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TPS65262 4.5- to 18-V Input Voltage, 3-A/1-A/1-A Output Current Triple Synchronous
Step-Down Converter With Dual Adjustable 200-mA/100-mA LDOs

Features

Operating Input Voltage Range: 4.5to0 18 V
Feedback Reference Voltage: 0.6 V £1%

Maximum Continuous Output Current: 3 A/1 A/1 A

Fixed 600-kHz Switching Frequency

Integrated Dual LDOs With Input Voltage Range:
1.3 to 18 V and Continuous Output Current: 200

mA/100 mA

Programmable Soft Start Time for Buckl

Fixed 1-ms Soft Start Time for Buck2 and Buck3
Internal Loop Compensation for Buck2 and Buck3

Dedicated Enable Pins for Each Buck
Automatic Power-Up/Power-Down Sequence
Pulse Skipping Mode (PSM) at Light Load
Output Voltage Power Good Indicator
Thermal Overloading Protection
32-Pin VQFN (RHB) 5-mm x 5-mm Package

Applications

DTV

Set-Top Boxes
Home Gateway and Access Point Networks
Wireless Routers

Surveillance

POS Machine

Typical Application
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3 Description

The TPS65262 is a monolithic triple synchronous
step-down (buck) converter with 3-A/1-A/1-A output
current. A wide 4.5- to 18-V input supply voltage
range encompasses the most intermediate bus
voltage operating off 5-, 9-, 12-, or 15-V power bus.
The converter, with constant frequency peak current
mode, is designed to simplify its application while
giving designers options to optimize the system
according to targeted applications. The device
operates at 600-kHz fixed switching frequency. The
loop compensations for buck 2 and buck3 have been
integrated for less external components. The 180°
out-of-phase operation between buckl and buck2, 3
(buck2 and buck3 run in phase) minimizes the input
filter requirements. At light load, the device
automatically operates in PSM, which provides high
efficiency by reducing switching losses.

Two low dropout voltage linear regulators (LDO) are
also built in TPS65262 with input voltage range 1.3 to
18 V, continuous output current 200 mA/100 mA,
independent enable and adjustable output voltage.

The TPS65262 features an automatic power
sequence with driving MODE pin to high and
configuring EN1, EN2, and EN3 pins.

The device features overvoltage protection,
overcurrent and  short-circuit  protection, and
overtemperature protection. A power good pin asserts
when any output voltages are out of regulation.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (32) 5.00 mm x 5.00 mm

PART NUMBER
TPS65262

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

Efficiency vs Output Load
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/TPS65262?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPS65262?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPS65262?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPS65262?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPS65262?dcmp=dsproject&hqs=support&#community
http://www.ti.com/product/tps65262?qgpn=tps65262

I} TEXAS
INSTRUMENTS
TPS65262
SLVSCF9C —JANUARY 2014—REVISED JULY 2014 www.ti.com
Table of Contents
1 FEAIUIES oot 1 8.2 Functional Block Diagram
2 APPIICALIONS .voviiiiceeceeeeeee e 1 8.3 Feature Description..............
3 DESCHPLION oo 1 8.4 Device Functional Modes
4 Typical Application ........ccocoveeeviseesresen, .1 9 Application and Implementation
5 Revision History 2 9.1 Application Information............c.ccceeviieeriieiniieenne.
6 Pin Configuration and Functions ..........ccccceeeune. 3 9-2 Typical Application .............. Jrrmmmm————
7 Specifications 5 10 Power Supply Recommendations
7.1 Absolute Maximum RAHNGS -....ooocoeeeeeerrrrreer oo 5 11 Layout............. s s e
7.2 HANIING RAUNGS ..o 5 11.1 Layout GUIdElINES .........eeevieeeriiieeiee e
7.3 Recommended Operating Conditions...................... 5 1.2 Layout Example ........ s
7.4 Thermal INfOrMation ... 6 12 Device and Documentation Support................. 35
7.5 Electrical Characteristics...........cccoovvvevrrrvrernennennn. 7 12,1 Trademarks ... 35
7.6 Typical CharacteriStiCS...........coeevevrrreeriverererieencaenas 9 12.2  Electrostatic Discharge Caution............cc....coee.ve. 35
8 Detalled Descrlptlon ............................................ 13 12.3 GIOSSary ............. .................................................. 35
81 OVENIOW oo 13 13 Mechanical, Packaging, and Orderable
INfOrmMation .......cccceeveeveiieic e, 35

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

Changes from Revision B (February 2014) to Revision C Page
e Updated data Sheet 10 NEW T1 STANAAITS ......c.uuiiiiiiiiiiii ettt e e e et e e s et et e e e e et be e e e e e abnb e e e e s annbneeeesanneneaeas 1
o Corrected package type t0 VRN ... ettt e e e et e e a e b e e e R e e R et h e e e R e e b e e nare s 1
» Updated Vggp) ratings in Handling Ratings and NOES ............cccuiiiiiiiiiiiiiie 5
* Updated MIN Vg and added note to Gy, psi/2i3 .7
« Added new graphs to the Typical Characteristics and moved plots to the Application CUrves ...........ccocvveeeeeniiiieeeeiinennn. 11
« Expanded the Applications section to include more iNfOrMAatioN ............oooiiiiiiii e 23
e Updated Figure 63 FBIL PIN NAIME ....cooiiiiiiie ittt ettt e e e ettt e e e s as bttt e e e e s bee e e e s o bbbt e e e e aabbeeeaeaanbbeeeeeaanneseeeeaanntseaeeaannaeeaeas 34
Changes from Revision A (January 2014) to Revision B Page
¢ Changed Data sheet status from Product Preview to Production Data ...........cccccccuieiieiiiiiiiri et e e 1
Changes from Original (January 2014) to Revision A Page
* Changed Imay o1 MM SPEC ....ouiiiiiiiiiiit bbb bbb bbb bbb bbb bbb 8
2 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated

Product Folder Links: TPS65262


http://www.ti.com/product/tps65262?qgpn=tps65262
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCF9C&partnum=TPS65262
http://www.ti.com/product/tps65262?qgpn=tps65262

13 TEXAS
INSTRUMENTS
TPS65262

www.ti.com SLVSCF9C —JANUARY 2014—REVISED JULY 2014

6 Pin Configuration and Functions

32-Pin Plastic VQFN
RHB Package
Top View

@ AGND
[ |FB3
[3|EN3

o e T e [
BST1|25] [16] BST3
LX1|26] i i [15] Lx3
PGND1[27] % % [14] PGND3
VINT E % Thermal Pad i E VN
LEN1|29] % % [12] VIN2
LFB1[30] i % (11| PGND2

outifs] 1 - [o]Lx2
LVIN1 [32] [o] BST2
o

(There is no electric signal down bonded to thermal pad inside IC. Exposed thermal pad must be soldered to PCB for
optimal thermal performance.)

