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TPS65021 Power Management IC For Li-lon or Li-Polymer Powered Systems

1 Features
o 1.2-A, 97% Efficient Step-Down Converter for
System Voltage (VDCDC1)

* 1-A, Up to 95% Efficient Step-Down Converter for
Memory Voltage (VDCDC2)

*  900-mA, 90% Efficient Step-Down Converter for
Processor Core (VDCDC3)

e 30-mA LDO and Switch for Real-Time Clock
(VRTC)

e 2 x 200-mA General-Purpose LDO
» Dynamic Voltage Management for Processor Core

» Preselectable LDO Voltage Using Two Digital
Input Pins

» Externally Adjustable Reset Delay Time

» Battery Backup Functionality

e Separate Enable Pins for Inductive Converters
+ I12C-Compatible Serial Interface

e 85-uA Quiescent Current

* Low-Ripple PFM Mode

» Thermal Shutdown Protection

e 40-Pin 6-mm x 6-mm VQFN Package

2 Applications

 PDAs

» Cellular and Smart Phones

* Internet Audio Players

» Digital Still Cameras

» Digital Radio Players

e Split-Supply TMS320™ DSP Family and puP
Solutions: OMAP™1610, OMAP1710, OMAP330,

XScale Bulverde, Samsung ARM-Based
Processors, and so Forth

+ Intel® PXA270, and so Forth

3 Description

The TPS65021 device is an integrated power
management IC for applications powered by one Li-
lon or Li-Polymer cell, and which requires multiple
power rails. The TPS65021 device provides three
highly efficient, step-down converters targeted at
providing the core voltage, peripheral, 1/O, and
memory rails in a processor-based system. All three
step-down converters enter a low-power mode at light
load for maximum efficiency across the widest
possible range of load currents.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (40) 6.00 mm x 6.00 mm

PART NUMBER
TPS65021

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

Simplified Application Diagram
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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I} TEXAS
INSTRUMENTS
TPS65021
SLVS613D —OCTOBER 2005—-REVISED DECEMBER 2015 www.ti.com
Table of Contents
1 FAUIES ..o 8 Detailed DeSCrption .......ccovevvvveriieeiiee e 19
2 Applications 8.1 OVEIVIEW ..ot 19
3 DESCIIPHON cocvieceecece e 8.2 Functional Block Diagram ............ccocrwvenreeneenienens. 20
4 ReVISION HiStOMY....ooiiueeceieeeeeeeeeeee e 8.3 Feature DescCription..........cccccvveviiiiicnicniecieeseee 21
5 Description (continued) 8.4 Device Functional Modes..........ccccceeeiiveeniiiieniieenns 25
6 Pin Configuration and Functions 85 Programming....
. . 8.6 Register Maps........ccoeiiiiiiiiiii e
7 SpecCificatioNS......oeoiiiiiee e L .
7.1 Absolute Maximum Ratings 9 Application and Implementation ............ccc.c....... 35
7.2 ESD Ratings 9.1 Application Information...........c.ccceeeereeiieiienneennnn 35
7.3 Recommended Operating Conditions..................... 5 9.2 Typical Application ............... s 36
7.4 Thermal Information 6 10 Power Supply Recommendations ...........cc........ 41
75 Electrical Characteristics 6 10.1 Requirements for Supply Voltages below 3.0 V ... 41
7.6 Electrical Characteristics: Supply Pins VCC, 11 LAYOUL et 42
VINDCDC1, VINDCDC2, VINDCDCS3......covvveeeerennnn 8 11.1 Layout GUIdENINES ......ceeeevieeeriiie e 42
7.7 Electrical Characteristics: Supply Pins VBACKUP, 11.2 Layout EXample ...........ccooviiiiiiiiiiniiiics 42
VSYSIN, VRTC, VINLDO.....ovvvserivmnnnssnisninisssisiiinns 8 12 Device and Documentation SUpport ................ 43
7.8 Electrical Characteristics: VDCDC1 Step-Down 12,1 DEVICE SUPPOT.cer eereeeereeeeeereeeeeeereesseeseeeseseesenee 43
CONVEIET .t 9 .
. o 12.2  Community RESOUICES..........cevveiaiiiiiieeeiiiiieeeeenne 43
7.9 Electrical Characteristics: VDCDC2 Step-Down
CONVEIET et 10 123 TrademarKs e T o
7.10 Electrical Characteristics: VDCDC3 Step-Down 12.4  Electrostatic Discharge Caution............cooovoee.. 43
CONVEIET oo i, 10 12.5 Glossary ................................................................ 43
7.11 Timing REQUIMEMENLS .........c.eveeeeeeereeeeeseeseeneenns 11 13 Mechanical, Packaging, and Orderable
7.12  Typical CharaCleriStics ........o...vvrveeerrerseeeereerrrnenes 14 INFOrMALtioN ...uvviiiiiiieieeeeeeee e 43
4 Revision History
Changes from Revision C (September 2011) to Revision D Page

« Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and
Mechanical, Packaging, and Orderable INformation SECHON ...........ccciiiii i e 1

2 Submit Documentation Feedback Copyright © 2005-2015, Texas Instruments Incorporated

Product Folder Links: TPS65021



13 TEXAS
INSTRUMENTS
TPS65021

www.ti.com SLVS613D —OCTOBER 2005—-REVISED DECEMBER 2015

5 Description (continued)

The TPS65021 device also integrates two general-purpose 200-mA LDO voltage regulators, which are enabled
with an external input pin. Each LDO operates with an input voltage range from 1.5 V to 6.5 V, thus allowing
them to be supplied from one of the step-down converters or directly from the battery. The default output voltage
of the LDOs can be digitally set to 4 different voltage combinations using the DEFLDO1 and DEFLDO?2 pins. The
serial interface can be used for dynamic voltage scaling, masking interrupts, or for disabling or enabling and
setting the LDO output voltages. The interface is compatible with both the fast and standard mode I°C
specifications, allowing transfers at up to 400 kHz. The TPS65021 device is available in a 40-pin (RHA) VOQFN
package, and operates over a free-air temperature of —40°C to +85°C.

6 Pin Configuration and Functions

RHA Package

40-Pin VQFN
Top View
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Pin Functions
PIN
110 DESCRIPTION
NAME NO.
SWITCHING REGULATOR SECTION
AGND1 40 — Analog ground connection. All analog ground pins are connected internally on the chip.
AGND2 17 — Analog ground connection. All analog ground pins are connected internally on the chip.
DCDC1_EN 25 | VDCDCI1 enable pin. A logic high enables the regulator, a logic low disables the regulator.
DCDC2_EN 24 | VDCDC?2 enable pin. A logic high enables the regulator, a logic low disables the regulator.
DCDC3_EN 23 | VDCDCS3 enable pin. A logic high enables the regulator, a logic low disables the regulator.
Input signal indicating default VDCDC1 voltage, 0 = 3 V, 1 = 3.3 V This pin can also be connected to
DEFDCDC1 10 | a resistor divider between VDCDC1 and GND. If the output voltage of the DCDC1 converter is set in
a range from 0.6 V to VINDCDC1 V.

Copyright © 2005-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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Pin Functions (continued)

PIN
110 DESCRIPTION

NAME NO.
Input signal indicating default VDCDC2 voltage, 0 = 1.8 V, 1 = 2.5 V This pin can also be connected

DEFDCDC2 32 | to a resistor divider between VDCDC2 and GND. If the output voltage of the DCDC2 converter is set
in a range from 0.6 V to VINDCDC2 V.
Input signal indicating default VDCDC3 voltage, 0 = 1.3 V, 1 = 1.55 V This pin can also be connected

DEFDCDC3 1 | to a resistor divider between VDCDC3 and GND. If the output voltage of the DCDC3 converter is set
in a range from 0.6 V to VINDCDC3 V.

L1 7 — Switch pin of VDCDC1 converter. The VDCDCL1 inductor is connected here.

L2 35 — Switch pin of VDCDC2 converter. The VDCDC2 inductor is connected here.

L3 — Switch pin of VDCDC3 converter. The VDCDCS inductor is connected here.

PGND1 8 — Power ground for VDCDCL1 converter

PGND2 34 — Power ground for VDCDC2 converter

PGND3 3 — Power ground for VDCDC3 converter

PowerPAD™ - — Connect the power pad to analog ground
Power supply for digital and analog circuitry of VDCDC1, VDCDC2, and VDCDC3 DC-DC converters.

VCC 37 | This must be connected to the same voltage supply as VINDCDC3, VINDCDC1, and VINDCDC?2.
Also supplies serial interface block

VDCDC1 9 | VDCDCL1 feedback voltage sense input, connect directly to VDCDC1

VDCDC2 33 | VDCDC?2 feedback voltage sense input, connect directly to VDCDC2

VDCDC3 2 | VDCDC3 feedback voltage sense input, connect directly to VDCDC3

VINDCDC1 6 | Input voltage for VDCDC1 step-down converter. This must be connected to the same voltage supply
as VINDCDC2, VINDCDC3, and VCC.

VINDCDC2 36 | Input voltage for VDCDC2 step-down converter. This must be connected to the same voltage supply
as VINDCDC1, VINDCDC3, and VCC.

VINDCDC3 5 | Input voltage for VDCDC3 step-down converter. This must be connected to the same voltage supply

as VINDCDC1, VINDCDC2, and VCC.

LDO REGULATOR SECTION

DEFLDO1 12 | Digital input, used to set default output voltage of LDO1 and LDO2

DEFLDO02 13 | Digital input, used to set default output voltage of LDO1 and LDO2

LDO_EN 22 | Enable input for LDO1 and LDO2. Logic high enables the LDOs, logic low disables the LDOs
VBACKUP 15 | Connect the backup battery to this input pin

VINLDO 19 | | Input voltage for LDO1 and LDO2

VLDO1 20 (@) Output voltage of LDO1

VLDO2 18 (@) Output voltage of LDO2

VRTC 16 (@) Output voltage of the LDO and switch for the real-time clock

VSYSIN 14 | Input of system voltage for VRTC switch

CONTROL AND [°C SECTION

HOT_RESET 11 I Push button input used to reboot or wake-up processor through RESPWRON output pin
INT 28 0 Open drain output

LOW_BAT 21 0 Open drain output of LOW_BAT comparator

LOWBAT_SNS 39 I Input for the comparator driving the LOW_BAT output.

PWRFAIL 31 o] Open drain output. Active low when PWRFAIL comparator indicates low VBAT condition.
PWRFAIL_SNS | 38 I Input for the comparator driving the PWRFAIL output.

