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TPS61287 23V, 25Voyr, 20A Synchronous Boost Converter
with Stackable Multi-Phase Function
1 Features 3 Description

Wide input voltage and output voltage range

— Vjn:2.0Vto 23V

— 2.5V Minimum input voltage for start-up
— Vour : 4.5V to 25V
High efficiency and power capability

— Programmable switch current limit: 5A to 20A
Integrated 8.5mQ high side MOSFET
Switching frequency: 320kHz
Up to 92.3% efficiency at V|y = 3.6V, Vout =
18V, and loyt = 2.0A

Up to 95.48% efficiency at VIN =7.2V, VOUT =
18V, and lgyt = 4.0A

Support stackable multi-phase function
Selectable Auto PFM and Forced PWM mode
Synchronization capability to external clock

Rich protection

— Output overvoltage protection at 27V

Precise EN/UVLO threshold

— Cycle-by-cycle overcurrent protection
— Thermal shutdown
External loop compensation
2.5mm x 3.0mm VQFN HotRod™ Lite package

2 Applications

Bluetooth™ speaker

Source driver of LCD display
USB Type-C® power delivery

Vin

DTM
Cw

1

The TPS61287 is a high-power density, synchronous
boost converter that integrates high side synchronous
rectifier MOSFET and uses an external low side
MOSFET to provide a high efficiency and small size
solution. The TPS61287 has wide input voltage range
from 2.0V to 23V and the output voltage covers up to
25V with 20A switching valley current capablity.

The TPS61287 uses adaptive constant on-time
valley current control topology to regulate the output
voltage. Under moderate to heavy load condition,
the TPS61287 operates in pulse width modulation
(PWM) mode. There are two optional modes in light
load by configuring the MODE pin: Auto PFM mode
to improve light-load efficiency and Forced PWM to
avoid audible noise and other problems caused by
low switching frequency.

The TPS61287 supports stackable multi-phase
operation. Up to 4pcs TPS61287 can be configured
for multi-phase operation at same switching frequency
to support higher power and input current balancing.

The TPS61287 offers a very small solution size with
2.5mm x 3.0mm VQFN HotRod™ Lite package with
minimal external components.

Package Information

PART NUMBER PACKAGE!(") PACKAGE SIZE

TPS61287 2.5mm x 3.0mm

VQFN (14)

(1)

For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Pin Configuration and Functions
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Figure 4-1. 14-Pin RZP VQFN Package (Top View)

Table 4-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NAME NUMBER
ILIM 1 I Programmable switching valley current limit. An external resistor must be connected
between this pin and the AGND pin.
FB 2 | Output voltage feedback pin. Connect to the center tap of a resistor divider to program
the output voltage.
COMP 3 o Output of the internal error amplifier. Connect the loop compensation network between
this pin and the AGND pin.
Operating mode selection pin at light load condition, this pin must not be floating.
MODE 4 MODE = logic high, Forced PWM mode.
MODE = logic low, Auto PFM mode.
VOUT 5 P Boost converter output.
SW 6 = The switching node pin. This pin is connected to the drain of the external low-side
MOSFET and the source of the internal high-side MOSFET.
BOOT 7 o Power supply for the high-side MOSFET gate driver. A ceramic capacitor of 0.1uF to
1.0pF must be connected between this pin and the SW pin.
Power ground of external low side MOSFET. Source of external low side MOSFET must
PGND 8 G .
be connected to this pin.
DRV 9 (0] Gate driver output for external low-side MOSFET.
When the M/SYNC pin is short to ground , the device works with internal configured
M/SYNC 10 | switching frequency. When a valid clock signal is applied to this pin, the switching
frequency of the device is forced to the external clock.
VCC 1 o Output of the internal regulator. A ceramic capacitor of more than 2.2uF is required
between this pin and AGND.
VIN 12 | IC power supply input .
EN/UVLO Enable logic input and programmable input voltage undervoltage lockout (UVLO) input.
Logic high level enables the device. Logic low level disables the device and puts
13 the device into shutdown mode. The converter start-up and shutdown levels can be
programmed by connecting this pin to the supply voltage through a resistor divider. This
pin must not be left floating and must be terminated.
AGND 14 G Analog signal ground.
(1) = Input, O = Output, G = Ground, P = Power.
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)("

MIN MAX UNIT
Voltage VIN, EN/UVLO -0.3 30 \Y
Voltage SW, VOUT -0.3 32 \Y
Voltage BOOT SW-0.3 SW+6 \Y
Voltage M/SYNC, MODE, VCC, COMP, FB, DRV, ILIM -0.3 7 \
T, Operating Junction Temperature -40 150 °C
Tstg Storage Temperature -65 150 °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.

