin. Set the external clock within the SYNCIN frequency
activity detection range to be detected. The internal clock is synchronized at the rising edge of the external
clock signal applied at the SYNCIN-pin. The CFG1-pin Spread Spectrum setting is ignored when external clock
synchronization is selected, clock dithering is disabled.

The device always starts with the internal clock and starts synchronizing to an applied external clock during the
START PHASE 1 and 2 and the ACTIVE state (see Functional State Diagram). The device synchronizes to the
external clock as soon as the clock is applied and switches back to the internal clock in case the external clock
stops.

1
fSW = RRT X's (3)
315 G0 + 18ns
Rer = (74 - 18ns) x 31552 4)
- - - - - — - VsyneIN_H
SYNCIN —|-t--t--t--t-4-t74-F4-F4-F4-F1—-F - Vswnen.L ]
T

RT programmed
internal OSC

4 cycles 'RT programmed
SYNC exit _internal OSC

3 cycles
SYNC entry

10 cycles
PLL lock time

I

| |

| |
< »le »e
< > >

Synchronized

Figure 6-4. Clock Synchronization

6.3.4 Dual Random Spread Spectrum (DRSS)

The device provides a digital spread spectrum, which reduces the EMI of the power supply over a wide
frequency range. Enable the spread spectrum by the CFG1-pin setting. When the spread spectrum is enabled,
the internal modulator dithers the internal clock. When the device is configured to use an external clock applied
at the SYNCIN-pin, the internal spread spectrum is disabled. DRSS combines a low frequency triangular
modulation profile with a high frequency cycle-by-cycle random modulation profile. The low frequency triangular
modulation improves performance in lower radio frequency bands (for example AM band), while the high
frequency random modulation improves performance in higher radio frequency bands (for example FM band).
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In addition, the frequency of the triangular modulation is further modulated randomly to reduce the likelihood of
any audible tones. To minimize output voltage ripple caused by spread spectrum, duty cycle is modified on a
cycle-by-cycle basis to maintain a nearly constant duty cycle when dithering is enabled.

fam X 1.078

Low + High Frequency

= :
' Random Modulation (DRSS)

fiaw X 0.822

Internal Low Frequency
Random M odulation

W High Frequency

Random Modulation

< DRSS Disabled >< DRSS Enabled >
Figure 6-5. Dual Random Spread Spectrum

6.3.5 Operation Modes (BYPASS, DEM, FPWM)

The device supports bypass mode, forced PWM (FPWM) and diode emulation mode (DEM) operation. The
mode can be changed on the fly and is set by the MODE-pin. Bypass mode is automatically activated for Vot <
V. The device operation mode is set to DEM for Vyope < 0.4V and to FPWM for Vyope > 1.2V.

Table 6-5. Mode-pin Settings

Operation Mode MODE-pin
DEM Vmope < 0.4V
FPWM Vmope > 1.2V

In Diode Emulation Mode (DEM) current flow from Vgyt to V| is prevented. The SW-pin voltage for each phase
is monitored during the high-side on time and the high-side switch is turned off when the voltage falls below the
zero current detection threshold Vzcp. The device works in Discontinuous Conduction Mode (DCM) for light load
and finally skips pulses, which improves light load efficiency. When both phases are active (EN2 = high), both
phases work in DCM at light load and finally skip pulses. In DEM operation when COMP falls below typically
460mV the controller starts skipping pulses. Calculate the skip entry point for the input current with formula
Equation 5 and for the output current with formula Equation 6.

4

Ii_skip =
_skip v
0.48 x ];%I;‘(/ + 2501 X Ry X -

®)

Vi X V1 X 1.5
; _ Vour =L © M 5
OUT _skip = Fow (6)

Vi
0.48 x 20K + 250u X RSNS X I

In Forced Pulse With Modulation Mode (FPWM) the converter keeps switching also for light load with fixed
frequency in continuous conduction mode (CCM). This mode improves light load transient response.
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Figure 6-6. Inductor Current Waveform for the Different Operation Modes

In Bypass Mode (BYPASS) V, is connected to Vpyt (no regulation) by turning on the high side FETs. Positive
current flowing from V, to Voyr is not controlled while current flow from Vgt to V| is prevented for DEM setting
and limited to VgLt for FPWM setting. An integrated charge pump provides a minimum voltage of 3.75V at
HOx — SWx and drives 55uA (Icp) per phase. For EN2 = low only the high-side FET of phase 1 is turned on,
for EN2 = high phase 1 and phase 2 high-side FETs are turned on. In case a MOSFET gate pull-down resistor
is used, make sure the charge pump is able to drive the leakage current of the MOSFET and the pull-down
resistor. The device starts switching in case the charge pump is overloaded to keep a minimum gate voltage of

VHB-uvLo-

The device enters and exits Bypass mode when the conditions in table Bypass Mode Entry, Exit are met.

Table 6-6. Bypass Mode Entry, Exit

Operation Mode Bypass Conditions
Vout <V, - 100mV and
DEM / FPWM Entr
y Veowmp < Veomp-min + 100mV
DEM Exit Vcomp > Veomp-min + 100mV or
((Vesp1 = Vesnt) < Vzep ye Il (Vesp2 = Vesnz) < Vzep syp)
: Vcomp > Veomp-min + 100mV or
FPWM Exit
((Vesp1 = Vesnt) < Vnewrr Il (Vesp2 = Vesnz) < VnerTH)
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Figure 6-7. Bypass Mode Entry, Exit
6.3.6 VCC Regulator, BIAS (BIAS-pin, VCC-pin)

The gate drivers are powered by an internal 5V VCC regulator. The VCC regulator is sourced from the BIAS-pin
supporting up to 42V for Vgias > Veias-RisiNnG OF the VOUT—pin for Vgias < VBIAS-FALLING- Connect the BIAS-pin
to a voltage 22.5V (for example V, or 5V) as the reference system is permanently supplied by the BIAS-pin and
shuts down for voltages <2V. The recommended VCC capacitor value is 10uF.

The integrated current limit prevents device damage when VCC is overloaded or the VCC-pin is shorted to
ground. VCC sources up to 200mA (lycc-cL)- Calculate the consumed VCC current of the external MOSFETs by
Equation 7.

Iycc = nX2xQc@sv X fsw (7)

where

* nis the number of active phases.
* Qgg@sv is the MOSFET gate charge at 5V gate-source voltage.

REFERENCE
25V to42V BIA
O S Output = BIAS for
I BIAS>45V INT LDO
CyOUT VOUT ) (vee)

Figure 6-8. On the Fly BIAS Supply Selection

6.3.7 Soft Start (SS-pin)

At start-up during the START PHASE 1 and 2 state (see FSM) the device regulates the error amplifiers reference
to the SS-pin voltage or the ATRK/DTRK-pin voltage, whichever is lower. The regulated reference results in a
gradual rise of the output voltage Voyt. During soft start the device forces diode emulation mode (DEM) until the
soft start done signal is generated.
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The external soft start capacitor is first discharged to the Vgg p|s voltage, then charged by the Igs current and the
soft start done signal is generated when Vsg.pone is reached. In boost topology the soft start time (tgs) varies
with the input supply voltage as VoyT is equal to V, at startup. In figure Soft Start at the time t; the soft start
current is activated. At t, the soft start voltage reached the V, voltage level and Vgyr starts to rise until Voyr
reaches the programmed Vgoy value at t3. The soft start done signal is generated at t4 when the SS-pin voltage
reaches Vss.pone- The SS-pin voltage continues to rise until Vycc is reached where the soft start current is
deactivated.

Css
tss_t1_t4 = 22X I (8)
Css _ Vour—Vi
tss_t2.t3= Tog X 30 (9)
Vi
Vour
Vvee

— ="~ Vss.ponE

SS

—>cVssois
t

<&
<

t

Forced Diode Emulation (DEM) | MODE-pin
setting

Figure 6-9. Soft Start

6.3.8 Voyr Programming (VOUT, ATRK, DTRK)

The output voltage Voyr is sensed at the VOUT-pin. Program Voyt between 6V and 60V by connecting a 10kQ
to 100kQ resistor at the ATRK/DTRK-pin, applying a voltage between 0.2V and 2V or a digital signal between
8% and 80% duty cycle. At startup during the STANDBY state (Functional State Diagram) the ATRK/DTRK-pin
programming method analog signal or digital signal is detected. At the transition to the START PHASE 1 and
2 state the ATRK/DTRK-pin programming method is latched and is unchangeable during operation. Allow a
DTRK signal to be present for at least three cycles so that it is detected before the programming method is
latched. ATRK supports up to 10kHz signals, however, change the ATRK-pin voltage or the DTRK duty cycle
slow enough that Voyr is able to follow. In case the ATRK/DTRK-pin set reference voltage is changed faster
than the bandwidth of the converter, the inductor current exceeds peak current limit until the slope compensation
settles. The inductor peak current overshoot is limited to 90mV CSPx — CSNx sense resistor voltage. The device
tries to regulate Voyt as well for ATRK < 0.2V or >2V, but performance is not endured. Enable the 20pA current
by CFGO setting for Voyt programming by resistor. The 20uA current is sourced through the ATRK-pin and
generates the required ATRK voltage for the target VOUT voltage via the external resistor. For analog tracking
(ATRK) or digital tracking (DTRK), Tl recommends disabling the 20uA current.