RESPWRON 27 0 Open drain System reset output

SCLK 30 | Serial interface clock line

SDAT 29 110 Serial interface data and address

TRESPWRON 26 | Connect the timing capacitor to this pin to set the reset delay time: 1 nF — 100 ms
4 Submit Documentation Feedback Copyright © 2005-2015, Texas Instruments Incorporated
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
\ Input voltage range on all pins except AGND and PGND pins with respect to AGND -0.3 7 \Y
Current at VINDCDC1, L1, PGND1, VINDCDC2, L2, PGND2, VINDCDC3, L3, PGND3 2000 mA
Peak Current at all other pins 1000 mA
Ta Operating free-air temperature -40 85 °C
T, Maximum junction temperature 125 °C
Tsg  Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
Vesp) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101®@ +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

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

MIN NOM MAX| UNIT
Input voltage range step-down converters
Vee (VINDCDC1, VINDCDC2, VINDCDC3); pins need to be tied to the same 25 6 \%
voltage rail
Output voltage range for VDCDCL1 step-down converter® 0.6 VINDCDC1
Vo Output voltage range for VDCDC2 (mem) step-down converter® 0.6 VINDCDC2 \%
Output voltage range for VDCDC3 (core) step-down converter® 0.6 VINDCDC3
V| Input voltage range for LDOs (VINLDO1, VINLDOZ2) 15 6.5 \%
Vo Output voltage range for LDOs (VLDO1, VLDO2) 1 VINLDO1-2 \%
lo(bcpe?) Output current at L1 1200 mA
Inductor at L1® 2.2 3.3 pH
Ciocoe) Input capacitor at VINDCDC1® 10 uF
Co(pcpei) Output capacitor at VDCDC1® 10 22 uF
lo(bcpe?) Output current at L2 1000 mA
Inductor at L2 2.2 3.3 pH
Ciocoe?) Input capacitor at VINDCDC2® 10 uF
Co(pepe) Output capacitor at VDCDC2® 10 22 uF
lo(bcpes) Output current at L3 900 mA
Inductor at L3 @ 2.2 3.3 pH
Ciocoes) Input capacitor at VINDCDC3® 10 uF
Co(pcpes) Output capacitor at VDCDC3® 10 22 uF
Civeo) Input capacitor at VCC® 1 uF
Ci(viNLDO) Input capacitor at VINLDO® 1 uF
Cowipoiz)  Output capacitor at VLDO1, VLDO2® 2.2 uF
lo(vLDo1-2) Output current at VLDO1, VLDO2 200 mA
(1) When using an external resistor divider at DEFDCDC3, DEFDCDC2, DEFDCDC1
(2) See Application and Implementation for more information.
Copyright © 2005-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Recommended Operating Conditions (continued)
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX | UNIT
Co(RTQ) Output capacitor at VRTC®@ 4.7 =
Ta Operating ambient temperature -40 85 °C
T, Operating junction temperature -40 125 °C
Resistor from VINDCDC3, VINDCDC?2, VINDCDC1 to VCC used for filtering(s) 1 10 Q

(3) Up to 3 mA can flow into V¢ when all 3 converters are running in PWM. This resistor causes the UVLO threshold to be shifted
accordingly.

7.4 Thermal Information

TPS65021
THERMAL METRIC® RHA (VQFN) UNIT
40 PINS
Rgia Junction-to-ambient thermal resistance 31.6 °C/IW
Raic(top) Junction-to-case (top) thermal resistance 18.2 °C/IW
Rgig Junction-to-board thermal resistance 6.6 °C/IW
Wit Junction-to-top characterization parameter 0.2 °C/IW
Wig Junction-to-board characterization parameter 6.5 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance 1.7 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report (SPRA953).

7.5 Electrical Characteristics

VINDCDC1 = VINDCDC2 = VINDCDC3 = VCC = VINLDO = 3.6 V, VBACKUP =3V, T, = —-40°C to +85°C (unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN  TYP®  MAX | UNIT
CONTROL SIGNALS: SCLK, SDAT (INPUT), DCDC1_EN, DCDC2_EN, DCDC3_EN, LDO_EN, DEFLDO1, DEFLDO2
Rpullup at SCLK and SDAT = 4.7 kQ,

Vi{ High level input voltage pulled to VRTC 1.3 VCC \%
Vi Low level input voltage E&?;Eﬁ’oa\tlggéK and SDAT = 4.7 kQ, 0 0.4 \%
In Input bias current 0.01 0.1 HA
CONTROL SIGNALS: HOT_RESET

ViH High level input voltage 13 VCC \%
Vi Low level input voltage 0 0.4 \%
s Input bias current 0.01 0.1 uA
tgegiitch Deglitch time at HOT_RESET 25 30 35 ms
CONTROL SIGNALS: LOWBAT, PWRFAIL, RESPWRON, INT, SDAT (OUTPUT)

VoH High level output voltage 6 \%
VoL Low level output voltage L =5mA 0 0.3 \%
ICONST Internal charge and discharge current on Used for generating RESPWRON delay 1.7 2 2.3 MA

pin TRESPWRON

Internal lower comparator threshold on pin Used for generating RESPWRON delay 0.225 0.25 0.275 \%

TRESPWRON _LOWTH

TRESPWRON
TRESPWRON _UPTH ?éeég%lvld/rérglr\‘comparator threshold on pin | ;s0 g o generating RESPWRON delay 0.97 1 1108 v
Duration of low pulse at RESPWRON External capacitor 1 nF 100 ms
Resetpwron threshold VRTC falling -3% 2.4 3% \%
Resetpwron threshold VRTC rising -3% 2.52 3% \%
Ik Leakage current Output inactive high 0.1 uA

(1) Typical values are at Ty = 25°C

6 Submit Documentation Feedback Copyright © 2005-2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

VINDCDC1 = VINDCDC2 = VINDCDC3 = VCC = VINLDO = 3.6 V, VBACKUP =3V, T, = —40°C to +85°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN  TYP®  MAX | UNIT
VLDO1 AND VLDO2 LOW-DROPOUT REGULATORS
A Input voltage range for LDO1, 2 15 6.5 \%
Vo LDO1 output voltage range 1 3.3 \Y
Vo LDO2 output voltage range 1 3.3 \%
lo Maximum output current for LDO1, LDO2 ViZ18V Vo=13V 200 mA
V,=15V,Vp=13V 120
Isc) LDO1 and LDO2 short-circuit current limit | V(. po1y = GND, V( poz) = GND 400 mA
lo =50 mA, VINLDO = 1.8V 120
Minimum voltage drop at LDO1, LDO2 lo =50 mA, VINLDO =15V 65 150 mv
lo =200 mA, VINLDO =18V 300
Output voltage accuracy for LDO1, LDO2 lo =10 mA —2% 1%
Line regulation for LDO1, LDO2 2B 1 65 e = 23 A 1% 1%
Load regulation for LDO1, LDO2 lo =0 mA to 50 mA -1% 1%
Regulation time for LDO1, LDO2 Load change from 10% to 90% 10 us
ANALOGIC SIGNALS DEFDCDC1, DEFDCDC2, DEFDCDC3
ViH High level input voltage 13 VCC \%
Vi Low level input voltage 0.1 \Y
Input bias current 0.001 0.05 uA
THERMAL SHUTDOWN
T(sp) Thermal shutdown Increasing junction temperature 160 °C
Thermal shutdown hysteresis Decreasing junction temperature 20 °C
INTERNAL UNDERVOLTAGE LOCKOUT
UVLO Internal UVLO VCC falling —2% 2.35 2% \%
V(uvLo_HysT) Internal UVLO comparator hysteresis 120 mV
VOLTAGE DETECTOR COMPARATORS
&Owgiztf:émg’st%%vB AT _SNS) Falling threshold -1% 1 1% \%
Hysteresis 40 50 60 mvV
Propagation delay 25 mV overdrive 10 us
POWER-GOOD

Copyright © 2005-2015, Texas Instruments Incorporated
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7.6 Electrical Characteristics: Supply Pins VCC, VINDCDC1, VINDCDC2, VINDCDC3
VINDCDC1 = VINDCDC2 = VINDCDC3 = VCC = VINLDO = 3.6 V, VBACKUP = 3V, T, = —40°C to +85°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
All 3 DCDC converters enabled, zero | VCC = 3.6 V, VBACKUP =3V, 85 100
load and no switching, LDOs enabled | V(ysysiny =0V
All 3 DCDC converters enabled, zero | VCC = 3.6 V, VBACKUP =3V, 78 90
load and no switching, LDOs off Vsysing =0V
| Operating quiescent current, PFM A
(@ p g q DCDC1 and DCDC2 converters VCC = 3.6V, VBACKUP = 3 V: H
enabled, zero load and no switching, v -0V 57 70
LDOs off (vVSYSIN) =
DCDCL1 converter enabled, zero load | VCC = 3.6 V, VBACKUP =3V, 43 55
and no switching, LDOs off Vivsysinyg =0V
All 3 DCDC converters enabled and VCC =3.6 V, VBACKUP =3 V; 2 3
running in PWM, LDOs off Vvsysinyg =0V
DCDC1 and DCDC2 converters _ _ .
I Current into VCC; PWM enabled and running in PWM, LDOs xCC B 3'? (\)/’VVBACKUP =3V 1.5 25| mA
off (VSYSIN) =
DCDCL1 converter enabled and VCC =3.6 V, VBACKUP =3V, 0.85 2
running in PWM, LDOs off Vivsysiny =0V .
VCC =3.6 V, VBACKUP =3V;
| ’ 23 33 A
Vvsysiny =0V H
) Quiescent current All converters disabled, LDOs off vee = 2'9 Vv, VBACKUP =3V, 35 5 MA
V(VSYSIN) =0V
VCC =3.6V, VBACKUP =0V;
\ ! 43 A
Vsysiny =0V H
(1) Typical values are at Tp = 25°C
7.7 Electrical Characteristics: Supply Pins VBACKUP, VSYSIN, VRTC, VINLDO