Pin Functions

PIN
DESCRIPTION
NAME | NO.
LVIN? 1 Input power supply for LDO2. Connect LVIN2 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 1 pF).
LOUT2 LDO2 output. Connect LOUT2 pin as close as possible to the (+) terminal of an output ceramic capacitor (suggest 1 pF).
LFB2 Feedback Kelvin sensing pin for LDO2 output voltage. Connect this pin to LDO2 resistor divider.
LEN2 Enable for LDO2. Float to enable.
An open-drain output, asserts low if output voltage of any buck is beyond regulation range due to thermal shutdown,
PGOOD 5
overcurrent, undervoltage, or ENx shut down.
MODE When high, an automatic power-up/power-down sequence is provided according to states of EN1, EN2 and EN3 pins.
FB2 Feedback Kelvin sensing pin for buck2 output voltage. Connect this pin to buck?2 resistor divider.
EN2 8 Enable for buck2. Float to enable. Can use this pin to adjust the input undervoltage lockout of buck2 with a resistor
divider.
BST? 9 Boot strapped supply to the high side floating gate driver in Buck2. Connect a capacitor (recommend 47 nF) from BST2
pin to LX2 pin.
Switching node connection to the inductor and bootstrap capacitor for Buck2. The voltage swing at this pin is from a
LX2 10 A
diode voltage below the ground up to VIN2 voltage.
PGND2 1 Power ground connection of Buck2. Connect PGND2 pin as close as possible to the (-) terminal of VIN2 input ceramic
capacitor.
VIN? 12 Input power supply for Buck2. Connect VIN2 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 10 pF).
VIN3 13 Input power supply for Buck3. Connect VIN3 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 10 pF).
PGND3 14 Power ground connection of Buck3. Connect PGND3 pin as close as possible to the (-) terminal of VIN3 input ceramic
capacitor.
Switching node connection to the inductor and bootstrap capacitor for Buck3. The voltage swing at this pin is from a
LX3 15 A
diode voltage below the ground up to VIN3 voltage.

Copyright © 2014, Texas Instruments Incorporated
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Pin Functions (continued)
PIN
DESCRIPTION
NAME | NO.
BST3 16 Boot strapped supply to the high side floating gate driver in Buck3. Connect a capacitor (recommend 47 nF) from BST3
pin to LX3 pin.
EN3 17 Enable for Buck3. Float to enable. Can use this pin to adjust the input undervoltage lockout of Buck3 with a resistor
divider.
FB3 18 | Feedback Kelvin sensing pin for buck3 output voltage. Connect this pin to Buck3 resistor divider.
AGND 19 Analog ground common to buck controllers and other analog circuits. It must be routed separately from high current
power grounds to the (-) terminal of bypass capacitor of input voltage VIN.
V7V 20 | Internal LDO for gate driver and internal controller. Connect a 1-uF capacitor from the pin to power ground
Error amplifier output and loop compensation pin for Buckl. Connect a series resistor and capacitor to compensate the
COMP1 21 .
control loop of buckl with peak current PWM mode.
ss1 29 Soft-start and tracking input for Buckl. An internal 5-pA pullup current source is connected to this pin. The soft-start time
can be programmed by connecting a capacitor between this pin and ground.
FB1 23 | Feedback Kelvin sensing pin for Buckl output voltage. Connect this pin to Buckl resistor divider.
EN1 2 Enable for Buckl. Float to enable. Can use this pin to adjust the input undervoltage lockout of Buckl with a resistor
divider.
BST1 25 Boot strapped supply to the high side floating gate driver in buckl. Connect a capacitor (recommend 47 nF) from BST1
pin to LX1 pin.
Switching node connection to the inductor and bootstrap capacitor for buckl. The voltage swing at this pin is from a
LX1 26 A
diode voltage below the ground up to VIN1 voltage.
PGND1 27 Power ground connection of buckl. Connect PGND1 pin as close as possible to the (-) terminal of VIN1 input ceramic
capacitor.
VINL 28 Input power supply for buckl. Connect VIN1 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 10 pF).
LEN1 29 | Enable for LDO1. Float to enable.
LFB1 30 | Feedback Kelvin sensing pin for LDO1 output voltage. Connect this pin to LDO1 resistor divider.
LOUT1 31 | LDO1 output. Connect LOUT1 pin as close as possible to the (+) terminal of an output ceramic capacitor (suggest 1 uF).
LVIN1 32 Input power supply for LDO1. Connect LVIN1 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 1 puF).
PAD __ | There is no electric signal down bonded to thermal pad inside IC. Exposed thermal pad must be soldered to PCB for
optimal thermal performance.
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (operating in a typical application circuit)®

MIN MAX | UNIT
VIN1, VIN2, VIN3, LVIN1, LVIN2 -0.3 20
LX1, LX2, LX3 (Maximum withstand voltage transient <20 ns) -1.0 20
BST1, BST2, BST3 referenced to LX1, LX2, LX3 pins respectively -0.3 7
Voltage at MODE, LEN1, LEN2, EN1, EN2, EN3, PGOOD, V7V -0.3 7 \%
LOUT1, LOUT2 -0.3 7
FB1, FB2, FB3, LFB1, LFB2, COMP1 , SS1 -0.3 3.6
AGND, PGND1, PGND2, PGND3 -0.3 0.3
T, Operating junction temperature -40 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 Handling Ratings

MIN  MAX | UNIT
Tstg Storage temperature range -55 150 °C
v ) Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® —2000 2000 v
(ESD) discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins® | —500 500

(1) Electrostatic discharge (ESD) to measure device sensitivity/immunity to damage caused by assembly line electrostatic discharges into
the device.

(2) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as 1 kV
may actually have higher performance.

(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as 250 V
may actually have higher performance.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX | UNIT
VIN1, VIN2, VIN3 45 18
LX1, LX2, LX3 (maximum withstand voltage transient <20 ns) -0.8 18
Voltage BST1, BST2, BST3 referenced to LX1, LX2, LX3 pins respectively -0.1 6.8 v
MODE, LEN1, LEN2, EN1, EN2, EN3, PGOOD, V7V -0.1 6.3
FB1, FB2, FB3, LFB1, LFB2, COMP1, SS1 -0.1 3
LOUT1, LOUT2, LVIN1, LVIN2 -0.1 18
Ta Operating ambient temperature -40 85 °C
T; Operating junction temperature -40 125 °C
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.4 Thermal Information
a TPS65262
THERMAL METRIC® UNIT
RHB (32 PINS)
ReJa Junction-to-ambient thermal resistance @ 32
Resciopy  Junction-to-case (top) thermal resistance ® 24.2
B35 Junction-to-board thermal resistance ® 6.4 o
Wit Junction-to-top characterization parameter® 0.2
Wis Junction-to-board characterization parameter(® 6.4
Rejpoty  Junction-to-case (bottom) thermal resistance ") 13
(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
(2) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.
(3) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC standard
test exists, but a close description can be found in the ANSI SEMI standard G30-88.
(4) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.
(5) The junction-to-top characterization parameter, g7, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Rgja, Using a procedure described in JESD51-2a (sections 6 and 7).
(6) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Rg;a , Using a procedure described in JESD51-2a (sections 6 and 7).
(7) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific
JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
6 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated
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7.5 Electrical Characteristics

T,=25°C, VIN = 12 V, fsw = 600 kHz (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT

INPUT SUPPLY VOLTAGE
VIN Input voltage range 4.5 18 \Y

VIN rising 4 4.25 4.5 v
UVLO VIN undervoltage lockout VIN falling 35 3.75 4

Hysteresis 500 mvV
IDDspn Shutdown supply current EN1 = EN2 = EN3 = MODE = LEN1 =LEN2 =0V 12 pA
IDDg nsw EEN'iLll :EII_\IEZNZE:NO3V 5V,FB1=FB2=FB3=0.8YV, 790 A
PP nswa Input quiescent current without EEN'\lll =5|—\|/5]NE2N=2 0 \ENS P rmeey 349 hA
IDDg s buck1/2/3 switching E,Eﬁl::SLYE’NEQNi g\lfNS =0V,FB2=0.8V, 370 UA
IDDg nswa EEIS;ZSL\I/E,NEZN;L g\I;NZ =0V,FB3=0.38YV, 370 HA
IDDg 1001 EN51V: EN2 =EN3 =LEN2=0V, LFB1=0.8V, LEN1 190 LA

LDO input quiescent current

IDDg 100z ENSlV: EN2 =EN3 =LEN1 =0V, LFB2 =0.8 V, LEN2 190 WA
Vv V7V LDO output voltage V7V load current = 0 A 6.0 6.3 6.6 \%
locp vrv V7V LDO current limit 175 mA
FEEDBACK VOLTAGE REFERENCE

Veowp = 1.2V, T;=25°C 0.595 0.6 0.605 \Y,
Vg Feedback voltage

Veowp = 1.2V, T; = -40°C to 125°C 0.594 0.6 0.606 \Y
VLINEREG_Buck Line regulation-DCc® :232 : 1iA5 l\(/)LLTZVTN];(i 18V 0.002 %IV
VLOADREG_Buck Load regulation-DC® Vin =12V, loyrx = (10-100%) * louTx_max 0.02 %IA
BUCK1, BUCK2, BUCK3
VEnxH EN1/2/3 high level input voltage 1.2 1.26 \%
VeEnxL EN1/2/3 low level input voltage 11 1.15 \Y
lenx EN1/2/3 pull-up current ENx=1V 3.6 pA
lenx EN1/2/3 pull-up current ENx =15V 6.6 HA
leNnys Hysteresis current 3 HA
lss1 Buck1l soft start charging current 4.3 5 6 HA
Tssoz Buck?2/3 soft start time 1 ms
Ton_min Minimum on time 80 100 ns
Gm_EAv/2/3 Error amplifier trans-conductance —2 YA < lcompx < 2 A 300 us
G psuans g:mp voltage to inductor current I =05 A 74 AN
lumima Buckl peak inductor current limit 4.4 5.1 6.06 A
ILIMITSOURCEL Buckl low side source current limit 4.4 A
ILmiTs, Buck1 low side sink current limit 13 A
lumi23 Buck2/3 peak inductor current limit 1.8 2.4 3 A
|LIMITSOURCE2/3 Buck?2/3 low side source current limit 1.75 A
lLmiTs2i3 Buck2/3 low side sink current limit 1 A
Thiicoup_wait OC wait time® 0.5 ms
Thiicoup.re Hiccup time before re-start® 14 ms
Rdson_HS1 Buckl High-side switch resistance VIN1 =12V 100 mQ
Rdson_LS1 Buckl low-side switch resistance VIN1 =12V 65 mQ
Rdson_HS2 Buck2 High-side switch resistance VIN1 =12V 195 mQ
Rdson_LS2 Buck?2 low-side switch resistance VIN1 =12V 145 mQ
Rdson_HS3 Buck3 High-side switch resistance VINL =12V 195 mQ
Rdson_LS3 Buck3 low-side switch resistance VIN1 =12V 145 mQ

(1) Lab validation result.
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Electrical Characteristics (continued)
T,=25°C, VIN = 12 V, fsw = 600 kHz (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
POWER GOOD, MODE, POWER SEQUENCE
FBx undervoltage falling 92.5%
FBx undervoltage rising 95%
Vin pe Feedback voltage threshold — VRer
- FBXx overvoltage rising 107.5%
FBx overvoltage falling 105%
TDEGLITCHPG)_F PGOOD falling edge deglitch time 0.19 ms
TRDEGLITCH(PG)_R PGOOD rising edge deglitch time 1 ms
lpg PGOOD pin leakage 0.05 HA
Viow pe PGOOD pin low voltage Isink = 1 MA 0.4 \%
VMobEH MODE high level input voltage 12 1.26 \Y
VMODEL MODE low level input voltage 11 1.15 Y
ImMobE MODE pull-up current MODE =1V 3.6 pA
ImopE MODE pull-up current MODE =15V 6.6 HA
Tosdetay gl?tlg%g[i?:ep%svt\gre gngi‘r:ﬁnzt mode® |MOPE=15V L7 ms
LDO1 AND LDO2
VL ENXH LEN1, LEN2 high-level input voltage 12 1.26 \Y
VI EnXL LEN1, LEN2 low-level input voltage 11 1.15 \%
ILENX LEN1, LEN2 pullup current LENx=1V 36 HA
LENXx =15V 6.6
VIN_po1 LDO input voltage range 1.3 18 \%
VOUT po1 LDO output voltage range load current = 200 mA, V)y =12V 1 5.5 \%
V| pors1 LDO voltage reference load current = 10 mA, Vi =12V 0.594 0.6 0.606 \Y
Imax_LDO1 LDO current limit 240 330 mA
Varopoutt LDO drop out voltage lour = 20 mA 12 mv
lout = 200 mA 120 mV
VLINEREG, LDOL LDO line regulation-DC® \llgu\; =18V, loyr = 10 mA, LVIN1 changes from 2 to 0.002 %IV
V| 0ADREG_LDO1 LDO load regulation-DC® lout = 1MA to 200mA 0.02 %IA
PSRRpo1 Ripple rejection® }/iz_lLODkole: 12V, Vour = 1.8V, loyr = 10 mA, 56 dB
VIN_po2 LDO input voltage range 1.3 18 Y
VOUT poz LDO output voltage range load current = 100 mA, V)y =12V 1 5.5 \%
ViborB2 LDO voltage reference load current = 10 mA, Viy =12 V 0.594 0.6 0.606 \%
Imax_LDO2 LDO current limit 120 180 mA
lour = 10 mA 12 mv
Vdropout2 LDO drop out voltage
loutr = 100 mA 120 mV
VLINEREG_LDO? LDO line regulation-DC® ?L/gtg =18V, loyr = 10 mA, LVIN1 changes from 2 to 0.002 %IV
VL 0ADREG_LDO? LDO load regulation-DC® lour = 110 100 MA, V\y = 12 V 0.02 %IA
PSRR. 002 Ripple rejection® }/iz—l"ODSfZ: 12V, Vour = 1.8V, loyr = 10 mA, 56 dB
OSCILLATOR
fsw Switching frequency 570 600 630 kHz
THERMAL PROTECTION
ILEZ;O;:P Thermal protection trip point® :?ere;:it:re g 128 °C

(2) Lab validation result.
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7.6 Typical Characteristics
Ta=25°C, VIN =12 V,VOUT1 =1.2V,VOUT2 =18V, VOUT3 =3.3V, fsw = 600 kHz (unless otherwise noted)

100%

100%
90% — = 90%
(] _’/ ] 0 —_’——___;/ —
80% = = 80% = B
’ / ’/”—_ ’ —
70% 70%
£ 60% £ 60%
oy oy
c  50% c  50%
o k)
£ 40% £ 40%
L L
30% ——— PSM Mode VOUT 1.2 V 30% —— PSM Mode VOUT 1.8 V
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Typical Characteristics (continued)
Ta=25°C, VIN =12 V,VOUT1 =1.2V,VOUT2 =18V, VOUT3 =3.3V, fsw = 600 kHz (unless otherwise noted)
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Typical Characteristics (continued)