Equation for programming Vo by resistor:

Rarri = “2UT x 10 kn (10)
Equation for programming Voyt by voltage (ATRK):

Vour = Varrk % 30 (1)

Equation for programming Vot by digital signal (DTRK):
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Vour = 0.75 g3 x Duty Cycle (12)
ATRK I ATRK I
@ VOuT
% TRACKING
Ratrk 20 pA
AGND AGND
[ g [
Figure 6-10. Voyt Programming by Resistor Figure 6-11. Voyt Tracking by Analog Voltage
[
DTRK
VOUT
TRACKING
AGND

S

Figure 6-12. Voyrt Tracking by Digital Signal

6.3.9 Protections

The device has the following protections implemented. Figure 6-13 shows in which state of the Functional State
Diagram which protection is active. The protection is active for the grey shaded states having the same grey
shading, for example TSD is active in STANDBY state including THERMAL SHUTDOWN state but not in ICL
LATCH state.

Thermal shutdown (TSD) turning off the device at high temperature.

Undervoltage Lockout (UVLO) turning off the device at low supply voltage.

VCC Undervoltage Lockout (VCC UVLO) avoiding too low low-side gate driver voltage. The device stops
switching until VCC is recovered.

HBx Undervoltage Lockout (HBx UVLO) avoiding too low high-side gate driver voltage. The device initiates
refresh pulses (512 cycles hiccup mode off time). See MOSFET Drivers, Integrated Boot Diode, and Hiccup
Mode Fault Protection (LOx, HOx, HBx-pin) for details.

Overvoltage Protection (OVP), when triggered the device stops switching until Vot is back on target. There
are two OVPs implemented:

— OVPpax Which is a programmable absolute value (typically 64V, 50V, 35V or 28.5V).

— OVP, which triggers when Voyt is 110% of the programmed value.

Undervoltage Protection (UVP), when triggered the device continues operation but pulls the PGOOD-pin low.
Peak Current Limit (PCL), limiting the switch peak current. See Current Sense Setting and Switch Peak
Current Limit (CSP1, CSP2, CSN1, CSN2) for details.

Input Current Limit (ICL), limiting the switch peak current to 120% of the peak current limit. This protection is
enabled and disabled by Ig |atch Programming.

Average Input Current Limit (ILIM), limiting the average input current to the programmed value by Ry . See
Input Current Limit and Monitoring (ILIM, IMON, DLY) for details.
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Figure 6-13. Protections

6.3.9.1 Vgur Overvoltage Protection (OVP)

The Overvoltage Protection (OVP) monitors the VOUT-pin using two thresholds. The programmable threshold
Vovp max-H limiting Vouyr to 64V, 50V, 35V or 28.5V, and the Vgyp_4 threshold limiting the programmed Voyr to
110% of the programmed voltage. In BYPASS state the 110% oyp.H detection is disabled, but the Voyp max-H is
active.

When Vgyr rises above the Voyp max-n OF the Voyp.y threshold (not active during Bypass), the low-side driver is
turned off and the high-side driver is turned on. Current flow from V, to Vot is monitored through CSP1 - CSN1
and when phase 2 is active also through CSP2 - CSN2 allowing current flow from V, to Vgoyt. The high-side
driver is turned off when the current from V| to Voyr is zero or negative preventing current flow from Vgyt to V.
When Vgyr falls below the Voyp max-L 0F Voyp-L threshold the device continues normal operation.

6.3.9.2 Thermal Shutdown (TSD)

An internal thermal shutdown (TSD) protects the device by disabling the MOSFET drivers and VCC regulator if
the junction temperature (T,) exceeds the Ttsp.rising threshold. After the junction temperature (T,) is reduced
by the Ttsp.nys hysteresis, the device continues operation according to the Functional State Diagram.

6.3.10 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 can be externally connected. The PGOOD switch opens when the
VOUT pin voltage is higher than the Vyyp.4 undervoltage threshold. PGOOD is pulled low under the following
conditions:

* The VOUT-pin voltage is below the Vo falling undervoltage threshold Vyyp., .

*  The VOUT-pin voltage is above the 110% Voyp H or the programmed Voyp max-H fising threshold and the
PGOODovp enable function is enabled (see CFG1-pin Settings). PGOOD is not pulled low for an OVP event
when the PGOODoyp enable function is disabled.

+ The device is in SHUTDOWN state and Vg)as is greater than approximately 1.7V (see Functional State
Diagram).

* The EN/UVLO-pin voltage is falling below the undervoltage lockout threshold voltage Vv o-FALLING-

* The VCC regulator voltage VCC falls below the undervoltage lockout threshold Vycc.uvLo-FALLING-

* Thermal Shutdown is triggered (see Functional State Diagram).

» The HBx-pin voltage is below the Vg falling Vys.uvio threshold and boot refresh enters the 512 cycles
hiccup mode off time (see MOSFET Drivers, Integrated Boot Diode, and Hiccup Mode Fault Protection (LOX,
HOx, HBx-pin)). PGOOD is only pulled low during the Hiccup off-time.

* The switch peak current limit is exceeded by 20% and the I atch function is enabled (see CFG1-pin
Settings). -

* An OTP memory fault occurred (CRC fault).
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Figure 6-14. PGOOD status for all device states

6.3.11 Slope Compensation (CSP1, CSP2, CSN1, CSN2)

The current sense amplifier has a gain of 10 (ACS) and an internal slope compensation ramp is added to
prevent subharmonic oscillation at high duty cycles. The slope of the compensation ramp must be greater than
at least half of the sensed inductor current falling slope, which is fulfiled when Margin in Equation 13 is >1.

Vour —Vi .
—axL X Rsns X Margin < Vs opg X fsw (13)

6.3.12 Current Sense Setting and Switch Peak Current Limit (CSP1, CSP2, CSN1, CSN2)

The peak current limit for each phase is set by the sense resistors Rgng1 and Rgnso. The positive peak current
limit for phase 1 is active when CSP1 - CSN1 reaches the threshold V¢ 14 (typical 60mV), for phase 2 when
CSP2 - CSN2 reaches the threshold. The negative peak current limit is active when Ve tH (typical -28mV) is
reached. Ry, Ry, Ry, R in Figure 6-15 are 0Q and Rj3, Rg are open.

1 .
_ Ipeak_lim
RSNS = ~yormi (14)
Adjust the peak current limit by adding the resistors R4, Ry, R3, R4, R5 and Rg. Resistors R4, Ry, R4 and Rg need
to have the same value. Select the resistors <1Q because the CSx amplifiers are supplied by the CSPx pins.
Select R3 and Rg between 1Q and 20Q. The negative current limit for FPWM mode is adjusted accordingly.

R1+Ry ) VCLTH
I . = +1
peak_lim_phl ( R3 RsNs1 (1 5)
_ (R4+Rg VerrH
Ipeak_lim_ph2 = ( R T ) Rsns2 "
\ Resns1 Rsns2 v,
) O
cs1 cs2
CSN1 Amplifier Amplifier CSN2
R, i cs1 cs2 | Re
CSP1 cop2

Figure 6-15. Peak Limit Adjustment Through Additional Resistors

The negative peak current limit of typically —28mV is an additional safety protection and usually not reached as
the negative current is already limited by the COMP-pin voltage. Vcomp is clamped at typically 200mV, which
limits the switch current at around —20mV sense voltage.
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Figure 6-16. COMP-pin and Sense Resistor Voltage Figure 6-17. COMP-pin and Sense Resistor Voltage
Limiting the Switch Current (DEM) Limiting the Switch Current (FPWM)

6.3.13 Input Current Limit and Monitoring (ILIM, IMON, DLY)

Monitor the average V, input current at the IMON-pin. The average sensed current of each active phase is
summed up generating a source current at the IMON-pin, which is converted to a voltage by the resistor Rjyion-
The resulting voltage Von is calculated according to Equation 18, the required resistor Ryyon according to
Equation 17. V\yon regulates up to 3V and is self-protecting not reaching the absolute maximum value.

Rimon = VIMON (17)
IMON = (Rig1 + Resz) X nx Iy X GiyoN + 1 X [gFFSET
Vimon = ((Res1 + Resz) X n X Iy X Giyon + 1 X Ioppsgr) X RiMon (18)

Rcsq and Rego are the respective phase sense resistors. For a disabled phase use 0Q as sense resistor value.
Iin is the input current, G)yon the transconductance gain, n the number of active phases and lpgrset the offset
current given in the electrical characteristics table.