VINDCDC1 = VINDCDC2 = VINDCDC3 = VCC = VINLDO = 3.6 V, VBACKUP =3V, T, = -40°C to +85°C (unless otherwise

noted)
PARAMETER \ TEST CONDITIONS [ MmN TYP®  MAX| uNIT
VBACKUP, VSYSIN, VRTC
lg) Operating quiescent current xgéC:K; 2 \:/SI:L\J/rr;/rﬁTriLNV:B,S\gKUP 20 33 uA
I(sp) Operating quiescent current VBACKUP < V_VBACKUP, current into VBACKUP 3 HA
VRTC LDO output voltage VSYSIN = VBACKUP =0V, I = 0 mA \%
lo Output current for VRTC VSYSIN < 2.57 V and VBACKUP < 2.57 V 30 mA
VRTC short-circuit current limit VRTC = GND; VSYSIN = VBACKUP =0V 100 mA
Maximum output current at VRTC for VRTC >2.6V,Vcc =3V, 30 mA
RESPWRON =1 VSYSIN = VBACKUP =0 V
Vo Output voltage accuracy for VRTC VSYSIN = VBACKUP = 0 V; Ig = 0 mA -1% 1%
Line regulation for VRTC VCC=VRTC+05V1t06.5V,Ig=5mA -1% 1%
Load regulation VRTC I\‘/)S:Yélmp;t\c;ngcn}](ALjP —ov -3% 1%
Regulation time for VRTC Load change from 10% to 90% 10 us
likg Input leakage current at VSYSIN VSYSIN < V_VSYSIN 2 MA
"'os(on) Of VSYSIN switch 125 Q
Ibs(on) Of VBACKUP switch 12.5 Q
Input voltage range at VBACKUP @ 2.73 3.75 \%
Input voltage range at VSYSIN® 2.73 3.75 \%
VSYSIN threshold VSYSIN falling -3% 2.55 3% \Y
VSYSIN threshold VSYSIN rising -3% 2.65 3% \%
VBACKUP threshold VBACKUP falling —3% 2.55 3% \Y,
VBACKUP threshold VBACKUP falling -3% 2.65 3% \%

(1) Typical values are at Tp = 25°C

(2) Based on the requirements for the Intel PXA270 processor.
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Electrical Characteristics: Supply Pins VBACKUP, VSYSIN, VRTC, VINLDO (continued)

VINDCDC1 = VINDCDC2 = VINDCDC3 = VCC = VINLDO = 3.6 V, VBACKUP =3V, T, = —40°C to +85°C (unless otherwise

noted)
PARAMETER \ TEST CONDITIONS | MmN TYP®  MAX| UNIT
VINLDO
lq) Operating quiescent current Current per LDO into VINLDO 16 30 MA
sy Shutdown current $ﬁtgloc:r(r)e\r}t for both LDOs into VINLDO, 01 1 uA

7.8 Electrical Characteristics: VDCDCL1 Step-Down Converter
VINDCDC1 = VINDCDC?2 = VINDCDC3 = VCC = VINLDO = 3.6 VV, VBACKUP = 3 V, T, = —40°C to +85°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP®  MAX| UNIT
\ Input voltage range, VINDCDC1 25 6 \%
lo Maximum output current 1200 mA
lisp) Shutdown supply current in VINDCDC1 DCDC1_EN = GND 0.1 1 uA
I'bs(on) P-channel MOSFET ON-resistance VINDCDC1 = V(gg) = 3.6 V 125 261| mQ
likg P-channel leakage current VINDCDC1 =6V 2 MA
I'bs(on) N-channel MOSFET ON-resistance VINDCDC1 = V(gg) = 3.6 V 130 260 mQ
likg N-channel leakage current Vips)=6V 7 10 MA
Forward current limit (P- and N-channel) 2.5V <Vimamny <6V 1.55 1.75 1.95 A
fs Oscillator frequency 1.3 15 1.7| MHz
Fixed output voltage 3V glmiiqg 15 1?2.3AV ooy 2% 2%
FPWMDCDC1=0 33V 2)/|r[:]1,|2(;|3|(();15=1?:,2_6AV to 6 V; o0 2%
Fixed output voltage 3V glmiiqg 15 1?2.3AV ooy 1% 1%
FPWMDCDC1=1 33V 2)/|::2(;D|§15:1§2_6AV to 6 V: _1% 1%
A_dj_ustable output voltage with resistor VINDCDC1 = VDCDC1 + 0.3 V (min. 2.5 V) 20 206
divider at DEFDCDC1; FPWMDCDC1=0 to6V;0mA<Ip =12A
A_dj_ustable output voltage with resistor VINDCDC1 = VDCDCL1 + 0.3 V (min. 2.5 V) 1% 1%
divider at DEFDCDC1; FPWMDCDC1=1 to6V;0mA<Ig <12A
Line Regulation :Q'g?/??oczl 1=OVHI?ED01 +0.3V (min. 2.5V) 0% \Y
Load Regulation lo =10 mA to 1200 mA 0.25% A
Soft-start ramp time \\//zlaDIEeD01 ramping from 5% to 95% of target 750 us
Internal resistance from L1 to GND 1 MQ
VDCDC1 discharge resistance DCDCL1 discharge = 1 300 Q

(1) Typical values are at Tp = 25°C
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7.9 Electrical Characteristics: VDCDC2 Step-Down Converter
VINDCDC1 = VINDCDC?2 = VINDCDC3 = VCC = VINLDO = 3.6 V, VBACKUP = 3 V, T, = —40°C to +85°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP®  MAX| UNIT
V| Input voltage range, VINDCDC2 2.5 6 \%
lo Maximum output current 1000 mA
Iisp) Shutdown supply current in VINDCDC2 DCDC2_EN = GND 0.1 1 MA
I'bs(on) P-channel MOSFET ON-resistance VINDCDC2 = V(gg) = 3.6 V 140 300 mQ
lig P-channel leakage current VINDCDC2 =6 V 2 MA
I'bs(on) N-channel MOSFET ON-resistance VINDCDC2 = V(gg) = 3.6 V 150 297 mQ
lig N-channel leakage current Vipg)=6V 7 10 MA
ILME Forward current limit (P- and N-channel) 2.5V <VINDCDC2 <6V 1.4 1.55 1.7 A
fs Oscillator frequency 1.3 15 1.7| MHz
Fixed output voltage 18V 2)/If':l1"li(;|3|(c): 25 12A5 ey 2% 2%
FPWMDCDC2=0 25y g|22(;[7(§;25_12A8 V1o 6 V; oo 2%
Fixed output voltage 18V 2)/If':l1"li(;|3|(c): 25 12A5 ey 2% 2%
FPWMDCDC2=1 25V g|22(;[7§25_12A8 Vio6V; _1% 1%
Adjustable output voltage with resistor divider | VINDCDC2 = VDCDC2 + 0.3 V (min. 2.5 V) _o0 2%
at DEFDCDC2 FPWMDCDC2=0 to6V;0mA<Ip 1A
Adjustable output voltage with resistor divider | VINDCDC2 = VDCDC2 + 0.3 V (min. 2.5 V) 1% 1%
at DEFDCDC2; FPWMDCDC2=1 to6V;0mA<Ig <1A
Line Regulation :Q'g?/(;:?oczz foVrT?EDCZ +03V(min. 2.5V) 0% \%
Load Regulation lo=10 mAto 1 mA 0.25% A
Soft-start ramp time ://éjlfeDcz ramping from 5% to 95% of target 750 us
Internal resistance from L2 to GND 1 MQ
VDCDC?2 discharge resistance DCDC2 discharge = 1 300 Q

(1) Typical values are at Tp = 25°C

7.10 Electrical Characteristics: VDCDC3 Step-Down Converter
VINDCDC1 = VINDCDC?2 = VINDCDC3 = VCC = VINLDO = 3.6 VV, VBACKUP = 3 V, T, = —40°C to +85°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP®  MAX| UNIT
V| Input voltage range, VINDCDC3 25 6 \%
lo Maximum output current 900 mA
Iisp) Shutdown supply current in VINDCDC3 DCDC3_EN = GND 0.1 1 HA
lbsen)  P-channel MOSFET ON-resistance VINDCDC3 = V(g5) = 3.6 V 310 698 mQ
likg P-channel leakage current VINDCDC3 =6V 0.1 2 MA
lbsen)  N-channel MOSFET ON-resistance VINDCDC3 = V(g5) = 3.6 V 220 503 mQ
likg N-channel leakage current Vips) =6V 7 10 MA
Forward current limit (P- and N-channel) 2.5V <VINDCDC3 <6V 1.15 1.34 1.52 A
fs Oscillator frequency 1.3 15 1.7| MHz
Fixed output voltage VINDCDC3=25Vto6V; o 20
FPWMDCDC3=0 OmA<Ily <800 mA ° °
- All VDCDC3
Fixed output voltage VINDCDC3 =25V to6V; _1% 1%
FPWMDCDC3=1 O0mA<Iy <800mA ° 0

(1) Typical values are at Ty = 25°C
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Electrical Characteristics: VDCDC3 Step-Down Converter (continued)

VINDCDC1 = VINDCDC2 = VINDCDC3 = VCC = VINLDO = 3.6 V, VBACKUP =3V, T, = —40°C to +85°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP®  MAX| UNIT
Adjustable output voltage with resistor divider | VINDCDC3 = VDCDC3 + 0.5 V (min. 2.5 V) o0 206
at DEFDCDC3 FPWMDCDC3=0 to 6 V; 0 mA <lo <800 mA
Adjustable output voltage with resistor divider | VINDCDC3 = VDCDC3 + 0.5 V (min. 2.5 V) 1% 1%
at DEFDCDC3; FPWMDCDC3=1 to 6 V; 0 mA<lg <800 mA
Line Regulation ?gll;l?/(;:li)Cf 1:0Vn?ACDC3 +0.3V (min. 2.5V) 0% v
Load Regulation lo = 10 mA to 400 mA 0.25% A
Soft-start ramp time \\//;:I’lj:eDC3 ramping from 5% to 95% of target 750 us
Internal resistance from L3 to GND 1 MQ
VDCDC3 discharge resistance DCDC3 discharge =1 300 Q
7.11 Timing Requirements
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
fmax Clock frequency 400 kHz
twH(HIGH) Clock high time 600 ns
twLLow) Clock low time 1300 ns
tr DATA and CLK rise time 300 ns
te DATA and CLK fall time 300 ns
th(sTA) Hold time (repeated) START condition (after this period the first clock pulse is generated) 600 ns
th(DATA) Setup time for repeated START condition 600 ns
th(DATA) Data input hold time 300 ns
tsuATA) Data input setup time 300 ns
tsu(sTo) STOP condition setup time 600 ns
t@BuF) Bus free time 1300 ns
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7.12 Typical Characteristics

Table 1. Table of Graphs

FIGURE

n Efficiency

vs Output current

Figure 5, Figure 6, Figure 7, Figure 8,

Figure 9, Figure 10, Figure 11

Line transient response

Figure 12, Figure 14, Figure 14

Load transient response

Figure 15, Figure 16, Figure 17

VDCDC2 PFM operation Figure 18
VDCDC2 low-ripple PFM operation Figure 19
VDCDC2 PWM operation Figure 20
Startup VDCDC1, VDCDC2 and VDCDC3 Figure 21
Startup LDO1 and LDO2 Figure 22

Line transient response

Figure 23, Figure 24, Figure 25

Load transient response

Figure 26, Figure 27, Figure 28
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Figure 5. DCDC1.: Efficiency vs Output Current Figure 6. DCDC1.: Efficiency vs Output Current
100 T H 100
90 |- VI =25V /-v\:: 1 20 L L
— 77 |
80 f 80
V=38V
R 70 V=38V R 70 4 /A#
0 L LI 0 V=42V
., 60 >, 60 =4
g V=42V ? V=25V /4
Bdv/aSiL i i
i & V=5V
| I . / 11l
30 30 .
Tp=25C Tp=25C
20 Vo=18V T 20 Vo=18V
PWM / PFM Mode PWM Mode
10 10
T =
0 0 =
0.01 0.1 1 10 100 1k 10 k 0.01 0.1 1 10 100 1k 10 k
lg - Output Current - mA lg - Output Current - mA
Figure 7. DCDC2: Efficiency vs Output Current Figure 8. DCDC2: Efficiency vs Output Current
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8 Detailed Description

8.1 Overview

TPS65021 has 5 regulator channels, 3 DCDCs and 2 LDOs. DCDC3 has dynamic voltage scaling feature, DVS,
that allows for power reduction to CORE supplies during idle operation or over voltage during heavy-duty
operation. With DVS and 2 more DCDCs plus 2 LDOs, the TPS65021 is ideal for CORE, Memory, |0, and
peripheral power for the entire system of a wide range of suitable applications.

