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TPS6581x Single-Cell Li-lon Battery and Power Management IC
1 Features + Host Interface

Battery Charger

Complete Charge Management Solution for

Single Li-lon or Li-Pol Cell:

— With Thermal Foldback, Dynamic Power
Management, and Pack Temperature-
Sensing

— Supports Up to 1.5-A Maximum Charge
Current

Programmable Charge Parameters for AC

Adapter and USB Port Operation

Integrated Power Supplies

Total of 9 integrated LDOs:
— 6 Adjustable-Output LDOs (1.25 V to 3.3 V)
— 2 Fixed-Voltage LDOs (3.3 V)

— 1 RTC Backup Supply With Low Leakage
(1.5V)

2 0.6-V to 3.4-V Programmable DC-DC Buck

Converters (600 mA for TPS65810, 750 mA for

TPS65811)

— With Enable, Standby Mode Operation, and
Automatic Low-Power Mode Setting

Display Functions

2 Open-Drain PWM Outputs With
Programmable Frequency and Duty Cycle

— Control of Keyboard Backlight, Vibrator, or
Other External Peripheral Functions

RGB LED Driver With Programmable Flashing

Period and Individual RGB Brightness Control

Constant-Current White LED Driver

— With Programmable Current Level,

Brightness Control, and Overvoltage
Protection

— Can Drive up to 6 LEDs in Series
Configuration

System Management

Dual Input Power Path Function With Input
Current-Limiting and OVP Protection

POR Function With Programmable Masking
Monitors All Integrated Supplies Outputs

Software and Hardware Reset Functions

8-Channel Integrated A/D Samples System

Parameters

— With Single Conversion, Peak Detection, or
Averaging Operating Modes

— Host Can Set System Parameters and Access
System Status Using I1°C Interface

— Interrupt Function With Programmable
Masking Signals System Status Modification to
Host

— 3 GPIO Ports, Programmable as Drivers,
Integrated A/D Trigger or Buck Converters
Standby Mode Control

2 Applications

« PDAs
* Smart Phones
MP3s

» Internet Appliances
Handheld Devices

3 Description

The TPS65810 device provides an easy-to-use, fully-
integrated solution for handheld devices, integrating
charge management, multiple regulated power
supplies, system management, and display functions
in a small, thermally-enhanced 8-mm x 8-mm
package. The high level of integration enables space
savings of 70% of the typical board area when
compared to equivalent discrete solutions, while
implementing a high-performance and flexible
solution that is portable across multiple platforms.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS65810,
TPS65811 QFN (56) 8.00 mm x 8.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/tps65810?qgpn=tps65810
http://www.ti.com/product/tps65811?qgpn=tps65811

I3 TEXAS
INSTRUMENTS
TPS65810, TPS65811
SLVS658C —MARCH 2006—REVISED JANUARY 2016 www.ti.com
Table of Contents
1 FRAUIES e 7.16 Timing Requirements — I°C Interface.................... 18
2 Applications 7.17 Trigger Timing Characteristics ...........cc.cvecvenvnernne 19
3 DESCHPLION oo 7.18 Dissipation RatiNgs .........cccccverviriiieiienieneeeeee 19
4 Revision History 7.19 Typical CharaCteriStiCS .........ceerueeeriirieeiieeeiieeenees 20
5 Description (continued) 8 Detailed Qescrlptlon ............................................ 223
6 Pin Configuration and Functions 8.1 Over\{|ew """""""" e 8
7 Specifications 8.2 Functional Block Diagram ..........cccoceevierverinieninennn 23
7p1 oo MRt ....................................... 8.3 Fatlre DESCHPHON ..o 24
7'2 ESS[;)Fl: et, aximum Ratings ... 8.4 Device Functional MOdes..........cccocuverreivneneneniennas 69
7'3 R & mgjdo """" t """ Cdt """"""""""""""""" - 8.5 Programming........ccceceeeveeieeniiesiieenieeneeseeesree e 69
. ecommende .pera ing Conditions........c.ccceevnee 8.6 REGISIEr MADS ..o 73
7.4 Thermal Information............cccoeeveviiiiieiieniiiee 7 9  Application and Implementation 84
7.5 Electrical Characteristics — System Sequencing and PPl I_ . P i 1O s
OPETating MOUES .....eoveeeeremeeeeeeseeeereeeeerereeeereseerene ) 9.1 Application Information...........c.cccooveevierienieeneennn. 84
7.6 Electrical Characteristics — Power Path and Charge 9.2 Typical APPIICALIONS .....coovvveiniiiiiiiiii 85
MaANAGEMENT ....c.viviiieieiiieee et 9 10
7.7 Electrical Characteristics — Power Path and Charge 11
Management (Continued) .........ccccccveviiieniininenieene 10
7.8 Electrical Characteristics — Power Path and Charge
Management (Continued) ..........cccccovvveeieniiecnenene. 11 12 Devi 4D ion S 93
7.9 Electrical Characteristics — Linear Regulators ........ 12 evice ar.l ocumentation SUPPOrt...........
7.10 Electrical Characteristics — Switched-Mode SM1 12.1 Device Support........ e 93
StEP-DOWN CONVEIE ......eveeeeeeeeeereeeeeeee e 14 12.2 Related Documentation..............ccoccooeeeiciinicnns 93
7.11 Electrical Characteristics — Switched-Mode SM2 12.3 Related LiNKS .....oovvriiiiiiiiiin 93
Step-Down Converter ........coccvveeennn. 12.4 Community RESOUICES.......cccevvveeeriieerieeesieeennenes 93
7.12 Electrical Characteristics — GPIOs 12.5 Trademarks........cccccooiiiiiniieiieii e 93
7.13 Electrical Characteristics — ADC..........cccccevveennne. 12.6 Electrostatic Discharge Caution............cccccocveeennes 93
7.14 Electrical Characteristics — LED and PWM D A €110 1Y SR 93
DIIVIS et s 13 Mechanical, Packaging, and Orderable
7.15 Electrical Characteristics — I°C Interface INFOFMALION ©.voveieieice e 94
4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision B (February 2007) to Revision C 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 ...........ocuiiiiiiiiii e 1
e Deleted the lead temperature from the Absolute Maximum Ratings table ... 6
2 Submit Documentation Feedback Copyright © 2006-2016, Texas Instruments Incorporated

Product Folder Links: TPS65810 TPS65811


http://www.ti.com/product/tps65810?qgpn=tps65810
http://www.ti.com/product/tps65811?qgpn=tps65811
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS658C&partnum=TPS65810
http://www.ti.com/product/tps65810?qgpn=tps65810
http://www.ti.com/product/tps65811?qgpn=tps65811

13 TEXAS

INSTRUMENTS

www.ti.com

TPS65810, TPS65811
SLVS658C ~MARCH 2006 —REVISED JANUARY 2016

5 Description (continued)
If required, an external host can control the TPS65810 device through 1°C interface with access to all integrated

systems. The I°C enables the setting of the output voltages, current thresholds, and operation modes. The

internal registers have a complete set of status information, enabling easy diagnostics, and host-controlled

handling of fault conditions. The TPS65810 device can operate in standalone mode, with no external host

control, if the internal power-up defaults are compatible with the system requirements.

6 Pin Configuration and Functions

RTQ Package
56-Pin QFN With Exposed Thermal Pad

current source output
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Pin Functions
PIN EXTERNAL REQUIRED COMPONENTS
NS Ne) I/0 DESCRIPTION (See Figure 51)
Adapter charge input voltage, connect to . . . S
o . 1-yF (minimum) capacitor to AGND1 pin to minimize
AC 7 | AC_DC adapter positive output terminal . .
(DC voltage) overvoltage transients during AC power hot-plug events.
ADC_REF 29 /o ADC internal refere_nce filter or ADC 4.7-uF (m_lnlmum) to 10-yF (maximum) capacitor connected to
external reference input AGND2 pin
AGNDO 16 — | Analog ground connection Connect to analog ground plane
AGND1 48 — | Analog ground pin Connect to analog ground plane
AGND2 25 — | Analog ground pin Connect to analog ground plane
Analog input to ADC, programmable . .
ANLG1 24 | current source output Can be used to monitor additional system or pack parameters
ANLG2 23 | Analog input to ADC, programmable Can be used to monitor additional system or pack parameters
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Pin Functions (continued)

PIN EXTERNAL REQUIRED COMPONENTS
e G I/0 DESCRIPTION (See Figure 51)
17 Connect to battery positive terminal. Connect a 10-uF capacitor
BAT 18 VO | Battery power (minimum) from BAT pin to AGND1 pin.
Programmable blue driver, open-drain .
BLUE 1 (0] output, current sink output when active. Connect to BLUE input of RGB LED
External resistor from DPPM pin to AGND1 pin sets the DPPM
DPPM 14 | Dynamic power path management regulation threshold. 1-nF (minimum) capacitor to from DPPM
set-point to AGND1 sets BAT to OUT short circuit blanking delay when
battery is hot-plugged into system
An internal electrical connection exists between the exposed thermal pad and AGNDn pins of the device.
Exposed 57 __ | The exposed thermal pad must be connected to the same potential as the AGND1 pin on the printed-
thermal pad circuit-board. Do not use the thermal pad as the primary ground input for the device. AGNDn pins must be
connected to a clean ground plane at all times.
. . External resistor from FB3 pin to PGND3 pin sets LED peak
FB3 41 /0 White LED _duty cycle switch output, LED current. Connect a 100-pF (minimum) filter capacitor to PGND3
current setting pin
GPIO1 43 /0 | General-purpose programmable 1/0 Power-up default: SM1 enable control, SM1 ON at GPIO1 = Hl.
GPI02 53 /0O | General-purpose programmable 1/0 Power-up default: SM2 enable control, SM2 ON at GPIO2 = Hl.
GPIO3 54 /0 | General-purpose programmable 1/O. Example: ADC conversion start trigger.
GREEN 56 | o |Programmable LED driver, open-drain | o500t 1o GREEN input of RGB LED
output, current sink output when active.
HOT RST 15 /o Hardware reset input, reset generated Connect to an external push-button switch. Connect to external
- when connected to ground pullup resistor.
o Connect 100-kQ external pullup resistor between INT and OUT
INT 19 O | Interruption pin, open-drain output INT pin is LO when interrupt is requested by the TPS65810
device.
Current set point when charging in auto
ISET1 11 | mode with AC selected. Precharge and External resistor from ISET1 pin to AGND1 pin sets charge
charge termination set point for all charge | current value
modes
SM1 synchronous buck converter . .
L1 46 0] power-stage output 3.3-pH inductor to SM1 pin
L2 51 o SM2 synchronous buck converter 3.3-uH inductor to SM2 pin
power-stage output
L3 39 0] stzlai‘tlghOf the integrated boost power-stage 4.7-uH inductor to OUT pin, external Schottky diode to SM3 pin
LDOO 32 O | LDOO output, fixed voltage 1-pyF (minimum) capacitor to AGND1
LDO1 37 O | LDO1 output 1-pyF (minimum) capacitor to AGND1
LDO2 33 O | LDO2 output 1-pyF (minimum) capacitor to AGND1
LDO3 28 O | LDO3 output 2.2-pF (minimum) capacitor to AGND2
LDO35_REF 30 | Linear regulators LDO3-5 reference filter | 100-nF capacitor to AGND2
LDO4 27 O | LDO4 output 2.2-pF (minimum) capacitor to AGND2
LDO5 26 O | LDOS5 output 2.2-pF (minimum) capacitor to AGND2
LDO_PM 10 O | General-purpose LDO output 1-pyF (minimum) capacitor to AGND1 pin
LED_PWM 36 O | PWM driver output, open-drain Can be used to drive a keyboard backlight LED
ouT o Poyver-path oqtput. Connect to system 10-uF capacitor to AGND1. pin
main power rail (system power bus)
PGND1 45 SM1 synchronous buck converter power
— Connect to power ground plane
PGND2 52 ground
PGND3 38 — | White LED driver power ground input. Connect to a power ground plane
PWM 34 O | PWM driver output, open-drain Can be used to drive a vibrator or other external functions
RED 55 | o |Programmable LED driver, open-drain | o000 10 RED input of RGB LED
output, current sink output when active
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6

Pin Functions (continued)

supply input

PIN EXTERNAL REQUIRED COMPONENTS
e G I/0 DESCRIPTION (See Figure 51)
SEeoSAN o 100-kQ external pullup resistor to OUT. RESPWRON pin is LO
RESPWRON 21 O | System reset, open-drain output when the TPS65810 device is resetting the system.
Low leakage LDO output. Can be
connected to a super-capacitor or ) . . . .
RTC_OUT 4 (0] secondary cell, if used as a RTC backup 1-pyF (minimum) capacitor to AGND1 pin or supercapacitor
output.
SCLK | I°C interface clock line 2-kQ pullup resistor to OUT pin
SDAT I/O | I2C interface data line 2-kQ pullup resistor to OUT pin
SIM O | General-purpose LDO output 1-yF (minimum) capacitor to AGND1 pin
SM1 synchronous buck converter output e 10 . .
SM1 44 | voltage sense LC filter: 10-pF capacitor to PGND1 pin
SM2 49 | | | SM2synchronous buck converter output | - gier 10-yF capacitor to PGND2 pin
voltage sense
SM3 42 | White LED driver output overvoltage Connect 1-pF capacitor to PGND3 pin. Connect SM3 pin to the
detection positive side of white LED ladder.
SM3sSW 40 | :Qéi%rated white LED duty cycle switch Connect to negative side of external LED ladder
External resistive divider sets minimum system operational
SYS_IN 31 | System power bus low-voltage detection voltage. The TPS65810 device enters sleep mode_ when
voltage below minimum system voltage threshold is detected.
1-nF filter capacitor to AGND1 recommended.
MR 13 | Charge safety timer program input Externa] resistor from TMR pin to AGND1 pin sets the charge
safety timer time-out value
100-nF (minimum) capacitor to AGND. External capacitor from
TRSTPWON 20 | System reset pulse-duration setting TRSTPWON pin to AGND1 pin sets RESPWRON pulse
duration.
Ts 12 /o Temperature sense input, current source | Connect to battery pack thermistor to sense battery pack
output temperature. Connect to external pullup resistor.
USB 6 | USB charge input voltage, connect to 1-pyF (minimum) capacitor to AGND1 pin, to minimize
USB port positive power output overvoltage transients during USB power hot-plug events.
VIN_LDO35 29 — |Inputto LDOs 3to 5 1-yF (minimum) decoupling capacitor to AGND2
VIN_LDOO02 35 — Eggtéve supply input for LDOO, LDO1, 1-pyF (minimum) decoupling capacitor to AGND1
VIN_SM1 a7 __|sMm1 sy_nchronous buck converter positive 10-F capacitor to PGND1 pin
supply input
VIN_SM2 50 __ | SM2 synchronous buck converter positive 10-yF capacitor to PGND2 pin
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

AC and USB with respect to AGND1 -0.3 18 \%
ANLG1, ANLG2 with respect to AGND2 -0.3 V(OUT) \Y
V(OUT) with respect to AGND1 5 \%
VIN_LDO12, VIN_LDO35, LDO3, LDO4, LDO5 with respect to AGND2 -0.3 V(OUT) \%
LDO35_REF, ADC_REF with respect to AGND2 -0.3 Srgf‘gf(roo&‘;’f’ v
SIM, RTC_OUT with respect to AGND1 —03 S’EszBOJT?‘; v
SM1, L1, VIN_SM1 with respect to PGND1 -0.3 V(OUT) \Y
SM2, L2, VIN_SM2 with respect to PGND2 -0.3 V(OUT) \Y
SM3, L3 with respect to PGND3 -0.3 29 \%
SM3SW with respect to PGND3 -0.3 V(OUT) \Y
FB3 with respect to PGND3 -0.3 0.5 \Y
All other pins (except AGND and PGND), with respect to AGND1 -0.3 V(OUT) \%
AGND2, AGNDO, PGND1, PGND2, PGND3 with respect to AGND1 -0.3 0.3 \%
Input Current, AC pin 2750 mA
Input Current, USB pin 600 mA
Output continuous current, OUT pin 3000 mA
Output continuous current, BAT pin -3000 mA
Continuous Current at L1, PGND1, L2, PGND2 1800 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 and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
V(Esb) Electrostatic discharge Human-body model (HBM), per ANSI/ESDA/JEDEC Js-001® 1500 \%

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
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7.3 Recommended Operating Conditions

MIN MAX | UNIT
AC and USB with respect to AGND1 435 1650 v
ANLG1,ANLG2 with respect to AGND2 0 2.6 \%
VIN_LDO35 with respect to AGND2 See @ 47| Vv
VIN_LDO12 with respect to AGND1 See @ 47| Vv
VIN_SM1 with respect to PGND1 See @ 47| Vv
VIN_SM2 with respect to PGND2 See @ 47| Vv
SM3 with respect to PGND3 28 \%
Ta Operating free-air temperature -40 85 °C
T3(op) Junction temperature, functional operation ensured -40 125 °C
T; Junction temperature, electrical characteristics ensured 0 125 °C
(1) Thermal operating restrictions are reduced or avoided if input voltage does not exceed 5 V.
(2) Greater of: 3.6 V OR minimum input voltage required for LDO/converter operation outside dropout region.
7.4 Thermal Information
TPS6581x
THERMAL METRIC® RTQ (QFN) UNIT
56 PINS
Rgia Junction-to-ambient thermal resistance 26.9 °C/W
RaJc(top) Junction-to-case (top) thermal resistance 10.9 °C/W
Raig Junction-to-board thermal resistance 49 °C/W
Wit Junction-to-top characterization parameter 0.2 °C/W
Wis Junction-to-board characterization parameter 4.8 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance 0.7 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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7.5 Electrical Characteristics — System Sequencing and Operating Modes
over recommended operating conditions (typical values at T; = 25°C), application circuit as in Figure 51 (unless otherwise

noted)
PARAMETER ‘ TEST CONDITIONS ‘ MIN  TYP MAX| UNIT
QUIESCENT CURRENT
IzaT(SLEEP) aﬁgep;nefurrent, sleep Input power not detected, V(BAT) = 4.2 V, Sleep mode set 400 MA
| BAT pin current, charge | Charger function enabled by I°C, termination detected, 3 A
BAT(DONE) terminated input power detected and selected H
| BAT pin current, charge | Charger function disabled by 1°C, termination not detected, 3 A
BAT(CHGOFF)  function OFF input power detected and selected H
AC or USB pin current Charger function disabled by 12C, termination not detected,
linP(CHGOFF) charge funcfion OFF ' input power detected and selected. All integrated supplies 200 WA
and drivers OFF, no load at OUT pin.
UNDERVOLTAGE LOCKOUT
v Internal UVLO detection | NO POWER mode set at V(OUT) < Vyy, o, V(OUT) 3% 25 3% v
uvLo threshold decreasing :
UVLO detection . )
VuvLo_Hys hysteresis V(OUT) increasing 120 mV
toeLuvLO) tlierle‘o detection deglitch Falling voltage only 5 ms
SYSTEM LOW VOLTAGE THRESHOLD
vV Minimum system voltage | System voltage V(SYS_IN) decreasing, SLEEP mode set if 097 1 1.03 v
LOW_SYS detection threshold V(SYS_IN) < Viow svs : :
Minimum system voltage . .
VHys(LowsYs) detection hysteresis V(SYS_IN) increasing 50 mV
Minimum system voltage .
IDGLILOWSYS)  getection deglitch time V(SYS_IN) decreasing 5 ms
THERMAL FAULT
Tshut Thermal shutdown Increasing junction temperature 165 °C
Thys(sHUT) ES;LT:;ZMMOW” Decreasing junction temperature 30 °C
INTEGRATED SUPPLY POWER FAULT DETECTION
Power-good fault Falling output voltage, applies to all integrated supply outputs. o o o
Vpcoop detection threshold Referenced to the programmed output voltage value 84%  90%  96%
Power-good fault Rising output voltage, applies to all integrated supply outputs. 0 0 o
VHYS(PGOOD)  detection hysteresis Referenced to Vpgoop threshold 3% 5% 7%
HOT RESET FUNCTION
VHRSTON Low level input voltage RESET mode set at V(HOT_RESET) < VyrsTon 0.4 \%
VHRSTOEE High level input voltage | HOT reset not active at V(HOT_RESET) > Vyrstorr 1.3 \%
toeLHoTrsT)  HoOt reset input deglitch 5 ms
SYSTEM RESET — OPEN-DRAIN OUTPUT RESPWRON
VRsTLO Low level output voltage | I = 10 mA, V(RESPWRON ) < VgsTti0 0.3 \%
ITRSTPWON Pullup current source Internally connected to TRSTPWRON pin 0.9 1.2 WA
KRreSET Reset timer constant TreseT = Kreset X CtrsTPwON ms/nF
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7.6 Electrical Characteristics — Power Path and Charge Management
over recommended operating conditions (typical values at T; = 25°C), circuit as in Figure 51 (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN  TYP MAX | UNIT
VOLTAGE DETECTION THRESHOLDS
v, Input Voltage detection AC detected at V(AC)- V(BAT) > Viypo1) 190 mv
IN(T) threshold USB detected at V(USB)- V(BAT) > Viypr
vV, Input Voltage removal AC not detected at V(AC)— V(BAT) < ViynpT) 125 mv
IN(NDT) threshold USB not detected at V(USB)- V(BAT) < Viynor
toeL(NDT) Power not detected deglitch 225 ms
Supplement detection )
Vsupom) threshold Battery switch ON at V(BAT) — V(OUT) > Vgypor) 60 mV
Supplement not detected ]
VsupnoT) threshold Battery switch OFF at V(BAT)- V(OUT) < VsypnoT) 20 mV
POWER PATH INTEGRATED MOSFETS CHARACTERISTICS
. Vacpo = V(AC)- V(OUT); V(AC) = 4.75 V AC input current limit set to
Vacoo AC switch dropout voltage 2.75 A (typical), loour) = 1 A 350 375 mV
= _ - = I(OUT)+ I(BAT)=0.5 A 175 190 mvV
Vuseno USB switch dropout voltage Vysepo = V(USB)- V(OUT); V(USB) = 4.6 V ( )+ I(BAT)
USB input current limit set to 2.75 A (typical) | (OoUT)+ I(BAT)= 0.1 A 35 45 mv
Battery switch dropout . -
VBATDODCH voltage, discharge V(BAT): 3V — Veyrea) I(BAT) = -1 A 60 100 mv
v Battery switch dropout Charger on, V(BAT): 3V — 4.2V, I(BAT) = 1 A 60 100| mv
BATDOCH voltage, charge ' : e
POWER PATH INPUT CURRENT LIMIT
Selected input current limit, . . . > . _ _
linp(LiML) applies to USB input only Selected input switch not in dropout, 1°C settings: ISET2 = LO, PSEL = LO 80 100 mA
Selected Input current limit, . . . 5 L _ _
IinPLIM2) applies to USB input only Selected input switch not in dropout, 1°C settings: ISET2 = HI, PSEL = LO 400 500 mA
Selected Input current limit, . . . > L _
(L) applies to either AC or USB Selected input switch not in dropout, 1°C settings: ISET2 = HI OR LO, 2.75 A
. PSEL = HI
input
SYSTEM REGULATION VOLTAGE
. Vsysree) = V(OUT), DPPM loop not active, selected input current limit not
Vsvs(ree) Output regulation voltage reached. Selected input voltage (AC or USB) > 5.1 V 4.6 4T v
POWER PATH PROTECTION AND RECOVERY FUNCTIONS
Input-to-output short-circuit . .
VINOUTSH detection threshold AC and USB switches set to OFF if V(OUT) < VinouTsH 0.6 \%
OUT short circuit recovery . )
RshusssH) pullup resistor V(OUT) < 1V, internal resistor connected from USB to OUT 500 Q
OUT short circuit recovery . .
RshacsH) pullup resistor V(OUT) < 1V, internal resistor connected from AC to OUT 500 Q
Overvoltage detection Rising voltage, overvoltage detected when V(AC) > Vgyp OF 6 65 6.8 v
v threshold V(USB) > Voyp ’ ’
OovP .
Overvoltage detection ) . )
hysteresis Falling voltage, relative to detection threshold 0.1 \%
Battery-to-output short-circuit . .
VBATOUTSH detection threshold BAT switch set to OFF if V(BAT) — V(OUT) > VgatouTsH 200 mV
K Battery-to-output short-circuit | V(DPPM) < 1v, tg ksheat) = KeLksHeat) X Coppm, Coppm Capacitor is 1 mS/nE
BLK(SHBAT)  planking time constant connected from DPPM pin to AGND1
OUT short circuit recovery V(gat) — V(our) > VeatoutsH, Internal current source connected between OUT
Ish(aT) 10 mA
pullup current source and BAT
Rshsar) Fe'i;rstso I:ort cireuit recovery Vean< 1V, Internal resistor connected from OUT to BAT 1 kQ
RocH@an) BAT pulldown resistor Internal resistor connected from BAT to AGND1 when battery is not detected 500 Q
by ANLG1
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7.7 Electrical Characteristics — Power Path and Charge Management (Continued)
over recommended operating conditions (typical values at T; = 25°C), application circuit as in Figure 51 (unless otherwise

noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
POWER PATH TIMING CHARACTERISTICS, DPPM, AND THERMAL LOOPS NOT ACTIVE, Rtyr = 50 kQ
tsooT Boot-up time Measured from input power detection 120 200 300 ms
. No USB: measured from V(AC) — V(BAT) <V, ,
tswiacean) Switching from AC to BAT USB detected: CE = LO (after CE hold-off timlg)(NDT) 501 ms
- No AC: measured from V(USB) — V(BAT) < ViynpT),
fswusesan)  Switching from USB to BAT USB detected: CE = LO (after CE hold-off time) 501 ws
tswipseL) Switching from USB to AC Toggling I°C PSEL bit 50 us
tswiacuss) ivcwtchmg from AC to USB or USB to AC power removed or USB power removed 100 us
BATTERY REMOVAL DETECTION
VNOBATID Battery ID resistor detection ID resistor not detected at V(OUT)— V(ANLGL1) < V\ogaTiD 0.5 \%
Deglitch time for battery removal
beLNOBAT)  getection 06 1.2} ms
V(OUT)-1.2
00, Viour): 25V 10 4.4V s —
Set through I12C bits 500 kQ
(BATID1,BATID2) o1 10 pA
IO(ANLGl) ANLG1 pullup current ADC_WAIT register
- 10 50
11 60
Total accuracy 25% 25%
FAST CHARGE CURRENT, V(OUT) > V(BAT) + 0.1 V, V(BAT) > V, owv
K(seT) * V(seT)
lo@aT) Charge current range |O(BAT) = 100 1500 mA
Rset
11, 100% scaling 2.475 2.500 2.525
Visem = V(ISETL), 10, 75% scaling 1.875 1.900 1.925
v Battery charge current set voltage SED \Y
(SED 'y charg 9 (ISET1_1, ISET1_0) = 01, 50% scaling 1225 1.250 1.275
00, 25% scaling 0.575 0.600 0.625
100 MA < lpgany < 1 A 350 400 450
K(sen Battery charge current set factor
1 mA < lp@gar) < 100 mA 100 400 1000
PRECHARGE CURRENT, V(OUT) > V(BAT) + 0.1V, Vgarsu < V(BAT) < Viowv, t < tiprecha)
V(PRECHG) X K(SET)
lo(PreCHG) Precharge current range lO(PRECHG) = 10 150 mA
Rset
VPRECHG Precharge set voltage Vpreche = V(ISET1) 220 250 270 mvV
Viowv Precharge to fast-charge transition Fast charge at V(BAT) > V| owv 2.8 3 3.2 \%
Deglitch time for fast charge to ! _
toeL(PRE) precharge transition Decreasing battery voltage, Rtyr = 50 kQ 225 ms
CHARGE REGULATION VOLTAGE, V(OUT) > Vogatreg) + 0.1 V
4.2 \%
Voltage options, selection through 1°C
N Batt h " 4.356 \%
attery charge voltage
OBATREG) v 9 9 Accuracy, Ty = 25°C -0.5% 0.5%
Total accuracy -1% 1%
CHARGE TERMINATION, V(BAT) > Vgcy, VOLTAGE REGULATION MODE SET
o Virerm) * K(seT)
I(rerm) Charge termination current range I(TERM) = 10 150 mA
Rset
11, 100% scaling 240 260 280
v Battery termination detection set Vrerm) = V(ISETL), 10, 75% scaling 145 160 LA
(TERM) voltage (ISET1 1, SET1 0) = 01, 50% scaling 90 110 130
00, 25% scaling 40 60 75
toeL(TERM) Deglitch time for termination detection | V(ISET1) < V(rgrm), Rrmr = 50 kQ 225 ms
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7.8 Electrical Characteristics — Power Path and Charge Management (Continued)
over recommended operating conditions (typical values at T; = 25°C), circuit as in Figure 51 (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX | UNIT
BATTERY RECHARGE DETECTION
VieH Recharge threshold voltage New charge cycle starts if V(BAT) < Vogarree) —~ Vren after 80 100 130 mvV
termination was detected
Deglitch time for recharge
thoLReH) detgction 9 Ryur = 50 kQ 225 ms
DPPM FUNCTION
Vpppm DPPM regulation point range | V(pppmy = Roppm X Kpppmm X loopeu) 2.6 4.4 \%
loopPM) DPPM pin current source AC or USB Present 95 100 105 pA
Kpppm DPPM scaling factor 1.139 1.15 1.162
toeLoPPY) DPPM de-glitch time Status_blt set indicating DPPM loop active after deglitch time, 500 us
Rtwr = 50 kQ
CHARGE AND PRECHARGE SAFETY TIMER
t Charge safety timer Safety timer range, thermal and DPPM loop not active, 3 5 10 h
CHG programmed value teng = Rrvr X Krwr
Krvr Charge timer set factor 0.313 0.36 0.414 s/Q
Total elapsed time when . . .
feHOADD DPPM or thermal loop are ::ast charge on, tcycapp is the maximum add-on time added to 2 X tope h
active CHG
. Pre charge safety timer range, thermal and DPPM loop not
tPRECHG Errg;:]:r:gsesdagﬁjgmer active, 18 30 60 min
tprechc = Kpre X Rrvr X Krur
Kpre Precharge timer set factor 0.09 0.1 011
Total elapsed time when . . .
foCHOADD DPPM or thermal loop are Precharge on, tpcHgapp i the maximum add-on time 2 X torecho h
h added to tprecHe
active
Rrmr External timer resistor limits 30 100 kQ
R Timer fault recovery pullup Internal resistor connected from OUT to BAT after safety timer 1 KQ
TMR(FLT) resistor timeout
THERMAL REGULATION LOOP
Trores Temperature regulation limit _(I;harge current decreased and timer extended when T; > 115 135 oC
THREG
CHARGER THERMAL SHUTDOWN
TTHCHG Charger thermal shutdown Charger turned off when T; > Tryche 150 °C
Charger thermal shutdown o
Thcrarvs hystersis 30 c
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7.9 Electrical Characteristics — Linear Regulators

over recommended operating conditions (typical values at T; = 25°C), application circuit Figure 51 (unless otherwise noted)
PARAMETER | TEST CONDITIONS | MmN TYP  MAX| UNIT
SELECTABLE OUTPUT VOLTAGE LDOs: LDO1, LDO2

i i | =-1mA 15
loqboiz) ‘BSSS°§,§‘;§2§?EESE“§L';§$ * | lowooy = I(VIN_LDOO2) &ZZZ = —150 mA 160 HA
loooz,2) Output current range 150 mA
Available output voltages:
Output voltage, selectable through I°C. Vowpo12)TYP =1.25, 15, 1.8, \%
2.5,285,3,32,33
Dropout voltage, 150-mA load 300 mV
Vo(oo1,2) LDO1, LDO2 Output Voltage Total accuracy, V(VIN_LDOO02) = 3.65 V -3% 3%
I\_/I(rli ﬁffé"c?ggﬂ'\}(?g;TQT'iaf 05V 47V 1% 1%
Lo o 10 150 04
Psripoizy ~ PSRR at 20 kHz 150mA load at output, V(VIN_LDO02) — Vo@porz) = 1 V 40 dB
IscLoo1,2) LDO1&2 short circuit current limit Output grounded 300 mA
RpcHepo12)  Discharge resistor LDO disabled by I°C command 300 Q
I kG(LDO1,2) Leakage current LDO off 2 MA
SIM LINEAR REGULATOR
lo(simy Quiescent current Internally connected to OUT pin 20 MA
lo(sim) Output current range 8 mA
Output voltage, selectable through I°C. A‘(?;'gﬁ:ijpuipgg ((J)I:e;ggs: \%
Dropout voltage, 8-mA load 0.2 \
Vosivy SIM LDO output voltage Total accuracy, V(OUT): 3.2V to 4.7 V, 8 mA -5% 5%
I\_/oad regulation, load: 1 mA — 8 mA, V(OUT) > Vg Typ + 0.5 3% 3%
Line regulation, 5-mA load, V(OUT): Vogimy Tvyp + 0.5V — 4.7V 2% 2%
Isc(simy Short-circuit current limit Output grounded 20 mA
I ka(sim) Leakage current LDO off 1 MA
PROGRAMMABLE OUTPUT VOLTAGE LDOs: LDO3, LDO4, LDO5
atoon o Do W ieg | atoom = (AN.1003 o 5
loLboss) Output current range 100 mA
Available output voltages:
Output voltage, selectable through 1°C Vo(possytyp = 1.224 V to \%
4.46 V, 25-mV steps
Dropout voltage, 100-mA load 240 mV
Vo(Lposs) LDO3, LDO4, LDOS output voltage | Total accuracy, 100-mA load V(yn_Lposs) = 5 V -3% 3%
ILo(:(lﬁ ;ergntﬂaiogbvn(]\'glN_LDO35) > Vo(oossyrye + 0.5V, 1% 1%
I\_/I(rli r\rle_?_ﬁ])lecl;gjsn) b%r@;;ii +05V 47V 1% 1%
Isc(Lboss) Short-circuit current limit Output grounded 250 mA
PSR(possy PSRR at 10 kHz V(VIN_LDO35) > Vo poss) + 1V, 50-mA load at output 40 dB
RpcHposs)y  Discharge resistor LDO is disabled by 1°C command 400 Q
I kG(LDO35) Leakage current LDO off 1 MA
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Electrical Characteristics — Linear Regulators (continued)

over recommended operating conditions (typical values at T, = 25°C), application circuit Figure 51 (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
RTC_OUT LINEAR REGULATOR
lortc_oury  Quiescent current for RTC LDO Internally connected to OUT pin 20 MA
lorTC_ouT) Output current range 8 mA
Fixed output voltage value 15 \%
Dropout voltage, I(RTC_OUT) = -8 mA 200 mV
Total accuracy, V(OUT): 2 V to 4.7 V, 8-mA load, sleep mode 5% 5%
Vortc oury RTC_OUT output voltage not set
Lo et o . ma — 8 i
Line regulation, 5-mA load, V(OUT): 2V — 4.7V —2% 2%
IsirTc_oury  Short-circuit current limit V(RTC_OUT) =0V 20 mA
likarTc_outy Leakage current \:/(5 I/C—OUT) =15V, Vv(ouT) T, =85%C 880 nA
T;=25°C 250
LDOO LINEAR REGULATOR
loLooo) Quiescent current I\Ztﬁrnl_aélétl:gnpr;scted to {LDCO) i —LmA 15 MA
! I(LDOO0) = -150 mA 160
lowpoo) Output current range 150 mA
Fixed output voltage value 3.3 \%
Dropout voltage, |(LDOO0) = —150 mA 300 mvV
Voo Output voltage Total accuracy -3% 3%
:_(Tgore(z)g);uzlefljc-)go \r/n('gUT). Vo(ooo) + 0.5 = 4.7V, 1% 1%
Load regulation, I(LDOO) = =10 mA — —150 mA -1.5% 1.5%
PSRuposy  PSRR at 20 kHz 150-mA load at output, V(VIN_LDO12) — Voiporz = 1 V 40 dB
Isc(Looo) Short circuit current limit V(LDOO0) =0V 300 mA
I ka(LDOO) Leakage current LDO off 1 MA
LDO_PM LINEAR REGULATOR
looo_pPm) Output current range 20 mA
Fixed output voltage value, V(OUT) >4 V 3.3
Vowpo_pm) Output voltage Dropout voltage, [(LDOPM) = =12 mA 0.5 0.7 \
Total accuracy -5% 5%
I ka(LDOPM) Leakage current LDO off 1 MA
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7.10 Electrical Characteristics — Switched-Mode SM1 Step-Down Converter

over recommended operating conditions (typical values at T; = 25°C), Voguyy = 1.24 V, application circuit Figure 51 (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
losmyy = I(VIN_ SM1), no output load, not switching 10
lo(sma) Quiescent current for SM1 MA
SM1 OFF, set through I>C 0.1
Vin = 4.2V, Vout = 1.24 V (TPS65810) 600
lo(sm1) Output current range - mA
Vin=4.2V, Vout = 1.24 V (TPS65811) 750
Available output voltages:
V, =06Vto1l8
2 O(SMLTYP
Output voltage, selectable through 1°C, Standby OFF V, adjustable in 40-mV
steps
- \Y
Available output voltages:
_ \Y =0.6Vto1l8
Vosmn) = Vsay(smi), Output voltage range, Standby ON VS,BaYt(j?théiable in 40-mv
Vo(sm) Output voltage, PWM mode steps
Total accuracz, Vosmytyp = \_/SBY(SM1) =1.24V, _3% 3%
V(VIN_SM1) = 3.0 V t0 4.7 V; 0 mA < lgguz) < 600 mA
(SM1)
Line Reigulatlon, V(VIN_SM1): 3.0 - 4.70 V, 0.027 %V
logsmy) = 10 mMA
Load Regulation, V(VIN_SM1) = 4.7 V, o
logsmay: 60 MA — 540 mA 0.139 WA
Rpsonpswmi) P-channel MOSFET ON-resistance | V(VIN_SM1) = 3.6 V, 100% duty cycle set 310 500 mQ
I kaPsm1) P-channel leakage current 0.1 HA
Rpsonsmi) N-channel MOSFET ON-resistance | V(VIN_SM1) = 3.6 V, 0% duty cycle set 220 330 mQ
I ka(Psm1) N-channel leakage current 5 A
o 3V < V(VIN_SM1) < 4.7 V (TPS65810) 900 1050 1200
ILim(sma) P- and N-channel current limit mA
3V <V(VIN_SM1) < 4.7 V (TPS65811) 1000 1200 1400
fs(sma) Oscillator frequency PWM mode set 1.3 15 1.7 MHz
EFF s Efficiency V(VIN_S_Ml) = 4.2V, PWM mode, losmy = 300 MA, 90%
Vomy =3V
tss(smy) Soft-start ramp time Converter OFF—ON, Vgsumy): 5% — 95% of target value 750 us
toLv(smy) GPI0O1 pin programmed as SM1 converter enable control.
Converter turnon delay Measured from V(GPIO1): LO — HI 170 Hs
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7.11 Electrical Characteristics — Switched-Mode SM2 Step-Down Converter
over recommended operating conditions (typical values at T; = 25°C), Voguyy = 1.24 V, application circuit Figure 51 (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
losmz) = I(VIN_ SM2), no output load, not switching 10
losm2) Quiescent current for SM2 MA
SM2 OFF, set through I2C 0.1
Vin = 4.2V, Vout = 1.24 V (TPS65810) 600
logsmz) Output current range - mA
Vin =4.2V, Vout = 1.24 V (TPS65811) 750
Available output voltages:
Output voltage, selectable through I1°C, stand-by OFF Vosmaryp =1V 1034V,
adjustable in 80-mV steps v
Available output voltages:
Vosmz) = Vsay(smz), Output voltage range, stand-by ON Vsgysmz) =1 V10 3.4V,
adjustable in 80-mV steps
Total accuracy, Vosmzrye = Vsmz(say) = 1.8 V,
Vosmz) Output voltage V(VIN_SM2) = greater of [3.0 V or (Vogsuz + 0.3 V)] —3% 3%
10 4.7 V; 0 MA < Igmy) < 600 mA
Line regulation, V(VIN_SM2) = greater of
[3V or (Voimz + 0.3 V)] 0.027 %IV
t0 4.7 V; 0 mA < lggmz) < 600 mA
Load regulation, V(VIN_SM2) = 4.7 V, o
losmz): 60 MA — 540 mA 0.139 WA
Rpsonpsmz) P-channel MOSFET ON-resistance V(VIN_SM2) = 3.6 V, 100% duty cycle set 310 500 mQ
I ka(Psm2) P-channel leakage current 0.1 HA
Rpsonsm2) N-channel MOSFET ON-resistance V(VIN_SM2) = 3.6 V, 0% duty cycle set 220 330 mQ
I ka(Psm2) N-channel leakage current 5 MA
o 3V < V(VIN_SM2) < 4.7 V (TPS65810) 900 1050 1200
ILim(sm2) P- and N-channel current limit mA
3V <V(VIN_SM2) < 4.7 V (TPS65811) 1000 1200 1400
fssm2) Oscillator frequency PWM mode set 13 15 17 MHz
EFFsm2) Efficiency VIVIN_SM2) = 4.2V, lo(swa) = 300 mA, 90%
Vosmz) =3V
+ 50, 0,
tss(sm2) Soft-start ramp time S;E\éerter OFF—ON, Vgsmy) : 5% — 95% of target 750 us
GPIO2 pin programmed as SM2 converter enable
toLy(sm2) Converter turnon delay control. Measured from V(GPIO2): LO — HI 170 Hs

7.12 Electrical Characteristics — GPIOs
over recommended operating conditions (typical values at T; = 25°C), application circuit as in Figure 51 (unless otherwise

noted).
PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
GPIO1-3
VoL Low level output voltage GPIO0 loL =20 mA 0.5 Y
logpio Low level sink current into GP101,2,3 V(GPIOn) = V(OUT) 20 mA
Vi Low level input voltage 0.4 \%
I kG(GPIO) Input leakage current V(GPIOn) = V(OUT) 1 HA
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7.13 Electrical Characteristics —

ADC

over recommended operating conditions (typical values at T; = 25°C), V(ADC_REF) =2.535 V if external reference voltage is

used, application circuit as in Figure 51 (un

less otherwise noted)