Ta=25°C, VIN =12 V,VOUT1 =1.2V,VOUT2 =18V, VOUT3 =3.3V, fsw = 600 kHz (unless otherwise noted)
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Figure 15. Shutdown Quiescent Current vs Temperature
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Figure 16. EN Pin Pullup Current vs Temperature, EN=1V
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Figure 17. EN Pin Pullup Current vs Temperature, EN = 1.5V,
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Typical Characteristics (continued)

Ta=25°C, VIN =12 V,VOUT1 =1.2V,VOUT2 =18V, VOUT3 =3.3V, fsw = 600 kHz (unless otherwise noted)
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Figure 19. EN Pin Threshold Falling vs Temperature
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Figure 20. SS Pin Charge Current vs Temperature
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Figure 21. Buckl High-Side Current Limit vs Temperature
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8 Detailed Description

8.1 Overview

The TPS65262 is a monolithic triple synchronous step-down (buck) converter with 3A/1A/1A output currents. A
wide 4.5- to 18-V input supply voltage range encompasses most intermediate bus voltages operating off 5-, 9-,
12-, or 15-V power bus. The feedback voltage reference for each buck is 0.6V. Each buck is independent with
dedicated enable, soft-start and loop compensation.

The TPS65262 implements a constant frequency, peak current mode control that simplifies external loop
compensation. The switching frequency is fixed 600 kHz. The switching clock of buckl is 180° out-of-phase
operation from the clocks of buck2 and buck3 channels to reduce input current ripple, input capacitor size and
power supply induced noise.

The TPS65262 has been designed for safe monotonic startup into pre-biased loads. The default start up is when
VIN is typically 4.5 V. The ENXx pin also can be used to adjust the input voltage under voltage lockout (UVLO)
with an external resistor divider. In addition, the ENx pin has an internal 3.6uA current source, so the EN pin can
be floating for automatically powering up the converters.

The TPS65262 reduces the external component count by integrating the bootstrap circuit. The bias voltage for
the integrated high-side MOSFET is supplied by a capacitor between the BST and LX pins. A UVLO circuit
monitors the bootstrap capacitor voltage VBST-VLX in each buck. When VBST-VLX voltage drops to the
threshold, LX pin is pulled low to recharge the bootstrap capacitor. The TPS65262 can operate at 100% duty
cycle as long as the bootstrap capacitor voltage is higher than the BOOT-LX UVLO threshold which is typically
21V.

The TPS65262 features a PGOOD pin to supervise each output voltage of buck converters. The TPS65262 has
power good comparators with hysteresis, which monitor the output voltages through feedback voltages. When all
bucks are in regulation range and power sequence is done, PGOOD is asserted to high.

The SS (soft start/tracking) pin is used to minimize inrush currents during power up. A small value capacitor or
resistor divider is coupled to the pin for soft start or voltage tracking.

At light loading, TPS65262 will automatically operate in pulse skipping mode (PSM) to save power.

The TPS65262 integrates low drop-out voltage linear regulators (LDO) with input voltage from 1.3 to 18 V,
independent enable and adjustable outputs, up to 200 mA for LDO1 and 100 mA for LDO2 continuous output
current.

The TPS65262 is protected from overload and over temperature fault conditions. The converter minimizes
excessive output overvoltage transients by taking advantage of the power good comparator. When the output is
over, the high-side MOSFET is turned off until the internal feedback voltage is lower than 105% of the 0.6V
reference voltage. The TPS65262 implements both high-side MOSFET overload protection and bidirectional low-
side MOSFET overload protections to avoid inductor current runaway. If the over current condition has lasted for
more than the OC wait time (0.5ms), the converter will shut down and re-start after the hiccup time (14ms). The
TPS65262 shuts down if the junction temperature is higher than thermal shutdown trip point 160°C. When the
junction temperature drops 20°C (typical) below the thermal shutdown trip point, the TPS65262 will be restarted
under control of the soft start circuit automatically.

The TPS65262 is available in a 32-lead thermally enhanced VQFN (RHB) package.
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Adjusting the Output Voltage

The output voltage of each buck is set with a resistor divider from the output of buck to the FB pin. TI

recommends to use 1% tolerance or better divider resistors.

-
|

Vout
R1
FB
.
L

>
0.6V

COMP

Figure 23. Voltage Divider Circuit

0.6

Ry, =R{x———
2717y, -06

@

To improve efficiency at light loads consider using larger value resistors. If the values are too high, the regulator

is more sensitive to noise. The recommended resistor values are shown in Table 1.
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Table 1. Output Resistor Divider Selection

OUTPUT VOLTAGE R1 R2
V) kQ) (kQ)
1 10 15
1.2 10 10
1.5 15 10
1.8 20 10
2.5 31.6 10
3.3 45.3 10
3.3 22.6 4.99
73.2 10
36.5 4.99

8.3.2 Enable and Adjusting Undervoltage Lockout

The EN1/2/3 pin provides electrical on/off control of the device. Once the EN1/2/3 pin voltage exceeds the
threshold voltage, the device starts operation. If each ENx pin voltage is pulled below the threshold voltage, the
regulator stops switching and enters low Iqg state.

The EN pin has an internal pull-up current source, allowing the user to float the EN pin for enabling the device. If
an application requires controlling the EN pin, use open drain or open collector output logic to interface with the

pin.

The device implements internal UVLO circuitry on the VIN pin. The device is disabled when the VIN pin voltage
falls below the internal VIN UVLO threshold. The internal VIN UVLO threshold has a hysteresis of 500mV. If an
application requires a higher UVLO threshold on the VIN pin, then the ENXx pin can be configured as shown in
Figure 24. When using the external UVLO function it is recommended to set the hysteresis to be greater than
500mV.

The EN pin has a small pull-up current I, which sets the default state of the pin to enable when no external
components are connected. The pull-up current is also used to control the voltage hysteresis for the UVLO
function since it increases by I, once the EN pin crosses the enable threshold. The UVLO thresholds can be
calculated using Equation 2 and Equation 3.

V,
ENFALLING
VsTaART ( —Vsrop

R, — VENRISING
T V,
ENFALLING
ENRISING (2
R, = Ry > VenraLLing
Vstop — VenraLLING + R Qh + Ip)
where
i Ih: 3 HA
* 1,=3.6 pA
*  Venrising= 1.2V
*  Venrane= 1.15V 3
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Figure 24. Adjustable VIN Undervoltage Lockout

8.3.3 Soft-Start Time

The voltage on the SS1 pin controls the start-up of buckl output. When the voltage on the SS1 pin is less than
the internal 0.6-V reference, The TPS65262 regulates the internal feedback voltage to the voltage on the SS1 pin
instead of 0.6V, allowing VOUT to rise smoothly from OV to its regulated voltage without inrush current. The
device has an internal pull-up current source of S5yA (typical) that charges an external soft-start capacitor to
provide a linear ramping voltage at SS1 pin.

Buckl's soft-start time can be calculated approximately by Equation 4.
Buck2 and Buck3 have fixed 1-ms soft start time.

Tss(ms) =Css(nF)x [%6XJ

(4)
8.3.4 Power-Up Sequencing

TPS65262 features a comprehensive sequencing circuit for the three bucks. If MODE pin driving to high, three
buck start up and shutdown in sequences according to different Buck enable pin setup. If MODE pin ties low to
ground, three buck on/off were separately controlled by three enable pins.