The device incorporates enables for the DCDCs and LDOs, I°C for device control, pushbutton and a reset
interface that complete the system and allow for the TPS65021 to be adapted for different kinds of processors or
FPGAs.

For noise-sensitive circuits, the DCDCs can be synchronized out of phase from one another, reducing the peak
noise at the switching frequency. Each converter can be forced to operate in PWM mode to ensure constant
switching frequency across the entire load range. However, for low-load efficiency performance the DCDCs
automatically enter PSM mode which reduces the switching frequency when the load current is low, saving
power at idle operation.
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 VRTC Output and Operation With or Without Backup Battery

The VRTC pin is an always-on output, intended to supply up to 30 mA to a permanently required rail. This is the
VCC_BATT rail of the Intel PXA270 Bulverde processor for example.

In applications using a backup battery, the backup voltage can be either directly connected to the TPS65021
VBACKUP pin if a Li-lon cell is used, or through a boost converter (for example, the TPS61070) if a single NiMH
battery is used. The voltage applied to the VBACKUP pin is fed through a PMOS switch to the VRTC pin. The
TPS65021 asserts the RESPWRON signal if VRTC drops below 2.4 V. This, together with 375 mV at 30-mA
drop out for the PMOS switch means that the voltage applied at VBACKUP must be greater than 2.775 V for
normal system operation.

When the voltage at the VSYSIN pin exceeds 2.65 V, the path from VBACKUP to VRTC is cut, and VRTC is
supplied by a similar PMOS switch from the voltage source connected to the VSYSIN input. Typically this is the
VDCDC1 converter but can be any voltage source within the appropriate range.

In systems where no backup battery is used, the VBACKUP pin is connected to GND. In this case, a low power
LDO is enabled, supplied from VCC and capable of delivering 30 mA to the 3-V output. This LDO is disabled if
the voltage at the VSYSIN input exceeds 2.65 V. VRTC is then supplied from the external source connected to
this pin as previously described.

Inside TPS65021 there is a switch (Vmax switch) which selects the higher voltage between VCC and VBACKUP.
This is used as the supply voltage for some basic functions. The functions powered from the output of the Vmax
switch are:

« INT output

* RESPWRON output

 HOT_RESET input

e LOW_BATT output

*  PWRFAIL output

» Enable pins for DC-DC converters, LDO1 and LDO2

* Undervoltage lockout comparator (UVLO)

» Reference system with low-frequency timing oscillators
» LOW_BATT and PWRFAIL comparators

The main 1.5-MHz oscillator, and the I12C interface are only powered from Vcc.
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Feature Description (continued)
VSYSIN VBACKUP Vee
L >
Vref
V_VSYSIN V_VBACKUP
% V_VSYSIN D_Ei VRTC
priority L V_VBACKUP LDO
#1 priority
#2
priority
#3
’ +—» VRTC
RESPWRON

ref

A.  V_VSYSIN, V_VBACKUP thresholds: falling = 2.55 V, rising = 2.65 V +3%
B. RESPWRON thresholds: falling = 2.4 V, rising = 2.52 V 3%

Figure 29. RTC and RESPWRON

8.3.2 Step-Down Converters, VDCDC1, VDCDC2, and VDCDC3

The TPS65021 incorporates three synchronous step-down converters operating typically at 1.5-MHz fixed-
frequency pulse width modulation (PWM) at moderate to heavy load currents. At light load currents, the
converters automatically enter the power save mode (PSM), and operate with pulse frequency modulation (PFM).
The VDCDC1 converter is capable of delivering 1.2-A output current, the VDCDC2 converter is capable of
delivering 1 A and the VDCDC3 converter is capable of delivering up to 900 mA.

The converter output voltages can be programmed through the DEFDCDC1, DEFDCDC2, and DEFDCDC3 pins.
The pins can either be connected to GND, VCC, or to a resistor divider between the output voltage and GND.
The VDCDCL1 converter defaults to 3 V or 3.3 V depending on the DEFDCDC1 configuration pin. If DEFDCDC1
is tied to ground, the default is 3 V. If it is tied to VCC, the default is 3.3 V. When the DEFDCDCL1 pin is
connected to a resistor divider, the output voltage can be set in the range of 0.6 V to VINDCDCL1 V. See
Application Information for more details.

The VDCDC2 converter defaults to 1.8 V or 2.5 V depending on the DEFDCDC2 configuration pin. If DEFDCDC2
is tied to ground, the default is 1.8 V. If it is tied to VCC, the default is 2.5 V. When the DEFDCDC2 pin is
connected to a resistor divider, the output voltage can be set in the range of 0.6 V to VINDCDC2 V.

The VDCDCS3 converter defaults to 1.3 V or 1.55 V depending on the DEFDCDC3 configuration pin. If
DEFDCDCS3 is tied to ground the default is 1.3 V. If it is tied to VCC, the default is 1.55 V. When the DEFDCDC3
pin is connected to a resistor divider, the output voltage can be set in the range of 0.6 V to VINDCDC3 V. The
core voltage can be reprogrammed through the serial interface in the range of 0.8 V to 1.6 V with a
programmable slew rate. The converter is forced into PWM operation whilst any programmed voltage change is
underway, whether the voltage is being increased or decreased. The DEFCORE and DEFSLEW registers are
used to program the output voltage and slew rate during voltage transitions.

The step-down converter outputs (when enabled) are monitored by power-good (PG) comparators, the outputs of
which are available through the serial interface. The outputs of the DC-DC converters can be optionally
discharged through on-chip 300-Q resistors when the DC-DC converters are disabled.
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Feature Description (continued)

During PWM operation, the converters use a unique fast response voltage mode controller scheme with input
voltage feedforward to achieve good line and load regulation allowing the use of small ceramic input and output
capacitors. At the beginning of each clock cycle initiated by the clock signal, the P-channel MOSFET switch is
turned on. The inductor current ramps up until the comparator trips and the control logic turns off the switch. The
current limit comparator also turns off the switch if the current limit of the P-channel switch is exceeded. After the
adaptive dead-time used to prevent shoot through current, the N-channel MOSFET rectifier is turned on, and the
inductor current ramps down. The next cycle is initiated by the clock signal, again turning off the N-channel
rectifier and turning on the P-channel switch.

The three DC-DC converters operate synchronized to each other with the VDCDC1 converter as the master. A
180° phase shift between the VDCDC1 switch turn on and the VDCDC?2 and a further 90° shift to the VDCDC3
switch turn on decreases the input RMS current and smaller input capacitors can be used. This is optimized for a
typical application where the VDCDC1 converter regulates a Li-lon battery voltage of 3.7 V to 3.3 V, the
VDCDC2 converter from 3.7 V to 2.5 V, and the VDCDC3 converter from 3.7 V to 1.5 V. The phase of the three
converters can be changed using the CON_CTRL register.

8.3.3 Power Save Mode Operation

As the load current decreases, the converters enter the power save mode operation. During PSM, the converters
operate in a burst mode (PFM mode) with a frequency between 750 kHz and 1.5 MHz, nominal for one burst
cycle. However, the frequency between different burst cycles depends on the actual load current and is typically
far less than the switching frequency with a minimum quiescent current to maintain high efficiency.

To optimize the converter efficiency at light load, the average current is monitored and if in PWM mode the
inductor current remains below a certain threshold, then PSM is entered. The typical threshold to enter PSM is
calculated with Equation 1, Equation 2, and Equation 3.

IpFMpcpC enter = ViNbebet

240 (1)
IpEmpeDC2 enter = viNbebez

260 @
lpFmpepcs enter = VINDCDC3

39 Q (3)

During the PSM the output voltage is monitored with a comparator, and by maximum skip burst width. As the
output voltage falls below the threshold, set to the nominal Vg, the P-channel switch turns on and the converter
effectively delivers a constant current defined with Equation 4, Equation 5, and Equation 6.

_ VINDCDC1

lprmpCDCy leave = — o —— @
_ VINDCDC2

lprmpCDC? leave = —— " — )
_ VINDCDC3

lpempCDCs leave = —— == ©)

If the load is below the delivered current then the output voltage rises until the same threshold is crossed in the
other direction. All switching activity ceases, reducing the quiescent current to a minimum until the output voltage
has again dropped below the threshold. The power save mode is exited, and the converter returns to PWM mode
if either of the following conditions are met:

1. the output voltage drops 2% below the nominal Vg due to increasing load current, and
2. the PFM burst time exceeds 16 x 1/ fs (10.67 ys typical).

These control methods reduce the quiescent current to typically 14 yA per converter, and the switching activity to
a minimum, thus achieving the highest converter efficiency. Setting the comparator thresholds at the nominal
output voltage at light load current results in a low output voltage ripple. The ripple depends on the comparator
delay and the size of the output capacitor. Increasing capacitor values makes the output ripple tend to zero. The
PSM is disabled through the 1°C interface to force the individual converters to stay in fixed-frequency PWM
mode.
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Feature Description (continued)

8.3.4 Low-Ripple Mode

Setting bit 3 in register CON-CTRL to 1 enables the low-ripple mode for all of the DC-DC converters if operated
in PFM mode. For an output current less than approximately 10 mA, the output voltage ripple in PFM mode is
reduced, depending on the actual load current. The lower the actual output current on the converter, the lower
the output ripple voltage. For an output current above 10 mA, there is only minor difference in output voltage
ripple between PFM mode and low-ripple PFM mode. As this feature also increases switching frequency, it is
used to keep the switching frequency above the audible range in PFM mode down to a low output current.