PARAMETER | TEST CONDITIONS | MIN  TYP MAX | UNIT
ANALOG INPUTS
VRNG(CHL_5) Full scale input range Chl to Ch5 'I:Slslitsizzlénguzt-ss(;::t\i)/e clamp) 0 V(ADCE—S \%
VRNG(CHS_8) Full scale input range Ch6 to Ch8 | Positive inputs (active clamp), full scale ~4.7 V 0 \)/(']“_‘TBR5E£ Vv
Cinanc) Input capacitance (all channels) 15 pF
Rinapc(cH1_5) Input resistance (Chl to Ch5) 1 MQ
I kGADC(CHL_5) Leakage current (Ch1 to Ch5) 100 nA
Rinabc(cHe_8) Input resistance (Ch6 to Ch8) 430 540 kQ
I kGADC(CHG_8) Leakage current (Ch6 to Ch8) 10 uA
Versoo, Internal voltage proportional to T,=25°C, ADC ch.a.nnel 5 input voltage 1.895 \
Junction temperature Temperature coefficient 6.5 mv/ °C
DC ACCURACY
RES(apc) Resolution SAR ADC 10 Bits
MCDapc) No missing codes SPECIFIED
INL(apc) Integral linearity error +3 LSB
DNLapc) Differential non-linearity error +1 LSB
B ot agson (00000 s| e
OFFchiane) cOrTSner: eelgror match between 5 LSB
Dot code o e el scale coce
GAINcH(apc) Gain error match Any two channels 2 LSB
THROUGHPUT SPEED
ADCc k Sampling clock 600 750 900 kHz
g e e ! “ o ww|
REFERENCE VOLTAGES
VINTREE Internal ADC reference voltage :;:f;::;g;SVS(:‘IESESEF)ZV'NTREF when internal ADC 253 2.535 2.54 Vv
ISHRT(INTREF) Internal reference short circuit limit :{](QB;TEEF): AGND1, interal reference enabled 6 mA
s 0| pomc
looe) ?uDrSe rI]rtnernal reference quiescent g/:gezz;gg?nzlt g%‘rl'e;;ige()internal reference) or ADC_REF 40 uA
00 0
ADC channel 2 bias current, set through 01 10
ANLG2 pin internal pullup current | 1°C register ADC_WAIT bits HA
lanLez) source (ADC_CH2I_D1_1, ADC_CH2I _D2) 10 50
11 60
Total accuracy, relative to selected value -25% 25%
V(OUT)-1.2
00 s — HA
éDC channel 1 bias current, set through 500 kQ
ancen ?(l)\lul;gel pin internal pullup current gg_lf%ll'ﬂgfz)ADC_WNT bits (BATIDI_D1, |1 10
- 10 50
11 60
Total accuracy 10% 10%
INTERNAL REFERENCE POWER CONSUMPTION
PDactive Power dissipation Conversion active 23 mw
PDarMED Power dissipation Not converting 0.43 mw
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7.14 Electrical Characteristics — LED and PWM Drivers
over recommended operating conditions (typical values at T; = 25°C), application circuit as in Figure 51 (unless otherwise

noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT
SM3 BOOST CONVERTER, WHITE LED CONSTANT CURRENT DRIVER
Vvinesm3) Input voltage range V(OUT) =3.3V 3 4.7 \%
Voves Output overvoltage trip OVP detected at V(SM3) > Voyp3 26.5 29 30 \%
Vhys(oves) Output overvoltage hysteresis OVP not detected at V(SM3) < Voypz — Viysoves) 1.8 \%
Vsmarer LED current-sense threshold LED current below regulation point at 244 252 260 mV
V(FB3) < Vsmarer
| V(SM3REF)
osM3) = 5 0 25 mA
losma) LED current Current range, Vin = 3.3V, RFB3
Total accuracy, lgsmz) = 10 mA -10% 10%
Dsmasw = 0% to 99.6%, set
Dsmasw LED-switch duty cycle Duty cycle range through 1°C,
256 steps, 0.4% minimum step
E LED-switch duty cycle pattern 256 pulses within repetition rate | SM3_LF_OSC =0 122 Hz
REP_SM3 repetition rate time SM3 LF OSC =1 183
LED switch MOSFET ON- _ : _
Rpson(smasw) resistance V(OUT) = 3.6 V; I(SM3SW) = 20 mA 1 2 Q
I kG(sMasw) LED switch MOSFET leakage 1 HA
Power stage MOSFET ON- _ : _
Rpson(s) resistance V(OUT) = 3.6 V; I(L3) = 200 mA 300 600 mQ
like(L3) Power stage MOSFET leakage 1 HA
Ivax(L3) Power stage MOSFET current limit | 3V < V(OUT) <4.7V 400 500 600 mA
PWM DRIVER, PWM OPEN-DRAIN OUTPUT
VoLpwwm) Low level output voltage I(PWM) = 150 mA 0.5 \%
Set through 1°C, Fpyy = 0.5/ 1
. Frequency range ' TPWM Hz
Fown PWM driver frequency /15/2/3/45/7.8/15.6
Total accuracy, relative to selected value —20% 20%
Dpwm = 6.25% to 100%, set
Dpwm PWM driver duty cycle Duty cycle range through 1°C,
6.25% minimum step
LED_PWM DRIVER, LED_PWM OPEN-DRAIN OUTPUT
Dieppwm = 0% to 99.6%, set
D eopwm LED_PWM driver duty cycle Duty cycle range through 1°C, 256 steps
0.4% minimum step
= LED_PWM driver duty cycle 256 pulses within repetition rate | SM3_LF_OSC =0 122 Hz
REP(LEDPWM) pattern repetition rate time SM3 LF OSC =1 180
VoL(LeDPWM) Low level output voltage I(LED_PWM) = 150 mA 0.5 \
Vor(LEDPWM) High level output voltage \
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Electrical Characteristics — LED and PWM Drivers (continued)

over recommended operating conditions (typical values at T; = 25°C), application circuit as in Figure 51 (unless otherwise
noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
RGB DRIVER, RED, GREEN, AND BLUE OPEN-DRAIN OUTPUT

trLasHres) = 1 to 8 sec, set

. . Flashing period range through 12C, 0.5 s minimum 5
tFLASH(RGB) Flashing period step, 8 steps
Total accuracy —-20% 20%
Set through I°C, teasHon) = 0.1
. Flash on time range, value selectable by 1°C /0.15/0.2/0.25/0.3/0.4/ S
trLASH(ON) Flash on time 05/0.6
Total accuracy relative to selected value —20% 20%
Dgres = 0% to 99.98%, set
Dree Duty cycle Duty cycle range, value selectable through 1°C through 12C, 3.23% minimum
step
00 = (Driver set to OFF)
V(RED) = V(GREEN) = L. |01 2.4 4 5.6
Isink(RGB) RGB output sink current V(BLUE) = 2V, set through I1°C mA
RGB_ISET1,0 10 48 8 112
11 7 12 16.6
VoL(reB) Low-level output voltage Output low voltage, 8-mA load, RED/GREEN/BLUE PINS 0.3 \%
V(RED) = V(GREEN) = V(BLUE) = 4.7 V, all drivers
I ka(RaB) Output off leakage current di(sable)d ( ) ( ) 1 HA

7.15 Electrical Characteristics — I°C Interface

over recommended operating conditions (typical values at T, = 25°C), application circuit as in Figure 51 (unless otherwise
noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
1°C INTERFACE LOGIC LEVELS
\m High level input voltage 1.3 6 Y
VL Low level input voltage 0 0.6 Y
Iy Input bias current 0.01 MA

7.16 Timing Requirements — I°C Interface

over recommended operating conditions (typical values at T, = 25°C), application circuit as in Figure 51 (unless otherwise
noted)

MIN MAX UNIT
1°C TIMING CHARACTERISTICS
tr SCLK/SDATA rise time 300 ns
te SCLK/SDATA fall time 300 ns
tw(H) SCLK pulse width, high 600 ns
twi) SCLK pulse width, low 1.3 us
tsusTa) Setup time for START condition 600 ns
th(sTA) START condition hold time after which first clock pulse is generated 600 ns
tsuAT) Data setup time 100 ns
tHDAT) Data hold time 0 ns
tsu(sTop) Setup time for STOP condition 600 ns
t@®ur) Bus free time between START and STOP condition 1.3 us
FSCL Clock Frequency 400 kHz
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7.17 Trigger Timing Characteristics

MIN NOM MAX | UNIT
. . Time range, set through I°C register

Trigger delay time accuracy 0 750 ps
IDELAY(TRG) ADC_DELAY

Relative to typical value set through I°C —20% 20%

- > -

Trigger wait time accuracy Xg}? '@rﬂﬁ.’ set through I°C register 0 20.48 ms
twAIT(TRG) _

Relative to typical value set through I°C -20% 20%

7.18 Dissipation Ratings

T <55°C DERATING FACTOR
PAIERAGLE 834 POWER RATING ABOVE Ty = 55°C
RTQ ® @ 21.7°C/IW 3.22W 0.046 W/°C

(1) This data is based on using the JEDEC High-K board and the exposed die pad is connected to a Cu pad on the board. This is
connected to the ground plane by a via matrix.
(2) The RTQ package MSL level: HIR3 at 260°C

tou(sTA) ]
]

SCL ‘

SDA START \

/

th(sTA) »>|

|«

th(DAT) —»| M

\
I I ‘
| toan ¥ e
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SCL ‘ ‘ @ @ @ @

|
|
P « |
B G A

STOP

soa [\ |

X

X —

le—>»-START

SCL

® @

tsuisTor) —¥f |

©)

SDA \ X
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Figure 1. 1°C Timing
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7.19 Typical Characteristics

7.19.1 Power Path Management

These curves were measured with application circuit shown in Figure 51 (unless otherwise noted).

100kS/s 354 Acqs
[ 1
AC=5V,
BAT=3.3V
lgaT
Vac
- e
VOUT i
s,
Ve e
Bl ]
Thi 200V & Ch: 2.00v &5 M 50005 7 % 131mA
ch3 1.00V &
Figure 2. Switching From AC to Battery on AC Removal

FLGIER 100KS/s 28 Acqs
USB=5YV,
BAT=3.3V
IBAT :
Vuss
Vour
3 BAT
W
Chi 200V & Thi 2007 5 WM 500ps T % T2TmA
Ch3 2.00v &
Figure 3. Switching From USB to Battery on USB Removal

7.19.2 Linear Regulators 0, 1, 2

These curves were measured with the application circuit shown in Figure 51 (unless otherwise noted).

-0.500 T T T 0.25
VIN_LDOO2 = 3.65 V,
N Load = 10 mAto 150 mA, __|
-0.550. Co(LDO02) = 1 F o |_—
-0.600 N — |
B \ N
-§ -0.650 N s ot
3 g
3 \ E
3 NG g
& -0.700 4
3 N o 01
o c
a \ 3
-0.750 \
0.800 \ 0.05 VIN_LDOO02 =3.8Vto 4.7V, —
Y \ Load = 10 mA,
N Co(LDO02) = 1 uF
-0.850 | | |
0 20 40 60 80 100 120 140 0
) 0 20 40 60 80 100 120 140
T, - Junction Temperature - °C R o
T, - Junction Temperature - °C
Figure 4. Load Regulation vs Junction Temperature Figure 5. Line Regulation vs Junction Temperature
85 \ 140 \ \ \
i VIN_LDO 02=3.3V,
LDO O 130 | Load = 150 mA, Co pogz) = 1 HF p;
3
> > 120
® E
& ; /
5 25 g 110 /
> VIN_LDO 02 = 3.65 V, Load = 10 mA, =
2 Vopoo) =33 V. Vorpo 1,2 = 1225V 2
£ 3 100
e 2 g
o =]
> 90
LDO 1 LDO 2
1.5 \
& & 80 /
1 70
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 6. Output Voltage vs Junction Temperature Figure 7. Dropout Voltage vs Junction Temperature
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7.19.3

Linear Regulators 3, 4,5

These curves were measured with the application circuit shown in Figure 51 (unless otherwise noted).

0.5 T T T -0.010 T T T
055 VIN_LDO 35=3V, _ VIN_LDO 35=33V1t04.7V,
- Load = 10 mA to 150 mA, -0.011 Load = 100 mA, —
06 Copoas) = 1 HF —— Co(LDO 35) =1 uF
= -0.012
+ -0.65 B
s c
% -0.70 8 -0.013
3 5
g 3
g 075 > -0014
- [4
[ [
8 -0.80 £ 0015
-0.85
-0.016
-0.90
095 0.017
N
4 -0.018
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 8. Load Regulation vs Junction Temperature Figure 9. Line Regulation vs Junction Temperature
1.2325 T T T 140 T T
VIN_LDO35=4.7 V, VIN_LDO35 =33V, L
1.232 [ Load = 10 mA, Load = 150 mA,
Vg (LDO35) = 1.228 V, / 130} ColLDO3s) =1 4F
o 12315 Co(LDO35) =1 uF /
é’ 1.231
£ : z 120 /
s 0 e
5 1.2305 H
g //\-/ g 110 /
Q 1.23 a 7
o
>
1.2295 /
/ 100 =
1.229 / /
1.2285 90
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
T, - Junction Temperature - °C T, - Junction Temperature - °C
Figure 10. Output Voltage vs Junction Temperature Figure 11. Dropout Voltage vs Junction Temperature
7.19.4 SM1 and SM2 Buck Converters

These curves were measured with the application circuit shown in Figure 51 (unless otherwise noted).

Efficiency - %

92
9
/ \\
88 /
86 /
84 //
82 l
80 VIN_SM2 =46V,
/ VO (SM2) = 1.8V,
78 L=3.3pH.
Co(SM2) = 10 uF
76 \ \
0 01 02 03 0.4 0.5 0.6 0.7

lp - Output Current - A

Figure 12. Efficiency in Automatic PWM/PFM Mode

Efficiency - %

100
/~ ~

80 /

70 I

60

50

40

30
VIN_SM1 =4V,

2 Vo(EM1)=1.24V, |
L=3.3 uH,

10 Co(SM1) =10 uF |

0 \ \
0 0.1 0.2 0.3 04 0.5 0.6

lp - Output Current - A

Figure 13. PWM Mode Efficiency vs Output Current
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SM1 and SM2 Buck Converters (continued)

These curves were measured with the application circuit shown in Figure 51 (unless otherwise noted).
Run: 1.00MS/s  Sample
[T

Run: 2.50MS/s  Sample
1 T

- AC=5V, : : AC=5V,
x”‘féfﬂ"f_j“sf/\/: T PPk L. VIN_SM2 =46V, S e pkepi ]
-0 ' : 23.2mv Vo(SM2=1.8V = : 17.2my

7.2m

i T g [ e

lo(SM2 : :
LOi 3.3 :nF, lo(SM2)
LESSME A,
o(SM2) =10 uF : Co(SM2) = 10 yF
20.0mVAs, f f M 100us Chi # 4:1.0mv 10.0mvan L Md0.0us Ch1 2Emy
Figure 14. PFM Operation Figure 15. PFM Low Ripple Operation
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8 Detailed Description

8.1 Overview

This power management IC (PMIC) integrates a battery charger, nine LDOs, two buck converters, a white LED
driver, and an RGB driver in a 56-pin QFN package.

8.2 Functional Block Diagram

TPS65810

AC ji 30
USB LT igl
L LDO_PM BAT Wi g ouT
Lyl 3.3V
LDO_PM[ } 10 mA |- ONOFF
- POWER PATH LINEAR
AGND1 CONTROL CHARGER
SIM,RTC LDOS
out SYSTEM CHARGE
SIM [] 1'%V/2A5V ! POWER MANAGEMENT
m A A A A ,—out
15V our VA AGND1 AGND1 DISPLAY AND I/0
RTC_OUT [} 8 mA < PWM
DRIVER
VIN_LDO2 [ ]—> LD00,1,2 AGNDT < > DEIC\;/IIBER
LDOO Elj 3.3V
150 mA <
AGND1 GPIO'S «
B 1.25V-3.3V —> <
Loort 150 mA < >
DISPLAY AND I/0
out
LDO2 1.25V-3.3V —>
150 mA WHITE LED [
AGND1 DRIVER [,
CONTROL <
VIN_LDO35 LDO3,4,5 LOGIC
LDO3 1224V-4.4V pcoe [T
100 mA 0.6-1.8V
600 mA
LDo4 1224V-4.4V «—> < > — |
100 mA
LDO35_REF L
1224V-4.4V
LDO5 100 mA 1.0V-3.4V
a2 m 600 mA
out L S
HOST INTERFACE AND 6 INTERNAL__
SEQUENCING «—> CHANNELS ou
SCLK > 12C INTERFACE AGND1 < . ADC
SDAT » AND INTERRUPT > - ”
INT CONTROLLER ¢ 8 CHANNEL
out MUX
SYS_IN > INTERNAL BIAS [
HOT_RST > RESET REFERENCE AD
CONTROLLER ||
?Eg?gﬁgs > SYSTEM CONVERTER
Y Ao . acnpi  acnp2

THE TPS 65800 THERMAL PAD AND SUBSTRATE .

PGND 1, PGND 3 AND PGND 3PINS ARE NOT CONNECTED TO EACH OTHER OR TO THE TPS 65800 SUBSTRATE / POWER PAD

AGND 0, AGND 1 AND AGND 2PINS SHORTED TO EACH OTHER INSIDE TPS 65800 ALL AGND PINS ARE INTERNALLY CONNECTED TO

PWM
LED_PWM

RED
GREEN
BLUE

GPIO1

GPI02
GPIO3

L3
SM3
SM3_SW

FB3
PGND3

VIN_SM1

L1
SM1

PGND1
VIN_SM2

L2
SM2

PGND2

ANLG1
ANLG2

ADC_REF
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8.3 Feature Description
8.3.1 Interrupt Controller and System Sequencing

8.3.1.1 Overview

The TPS65810 has two dedicated internal controllers that execute the host interface and system sequencing
tasks: a sequencing controller and an interrupt controller.

The sequencing controller monitors internal and system parameters and defines the sequencing of the internal
power supplies during power-up, power-down, or power fault events, and executes specific internal power supply
reset operations under external hardware control or host software commands.

The following parameters are monitored by the sequencing controller:

» System power bus voltage (at SYS_IN pin), input supply voltage, battery pack voltage

* TPS65810 thermal fault status

» Integrated supply status

The interrupt controller monitors multiple system status parameters and signals to the host when one of the

monitored parameters toggled, as a result of a system status change. The interrupt controller inputs include all
the parameters monitored by the sequencing controller plus:

* Charger status
» Battery pack status
» ADC status

Internal 1°C registers enable masking of all the monitored parameters. Using those registers, the host can select
which parameters trigger an interrupt or a power-good fault. Power-good faults trigger a change in the TPS65810
operating mode, as detailed in the next sections.

Figure 16 shows a simplified block diagram for the TPS65810 sections that interface to the external host.

RS
R3
e AN—@
R2
R4
1

HOST INTERFACE AND SEQUENCING TPS65810
L scLk [
b4 SDAT | 12CENGINE 12C REGISTERS 725V
AND NON -
VOLATILE _ AC /USB /BAT
5 INTERRUPT MEMORY (HIGHER VOLTAGE )
INT CONTROLLER 2.5V
HoST +
Vé Y v J—
- -
RESPWRON | | | SEQUENCING [ CONTROL
TRSTPWON | | | AND OPERATING VSYS v Loaic
MODE SETTING
i —
HOT _RST
c TRSTPWONJL

o—I[]

R 6

c16
V sM2

Figure 16. Simplified Block Diagram
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Feature Description (continued)
8.3.1.2 Interrupt Controller

The TPS65810 has internal block and overall system status information stored in 1°C status registers. The

following subsystems and system parameters are monitored:

» External power supply status: AC or USB supply detected, AC or USB connected to system, AC/USB OVP

» Charger status: on, off, or suspend, fast charge or precharge, termination detected, DPPM on, thermal loop
ON

» Battery pack status: temperature, discharge on and off

* TPS65810 thermal shutdown

» ADC status: conversion status, input out of range, ANLG1 high impedance detection

* Integrated supplies status: output out of regulation (power-good fault)

The GPIO1 and GPIO2 pins can be configured as inputs, generating an interrupt request to the host
(INT:HI—LO) at the GPIO rising or falling edge. The host can use internal the INT_MASK I2C registers to define
which of the monitored status variables triggers an interrupt. When a non-masked system status bit toggles state,
the interrupt controller issues an interrupt, following the steps below:

1. System status bits that caused the interruption are set to HI in registers INT_ACK1 and INT_ACK2
2. An interrupt is sent to the host (INT:HI—LO)

When an interrupt is sent to the host, INT is kept in the LO state and the INT_ACK register contents are latched,
holding the system status that generated the currently issued interrupt request. When an interrupt request is
active (INT = LO) additional changes in non-masked status registers and control signals are ignored, and the
INT_ACK registers are not updated.

The host must write a 0 to the INT_ACK register bit that generated the interrupt to set INT = HI and enable new
updates to the INT_ACK registers. If the host stops in the middle of a WRITE or READ operation, the INT pin
stays at the LO level. The TPS65810 has no reset timeout; assume that the host does not leave INT = LO and
the status registers unread for a long time.

The non-masked I°C register bits and internal control signals generate a new interrupt only after INT is set to HlI.
The non-masked power-good fault register bits generate a power-good fault when any of the non-masked bits
detects that the monitored output voltage is out of regulation, independently of the INT pin level.
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Feature Description (continued)
8.3.1.3 System Sequencing and TPS65810 Operating Modes
The TPS65810 has a state machine that controls the device power-up and power-down sequencing. Figure 17 is

a state diagram which shows the main operating modes.
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—»
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—
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ENABLE STATE
RESPWRON = LO

T

POWER UP DEFAULTS LOADED
INALL I12C REGISTERS
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Figure 17. TPS65810 State Diagram

8.3.1.3.1 Power Up
If the AC, USB and BAT pin voltages are below the internal UVLO threshold Vo (2.5 V typical) all IC blocks

are disabled and the TPS65810 is not operational, with all functions OFF. When an external power source or
battery with voltage greater than the Vo voltage threshold is applied to AC/USB or BAT pins the internal
TPS65810 references are powered up, biasing internal circuits. When all the main internal supply rails are active

the TPS65810 I°C registers are set to the power-up default values, shown in Table 1.
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Feature Description (continued)
Table 1. Integrated Supply and Drivers I°C Registers Power-Up Defaults

SUPPLY POWER-UP DEFAULT OTHER BLOCKS POWER-UP DEFAULT
LDOO OFF, 3.3V POWER PATH INPUT TO SYSTEM
LDO1 1.25V, OFF PWM OFF
LDO2 3.3V, OFF PWM_LED OFF
LDO3 1.505V, OFF GPIO1 INPUT, SM1 ON/OFF CONTROL
LDO4 1.811V, OFF GPI102 INPUT, SM2 ON/OFF CONTROL
LDOS 3.111V, ON GPIO3 INPUT
SIM 2.5V, ON ADC OFF
RTC_OUT ON, 15V SM3 (WHITE LED) OFF
LDO_PM 3.3V, ON at OUT POWERED RGB DRIVER OFF
SM1 OFF, 1.24V INTERRUPT MASK NONE MASKED
SM2 OFF, 3.32V POWER-GOOD MASK ALL MASKED
CHARGER OFF

After the internal 1°C register power-up defaults are loaded the power path control logic is enabled, connecting
the external power source to the OUT pin. A status flag ("nRAMLOAD) is set to LO in the SOFT_RESET register,
indicating that the 1°C registers were loaded with the power-up defaults, and the TPS65810 enters the ENABLE
state.

8.3.1.3.2 Enable

In the ENABLE mode the RESPWRON output is set to the LO level, the INT pin mode is set to high impedance
and all the power-good comparators that monitor the integrated supply outputs are disabled. The ENABLE mode
is used by the TPS65810 to detect when the main system power rail (OUT pin) is powered and ready to be used
on the internal supply power-up. The OUT pin voltage is sensed by an internal low-system-voltage comparator
which holds the IC in the ENABLE mode until the system power-bus voltage (OUT pin) has reached a minimum
operating voltage, defined by the user. The internal comparator senses the system voltage at pin SYS_IN, and
the threshold for the minimum system operating voltage at the OUT pin is set by the external divider connected
from OUT pin to SYS_IN pin. The threshold voltage is calculated in Equation 1.

R6
V(OUT) = ViLow _svs) * (1 + —j

R1
where
¢ R6 and R1 are external resistors
*  Vow sys) =1V (typical) (1)
The minimum system operating voltage must always be set above the internal UVLO threshold V. In normal

application conditions the minimum system operating voltage is usually set to a value that assures that the
TPS65810 integrated regulators are not operating in the dropout region.

When the voltage at the SYS_IN pin exceeds the internal threshold V ow sys) the TPS65810 device is ready to
start the system power sequencing, and the SEQUENCING mode is entered.

8.3.1.3.3 Sequencing

The sequencing state starts immediately after the enable state. In this mode of operation the integrated supplies
are turned ON. The TPS65810 sequencing timing diagram shown in Figure 18 details the internal timing delays
and supply sequencing. At the end of the sequencing state the user-programmable reset timer is started, and the
TPS65810 enters the reset state.
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(1) SM1 and SM2 are externally enabled by GPIO1 and GPIO2. This waveform represents the earliest time that SM1 and
SM2 are enabled if GPIO1 and GPIO2 are tied high.