Limit the average input current by choosing an appropriate resistor connected to the ILIM-pin. When the input
current limit is active, Voyt is regulated down until the set average input current limit is reached. In case Vgour
is regulated below the V, voltage the current is unlimited. The DLY-pin capacitor Cp y adds an additional delay
time tp_y to activate and deactivate the average input current limit (see Figure 6-18). When the ILIM-pin voltage
reaches the threshold V) (typical 1V) the source current I,y is activated charging up the DLY-pin capacitor
CpLy. The DLY-pin voltage Vpyy rises until Vpiy peak rise iS reached, which activates the average input current
limit. The ILIM-pin voltage is regulated to V, u and the input current is regulated down to the average input
current limit set by Ry resulting in a Voyrt drop. To exit the average current limit regulation the output load has
to decrease, which causes Vgoyt to rise and V to fall below V| u reset (typical 0.88V). V|Lim reset activates the
sink current Ip y, which discharges the DLY-pin capacitor Cpy. When Vp,y reaches VDLY_pe;k_fa” the average
input current limit is deactivated and the DLY-pin is discharged to Vpiy valey- The required resistor Ry is
calculated according to Equation 19.

Ripim = v (19)
(Res1+ Resz) Xnx N _Lim X GIMON + 1 X [oFFSET

2.6 XCpLy

tpry = 20
DLY = =6 (20)
C _ 5 X 10_6 21
DLY =IDLY X T3¢ (21)
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Figure 6-18. Average Current Limit

While a constant delay is added by the DLY-pin capacitor a Vgoyt load dependent delay can be added by adding
a RC tank to the ILIM/IMON-pin in parallel to the Ry resistor. The RC tank resistor R¢ jwon is calculated
according to Equation 22 and the capacitor C,yon according to Equation 23.

_ 1
Rc_IMON = 20m % Civion 2
tdelay
C =
IMON R In RIMON X IMON - VIMON_OA (23)
IMON RiMoN X IMoN — VILIM

6.3.14 Maximum Duty Cycle and Minimum Controllable On-time Limits

To cover the non-ideal factors caused by resistive elements, a maximum duty cycle limit Dyax and a minimum
forced off-time is implemented. In CCM operation the minimum supported input voltage V| yn for a programmed
output voltage Vour is defined by the maximum duty cycle Dyax (see Equation 24). In DEM operation the
minimum input voltage V, yn is not limited by Dyax.

Vi_min= Vout * (1 - Dmax ) * Ii_max * (Rocr + Rsns *+ Rps(on)) (24)

where

I| max is the maximum input current at minimum input voltage V| yin
Rpcr is the DC resistance of the inductor -
Rsns is the resistance of the sense resistor

Rps(on is the on resistance of the MOSFET
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Figure 6-19. Switching Frequency vs Maximum Duty Cycle

At very light load condition or when V, is close to Vgt the device skips the low-side driver pulses if the required
on-time is less than ton.min t0 a@void Voyt runaway. This pulse skipping appears as a random behavior. If V, is
further increased to the voltage higher than Vg, the required on-time becomes zero and eventually the device
enters bypass operation which turns on the high-side driver 100%.
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6.3.15 Signal Deglitch Overview

The following image shows the signal deglitching. For all signals, the rising and falling edge is deglitched with the

same deglitch time.

OVP_max

OvP

UvP

h 4
10 us
deglitch

PGOOD

h 4
20 us
deglitch

UVvLO

EN

EN2

MODE

VCCuwio

1us
deglitch

TSD

h 4
20 ps
deglitch

HBXuvLo

1us

ICL_FAULT (ICLyatch)

1us
deglitch

ILIM

h 4
20 ps
deglitch

Figure 6-20. Signal Deglitching

1us
deglitch
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6.3.16 MOSFET Drivers, Integrated Boot Diode, and Hiccup Mode Fault Protection (LOx, HOx, HBx-pin)

The device integrates N-channel logic MOSFET drivers. The LOx driver is powered by VCC and the HOx driver
is powered by HBx. When the SWx-pin voltage is approximately OV by turning on the low-side MOSFET, the
capacitor Cgy is charged from VCC through the internal boot diode. The recommended value of Cygy is 0.1uF.
During shutdown, the gate drivers outputs are high impedance.

The LOx and HOx outputs are controlled with an adaptive dead-time methodology, which makes sure that both
outputs are not turned on at the same time to prevent shoot through. When the device turns on LOx the adaptive
dead-time logic turns off HOx and waits for the HOx — SWx voltage to drop below typically 1.5V, then LOx is
turned on after a small programmable dead-time delay tpy, . Also the HOx driver turn-on is delayed until the
LOx — PGND voltage has discharged below typically 1.5V. HOx is then turned on after the same programmable
dead-time delay tp .

If the driver output voltage is lower than the MOSFET gate plateau voltage during start-up, the converter does
not start up properly and becomes stuck at the maximum duty cycle in a high-power dissipation state. Avoid
this condition by selecting a lower threshold MOSFET or by turning on the device when the BIAS-pin voltage is
sufficient. During bypass operation the minimum HOx — SWx voltage is 3.75V.

The hiccup mode fault protection is triggered by Vhg.uvio. If the HBx — SWx voltage is less than the HBx UVLO
threshold (Vhg.uviLo), LOx turns on by force for 75ns to replenish the boost capacitor. The device allows up to
four consecutive replenish switching cycles. After the maximum four consecutive boot replenish switching cycles,
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 cycles, the device stops switching and enters 512 cycles of hiccup
mode off-time. During the hiccup mode off-time PGOOD = low and the SS-pin is grounded.

If required adjust the slew rate of the switching node voltage by adding a gate resistor in parallel with pull-down
PNP transistor. The resistor decreases the effective dead-time.

|

RaL

Lo [

PGND[F

Figure 6-21. Slew Rate Control

QaL
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6.4 Device Functional Modes

The different operation modes are shown in the Functional State Diagram (FSM).

(1) : Does not include BOOT, READ CONFIGURATION, THERMAL SHUTDOWN,
VCC CHECK, and ICL LATCH state. CFGx ——p
(2) : Phase 2 is ON for EN2 = high and OFF for EN2 = low. When enabled after

<4—— ATRK/DTRK

STANDBY a 150 us biasing time is added before the 2™ phase starts switching. =~ MODE —— <4—— UVLOEN SHUTDOWN
(3) : GND for Vgias >1.7 V, HiZ for Vgias <1.7 V. ) ¢ Phase 1 &2 = OFF
(4) : ATRK/DTRK function (analog, digital) is detected during STANDBY state and SYNCIN EN2 VCC = OFF
latched at the transition to the START PHASE 1 & 2 state. CFGx =RESET
ANALOG - (3)
I JogicOR L N T PGoob = GND®
& : logic AND
| logic NOT 3VLO/EN > DIGITAL
TSD  : Thermal Shutdown EN-RISING BOOT
@OO@@: Priority UVLO/EN < Venran || Read OTP =ON
Logic = power bad Phase 1 & 2 = OFF
(" UVLO/EN < Venrawne |l vee =ON
Logic = power bad gg((;;(()D z g;};
Boot = done & —
Thi | Shi TSD @
ermal Shutdown (TSD) VCC > Vvecuviorising
THERMAL SHUTDOWN READ CONFIGURATION
IThermal UVLO/EN < VuyioraiLine
Phase 1 & 2 =OFF @ Shutdown (TSD) Read OTP = OFF
vce =OFF Phase 1 &2 = OFF
CFGx = OFF THERMAL READ ICL LATCH VvcC =ON
PGOOD =GND SHUTDOWN CONFIGURATION CFGx = READ
STANDBY jimer = RESET PGOOD =GND
Thermal @\ vee > Vuccoorsne @ Y ion = STANDBYimer = RESET
Shutdown (TSD) Configuration = done
VCC CHECK
Phase 1 & 2 =OFF ICL LATCH
VCC =ON (UVLO/EN < Vyyioraiuine & 'VCC FAULT)
- Phase 1 = OFF
CFGx = OFF
PGOOD =GND STANDBY Phase 2 = OFF
vcc = OFF
® PGOOD =GND
VCC < Vyccuvio STANDBY imer =RESET
VCC FAULT VCC-UVLO-FALLING UVLOJEN > Viwtossne & ICRC_FAULT & imer
Phase 1 =ON STANDBY jjmer = done
Phase 2 = ON/OFF?)
Ve's) -ON VGG FAULT VCC > Vivcc.uviorising STANDBY
PGOOD =GND Phase 1 =ON
Operation Mode= no switching Phase 2 = ON/OFF®?)
STANDBYimer = ON ©) START @ VCC ~ON
4 Soft-start = done & \_"TASE182/ soft-start = done & N CFGx = OFF
MODE = low MODE = high PGOOD =GND
HBx FAULT Operation Mode= no switching
ATRK/DTRK Mode = detect®)
Phase 1 =ON HBx FAULT timer > 1 ms STANDBYjmer = ON
Phase 2 = ON/OFF?)
\elo) =ON
PGOOD =GND Vhex-swx < Vig-uvio-FacLing & Vixswx < Vi-uvio-ratLing &
Operation Mode= no switching Boot Recovery Pattern = 4x done Boot Recovery Pattern = 4x done START PHASE 1 & 2
HBx FAULT timer = start Phase 1 =ON
Phase 2 = ON/OFF?)
v <V, & vcCc =ON
HBx-sWx < VHB-UVLO-FALLING CFGx = OFF
BYPASS Boot Recovery Pattern = 4x done PGOOD =GND
Phase 1 =0ON Operation Mode = DEM
Phase 2 = ON/OFF?) MODE = low ATRK/DTRK Mode= latched”
vcC =ON
PGOOD = Hiz - o
Operation Mode = BYPASS lot_taten = enabled & MODBE = high ACTIVE
Ipeak > 120% )
Phase 1 =0ON
Phase 2 = ON/OFF?)|
vcC =ON
Mode = low & Mode = high & gGOOP Vod ;:’\'AZ/FPWM
Bypass = inactive B = inacti peration Mode=
VP ypass = inactive ATRK/DTRK Mode= latched

BYPASS

Bypass = active Bypass = active

Figure 6-22. Functional State Diagram

6.4.1 Shutdown State

The device shuts down for UVLO/EN pin = low consuming typically 2pA from the BIAS-pin and 0.001pA from the
VOUT-pin. In shutdown, COMP, SS, and PGOOD are grounded. The VCC regulator is disabled.
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7 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.