8.3.5 Soft-Start

Each of the three converters has an internal soft-start circuit that limits the inrush current during start-up. The
soft-start is realized by using a very low current to initially charge the internal compensation capacitor. The soft-
start time is typically 750 ps if the output voltage ramps from 5% to 95% of the final target value. If the output is
already precharged to some voltage when the converter is enabled, then this time is reduced proportionally.
There is a short delay of typically 170 us between the converter being enabled and switching activity actually
starting. This is to allow the converter to bias itself properly, to recognize if the output is precharged, and if so to
prevent discharging of the output while the internal soft-start ramp catches up with the output voltage.

8.3.6 100% Duty Cycle Low-Dropout Operation

The TPS65021 converters offer a low input to output voltage difference while still maintaining operation with the
use of the 100% duty cycle mode. In this mode the P-channel switch is constantly turned on. This is particularly
useful in battery-powered applications to achieve longest operation time by taking full advantage of the whole
battery voltage range. The minimum input voltage required to maintain DC regulation depends on the load
current and output voltage. It is calculated in Equation 7.

V|nmin = Voutmin + Ioutmax X (rDS(on) max + RL)

where
e louty, = maximum load current (Note: ripple current in the inductor is zero under these conditions)
*  IpgenMax = maximum P-channel switch rpggn
R, = DC resistance of the inductor
* Vout,, = hominal output voltage minus 2% tolerance limit (7)

8.3.7 Active Discharge When Disabled

When the VDCDC1, VDCDC2, and VDCDC3 converters are disabled, due to an UVLO, DCDC_EN, or
OVERTEMP condition, it is possible to actively pull down the outputs. This feature is disabled per default and is
individually enabled through the CON_CTRL2 register in the serial interface. When this feature is enabled, the
VDCDC1, VDCDC2, and VDCDC3 outputs are discharged by a 300-Q (typical) load which is active as long as
the converters are disabled.

8.3.8 Power-Good Monitoring

All three step-down converters and both the LDO1 and LDO2 linear regulators have power-good comparators.
Each comparator indicates when the relevant output voltage has dropped 10% below its target value with 5%
hysteresis. The outputs of these comparators are available in the PGOODZ register through the serial interface.
An interrupt is generated when any voltage rail drops below the 10% threshold. The comparators are disabled
when the converters are disabled and the relevant PGOODZ register bits indicate that power is good.

24 Submit Documentation Feedback Copyright © 2005-2015, Texas Instruments Incorporated
Product Folder Links: TPS65021



13 TEXAS
INSTRUMENTS
TPS65021

www.ti.com SLVS613D —OCTOBER 2005—-REVISED DECEMBER 2015

Feature Description (continued)
8.3.9 Low-Dropout Voltage Regulators

The low-dropout voltage regulators are designed to operate well with low value ceramic input and output
capacitors. They operate with input voltages down to 1.5 V. The LDOs offer a maximum dropout voltage of
300 mV at rated output current. Each LDO supports a current limit feature. Both LDOs are enabled by the
LDO_EN pin, both LDOs can be disabled or programmed through the serial interface using the REG_CTRL and
LDO_CTRL registers. The LDOs also have reverse conduction prevention. This allows the possibility to connect
external regulators in parallel in systems with a backup battery. The TPS65021 step-down and LDO voltage
regulators automatically power down when the V¢ voltage drops below the UVLO threshold or when the junction
temperature rises above 160°C.

8.3.10 Undervoltage Lockout

The undervoltage lockout circuit for the five regulators on the TPS65021 prevents the device from malfunctioning
at low-input voltages and from excessive discharge of the battery. It disables the converters and LDOs. The
UVLO circuit monitors the VCC pin, the threshold is set internally to 2.35 V with 5% (120 mV) hysteresis.
Consider this current if an external RC filter is used at the VCC pin to remove switching noise from the
TPS65021 internal analog circuitry supply.

NOTE
When any of the DC-DC converters are running, there is an input current at the VCC pin,
which is up to 3 mA when all three converters are running in PWM mode.

8.3.11 Power-Up Sequencing

The TPS65021 power-up sequencing is designed to be entirely flexible and customer driven. This is achieved by
providing separate enable pins for each switch-mode converter, and a common enable signal for the LDOs. The
relevant control pins are described in Table 2.

Table 2. Control Pins and Status Outputs for DC-DC Converters

INPUT OR
PIN NAME OUTPUT FUNCTION

DEEDCDC3 | Defines the default voltage of the VDCDC3 switching converter. DEFDCDC3 = 0 defaults VDCDC3 to
1.3V, DEFDCDC3 = VCC defaults VDCDC3 to 1.55 V.

DEEDCDC2 | Defines the default voltage of the VDCDC2 switching converter. DEFDCDC2 = 0 defaults VDCDC2 to
1.8 V, DEFDCDC2 = VCC defaults VDCDC2 to 2.5 V.

DEEDCDC1 | Defines the default voltage of the VDCDC1 switching converter. DEFDCDC1 = 0 defaults VDCDC1 to 3
V, DEFDCDC1 = VCC defaults VDCDCL1 to 3.3 V.

DCDC3_EN | Set DCDC3_EN = 0 to disable and DCDC3_EN = 1 to enable the VDCDC3 converter.

DCDC2_EN | Set DCDC2_EN = 0 to disable and DCDC2_EN = 1 to enable the VDCDC2 converter.

DCDC1_EN | Set DCDC1_EN = 0 to disable and DCDC1_EN = 1 to enable the VDCDC1 converter.
The HOT_RESET pin generates a reset (RESPWRON) for the processor. HOT_RESET does not alter

HOT RESET | any TPS65021 settings except the output voltage of VDCDCS3. Activating HOT_RESET sets the voltage

= of VDCDCS3 to its default value defined with the DEFDCDC3 pin. HOT_RESET is internally de-bounced

by the TPS65021.
RESPWRON s held low when power is initially applied to the TPS65021. The VRTC voltage is

RESPWRON o monitored: RESWPRON is low when VRTC < 2.4 V and remains low for a time defined by the external
capacitor at the TRESPWRON pin. RESPWRON can also be forced low by activation of the HOT_RESET
pin.

TRESPWRON I Connect a capacitor here to define the RESET time at the RESPWRON pin. 1 nF typically gives 100 ms.

8.4 Device Functional Modes

The TPS6502x devices are either in the ON or the OFF mode. The OFF mode is entered when the voltage on
VCC is below the UVLO threshold, 2.35 V (typically). Once the voltage at VCC has increased above UVLO, the
device enters ON mode. In the ON mode, the DCDCs and LDOs are available for use.
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8.5 Programming

8.5.1 System Reset + Control Signals

The RESPWRON signal can be used as a global reset for the application. It is an open-drain output. The
RESPWRON signal is generated according to the power-good comparator of VRTC, and remains low for thespwron
seconds after VRTC has risen above 2.52 V (falling threshold is 2.4 V, 5% hysteresis). tyespwion IS S€t by an
external capacitor at the TRESPWRON pin. 1 nF gives typically 100 ms. RESPWRON is also triggered by the
HOT_RESET input. This input is internally debounced, with a filter time of typically 30 ms.

The PWRFAIL and LOW_BAT signals are generated by two voltage detectors using the PWRFAIL_SNS and
LOWBAT_SNS input signals. Each input signal is compared to a 1-V threshold (falling edge) with 5% (50 mV)
hysteresis.

The DCDC3 converter is reset to its default output voltage defined by the DEFDCDC3 input, when HOT_RESET
is asserted. Other IC registers are not affected. Generally, the DCDC3 converter is set to its default voltage with
one of these conditions: HOT RESET active, VRTC lower than its threshold voltage, undervoltage lockout
(UVLO) condition, RESPWRON active, both DCDC3-converter AND DCDC1-converter disabled. In addition, the
voltage of VDCDC3 changes to 1xxx0, if the VDCDCL1 converter is disabled. Where xxx is the state before
VDCDC1 was disabled.

8.5.1.1 DEFLDO1 and DEFLDO2

These two pins are used to set the default output voltage of the two 200-mA LDOs. The digital value applied to
the pins is latched during power up and determines the initial output voltage according to Table 3. The voltage of
both LDOs can be changed during operation with the I2C interface as described in the interface description.

Table 3. LDO1 and LDO2 Default Voltage Options

DEFLDO2 DEFLDO1 VLDO1 VLDO2
0 0 1.1V 1.3V
0 1 15V 1.3V
1 0 26V 28V
1 1 3.15V 3.3V

8.5.1.2 Interrupt Management and the INT Pin

The INT pin combines the outputs of the PGOOD comparators from each DC-DC converter and LDOs. The INT
pin is used as a POWER_OK pin indicating when all enabled supplies are in regulation. If the PGOODZ register
is read through the serial interface, any active bits are then blocked from the INT output pin.

Interrupts can be masked using the MASK register; default operation is not to mask any DCDC or LDO interrupts
because this provides the POWER_OK function.

8.5.2 Serial Interface

The serial interface is compatible with the standard and fast mode I1°C specifications, allowing transfers at up to
400 kHz. The interface adds flexibility to the power supply solution, enabling most functions to be programmed to
new values depending on the instantaneous application requirements and charger status to be monitored.
Register contents remain intact as long as VCC remains above 2 V. The TPS65021 has a 7-bit address:
1001000, other addresses are available upon contact with the factory. Attempting to read data from the register
addresses not listed in this section results in FFh being read out.

For normal data transfer, DATA is allowed to change only when CLK is low. Changes when CLK is high are
reserved for indicating the start and stop conditions. During data transfer, the data line must remain stable
whenever the clock line is high. There is one clock pulse per bit of data. Each data transfer is initiated with a start
condition and terminated with a stop condition. When addressed, the TPS65021 device generates an
acknowledge bit after the reception of each byte. The master device (microprocessor) must generate an extra
clock pulse that is associated with the acknowledge bit. The TPS65021 device must pull down the DATA line
during the acknowledge clock pulse so that the DATA line is a stable low during the high period of the
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acknowledge clock pulse. The DATA line is a stable low during the high period of the acknowledge—-related clock
pulse. Setup and hold times must be taken into account. During read operations, a master must signal the end of
data to the slave by not generating an acknowledge bit on the last byte that was clocked out of the slave. In this
case, the slave TPS65021 device must leave the data line high to enable the master to generate the stop

condition
o/ X

L

CLK
Data Line Change -
Stable; of Data |
Data Valid i Allowed |

Figure 30. Bit Transfer on the Serial Interface

—— ST\ Yam

CLK P \ / | |

___________

START Condition STOP Condition
Figure 31. START and STOP Conditions
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A6 A5 (A4mmm A0 |[R/W | ACK R7 R6 R5 smm RO | ACK D7 D6 |D5 |==m D0| ACK F

Start «4——— Slave Address——p{ i«¢—— Register Address ——p{ ;¢——— Data ———pi Stop

Note: SLAVE = TPS65020
Figure 32. Serial I/[F WRITE to TPS65021 Device
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Figure 33. Serial I/F READ from TPS65021: Protocol A
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Figure 34. Serial I/F READ from TPS65021: Protocol B
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8.6 Register Maps

8.6.1 VERSION Register Address: 00h (Read Only)

Table 4. VERSION Register

VERSION B7 B6 B5 B4 B3 B2 B1 BO
Bit name and 0 0 1 0 0 0 0 1
function
Read/write R R R R R R R R
8.6.2 PGOODZ Register Address: 01h (Read Only)
Table 5. PGOODZ Register

PGOODZ B7 B6 B5 B4 B3 B2 B1 BO
Bit name and PGOODZ PGOODZ PGOODZ PGOODZ PGOODZ
function PWRFAILZ | LOWBATTZ | \/5cpcy VDCDC2 VDCDC3 LDO2 LDO1 -

. PGOODZ PGOODZ PGOODZ PGOODZ PGOODZ
Set by signal PWRFAIL | LOWBATT | \pcpc1 | vbebc2 | vbepes LDO2 LDO1 -
Default value PGOOD PGOOD PGOOD PGOOD PGOOD
loaded PWRFAILZ | LOWBATTZ | \/5epcy VDCDC2 VDCDC3 LDO2 LDO1 -
Read/write R R R R R R R R
Bit7 PWRFAILZ:

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

0 = indicates that the PWRFAIL_SNS input voltage is above the 1-V threshold.