8.3.4.1 External Power Sequencing

The TPS65262 has dedicated enable pin for each converter. The converter enable pins are biased by a current
source that allows for easy sequencing by the addition of an external capacitor. Disabling the converter with an
active pull-down transistor on the ENx pin allows for a predictable power-down timing operation. Figure 25 shows
the timing diagram of a typical buck power-up sequence with connecting a capacitor at ENx pin.

A typical 1.4-pA current is charging ENx pin from input supply. When ENXx pin voltage rise to typical 0.4 V, the
internal V7V LDO turns on. A 3.6-pJA pullup current is sourcing ENx. After ENx pin voltage reaches to 1.2 V
typical, 3-pA hysteresis current sources to the pin to improve noise sensitivity. If all output voltages are in the
regulation, PGOOD is asserted after PGOOD deglitch time.
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T = Ce\*(1.2-0.4)V/3.6 UA [

T =Cg\*0.4V/1.4 UA
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Figure 25. Startup Power Sequence

8.3.4.2 Automatic Power Sequencing

The TPS65262 starts with a predefined power-up and power-down sequence when VQFN pin driven to high. As
shown in Table 2, the sequence is dictated by the different combinations of EN1 and EN2 status. EN3 is used to
start/stop the converters. Buck2 and buck3 are identical converters and can be swapped in the system operation
to allow for additional sequencing stages. Figure 26 shows the power sequencing when EN1 and EN2 are pulled
up high.

Table 2. Power Sequencing

VQFN EN1 EN2 EN3 Start Sequencing SShutdov_vn
equencing

High High High Used to start/stop Buckl—buck2—buck3 | Buck3—buck2—buckl
Automatic Power High Low High bucks in Buck2—buckl—buck3 | Buck3—buckl—buck2
Sequencing High High Low sequence Buck2—buck3—buckl | Buckl—buck3—buck2

High Low Low Reserved Reserved Reserved

Used to Used to
Exte;r;allljyecr:lgir:]trolled Low start/stop start/stop Used :)ou;t(%rt/stop X .
q 9 buckl buck2
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EN1
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T =t1=12=t3=t4=17ms

psdelay —

Figure 26. Automatic Power Sequencing

8.3.5 V7V Low Dropout Regulator and Bootstrap

Power for the high-side and low-side MOSFET drivers and most other internal circuitry is derived from the V7V
pin. The internal built-in low dropout linear regulator (LDO) supplies 6.3 V (typical) from VIN to V7V. A 1-uF
ceramic capacitor should be connected from V7V pin to power ground.

If the input voltage, VIN decreases to UVLO threshold voltage, the UVLO comparator detects V7V pin voltage
and forces the converter off.

Each high-side MOSFET driver is biased from the floating bootstrap capacitor, CB, shown in Figure 27, which is
normally recharged during each cycle through an internal low-side MOSFET or the body diode of low-side
MOSFET when the high-side MOSFET turns off. The boot capacitor is charged when the BST pin voltage is less
than VIN and BST-LX voltage is below regulation. The recommended value of this ceramic capacitor is 47 nF. A
ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 10V or higher is recommended
because of the stable characteristics over temperature and voltage. Each low-side MOSFET driver is powered
from V7V pin directly.

To improve drop out, the device is designed to operate at 100% duty cycle as long as the BST to LX pin voltage
is greater than the BST-LX UVLO threshold, which is typically 2.1 V. When the voltage between BST and LX
drops below the BST-LX UVLO threshold, the high-side MOSFET is turned off and the low-side MOSFET is
turned on allowing the boot capacitor to be recharged.
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Figure 27. V7V Linear Dropout Regulator and Bootstrap Voltage Diagram

8.3.6 Out of Phase Operation

To reduce input ripple current, the switch clock of buckl is 180° out-of-phase from the clock of buck2 and buck3.
This enables the system having less input current ripple to reduce input capacitors’ size, cost, and EMI.

8.3.7 Output Overvoltage Protection (OVP)

The device incorporates an output overvoltage protection (OVP) circuit to minimize output voltage overshoot.
When the output is overloaded, the error amplifier compares the actual output voltage to the internal reference
voltage. If the FB pin voltage is lower than the internal reference voltage for a considerable time, the output of
the error amplifier demands maximum output current. Once the condition is removed, the regulator output rises
and the error amplifier output transitions to the steady state voltage. In some applications with small output
capacitance, the load can respond faster than the error amplifier. This leads to the possibility of an output
overshoot. Each buck compares the FB pin voltage to the OVP threshold. If the FB pin voltage is greater than
the OVP threshold, the high-side MOSFET is turned off preventing current from flowing to the output and
minimizing output overshoot. When the FB voltage drops lower than the OVP threshold, the high-side MOSFET
turns on at the next clock cycle.

8.3.8 PSM
The TPS65262 can enter high-efficiency PSM operation at light load current.

When a controller is enabled for PSM operation, the peak inductor current is sensed and compared with 230-mA
current typically. Since the integrated current comparator catches the peak inductor current only, the average
load current entering PSM varies with the applications and external output filters. In PSM, the sensed peak
inductor current is clamped at 230 mA.
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When a controller operates in PSM, the inductor current is not allowed to reverse. The reverse current
comparator turns off the low-side MOSFET when the inductor current reaches zero, preventing it from reversing
and going negative.

Due to the delay in the circuit and current comparator tdly (typical 50 ns at Vin = 12 V), the real peak inductor
current threshold to turn off high-side power MOSFET could shift higher depending on inductor inductance and
input/output voltages. The threshold of peak inductor current to turn off high-side power MOSFET can be
calculated by Equation 5.

vin —vout
IL =230mA + ———— xtdl
PEAK L y 5)
Once the charge accumulated on Vout capacitor is more than loading need, COMP pin voltage drops to low
voltage driven by error amplifier. There is an internal comparator at COMP pin. If comp voltage is lower than
0.35V, power stage stops switching to save power.

230mA
+ Turn off
high-side Power MOSFET
Inductor —————
Current Peak
—@——— Current -
Sensing Current Comparator
IL Peak x1 Delay: tdly

Inductor Peak Current

Figure 28. PSM Current Comparator

8.3.9 Slope Compensation

In order to prevent the sub-harmonic oscillations when the device operates at duty cycles greater than 50%, the
device adds built-in slope compensation, which is a compensating ramp to the switch current signal.

8.3.10 Overcurrent Protection

The device is protected from over current conditions by cycle-by-cycle current limiting on both the high-side
MOSFET and the low-side MOSFET.

8.3.10.1 High-Side MOSFET Overcurrent Protection

The device implements current mode control which uses the COMP pin voltage to control the turn off of the high-
side MOSFET and the turn on of the low-side MOSFET on a cycle by cycle basis. Each cycle the switch current
and the current reference generated by the COMP pin voltage are compared. When the peak switch current
intersects the current reference, the high-side switch is turned off.

8.3.10.2 Low-Side MOSFET Overcurrent Protection

While the low-side MOSFET is turned on, its conduction current is monitored by the internal circuitry. During
normal operation the low-side MOSFET sources current to the load. At the end of every clock cycle, the low-side
MOSFET sourcing current is compared to the internally set low-side sourcing current limit. If the low-side
sourcing current is exceeded, the high-side MOSFET is not turned on and the low-side MOSFET stays on for the
next cycle. The high-side MOSFET is turned on again when the low-side current is below the low-side sourcing
current limit at the start of a cycle.