7.1 Application Information

is a dual-phase interleaved boost converter. Use the following design procedure to select component values for .
Refer to LM5125 evaluation module for a typical application and curves.

Use the LM5125 Quick Start Calculator to expedite designing a regulator for a given application.

Alternatively, use the WEBENCH® software to generate a complete design. The WEBENCH software uses an
iterative design procedure and accesses a comprehensive database of components when generating a design.
This section presents a simplified discussion of the design process.

7.1.1 Feedback Compensation

The open-loop response of a boost regulator is defined as the product of modulator transfer function and
feedback transfer function. When plotted on a dB scale, the open loop gain is shown as the sum of modulator
gain and feedback gain. The modulator transfer function of a current mode boost regulator includes a power
stage transfer function with an embedded current loop. The transfer function is simplified as one pole, one zero,
and one right-half-plane zero (RHPZ) system.

The modulator transfer function is defined as follows:

v (1+ o)t~ )
v w w
— out — AM X Z_ESR < RHPZ X FACB S (25)
Vcomp 1+
Wp_LF
where
Rout X D’

* Modulator DC gain, Ay = ZXAcs X Res_eq

 Load pOle, Wp IF = m

_ 1
* ESRzero, wy gsg = REsR X Cort

2
Rout X D’
L] —-_———
RHPZ, wgypz = — 1=
» WRHPZ Lm_eq
V(Z)ut
¢ The equivalent load resistance, R, = ————
q out Pout_total

. . Lm

+ The equivalent inductance, Ly, ¢q = N,
. . R

 The equivalent current sense resistor, Res ¢q = #

- p

* N, is the number of the phases.

-6
sx4x10 _+1 'Anp active current balancing
sx2x10 “+1

circuit is employed in LM5125-Q1 to reduce the average current error caused by the difference of the two

inductors.

+ Active current balancing circuit transfer function, Fycg(s) = % X
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If the equivalent series resistance (ESR) of Cyyt (Resr) is small enough and the RHPZ frequency is far away
from the target crossover frequency, the modulator transfer function is further simplified to a one pole system
and the voltage loop is closed with only two loop compensation components, Rcomp and Ccomp, leaving a single
pole response at the crossover frequency. A single pole response at the crossover frequency yields a very stable
loop with 90 degrees of phase margin.

As shown in Figure 7-1, a g, amplifier is utilized as the output voltage error amplifier. The feedback transfer
function includes the feedback resistor divider gain and loop compensation of the error amplifier. Rcomp, Ccomp,
and Cyr configure the error amplifier gain and phase characteristics, create a pole at origin, a low frequency
zero and a high frequency pole.

Crr Rcomp

1L

Figure 7-1. Type Il g,, Amplifier Compensation

Feedback transfer function is defined as follows:

~ 14—
_Vcomp _ AyM X w7z EA % Wz _EA (26)
Yout ’ 1+ mPSEA

where

* The middle-band voltage gain, Ayym = Kgg X gm X Rcomp
* gm=1TmA/V.

+  The feedback resistor divider gain Kpp = w23

=1 i . o
Rer * Regp - KFB = 30 for the internal feedback resistor divider.

1

* Low frequency ZEro, wy gpA = RCOMP X CCOMP

. ngh frequency pole, Wp EA = m

The pole at the origin minimizes the output steady state error. Place the low frequency zero to cancel the load
pole of the modulator. Use the high frequency pole to cancel the zero created by the output capacitor ESR or
to decrease noise susceptibility of the error amplifier. By placing the low frequency zero an order of magnitude
less than the crossover frequency, the maximum amount of phase boost is achieved at the crossover frequency.
Place the high frequency pole beyond the crossover frequency because the addition of Cyr adds a pole in the
feedback transfer function.

The crossover frequency (open loop bandwidth) is usually limited to one fifth of the RHPZ frequency.

Increase Rcomp and proportionally decreasing Ccopmp for higher crossover frequency. Conversely, decreasing
Rcomp while proportionally increasing Ccomp, results in lower bandwidth while keeping the same zero frequency
in the feedback transfer function.

7.1.2 Non-synchronous Application

Please follow below instructions when operating in nonsynchronous mode. Check also the application note
Asynchronous Operation of LM5125x Boost Controller.
+ Connect SWx to GND and HBx to VCC.
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* Keep HOx floating.

The diagram is shown below.

O Vou(

Coul

|
VCC vl VCC
HB1 (Z) HB2
CesT1 b4 Cast2
% swi 5 sw2
PGND HO HO2 PGND
RgateU RgateLZ
LO1 LO2 C
5 PGND in
Resent Resenz PGND
FeND CSN1 CSN2 PGND
Kelvin Connection csP1 csp2 Kelvin Connection
Resrp1 EN2 Resrre
V, *
inO BIAS VCC e
Ruvr
p— UVLO/EN PGOOD
CBIAS AGND DTRK
ATRKDTRK - —-——-—-———-———————
Ruve Cuvio
 a— AGND vout OVeu | /T,
v ° COMP
AGND ILIM/IMON Cvour ATRK
SS w o — N
g L 82 2 92 x Re
single point ground f— 3 ¥r = O O O 0o 2 AGND
connection c [ — g 8
HF =
2 [Css 0 < < b4
T3 ; 5§58 56T 3
PGND AGND S 12 ® Jo J& | & | Cwon
AGND

Figure 7-2. Schematic of a Dual-phase Non-synchronous Boost Converter
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7.2 Typical Application

A typical application example is a dual-phase boost converter as shown below. This converter is designed for
Class-H audio amplifier. The output voltage is adjustable up to 45V. The peak power is 1kVA with an input
average current limit of 26A.

I‘ Ovout
_| : '_ COUI
> RgaIeH1 h 4 RgaIeHZ = 5
— HO1 % HO2 —/\/\/\/—‘ —
HB1 z HB2
Vin Rest L1 C —I—_ 5 [ L C Lm2 Res2 Vin
BST1 I _.l_ BST2
* SW1 SwW2 *
— =
s o Rga(eU RgateLZ = 5
- L/\/\/\_ LO1 LO2 —/\/\/\J —
PGND
PGND Rcsent pGND Resrnz PGND
VAN ’ CSN1 CSN2 PGND
Cest Kelvin Connection
CSP1 CSP2
Resrp1 EN2 Resrp2
Vin O BIAS VCC
Cvce
RUVT RPG
p— UVLO/EN PGOOD -
Caias AGND DTRK
T ATRK/DTRK [——————-—-———-—-—-
Ruve Cuvio
° AGND VOuT O Vou /N
hd
AGND - COMP ILIM/IMON Cvour ATRK
SS '-éJ o = o
2 E o2 2 2 X Re
single point ground | S r = O O O 0 AGND
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Figure 7-3. Schematic of a Dual-phase Boost Converter
7.2.1 Design Requirements
Table 7-1. Design Parameters
PARAMETER VALUE
Minimum input voltage, Vi, min Vv
Typical input voltage, Viy typ 14.4V
Maximum input voltage, Vin_max 18V
Minimum output voltage, Vout_ min 8V
Maximum output voltage, Voyt max 45V
Maximum output power at maximum output voltage and typical input voltage, Poyt total 1000W
Rated output power, Prateqd_total 300W
Maximum delay at twice rated output power and typical input voltage, tyelay 100ms
Estimated efficiency, n 95%

7.2.2 Detailed Design Procedure

7.2.2.1 Determine the Total Phase Number

Interleaved operation offers many advantages in high current applications such as higher efficiency, lower
component stresses and reduced input and output ripple. For dual phase interleaved operation, the output
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power path is split reducing the input current in each phase by one-half. Ripple currents in the input and output
capacitors are reduced significantly since each channel operates 180 degrees out of phase from the other. As
shown in Figure 7-4, the input current ripple is reduced significantly.