5.2 ESD Ratings

VALUE UNIT
Human body model (.HBM), per ANSI/ESDA/ +2000
JEDEC JS-001, all pins(")

V(Esp) Electrostatic discharge - \%
Char.g‘ed qewce model (CPM), per JEDEC +500
specification JS-002, all pins(@

(1) HBM: JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process

(2) CDM: JEDEC document JEP 157 states that 250-V CDM allows safe manufacturing with a standard ESD control process

5.3 Recommended Operating Conditions

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

MIN NOM MAX| UNIT

VIN Input voltage range 25 23 \Y

VOUT Out voltage range 45 25 \%

L Effective inductance range 3.3 uH

C Effective input capacitance range 22 uF

Co Effective output capacitance range 22 uF

T, Operating junction temperature -40 125 °C

5.4 Thermal Information
TPS61287 TPS61287
THERMAL METRIC RZP (VQFN) - 14 PINS RZP (VQFN) - 14 PINS UNIT
EVM®) Standard(")

Rgya Junction-to-ambient thermal resistance 36.6 64.5 °C/W

Rauc(top) Junction-to-case (top) thermal resistance N/A 41.2 °C/W

Rays Junction-to-board thermal resistance N/A 18.8 °C/W

Wr Junction-to-top characterization parameter 1.4 1.4 °C/W

Y5 Junction-to-board characterization parameter 18.7 18.4 °C/W

Reuc(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

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

note.

(2) Measured on TPS61287EVM, 4-layer, 20z copper PCB.
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5.5 Electrical Characteristics
T,=-40°C to 125°C, V|y = 3.6V and Vpyt = 18V. Typical values are at T; = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
POWER SUPPLY
VIN Input voltage range 2.0 23 \Y
VOUT Output voltage range 4.5 25 \%
VIN_uvLo Under voltage lockout threshold at VIN VIN_uvLo rising 2.2 2.3 \%
VIN_uvLo Under voltage lockout threshold at VIN Vin_uvio falling 1.9 2.0 \%
Vee Internal regulator output lvec = 15 mA 5.1 \%
Vee wvlo VCC UVLO threshold VCC rising 2.3 \%
Vee uvio VCC UVLO threshold VCC falling 2.15 \
EN = High, No switching,
lo_vin Quiescent current into VIN pin 2.5V<VIN<5.5V, Vg = Vger + 0.1V, T, up 3 13| pA
to 85°C
EN = High, No switching,
lo_viN Quiescent current into VIN pin 6.5V<VIN<23V, Vgg =Vger + 0.1V, T, up 200 250 UuA
to 85°C
EN = High, No switching,
lo_vout Quiescent current into VOUT pin 2.5V<VIN<5.5V, Vgg = Vger + 0.1V, Ty up 210 260 pA
to 85°C
EN = High, No switching,
lo_vout Quiescent current into VOUT pin 6.5V<VIN<23V, Vgg = Vgegr + 0.1V, T up 30 60| UuA
to 85°C
EN = High, No switching, 2.5V<VIN<23V,
lo_sw Quiescent current into SW pin VOUT > VIN, Vgg = Vger + 0.1V, T, up to 2.5 5.0/ pA
85°C
lsp_vin Shutdown current into VIN pin IC diiabled, VIN =SW =25V 0 23V, T, up 15 7| pA
to 85°C
lsp_sw Shutdown current into SW pin Lf ggfacb'ed’ VIN=SW=25V1o23V, T, up 0.25 2| A
lsp_vouT Shutdown current into VOUT pin 'ch ﬁsff'gggcv OUT = 2.5V to 25V, VIN=0V, 2.5 6| uA
IFB_LkG Leakage current into FB pin 50| nA
LOGIC INTERFACE
VEN_H EN high-level voltage threshold VCC =5.0V 1.18 \%
VEN_L EN low-level voltage threshold VCC =5.0V 0.4 \%
Venwvio rise |UVLO rising threshold at the EN/UVLO VCC = 5.0V 1.20 1.23 127V
len/uviLo Sourcing current at the EN/UVLO pin Venuvio=1.3V 5.3 pA
VMODE_H MODE high-level voltage threshold VCC =5.0V 1.2 \%
VMmoDE_L MODE low-level voltage threshold VCC =5.0V 0.4 \Y
OUTPUT
VRer Reference voltage at the FB pin PWM mode 0.985 1 1.015 \Y
VREF Reference voltage at the FB pin PFM mode 1.01 \%
Vout ovp Output OVP protection threshold Voyt OVP rising 25.7 27 28 \Y
Vout ovp_Hys | Output OVP protection hysteresis 1 \%
POWER SWITCH
Rps(on) High-side MOSFET on resistance VCC = 5.0V 8.5 mQ
Fsw Switching frequency VIN = 3.6V, VOUT= 18V, PWM mode 285 320 355| kHz
toFF_min Minimum off time 90 130| ns
toLH LS-GATE off to HS-GATE on deadtime 30 ns
toHL HS-GATE off to LS-GATE on deadtime 25 ns
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T, =-40°C to 125°C, V|y = 3.6V and Vgyt = 18V. Typical values are at T; = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lLim High clamp valley current limit RiLm = 20kQ , Forced PWM mode 17 20 23| A
ILim High clamp valley current limit RiLm = 20kQ , Auto PFM mode 17 20 23| A
lLim Low clamp valley current limit 0.25 A
SOFT START
tss Soft start time of internal reference 7 ms
GATE DRIVER
Vbrv L Low-state voltage drop 100-mA sinking 0.045 \%
VbRv_H High-state voltage drop 100-mA sourcing 0.12 \Y
ERROR AMPLIFIER
Isink COMP pin sink current Veg = VRrer + 400mV, Veoump = 1.5V 20 MA
Isource COMP pin source current Veg = VRer - 400mV, Veowp = 1.5V 20 MA
VcompPH High clamp voltage at the COMP pin Ry m = 20kQ , PWM mode 1.6 \
VcompH High clamp voltage at the COMP pin RiLm = 20kQ , PFM mode 1.45 \%
VcompL Low clamp voltage at the COMP pin 0.6 \Y
oo gtz n W
Gga Error amplifier transconductance VCC =5.0V 180 WAV
SYNCHRONOUS CLOCK
Rsyne Internal pull down resistor from SYNC pin 800 kQ
VMmisYNG_H M/SYNC high-level voltage threshold 1.2 \Y,
Vmisyne L M/SYNC low-level voltage threshold 0.4 \
Tsync_MIN Minimum sync clock pulse width 50 ns
PROTECTION
Tsp Thermal shutdown Junction temperature rising 160 °C
Tsp_Hys Thermal shutdown hysteresis 20 °C
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5.6 Typical Characteristics