(2) LDOS5, SM1, and SM2 are all enabled at the same time. This waveform represents the earliest time that LDOS5 is
enabled if VIN_LDO3S5 is connected to OUT. LDO5 power up can be synchronized to SM1 or SM2 by connecting
VIN_LDO35 to the SM1 or SM2 output, respectively.

Figure 18. TPS65810 Supply Sequencing Timing

8.3.1.3.4 Reset

When the reset state starts the RESPWRON output is LO. The user can program the reset timer value by
selecting the value of the external capacitor connected to pin TRSTPWON, as shown in Equation 2.

- o
T(RESET) - KRESET c:TRSTPWON

where
*  Kgeser is the reset timer constant (1 ms/nF typical) (2)
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The TPS65810 RESPWRON pin must be used to reset the external host. During the external host reset
(RESPWRON = LO) the I°C SDA and SCL pins are not used to access TPS65810 internal registers. If a non-
standard configuration is used to reset the system the SDA and SCL lines must not be used to communicate with
the TPS65810 untii RESPWRON = HI, to avoid overwriting the integrated power supply internal power-up
settings during the sequencing mode.

The power-good comparators are masked during the reset mode. The reset mode ends when the reset timer
expires, and the TPS65810 goes into the power-good check mode.

The RESPWRON signal set to a high level is the proper signal to use as an indicator that the device has
transitioned out of the reset state. During the power-up sequence the RESPWRON pin is asserted LOW until the
RESET TIMER expires. The RESET TIME (t,eset = 1ms/nF x CTRSTPWON) can be programmed through a
capacitor between the TRSTPWON pin and ground.

When the RESPWRON signal is LO, all internal and external interrupts are ignored. As a result, the open-drain
output that asserts the INT pin LO during a NORMAL MODE interrupt request is disabled. The INT pin is then
asserted HI through a pullup resistor that is typically connected to VOUT. After the RESPWRON signal goes Hl,
the interrupt controller is given control of the INT pin. Finally, the rising edge of the RESPWRON pin must be
used to indicate the PMIC has transitioned from the RESET STATE to the POWER-GOOD CHECK STATE. At
that point, the interrupt controller asserts an interrupt if necessary.

8.3.1.3.5 Power-Good Check

In the power-good check mode the power-good comparators are enabled, providing status on the integrated
supplies output voltages. An output voltage is considered as out of regulation and generates a fault condition if
the output voltage is below 90% of the target output voltage regulation value. If a power-good fault is detected
the SLEEP mode is set, if a power-good fault is not detected the NORMAL mode is set.

The individual supply power-good status can be masked through an I1°C register PGOODFAULT MASK.
Supplies that have their power-good fault status masked do not generate a power-good fault. However, the
status bit for the supply indicates that the output voltage is out of regulation.

The power-good mask register bits default to masked upon power up.

8.3.1.3.6 Sleep Mode

The SLEEP mode is set when a thermal fault or system low voltage fault is detected, under NORMAL operation
mode set. This operation mode is also set when a power-good fault is detected during the power-good check
state or the 1°C bit SLEEP_MODE. In the SLEEP mode the RESPWRON output is set to LO, and the I°C
registers keep the same contents as in the state preceding SLEEP mode, with the exception of the following
control bits, which are reset to the default power-up values:

1. LDO1,2,3,4,5 and RTC_OUT are enabled, SIM LDO is disabled: EN_LDO register set to default values

2. LDOO disabled, all GPIOs with no control function assigned: GP1012, GPIO3 registers set to default values
3. White LED driver is set to OFF: SM3_SET register has all bits set to LO

4. RGB drivers are set to OFF: RGB_FLASH, RGB_RED, RGB_GREEN, RGB_BLUE registers are set to
default values

PWM, PWM_LED drivers OFF: PWM, LED_PWM registers are set to default values

6. ADC engine reset to power-up default: ADC_SET, ADC_DELAY, ADC_WAIT registers are set to default
values

o

NOTE
In SLEEP mode the power path and main internal blocks are still active, but the internal
integrated supply sequencing is disabled. As a result of that, during SLEEP mode ALL
integrated supplies (ALL LDO's, ALL buck Converters) are disabled.

At the end of the SLEEP mode, the sequencer block uses the 1°C control register values (which were reset to the
default power-up values) to sequence the integrated power supplies. The SLEEP mode ends when one of the
three following events occurs:

1. If SLEEP was set by thermal fault: The SLEEP mode ends only when all external input supplies and battery
pack are removed and a UVLO condition is detected by the TPS65810, setting the NO POWER mode.
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2. If SLEEP was set by a system low voltage detection, or I2C bit SLEEP_MODE, only with battery present:
Input power must be connected, setting the TPS65810 in the ENABLE mode. If no input power is inserted,
the battery discharges until the TPS65810 detects a UVLO condition and enters the NO POWER mode.

3. If sleep was set by a system low voltage detection, power-good fault or SLEEP_MODE, with battery and
input power present: all external input supplies connected to AC and USB pins must be removed, and then at
least one of them reconnected to the system. The input power cycling triggers a transition from SLEEP mode
to the ENABLE mode.

8.3.1.3.7 Normal Mode

If a power-good fault is not present at the end of the power-good check mode the NORMAL mode starts. In this
mode of operation the I°C registers define the TPS65810 operation, and the host has full control on operation
modes, parameter settings, and so forth. The normal state operation ends if a thermal fault, system low voltage
fault (V(SYS_IN) < V_ow sys) or power-good fault is detected. A thermal fault or system low voltage fault sets the
SLEEP mode operation, a power-good fault sets the NO POWER operation mode. From the normal mode the
converters SM1 and SM2 can be set in the STANDBY mode, with reduced output voltages. In NORMAL mode
either an 12C register bit (SOFT_RESET register bit SOFT_RST) or a hardware input ( HOT_RESET pin set to
LO) can trigger a transition to the RESET state, enabling implementation of a host reset function. In NORMAL
mode an I°C register bit (SOFT_RESET register bit SLEEP_MODE) can trigger a transition to SLEEP mode.

8.3.1.3.8 Processor Standby State

This state is set using an I>C register or a GPIO configured as SM1 and SM2 stand-by control. In stand-by mode
operation, the SM1 and SM2 voltages are set to value distinct than the normal mode output voltage, and
SM1/SM2 are set to PFM mode. The stand-by output voltage is defined in I1°C registers SM1_STANDBY and
SM2_STANDBY.

8.3.1.4 TPS65810 Operating Mode Controls

The three operating mode controls are defined as follows:

HARDWARE RESET A dedicated control pin, HOT RESET, enables implementation of a hardware reset
function. The system reset pin RESPWRON is set to LO when HOT_RESET = LO for a period
longer than the internal deglitch (5 ms typical). The RESET mode is started when the HOT_RESET
pin transitions from LO to HI, as shown in the state diagram. When HOT_RESET = LO all Ke
registers are reset to the default power-up values.

SOFTWARE RESET The external host can set the TPS65810 device in RESET mode using the 12C register
SOFT_RESET, bit BO (SOFT_RST).

SOFTWARE SLEEP The external host can set the TPS65810 in SLEEP mode using the I°C register
SOFT_RESET, bit B6 (SLEEP_MODE).

A software reset does not affect the contents of the 1°C registers.
8.3.1.5 Functionality Reference Guide — Host Interface and System Sequencing

Table 2. Interrupt Controller, Open-Drain Output (INT)

SYSTEM PARAMETERS MONITORED BY THE INTERRUPT CONTROLLER
POWER UP
el SYSTEM STATUS ADC STATUS CHARGER STATUS INPUT AND OUTPUT BEEALLT
DETECTION® MODIFICATION TRANSITION POWER TRANSITION
SM1,
SM2, Thermal Fault or GPIO | ADC conversion end ADC Charge: Pre— Fast «>Done AC detected: yes < no
SM3, 1,2 configured as Input out of range DPPM:on « off USB detected: yes < no
LDO1, LDO2, external interrupt External resistive load Charge Suspend: on « off Input OVP: yes < no All interrupt
LDO3, LDO4, request connected to ANLG1 Thermal Foldback: on < off System Power: AC «— USB controller inputs set
LDO5 to non-masked
Can be masked Individually through - ) . ) . .
2C. Blanked during initial power up Can be masked Individually through 1°C Can be masked as a group through a single I°C mask register bit

(1) For all supplies (except) for SM3 an output fault is detected if the output voltage is below 90% of the programmed regulation voltage. In
the SM3 converter an output fault indicates that the output OVP threshold was reached.
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Table 3. Events Triggering TPS65810 Operating Mode Changes

EVENT

POWER-GOOD FAULT
DETECTION®

THERMAL FAULT

HARDWARE RESET

SOFTWARE RESET

How transition is
triggered

Integrated regulator output voltage
below target value: SM1, SM2, SM3,
LDO1, LDO2,LDO3, LDO4, LDO5S

Internal IC junction
temperature

Using HOT_RST control pin

I2C register control bit

Operating mode
change

Sets Sleep mode or starts a new
power-up cycle when power-good
fault is detected (see state machine
diagram).

Sets Sleep mode when
thermal fault is detected

Generates external host reset
pulse at pin RESPWON when
HOT_RST = LO.

Generates external host reset
pulse at pin RESPWON when
12C control bit is set.

Power-good fault detection
comparators are blanked during
initial power-up.

Input and Battery power
cycling required to exit sleep

Pulse duration set by external
capacitor.

Pulse duration set by external
capacitor.

Controls

Can be masked Individually through
12C.

Fixed Internal Threshold

External Input

Set through 1°C

(1) For all supplies (except) for SM3 an output fault is detected if the output voltage is below 90% of the programmed regulation voltage. In
the SM3 converter an output fault indicates that the output OVP threshold was reached.
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Figure 19. Required External Components, Recommended Values, External Connections

8.3.2 Power Path and Charge Management

8.3.2.1 Overview

The TPS65810 has an integrated charger with power path integrated MOSFETs. This topology, shown in
Figure 20, enables using an external input power to run the system and charge the battery simultaneously. The
power path has dual inputs that can be used to select either an external AC_DC adapter (AC pin) or an USB port
power (USB pin) to power the end equipment main power rail (OUT pin, also referred to as the system power
bus) and charge the battery pack (connected to BAT pin).
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Figure 20. TPS65810 Charger and Power Path Section Simplified Block Diagram

The power path has three integrated power MOSFETS: the battery to system MOSFET (battery switch), the AC
input to system MOSFET (AC switch) and the USB input to system MOSFET (USB switch). Each of those power
MOSFETs can be operated either as an ON/OFF switch or as a linear pass element under distinct operating
conditions, as defined by the control circuits that set the power MOSFET gate voltage.

The TPS65810 regulates the voltage at the OUT pin to 4.6 V when one of the external supplies connected to
pins AC or USB is powering the OUT pin. The selected input (AC or USB pin) current is limited to a value defined
by I2C register settings. The input current limit function assures compatibility with USB standard requirements,
and also implements a protection function by limiting the maximum current supplied by an external AC_DC
adapter or USB port power terminal.
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The AC power MOSFET and USB power MOSFET operating modes are set by integrated control loops. Each of
the power MOSFETS is controlled by two loops: one system voltage regulation loop and one input current limiting
loop. The integrated loops modulate the AC or USB power MOSFETs drain to source resistance to regulate
either the OUT pin voltage or to limit the input current. If no input power is present (AC and USB input power not
detected) the AC and USB power MOSFETSs are turned OFF, and the battery MOSFET is turned ON, connecting
the BAT pin to the OUT pin.

The battery switch is turned ON when the AC or USB input power is detected and the charger function is
enabled, charging the battery pack. During charge the battery MOSFET switch operation mode is defined by the
charger control loops. The battery MOSFET switch drain-to-source resistance is modulated by the charge current
loop and charge voltage loop to implement the battery charging algorithm. In addition to that multiple safety
functions are activated (thermal shutdown, safety timers, short-circuit recovery), and additional functions (thermal
loop and DPPM loop) optimize the charging process.

8.3.2.2 Power Path Management Function

8.3.2.2.1 Detecting the System Status

The power path and charge management block operate independently of the other TPS65810 circuits. Internal
circuits check battery parameters (pack temperature, battery voltage, charge current) and system parameters
(AC and USB voltage, battery voltage detection), setting the power path MOSFETs operating modes
automatically. The TPS65810 has integrated comparators that monitor the battery voltage, AC pin voltage, USB
pin voltage and the OUT pin voltage. The data generated by those comparators is used by the power path
control logic to define which of the integrated power path switches are active. Figure 21 shows a simplified block
diagram for the system status detection.

AC + AC DETECTED
BAT - o DPPM
1V
+ AC OVP NO BATT
Vv B SHORT
ovP
USB h USB DETECTED
BAT -
+ USBOVP [ powER PATH
Vovp - CONTROL LOGIC
Voursh h OUT SHORTED
ouT -

BAT

Vgarsh —— ™_ SHORTED
BAT — | -
OUT LOWER
BAT + THAN BAT
ouT |-

Figure 21. TPS65810 Systems Status Detection, Charger and Power Path Section
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Table 4 lists the system power detection conditions. Viyor), Voursh, Vearst: Vove are the TPS65810 internal
references, refer to the electrical characteristics in the Specifications section for additional details.

Table 4. System Status Detection, Charger and Power Path Section

SYSTEM STATUS DETECTION CONDITION
AC input voltage detected V(AC) — V(BAT) > Vi)
USB input voltage detected V(USB) — V(BAT) > Vi)
AC overvoltage detected V(AC) > Vovp
USB overvoltage detected V(USB) > Vovp
AC PIN TO OUT pin OR USB TO OUT PIN short detected | V(OUT) < VinouTsH
BAT pin to OUT pin short detected V(BAT) - V(OUT) > VgatouTsH
Battery supplement mode need detected V(BAT) — V(OUT) > Vgup
Blank BAT to OUT short circuit detection V(DPPM) < 1V

8.3.2.2.2 Power Path Logic: Priority Algorithm

The system power bus supply is automatically selected by the power path control logic, following an internal
algorithm. The power path function detects an external input power connection when the input voltage exceeds
the battery pack voltage. It also detects a supplement mode need (battery switch must be turned ON) when the
system voltage (OUT pin) is below the battery voltage. A connected and non-selected external supply or the
battery is automatically switched to the system bus, following the priority algorithm, when the external supply
currently selected is disconnected from the system.

The input power priority is hard-wired internally, with the AC input having the higher priority, followed by the USB
input (2"%) and the battery pack (3'). Using the I°C CHG_CONFIG register control bit CE the user can override
the power path algorithm, connecting the battery to the system power bus. Take care when using the battery-to-
system connection option, as the system power bus is not connected back to the AC or USB inputs (even if
those are detected) when the battery is removed. Table 5 describes the priority algorithm.

Table 5. Power Path Control Logic Priority Algorithm

CE BIT EXT%RE%'&TSES PLY SWITCH MODE SYSTEM POWER
(I°C CHG_CONFIG Register) SOURCE
AC USB AC UsB BATTERY
YES NO ON OFF AC
HI NO YES OFF ON ON if Supplement mode is usB
YES YES ON OFF required, OFF otherwise AC
NO NO OFF OFF BATTERY
LO XX XX OFF OFF ON BATTERY

The power path status is stored in register CHG_STAT.

8.3.2.2.3 Input Current Limit

The USB input current is limited to the maximum value programmed by the host, using the 1°C interface. If the
system current requirements exceed the input current limit, the output voltage collapses, the charge current is
reduced, and finally, the supplement mode is set. The input current limit value is set with the I°C charge control
register bits PSEL and ISET2, and it is applied to the USB input ONLY. The AC input current limit is fixed to the
internal short circuit limit value.

Table 6. Charge-Current Scaling Through I1°C

2 2 INPUT CURRENT LIMIT
PSEL (12C) ISET2 (12C)
uUsB AC
LO LO 100 mA 275 A
LO HI 500 mA 275 A
HI LO 2.75 A 275 A
HI HI 2.75 A 275 A
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8.3.2.2.4 System Voltage Regulation

The system voltage is regulated to a fixed voltage when one of the input power supplies is connected to the
system. The system voltage regulation is implemented by a control loop that modulates the selected switch
Rds(on).

The typical system regulation voltage is 4.6 V.

8.3.2.2.5 Input Overvoltage Detection

The AC and USB input voltages are monitored by voltage comparators that identify an overvoltage condition. If
an overvoltage condition is detected a status register bit is set, indicating a potential fault condition.

When an overvoltage condition is detected, the AC or USB switches state is not modified. If any of those
switches was ON, it is kept in the ON state. During overvoltage conditions, the system voltage is still regulated,
and no major safety issues are observed when not modifying the input switch state.

If the input overvoltage condition results in excessive power dissipation, the thermal shutdown circuit is activated,
the AC and USB switches are turned OFF, and the BAT switch is turned ON.
8.3.2.2.6 Output Short-Circuit Detection

If the OUT pin voltage falls below an internal threshold Vyoutsy the AC and USB switches are turned off and
internal pullup resistors are connected from AC pin to OUT pin and USB pin to OUT pin. When the short circuit is
removed those resistors enable the OUT pin voltage to rise above the V|youtsy threshold, returning the system to
normal operation.

8.3.2.2.7 Battery Short-Circuit Detection

If the OUT pin voltage falls below the BAT pin voltage by more than an internal threshold Vgatoutsy the battery
switch is turned off and internal pullup resistor is connected between the OUT pin and the BAT pin. This resistor
enables detection of the short removal, returning the system to normal operation.

8.3.2.2.8 Initial Power Path Operation

During the initial TPS65810 power-up the contents of the ISET2, CE and SUSPEND bits on the control register
are immediately implemented. The charger is disabled (SUSPEND=LO) and the selected input current limit is set
internally to 500 mA max.

8.3.2.2.9 No-Battery Detection Circuit

The ANLG1 pin may be used to detect the connection of an external resistor that is embedded in a battery pack
and is used as a pack ID function. The ANLG1 pin has an internal current source connected between OUT and
ANLG1, which is automatically enabled when the TPS65810 is not in SLEEP mode. The current levels for
ANLG1 pin can be programmed through I1°C register ADC_WAIT, bits BATID_n, as shown in Figure 22.

BAT
ViouT) - V(NoBATID)
ANLG 1 j_‘ TPS65810

PACK ID% Battery
L

Resistor

Figure 22. Battery Removal Detection, ANLG1 Pin
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An internal comparator with a fixed deglitch time, t pg nosa) Monitors the ANLG1 pin voltage, if V(ANLG1) >
V(OUT) — VyoeaTiD: @ battery removed condition is detected and an internal discharge switch is activated,
connecting an internal resistor from BAT pin to AGND1. Note that ANLG1 can also be used as an analog input
for the ADC converter, in this case the voltage at pin ANLG1 must never exceed the V(OUT) — VyogaTiDs
threshold to avoid undesired battery discharge.

8.3.2.2.10 Using the Input Power to Run the System and Charge the Battery Pack

The external supply connected to AC or USB pins must be capable of supplying the system power and the
charger current. If the external supply power is not sufficient to run the system and charge the battery pack the
TPS65810 executes a two-stage algorithm that prevents a low voltage condition at the system power bus:

1. The charge current is reduced, until the total (charger + system current) is at a level that can be supplied by
the external input supply. This function is implemented by a dedicated charger control loop (see Dynamic
Power Path Management for additional details).

2. The battery switch is turned ON if the charge current is reduced to zero and the input current is not enough
to run the system. In this mode of operation both the battery and the external input power supply the system
power ( supplement operation mode).

The supplement operation mode is automatically set by the TPS65810 when the input power is switched to the
OUT pin, and the OUT pin voltage falls below the battery voltage.

8.3.2.3 Battery Charge Management Function

8.3.2.3.1 Operating Modes

The TPS65810 supports charging of single-cell Li-lon or Li-Pol battery packs. The charge process is executed in
three phases: precharge (or preconditioning), constant current and constant voltage.

The charge parameters are selectable through I°C interface and using external components. The charge process
starts when an external input power is connected to the system, the charger is enabled by the I°C register
CHG_CONFIG bits CE = HI and CHGON = HI, and the battery voltage is below the recharge threshold, V(BAT)
< V(rch)- When the charge cycle starts a safety timer is activated. The safety timer timeout value is set by an
external resistor connected to the TMR pin.

When the charger is enabled two control loops modulate the battery switch drain to source impedance to limit the
BAT pin current to the programmed charge current value (charge current loop) or to regulate the BAT pin voltage
to the programmed charge voltage value (charge voltage loop). If V(BAT) < 3 V (typical) the BAT pin current is
internally set to 10% of the programmed charge current value. Figure 23 shows a typical charge profile for an
operation condition that does not cause the IC junction temperature to exceed 125°C (typical).

Pre- Current Voltage Regulation and

conditioning Regulation Charge Termination DONE
Vo(BATREG) Phase Phase Phase
logay| |
e -
FAST-CHARGE Battery Current,
CURRENT - I(BAT)
Battery voltage, C?:p:?eie
V(BAT) Status,
Vicowy il Charger

Off

lopreche), lrerm) e \

/

PRE-CHARGE
CURRENT AND
TERMINATION
THRESHOLD

- - -

B ——
TprecHe) TicHe) DONE

Figure 23. Typical Charge Cycle, Thermal Loop not Active
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If the operating conditions cause the IC junction temperature to exceed 125°C the charge cycle is modified, with
the activation of the integrated thermal control loop. The thermal control loop is activated when an internal
voltage reference, which is inversely proportional to the IC junction temperature, is lower than a fixed,
temperature stable internal voltage. The thermal loop overrides the other charger control loops and reduces the
charge current until the IC junction temperature returns to 125°C, effectively regulating the IC junction
temperature.

OUTD

VREF +

Thermal

Loop
— BAT L]

loutyKser)
-
Charge Voltage ISET 1
Loop

Viour) Vga)

VoRree) VoRee) -

System Voltage
Regulation Loop

Figure 24 shows a modified charge cycle, with the thermal loop active.

Pre- Therm_al Currer_lt Voltage Regulation and
conditioning | Regulation |Regulation ~¢- 00 Termination DONE
Vo(BaTREG) Phase Phase Phase Phase
logaT) o
~
FAST-CHARGE o Battery Current,
CURRENT y I(BAT)
Battery ',-" /
Voltage, Charge
V(BAT) ’d Complete
v \ Status,
PRE-CHARGE (oY n/J Charger
CURRENT AND \‘ Off
TERMINATION P
THRESHOLD \
loprece), lTERM)
T(tHREG)
IC Junction
Temperature Tj
« . - .
T(PrRECHG) T(cHa) DONE
Figure 24. Typical Charge Cycle, Thermal Loop Active
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8.3.2.3.2 Battery Preconditioning

The TPS65810 applies a precharge current l,prechc) to the battery if the battery voltage is below the V( owv)
threshold, preconditioning deeply discharged cells. The charge current loop regulates the ISET1 pin voltage to an
internal reference value, V(precrc). The resistor connected between the ISET1 and AGND pins, Rger, determines
the precharge rate.