A

I+l

>t

Figure 7-4. Input Current Ripple Reduced With Dual Phase Interleaving
Here, 2 phase is selected for the design:
p=2 (27)

The total power P total iS shared among phases, the power of each phase is found as:

P
Pout = —0“}\]—;‘“3‘ = 500W (28)
7.2.2.2 Determining the Duty Cycle

In CCM, The duty cycle is defined as:

Vv -V
D out in

D’=1-D (30)
In this application, the maximum duty cycle is found as:

v —Vj i
out_\r,nax inmin _ g (31)
out_max

Dpax =

7.2.2.3 Timing Resistor Rt

Generally, higher switching frequency (f,,) leads to smaller size and higher losses. Operation around 400kHz is
a reasonable compromise considering size, efficiency and EMI. The value of Rt for 400kHz switching frequency
is calculated as follows:

Rp = (L - 18ns) x 31.54L = 78.2k0 (32)

fSW

A standard value of 78.7kQ is chosen for Rr.
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7.2.2.4 Inductor Selection L,

Three main parameters are considered when selecting the inductance value: Inductor current ripple ratio (RR),
falling slope of the inductor current and the RHPZ frequency of the control loop.

» The inductor current ripple ratio is selected to balance the winding loss and core loss of the inductor. As the
ripple current increases the core loss increases and the copper loss decreases.

* ltis necessary for the falling slope of the inductor current to be small enough to prevent sub-harmonic
oscillation. A larger inductance value results in a smaller falling slope of the inductor current.

» Place the RHPZ at high frequency to allow a higher crossover frequency of the control loop. As the
inductance value decreases the RHPZ frequency increases.

According to peak current mode control theory, it is necessary that the slope compensation ramp is greater than
half of the sensed inductor current falling slope to prevent subharmonic oscillation at high duty cycle, that is:

Vout_max - Vin_min

Vslope X fow > X Res (33)

X Ly
where
* Vsiope is @ 48mV peak (at 100% duty cycle) slope compensation ramp at the input of the current sense
amplifier.

The lower limit of the inductance is found as,

Vout_max - Vin_min
Im > —7% Vslope X fsw X Res (34)

R¢s is estimated to be 1.5mQ, so the following is found,
Ly, > 1.4pH (35)

The RHPZ frequency is found as,

2
Rout X D
WRHPZ = Oﬂi—eq (36)
It is necessary that the crossover frequency is lower than 1/5 of RHPZ frequency,
w
fo < 3 X —SHPZ (37)
Assume a crossover frequency of 1kHz is desired, the upper limit of the inductance is found as,
Ly, < 5.2uH (38)

The inductor ripple current is typically set between 30% and 70% of the full load current, known as a good
compromise between core loss and winding loss of the inductor.

Per phase input current is calculated as,

Pout
Iin_vinmax = —v— =29.2A (39)

N X Vin_max

In continuous conduction mode (CCM) operation, the maximum ripple ratio occurs at a duty cycle of 33%. The
input voltage that result in a maximum ripple ratio is found as,

Vin_RRmax = Vout_max X (1-0.33) =30V (40)
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Thus, it is necessary to use the maximum input voltage Vi, max to calculate the maximum ripple ratio.

For this example, a ripple ratio of 0.3, 30% of the input current was chosen. Knowing the switching frequency
and the typical output voltage, the inductor value is calculated as follows,

Vin_max 1 (1 _ Vin_max

_ 1 _ 18V 1 _
m = T, XRR X Ty X vout_max) = 7924 x 03 % F00knz < 0-6 = 3-1pH (41)

The closest standard value of 3.3uH was chosen for L.

The inductor ripple current at typical input voltage is calculated as:

Vi Vi
Ipp = —1=2 x A x (1 - —m-typ) = 7.4A (42)

= — X
pp Lm fsw ( Vout

If a ferrite core inductor is selected, make sure the inductor does not saturate at peak current limit. The
inductance of a ferrite core inductor is almost constant until saturation. Ferrite core has low core loss with a big
size.

For powder core inductor, the inductance decreases slowly with increased DC current. This action leads to
higher ripple current at high inductor current. For this example, the inductance drops to 70% at peak current limit
compared to OA. The current ripple at peak current limit is found as,

Vin_typ 1 Vin_typ
Ipp_bias = 07 =1 I X Tow x({1- Vour | = 10.6A (43)

7.2.2.5 Current Sense Resistor R.¢

The maximum per phase average input current at typical input voltage and maximum output voltage is calculated
as:

_ Pour  _
Iin_Vintyp = m = 36.5A (44)

The peak current is calculated as:

I .
_ pp_bias _ 10.6A _
ka_vintyp = Iin_vintyp + > = 36.5A + — = 41.8A (45)

The current sense resistor is found as:

_ _VCLTH _ 60mV _
Ros = Ipk_vintyp ~ 41.8A — 1.43mQ -

A standard value of 1.5mQ is chosen for R.
7.2.2.6 Current Sense Filter Rcsep, Resens Ccs

RC filters are suggested for current sensing. 100pF of Ccs and 1Q of Rcspp, Rcseny are normal
recommendations. Place Ccg close to the device.

Route CSPx and CSNx traces together with Kelvin connections to the current sense resistors.

Increase Ccs and Rgsen to increase the RC time constant. Increasing Respp brings significant current sensing
error.
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Figure 7-5. Current Sense Filter

7.2.2.7 Low-Side Power Switch Q_

Select a logic level N-channel MOSFET that 5V VCC is sufficient to completely enhance the MOSFET. Also,
note the minimum HOx-SWx voltage is 3.75V during bypass operation. Make sure the MOSFET is turned on at
this voltage.

Selection of the power MOSFET devices by breaking down the losses is one way to compare the relative
efficiencies of different devices. Losses in the low-side MOSFET device is separated into conduction loss and
switching loss.

Low-side conduction loss is approximately calculated as follows:
2
PCOND_LS =Dx Iin X RDS(on) x 1.3 (47)

Where, the factor of 1.3 accounts for the increase in the MOSFET on-resistance due to heating. Alternatively,
estimate the high temperature on-resistance of the MOSFET using the Rpson) vs temperature curves in the
MOSFET datasheet.

Switching loss occurs during the brief transition period as the low-side MOSFET turns on and off. During the
transition period both current and voltage are present in the channel of the MOSFET device. The low-side
switching loss is approximately calculated as follows:

Psw_Ls = 0.5 X Voue X Iin X (tg + tp) X fsu (48)
tr and tr are the rise and fall times of the low-side MOSFET. The rise and fall times are usually mentioned in the

MOSFET data sheet or are empirically observed with an oscilloscope.

Reverse recovery of the high-side MOSFET increases the fall time and turn on current of the low-side MOSFET
resulting in higher turn on loss.

Place an additional Schottky diode in parallel with the low-side MOSFET, with short connections to the source
and drain in order to minimize negative voltage spikes at the SW node.

7.2.2.8 High-Side Power Switch Qy

Losses in the high-side MOSFET device is separated into conduction loss, dead-time loss, and reverse recovery
loss. Switching loss is calculated for the low-side MOSFET device only. Switching loss in the high-side MOSFET
device is negligible because the body diode of the high-side MOSFET device turns on before and after the
high-side MOSFET device switches.

High-side conduction loss is approximately calculated as follows:
PCOND_Hs = D' X 1f X Rps(on) X 1.3 (49)
Dead-time loss is approximately calculated as follows:

Ppt_Hs = Vp X Iin X (tpLH + tpHL) X fsw (50)
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where

* Vpis the forward voltage drop of the high-side MOSFET body diode.
* tpLy is the deadtime between low side switch turn-off and high side switch turn-on.
* tpHL is the deadtime between high side switch turn-off and low side switch turn-on.

Reverse recovery characteristics of the high-side MOSFET switch strongly affect efficiency, especially when
the output voltage is high. Small reverse recovery charge helps to increase the efficiency while also minimizes
switching noise.

Reverse recovery loss is approximately calculated as follows:
PRR_HS = Vout X QrR X fsw (51)

where
* Qgr is the reverse recovery charge of the high-side MOSFET body diode.

Place a 100kQ gate resistor between MOSFET gate and source. The resistance is determined by the charge
pump source current (Icp) in bypass mode. If too low of a resistance is chosen, the gate voltage is too low to fully
turn on the high side MOSFET.

Place an additional Schottky diode in parallel with the high-side switch to improve efficiency. Usually, the power
rating of this parallel Schottky diode is less than the high-side switch because the diode conducts only during
dead-times. It is necessary that the power rating of the parallel diode is high enough to handle inrush current at
startup, any load exists before switching, hiccup mode operation, and so forth.

7.2.2.9 Snubber Components

A resistor-capacitor snubber network across the high-side N-channel MOSFET device reduces ringing and
spikes at the switching node. Excessive ringing and spikes cause erratic operation and couple noise to the
output voltage. Selecting the values for the snubber is best accomplished through empirical methods. First,
make sure the lead lengths for the snubber connections are very short. Start with a resistor value between 5 and
50Q. Increasing the value of the snubber capacitor results in more damping, but this action also results higher
snubber losses. Select a minimum value for the snubber capacitor that provides adequate damping of the spikes
on the switch waveform at heavy load. A snubber is not necessary with an optimized layout.

7.2.2.10 Vout Programming

For fixed output voltage, program Voyt by connecting a resistor to ATRK/DTRK and turn on precise internal
20pA current source.