Ta = 25°C, fgw = 320 kHz, unless otherwise noted.
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5.6 Typical Characteristics (continued)
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6 Detailed Description
6.1 Overview

The TPS61287 is a high-power density, synchronous boost converter that integrates the high side synchronous
rectifier MOSFET and uses an external low side MOSFET to provide a high efficiency and small size solution.
The TPS61287 has a wide input voltage range from 2.0V to 23V and the output voltage covers up to 25V with
20A switching valley current capability.

The TPS61287 uses an adaptive constant on-time valley current control topology to regulate the output voltage.
Under moderate to heavy load condition, the TPS61287 operates in pulse width modulation (PWM) mode.
There are two optional modes in light load by configuring the MODE pin: Auto PFM mode to improve light-load
efficiency and Forced PWM to avoid audible noise and other problems caused by low switching frequency. The
switching frequency in the PWM mode is 320kHz. The TPS61287 provides 27V output overvoltage protection,
cycle-by-cycle overcurrent protection, and thermal shutdown protection.

The TPS61287 supports stackable multi-phase operation. Two TPS61287 can build a stackable dual-phase
converter. Furthermore, up to 4 pcs TPS61287 can be configured for multi-phase operation at same switching
frequency to support higher power and inductor current balancing. Multi-phase operation greatly reduces peak
inductor current, and capacitor ripple current, and increases effective switching frequency, minimizing inductor
and capacitor sizes.

The TPS61287 offers a very small solution size with 2.5mm x 3.0mm VQFN HotRod™ Lite package with minimal
external components.

6.2 Functional Block Diagram
VIN L
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N VOUT
1Yl L
VIN  VOUT \|j Conr L
¢ ¢ Current :I:
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6.3 Feature Description
6.3.1 Enable and Start-up

The TPS61287 has a soft start function to prevent high inrush current during start-up. When the EN/UVLO pin
is pulled high, the internal soft-start capacitor is charged with a constant current. During this time, the soft-start
capacitor voltage is compared with the internal reference (1.0V). The lower one is fed into the internal positive
input of the error amplifier. The output of the error amplifier (which determines the inductor valley current value)
ramps up slowly as the soft-start capacitor voltage goes up. The soft-start phase is completed after the soft-start
capacitor voltage exceeds the internal reference (1.0V), which takes 7ms from 0V to 1.0V. When the EN pin is
pulled low, the voltage of the soft-start capacitor is discharged to ground.

6.3.2 Undervoltage Lockout (UVLO)

The UVLO circuit prevents the device from malfunctioning at low input voltage and the battery from excessive
discharge. The TPS61287 has both V|y yvLo and Ve uvio function. This lockout functions disables the device
from switching when the falling voltage at the VIN pin trips the falling UVLO threshold V|y yviLo, Which is typically
1.9V. The device starts operating when the rising voltage at the VIN pin trips the rising UVLO threshold typically
2.2V. It also disables the device when the falling voltage at the VCC pin trips the UVLO threshold Ve yvio,
which is typically 2.15V. -

6.3.3 Programmable EN/UVLO

The TPS61287 has a dual function enable and undervoltage lockout (UVLO) circuit at EN/UVLO pin. When the
voltage at the VIN and VCC pin is above the rising threshold of UVLO and the EN/UVLO pin is pulled above
1.18V but below the enable EN/UVLO threshold of 1.23V, the TPS61287 is enabled but still in standby mode.

The EN/UVLO pin has an accurate UVLO voltage threshold to support programmable input undervoltage lockout
with hysteresis. When the EN/UVLO pin voltage is greater than the UVLO threshold of 1.23V, the TPS61287 is
enabled for switching operation. A hysteresis current, lyy o Hys. IS sourced out of the EN/UVLO pin to provide a
hysteresis that prevents on/off chatter in the presence of noise with a slowly changing input voltage.