The precharge rate programmed by Rge+ is always applied to a deeply discharged battery pack, independently of
the input power selection (AC or USB). Use Equation 3 to calculate the precharge current.

VierecHa) * K(seT)

loPrECHG) R
SET

where
* Ksen is the charge current scaling factor
*  V(erecHo) iS the precharge set voltage 3)

8.3.2.3.3 Constant Current Charging

The constant charge current mode (fast charge) is set when the battery voltage is higher than the precharge
voltage threshold. The charge current loop regulates the ISET1 pin voltage to an internal reference value, Vger.
The fast charge current regulation point is defined by the external resistor connected to the ISET1 pin, Rggr, as
shown in the following:

V(SET) x K(SET)

logaT)

Rser
where
*  Visen (2.5 V typical) is the voltage at ISET1 pin during charge current regulation
* Ksen = charge- current scaling factor (4)

The reference voltage V(sgry can be reduced through I°C register CHG_CONFIG bits ISET1_1 and ISET1_0.
V(ser) can be selected as a percentage (75%, 50% or 25%) of the original 2.5 V typ, non-attenuated V ser) value,
effectively scaling down the charge current.

The ISET1 resistor always sets the maximum charge current if the AC input is selected. When the USB input is
selected, the maximum charge current is defined by the USB input current limit and the programmed charge
current. If the USB input current limit is lower than the Iooyr) value, the battery switch is set in the dropout region
and the charge current is defined by the input current limit value and system load, as shown in Figure 25.

I(USB) 275 A | | |
INPUT | |
BATTERY CURRENT
CHARGE / | |
CURRENT |
500 mA |
800 mA \ | | 750 mA |
(800 mA DEFINED | ; /4 |
BY RSET VALUE) | |
{ SYSTEM LOAD
| 300mA i |
(0UT) 200 mA J H |
i \ |
| | | -250 mA |
BATTERY BATTERY | BATTERY
| CHARGING | CHARGING DISCHARGING |
USB INPUT LIMIT | INPUT LIMIT SET | SUPPLEMENT
| SETTO275A TO 500 mA MODE SET |
|- »- i: ,I: "

Figure 25. Input Current Limit Impact on Effective Charge Current
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8.3.2.3.4 Charge Termination and Recharge

The TPS65810 monitors the charging current during the voltage regulation phase. Charge is terminated when
the charge current is lower than an internal threshold, set to 10% (typical) of the fast charge current rate. The
termination point applies to both AC and USB charging. Use Equation 5 to calculate the termination point, Irgrw)-

V(TERM) x K(SET)

lrerRM) =
Rset
where

*  V(rerw is the termination detection voltage reference (5)

The voltage at ISET1 pin is monitored to detect termination, and termination is detected when V(SET1) < V(1grw)
(0.25 V typical). The voltage reference V(term) is mternall;/ set to 10% of the V(g reference voltage, and it is
modified if the reference voltage V(ser) is scaled through I°C register CHG_CONFIG bits ISET1_1 and ISET1_0O.
V(terw) is reduced by the same percentage used to scale down Vsgr).

Table 7 lists the charge current and termination thresholds for a 1-A charge current set (1-kQ resistor connected
to ISET1 pin), with the selected input current limit set to a value higher than the programmed charge current. The
termination current is scaled for all charge current modes (AC or USB), as it is always set by the ISET1 pin
external resistor value.

Table 7. Charge Current and Termination Threshold Selection Example

CHARGE CONTROL REGISTER BITS CHARGE CURRENT, (% OF TYPICAL VALUE |, vy | Vererw CHARGE TERMINATION
ISET1 1 ISET1 0 PROGRAMMED BY ISET1 RESISTOR) (SET) (mV) CURRENT (A) | CURRENT (mA)

0 0 25% 0.6 60 0.24 20

0 1 50% 1.25 115 05 40

1 0 75% 1.9 160 0.78 60

1 1 100% 25 250 1 100

When the termination is detected, a new charge cycle starts if the voltage on the BAT pin falls below the V gcpy
threshold. A new charge start is also triggered if the charger is enabled, disabled, or re-enabled through 1“C
(CHG_CONFIG register bits CE or CHGON), or if both AC and USB input power are removed and then at least
one of them is re-inserted.

The termination is disabled when the thermal loop OR DPPM loop are active, and during supplement mode.

8.3.2.3.5 Battery Voltage Regulation, Charge Voltage

The voltage regulation feedback is Implemented by sensing the BAT pin voltage, which is connected to the
positive side of the battery pack. The TPS65810 monitors the battery-pack voltage between the BAT and AGND1
pins, when the battery voltage rises to the Vpreg) threshold the voltage regulation phase begins and the
charging current tapers down.

The charging voltage can be selected as 4.2 V or 4.365 V (typical). The default power-up voltage is 4.2 V. As a
safety measure the 4.365 V charge voltage is programmed only if two distinct bits are set through 1°C: VCHG=HI
in the CHG_CONFIG, and CHG_VLTG=LO in the GPIO3 register.

8.3.2.3.6 Temperature Qualification

The TPS65810 charger section does not monitor the battery temperature. This function may be implemented by
an external host, which can measure the pack temperature by monitoring the ADC channel connected to the TS
pin. An external pullup resistor must be connected to the TS pin to bias the pack thermistor, as the TPS65810
device has no internal current source connected to the TS pin.

8.3.2.3.7 Dynamic Power Path Management

Under normal operating conditions, the OUT pin voltage is regulated when the AC or USB pin is powering the
OUT pin and the battery pack is being charged. If the total (system + charge current) exceeds the available input
current, the system voltage drops below the regulation value.
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The dynamic power path management function monitors the system output voltage. A condition where the
external input supply rating has been exceeded or the input current limit has been reached is detected when the
OUT pin voltage drops below an user-defined threshold, Vpppy. Use Equation 6 to calculate the value of Vpppy.

Vopem = Roppm % Kpppwm % Ibppum

where
*  Rpppm = external resistor connected to DPPM pin
¢ Kpppm = DPPM scaling factor
* lpppm = DPPM pin internal current source (6)

To correct this situation the DPPM loop reduces the charge current, regulating the OUT pin voltage to the user-
defined Vpppy threshold. The DPPM loop effectively identifies the maximum current that can be delivered by the
selected input and dynamically adjusts the charge current to guarantee that the end equipment is always
powered. To minimize OUT voltage ripple during DPPM operation the Vpppy threshold must be set just below the
system regulation voltage.

If the charge current is reduced to zero by the DPPM and the input current is still lower than the OUT pin load,
the output voltage falls below the DPPM threshold, decreasing until the battery supplement mode is set
[V(OUT) = V(BAT) - VsupoT) I

8.3.2.3.8 Charger Off Mode

The TPS65810 charger circuitry enters the low-power OFF mode if both AC and USB power are not detected.
This feature prevents draining the battery during the absence of input supply.

8.3.2.3.9 Precharge Safety Timer

The TPS65810 device activates an internal safety timer during the battery preconditioning phase. The precharge
safety timer time-out value is set by the external resistor connected to TMR pin, RTMR, and the timeout
constants Kpgre and Kyyr- Use Equation 7 to calculate the timeout value value of the precharge safety timer.

Tereche = Kere X Rrvr % Krwr (7)
The Kpge constant typical value is 0.1, setting the precharge timer value to 10% of the charge safety timer value.

When the charger is in suspend mode, set through I°C register CHG_CONFIG bit CHGON or set by a pack
temperature fault, the precharge safety timer is put on hold (that is, charge safety timer is not reset). Normal
operation resumes when the charger exits the suspend mode. If V(BAT) does not reach the internal voltage
threshold Vpreche Within the precharge timer period a fault condition is detected and the charger is turned off.

If the TMR pin is left floating, an internal resistor of 50 KQ (typical) is used to generate the time base used to set
the precharge timeout value. The typical precharge timeout value can be then calculated using Equation 8.

Tereche = Kpre % 50K x Kqyr (8)

8.3.2.3.10 Charge Safety Timer

As a safety mechanism the TPS65810 has a user-programmable timer that measures the total fast charge time.
This timer (charge safety timer) is started at the end of the preconditioning period. The safety charge timeout
value is set by the value of an external resistor connected to the TMR pin Ryyr). Use Equation 9 to calculate the
charge safety timer time-out value.

Tene = Kimr X Rrwr ©)]

When the charger is in suspend mode, set through I°C register CHG_CONFIG bit CHGON or set by a pack
temperature fault, the charge safety timer is put on hold (that is, charge safety timer is not reset). Normal
operation resumes when the charger exits the suspend mode. If charge termination is not reached within the
timer period a fault condition is detected, and the charger is turned off.

The charge safety timer is held in reset if the TMR pin is left floating. Under this mode of operation an internal
resistor, 50 kQ typical, sets the internal charger and power path deglitch and delay times, as well as the
precharge safety timer timeout value.
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8.3.2.3.11 Timer Fault Recovery

The TPS65810 provides a recovery method to deal with timer fault conditions. The following summarizes this
method:

+ Condition 1: Charge voltage above recharge threshold, V(gcn), and timeout fault occurs.

Recovery method The IC waits for the battery voltage to fall below the recharge threshold. This could happen
as a result of a load on the battery, self-discharge or battery removal. When the battery falls below
the recharge threshold, the IC clears the fault and starts a new charge cycle.

+ Condition 2: Charge voltage below recharge threshold,V(gcy), and timeout fault occurs.

Recovery method Under this scenario, the IC connects an internal pullup resistor from OUT pin to BAT pin.
This pullup resistor is used to detect a battery removal condition and remains on as long as the
battery voltage stays below the recharge threshold. If the battery voltage goes above the recharge
threshold, the IC disables the pullup resistor connection and executes the recovery method
described for condition 1.

All timers are reset and all timer fault conditions are cleared when a new charge cycle is started either through
I°C (toggling CHG_CONFIG bits CE, CHGON) or by cycling the input power. All timers are reset and all timer
fault conditions are cleared when the TPS65810 enters the UVLO mode.

8.3.2.3.12 Dynamic Timer Function

The charge and precharge safety timers are programmed by the user to detect a fault condition if the charge
cycle duration exceeds the total time expected under normal conditions. The expected total charge time is
usually calculated based on the fast charge current rate.

When the thermal loop or the DPPM loops are activated the charge current is reduced, and a false safety timer
fault can be observed if this mode of operation is active for a long periods. To avoid this undesirable fault
condition the TPS65810 activates the dynamic timer function when the DPPM and thermal loops are active. The
dynamic timer function slows down the safety timers clock, effectively adding an extra time to the programmed
timeout value as follows:

1. If the battery voltage is below the battery depleted threshold: the precharge timer value is modified while the
thermal loop or the DPPM loop are active

2. If the battery voltage is above the precharge threshold: the safety timer value is modified if the DPPM or the
thermal loop are active AND the battery voltage is below the recharge threshold.

The TPS65810 dynamic timer function circuit monitors the voltage at pin ISET1 during precharge and fast
charge. When the charger is regulating the charge current, the voltage at pin ISETL1 is regulated by the control
loops to either V(semy Or Vprecre). If the thermal loop or DPPM loops are active, the voltage at pin ISET1 is lower
than V(sem) or Vereche, and the dynamic timer control circuit changes the safety timers clock period based on the
V(seny/V(ISET1) ratio (fast charge) or V(preche)/V(ISET1) ratio (precharge).

The maximum clock period is internally limited to twice the value of the programmed clock period, which is
defined by the resistor connected to TMR pin, as shown in Figure 26.

TIMER INTERNAL CLOCK PERIOD
MULTIPLICATION FACTOR

G S,
N

V(SET) V(PRECHG)
V(SET1) ~ V(ISET 1)

Figure 26. Safety Timer Internal Clock Slowdown
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The effective charge safety timer value can then be expressed as follows:
Effective precharge timeout = tprechc) * tpcHeADD)
Effective charge safety timeout = tcpg) + tcreaop)

The added timeout values, tpcrcaop): tcHeapp), are equal to the sum of all time periods when either the thermal
loop or DPPM loops were active. The maximum added timeout value is internally limited to 2 X tcyg) or 2 X

tPRECHG)

8.3.2.4 Functionality Guide — System Power and Charge Management

Table 8. Charge Management

FAST CHARGE® TERMINATION
CHARGE PRECHARGE CHARGE PRECHARGE SAFETYTIMER POWER UP
CURRENT CHARGE CURRENT | CURRENT CURRENT CURRENT VOLTAGE VOLTAGE TIMEOUT DEFAULT
SCALING SCALING
VALUE
lo@aty 0 o o, 0, 0 25%, 50%, 75%,
Programmable, 25%, 50%, 75%, 10% of lirerw), 10% of 100% of |rerm) 4.2Vor 3V Programmable
: 100% of logar) lo@aT) lo@ar) 436V
1.5 A (maximum) value Charger OFF
Set through ) . . ] . ) ) ’ Set through
external resistor Set through I°C Fixed ratio Fixed ratio Set through 1°C Set through 1°C Fixed external resistor

(1) The input current limit (see Table 9) regulates the input current, effectively limiting the charge current if the input current limit is lower
than the fast charge current value programmed.

Table 9. Power Path Management

INPUT CURRENT LIMIT INPUT CONNECTED TO OUT PIN

POWER UP DEFAULT

AC PIN USB PIN INPUT POWER TO SYSTEM BATTERY TO SYSTEM
100 mA maximum or #1 - AC
2.5 A typical 500 MA maximum or _ usB Battery connected to system,
) P! 2.5 A typical #3 - Battery (when AC pin power and USB pin power are not independently of battery voltage Input Power to System,
. P detected ) USB mode selected,

100 mA max
Internal fixed

current limit

Set through I°C, overrides

Automatic internal algorithm - .
internal algorithm

Set through 12C

AC_DC Adapter TPS 65810
Output L AC AC SWITCH ouT SYSTEM POWER BUS
%i ourx T T coe
USB Power USB USB SWITCH BATTERY IZZ uF
-
2 ﬁ’_—rt I swircH
10 uF [ 10 uF| | BAT Battery
‘ BAT
POWER PATH LINEAR TS )
NI CONTROL CHARGER DEEM L
ISEF
Rser <Rrur Rpppm
37.4 kQ
System Power Charge Voltage
Selection Fast Charge
Input Current Limit Current Scaling A1 With the above components the following system
Selection Charge Suspend parameters are set :
Fast Charge Current = 1A (100% scaling, input limit=2.5A)
12C REGISTERS Safety Timer = 5hours, 30 min pre-charge
DPPM threshold = 4.3V
Temp hot: 65C

Temp Cold : 5C

Figure 27. Required External Components, Recommended Values, External Connections

8.3.3 Linear Regulators

The TPS65810 offers nine integrated linear regulators, designed to be stable over the operating load range with
use of external ceramic capacitors, as long as the recommended filter capacitor values (see Figure 51 and the
Pin Configuration and Functions section) are used. The output voltage can be programmed through 1°C (LDOO0-2,
LDO3-5) or have a fixed output voltage.
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8.3.3.1 Simplified Block Diagram
Figure 28 shows a simplified block diagram for the LDOs.

H—\ INPUT SUPPLY a
|

VREF

12C
REGISTERS

OUTPUT
ON/OFF VOLTAGE
CONTROL SAMPLE

14 OUTPUT VOLTAGE
+—) L]
4

BIAS
CONTROL

LDO3-5 ONLY

All LDOs
except

LDO_PM
SHORT CIRCUIT
ouTPUT PROTECTION ouTPUT
VOLTAGE CURRENT
SETTING SAMPLE
Programmable
LDOs only "7
DISCHARGE
CONTROL
ENABLE N
DISCHARGE =
bot,tbo2 |+ Wl conTROL ‘ <
LDO3-5 ONLY LDO1,LDO2, .
LDO3-5 ONLY

Figure 28. Simplified Block Diagram

8.3.3.2 Connecting the LDO Input Supply

Both LDO1-2 and LDO3-5 have uncommitted input power supply pins (VIN_LDO12, VIN_LDO35), which must be
externally connected to the OUT pin. Optionally the LDOO0-2 and LDO3-5 input supplies can be connected to the
output of the available buck converters SM1 or SM2, as long as the resulting overall power-up sequence meets
the system requirements.

The RTC_OUT, SIM, LDOO and LDO_PM linear regulators are internally connected to the OUT pin.

8.3.3.3 ON/OFF Control

All the LDOs, with exception of LDO_PM LDO, have a ON and OFF control which can be set through I1°C
commands, facilitating host management of the distinct system power rails. The LDO_PM LDO ON and OFF
control is internally hard-wired, and it is set to ON when either the AC or USB input power is detected.

8.3.3.4 Output Discharge Switch

LDO1, LDO2 AND LDO3-5 have integrated switches that discharge each output to ground when the LDO is set
to OFF by an 1°C command. The output discharge switch function can be disabled by using I1°C register control
bits. The discharge switches are enabled after the initial power-up

8.3.3.5 Special Functions

The RTC_OUT, SIM (Subscriber line interface module) and LDO_PM linear regulators are designed to support
lower load currents. The SIM and RTC_LDO have low leakage in OFF mode, with the input pin voltage above or
below the output pin voltage. The LDO_PM can be used for USB enumeration, or a status indication of input
power connection.

8.3.3.6 Output Voltage Monitoring

Internal power-good comparators monitor the LDO outputs and detect when the output voltage is below 90% of
the programmed value. This information is used by the TPS65810 to generate interrupts or to trigger distinct
operating modes, depending on specific I°C register settings. See the Interrupt Controller and System
Sequencing section for additional details.
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8.3.3.7 Functionality Guide — Linear Regulators
Table 10. Selectable Output Voltage LDO
OUTPUT VOLTAGE (V), SET THROUGH I>C
SUPPLY | ON/OFF CONTROL OUTPUgVﬁ'TSCCHHARGE AL '%mx ’:\Cciuf PDOEng\ﬁLUTP
NUMBER OF STEPS AVAILABLE VALUES (V) °
LDO1 Yes, set through 12C | Yes, enabled through 12C 8 1.25/1.5/1.8/2.5/2.85/3/3.2/3.3 150 3 OFF, 1.25V
LDO2 Yes, set through 12C | Yes, enabled through 12C 8 1.25/1.5/1.8/2.5/2.85/3/3.2/3.3 150 3 OFF, 3.3V
SIM Yes, set through I2C no 2 1.8/25 8 2 ON, 2.5V
Table 11. Programmable Output Voltage LDO
OUTPUT VOLTAGE (V), SET THROUGH I’C
SUPPLY | ON/OFF CONTROL OUTPUSTVﬁ'TSCCHHARGE ) '%mx ’:\Ccf(uf F’é’E"gf\ﬁLUTP
RANGE NUMBER OF STEPS | MINIMUM STEP
LDO3 Yes, set through 12C Yes, enabled through 12C 1.224 t0 4.46 128 25 mV 100 3 OFF, 1.505 V
LDO4 Yes, set through 12C Yes, enabled through 12C 1.224 t0 4.46 128 25 mVv 100 3 OFF, 1.811V
LDO5 Yes, set through 12C Yes, enabled through 12C 1.224 t0 4.46 128 25 mV 100 3 ON, 3.111V
Table 12. Fixed-Output Voltage LDOs
SUPPLY ON/OFF CONTROL OUTPUT(\\//)OLTAGE 10 MAX (mA) ACCURACY % POWER UP DEFAULT
RTC_OUT 1.5, fixed 8 5 ON
Yes, through 1°C -
LDCO 3.3, fixed 150 3 OFF
LDO_PM NO, enabled internally 3.3, fixed 20 5 ON if AC or USB power detected
TPS65810
]
i
O~ ON/OFF, Output Voltage ON/OFF
o g Discharge Control ON/OFF Output Voltage
w
o
w | 122444V 1.25-3.3V 1.5V
- 100 mA 150 mA 8 mA
o
S v \
2 1.224-44V 1.25-3.3V 3.3V
o 100 mA 150 mA 10 mA
_ y Y v
I
1.224-4.4V 33V 18V/25V
100 mA 150 mA 8 mA
I 1
3 i o~ !
5 u 8
0 a -
Jl 8 8 g 8 8 - 6 N 8 % -
z| g/ 8 8 29 5 z| 8 8 3 o 3
> - <5 > L EAR < o
L | M| L
1T W ] w
Ll < o o ~ 3 ~ =
3 o o o ~ ~ <
- f— <
N wn < ™ j— o
N <] A o o e
sLelels 8 || g &7

4
N

Figure 29. Required External Components, Recommended Values, External Connections
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8.3.4 Step-Down Switched-Mode Converters: SM1 and SM2

The TPS65810 device has two high-efficiency, step-down, synchronous converters. The integration of the power
stage switching MOSFETS reduces the external component count, and only the external output inductor and filter
capacitor are required. The integrated power stage supports 100% duty cycle operation. Multiple operation
modes are available, enabling optimization of the overall system performance under distinct load conditions.

The converters have two modes of operation: a 1.5-MHz fixed frequency pulse width modulation (PWM) mode at
moderate to heavy loads, and a pulse frequency modulation (PFM) mode at light loads. The converter output
voltage is programmable through I°C registers SM1_SET1 and SM2_SET1.

When the SM1/SM2 converters are disabled an integrated switch automatically discharges the converter output
capacitor. The discharge switch function can be disabled by setting the control bits DISCHSM1 and DISCHSM2
to LO, in 1C registers SM1_SET2 and SM2_SET2.

TPS65810
» EN_PFM SM1 CONVERTER
SM1 OUTPUT » DAC ¥ ﬁ -
VOLTAGE SETTING
PWM CONTROL
4|>© PWMON 1
*7 EN_PWM
5 coNTROL . Vorsun
REGISTERS Ll L] R
» PFM CONTROL Loaic m — LSM1
PFMON (1) c21 c22
B [ Tor
PGND1
POWER STAGE | L0) [}
CURRENT COMPARATORS + l
V(VIN_SM1)
290 EN_PFM =
- EN_PWM P1
T EN_ALL
SM1 OPERATING V(VIN_SM1) o —
MODE 39 0 CONTROL |DCHGON
ON/OFF, LoGgic [
PWM, PFM, STANDBY
SM1 DISCHARGE T
SWITCH ENABLE , 1
LOW PFM RIPPLE
‘ smi L
SM2 OUTPUT -~
VOLTAGE SETTING > VIN_SM2 .