V,
RATRK = —2%572% x 10kQ = 75kQ (52)

For class-H audio application, adjust V,, to optimize the efficiency. Apply analog tracking or digital tracking with
ATRK/DTRK.

Program the output voltage by digital PWM signal (DTRK). The duty cycle Dtrk is found as:

v
DIRK_max = —2egs = 60% (93)

V .
DTRK min = O‘;ts—(,“‘“ =10.7% (54)

Make sure the DTRK frequency is between 100kHz and 2200kHz. Apply the DTRK PWM signal when the IC is
enabled.

For analog tracking, apply a voltage to ATRK/DTRK to program Vout. The voltage is found as:
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Vout max
VATRK max = — 39 = 1.5V (55)
Vout_min
VATRK min = — 35— = 0-267V (56)

Use a two stage RC filter with offset to convert a digital PWM signal to analog voltage as shown in Figure 7-6.

3.3V

PWM
| ATRK/DTRK

AGND

Figure 7-6. Two Stage RC Filter to ATRK/DTRK

The two stage RC filter is used to filter the PWM signal into a smooth analog voltage. The two stage RC filter is
selected considering voltage ripple and settling time on ATRK/DTRK.

100% PWM duty cycle sets the output voltage to Vot max and 0% PWM duty cycle sets the output voltage to
Vout_min- Rt @and Ry, are used to adjust ATRK/DTRK offset voltage.

The Vik_max @and Vg min is found as,

- Rp
VATRK_max = Vdd 2R 1) [Ry ¥ Ry (57)
V R V (ZRf + Ra)”Rb (58)
ATRK_min dd (2Rf+ Ra)”Rb +R;
Where Vq is the amplitude of the PWM signal; d is the PWM duty cycle.
The AC transfer function from input to Vatrk can be found as,
RL
2R+ R,
Gerk(s) = v (59)
1+ Ziw—n + (u)—n)

Where

R = Ry + Rp|[R¢ (60)

: (61)

Wy = — TR
RexC2Rp+ R,
_ 1(Rf / Rp
{= T(R_L + 3) 2Rf + Ry, (62)

The roots of the denominator are found as,
s1= — Jwn + onV¥ — 1 (63)
s2= —wp — 0V — 1 (64)
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As C>1, this is an overdamped second order system. s, is the dominate pole. 2% settling time tg is estimated as,

s .ln<_% W-l) (65)
n

In this application, 400kHz PWM frequency is used. R=4.99kQ, C~=47nF, R;=1.5kQ, R=51kQ, R,=7.87kQ are
selected. The 2% settling time is around 1.3ms.

7.2.2.11 Input Current Limit (ILIM/IMON)

The transient power is high in audio applications. For this application 1000W is selected as peak output power.
But the average power is typically much lower than the peak power. 300W is selected as average power. With
proper ILIM/IMON setting, the average input current is limited to less than 300W while allowing 1000W peak for
100ms. When the average current loop is triggered, Voyt drops till the input and output power is balanced.

The per phase input current at average output power and typical input voltage is found as,

Pa\vg_total
lavg = 757 % Vin_typ 11.0A (66)

13A is selected as the average input current limit.

Ijim = 13A (67)
The current out of ILIM/IMON is found as,

IMON 1im = 2 X (Res X Iim X GimoN + IoFrsET) = 2 X (1.5mQ X 13A X 0.333mA/V + 4pA) = 21pA (68)

RLim is calculated as:

_ViLM _ 1v
RIMON = W = m = 476k.Q (69)

A standard value of 47.5kQ is chosen for Rjyon-

As shown in Figure 7-7, use C)yon and R; to create a proper delay before the average current loop is triggered.

ILIM/IMON

AGND

Figure 7-7. ILIM/IMON Pin Configuration

In this application 100ms delay at twice rated power is required.

At zero load current out of ILIM/IMON is found as,
IMON_0A = 2 X IgppsgT = 8HA (70)
The ILIM/IMON voltage at zero load is calculated as,

ViMoN_o0a = RimoN X Imon_oa = 0-38V (71)
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At twice rated power, current out of ILIM/IMON is found as,

IMON_tr =2X (RCS X 2 X Ijjp X GIMON + IOFFSET) =2X (1.5mQ X 26A x 0.333mA/V + 4|J.A) = 34pA (72)

Cimon is determined by,

CimoN = “delay = 3.04F (73)
R « ln<RIMON X IMON_tr — VIMON_OA)
IMON RIMON X IMON_tr — VILIM
A standard value of 3.3pF is chosen for Cjyon.
R. is determined by,
1
RC = 20mx CIMON = 4.8k (74)

A standard value of 4.99kQ is chosen for R..
7.2.2.12 UVLO Divider

The desired start-up voltage and the hysteresis are set by the voltage divider Ryyt, Ryys. For this design, the
start-up voltage (Vi, on) is set to 8.5V which is 0.5V below Vi, min. UVLO hysteresis voltage is set to 1V. This
action results UVLO shutdown voltage (Vi of) of 7.5V. The values of RyyT, Ryyg are calculated as follows:

VUVLO_RISING
Vi — SVLU RINY Vs __1av
R _'In_on " Y5y 6 RALLING in_off B 8.5V To757 X 7.5V _ 82.6Kk0 (75)
uvT = TUVLO_HYS - T0pA = o
A standard value of 82.5kQ is chosen for Ryy.
VUVLO_FALLING X RUVT _ 1.075V x 82.5kQ
R = = == : = 13.8kQ 7
UVB = Vin_off — VUVLO_FALLING _ 7-5V — 1.075V (76)

A standard value of 13.8kQ is chosen for Ryyg.

A 100nF UVLO capacitor (CyyLo) is selected in case Vi, drops below Vi, o momentarily during the start-up or
during a severe load transient at the low input voltage.

7.2.2.13 Soft Start

The soft-start time at maximum output voltage is the longest. To obtain a 6ms soft-start time, the soft-start
capacitor is found as,

I t \
Cos = ssXtss [ out_max )_ 50uA><6ms( 45V ):0.29uF (77)

VATRK_max \Vout_max - Vin_typ - 1.5V 45V —14.4V

A standard value of 0.33pF is chosen for Cgs.
7.2.2.14 CFG Settings

CFGO is chosen based on deadtime and turn on or turn off ATRK/DTRK pin 20uA current source referring to
CFGO-pin Settings (LM5125-Q1).

Here, 50ns deadtime and turning on 20pA current source are selected. Level 3 (1.3kQ) is selected for CFGO.
CFG1 is selected considering OVP, DRSS, peak current limit latch and PGOOD OVP enable.

Here, 50V OVP (OVP bit 0), DRSS off, Ic|_jatch disabled, PGOOD OVP disabled are selected. Level 10 (10.5kQ)
is selected for CFG1.
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CFG2 is selected considering OVP, SYNCIN, and clock dithering referring to CFG2-pin Settings (CFG2_7_LVL =
0), LM5125-Q1 .

Here, 50V OVP (OVP bit 1), SYNCIN disabled, DRSS set according to CFG1 are selected. Level 1 (0Q) is
selected for CFG2.

7.2.2.15 Output Capacitor C ;¢

The output capacitors smooth the output voltage ripple and provide a source of charge during load transient
conditions.

Carefully select the output capacitor ripple current rating. In boost regulator, the output is supplied by
discontinuous current and the ripple current requirement is usually high. In practice, the ripple current
requirement is dramatically reduced by placing high-quality ceramic capacitors earlier than the bulk aluminum
capacitors close to the power switches.

The output voltage ripple is dominated by ESR of the output capacitors. Paralleling output capacitor is a good
choice to minimize effective ESR and split the output ripple current into capacitors.

The single phase boost output RMS ripple current is expressed as,

D
I1p_rms ~ lout X \/g (78)

The output RMS current is reduced with interleaving as shown in Figure 7-8. Dual phase interleaved boost
output RMS ripple current is expressed as,

I _
“out  ¥DxU=2D) 'y g5

2 D’ ’
lout_2p_rms = I\/_t 55— (79)
ou —
—_— >
72 X o D>0.5
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Figure 7-8. Normalized Output Capacitor RMS Ripple Current

Decoupling capacitors are critical to minimize voltage spikes of the MOSFETs and improve EMI performance.
Quite a few 0603/100nF ceramic capacitors are placed close to the MOSFETs following "vertical loop" concept.
Refer to Improve High-Current DC/DC Regulator EMI Performance for Free With Optimized Power Stage Layout
application brief for more details.

A few 10uF ceramic capacitors are also necessary to reduce the output voltage ripple and split the output ripple
current.

Typically, aluminum capacitors are required for high capacitance. In this example, four 150uF aluminum
capacitors are selected.
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The output transient response is closely related to the bandwidth of the loop gain and the output capacitance.
According to How to Determine Bandwidth from the Transient-response Measurement technical article, the
overshoot or undershoot V,, is estimated as,

v Altran (80)

P~ 2mX I X Cout

where Al 4, is the transient load current step.

Please be aware that Equation 80 is valid only if the converter is always operating in CCM or FPWM during load
step. If the converter enters DCM or pulsing skip mode at light load, the overshoot is worse.