By using resistor divider as shown in Figure 6-1, the turn-on threshold is calculated using Equation 1.

R1
% =V X(1+—
IN(UVLO__ON) wvio X ( R2 (1)

where

* VyvLo is the UVLO threshold of 1.23V at the EN/UVLO pin.

The hysteresis between the UVLO turn-on threshold and turn-off threshold is set by the upper resistor in the
EN/UVLO resistor divider and is given by Equation 2.

AViywyviroy = Tyvio_nys X R1 (2)

where

* lyvLo Hys is the sourcing current from the EN/UVLO pin when the voltage at the EN/UVLO pin is above
VuvLo.
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VIN

IUVLOiHYS
R1
ENUVLO L
T T T
R2 c1 - Enable
j; UVLO Comparator

1.23V

Figure 6-1. Programmable UVLO With Resistor Divider at the EN/UVLO Pin

By using an NMOSFET together with a resistor divider the user can implement both logic enable and
programmable UVLO as shown in Figure 6-2. The EN logic high level must be greater than the enable threshold
plus the Vy, of the NMOSFET Q1. The Q1 also eliminates the leakage current from VIN to ground through the
UVLO resistor divider during shutdown mode.

VIN

luvio_nys

EN q

EN/UVLO |
L

+

L

1 I —
R2 ci — Enable
UVLO Comparator

1.23V

Figure 6-2. Logic Enable and Programmable UVLO

6.3.4 Switching Valley Current Limit

The TPS61287 has an internal cycle-by-cycle current limit to prevent the inadvertent application of a large
switching current. Current limit detection occurs during the off-time by sensing of the voltage drop across the
integrated high-side MOSFET. The high-side MOSFET is turned off immediately as soon as the switch valley
current triggers the limit threshold. The switch valley current limit can be set by a resistor from the ILIM pin to
ground. The relationship between the valley current limit and the resistor is shown in Equation 3.

_ 400k
valtey <A> ~ Rym(k) )

where

* Ry v is the resistance between the ILIM pin and the AGND pin.
lvaley is the switch valley current limit.

For instance, the valley current limit is 20A if the R is 20kQ . ILIM pin can not be left floating or connected to
VCC.

6.3.5 External Clock Synchronization

The TPS61287 can synchronize to an external clock signal applied to the M/SYNC pin for noise-sensitive or
multiphase applications. When an external clock signal is applied to the M/SYNC pin, the device switching
frequency is forced to the external clock. The external clock frequency must be within £20% of default switching
frequency 320kHz. The external clock on the M/SYNC pin must have a low-level voltage less than 0.4V and a
high-level voltage greater than 1.2V. A valid synchronous clock signal must be greater than 50ns wide and have
a minimum of 4 consecutive clocks prior to synchronization.
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The TPS61287 can fail to synchronize to external clock when reaches switching limitations, such as reaching
minimum on time, minimum off time, current limit and so on.

Connect M/SYNC pin to GND to avoid noise when external synchronization function is not used.

6.3.6 Stackable Multi-phase Operation

The TPS61287 supports stackable multi-phase operation. Two TPS61287 can build a stackable dual-phase
converter. The M/SYNC of the host device is connected to ground. The M/SYNC of the subordinate device is
connected to the attenuated signal of the driver pin of the host device. Figure 6-3 shows the 2 pcs TPS61287
stackable configuration. Forced PWM mode is recommeded for a better current balance and reliable phase
shifting.

VIN vout

sw vout
c‘jv: - BOOT ch %
Reen Coum
R 1pge1287 Fel oM i
PGND #1
comp R
VIN

vee c )
EN/UVLO c c
MODE AGND %—AL

ILIM

MISYNG [———] Master

sw vouT

BOOT

i1

R 1pS61287 FB|l— A ran

PGND #2

CcomP COMP #1

VIN

vee Ic
EN#L EN/UVLO Con l

AGND!

MODE #1 MODE

LM
R % MISYNC DRV #1

Figure 6-3. TPS61287 dual phase operation for high power application

Furthermore, up to 4 pcs TPS61287 can be configured for multi-phase operation at same switching frequency
to support higher power and inductor current balancing. Multi-phase operation greatly reduces peak inductor
current, and capacitor ripple current, and increases effective switching frequency, minimizing inductor and
capacitor sizes. Figure 6-4 shows the 4 pcs TPS61287 stackable configuration.

VIN H vout

— vout <3
ot -1 L. *
I BOOT I [ IC
" TPse1287 el n—ren
PGND #1

comP Ress)
VIN " %
03 v
vee [
EN/UVLO e | c
MODE AGND %7

ILIM

MISYNC External SYNC 0 Deg

* Another 2 PCS aren't shown in the diagram

sw vout

BOOT
DRV l R
TPS61287 F8|—WW\W——FBi1
PGND #4
ComP comPp #1

VIN
vee

EN#1

©
Lo.
MODE #1 MODE AGND %_AL

EN/UVLO

LM
R % MISYNC External SYNC 270 Deg

Figure 6-4. TPS61287 multi phase operation for high power application
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6.3.7 Device Functional Modes

The TPS61287 operates at 320kHz frequency pulse width modulation (PWM) in moderate-to-heavy load
condition. At light load, the TPS61287 implements two operating modes, Auto PFM mode and Forced PWM
mode, to meet different application requirements. The operating mode is set by the status of the MODE pin.
When the MODE pin is logic high, the device operates in Forced PWM mode. When the MODE pin is logic low,
the device operates in Auto PFM mode.