The low-side MOSFET may also sink current from the load. If the low-side sinking current limit is exceeded, the
low-side MOSFET is turned off immediately for the rest of that clock cycle. In this scenario both MOSFETs are
off until the start of the next cycle.
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Furthermore, if an output overload condition (as measured by the COMP pin voltage) has lasted for more than
the hiccup wait time which is programmed for 0.5 ms shown in Figure 29, the device will shut down itself and
restart after the hiccup time 14ms. The hiccup mode helps to reduce the device power dissipation under severe
overcurrent condition.

OCP peak inductor current threshold

soft start time
OC limiting (waiting) time hiccup time buck1: T=Css*0.6V/5uA
| 0.5ms | 14ms | buck2/3: 1ms |
Output over loading |

iL
Inductor Current M\/\/\/\/\/\

~2.1V pd

SS OC fault removed, soft-start & output recovery 0.6V

SS Pin Voltage

Output hard short circuit

Vout /
Output Voltage

Figure 29. Overcurrent Protection

8.3.11 Power Good

The PGOOD pin is an open drain output. Once feedback voltage of each buck is between 95% (rising) and 105%
(falling) of the internal voltage reference, the PGOOD pin pull-down is de-asserted and the pin floats. It is
recommended to use a pull-up resistor between the values of 10 and 100 kQ to a voltage source that is 5.5 V or
less. The PGOOD is in a defined state once the VIN input voltage is greater than 1 V, but with reduced current
sinking capability. The PGOOD achieves full current sinking capability once the VIN input voltage is above UVLO
threshold, which is 4.25 V.

The PGOOD pin is pulled low when any feedback voltage of buck is lower than 92.5% (falling) or greater than
107.5% (rising) of the nominal internal reference voltage. Also, the PGOOD is pulled low, if the input voltage is
under-voltage locked up, thermal shutdown is asserted, the EN pin is pulled low or the converter is in a soft-start
period.

8.3.12 Thermal Shutdown

The internal thermal shutdown circuitry forces the device to stop switching if the junction temperature exceeds
160°C typically. The device reinitiates the power up sequence when the junction temperature drops below 140°C
typically.

Table 3. Related Parts

PART NUMBER DESCRIPTION COMMENTS
TPS65261 4.5- to 18-V, triple buck with input Triple buck 3-A/2-A/2-A output current, features an open drain RESET signal
voltage power failure indicator to monitor power down, automatic power sequencing
TPS65263 4.5- to 18-V, triple buck with 1°C Triple buck 3-A/2-A/2-A output current, 12C controlled dynamic voltage
interface scaling (DVS)

4.5- to 18-V, triple buck with power Triple buck 3-A/2-A/2-A output current, up to 2.1-A USB power with over

TPS65287 . current setting by external resistor, push button control for intelligent system
switch and push button control power-on/power-off operation
) K . . Triple buck 3-A/2-A/2-A output current, 2 USB power switches current limiting
TPS65288 g\./\?itctl?e:;g V. triple buck with dual power at typical 1.2 A (0.8/1.0/1.4/1.6/1.8/2.0/2.2 A available with manufacture trim
options)
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8.4 Device Functional Modes

8.4.1 Operation With V,y < 4.5V (Minimum V)

The device operates with input voltages above 4.5 V. The maximum UVLO voltage is 4.5 V and operates at input
voltages above 4.5 V. The typical UVLO voltage is 4.25 V, and the device may operate at input voltages above
that point. The device also may operate at lower input voltages; the minimum UVLO voltage is 4 V (rising) and
3.5V (falling). At input voltages below the UVLO minimum voltage, the device does not operate.

8.4.2 Operation With EN Control

The enable rising edge threshold voltage is 1.2 V typical and 1.26 V maximum. With EN held below that voltage,
the device is disabled and switching is inhibited. The IC quiescent current is reduced in this state. When the input
voltage is above the UVLO threshold and the EN voltage is increased above the rising edge threshold, the
device becomes active. Switching is enabled, and the soft-start sequence is initiated. The device starts at the
soft-start time determined by the external soft start capacitor as shown in Figure 31 to Figure 36.

8.4.3 Operation at Light Loads

The device is designed to operate in high-efficiency PSM under light load conditions. Pulse skipping is initiated
when the switch current falls to 0.23 A. During pulse skipping, the low-side FET is turned off. The switching node
(LX) waveform takes on the characteristics of DCM operation and the apparent switching frequency decreases
as shown in Figure 37, Figure 39, and Figure 41.
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9 Application and Implementation

9.1 Application Information

The device is triple-synchronous, step-down DC/DC converter with dual LDOs. The device is typically used to
convert a higher DC voltage to lower DC voltages with continuous available output current of 3 A/1 A/1 A. The
following design procedure can be used to select component values for the TPS65262. This section presents a
simplified discussion of the design process.

9.2 Typical Application

C182pF

C322pF

0K
R11 20K - 4 = R31 45.3K
T ﬁ 10n| 1uF iy
s o o = o o o ~
I & & I ] 9 2 =
- - - - > a <« o
& & 3 £ 5 3 & &
Vout1 R4 25 8 < 16 RS Vout3
BST1 BST3
+1.2V 0 0 L +3.3V
P cs c9 13
Max. 3A —= A7nF 47nF Max. 1A
T 26 11 x1 X3 |18 ]
1 4.7uH 4.7uH
C10 ——cn T T 2T
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S & e )
. ul u Vin
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Vin 28| vint TPS65262 wns je=— 1 ViIn
T o2 lien VINZ w
Raz it
10K 1%1 u T
LDO1 - S0 tre1 ACAR2 l
1 R40 N L oF
25V c16 570 0 22uF
200mA 1uFT- E 31 ) LouT1
Lx2
4(7;1;L 47uH Vout2
. Re 4N +1.8V
Vool . wfi o O EE . 1A
gt s 5 o o § & ~ ¢
4.7u ES o o
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9.2.1 Design Requirements

PGOOD

10K

This example details the design of a triple-synchronous step-down converter. A few parameters must be known
to start the design process. These parameters are typically determined at the system level. For this example,
start with the following known parameters shown in Table 4.
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Table 4. Design Parameters

PARAMETER VALUE
Voutl 12V
loutl 3A
Vout2 18V
lout2 1A
Vout3 33V
lout3 1A
Buck1 transient response 1-A load step +5%
Buck?2, buck3 transient response 0.5-A load step +5%
Input voltage 12 V normal, 4.5t0 18 V
Output voltage ripple +1%
Switching frequency 600 kHz

9.2.2 Detailed Design Procedure

9.2.2.1 Output Inductor Selection

To calculate the value of the output inductor, use Equation 6. LIR is a coefficient that represents the amount of
inductor ripple current relative to the maximum output current. The inductor ripple current is filtered by the output
capacitor. Therefore, choosing high inductor ripple currents impact the selection of the output capacitor since the
output capacitor must have a ripple current rating equal to or greater than the inductor ripple current. In general,
the inductor ripple value is at the discretion of the designer; however, LIR is normally from 0.1 to 0.3 for the
majority of applications.