Due to the inherent path from input to output, unlimited inrush current flows when the input voltage rises quickly
and charges the output capacitor. The slew rate of input voltage rising need to be controlled by a hot-swap or
by starting the input power supply softly for the inrush current not to damage the inductor, sense resistor or
high-side MOSFET.

7.2.2.16 Input Capacitor C;,

Input capacitors are always required to provide a stable input voltage. It is necessary that the input capacitors is
able to handle the inductor ripple current.

The single phase boost input RMS ripple current is expressed as,

I
Iin_lp_rms = \/% (81)

=

The input RMS current is reduced with interleaving as shown in Figure 7-9. Dual phase interleaved boost input
RMS ripple current is expressed as,

pp . 1—2D
12>< o , D <0.5

Iin_2p_rms R (82)

Itz

>t
Figure 7-9. Normalized Input Capacitor RMS Ripple Current
The input capacitor is also an important part of the input filter. Higher capacitance and ESR help damping the

input filter better. Aluminum electrolytic capacitor is a good choice for input capacitor with high capacitance and
ESR. Refer to Input Filter Design for Switching Power Supplies application note for more details.
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7.2.2.17 Bootstrap Capacitor

The bootstrap capacitor between the HBx and SWx pin supplies the gate current to charge the high-side
MOSFET device gate during each turn-on cycle and also supplies recovery charge for the bootstrap diode.
These current peaks are several amperes. The recommended value of the bootstrap capacitor is 0.1uF. Use
good-quality, low-ESR, ceramic capacitor for Cggt. Place Cgst close to the pins of the device to minimize
potentially damaging voltage transients caused by trace inductance. The minimum value for the bootstrap
capacitor is calculated as follows,

Qg
Cpst = AVEST (83)
where

* Qg is the high-side MOSFET gate charge at VCC = 5V
* AVggT is the tolerable voltage droop on Cgst, Which is typically less than 5% of VCC or 0.15V, conservatively

In this example, the value of the bootstrap capacitors (Cgst) are 0.1uF.
7.2.2.18 VCC Capacitor Cycc

The primary purpose of the VCC capacitor is to supply the peak transient currents of the LO driver and bootstrap
diode as well as provide stability for the VCC regulator. Choose Cycc at least 10 times greater than the value of
CgsT- Use good-quality, low-ESR, ceramic capacitor for Cycc. Place Cycc close to the pins of the device.

A value of 10uF was selected for this design example.

7.2.2.19 BIAS Capacitor

Use a high-quality, ceramic capacitor for Cgjas. Place Cgas physically close to the device.
A value of 1uF is selected for this design example.

7.2.2.20 VOUT Capacitor

Use a high-quality, ceramic capacitor for Coyt. Place Coyt physically close to the device.
A value of 0.1pF is selected for this design example.

7.2.2.21 Loop Compensation

Rcomp, Ccomp and Cye configure the error amplifier gain and phase characteristics to produce a stable voltage
loop. For a quick start, follow the following four steps:

1. Select crossover frequency, fc. Select the cross over frequency (fc) at one fifth of the RHPZ frequency or
one tenth of the switching frequency whichever is lower. Choose RHPZ with minimum input voltage and
maximum output voltage.

fSW
W _ 40kHz (84)
frRapz _  Rout X p2 _

5 T 5X2nXLy oq  LOKHZ (85)

Crossover frequency f,=1.6kHz is selected.
2. Determine required Rcomp

Knowing f;, Rcomp is calculated as follows:

2m X fe X Cout X Acs X Res_eq 21 x 1.6kHz X 900pF X 10 X 0.75mQ

R = = = = 20.4kQ 86
COMP ™ D" Kpp X 8m X GacB(2m X fc) 02x o x 138 1 (86)
A standard value of 20kQ is selected for Rcomp
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3. Determine Ccomp

Place wz ga at the load pole frequency wp | to cancel load pole. Knowing Rcomp, Ccowmp is calculated as
follows:

1 1
Ccomp = - - et !
Rcomp X wp_LF 20kQ x m ( )

A standard value of 47nF is selected for Ccomp
4. Determine Cyf.

Place wyr at wrHpz Or Wz gsr zero whichever is lower. Knowing Rcomp, RHPZ and ESR zero, Cy is
calculated as follows:

_ 1 _ 1 _
HF = Reomp X ofF — 20ka x 49kAz — 1°F (88)

A standard value of 1nF is selected for Cyf.

7.2.3 Application Curves
7.2.3.1 Efficiency

100 100
98 il 98
7= ™ N
96 AN 96 !
s o i el e
xX o7 X A .
g e g @ 4 S .
o () . .
g % / g wof /
S 88 / 2 sl yar
w w /
86 | // 86
YA —— 2PH DEM 04 ’ . —— 2PH DEM
84 —— 1PH DEM —— 1PH DEM
a2 IL - - 2PHFPWM 82 - - 2PHFPWM
. - - 1PH FPWM . - - 1PHFPWM
80 80 .
0.010.02 00501 02 05 1 2 345710 2030 50 0.1 02 03 0507 1 2 3 4567810
Load Current (A) Load Current (A)
Figure 7-10. Efficiency vs Output Current, V|y = Figure 7-11. Efficiency vs Output Current, Vi =
14.4V, Vout = 24V 14.4V, Voyt = 45V

7.2.3.2 Steady State Waveforms

[C1: SW1, 10V/div 5 "Horizontal: 10us/div

B f P_mj—w

Figure 7-13. VlN = 144V, VOUT = 24V, DEM, ILOAD=
0.1A 1A
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JT7 12 anaiv |

Figure 7-14. Vy = 14.4V, Vour = 24V, DEM, I, oap= 15A

7.2.3.3 Step Load Response

| C2: Vo, 0.2V/dlv, couple AC | Horizontal: 2ms/div | [ C2: Vo, 0.2V/dlv, couple AC | " Horizontal: 2ms/div

Figure 7-15. Load Transient, V| = 14.4V, Voyt = Figure 7-16. Load Transient, V|y = 14.4V, Voyt =
24V, FPWM, I, oap = OA to 6.25A at 1A/us 24V, DEM, | oap = 0A to 6.25A at 1A/us

7.2.3.4 Sync Operation
[C1:SYNCIN, 2vidiv. | " Horizontal: 1ps/div

@Qf SYNCOUT, 1Wiv

C1:SYNCIN, 2vidiv | " Horizontal: 1ps/div

Figure 7-17. VIN = 144V, VOUT = 24V, FPWM, ILOAD = Figure 7-18. VIN = 144V, VOUT = 24V, FPWM, ILOAD =
0A, CFG2 = Level 13 0A, CFG2 = Level 11
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7.2.3.5 AC Loop Response Curve

40.000 90.000
32.000 e 72.000
24.000 "y 54.000
16.000 36.000
8.000 18.000
0.000 AV 0.000
-8.000 e o -18.000
-16.000 -36.000
20000 | " b | U‘ -54.000
-32.000 | o0 (45 = 72.000
-40.000 Fhesel ! ! SN 290.000
1k 10k 100 k

Figure 7-19. Bode Plot, V|\y=14.4V, Vout=40V, loy1=10A (Average Current Loop Disabled)

7.2.3.6 Thermal Performance

105.7°C i3

(]

111 LB ]

20.60 26.0
BG=r25t0 T=100%%n o =095 Bia=r250 = 100%%a o=0.95
2440524 14:49:27 240524 14:36:15
Figure 7-20. V|y = 14.4V, Voyt = 24V, Poyt = 300W, Figure 7-21. V|y = 14.4V, Voyt = 45V, Poyt = 300W,
Natural Convection Natural Convection

7.3 Power Supply Recommendations

The LM5125-Q1 is designed to operate over a wide input voltage range. It is necessary that the characteristics
of the input supply is compatible with the Absolute Maximum Ratings and Recommended Operating Conditions.

It is also necessary that the input supply is capable of delivering the required input current to the fully loaded
regulator. Use Equation 89 to estimate the average input current.

P
= v5 (89)

where n is the efficiency.

Use the graphs in the Efficiency section to obtain the value for the efficiency in the worst case operation mode.
For most applications, the boost operation is the region of highest input current.
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If the device is connected to an input supply through long wires or PCB traces with a large impedance, take
special care to achieve stable performance. The parasitic inductance and resistance of the input cables have an
adverse effect on converter operation. The parasitic inductance in combination with the low-ESR ceramic input
capacitors form an under-damped resonant circuit. This circuit causes overvoltage transients at V|, each time
the input supply is cycled ON and OFF. The parasitic resistance causes the input voltage to dip during a load
transient. One way to solve such issues is to reduce the distance from the input supply to the regulator and
use an aluminum or tantalum input capacitor in parallel with the ceramics. The moderate ESR of the electrolytic
capacitors helps to damp the input resonant circuit and reduce any voltage overshoots. An EMI input filter is
often used in front of the controller power stage. Design the EMI input filter carefully to avoid instability as well as
some of the previously mentioned affects.