6.3.7.1 Forced PWM Mode

In Forced PWM mode, the TPS61287 keeps the switching frequency unchanged at light load. When the load
current decreases, the output of the internal error amplifier decreases as well to keep the inductor valley current
down, delivering less power from input to output. When the output current further reduces, the current through
the inductor decreases to zero during the off-time. The high-side N-MOSFET is not turned off even if the current
through the MOSFET is zero. Thus, the inductor current changes its direction after it runs to zero. The power
flow is from output side to input side. The efficiency is low in this mode. But with the fixed switching frequency,
there is no audible noise and other problems which might be caused by low switching frequency at light load.

6.3.7.2 Auto PFM Mode

In Auto PFM mode , the TPS61287 provides a seamless transition from PWM to PFM operation and enables
automatic pulse-skipping mode that provides excellent efficiency over a wide load range. As load current
decreasing or VIN rising, the output of the internal error amplifier decreases to lower the inductor valley current,
delivering less power to the load. When the output of the error amplifier goes down and reaches a threshold of
about 250mA valley current, the output of the error amplifier is clamped at this value and does not decrease any
more, the TPS61287 extends its off-time of the switching period to deliver less energy to the output and regulate
the output voltage at 1.01 times of the normal value.

1.01 x Vour_nom

Vour nom

PWM at heavy load PFM mode at light load

Figure 6-5. Auto PFM Mode Diagram

6.3.8 Overvoltage Protection

If the output voltage at the VOUT pin is detected above 27V (typical value), the TPS61287 stops switching
immediately until the voltage at the VOUT pin drops the hysteresis value lower than the output overvoltage
protection threshold. This function prevents overvoltage on the output and secures the circuits connected to the
output from excessive overvoltage.

6.3.9 Thermal Shutdown

The thermal shutdown is implemented to prevent damage from excessive heat and power dissipation. Typically,
the thermal shutdown occurs when junction temperatures exceeding 160°C (typical). If the thermal shutdown is
triggered, the device stops switching and recovers when the junction temperature drops below 140°C (typical).
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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

The TPS61287 is designed for output voltage up to 25V with the 20A switch current capability. The TPS61287
operates at a quasi-constant frequency pulse-width modulation (PWM) in moderate to heavy load condition.
At light load, the converter can operate in either Auto PFM mode or Forced PWM mode, depending on the
mode selected. The Auto PFM mode provides high efficiency over the entire load range, while the Forced
PWM mode can avoid the acoustic noise as the switching frequency is fixed. The converter uses the adaptive
constant on-time valley current control scheme, which provides excellent transient line and load response with
minimal output capacitance. The TPS61287 can work with different inductor and output capacitor combinations
by external loop compensation.

7.2 Typical Application

Vi

7.2.1 Design Requirements

Table 7-1. Design Parameters

Figure 7-1. TPS61287 3.6V Vin to 18V Vout 3A Output Converter

DESIGN PARAMETERS

EXAMPLE VALUES

Input voltage range

3.3Vto4.2v

Output voltage

18V

Output voltage ripple

180mV peak-to-peak

Output current rating

3A

L13.3uH
Y d vout Vou
Iyl
I_ l COUT1 L CDUT2
BOOT EzuF*eIasomempF § R1
Qi L L 243kQ
DRV PGND
FB
TPS61287
PGND
— COMP % R2
VIN %RC 14.3kQ
ON L
vee —=c. I 50kQ
OFF ——]Eenuvio 1c. 100pF—L ¢,
Forced PWM AGND T”J“_F ] 2nF
Auto PFM MODE YE — ‘&
AGND
ILIM
Ruw M/SYNC
20kQ
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7.2.2 Detailed Design Procedure

7.2.2.1 Setting Output Voltage

The output voltage is set by an external resistor divider (R1, R2 in the Figure 7-1 circuit diagram). For the best
accuracy, R2 should be smaller than 300 kQ to ensure the current flowing through R2 is at least 100 times

larger than the FB pin leakage current. Changing R2 towards a lower value increases the immunity against noise
injection. Changing R2 to higher values reduces the quiescent current to achieve higher efficiency at light load.

The value of R1 is then calculated as:

g - (Vour — VRer) xR,
Vrer (4)

7.2.2.2 Inductor Selection

Since the selection of the inductor affects the steady state of the power supply operation, transient behavior,
loop stability, and boost converter efficiency, the inductor is the most important component in switching power
regulator design. The three most important specifications to the performance of the inductor are the inductor
value, DC resistance, and saturation current.