SM2 OPERATING
MODE: V
3.3pH o(sm2)
ON/OFF, - L2
PWM, PFM, STANDBY SM2 CONVERTER 4[]_2;\%\ 4Lc19 O
I DISCHARGE SAME TOPOLOGY AS SM1 CONVERTER em
' 10 pF

LOW PFM RIPPLE PGNDZF—‘ —‘7 —FO pF
SM1/SM2 PHASE SM2

CONTROL LT 1

P2

Figure 30. SM1 and SM2 Converter

The TPS65810 SM1 and SM2 buck converters can be set to operate only in PWM mode or to switch
automatically between PFM and PWM modes. The average load current is monitored, and the PFM mode is set
if the average load current is below the threshold IPFM(ENTER). When in PFM mode the load current is also
monitored, and the PWM mode is set when the load current exceeds the threshold lpgyeave). Use Equation 10
to calculate the thresholds for automatic PFM/PWM switching for the SM1 converter. The same thresholds apply
to the SM2 converter by replacing VIN_SM1 by VIN_SM2.

| _ V(VIN_SM3) | _ V(VIN_SM3)

PFMILEAVE) = 7 59 PFMENTER) = 3575~ (10)

The automatic switching mode is enabled through the control bits PFM_SM1 and PFM_SM2 on I°C registers
SM1 SET1 and SM2_SET1.
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8.3.4.1 Output Voltage Slew Rate

I°C registers enable setting the output voltage slew rate, when transitioning from one programmed voltage to a
new programmed voltage value. These events can be triggered by a new output voltage selection or by switching
from a low-power mode (stand-by) to a normal operating mode. During a transition, the output voltage is stepped
from the currently programmed voltage to the new target voltage. The slew rate from the initial voltage to the final
voltage can be selected using I1°C registers, SM1_SET2 and SM2_SET2, ranging from 0.24 mV/us to 15.36
mV/us for the SM1 converter and 0.48 to 30.72 mV/us for the SM2 converter. If the slew rate is set to OFF the
output voltage goes from the current value to the programmed value in a single step.

During the transition to stand-by mode the power-good comparators are disabled.

8.3.4.2 Soft-Start

SM1 and SM2 have an internal soft-start circuit that limits the inrush current during start-up. An initial delay (170
ys typical) from the converter enabled command to the converter effectively being operational is required, to
assure that the internal circuits of the converter are properly biased. At the end of that initial delay the soft-start is
initiated, and the internal compensation capacitor is charged with a low value current source. The soft-start time
is typically 750 ps, with the output voltage ramping from 5% to 95% of the final target value.

8.3.4.3 Dropout Operation at 100% Duty Cycle

The TPS65810 buck converters offer a low input to output voltage difference while still maintaining operation
when the duty cycle is set to 100%. In this mode of operation the P-channel switch is constantly turned on,
enabling operation with a low input voltage. The dropout operation begins if Equation 11 is true:

V(VIN_SM1) < V(SM1)+ (L) (Rosonesm + Ry )

where
e I(L1) = Output current plus inductor ripple current
« R, =DC resistance of the inductor (12)

Equation 11 can be also used for the SM2 converter, replacing SM1 by SM2 and L1 by L2.

8.3.4.4 Output Voltage Monitoring

The output voltage of converters SM1 and SM2 is monitored by internal comparators, and an output low voltage
condition is detected when the output voltage is below 90% of the programmed value. The power-good status for
SM1 and SM2 is accessible through I2C, see interrupt controller section for more details.

The power-good comparators for SM1 and SM2 are disabled during the transition to stand-by mode operation.
They are enabled when the transition to stand-by mode is complete.

8.3.4.5 Stand-by Mode

Using the 1°C SM1 and SM2 can be set in stand-by mode. In stand-by mode the PFM operation mode is set and
the output voltage is defined by I°C registers SM1_STANDBY and SM2_STANDBY, and it can be set to a value
different than the normal mode output regulation voltage. The stand-by mode can also be set by the GPIO pins, if
those are configured as control pins that define the SM1 and SM2 operating modes.

8.3.4.6 PWM Operation

During PWM operation the converters use a fast response voltage mode controller scheme with input voltage
feed-forward, enabling the use of small ceramic input and output capacitors. At the beginning of each clock cycle
the P-channel MOSFET switch is turned on, and the oscillator starts the voltage ramp. The inductor current
ramps up until the ramp voltage reaches the error amplifier output voltage, when the comparator trips and the P-
channel MOSFET switch is turned off. Internal adaptative break-before-make circuits turn on the integrated N-
channel MOSFET switch after an internal, fixed dead-time delay, and the inductor current ramps down, until the
next cycle is started. When the next cycle starts the ramp voltage is reset to its low value and the P-channel
MOSFET switch is turned on again.

46 Submit Documentation Feedback Copyright © 2006-2016, Texas Instruments Incorporated
Product Folder Links: TPS65810 TPS65811


http://www.ti.com/product/tps65810?qgpn=tps65810
http://www.ti.com/product/tps65811?qgpn=tps65811
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS658C&partnum=TPS65810
http://www.ti.com/product/tps65810?qgpn=tps65810
http://www.ti.com/product/tps65811?qgpn=tps65811

13 TEXAS
INSTRUMENTS

TPS65810, TPS65811
www.ti.com SLVS658C ~MARCH 2006 —REVISED JANUARY 2016

PWM CONTROL SECTION
(SHOWN FOR SM1, SAME TOPOLOGY FOR SM2)

ERROR AMP WITH “TYPE-3

LIKE" COMPENSATION 4“7
—\\A—
Lo
i
OUTPUT

VOLTAGE +
SETTING

GATE
+ CONTROL
LOGIC

Vo(smi)
O

osc s=—cto o p
RAMP PEAK-TO-PEAK VOLTAGE b
PROPORTIONAL TO VIN_SM1 4{

C21 =—=C22

10 uFT 10 uF

g
1

LT

Figure 31. PWM Operation

The integrated power MOSFETs current is monitored at all times and the power MOSFET is turned off if the
internal short circuit current limit is reached.

8.3.4.7 Phase Control in PWM Mode

The SM1 and SM2 converters operate synchronized to each other when both are in PWM mode, with converter
SM1 as the master. 1°C control register bits SIS2PHASE in register SM1_SET2 enables delaying the SM2 PWM
clock with respect to SM1 PWM clock, selecting a phase shift from 0 to 270 degrees. The out-of-phase operation
reduces the average current at the input node, enabling use of smaller input filter capacitors when both
converters are connected to the same input supply.

8.3.4.8 PFM Mode Operation

Using the I2C interface the SM1 and SM2 converters can have the automatic power saving PFM mode enabled.
When the PFM mode is set the switching frequency is reduced and the internal bias currents are decreased,
optimizing the converter efficiency under light load conditions.

In PFM mode, the output voltage is monitored by a voltage comparator, which regulates the output voltage to the
programmed value, Voiuy. If the output voltage is below Voisuy, the PEM control circuit turns on the power
stage, applying a burst of pulses to increase the output voltage. When the output voltage exceeds the target
regulation voltage, Voiswi), the power stage is disabled, and the output voltage drops until it is below the
regulation voltage target, when the power stage is enabled again.
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PFM CONTROL SECTION
(SHOWN FOR SM1, SAME TOPOLOGY FOR SM2)
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Figure 32. PFM Mode Operation

During burst operation two current comparators control the power stage integrated MOSFETs. These
comparators monitor the instantaneous inductor current and compare it to the internal thresholds IpgyenTer) and
lpem(LEAVE): turning the P-channel switch on if the inductor current is less than Ipgyeavey and turning it off if the
inductor current exceeds lppyenTer)- The N-channel switch is turned on when the P-channel MOSFET is off.

The PFM output voltage comparator quiescent current may be reduced using the 1°C register bits PFM_RPL1
and PFM_RPL?2 in registers SM1_SET and SM2_SET. The voltage comparator quiescent current is reduced if
PFM_RPL1 and PFM_RPL2 bits are set to LO, and the comparator response time (tcomp, See Figure 33)
increases. A reduction in quiescent current increases the converter efficiency at light loads, at the expense of a
larger output voltage ripple when in PFM mode.

The ripple is minimized if PFM_RPL1 and PFM_RPL2 bits are set to HI, at the expense of reduced efficiency
under light loads. The operation under low and high ripple settings is described in Figure 33.

Tcomp ——i L—

Tcomp —»l |

D
| |*| k— Tcome

V(ouT) 777777777 %ll%t\ ,,,,,,,,,,,

IPEMENTER) [ ——————————F K AT~ —————————————

N/

INDUCTOR

lpEM(LEAVE)

BURST CURRENT BURST
B e EE—
LOW RIPPLE MAXIMUM EFFICIENCY
PFM OPERATION PFM OPERATION

Figure 33. PFM Mode Operation Waveforms

When a burst of pulses is generated, the PFM current comparators control the power-stage MOSFETSs to limit
the inductor current to a value between the thresholds lpgyeave) and lpemenTer): The number of pulses in a
burst cycle is proportional to the load current, and the average current is always below lpgyeave)y Once PFM
operation is set. The typical burst operation in PFM mode is shown in Figure 34.
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Figure 34. Typical Burst Operation in PFM Mode

The PFM operation is disabled and PWM operation set if one of the following events occur during PFM
operation:

» The total burst operation time exceeds 10 pus (typical).
» The output voltage falls below 2% of the target regulation voltage.

The PFM mode can be disabled through the serial interface to force the individual converters to stay in fixed
frequency PWM mode.

8.3.4.9 Functionality Guide — Switched-Mode Step-Down Converters

Table 13. Buck Converters, 1°C Programmable Output Voltage

OUTPUT VOLTAGE (V), SET THROUGH IZC, SLEW RATE, mV/ps, SET
SEPARATE SETTINGS FOR NORMAL OR PWM 2
THROUGH I’C
SUPPLY PEM MODE | STANDBY STANDBY MODE LIS FREQUENCY IFORNEIR UP
MODE (mA) DEFAULT
RANGE | NUMBER MIN | e o) (IR BIRIASE RANGE | NO.OF | MIN
OF STEPS | STEP =) STEPS | STEP
PFM/PWM with Standby .
: : OFF, skip mode off,
sm1 | automatic mode | mode with | o o\ o 32 40 mv 3 600 | 15MHz 00 | 002410 8 0.24 PWM only, 1.24 V
selection or distinct 15.36 (onishy), 15.36 mVius
PWM only. voltage ¥), 25 H
available.
Standby 1.5 MHz, i
Mode of mode set 0/90/180 270°, | %SVFW;'EM’“%U;OC’
SM2 operation set through 1t03.4 32 80 mV 3 600 | with respect to ’30.72 0 8 0.48 L
" ) SM1. set . (on/sby), 180°, 30.72
through I°C 12C or with > mV/us
GPIO pin through I°C
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Figure 35. Required External Components, Recommended Values, External Connections

8.3.5 Analog-to-Digital Converter

8.3.5.1 Overview

The TPS65810 has a 10-bit integrated successive approximation A/D, capable of running A/D conversions on
eight distinct channels in a variety of modes. Two of the eight channels are connected to uncommitted pins
ANLG1 and ANLG2, and can be used to convert external voltages. The other six channels monitor system
parameters which are critical to the overall system monitoring. The channel selection is set through 1°C.

A dedicated set of I°C registers enables configuration of the ADC to perform a conversion cycle with either a
single conversion or a multiple conversions. The ALU generates a data set containing maximum value detection,
minimum value detection and average value calculation for each conversion cycle. Each cycle can be performed

a single time or multiple times.
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8.3.5.2 Input Channels
The channels listed in Table 14 are available for selection through the 1°C register ADC_SET bits CHSEL_SET
bits.
Table 14. ADC Input Channel Overview
VOLTAGE RANGE FULL SCALE
UNDER NORMAL READING (INTERNAL LSB
CHANNEL | CONNECTION PARAMETER SAMPLED OPERATING SPECIAL FEATURES REFERENCE VALUE
CONDITIONS SELECTED)
CH1 ANLG1 pin Internal pullup current 2535V
User defined User defined source przogrammable
CH2 ANLG?2 pin through I°C: 2,535V
0/ 10/50/60 pA
. Voltage proportional to charge 0V (charger off) to 2.525V |
CH3 ISET1 pin current (fast charge) 2535V
No internal pullup
) Voltage proportional to pack 0V (short) to 4.7V (no current, use external Full scale
CH4 TS pin temperature thermistor) pullup resistor to bias 2535V reading
pack thermistor +1023
CH5 Internal junction | Voltage proportional to IC 185VatT;=25C,-65 | 2535V
temperature junction temperature mV/°C slope typ ’
CH®6 RTC_OUT pin | Internal LDO output voltage O0Vto33V — 4.7V
CH7 OUT pin System power bus voltage OVto4.4V — 4.7V
. Battery pack positive terminal -
CH8 BAT pin voltage OVto44V 4.7V

8.3.5.3 Functional Overview

The TPS65810 ADC can be subdivided in four sections which are defined as follows:

Input Selection The input selection section has two major blocks, the input bias control and an 8 channel MUX.
The input bias control provides the bias currents that are applied to pins ANLG1 and ANLG2. The
bias currents for pins ANLG1 and ANLG2 are set on I1°C register ADC_WAIT.

The ANLG1 pin current source is automatically enabled when the input power is detected,
providing the required setup to measure a battery ID resistor (ANLG1 pin). ANLG1 and
ANLG2 can be used to measure external resistive loads or analog voltages. The bias current
sources are always connected to the OUT pin internally.

The internal MUX connects one of the monitored analog inputs to the ADC engine, following
the selection defined on register ADC_SET.

ADC Engine The ADC engine uses an internal or external voltage reference, as defined by the ADC_REF bit on
the ADC_SET control register. If the internal reference is selected ADC_REF is connected to an
internal LDO that regulates the ADC_REF pin voltage to generate the ADC supply and internal
voltage reference. The internal LDO maximum output current is 6 mA typical, and a conversion
must be started only after the external capacitor is fully charged.
If an external reference is used it must be connected to the ADC_REF pin. When an external

reference is selected the internal LDO connected to ADC_REF is disabled. Care must be
taken when selecting an external reference as the ADC reference voltage, as it affects the

ADC LSB absolute value.
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Trigger Control and Synchronization The ADC engine starts a conversion of the selected input when the

trigger control circuit sends a start command. The trigger control circuit starts the ADC conversion
and transfers the ADC output data to the arithmetic logic unit (ALU) at the end of the conversion. It
also synchronizes the data transfer from the ALU to the 1°C ADC_READING register at the end of a
conversion cycle, and generates the ADC status information sent to the ADC registers.

An ADC engine conversion is triggered by the TPS65810 trigger control circuit using either
an internal trigger or an external trigger. The internal trigger is automatically generated by

the TPS65810 at the end of each ADC engine conversion, following the timing parameters
set on IC registers ADC_SET, ADC_DELAY and ADC_WAIT.

The GPIO3 pin can be used as an external trigger if the bit ADC_TRG_GPIO3 is set HI, in
the I12C register ADC_DELAY. In the external trigger mode a new conversion is started after
the GPIO3 pin has an edge transition, following the timing parameters set on I1°C registers
ADC_SET, ADC_DELAY and ADC_WAIT.

Arithmetic Logic Unit (ALU) The ALU performs mathematical operations on the ADC output data as defined by

the 1°C ADC_READING registers. It executes average calculations or minimum /maximum
detection. The result of the calculations is stored in a 11 bit accumulator register (1 bit allocated for
carry-over). The accumulator value is transferred to the I°C data register at the end of a conversion
cycle.

Figure 36 shows a simplified block diagram for the ADC.

TPS65810
ANLG 1/ ADC SUPPLY
ANLG2 BIAS REFQSENCE
SELECTION
SELECTION
12C
ouT
ADC REFERENCE =~ [#————
BIAS CONTROL AND SUPPLY ADC_REF
i SELECTION L]
4.7 uF
! i “
[ ANLG1 SUPPLY  REF
ANLG2 10 BIT SUCCESSIVE >i CURRENT SAMPLE |
> APROXIMATION ADC
ISET1 A2
TS o START DONE
>  8CHANNEL ARITHMETIC LOGIC
T MUX
RTC_OUT + *
TRIGGER CONTROL -
* | ACCUMULATOR |
SYNCHRONIZATION
J
Y
DG ADC CONFIGURATION : ALU MODE : TO I2C:
CHANNEL TRIGGER, HOLDOFF, REPEAT SINGLE, STATUS AND
SELECTION MODES AVERAGE , CONVERSION
DELAY AND WAIT TIMING MIN,, MAX DATA
12C
Figure 36. ADC Simplified Block Diagram
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8.3.5.3.1 ADC Conversion Cycle

A conversion cycle includes all the steps required to successfully sample the selected input signal and transfer
the converted data to the 1°C, generating an interrupt request to the host ( pin: HI—LO). The number of individual
conversions (samples) in a conversion cycle is defined by the 1°C ADC_SET register bits READ_MODE settings,
and can range from a single sample to 256 samples. The conversion cycle settings for the ALU is defined by
register ADC_READING and it can be set to average, maximum value detection, minimum value detection or no
processing (ADC engine output loaded in the accumulator directly).

The conversion cycle begins with the first sampling and ends when the following occurs:
» The required ALU operations are performed on the final sample, and

« The ALU accumulator data is transferred to the I°C ADC_READING register, and

» The register bit ADC_STATUS in the ADC_READING register is set to LO.

A conversion cycle is always started by the external host when the ADC_EN bit in the ADC_SET register is
toggled from LO to HI by a I°C write operation. Resetting the ADC_EN bit to LO before the current conversion
cycle ends (INT: LO — HI, ADC_STATUS bit set to LO) is not recommended, as the ADC keeps its current
configuration until the current conversion cycle ends.

At the end of a conversion cycle the output data is stored at registers in the ALU block. The ADC_STATUS bit is
set to LO ( DONE ) and an interrupt is generated (INT pin: HI-LO ) if the ADC_STATUS bit is unmasked, at the
interrupt masking registers INT_MASK. It must be noted that the minimum, maximum and average values are
ALWAYS calculated by the ALU for each conversion cycle.

The value loaded in the 1°C registers ADC READING_HI and ADC READING_LO at the end of a conversion
cycle is defined by control bits ADC_READO and ADC_READ1 in register ADC READING_HI. The average,
minimum, maximum, and last-sample values for a conversion cycle can be read if the external host executes an
I’C write operation, changing the values of bits ADC_READO and ADC_READI1, followed by an I°C read
operation on registers ADC READING_HI and ADC READING_LO. The minimum, maximum, average, and last
values have the same value if a conversion cycle with only one sample is executed.

The ADC_READO and ADC_READ1 bits can not be modified during the execution of a conversion cycle. A new
conversion cycle must be started only after the current conversion cycle is completed, by toggling the ADC_EN
bit from HI to LO and HI again.

8.3.5.3.2 External Trigger Operation

The trigger control circuit can be programmed to use an external signal to start a conversion. The TPS65810
GPIO3 input is configurable as an ADC trigger, with ADC conversion starting on either a rising edge or falling
edge. When using an external trigger the trigger delay, trigger wait time delay and trigger hold-off mode can be
programmed using 1°C registers.

The procedure to start an externally-triggered conversion cycle has the following steps:

1. Verify that the current conversion cycle has ended (ADC_STATUS = LO, I1°C register ADC_READING_HI)
2. Set ADC_EN=1L0O

3. Configure ADC sampling mode, ALU mode, trigger parameters, and so forth

4. Set ADC_EN =HI

After step 4 the ADC is armed, waiting for an external trigger detection to start a conversion cycle. Similarly to
the non-triggered mode, the ADC configuration must not be modified until the current conversion cycle ends.
Note that in the external trigger mode the current cycle does not end if the converter is armed and an external
trigger is not detected.

8.3.5.3.3 Detecting an External Trigger Event

An external trigger event is detected when the GPIO3 input has an edge that matches the edge detection
programmed in the EDGE bit, at the I°C register ADC_DELAY. The internal ADC trigger can be delayed with
respect to the external trigger signal edge. The delay time value is set by the ADC_DELAY register bits
DELAY_n, and can range from 0 ys (no delay) to 750 ps. A conversion is started only if the external trigger
remains at its active level when the delay time expires, as shown in Figure 37. In a positive-edge detection the
active trigger level is HI; in a negative-edge detection the active trigger level is LO.
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| | ;
GPIO 3 | | |

INTERNALADC
CONVERSION START

CONVERTER X CONVERTING

MODE

ToLY(TRG) " TpLY(TRG)

Figure 37. ADC Conversion Triggered by GPIO3 Positive Edge Triggered Active Level Hi

8.3.5.3.4 Executing Multiple-Sample Cycles With an External Trigger

When executing conversion cycles that require multiple samples it may be desirable to synchronize the input
signal conversion using either an external trigger that has a periodic repetition rate or an external asynchronous
trigger that indicates when the external input signal being converted is valid. The TPS65810 has additional
operating modes and timing parameters that can be programmed using the I1°C to configure multiple sample
conversion cycles.

In multiple sample cycles the host can select the wait time between samples using the bits WAITn in the
ADC_WAIT register to set the wait time between samples. The wait time is measured between the end of a
conversion and the start of a new conversion.

With the default power-up settings (HOLDOFF=LO, ADC_DELAY register), the TPS65810 executes a multiple-
sample conversion cycle if the first sample is taken when the trigger is at its active level. Subsequent samples
are converted at the end of the wait time, even if the trigger returns to the non-active level. The external trigger
level edge is ignored until the current conversion cycle ends.

|
GPIO3 —|—| :
- |
INTERNAL ADC | ON
CONVERSION STATUS | I| II OFF |_|_,_|_,_|_// //_,_|_
toLv(tre) j|<—>| *‘ |‘ twamrra)

T LAST

FIRST SAMPLE
SAMPLE

CONVERSIONCYCLE ——«————»!

Figure 38. ADC Conversion Triggered by GPIO3 Positive Edge Triggered Active Level Hi, Holdoff = LC

If the sample conversion needs to be synchronized with an external trigger, during multiple sample conversion
cycles, the control bit HOLDOFF must be set to HI. When the holdoff mode is active, the internal trigger starts a
sample conversion only if the external trigger was detected and is at its active level at the end of the wait time, as
shown in Figure 39.

:4— CONVERSION CYCLE
|

GPIO 3 _l I_:l |_| i

1 1 L
ON "
1 T

oe 1 [] .