7.4 Layout
7.4.1 Layout Guidelines

The performance of switching converters heavily depends on the quality of the PCB layout. Poor PCB design
causes among others, converter instability, load regulation problems, noise or EMI issues. Do not use thermal
relieved connections in the power path, for VCC or the bootstrap capacitor as thermal relieved connections add
significant inductance.

* Place the VCC, BIAS, HB1 and HB2 capacitors close to the corresponding device pins and connect them
with short and wide traces to minimize inductance, as the capacitors carry high peak currents.

» Place CSN1, CSP1, CSN2, and CSP2 filter resistors and capacitors close to the corresponding device pins
to minimize noise coupling between the filter and the device. Route the traces to the sense resistors Rcg1
and Rcso, which are placed close to the inductor, as differential pair and surrounded by ground to avoid noise
coupling. Use Kelvin connections to the sense resistors.

» Place the compensation network Rcomp and Ceomp as well as the frequency setting resistor Rgt close to the
corresponding device pins and connect them with short traces to avoid noise coupling. Connect the analog
ground pin AGND to these components.

* Place the ATRK resistor Ratri (When used) close to the ATRK pin and connect to AGND.

* Note the layout of following components is not so critical:

— Soft-start capacitor Cgg

DLY capacitor Cpy

ILIM/IMON resistor and capacitor Ry and Cyju

CFGO0, CFG1 and CFG2 resistors
— UVLOI/EN resistors

* Connect the AGND and PGND pin directly to the exposed pad (EP) to form a star connection at the device.

» Connect the device exposed pad (EP) with several vias to a ground plane to conduct heat away.

» Separate power and signal traces and use a ground plane to provide noise shielding.

The gate drivers incorporate short propagation delays, automatic dead time control, and low-impedance output
stages capable of delivering high peak currents. Fast rise, fall times make sure of rapid turn-on and turn-off
transitions of the power MOSFETs enabling high efficiency. Minimize stray and parasitic gate loop inductance to
avoid high ringing.

* Place the high-side and low-side MOSFETs close to the device.

» Connect the gate driver outputs HO1, HO2, LO1 and LO2 with a short trace to minimize inductance.

* Route HO1, HO2 and SW1, SW2 to the MOSFETs as a differential pair using the flux cancellation effect
reducing the loop area.

» Place the Voyt capacitors close to the high-side MOSFETSs. Use short and wide traces to minimize the power
stage loop Coyr to high-side MOSFET drain connection to avoid high voltage spikes at the MOSFET.

» Connect the low-side MOSFET source connection with short and wide traces to the Voyt and V, capacitors
ground to minimize inductance causing high voltage spikes at the MOSFET.

» Use copper areas for cooling at the MOSFETs thermal pads.

To spread the heat generated by the MOSFETs and the inductor, place the inductor away from the power stage
(MOSFETSs). However, the longer the trace between the inductor and the low-side MOSFET (switch node) the
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higher the EMI and noise emissions. For highest efficiency, connect the inductor by wide and short traces to
minimize resistive losses.

7.4.2 Layout Example

To MCU

Analog Ground Plane é
1

To MCU 4---o o
----- P Tomcu

To ext.
clock if used

N .
O
o]
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]
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000 000
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Figure 7-22. Layout Example
54 Submit Document Feedback Copyright © 2026 Texas Instruments Incorporated

Product Folder Links: LM5125-Q1


https://www.ti.com/product/LM5125-Q1
https://www.ti.com/lit/pdf/SNVSC77
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSC77C&partnum=LM5125-Q1
https://www.ti.com/product/lm5125-q1?qgpn=lm5125-q1

13 TEXAS
INSTRUMENTS LM5125-Q1
www.ti.com SNVSC77C — DECEMBER 2024 — REVISED JANUARY 2026

8 Device and Documentation Support

8.1 Documentation Support
8.1.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, Input Filter Design for Switching Power Supplies application note

» Texas Instruments, Improve High-Current DC/DC Regulator EMI Performance for Free With Optimized Power
Stage Layout application brief

* Texas Instruments, How fo Determine Bandwidth from the Transient-response Measurement technical article

8.2 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.

8.3 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.

8.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

WEBENCH® is a registered trademark of Texas Instruments.
All trademarks are the property of their respective owners.
8.5 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.

8.6 Glossary

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

9 Revision History

Changes from Revision B (April 2025) to Revision C (January 2026) Page
* Changed minimum SYNCIN frequency detection limit from: 55kHz to: 60KkHz..............cccoceiiiiiiiiei e 6
+ Changed DTRK 100kHz 8% duty cycle limit minimum from: 0.192V t0: 0.19V.......ccccoiiiiiiiiiie e, 6
+ Changed DTRK 100kHz 8% duty cycle limit maximum from: 0.208V 10: 0.21V......cccceiiiiiiiiiiiieeee e 6
+ Changed DTRK 440kHz 8% duty cycle limit minimum from: 0.19V t0: 0.188V.......cccceiiiiiiiiiiiie e 6
* Changed DTRK 440kHz 8% duty cycle limit maximum from: 0.21V t0: 0.212V......ccccoiiiiiiiiiiiieeee e 6
* Changed Vzcp ZCD threshold (CSPx — CSNXx) typical from: 1.5mV t0: 3MV.......ccccooiiiiiei e 6
* Changed Vzcp ZCD threshold (CSPx — CSNx) maximum from: 5mV to: BmV........cccccciveiiiiiee e, 6
+ Changed Vzcp gyp ZCD threshold for phase 1 in bypass mode (CSP1 — CSN1) minimum from: -4mV

L (o TR0 Y PEPPRTRRTR 6
+ Changed Vzcp gyp ZCD threshold for phase 2 in bypass mode (CSP1 — CSN1) minimum from: -4mV

L (o TR0 YRR PEPPRURRT 6
» Changed G)yon Transconductance Gain minimum from: 0.283uA/mV to: 0.320UA/MV..c.cociiiiveiiiiiiieeeeieenn 6
» Changed Gjyon Transconductance Gain maximum from: 0.383uA/mV to: 0.346UA/MV......cevivviiiiiiieeeiiiieenn 6
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* Changed Isource-max Maximum COMP sinking current minimum from: 100pA to: 90PA.......oo o 6
* Changed Isource-max Maximum COMP sourcing current minimum from: 90pA to: 100pA........ooiiiieeeee. 6
* Changed N-channel MOSFET driver from: full-bridge to: half-bridge............coooiiiii e, 16
* Updated Block Diagram from: Buck-Boost t0: BOOSt COre.........oooiiiiiiiiiiieee e 17
* Updated Voyt Programming (VOUT, ATRK, DTRK) SECHON.......coiiiieeee e 25
* Updated PGOOD reacting on OVP deSCrPLON. .......cooiiiiiiiiiiee e 27
* Added COMP-pin and Sense Resistor Voltage Limiting the Switch Current (DEM) and (FPWM) figures....... 28
* Deleted COMP-pin and Sense Resistor Voltage limiting the switch current figure...........cccooooiiiii . 28
o Updated COMP-PIN fIQUIES........uiiiiiiiiiee ettt e e e e a et e e e e b b et e e e e aab b e e e s e anbee e e e anneeas 28
* Added Equation 22 and EQUALION 23 ... e e e e e e e e e e e e e e e e e e e e e e e nnnenneees 29
LN (o [=To I S O ¢= T o Q) o T4 4= 111 o TSSO 29
* Updated Equation 17, Equation 18, and Equation 19 to include n variable...................cccciiiii, 29
*  Updated Equation 25 from: GAGCE 10 FAGE «««xrerreeeeemmmmimmitiieiiiiie et e et e e e e e e e e e e e e e e e e e e e e e e e e nnneeeeeeas 35
*  Updated VOUT programming SECHON. ........c.uuiiiiiiiiiie ettt e e e et e e s e abbe e e e s e nbee e e e e eaneee 43
» Updated Figure 7-9 title from: Normalized Output Capacitor RMS Ripple Current to: Normalized Input
(02T oF=Tor 1 (ol 21V ST T o] o] [T @1 Y o | SRR 48

o Added SYNC OpPeration SECHON........ccii ittt e e s st e e e s rb e e e e e e e e e 51
Changes from Revision A (March 2025) to Revision B (April 2025) Page
* Changed the device status from Advance Information to Production Data............cccccciriiiiiiiiie 1

10 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 ©)
@ ©)
LM5125QRHBRQ1 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 LM
5125Q
LM5125QRHBRQ1.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 LM
5125Q

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

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI 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)
LM5125QRHBRQ1 VQFN RHB 32 3000 330.0 12.4 53 53 1.1 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)
LM5125QRHBRQ1 VQFN RHB 32 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224745/A

INSTRUMENTS
www.ti.com



PACKAGE OUTLINE
RHB0O032U VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—
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(T\'(P ¢ 32X 03 ==

4225709/C 01/2021

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.

i

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT

RHB0O032U VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
@s.7)
S\ELMM
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NON SOLDER MASK
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DEFINED

SOLDER MASK DETAILS
4225709/C_01/2021

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
RHB0O032U VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

< 9X (]1.06) +
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

74% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4225709/C 01/2021

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

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

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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