The TPS61287 is recommended to work with inductor values between 2.2uH and 4.7uH. A 2.2uH inductor is
typically available in a smaller or lower-profile package, while a 4.7uH inductor produces lower inductor current

ripple.

Inductor values can have +20% or even +30% tolerance with no current bias. When the inductor current
approaches saturation level, the inductance can decrease 20% to 35% from the value at OA current, depending
on how the inductor vendor defines saturation. When selecting an inductor, verify that the rated current of the
inductor, especially the saturation current, is larger than the peak current during the operation.

Follow Equation 5 to Equation 7 to calculate the peak current of the inductor. To calculate the current in the worst
case, use the minimum input voltage, maximum output voltage, and maximum load current of the application.
To leave enough design margin, TI recommends using the minimum switching frequency, the inductor value with
—30% tolerance, and a low-power conversion efficiency for the calculation.

In a boost regulator, calculate the inductor DC current as in Equation 5.

Vourt *lout

Ic =
Vin X1 ()

where

* Vour is the output voltage of the boost regulator.
* lpyr is the output current of the boost regulator.
* V| is the input voltage of the boost regulator.

* nis the power conversion efficiency.

Calculate the inductor current peak-to-peak ripple as in Equation 6.

1

LT R
Vour-Vin Vo " (6)

where

* Ipp is the inductor peak-to-peak ripple.
* L is the inductor value.

* fsw is the switching frequency.

*  Voyr is the output voltage.

* V| is the input voltage.
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Therefore, the peak current, I ,eo¢, seen by the inductor is calculated with Equation 7.

I
Lo =l + PP
Lpeak DC D) (7)

The selected the inductor shall be with saturation current higher than the peak current calculated.

The valley current, Ij,y,)ey , S€€N by the inductor is calculated with Equation 8.

Set the current limit of the TPS61287 higher than the calculated valley current .

Ipp
ILvalley = Ipc — - (8)

Boost converter efficiency is dependent on the resistance of its current path, the switching loss associated with
the switching MOSFETs, and the core loss of the inductor. The TPS61287 has optimized the internal switch
resistance.

However, the overall efficiency is affected significantly by the DC resistance (DCR) of the inductor, equivalent
series resistance (ESR) at the switching frequency, and the core loss. Core loss is related to the core material
and different inductors have different core loss. For a certain inductor, larger current ripple generates higher
DCR and ESR conduction losses and higher core loss. Usually, a data sheet of an inductor does not provide
the ESR and core loss information. If needed, consult the inductor vendor for detailed information. Generally,
Tl recommend an inductor with lower DCR and ESR. However, there is a tradeoff among the inductance of the
inductor, DCR and ESR resistance, and its footprint. Furthermore, shielded inductors typically have higher DCR
than unshielded inductors.

Table 7-2 lists recommended inductors for the TPS61287. Verify whether the recommended inductor can support
the user target application with the previous calculations and bench evaluation. In this application, Coilcraft's
inductor, XGL1060-332MEC is selected for its small size.

Table 7-2. Recommended Inductors

PART NUMBER L(uH) |DCR MAX (mQ)| SATURATION CURRENT/HEAT | SIZE MAX (Lx W xH | VENDOR(")
RATING CURRENT (A) mm)
CMLE105T-2R2MS 2.2 45 26.0/19.5 10.3x 11.5x 5.0 Cyntec
CMME105T-3R3MS 3.3 75 22.0/15.0 10.3x 11.5x 5.0 Cyntec
XAL1060-222MEC 2.2 4.3 31.0/25.3 10.0 x 11.3 x 6.0 Coilcraft
XGL1060-332MEC 3.3 5.7 26.0/22.0 10.0 x 11.3 x 6.0 Coilcraft

(1)  See the Third-party Products Disclaimer
7.2.2.3 Bootstrap And VCC Capacitors Selection

The bootstrap capacitor between the BOOT and SW pin supplies the gate current to charge the high-side FET
device gate during the turn on of each cycle. The gate current also supplies charge for the bootstrap capacitor.
The recommended value of the bootstrap capacitor is 0.1uF to 1.0uF. Cgoot must be a good quality, low-ESR
ceramic capacitor located at the pins of the device to minimize potentially damaging voltage transients caused
by trace inductance.

The VCC pin is the output of the internal LDO. A ceramic capacitor of more than 2.2uF is required at the VCC
pin to get a stable operation of the LDO.

7.2.2.4 MOSFET Selection

The external power MOSFET must be selected with Vpg rating that can withstand the maximum output voltage
plus transient spikes (ringing). 40V rated MOSFET is selected in this application.

Once the voltage rating is determined, select the MOSFETs by making tradeoffs between MOSFET Rpg(on) and
total gate charge (Qg) to balance conduction and switching losses.
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Be aware of the deadtime limitation, verify that the low-side and high-side MOSFET are not turned on
simultaneously. A leadless package is preferred for this high switching-frequency design to minimumize the
driving parasitic inductance. Be careful when adding series gate resistors, as this can decrease the effective
deadtime.