I
| "
ToLy(TRe) TP 4 —> ,<_>:7 TDLY(TRG)
TWAIT(TRG)

INTERNALADC
CONVERSION STATUS

LAST

FIRST
SAMPLE SAMPLE

Figure 39. ADC Conversion Triggered by GPIO3 Positive Edge Triggered Active Level HI,
Holdoff = HI, Four Sample Cycles
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When the multiple sample cycles are executed the host must configure the maximum and minimum limits for the
ADC output using registers DLOLIM1, DLOLIM2, DHILIM1 and DHILIM2. A conversion cycle ends if any
individual conversion result exceeds the maximum limit value or is below the minimum limit value. When an out
of limit conversion is detected an interrupt is sent to the host, and the ADC_STATUS bit on register ADC
READING_HI is set to DONE.

8.3.5.3.5 Continuous Conversion Operation (Repeat Mode)

The TPS65810 ADC can be set to operate in a continuous conversion mode, with back-to-back conversion
cycles executed. The REPEAT mode is targeted at applications where an input is continuously monitored for a
period of time, and the host must be informed if the monitored input is out of the range set by I°C registers
DLOLIM1, DLOLIM2, DHILIM1 and DHILIM2. In REPEAT mode each conversion is started when the ADC trigger
(internal or external) is detected, and a new conversion cycle is started when the current conversion cycle ends.
All the trigger and sampling modes available for normal conversion cycles are available in repeat mode.
Executing I°C read operations to get the ADC readings for average, minimum, maximum and last sample values
is possible in REPEAT mode. However, Tl does not recommend this operation, as the REPEAT mode does not
generate a DONE status flag making it difficult to synchronize the ADC data reading to the end of a conversion
cycle.

Tl recommends using these steps for the REPEAT mode:

1. Configure the ADC conversion cycle: trigger mode, sample mode, select input signal, or others.
Configure the HI and LO limits for the ADC readings

Set the ADC_DELAY register bit REPEAT to HI

Toggle ADC_DELAY register bit ADC_EN bit from LO to HI

Monitor the INT pin. An interrupt triggered by ADC_STATUS = LO indicates that the selected input signal is
out of range

IS S

To exit the continuous mode the host must follow the steps below, if external trigger mode was set:
1. Exit external trigger mode

2. Set REPEAT bit to LO, effectively terminating the repeat mode. This generates an additional conversion; at
the end of this conversion the ADC is ready for a hew configuration.

3. Set ADC_EN to LO after on-going conversion ends.
To exit the continuous mode the host must follow the steps below, if internal trigger mode was set:

1. Set REPEAT bit to LO, effectively terminating the repeat mode.
2. Set ADC_EN to LO, after on-going conversion ends

8.3.5.3.6 ADC Input Signal Range Setting

The registers DHILIMn and DLOLIMn can be used by the host to set maximum and minimum limits for the DAC
engine output. At the end of each conversion the ADC output is checked for the maximum and minimum limits,
and a status flag is set if the converted data exceeds the high limit or is under the low limit. In multiple sample
operation the converted data range is checked when all programmed samples have been converted.

The host can mask or unmask interrupts caused by the ADC range status bits using the INT_MASKnN registers.
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8.3.5.3.7 ADC State Machine
Figure 40 shows the ADC state machine with all the trigger and operation modes.
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Figure 40. Trigger and Operation Modes for the ADC State Machine

8.3.5.4 Battery Detection Circuit

The ANLG1 pin has an internal current source connected between OUT and ANLG1, which is automatically
turned on when the OUT pin voltage exceeds the minimum system voltage set by the SYS_IN pin external
resistive divider. The current levels for ANLG1 pin can be programmed through I1°C register ADC_WAIT, bits
BATID_n. An integrated switch discharges the BAT pin to AGND1 when V(ANLG1)> V(OUT) — V(ogaTiD):
enabling implementation of a battery removal function if an external pack resistor ID is connected between
ANLG1 and ground.

The ANLG1 pin may be used to monitor other parameters than a pack ID resistor. When ANLGL1 pin is used as a
generic ADC analog input V(ANLG1) must never exceed V(OUT) — V(yogatip), t0 avoid undesired battery
discharge caused by activation of the battery pin discharge circuit.
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8.3.5.5 Functionality Guide — Analog to Digital Converter

Table 15. 10-Bit Successive Approximation ADC

ADC INPUT CHANNELS TRIGGER MODE | CONVERSION CONVERTER TRIGGER DELAY WAIT TIME, MULTIPLE POWER UP
INTERNAL EXTERNAL COUNT MODE RANGE MIN STEP CONVERSIONS DEFAULT
Charge Current,
Thermistor
e etion © Single. Average ps: 20, 40, 60, 80, 160, 240,
/ ANLG1 and GPIB, I’C driven, | 1,4, 8, 16, 32, 64, ngte. e, 0to 750 ps, 320, 640
temperature, ’ ’ Find max value, 50 ps i
ANLG2 voltages Repeat 128, 256 . . 16 steps ms: 1.28, 1.92, 2.56, 5.12,
RTC_OUT Find min value 10.24, 15.36, 20.48 ADC off
voltage, OUT &5 19:90, £U.
voltage, Battery
voltage
Fixed internally Selectable Selectable Selectable Selectable through Selectable Selectable Selectable through 12C
through 1°C through 1°C through I°C 1’C through 1°C through 1°C
SYSTEM POWER BUS
6 INTERNAL out Jj
CHANNELS T L
| ADC
ANLG1
8 CHANNEL [ ] EXTERNAL ANALOG
ANLG2
ADC MuX | | INPUT VOLTAGE
CONTROL
LOGIC ADC _REF
A/D ]
]
AGND 2 CONVERTER c17
4.7 pF
1
A2 A2

Figure 41. Required External Components, Recommended Values, External Connections

8.3.6 LED and Peripheral Drivers

8.3.6.1 White LED Constant Current Driver

The TPS65810 has an integrated boost converter (SM3) that is optimized to drive white LEDs connected in a
series configuration. Up to six series white LEDs can be driven, with programmable current and duty cycle
adjustable through a dedicated I°C register.

The SM3 boost converter (SM3) has a 30-V, 500-mA, low-side integrated power stage switch that drives the
external inductor. Another integrated 30-V, 25-mA switch (LED switch) is used to modulate the brightness of the
external white LEDs. Figure 42 shows a simplified block diagram.
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Figure 42. Simplified Block Diagram

The SM3 converter operates like a standard boost converter. The LED current is defined by the value of the
external resistor Rgg3, connected from pin FB3 to AGND1. The integrated power stage switch control monitors
the LED switch current (FB3) and the integrated power stage switch current, implementing a topology that
effectively regulates the LED current independently of the input voltage and number of LEDs connected. The
high voltage rating of the integrated switches enables driving up to six white LEDs, connected in a series
configuration.

The internal LED switch, in series with the external LEDs, disconnects the LEDs from ground during shutdown. In
addition, the LED switch is driven by a PWM signal that sets the duty cycle, enabling adjustment to the average
LED current by modifying the settings of the 1°C register SM3_SET. With this control method, the LED brightness
depends on the LED-switch duty cycle only, and is independent of the PWM control signal.

The duty cycle control used in the SM3 converter LED switch is implemented by generating a burst of high
frequency pulses, with a pattern that is repeated periodically. For a duty cycle of 50%, all of the high frequency
pulses have a 50% duty cycle. The duty cycle control sets individual pulses to 100% duty cycle when increasing
the LED_PWM output duty cycle; for decreasing LED_PWM output duty cycles, individual pulses are set to 0%
duty cycle. An example of distinct duty cycles is shown in Figure 43, the sum of the individual pulses ON and
OFF-time over the repetition period are equivalent to the duty cycle obtained with traditional single-pulse duty
cycle circuits.

|
SM3 CONVERTER
50% DUTY CYCLE _|_|_'_|_‘_|_
SM3 CONVERTER |
<50% DUTY CYCLE
SM3 CONVERTER l l
>50% DUTY CYCLE _|_{—|_'_|_

|
j4¢— REPETITION PERIOD —P!

Figure 43. Example of Distinct Duty Cycles
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The repetition period can be set using the register SOFT_RESET control bit SM3_LF_OSC to either 183 Hz (HI)
or 122 Hz (LO). Each repetition period has a total of 256 pulses, enabling a resolution of 0.4% when
programming the duty cycle.

8.3.6.1.1 SM3 Control Logic Overview

The SM3 boost converter operates in a pulse frequency modulation (PFM) scheme with constant peak current
control. This control scheme maintains high efficiency over the entire load current range and enables the use of
small external components, as the switching frequency can reach up to 1 MHz depending on the load conditions.
The LED current ripple is defined by the external inductor size.

The converter monitors the sense voltage at pin FB3, and turns on the integrated power stage switch when V gg3
is below the 250-mV (typical) internal reference voltage and the LED Switch is ON, starting a new cycle. The
integrated power switch turns off when the inductor current reaches the internal 500-mA (typical) peak current
limit, or if the switch is on for a period longer than the maximum on-time of 6 ys (typical). The integrated power
switch also turns off when the LED switch is set to OFF. As the integrated power switch is turned off, the external
Schottky diode is forward biased, delivering the stored inductor energy to the output. The main switch remains off
until the FB3 pin voltage is below the internal 250-mV reference voltage and the LED switch is turned ON, when
it is turned on again.

This PFM peak current control scheme sets the converter in discontinuous conduction mode (DCM), and the
switching frequency depends on the inductor, input/output voltage and LED current. Lower LED currents reduce
the switching frequency, with high efficiency over the entire LED current range. This regulation scheme is
inherently stable, allowing a wide range for the selection of the inductor and output capacitor.

8.3.6.1.2 Peak Current Control (Boost Converter)

The SM3 integrated power stage switch is turned on until the inductor current reaches the DC current limit
Imax(Lz) (500 mA, typical). Because of internal delays, typically around 100 ns, the actual current exceeds the DC
current limit threshold by a small amount. Use Equation 12 to calculate the typical peak current limit.

V(OUT) V(OUT)
L

x 100 ns, or:lpgy,) =500 mA + x 100 ns

lp(typ) = Imax(L3) + typ 12)

The current overshoot is directly proportional to the input voltage, and inversely proportional to the inductor
value.

8.3.6.1.3 Soft-Start

All inductive step-up converters exhibit high in-rush current during start-up. If no special precautions are taken,
voltage drops can be observed at the input supply rail during start-up, with unpredictable results in the overall
system operation.

The SM3 boost converter limits the inrush current during start-up by increasing the current limit in the following
three steps:

1. 125 mA (typical),

2. 250 mA (typical) and

3. 500 mA (typical)

The two initial steps (125 mA and 250 mA) are active for 256 power stage switching cycles.

8.3.6.1.4 Enabling the SM3 Converter

The SM3_SET IC register controls the SM3 LED-switch duty cycle. If the register is set to all zeros SM3 is set to
OFF mode. When the host writes a value other than 00 in SM3_SET the SM3 converter is enabled, entering the
soft-start phase and then normal operation. The SM3 converter can operate with duty cycles varying from 0.4%
to 99.6%, with LED switch frequencies of 122 Hz or 180 Hz. The LED switch operating frequency is set by bit
SM3_LF, in the SOFT_RESET register.

8.3.6.1.5 Overvoltage Protection

The output voltage of the boost converter is sensed at pin SM3, and the integrated power stage switch is turned
OFF when V(SM3) exceeds the internal overvoltage threshold Voyps. The converter returns to normal operation
when V(SM3) < Voyps — Vhysovpa):
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8.3.6.1.6 Under Voltage Lockout Operation

When the TPS65810 device enters the UVLO mode, the SM3 converter is set to OFF mode with the power stage
MOSFET switch and the LED switch open (off).

8.3.6.1.7 Thermal Shutdown Operation

When the TPS65810 device enters the thermal shutdown mode, the SM3 converter is set to OFF mode with the
power stage MOSFET switch and the LED switch open (off).

8.3.6.2 PWM Drivers

8.3.6.2.1 PWM Pin Driver

The TPS65810 device offers one low-frequency, open-drain PWM driver, capable of driving up to 150 mA. The
PWM frequency and duty cycle are defined by the PWM I°C register settings. The PWM parameters are set in
I2C register PWM. Available frequency values range from 500 Hz to 15 kHz, with 8 frequency values and 16 duty
cycle options (6.25% each).

8.3.6.2.2 LED_PWM Pin Driver

The TPS65810 has another PWM driver output (pin LED_PWM), which is optimized to drive a backlight LED.
The LED_PWM driver controls the external LED current intensity using a pulse-width control method, with duty
cycle being set by the I12C register LED_PWM.

The pulse width method implemented generates a burst of high frequency pulses, with a pattern that is repeated
periodically. For a duty cycle of 50%, all of the high -frequency pulses have a 50% duty cycle. The duty cycle
control sets individual pulses to 100% duty cycle when increasing the LED PWM output duty cycle; for
decreasing LED_PWM output duty cycles individual pulses are set to 0% duty cycle. An example of distinct duty
cycles is shown in Figure 44; the sum of the individual pulses on/off time over the repetition period is equivalent
to the duty cycle obtained with traditional single-pulse duty cycle circuits.

LED_PWM, 50% DUTY CYCLE ' l ' l l l I l I | I l

LED_PWM, <50% DUTY CYCLE I l ! I l I l I | l l
| | |
LED_PWM, >50% DUTY CYCLE ' l ' l I l I I i
|

|
|
j4¢— REPETITION PERIOD —V:

Figure 44. Example of Distinct Duty Cycles

The repetition period can be set using the register SOFT_RESET control bit SM3_LF_OSC to either 180 Hz (HI)
or 122 Hz (LO). Each repetition period has a total of 256 pulses, enabling a resoltuion of 0.4% when
programming the duty cycle. The LED_SET register enables control of the duty cycle through 12C, with duty cycle
ranging from 0.4% to 99.6%. Setting the LED_SET register to all zeros forces the LED_PWM pin to 0% duty
cycle (OFF).

8.3.6.2.3 RGB Driver

The TPS65810 has a dedicated driver for an RGB external LED. Three outputs are available (pins RED,
GREEN, BLUE), with common settings for operation mode (flash on/off, flash period, flash on time), LED current
and phase delay between outputs. The TPS65810 RGB driver continually flashes the external LEDs connected
to the RED, GREEN and BLUE pins using the flash operation parameters defined in register RGB_FLASH.

The currents for the external LEDs can be programmed through 1°C, and external resistors are not required to
limit the LED current. However, they can be added to set the LED current if the available 1°C values are not
compatible with the current application, as shown in Figure 45.
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Figure 45. Limiting the External LED Current

The flashing-mode parameters defined in register RGB_FLASH enable setting the flashing period from 1 to 8
seconds in 0.5-sec steps, or to continuous operation. Flashing operation is enabled by setting the FLASH_EN bit
in register RGB_FLASH to HI. This bit must be set HI to enable the RGB current-sink channels.

Each driver has an individual duty cycle control. The duty cycle modulation method used is similar to the
PWM_LED duty cycle control, with high frequency pulses being generated when the driver (RED, GREEN, or
BLUE pins) is ON. The repetition period for the RGB drivers has a total of 32 pulses, enabling a 3.125%
resolution when programming the individual RED, GREEN and BLUE drivers duty cycles. The duty cycles for
each driver can be set individually using control bits on registers RGB_RED, RGB_GREEN and RGB_BLUE.

The RGB drivers can be programmed to sink 4, 8, or 12 mA, with no external current limiting resistor.

Copyright © 2006-2016, Texas Instruments Incorporated Submit Documentation Feedback 61
Product Folder Links: TPS65810 TPS65811


http://www.ti.com/product/tps65810?qgpn=tps65810
http://www.ti.com/product/tps65811?qgpn=tps65811
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS658C&partnum=TPS65810
http://www.ti.com/product/tps65810?qgpn=tps65810
http://www.ti.com/product/tps65811?qgpn=tps65811

TPS65810, TPS65811
SLVS658C ~MARCH 2006 —REVISED JANUARY 2016

13 TEXAS
INSTRUMENTS

www.ti.com

8.3.6.3 Functionality Guide — LED And Peripheral Drivers

Table 16. White Led Constant Current Driver

PWM LED CURRENT
OUTPUT EFFICIENCY POWER UP
DRIVER DUTY CYCLE NUMBER OF VOLTAGE Io (TYP) e ACCURACY (%) DEFAULT
RANGE STEPS © (%)
Off (0%),
SM3 0.4% to 99.6% 256 5Vito 25V Set by external resistor 25 mA 25 80 Off (0%)
Set through 12C
Table 17. Open-Drain PWM Drivers
PWM DUTY CYCLE
I
DRIVER PWM FREQUENCY (kHz) e POWER UP DEFAULT
RANGE RUMBEROY MIN STEP mA
STEPS
Off (0%),
0.5/1/1.5/2/3/ 4.5/7.8/15.6
PWM set through PG 6.25% to 100 8 6.25% 150 Off(0%)
et throug Set through 1°C
Off(0%),
LED_PWM 15.625 or 23.4 , set through 1>°C 0.4% to 99.6% 256 0.4% 150 Off (0%)
Set through I1°C
Table 18. RGB Open-Drain LED Driver
BRIGHTNESS
FLASH PERIOD (SAME FOR RGB) FLASH ON TIME (SAME FOR RGB) (INDIVIDUAL RIG/B CONTROL)
POWER UP
DRIVER NUMBER NUMBER NUMBE - lo mA DEFAULT
RANGE OF MIN STEP RANGE OF MIN STEP DUTY (%) R OF S
STEPS STEPS STEPS
No flash, or 1
RED, 08 01t00.6s Off (0%), 3.125 Flash Off, 0 mA,
GREEN, 16 05s 8 0.1s t0 96.87 32 3.125% 0/4/8/12 0% brightness
Set through Set through 12C
BLUE 12c Set through I1°C duty cycle
TPS65810
out
DISPLAY AND /0
SMB_SW
I
WHITE LED
DRIVER
PWM I
DEY%R EXTERNAL
PERIPHERALS
LED_PWM
RED
RGB GREEN b# %}1
DRIVER BLUE T 1
AGNDO N
RGB LED
A0
Figure 46. Required External Components, Recommended Values, External Connections
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Table 19. SM3 Duty Cycle Settings

DEC B7-BO DCPU DEC B7-BO DCPU DEC B7-BO DCPU DEC B7-BO DCPU DEC B7-BO DCPU
0 0000 0000 - 52 | 00110100 0.203 104 | 0110 1000 0.406 156 | 10011100 0.609 208 | 11010000 0.813
1 0000 0001 0.004 53 | 00110101 0.207 105 | 01101001 0.41 157 | 10011101 0.613 209 | 11010001 0.816
2 0000 0010 0.008 54 | 00110110 0.211 106 | 01101010 0.414 158 | 10011110 0.617 210 | 11010010 0.82
3 0000 0011 0.012 55 | 00110111 0.215 107 | 01101011 0.418 159 | 10011111 0.621 211 | 11010011 0.824
4 0000 0100 0.016 56 | 00111000 0.219 108 | 01101100 0.422 160 | 10100000 0.625 212 | 11010100 0.828
5 0000 0101 0.02 57 | 00111001 0.223 109 | 01101101 0.426 161 | 10100001 0.629 213 | 11010101 0.832
6 0000 0110 0.023 58 | 00111010 0.227 110 | 01101110 0.43 162 | 10100010 0.633 214 | 11010110 0.836
7 0000 0111 0.027 59 | 00111011 0.23 111 | 01101111 0.434 163 | 10100011 0.637 215 | 11010111 0.84
8 0000 1000 0.031 60 | 00111100 0.234 112 | 01110000 0.438 164 | 10100100 0.641 216 | 11011000 0.844
9 0000 1001 0.035 61 | 00111101 0.238 113 | 01110001 0.441 165 | 10100101 0.645 217 | 11011001 0.848

10 0000 1010 0.039 62 | 00111110 0.242 114 | 01110010 0.445 166 | 10100110 0.648 218 | 11011010 0.852
11 0000 1011 0.043 63 | 00111111 0.246 115 | 01110011 0.449 167 | 10100111 0.652 219 | 11011011 0.855
12 0000 1100 0.047 64 | 01000000 0.25 116 | 01110100 0.453 168 | 1010 1000 0.656 220 | 11011100 0.859
13 0000 1101 0.051 65 | 01000001 0.254 117 | 01110101 0.457 169 | 10101001 0.66 221 | 11011101 0.863
14 0000 1110 0.055 66 | 01000010 0.258 118 | 01110110 0.461 170 | 10101010 0.664 222 | 11011110 0.867
15 0000 1111 0.059 67 | 01000011 0.262 119 | 01110111 0.465 171 | 10101011 0.668 223 | 11011111 0.871
16 0001 0000 0.063 68 | 01000100 0.266 120 | 01111000 0.469 172 | 10101100 0.672 224 | 11100000 0.875
17 0001 0001 0.066 69 | 01000101 0.27 121 | 01111001 0.473 173 | 10101101 0.676 225 | 11100001 0.879
18 0001 0010 0.07 70 | 01000110 0.273 122 | 01111010 0.477 174 | 10101110 0.68 226 | 11100010 0.883
19 0001 0011 0.074 71 | 01000111 0.277 123 | 01111011 0.48 175 | 10101111 0.684 227 | 11100011 0.887
20 0001 0100 0.078 72 | 01001000 0.281 124 | 01111100 0.484 176 | 10110000 0.688 228 | 11100100 0.891
21 0001 0101 0.082 73 | 01001001 0.285 125 | 01111101 0.488 177 | 10110001 0.691 229 | 11100101 0.895
22 0001 0110 0.086 74 | 01001010 0.289 126 | 01111110 0.492 178 | 10110010 0.695 230 | 11100110 0.898
23 00010111 0.09 75 | 01001011 0.293 127 | 01111111 0.496 179 | 10110011 0.699 231 | 11100111 0.902
24 0001 1000 0.094 76 | 01001100 0.297 128 | 10000000 05 180 | 10110100 0.703 232 | 11101000 0.906
25 0001 1001 0.098 77 | 01001101 0.301 129 | 10000001 0.504 181 | 10110101 0.707 233 | 11101001 0.91
26 0001 1010 0.102 78 | 01001110 0.305 130 | 10000010 0.508 182 | 10110110 0.711 234 | 11101010 0.914
27 0001 1011 0.105 79 | 01001111 0.309 131 | 10000011 0.512 183 | 10110111 0.715 235 | 11101011 0.918
28 0001 1100 0.109 80 | 01010000 0.313 132 | 10000100 0.516 184 | 10111000 0.719 236 | 11101100 0.922
29 0001 1101 0.113 81 | 01010001 0.316 133 | 10000101 0.52 185 | 10111001 0.723 237 | 11101101 0.926
30 0001 1110 0.117 82 | 01010010 0.32 134 | 10000110 0.523 186 | 10111010 0.727 238 | 11101110 0.93
31 0001 1111 0.121 83 | 01010011 0.324 135 | 10000111 0.527 187 | 10111011 0.73 239 | 11101111 0.934
32 0010 0000 0.125 84 | 01010100 0.328 136 | 1000 1000 0.531 188 | 10111100 0.734 240 | 11110000 0.938
33 0010 0001 0.129 85 | 01010101 0.332 137 | 1000 1001 0.535 189 | 10111101 0.738 241 | 11110001 0.941
34 0010 0010 0.133 86 | 01010110 0.336 138 | 10001010 0.539 190 | 10111110 0.742 242 | 11110010 0.945
35 0010 0011 0.137 87 | 01010111 0.34 139 | 10001011 0.543 191 | 10111111 0.746 243 | 11110011 0.949
36 0010 0100 0.141 88 | 01011000 0.344 140 | 10001100 0.547 192 | 11000000 0.75 244 | 11110100 0.953
37 0010 0101 0.145 89 | 01011001 0.348 141 | 10001101 0.551 193 | 11000001 0.754 245 | 11110101 0.957
38 0010 0110 0.148 90 | 01011010 0.352 142 | 10001110 0.555 194 | 11000010 0.758 246 | 11110110 0.961
39 00100111 0.152 91 | 01011011 0.355 143 | 10001111 0.559 195 | 11000011 0.762 247 | 11110111 0.965
40 0010 1000 0.156 92 | 01011100 0.359 144 | 10010000 0.563 196 | 11000100 0.766 248 | 11111000 0.969
41 0010 1001 0.16 93 | 01011101 0.363 145 | 10010001 0.566 197 | 11000101 0.77 249 | 11111001 0.973
42 0010 1010 0.164 94 | 01011110 0.367 146 | 10010010 0.57 198 | 11000110 0.773 250 | 11111010 0.977
43 0010 1011 0.168 95 | 01011111 0.371 147 | 10010011 0.574 199 | 11000111 0.777 251 | 11111011 0.98
44 0010 1100 0.172 96 | 01100000 0.375 148 | 10010100 0.578 200 | 11001000 0.781 252 | 11111100 0.984
45 0010 1101 0.176 97 | 01100001 0.379 149 | 10010101 0.582 201 | 11001001 0.785 253 | 11111101 0.988
46 0010 1110 0.18 98 | 01100010 0.383 150 | 10010110 0.586 202 | 11001010 0.789 254 | 11111110 0.992
47 0010 1111 0.184 99 | 01100011 0.387 151 | 10010111 0.59 203 | 11001011 0.793 255 | 11111111 0.996
48 0011 0000 0.188 100 | 01100100 0.391 152 | 1001 1000 0.594 204 | 11001100 0.797