1 = indicates that the PWRFAIL_SNS input voltage is below the 1-V threshold.

LOWBATTZ:

0 = indicates that the LOWBATT_SNS input voltage is above the 1-V threshold.
1= indicates that the LOWBATT_SNS input voltage is below the 1-V threshold.
PGOODZ VDCDC1.:

0 = indicates that the VDCDC1 converter output voltage is within its nominal range. This bit is zero if
the VDCDC1 converter is disabled.

1 = indicates that the VDCDC1 converter output voltage is below its target regulation voltage
PGOODZ VDCDC2:

0 = indicates that the VDCDC2 converter output voltage is within its nominal range. This bit is zero if
the VDCDC2 converter is disabled.

1 = indicates that the VDCDC2 converter output voltage is below its target regulation voltage
PGOODZ VDCDC3:

0 = indicates that the VDCDC3 converter output voltage is within its nominal range. This bit is zero if
the VDCDC3 converter is disabled and during a DVM controlled output voltage transition

1 = indicates that the VDCDC3 converter output voltage is below its target regulation voltage
PGOODZ LDO2:

0 = indicates that the LDO2 output voltage is within its nominal range. This bit is zero if LDO2 is
disabled.

1= indicates that LDO2 output voltage is below its target regulation voltage
PGOODZ LDO1:

0 = indicates that the LDO1 output voltage is within its nominal range. This bit is zero if LDO1 is
disabled.

1= indicates that the LDO1 output voltage is below its target regulation voltage
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8.6.3 MASK Register Address: 02h (Read and Write), Default Value: COh

Table 6. MASK Register

MASK B7 B6 B5 B4 B3 B2 Bl BO
Bit name and MASK MASK MASK MASK MASK MASK MASK B
function PWRFAILZ | LOWBATTZ | VDCDC1 VDCDC2 VvDCDC3 LDO2 LDO1
Default 1 1 0 0 0 0 0 0
Default value UVLO UVLO UVLO UVLO UVLO UVLO UVLO -
loaded
Read/write R/W R/W R/W R/W R/W R/W R/W -

The MASK register can be used to mask particular fault conditions from appearing at the INT pin. MASK<n> = 1
masks PGOODZ<n>.

8.6.4 REG_CTRL Register Address: 03h (Read and Write), Default Value: FFh

The REG_CTRL register is used to disable or enable the power supplies through the serial interface. The
contents of the register are logically AND’ed with the enable pins to determine the state of the supplies. A UVLO
condition resets the REG_CTRL to OxFF, so the state of the supplies defaults to the state of the enable pin. The
REG_CTRL bits are automatically reset to default when the corresponding enable pin is low.

Table 7. REG_CTRL Register

REG_CTRL B7 B6 B5 B4 B3 B2 B1 BO
Bit name and ~ ~ VDCDC1 VDCDC2 VDCDC3 LDO2 LDO1 ~
function ENABLE ENABLE ENABLE ENABLE ENABLE

Default 1 1 1 1 1 1 1 1
Set by signal - _ DCDC1_ENZ | DCDC2_ENZ | DCDC3_ENZ | LDO_ENZ | LDO_ENZ -
Default value - _ UVLO UVLO UVLO UVLO UVLO .
loaded

Read/write - — R/W R/W R/W R/W R/W —
Bit5 VDCDC1 ENABLE:

DCDC1 Enable. This bit is logically AND’ed with the state of the DCDC1_EN pin to turn on the DCDC1
converter. Reset to 1 by a UVLO condition, the bit can be written to 0 or 1 through the serial interface.
The bit is reset to 1 when the pin DCDC1_EN is pulled to GND, allowing DCDC1 to turn on when
DCDC1_EN returns high.

Bit4 VDCDC2 ENABLE:
DCDC2 Enable. This bit is logically AND’ed with the state of the DCDC2_EN pin to turn on the DCDC2
converter. Reset to 1 by a UVLO condition, the bit can be written to 0 or 1 through the serial interface.
The bit is reset to 1 when the pin DCDC2_EN is pulled to GND, allowing DCDC2 to turn on when
DCDC2_EN returns high.
Bit3 VDCDC3 ENABLE:
DCDC3 Enable. This bit is logically AND’ed with the state of the DCDC3_EN pin to turn on the DCDC3
converter. Reset to 1 by a UVLO condition, the bit can be written to 0 or 1 through the serial interface.
The bit is reset to 1 when the pin DCDC3_EN is pulled to GND, allowing DCDC3 to turn on when
DCDC3_EN returns high.
Bit2 LDO2 ENABLE:
LDO2 Enable. This bit is logically AND’ed with the state of the LDO2_EN pin to turn on LDO2. Reset to
1 by a UVLO condition, the bit can be written to 0 or 1 the serial interface. The bit is reset to 1 when the
pin LDO_EN is pulled to GND, allowing LDO2 to turn on when LDO_EN returns high.
Bit1 LDO1 ENABLE:
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LDO1 Enable. This bit is logically AND’ed with the state of the LDO1_EN pin to turn on LDO1. Reset to

1 by a UVLO condition, the bit can be written to 0 or 1 through the serial interface. The bit is reset to 1
when the pin LDO_EN is pulled to GND, allowing LDO1 to turn on when LDO_EN returns high.

8.6.5 CON_CTRL Register Address: 04h (Read and Write), Default Value: Blh

Table 8. CON_CTRL Register

CON_CTRL B7 B6 B5 B4 B3 B2 B1 BO
Bit name and DCDC2 DCDC2 DCDC3 DCDC3 LOW FPWM FPWM FPWM
function PHASE1 PHASEO PHASE1 PHASEO RIPPLE DCDC2 DCDC1 DCDC3
Default 1 0 1 1 0 0 0 1
E)i‘;aé‘ét value UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R/W R/W R/W R/W R/W R/W R/W

The CON_CTRL register is used to force any or all of the converters into forced PWM operation, when low
output voltage ripple is vital. It is also used to control the phase shift between the three converters to minimize
the input rms current, hence reduce the required input blocking capacitance. The DCDC1 converter is taken as
the reference and consequently has a fixed zero phase shift.

Table 9. DCDC2 and DCDC3 Phase Delay

CON_CTRL<7:6> DD ORVERTER CON_CTRL<5:4> DCDC3 CONVERTER
00 zero 00 zero
01 1/4 cycle 01 1/4 cycle
10 1/2 cycle 10 1/2 cycle
11 3/4 cycle 11 3/4 cycle
Bit3 LOW RIPPLE:
0= PFM mode operation optimized for high efficiency for all converters
1= PFM mode operation optimized for low-output voltage ripple for all converters
Bit2 FPWM DCDC2:
0= DCDC2 converter operates in PWM / PFM mode
1= DCDC2 converter is forced into fixed-frequency PWM mode
Bitl FPWM DCDC1:
0=  DCDCL1 converter operates in PWM / PFM mode
1= DCDCI1 converter is forced into fixed-frequency PWM mode
Bit0 FPWM DCDCS3:

0= DCDC3 converter operates in PWM / PFM mode
1= DCDCS3 converter is forced into fixed-frequency PWM mode
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8.6.6 CON_CTRLZ2 Register Address: 05h (Read and Write), Default Value: 40h

Table 10. CON_CTRL2 Register

CON_CTRL2 B7 B6 B5 B4 B3 B2 Bl BO
Bit name and co Core adj _ _ _ I_DCDCZ I_DCDCl I_DCDCS
function allowed discharge discharge discharge
Default 0 1 0 0 0 0 0 0
Default value oo UVLO - - - uVLO UVLO UVLO
Read/write R/W R/W - - - R/W R/W R/W

The CON_CTRL2 register can be used to take control the inductive converters.

Bit 7 GO:
0 = no change in the output voltage for the DCDC3 converter

1= the output voltage of the DCDC3 converter is changed to the value defined in DEFCORE with
the slew rate defined in DEFSLEW. This bit is automatically cleared when the DVM transition is
complete. The transition is considered complete in this case when the desired output voltage
code has been reached, not when the VDCDC3 output voltage is actually in regulation at the
desired voltage.