The MOSFET gate driver current of the device is supplied from VCC. Before start-up, the VCC voltage is
powered from VIN from an internal LDO. Verify that the gate threshold voltage(Vth) of MOSFET is lower than
minimum VIN voltage for the target design to guarntee a fully turn on of the MOSFET.

The maximum gate charge power is limited by the 15mA VCC sourcing current limit. Driving loss must be
considered to meet the sourcing current limit of VCC.

7.2.2.5 Input Capacitor Selection

Multilayer ceramic capacitors are an excellent choice for the input decoupling of the step-up converter since
they have extremely low ESR and are available in small footprints. Input capacitors must be located as close as
possible to the device. While a 22uF input capacitor or equivalent is sufficient for the most applications, larger
values can be used to reduce input current ripple.

Take care when using only ceramic input capacitors. When a ceramic capacitor is used at the input and the
power is being supplied through long wires, such as from a wall adapter, a load step at the output can induce
ringing at the VIN pin. This ringing can couple to the output and be mistaken as loop instability or can even
damage the device. Additional "bulk" capacitor (electrolytic or tantalum) in this circumstance, must be placed
between Cjy and the power source lead to reduce ringing that can occur between the inductance of the power
source leads and Cyy.

7.2.2.6 Output Capacitor Selection

Typically, a combination of ceramic capacitors and bulk electrolytic capacitors is needed to provide low ESR,
high ripple current capacity, and small output voltage ripple.

When input voltage reaches the minimum value , there is the largest output voltage ripple caused by the
capacitance. From the required output voltage ripple, use the following equations to calculate the minimum
required effective capacitance Coyr:

(Mout = ViIN_min) X lout
Vout % fsw *Court 9)

Vripple_dis =

VrippleiESR = ILpeak X I:{CfESR (10)

where

* Viipple_dis is output voltage ripple caused by charging and discharging of the output capacitor.
* Viipple_ESR IS output voltage ripple caused by ESR of the output capacitor.

* Vin min is the minimum input voltage of boost converter.

+ Vour is the output voltage.

* lour is the output current.

* lipeak is the peak current of the inductor.

* fsw is the converter switching frequency.

* Rc gsris the ESR of the output capacitors.

Note

DC bias effect: High-capacitance ceramic capacitors have a DC bias effect, which has a strong
influence on the final effective capacitance. Therefore, the right capacitor value must be chosen
carefully. The differences between the rated capacitor value and the effective capacitance result from
package size and voltage rating in combination with material. A 10-V rated 0805 capacitor with 10 pF
can have an effective capacitance of less than 5 yF at an output voltage of 5 V.
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7.2.2.7 Loop Stability

The TPS61287 requires external compensation, which allows the loop response to be optimized for each
application. The COMP pin is the output of the internal error amplifier. An external compensation network,
comprised of resistor R¢, and ceramic capacitors C¢ and Cp, is connected to the COMP pin.

The power stage small signal loop response of constant on-time (COT) with peak current control can be
modeled by Equation 11.

Rox(1-0)_(1* ziress) " 27sr)

Gis(S)=Kcomp > . S
21
fe (1)
where
* D is the switching duty cycle.
* R is the output load resistance.
*  Kcowmp is power stage trans-conductance (inductor peak current / comp voltage), which is 20A/V.
2
fr=srm o
2n x Rg x Cq (12)
where
*  Cqis output capacitor.
f _ 1
ESRZ = 5 - n -~
2n x Regg x Co (13)
where
* Reggsr is the equivalent series resistance of the output capacitor.
o _PRox (1- D)
RHPZ = onxL (14)

The COMP pin is the output of the internal transconductance amplifier. Equation 15 shows the small signal
transfer function of compensation network.

o
14— =
Gc(S) _Gga xRea * Vrer « [ 2xmx foomz

Vour [1 + S j(1 + S J
2x 7% feomp 2x7mx feompz (15)

where

*  Ggpa is the transconductance of the amplifier.

* REa is the output resistance of the amplifier.

* Vger is the reference voltage at the FB pin.

* Vour is the output voltage.

*  fcomp1, fcomp2 are the frequency of the poles of the compensation network.
*  fcowmz is the zero's frequency of the compensation network.
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The next step is to choose the loop crossover frequency, fc. The higher frequency that the loop gain stays
above zero before crossing over, the faster the loop response is. It is generally accepted that the loop gain cross
over no higher than the lower of either 1/10 of the switching frequency, fsw, or 1/5 of the RHPZ frequency,
frupz-

Then set the value of R¢, C¢, and Cp (in ) by following these equations.

R 2T[XVOUT XCO XfC
€™ (1-D)xVaer xGeaxKcomp

(16)

where
* fcis the selected crossover frequency.

The value of C¢ can be set by Equation 17.

ROXCO

Ce= 2R¢

(17)
The value of Cp can be set by Equation 18.

ResrxCo
Cp=—ESRO
P R

(18)
If the calculated value of Cp is less than 10pF, it can be left open.