Vinmax B Vout « Vout
Io xLIR Vinmax stw (6)

For the output filter inductor, it is important that the RMS current and saturation current ratings not be exceeded.
The RMS and peak inductor current can be found from Equation 8 and Equation 9.
| _V

ole = inmax Vout x Vout
ripple
L Vinmax * fsw ©)

2
{Vout X (Vinmax - Vout )]
2

| 24 Vinmax XL % fow
Lrms O 12

®

- Iripple
~out

I

Lpeak ©)
The current flowing through the inductor is the inductor ripple current plus the output current. During power up,
faults or transient load conditions, the inductor current can increase above the calculated peak inductor current
level calculated above. In transient conditions, the inductor current can increase up to the switch current limit of
the device. For this reason, the most conservative approach is to specify an inductor with a saturation current
rating equal to or greater than the switch current limit rather than the peak inductor current.

9.2.2.2 Output Capacitor Selection

There are three primary considerations for selecting the value of the output capacitor. The output capacitor
determines the modulator pole, the output voltage ripple, and how the regulator responds to a large change in
load current. The output capacitance needs to be selected based on the most stringent of these three criteria.
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The desired response to a large change in the load current is the first criteria. The output capacitor needs to
supply the load with current when the regulator cannot. This situation would occur if there are desired hold-up
times for the regulator where the output capacitor must hold the output voltage above a certain level for a
specified amount of time after the input power is removed. The regulator is also temporarily not able to supply
sufficient output current if there is a large, fast increase in the current needs of the load such as a transition from
no load to full load. The regulator usually needs two or more clock cycles for the control loop to see the change
in load current and output voltage and adjust the duty cycle to react to the change. The output capacitor must be
sized to supply the extra current to the load until the control loop responds to the load change. The output
capacitance must be large enough to supply the difference in current for 2 clock cycles while only allowing a
tolerable amount of droop in the output voltage. Equation 10 shows the minimum output capacitance necessary
to accomplish this.

2% Algy
o, =t
Fow *AVout (10)

Where Alout is the change in output current, fs, is the regulator's switching frequency and AVout is the allowable
change in the output voltage.

Equation 11 calculates the minimum output capacitance needed to meet the output voltage ripple specification.

Co > L x 1
8x fsw Voripple
Ioripple
where

* fswis the switching frequency
Voripple 1S the maximum allowable output voltage ripple
loripple 1S the inductor ripple current (11)

Equation 12 calculates the maximum ESR an output capacitor can have to meet the output voltage ripple
specification.
V

oripple
esr |

R
oripple (12)

Additional capacitance de-ratings for aging, temperature and DC bias should be factored in which increases this
minimum value. Capacitors generally have limits to the amount of ripple current they can handle without failing or
producing excess heat. An output capacitor that can support the inductor ripple current must be specified. Some
capacitor data sheets specify the root mean square (RMS) value of the maximum ripple current. Equation 13 can
be used to calculate the RMS ripple current the output capacitor needs to support.

Vout X (Vinmax - Vout)
\/EX inmaxXLstw (13)

corms

9.2.2.3 Input Capacitor Selection

The TPS65262 requires a high quality ceramic, type X5R or X7R, input decoupling capacitor of at least 10 uF of
effective capacitance on the VIN input voltage pins. In some applications additional bulk capacitance may also be
required for the VIN input. The effective capacitance includes any DC bias effects. The voltage rating of the input
capacitor must be greater than the maximum input voltage. The capacitor must also have a ripple current rating
greater than the maximum input current ripple of The TPS65262. The input ripple current can be calculated using
Equation 14.

| = % Vout « (Vinmin _Vout)
inrms ~'out

Vinmin Vin min (14)
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The value of a ceramic capacitor varies significantly over temperature and the amount of DC bias applied to the
capacitor. The capacitance variations due to temperature can be minimized by selecting a dielectric material that
is stable over temperature. X5R and X7R ceramic dielectrics are usually selected for power regulator capacitors
because they have a high capacitance to volume ratio and are fairly stable over temperature. The output
capacitor must also be selected with the DC bias taken into account. The capacitance value of a capacitor
decreases as the DC bias across a capacitor increases. The input capacitance value determines the input ripple
voltage of the regulator. The input voltage ripple can be calculated using Equation 15.

AV, = loutmax ¥ 0-25

" Cin % fsw (15)

9.2.2.4 Loop Compensation

The TPS65262 incorporates a peak current mode control scheme. The error amplifier is a trans-conductance
amplifier with a gain of 300 uS. A typical type Il compensation circuit adequately delivers a phase margin
between 60° to 90°. C,, adds a high-frequency pole to attenuate high frequency noise when needed. To calculate
the external compensation components, follow the following steps.

1. Switching frequency f, 600 kHz is appropriate for application depending on L and C sizes, output ripple,
EMI, and etc., also gives best trade-off between performance and cost.

2. Set up cross over frequency, fc, which is typically between 1/5 and 1/20 of f,.
3. Rc can be determined by
2nxfcxVoxCo

RC =
Gr-ga x VrefxGp pg (16)

Where G, g is the error amplifier gain (300 uS), G, ps is the power stage voltage to current conversion
gain (7.4 ANV).

1
4. Calculate Cc by placing a compensation zero at or before the dominant pole [fp = C—]
o XR x2n

R, xCo
CC Z—L
Re a7
5. Optional Cy, can be used to cancel the zero from the ESR associated with Co.
Rc (18)
@ LX VouT
iL
RESR
Current Sense R
IV Converter G ps= 74 AV Co
% ——C,
COMP | A
Ve V=06V
Re G, ca=300pS
C,—/
ﬁ Cc
Figure 30. DC/DC Loop Compensation
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9.2.3 Application Curves

Ta=25°C,VIN =12 V,VOUT1 =1.2V,VOUT2 =18V, VOUT3 =3.3V, fsw = 600 kHz (unless otherwise noted)
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Figure 31. Buckl, Soft-Start With No Load Figure 32. Buckl, Soft-Start With Full Load
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Figure 33. Buck2, Soft-Start With No Load Figure 34. Buck2, Soft-Start With Full Load
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Figure 35. Buck3, Soft-Start With No Load Figure 36. Buck3, Soft-Start With Full Load
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To=25°C, VIN=12V, VOUT1 = 1.2V, VOUT2 = 1.8V, VOUT3 = 3.3 V, fy = 600 kHz (unless otherwise noted)
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Figure 37. Buckl, Steady State Operation Figure 38. Buckl, Steady State Operation
With Light Load With Full Load
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Figure 39. Buck2, Steady State Operation Figure 40. Buck2, Steady State Operation
With Light Load With Full Load
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Figure 41. Buck3, Steady State Operation
With Light Load
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Figure 42. Buck3, Steady State Operation
With Full Load
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To=25°C, VIN=12V, VOUT1 = 1.2V, VOUT2 = 1.8V, VOUT3 = 3.3 V, fy = 600 kHz (unless otherwise noted)
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Figure 43. Buckl, Load Transient, 0.75t0 1.5 A Figure 44. Buckl, Load Transient, 1.5to 2.25 A
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Figure 45. Buck2, Load Transient, 0.25to 0.5 A Figure 46. Buck2, Load Transient, 0.5to 0.75 A
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Figure 47. Buck3, Load Transient, 0.25t0 0.5 A Figure 48. Buck3, Load Transient, 0.5to 0.75 A
SR =0.25 Alus SR = 0.25A/us
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 29