Bit 6 CORE ADJ Allowed:
0 = the output voltage is set with the 1°C register
1= DEFDCDCS is either connected to GND or VCC or an external voltage divider. When

connected to GND or VCC, VDCDC3 defaults to 1.3 V or 1.55 V respectively at start-up

Bit2-0 O the output capacitor of the associated converter is not actively discharged when the converter is
disabled
1 the output capacitor of the associated converter is actively discharged when the converter is

disabled. This decreases the fall time of the output voltage at light load

8.6.7 DEFCORE Register Address: 06h (Read and Write), Default Value: 14h/1Eh

Table 11. DEFCORE Register

DEFCORE B7 B6 B5 B4 B3 B2 B1 BO
Bit name and

fncton - - - CORE4 CORE3 CORE2 CORE1 COREO
Default 0 0 0 1 DEFDCDC3 1 DEFDCDC3 0
E)gfda:d't value - - - RESET(1) | RESET(1) | RESET(l) | RESET(1) | RESET(1)
Read/write - - - R/W R/W R/W R/W R/W

RESET(1): DEFCORE is reset to its default value by one of these events:
* Undervoltage lockout (UVLO)

+ DCDC1 AND DCDC3 disabled

*+ HOT_RESET pulled low

* RESPWRON active

* VRTC below threshold
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Table 12. DCDC3 DVS Voltages
CORE4 | CORE3 | CORE2 | CORE1 | COREO | VDCDC3 CORE4 | CORE3 | CORE2 | COREl | COREO| VDCDC3
0 0 0 0 0 0.8V 1 0 0 0 0 12V
0 0 0 0 1 0.825 V 1 0 0 0 1 1.225 V
0 0 0 1 0 0.85V 1 0 0 1 0 1.25V
0 0 0 1 1 0.875V 1 0 0 1 1 1.275 V
0 0 1 0 0 0.9V 1 0 1 0 0 13V
0 0 1 0 1 0.925 V 1 0 1 0 1 1.325 V
0 0 1 1 0 0.95V 1 0 1 1 0 1.35V
0 0 1 1 1 0.975V 1 0 1 1 1 1.375V
0 1 0 0 0 1V 1 1 0 0 0 1.4V
0 1 0 0 1 1.025 V 1 1 0 0 1 1.425 V
0 1 0 1 0 1.05V 1 1 0 1 0 1.45V
0 1 0 1 1 1.075 V 1 1 0 1 1 1.475 V
0 1 1 0 0 1.1V 1 1 1 0 0 15V
0 1 1 0 1 1.125 V 1 1 1 0 1 1.525 V
0 1 1 1 0 115V 1 1 1 1 0 1.55V
0 1 1 1 1 1175V 1 1 1 1 1 16V
8.6.8 DEFSLEW Register Address: 07h (Read and Write), Default Value: 06h
Table 13. DEFSLEW Register
DEFSLEW B7 B6 B5 B4 B3 B2 B1 BO
g;gﬁge and - - - - - SLEW2 SLEW1 SLEWO
Default - - - - - 1 1 0
Default value - - - - - UVLO UVLO UVLO
Read/write - - - - - R/IW R/W R/IW

Table 14. DCDC3 DVS Slew Rate

SLEW2 SLEW1 SLEWO VDCDC3 SLEW RATE
0 0 0 0.15 mV/us
0 0 1 0.3 mV/us
0 1 0 0.6 mV/us
0 1 1 1.2 mVips
1 0 0 2.4 mVliys
1 0 1 4.8 mVlius
1 1 0 9.6 mV/us
1 1 1 Immediate

8.6.9 LDO_CTRL Register Address: 08h (Read and Write), Default Value: Set With DEFLDO1 and
DEFLDO2

Table 15. LDO_CTRL Register

LDO_CTRL B7 B6 B5 B4 B3 B2 B1 BO
E" name and - LDO2_2 LDO2_1 LDO2_0 - LDO1_2 LDO1_1 LDO1_0
unction
Default - DEFLDOX DEFLDOXx DEFLDOX - DEFLDOX DEFLDOX DEFLDOX
Default value - UVLO UVLO UVLO — UVLO UVLO UVLO
loaded
Read/write - R/W R/W R/W - R/W R/W R/W
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The LDO_CTRL registers can be used to set the output voltage of LDO1 and LDO2.
The default voltage is set with DEFLDO1 and DEFLDO2 pins as described in Table 16.
Table 16. LDO2 and LDO3 I2C Voltage Options
LDO1 OUTPUT LDO2 OUTPUT
LDO1_2 LDO1_1 LDO1_0 LT LDO2_2 LDO2_1 LDO2_0 L RE

0 0 0 1V 0 0 0 1.05V

0 0 1 11V 0 0 1 12V

0 1 0 135V 0 1 0 13V

0 1 1 15V 0 1 1 1.8V

1 0 0 22V 1 0 0 25V

1 0 1 26V 1 0 1 2.8V

1 1 0 2.85V 1 1 0 3V

1 1 1 315V 1 1 1 33V
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9 Application and Implementation

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

9.1 Application Information

9.1.1 Input Voltage Connection

The low power section of the control circuit for the step-down converters DCDC1, DCDC2, and DCDC3 is
supplied by the VCC pin while the circuitry with high power such as the power stage is powered from the
VINDCDC1, VINDCDC2, and VINDCDCS3 pins. For proper operation of the step-down converters, VINDCDC1,
VINDCDC2, VNDCDC3, and VCC need to be tied to the same voltage rail. Step-down converters that are
plannned to be not used, still need to be powered from their input pin on the same rails than the other step-down
converters and V¢c.

LDO1 and LDO2 share a supply voltage pin which can be powered from the V¢ rails or from a voltage lower
than V¢, for example, the output of one of the step-down converters as long as it is operated within the input
voltage range of the LDOs. If both LDOs are not used, the VINLDO pin can be tied to GND.

9.1.2 Unused Regulators

In case a step-down converter is not used, its input supply voltage pin VINDCDCXx still needs to be connected to
the V¢ rail along with supply input of the other step-down converters. Tl recommends closing the control loop
such that an inductor and output capacitor is added in the same way as it would be when operated normally. If
one of the LDOs is not used, its output capacitor must be added as well. If both LDOs are not used, the input
supply pin as well as the output pins of the LDOs (VINLDO, VLDO1, VLDO2) must be tied to GND.
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9.2 Typical Application

Lt

GND
GND

VDCDCH1

3V
backup

PWRFAIL
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VINDCDC2 DCDC2_EN
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Vcc_SRAM 1.1V
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SDAT
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Figure 35. Typical Configuration for the Intel PXA270 Bulverde Processor

9.2.1 Design Requirements

The TPS6502x devices have only a few design requirements. Use the following parameters for the design

examples:

e 1-uF bypass capacitor on VCC, located as close as possible to the VCC pin to ground
e VCC and VINDCDCx must be connected to the same voltage supply with minimal voltage difference.

* Input capacitors must be present on the VINDCDCx and VIN_LDO supplies if used

e Output inductor and capacitors must be used on the outputs of the DCDC converters if used
« Output capacitors must be used on the outputs of the LDOs if used

9.2.2 Detailed Design

9.2.2.1

Procedure

Inductor Selection for the DC-DC Converters

Each of the converters in the TPS65021 typically use a 3.3-yH output inductor. Larger or smaller inductor values
are used to optimize the performance of the device for specific operation conditions. The selected inductor has to
be rated for its DC resistance and saturation current. The DC resistance of the inductance influences directly the
efficiency of the converter. Therefore, an inductor with lowest DC resistance must be selected for highest

efficiency.

For a fast transient response, a 2.2-pyH inductor in combination with a 22-yF output capacitor is recommended.
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Typical Application (continued)

Equation 8 calculates the maximum inductor current under static load conditions. The saturation current of the
inductor must be rated higher than the maximum inductor current as calculated with Equation 8. This is needed
because during heavy load transient the inductor current rises above the value calculated with Equation 8 and
Equation 9.

_ Vout
Vin
Al = Vout X ————
L Lxf (8)
Al
| = + L
Lmax outmax 2

where
» = Switching frequency (1.5 MHz typical)
e L = Inductor value
e Al = Peak-to-peak inductor ripple current
¢l uax = Maximum Inductor current 9)

The highest inductor current occurs at maximum Vin.

Open-core inductors have a soft saturation characteristic, and they can usually handle higher inductor currents
versus a comparable shielded inductor.

A more conservative approach is to select the inductor current rating just for the maximum switch current of the
TPS65021 (2 A for the VDCDC1 and VDCDC2 converters, and 1.5 A for the VDCDC3 converter). The core
material from inductor to inductor differs and has an impact on the efficiency especially at high switching
frequencies.

See Table 17 and the typical applications for possible inductors.

Table 17. Tested Inductors

INDUCTOR
DEVICE VALUE TYPE COMPONENT SUPPLIER
3.3 uH CDRH2D14NP-3R3 Sumida
3.3 uH LPS3010-332 Coilcraft
DCDC3 converter
3.3puH VLF4012AT-3R3M1R3 TDK
2.2 uH VLF4012AT-2R2M1R5 TDK
3.3puH CDRH2D18/HPNP-3R3 Sumida
DCDC2 converter 3.3 uH VLF4012AT-3R3M1R3 TDK
2.2 uH VLCF4020-2R2 TDK
3.3puH CDRH3D14/HPNP-3R2 Sumida
3.3 uH CDRH4D28C-3R2 Sumida
DCDC1 converter -
3.3 uH MSS5131-332 Coilcraft
2.2 uH VLCF4020-2R2 TDK

9.2.2.2 Output Capacitor Selection

The advanced fast response voltage mode control scheme of the inductive converters implemented in the
TPS65021 allow the use of small ceramic capacitors with a typical value of 10 pyF for each converter without
having large output voltage under and overshoots during heavy load transients. Ceramic capacitors with low ESR
values have the lowest output voltage ripple and are recommended. See Table 18 for recommended
components.

If ceramic output capacitors are used, the capacitor RMS ripple current rating always meets the application
requirements. Just for completeness, the RMS ripple current is calculated as Equation 10.

1 - Vout
Vin 1
IRMSCout = Vout X X
Lxf 2 x V3 (10)
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At nominal load current, the inductive converters operate in PWM mode. The overall output voltage ripple is the
sum of the voltage spike caused by the output capacitor ESR plus the voltage ripple caused by charging and
discharging the output capacitor in Equation 11.

1 - Vout
Vin 1
AVt = Vour X X + ESR
Lxf 8 x Coyt X f
where
« the highest output voltage ripple occurs at the highest input voltage Vin (12)

At light-load currents, the converters operate in PSM and the output voltage ripple is dependent on the output
capacitor value. The output voltage ripple is set by the internal comparator delay and the external capacitor. The
typical output voltage ripple is less than 1% of the nominal output voltage.

9.2.2.3 Input Capacitor Selection

Because of the nature of the buck converter having a pulsating input current, a low-ESR input capacitor is
required for best input voltage filtering and minimizing the interference with other circuits caused by high input
voltage spikes. Each DC-DC converter requires a 10-uyF ceramic input capacitor on its input pin VINDCDCXx. The
input capacitor is increased without any limit for better input voltage filtering. The VCC pin is separated from the
input for the DC-DC converters. A filter resistor of up to 10R and a 1-uF capacitor is used for decoupling the VCC
pin from switching noise. Note that the filter resistor may affect the UVLO threshold because up to 3 mA can flow
through this resistor into the VCC pin when all converters are running in PWM mode.

Table 18. Possible Capacitors

CAPACITOR VALUE CASE SIZE COMPONENT SUPPLIER COMMENTS
22 uF 1206 TDK C3216X5R0J226M Ceramic
22 uF 1206 Taiyo Yuden JMK316BJ226ML Ceramic
22 uF 0805 TDK C2012X5R0J226MT Ceramic
22uF 0805 Taiyo Yuden JMK212BJ226MG Ceramic
10 yF 0805 Taiyo Yuden JMK212BJ106M Ceramic
10 uF 0805 TDK C2012X5R0J106M Ceramic

9.2.2.4 Output Voltage Selection

The DEFDCDC1, DEFDCDC2, and DEFDCDC3 pins are used to set the output voltage for each step-down
converter. See Table 19 for the default voltages if the pins are pulled to GND or to VCC. If a different voltage is
needed, an external resistor divider can be added to the DEFDCDCx pin as shown in Figure 36.