Designing the loop for greater than 45° of phase margin and greater than 10dB gain margin eliminates output
voltage ringing during the line and load transient.
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7.2.3 Application Curves

Vout(AC) ! N Vout(AC) Y N
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® | 10V/div | | T B |
Time Scale:2ys/div  imescaleus/div
V|N =3.6V VOUT =18V IOUT =3A V|N =3.6V VOUT =18V IOUT =3A
Figure 7-2. Switching Waveforms in 3A load PFM | Figure 7-3. Switching Waveforms in 3A load FPWM
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Figure 7-8. Start-up Waveforms

Figure 7-9. Shutdown Waveforms
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Figure 7-12. Load Sweep (loyr = 1A to 3A) Figure 7-13. Line Sweep (Vi = 3.3V to 4.2V)

7.3 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 2.0V to 23V. This input supply
must be well regulated. If the input supply is located more than a few inches from the converter, additional bulk
capacitance can be required in addition to the ceramic bypass capacitors. A typical choice is an electrolytic or
tantalum capacitor with a value of 47uF.

7.4 Layout
7.4.1 Layout Guidelines

As for all switching power supplies, especially those running at high switching frequency and high current, layout
is an important design step. If layout is not carefully done, the regulator can suffer from instability and noise
problems. To maximize efficiency, switch rise and fall times are very fast. To prevent radiation of high-frequency
noise (for example, EMI), proper layout of the high-frequency switching path is essential. Minimize the length
and area of all traces connected to the SW pin, and always use a ground plane under the switching regulator to
minimize interplane coupling.

The most critical current path for this converter is from the external low side MOSFET to the integrated high
side MOSFET, then to the VOUT side capacitors, and back to the source of the external low side MOSFET.
This current path contains nanosecond rise and fall times and must be kept as short as possible to reduce the
parasitic inductance. Therefore, the VOUT side output capacitors must be close not only to the VOUT pin, but
also to the source pin of the external low side MOSFET to reduce the spike at the SW pin and the VOUT pin.

The PGND plane and the AGND plane are connected at the terminal of the VCC capacitor. Thus the noise
caused by the MOSFET driver and parasitic inductance does not interfere with the AGND and internal control
circuit.

The layout should also be done with well consideration of the thermal as this is a high power density device. The
SW, VOUT, and PGND pins that improves the thermal capabilities of the package should be soldered with the
large polygon, using thermal vias underneath the SW pin could improve thermal performance.
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7.4.2 Layout Example

The bottom layer is a large ground plane connected to the PGND plane and AGND plane on top layer by vias.

L1

GND

—/YYY\

COUT COUT
T
VIN
______ |
22 o
C

o

GND

Figure 7-14. Layout Example
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7.4.2.1 Thermal Considerations

The maximum IC junction temperature should be restricted to 125°C under normal operating conditions.
Calculate the maximum allowable dissipation, Ppmax), and keep the actual power dissipation less than or equal
to Pp(max)- The maximum-power-dissipation limit is determined using:
125-Ty

Roua (19)

PD(max) -

where

* Tpis the maximum ambient temperature for the application.
* Rgya is the junction-to-ambient thermal resistance given in the Section 5.4 table.

The TPS61287 comes in a thermally-enhanced VQFN package. The real junction-to-ambient thermal resistance
of the package greatly depends on the PCB type, layout, and thermal pad connection. Using thick PCB copper
and soldering the thermal pad to a large ground plate enhance the thermal performance. Using more vias
connects the ground plate on the top layer and bottom layer around the IC without solder mask also improves
the thermal capability.
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8 Device and Documentation Support
8.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me 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.

8.2 Support Resources

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

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

8.3 Trademarks
HotRod™ and Tl E2E™ are trademarks of Texas Instruments.
Bluetooth™ is a trademark of Bluetooth SIG.
USB Type-C® is a registered trademark of USB Implementers Forum.
All trademarks are the property of their respective owners.
8.4 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

\ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

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

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

Changes from Revision * (October 2024) to Revision A (November 2024) Page
» Changed status from Advanced Information to Production Data..............cccveiiriiieiii i 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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PACKAGE OUTLINE
RZP0014A VQFN-HR - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

N w
o=

PIN 1 IDENTIFICATION /

1.0
0.8
0.05 J
0.00
1.8 _
2X16
PRCICIC
0.05()
4
2X|0.865|— —
2X[0.29}—
0000 PKG & ——
2X[0.21}—
PIN 11D —
X071 5

4228448/A 02/2022

NOTES:

1. Alllinear 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.
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EXAMPLE BOARD LAYOUT
VQFN-HR - 1 mm max height
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NOTES: (continued)

For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).

3.
Solder mask tolerances between and around signal pads can vary based on board fabrication site.

4.
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EXAMPLE STENCIL DESIGN
RZP0014A VQFN-HR - 1 mm max height
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NOTES: (continued)

5.
design recommendations.

Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
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PACKAGE OUTLINE

VQFN-HR - 1 mm max height
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NOTES:

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

per ASME Y14.5M.

2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
VQFN-HR - 1 mm max height
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NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
4. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
VQFN-HR - 1 mm max height
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NOTES: (continued)

5. 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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