Product Folder Links: TPS65262


http://www.ti.com/product/tps65262?qgpn=tps65262
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCF9C&partnum=TPS65262
http://www.ti.com/product/tps65262?qgpn=tps65262

TPS65262

SLVSCF9C —JANUARY 2014—-REVISED JULY 2014

13 TEXAS
INSTRUMENTS

www.ti.com

To=25°C, VIN=12V, VOUT1 = 1.2V, VOUT2 = 1.8V, VOUT3 = 3.3 V, fy = 600 kHz (unless otherwise noted)
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Figure 53. Buck3, Overcurrent Protection Figure 54. Buck3, Hiccup and Recovery
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T, =25°C, VIN =12V, VOUT1 = 1.2V, VOUT2 = 1.8V, VOUT3 = 33 V, fsy = 600 kHz (unless otherwise noted)

Figure 55. Automatic Power Sequencing,
MODE = EN1 = EN2 = HIGH
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Figure 56. Automatic Power Sequencing,
MODE = EN1 = EN2 = HIGH
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Figure 59. Automatic Power Sequencing,
MODE = EN2 = HIGH, EN1 = LOW
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Figure 60. Automatic Power Sequencing,
MODE = EN2 = HIGH, EN1 = LOW
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To=25°C, VIN=12V, VOUT1 = 1.2V, VOUT2 = 1.8V, VOUT3 = 3.3 V, fy = 600 kHz (unless otherwise noted)

40.6 °¢ | $FLIR

£=0.95 Sl

GOl — ]
Operating at VIN = 12 V

VOUT1 =1.2V/15

A

VOUT3=3.3V/05A VOUT2 = 1.8 V/0.5
A

Figure 61. Thermal Signature of TPS65262EVM
EVM Condition 4 Layers, 64 mm x 69 mm, T, = 30.5°C

65.4 °C
£=0.95

$FLIR
13

VOUT1=12V/3 A
VOUT2=18V/1A

Operating at VIN = 12 V
VOUT3=33V/1A

Figure 62. Thermal Signature of TPS65262EVM
EVM Condition 4 Layers, 64 mm x 69 mm, T, = 30.5°C
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10 Power Supply Recommendations

A wide 4.5- to 18-V input supply voltage range encompasses the most intermediate bus voltage operating off 5-,
9-, 12-, or 15-V power bus. The converter, with constant frequency peak current mode, is designed to simplify its
application while giving designers options to optimize the system according to targeted applications.

11 Layout

11.1 Layout Guidelines
The TPS65262 supports a 2-layer PCB layout, shown in Figure 63.

Layout is a critical portion of good power supply design. See Figure 63 for a PCB layout example. The top
contains the main power traces for VIN, VOUT, and LX. Also on the top layer are connections for the remaining
pins of the TPS65262 and a large top side area filled with ground. The top layer ground area should be
connected to the bottom layer ground using vias at the input bypass capacitor, the output filter capacitor and
directly under the TPS65262 device to provide a thermal path from the exposed thermal pad land to ground. The
bottom layer acts as ground plane connecting analog ground and power ground.

For operation at full rated load, the top side ground area together with the bottom side ground plane must provide
adequate heat dissipating area. There are several signals paths that conduct fast changing currents or voltages
that can interact with stray inductance or parasitic capacitance to generate noise or degrade the power supplies
performance. To help eliminate these problems, the VIN pin should be bypassed to ground with a low ESR
ceramic bypass capacitor with X5R or X7R dielectric. Care should be taken to minimize the loop area formed by
the bypass capacitor connections, the VIN pins, and the ground connections. The VIN pin must also be bypassed
to ground using a low ESR ceramic capacitor with X5R or X7R dielectric.

Since the LX connection is the switching node, the output inductor should be located close to the LX pins, and
the area of the PCB conductor minimized to prevent excessive capacitive coupling. The output filter capacitor
ground should use the same power ground trace as the VIN input bypass capacitor. Try to minimize this
conductor length while maintaining adequate width. The small signal components should be grounded to the
analog ground path.

The FB and COMP pins are sensitive to noise so the resistors and capacitors should be located as close as
possible to the IC and routed with minimal lengths of trace. The additional external components can be placed
approximately as shown.
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11.2 Layout Example
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Figure 63. PCB Layout
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12 Device and Documentation Support

12.1 Trademarks
All trademarks are the property of their respective owners.

12.2 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y'\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

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

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

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

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS65262RHBR ACTIVE VQFN RHB 32 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 TPS
& no Sb/Br) 65262
TPS65262RHBT ACTIVE VQFN RHB 32 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 TPS
& no Sb/Br) 65262



http://www.ti.com/product/TPS65262?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS65262?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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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
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS65262RHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 1.1 8.0 12.0 Q2
TPS65262RHBT VQFN RHB 32 250 180.0 12.4 5.3 5.3 11 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65262RHBR VQFN RHB 32 3000 367.0 367.0 35.0
TPS65262RHBT VQFN RHB 32 250 210.0 185.0 35.0
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MECHANICAL DATA

RHB (S*PVQFN*NBZ) PLASTIC QUAD FLATPACK NO—LEAD
5,15 )
4,85
[B]
5,15
4,85
52
/o
PIN 1
INDEX AREA
1,00 0,20 REF
0,80
A
(=] 0,08[C]
0,05 MAX
0,50
1 § o
Jguuujuuuu_]
32 D =2 y
) THERMAL PAD -
D) dd
> SIZE AND SHAPE d L
:) SHOWN ON SHPARATE SHEET C 4>< ’i@
D) dd
) E—i
D) N
ANARANAANANANA 0,50
0,30
32X 38 (& ]o,10@[c]A[B]
Bottom View
4204326 /D 06,/11

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

A

B.

C. QFN (Quad Flatpack No-Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E
F

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RHB (S—PVQFN—N32) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR
(OPTIONAL)

1 8
uuduuuuudu
) }/—Exposed Thermal Pad
D) A
3,45£0,10 | G
D) (an
D) (an
) d
25:) 16
(INANANARANANAN(
24 17
[— 3,45+0,10 —>»

Bottom View

Exposed Thermal Pad Dimensions

4206356-2/AC 05/15

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RHB (S—PVQFN—-N32) PLASTIC QUAD FLATPACK NO-LEAD

Example Stencil Design
Example Board Layout 0.125 Thick Stencil

(Note D)
Note C | — =05 — |<—O,23! — =09
| 0,8
0000000 ;:Jggogguu -
(- 3,45 —— o | ! | —
==11-3,45 ! == 4158 __%__1_!___}_%4’15 5,75

D) | (| D 145 | 0,3 —
(D) | 1 /D Pl —

- — —+ 1,45

0000000

0,25— |=—

-~ 415 —~

~—— 5,70 ————

(71% Printed Solder Coverage by Area)

INon Solder Mask Defined Pad
H //’__-\\

Example Via Layout Design

Example Solder Mask Opening may vary depending on constraints
(Note E) (Note C, E)
0,08 1,0
RO,14 A 0’85 \ 9X¢O,2—\\
‘\‘ ® 0] o

-0

\ 007_f mpdd Geometry ———6———4)—— o 1,0

All A’round / o) 4) o
I

"

4207808-2/V  04/15

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at

www.ti.com <http: //www.ti.com>.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

E.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for any larger diameter vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
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