The output voltage of VDCDC3 is set with the 1°C interface. If the voltage is changed from the default, using the
DEFCORE register, the output voltage only depends on the register value. Any resistor divider at DEFDCDC3
does not change the voltage set with the register.

Table 19. Voltage Options

PIN LEVEL DEFAULT OUTPUT VOLTAGE

VCC 33V

DEFDCDC1
GND 3V
VCC 25V

DEFDCDC2
GND 1.8V
VCC 155V

DEFDCDC3
GND 1.3V

38 Submit Documentation Feedback Copyright © 2005-2015, Texas Instruments Incorporated

Product Folder Links: TPS65021



13 TEXAS
INSTRUMENTS
TPS65021

www.ti.com SLVS613D —OCTOBER 2005—-REVISED DECEMBER 2015

Using an external resistor divider at DEFDCDCx:

10R
V(bat)o_’_/w/\’ré] Vee

1 uF
i vDCDC3
$————4-5 VINDCDC3 L3
T
L {1 DCDC3_EN DEFDCDC3 L

AGND PGND

[1

Figure 36. External Resistor Divider

When a resistor divider is connected to DEFDCDCYX, the output voltage can be set from 0.6 V up to the input
voltage V4. The total resistance (R1 + R2) of the voltage divider must be kept in the 1-MR range to maintain a
high efficiency at light load.

V(perpcpey = 0.6 V
_ R1 + R2 Vour
Vout = Vperpcbex X Ty R1 = R2 x

- R2

V
DEFDCDCx (12)

9.2.2.5 VRTC Output

The VRTC output is typically connected to the VCC_BATT pin of a Intel PXA270 processor. During power-up of
the processor, the TPS65021 internally switches from the LDO or the backup battery to the system voltage
connected at the VSYSIN pin (see Figure 29). It is required to add a capacitor of 4.7-yF minimum to the VRTC
pin, even the output may be unused.

9.2.2.6 LDO1 and LDO2

The LDOs in the TPS65021 are general-purpose LDOs which are stable using ceramics capacitors. The
minimum output capacitor required is 2.2 yF. The LDOs output voltage can be changed to different voltages
between 1 V and 3.3 V using the 1°C interface. Therefore, they can also be used as general-purpose LDOs in
applications powering processors different from PXA270. The supply voltage for the LDOs needs to be
connected to the VINLDO pin, giving the flexibility to connect the lowest voltage available in the system and
provides the highest efficiency.

9.2.2.7 TRESPWRON

This is the input to a capacitor that defines the reset delay time after the voltage at VRTC rises above 2.52 V.
The timing is generated by charging and discharging the capacitor with a current of 2 yA between a threshold of
0.25V and 1V for 128 cycles. A 1-nF capacitor gives a delay time of 100 ms.

While there is no real upper and lower limit for the capacitor connected to TRESPWRON, Tl recommends to not
leave signal pins open.

((1 V - 025 V) X Ceee

t =2 x 128 x
(reset) \ 2 A
where
*  lesey IS the reset delay time
*  Ciese IS the capacitor connected to the TRESPWRON pin (13)
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The minimum and maximum values for the timing parameters called ICONST (2 pA), TRESPWRON_UPTH (1 V)
and TRESPWRON_LOWTH (0.25 V) can be found in Specifications.
9.2.2.8 Vcc Filter

An RC filter connected at the VCC input is used to prevent noise from the internal supply for the bandgap and
other analog circuitry. A typical resistor value of 1 Q and 1 pF is used to filter the switching spikes generated by
the DC-DC converters. A resistor larger than 10 Q must not be used because the current (up to 3 mA) into VCC
causes a voltage drop at the resistor. This causes the undervoltage lockout circuitry connected internally at VCC
to switch off too early.

9.2.3 Application Curves
Graphs were taken using the EVM with the inductor and output capacitor combinations in Table 20.

Table 20. Inductor and Output Capacitor Combinations

CONVERTER INDUCTOR OUTPUT CAPACITOR OUTPUT CAPACITOR VALUE
VDCDC1 VLCF4020-2R2 C2012X5R0J106M 2 x 10 uF
VDCDC2 VLCF4020-2R2 C2012X5R0J106M 2 x 10 uF
VDCDC3 VLF4012AT-2R2M1R5 C2012X5R0J106M 2 x 10 uF
100 T T TTTTTT T 100 ‘ HHHH ‘ ‘
V|, =38V JoI= ::: = \ 9 | V=25V N
% 7N il MR
Y/ . 80 /
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Figure 37. DCDC1 Efficiency Figure 38. DCDC2 Efficiency
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Figure 39. DCDC3 Efficiency

10 Power Supply Recommendations

10.1 Requirements for Supply Voltages below 3.0 V

For a supply voltage on pins Vcc, VINDCDC1, VINDCDC?2, and VINDCDC3 below 3.0 V, Tl recommends
enabling the DCDC1, DCDC2 and DCDC3 converters in sequence. If all 3 step-down converters are enabled at
the same time while the supply voltage is close to the internal reset detection threshold, a reset may be
generated during power-up. Therefore Tl recommends enabling the DC-DC converters in sequence. This can be
done by driving one or two of the enable pins with a RC delay or by driving the enable pin by the output voltage
of one of the other step-down converters. If a voltage above 3.0 V is applied on pin VBACKUP while V¢ and
VINDCDCXx is below 3.0 V, there is no restriction in the power-up sequencing as VBACKUP is used to power the
internal circuitry.
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11 Layout

11.1 Layout Guidelines

As for all switching power supplies, the layout is an important step in the design. Proper function of the device
demands careful attention to PCB layout. Take care in board layout to get the specified performance. If the
layout is not carefully done, the regulators may show poor line, load regulation, or both, and stability issues as
well as EMI problems. It is critical to provide a low impedance ground path. Therefore, use wide and short traces
for the main current paths. The input capacitors must be placed as close as possible to the IC pins as well as the
inductor and output capacitor.

For TPS65021, connect the PGND pins of the device to the PowerPAD land of the PCB and connect the analog
ground connections (AGND) to the PGND at the PowerPAD. It is essential to provide a good thermal and
electrical connection of all GND pins using multiples through to the GND-plane. Keep the common path to the
AGND pins, which returns the small signal components, and the high current of the output capacitors as short as
possible to avoid ground noise. The VDCDCXx line must be connected right to the output capacitor and routed
away from noisy components and traces (for example, the L1, L2 and L3 traces).

11.2 Layout Example

VIN
ofolo
VDCDC3
_ ofclolmRolofo
S L3
5 5
S S
EOG 5 5 5
PGND3 o o

Figure 40. Layout Example of a DC-DC Converter
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.3 Trademarks

TMS320, OMAP, PowerPAD, E2E are trademarks of Texas Instruments.
Intel is a registered trademark of Intel Corporation.
All other trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution

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

12.5 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

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 @ ) (3) (4/5)
TPS65021RHAR ACTIVE VQFN RHA 40 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40to 85 TPS
& no Sb/Br) 65021
TPS65021RHAT ACTIVE VQFN RHA 40 250  Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40to 85 TPS
& no Sb/Br) 65021
TPS65021RHATG4 ACTIVE VQFN RHA 40 250  Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40to 85 TPS
& no Sb/Br) 65021

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

® Lead/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 Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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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)
TPS65021RHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS65021RHAT VQFN RHA 40 250 180.0 16.4 6.3 6.3 1.1 12.0 | 16.0 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)
TPS65021RHAR VQFN RHA 40 2500 367.0 367.0 38.0
TPS65021RHAT VQFN RHA 40 250 210.0 185.0 35.0
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MECHANICAL DATA

RHA (S*P\/QFN*N40> PLASTIC QUAD FLATRPACK NO—LEAD
6,15
585
8]
B 6,15
\ 5,85
Pin 1 Index Area /40'
Top and Bottom
1
1,00
0.80 0,20 Nominal
' Lead Frame
Q O 08 C ? L.—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—;li Seating P‘Oﬂe
.
0,00
0,50
40X =
1 0 f 0,30
Uuuuuujuuuuu_]
40 O {71
P THERMAL PAD 9
) | d
D) d
) SIZE AND SHAPE =
O SHOWN ON SEPARATE SHEET
) q
) I d
) - 2
k=) R
ANNNNNNNN ﬂ
30 0,50
+0,07
40X 0,23 2005
0,10 W]c[AlB]
@005 mc

Bottom View

4204276 /E 06 /11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

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. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO—-220 variation VJJD-2.

w3 TExas
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THERMAL PAD MECHANICAL DATA

RHA (S—PVQFN—-N40) 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 Pin 1 Feature
C0,30 See Note B
0,1840,05 (2 Places) — »H€—0,22+0,05 (2 Places)
A 4 1 10
7S wUUuuujuuuuu
40D an
) —— Exposed Thermal Pad
D) (@n
D) (an
4,15+0,10 =) — — =
D) (e
D) (@
D) (am
D) (am
31 D 20
ANNNANNNNN
30 21
— 4,1510,10 —¥

Bottom View

Exposed Thermal Pad Dimensions

4206355-2/X 08/14

NOTES: A. All linear dimensions are in millimeters
B. The Pin 1 Identification mark is an optional feature that may be present on some devices
In addition, this Pin 1 feature if present is electrically connected to the center thermal pad
and therefore should be considered when routing the board layout.
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LAND PATTERN DATA

RHA (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design
0,125 Thick Stencil

Example Board Layout (Note E)
Note D "_36X0 5 | —~0230  —= =—36x0,5
- DUUUUUUUUU _ o8 100000000
= |o o0 0o| X f = P =
= |o o0 0o| I = j =
516,8 (- —
— 1o 0 0o o &E T — 0,3 —5156,75
= O 0 O O = = =
= %I = 9x1,15 —
9x1,15- x1,10 =
(000000000 % 000000001

51 ——~ -~ 515 ——

68 —— -~ 75—~
! (69% Printed Solder Coverage by Area)
|
I Non Solder Mask Defined Pad Example Via Layout Desigr)
i Via layout may vary depending
' T~ on layout constraints
(Note D, F)
4,15
0,08 0.85 Example 1§X¢O,3 I\
RO,14 ' . Y Solder Mask Opening \(-B o O O
// + y \\ (Note F)
l B | O O O
|\ [-— , Pad Geometr 415
OO7 0,28 (NteC)y © O O O
Il Around
© O O O
12x1,0
12x1,0

~—  —

4207627-2/R 08/14

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC—7351 is recommended for alternate designs.

D. 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>.

E. 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.

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

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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