49 0011 0001 0.191 101 | 01100101 0.395 153 | 1001 1001 0.598 205 | 11001101 0.801

50 0011 0010 0.195 102 | 01100110 0.398 154 | 10011010 0.602 206 | 11001110 0.805

51 0011 0011 0.199 103 | 01100111 0.402 155 | 10011011 0.605 207 | 11001111 0.809
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Table 20. RGB Duty Cycle Control Settings

RGB_D4 | RGB_D3 | RGB_D2 | RGB_D1 | RGB_DO0 | DC(%) FLASH_PER3 FLASH_PER2 FLASH_PER1 FLASH_PERO P(s)
0 0 0 0 0 0.00 0 0 0 0 1
0 0 0 0 1 3.23 0 0 0 1 15
0 0 0 1 0 6.45 0 0 1 0 2
0 0 0 1 1 9.68 0 0 1 1 2.5
0 0 1 0 0 12.90 0 1 0 0 3
0 0 1 0 1 16.13 0 1 0 1 35
0 0 1 1 0 19.35 0 1 1 0 4
0 0 1 1 1 22.58 0 1 1 1 4.5
0 1 0 0 0 25.80 1 0 0 0 5
0 1 0 0 1 29.03 1 0 0 1 55
0 1 0 1 0 32.25 1 0 1 0 6
0 1 0 1 1 35.48 1 0 1 1 6.5
0 1 1 0 0 38.70 1 1 0 0 7
0 1 1 0 1 41.93 1 1 0 1 7.5
0 1 1 1 0 45.15 1 1 1 0 8
0 1 1 1 1 48.38 1 1 1 1 Continuous
1 0 0 0 0 51.60
1 0 0 0 1 54.83
1 0 0 1 0 58.05 FLASH_ON2 FLASH_ON1 FLASH_ONO | ON_TIME (s)
1 0 0 1 1 61.23 0 0 0 0.1
1 0 1 0 0 64.50 0 0 1 0.15
1 0 1 0 1 67.73 0 1 0 0.2
1 0 1 1 0 70.95 0 1 1 0.25
1 0 1 1 1 74.18 1 0 0 0.3
1 1 0 0 0 77.40 1 0 1 0.4
1 1 0 0 1 80.63 1 1 0 0.5
1 1 0 1 0 83.85 1 1 1 0.6
1 1 0 1 1 87.08
1 1 1 0 0 90.30
1 1 1 0 1 93.53
1 1 1 1 0 96.75
1 1 1 1 1 99.98
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Table 21. PWM Frequency and Duty Cycle Settings

PWM FREQUENCY TABLE PWM_D DUTY CYCLE
PWM_F2 PWM_F1 PWM_FO F (Hz) PWM2_ D3 | PWM2 D2 | PWM2 D1 | PWM2 DO |D_cycle (pu)
0 0 0 15600 0 0 0 0 0.0625
0 0 1 7800 0 0 0 1 0.125
0 1 0 4500 0 0 1 0 0.1875
0 1 1 3000 0 0 1 1 0.25
1 0 0 2000 0 1 0 0 0.3125
1 0 1 1500 0 1 0 1 0.375
1 1 0 1000 0 1 1 0 0.4375
1 1 1 500 0 1 1 1 0.5
1 0 0 0 0.5625
1 0 0 1 0.625
1 0 1 0 0.6875
1 0 1 1 0.75
1 1 0 0 0.8125
1 1 0 1 0.875
1 1 1 0 0.9375
1 1 1 1 1
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8.3.7 General-Purpose I/Os — GPIO 1, 2, 3

The TPS65810 device integrates 3 general-purpose, open-drain ports (GPIOs) that can be configured as
selectable inputs or outputs. When configured as outputs the output level can be set to LO or HI through 1°C
commands. When the GPIOs are configured as inputs the action to be taken when a transition or HI/LO level is
detected at the GPIO pin is selectable through IC.

When configured as inputs the GPIOs can be set in the following modes which are defined as follows:

Interrupt request In this mode of operation, a transition at the GPIO pin generates an interrupt request at the
interrupt controller. The GPIO interrupt request can be masked at the INT_MASK register. This
operation mode is available for GPIOs 1 and 2.

SM1 and SM2 control The GPIOs can be used to turn the converters SM1 and SM2 ON/OFF, as well as setting
them in stand-by mode. This control mode is available for GPIO1 (SM1 on/off and SM1/SM2 stand-
by) and GP102 (SM2 on/off control).

ADC trigger GPIO3 can be configured as an external ADC trigger. The GPIOS3 trigger configuration bit is located
at the ADC register ADC_DELAY.

8.3.7.1 GPIOs Input Level Configuration

When using 1°C commands, the GPIO1 and GPIO2 pins can be configured as logic output signals or as level-
controlled inputs which enables (or disables) the switch mode converters SM1 and/or SM2. These pins may also
be configured as rising- or falling-edge-triggered inputs to externally control the generation of an interrupt signal
(INT), if desired.

The GPIO3 pin may be used as an external trigger source to start an A/D conversion cycle or as a logic output.

See Figure 47 for a description of the logic used for GPIO1 and GPIO2 inputs when configured for edge-
triggered interrupt generation. The signal from the GPIO pin input is double-latched before being sent to the
interrupt controller logic. The inversion of the Q output from the first flip-flop must be HI to allow the output latch
to be cleared when a READ command occurs. On the initial edge of the GPIO signal, the Q output of the flip-flop
is set (HI). The INT line is asserted (LO) after the initial selected edge from the GPIO pin. On the next falling (or
rising) edge of the GPIO pin, the interrupt can again be cleared (which allows the INT pin to go back high). The
INT signal is cleared (set back HI) after an 1°C READ operation is performed.

Thus, two successive edges of the GPIO signal, followed by an 12C READ command, are required to clear the
INT pin output. If no 1°C READ commands occur, repeatedly applying edges to the GPIO pin does not toggle the
state of the INT pin output.

In addition to an 1°C READ command after two GPIO edges, a UVLO event or reconfiguration of the GPIO pins
as outputs also deasserts the INT signal.

I2C INTACK READ
Command?

Equivalent circuit for internal
logic when configured as edge
Multiplexer SET interrupt with no masking
Q _
o1 5 D _ INT INT
GPIO Q
Signal Pin |>" I I; 52 CLR
C ENB
HI = Rising Edge,
LO = Falling Edge
UVLO
GPIO Config = OUTPUT
Figure 47. GPIO 1 or GPIO2 Configured as an Interrupt Request Input
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8.3.7.2 Function Implementation: I1°C Commands Versus GPIO Commands

Some of the GPIO SM1/SM2 control functions overlap I°C register control functions. Table 22 lists the TPS65810
action when the command of the GPIOs and I?C registers commands are not compatible with each other.

Table 22. GPIO Commands and I1°C Registers Commands

SM1 AND SM2 [2C COMMAND GPIO COMMAND SM1 OR SM2 MODE SET
ON/OFF

CONVERTER DISABLED CONVERTER DISABLED DISABLED
CONVERTER ENABLED DON'T CARE ENABLED
DON'T CARE CONVERTER ENABLED ENABLED

STANDBY
DO NOT SET STANDBY DON'T CARE NORMAL
SET STANDBY SET STANDBY STANDBY
DON'T CARE DO NOT SET STANDBY NORMAL

8.3.7.2.1 GPIO Configuration Table

Table 23 lists the 1°C register settings required to program the available GPIO modes. The GPIO pins logic level
is available at register SM1_STANDBY, bits B5, B6 and B7.

Table 23. Recommended GPIO Configuration Procedure

GPIO MODE 1C REGISTERS 1C REGISTER BIT SETTING ADDITIONAL DETAILS
GPI031/0=HI AND GPIO30UT = HlI GPIO3 PIN SET TO HIGH IMPEDANCE MODE
GPIO3 = OUTPUT GPIO3
GPIO3I1/0=HI AND GPIO30UT = LO V(GPIO3) = Vg,
GPIO3 ZINPUT ?PIOSIIO:LO AND ADC_TRG_GPIO3 = HI AND EDGE_GPIO3 GPIO3 pin rising edge triggers ADC conversion
GPIO3 AND =Hi
ADC CONVERSION START c
TRIGGER ADC_DELAY GPIOSI/O=LO AND ADC_TRG_GPIO3 = HI AND GPIO3 pin falling edge triggers ADC conversion
EDGE_GPIO3=LO
GPI1021/0=HI AND GPIO20UT = HI GPIO2 PIN SET TO HIGH IMPEDANCE MODE
GPIO2 = OUTPUT GPIO12

GPI1021/0=HI AND GPIO20UT = LO

V(GPIO2) = Vo,

GPIO2=INPUT,
HOST INTERRUPT REQUEST

GPIO12 AND GPIO3

GPIO2I/0=LO AND GPIO2INT = HI AND GPIO2LVL=HI AND
GPIO2SM2=LO

INT pin HI-LO—HI at V(GPIO2) falling edge

GPI02I/0=LO AND GPIO2INT = HI AND GPIO2LVL=HI AND
GPIO2SM2=LO

INT pin HI-LO—HI at V(GPIO2) rising edge

GPIO2=INPUT,
SM2 ENABLE

GPI0O12 AND GPIO3

GPIO21/0=LO AND GPIO2INT = LO AND GPIO2LVL=HI AND
GPIO2SM2 = HI

SM2 converter ON at V(GP102) = HI

GPIO2I/0=LO AND GPIO2INT = LO AND GPIO2LVL=LO AND
GPIO2SM2 = HI

SM2 converter ON at V(GPIO2) = LO

GPIO1 = OUTPUT

GPIO12

GPIO11/0=HI AND GPIO10UT = HI

GPIO1 PIN SET TO HIGH IMPEDANCE MODE

GPIO1l/0=HI AND GPIO10UT = LO

V(GPIO1) = Vg,

GPIO1=INPUT,
HOST INTERRUPT REQUEST

GPI0O12 AND GPIO3

GPIO11/0=LO AND GPIO1INT = HI AND GPIO1LVL=HI AND
GPIO1SM1=LO AND GPIO1SMSBY = LO

INT pin HI-LO—HI at V(GPIO1) falling edge

GPIO11/0=LO AND GPIO1INT = HI AND GPIO1LVL=LO AND
GPIO1SM1=LO AND GPIO1SMSBY = LO

INT pin HI-LO—HI at V(GPIO1) rising edge

GPIO11/0=LO AND GPIO1INT = LO AND GPIO1LVL=HI AND
GPIO1SM1 = HI AND GPIO1SMSBY = LO

SM1 converter ON at V(GPIO1) = HI

g&'fé;g“gf; GPIO12 AND GPIO3
GPIOLO=LO AND GPIOLINT = LO AND GPIOTLVL=LO AND | g1t overter ON at V(GPIOL) = LO
GPIO1SM1 = HI AND GPIO1SMSBY = LO =
GPIO11/0=LO AND GPIOLINT = LO AND GPIOILVL=HI AND | SM1/SM2 converter stand-by set at
- GPIO1SM1=LO AND GPIO1SMSBY = HI V(GPIO1) = HI
SP'Olsl ';”;UT' CoNTRoL | GPIO12 AND GPIO3
M1/SM2 STANDBY CONTROL GPIO11/0=LO AND GPIO1INT = LO AND GPIOILVL=LO AND | SM1/SM2 converter stand-by set at
GPIO1SM1=LO AND GPIO1SMSBY = HI V(GPIO1) = LO
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8.3.7.3 Functionality Guide — General-Purpose Inputs and Outputs

Table 24. GPIO3 Functions

CONFIGURED AS OUTPUT CONFIGURED AS INPUT
POWER-UP DEFAULT
OUTPUT LEVEL lomax) MA A/D CONVERSION START TRIGGER
Hior LO at output set 5 i isi 2 Input, no mode selected
through IC Falling or rising edge selected through 1°C put,
Table 25. GPIO2 Functions
CONFIGURED AS OUTPUT CONFIGURED AS INPUT
POWER-UP DEFAULT
OUTPUT LEVEL lomax) MA HOST INTERRUPT REQUEST SM2 ENABLE
Set INT pin to LO through I°C when ) )
GPIO2 pin edge is detected. Rising or GPIO2 level sets SM2 converter ON/OFF operation. GPIO2 pin Input, SM2 enable, SM2
Hlor LO at output set 5 falling edge detection selected through level (HI or LO) for ON operation selected through 1°C ONat GPIO2 = HI
through 1°C 12C
The host interrupt request and SM2 enable GPIO2 functions are mutually exclusive, and they must NOT be
configured simultaneously
Table 26. GPIO1 Functions
CONFIGURED AS OUTPUT CONFIGURED AS INPUT
POWER-UP DEFAULT
OUTPUT LEVEL loguax) MA HOST INTERRUPT REQUEST SM1 ENABLE SV ANID SRR SITARNIBIEY
CONTROL
W : aPion evelsets SM1 | oy mode.
Set INT pin to LO through I°C when converter ON/OFF operation. ! Y :
GPIO1 pin edge is detected. Rising or GPIO2 pin level (HI or LO) for GPIO1 pin level (HI or LO) for
Hior LO at output set 5 falling edge detection set through 12C pin | stand-by mode set selected Input, SM1 enable, SM1
through 12C g edg g ON operation set through 1°C through I°C ONat GPIO1 = HI
The host interrupt request, SM1 enable and SM1/SM2 stand-by control GPIO1 functions are mutually
exclusive, and they must NOT be configured simultaneously.

CONFIGURATION MODES:
TPS65810 1-OUTPUT

2-SM1/SM2 STANDBY CONTROL INPUT

3-SM1 ON/OFF CONTROL INPUT

4-INTERRUPT REQUEST CONTROL INPUT
GENERATES INT PIN HI-LO TRANSITION

GPIO1

12C
SETTINGS CONFIGURATION MODES:
. GPIO GPIO2 1-OUTPUT
GPIO CONTROL ————— 2-SM2 ON/OFF CONTROL
FUNCTION 3-INTERRUPT REQUEST CONTROL INPUT
AND MODE 4-GENERATES INT PIN HI-LO TRANSITION

GPIO3

\ CONFIGURATION MODES:
1-OUTPUT
2-ADC TRIGGER CONTROL

3-LDCO ENABLE
4-CHARGE VOLTAGE SELECTION

N[N

Figure 48. Required External Components, Recommended Values, External Connections
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8.4 Device Functional Modes

8.4.1 Sleep Mode

The device enters the Sleep mode if a thermal fault or a system low voltage fault is detected. For a detailed
description of which registers are reset to their default state and which registers keep their state, reference the
section on System Sequencing and TPS65810 Operating Modes.

8.4.2 Normal Mode

The device enters the Normal mode after all power-good checks pass. In this mode, the 1°C registers define the
operation of the device.

8.5 Programming

8.5.1 Serial Interface

8.5.1.1 Overview

The TPS65810 device is compatible with a host-controlled environment, with internal parameters and status
information accessible through an I1°C interface. An 1°C communication port provides a simple way for an
I2C-compatible host to access system status information and reset fault modes, functioning as a SLAVE port
enabling 1°C-compatible hosts to WRITE to or to READ from internal registers. The TPS65810 I1°C port is a
2-wire bidirectional interface using SCL (clock) and SDA (data) pins; the SDA pin is open-drain and requires an
external pullup. The 1°C is designed to operate at SCL frequencies up to 400 kHz. The standard 8-bit command
is supported, the CMD part of the sequence is the 8-bit register address to READ from or to WRITE to.

8.5.1.2 Register Default Values

The internal TPS65810 registers are loaded during the initial power-up from an internal, non-volatile memory
bank. The power-up default values are described in the sections detailing the registers functionality.

The register contents remain intact as long as OUT pin voltage remains above the internal UVLO threshold,
VuvLo- All register bits are reset to the internal power up default when the OUT pin voltage falls below the Vo
threshold or if the HOT_RESET pin is set to LO.

8.5.1.3 I°C Address

The I?C specification contains several global addresses, which the slaves on the bus are required to respond to.
The TPS65810 only responds (ACK) to addresses: 0x90 and 0x91 and does not respond (NACK) to any other
address.

Table 27. TPS65810 IC Read and Write Address

BIT
BYTE
MSB 6 5 4 3 2 1 LSB
TPS65810 1°C WRITE ADDRESS 1 0 0 1 0 0 0 0
TPS65810 I1°C READ ADDRESS 1 0 0 1 0 0 0 1
I/O DATA BUS B7 B6 B5 B4 B3 B2 Bl BO

8.5.1.4 Incremental Read

The TPS65810 does not support incremental read operations. Each register must be accessed in a single read
operation.

8.5.1.5 I°)C Bus Release

The TPS65810 I°C engine does not create START or STOP states on the 1°C bus during normal operation.
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8.5.1.6 Sleep Mode Operation

When the sleep mode is set SDAT is held LO by the TPS65810. The overall system operation is not affected, as
in sleep mode all TPS65810 integrated supplies are disabled and no power is available for any external devices
connected to the TPS65810 SDAT pin. When sleep mode ends the SDAT pin is released before the TPS65810
integrated regulated supplies are enabled. See section on System Sequencing and TPS65810 Operating Modes
for additional details on sleep mode operation.

8.5.1.7 I2C Communication Protocol
Table 28 lists the conventions used when describing the communication protocol.

Table 28. I°C Naming Conventions Used

CONDITION CODE
START sent from host S
STOP sent from host P
TPS65810 1°C slave address sent from host, bus direction set from host to TPS65810 (WRITE) hAO
TPS65810 register address sent from TPS65810, bus direction is from TPS65810 to host (READ) hA1
Non-valid I°C slave address sent from host hA_N
Valid TPS65810 register address sent from host HCMD
Non-valid TPS65810 register address sent from host HCMD_N
I/O data byte (8 bits) sent from host to TPS65810 hDATA
I/O data byte (8 bits) sent from TPS65810 to host bgDATA
Acknowledge (ACK) from host hA
Not acknowledge (NACK) from host hN
Acknowledge (ACK) from TPS65810 bgA
Not acknowledge (NACK) from TPS65810 bgN
COE;IB:I:‘IE;ON COSI\]EI?TON BITT | BIT6 | | B A((:rs\wgvgé.ﬂ(?%os@flor{

STOP
CONDITION
®)

START 17
CONDITION MSE BIT6

DATA
CHANGE
ALLOWED

BITO CKNOWLEDG CONDITION
BIT6 BIT 5-1 | LSl (hN or bgN)

SDA
b |
DATALINE SCL
STABLE -
SDA

Figure 49. 1°C operation waveforms

CONDITION

CONDIT\ON

For normal data transfers, SDA is allowed to change only when SCL is low, and one clock pulse is used per bit
of data. The SDA line must remain stable whenever the SCL line is high, as SDA changes when SCL is high are
reserved for indicating the start and stop conditions. Each data transfer is initiated with a start condition and
terminated with a stop condition.

When addressed, the TPS65810 device generates an acknowledge bit after the reception of each byte by pulling
the SDA line Low. The master device (microprocessor) must generate an extra clock pulse that is associated
with the acknowledge bit. After the acknowledge or not acknowledge bit, the TPS65810 device leaves the data
line high, enabling a STOP condition generation.
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8.5.1.8 I°C Read and Write Operations

The TPS65810 device supports the standard 1°C one-byte Write. The basic I1°C read protocol has the following

steps:

+ Host sends a start and sets TPS65810 IC slave address in write mode

« The TPS65810 device acknowledges (ACKs) that this is a valid 1°C address and that the bus is configured for
write

e Host sends TPS65810 register address

 The TPS65810 device acknowledges (ACKSs) that this is a valid register and stores the register address to be
read

+ Host sends a repeated start and TPS65810 I°C slave address, reconfiguring the bus for read

 The TPS65810 device acknowledges (ACKSs) that this is a valid address and that bus is reconfigured

e Busisinread mode, TPS65810 device begins sending data from selected register

The 1?C write protocol is similar to the read, without the need for a repeated start and bus being set in write

mode. In a WRITE, it is not necessary to end each 1-byte WRITE command with a STOP; a START has the
same effect (repeated start).

e [ AU LA -AUUB-BUUE AU

SDAT} A6 |- | A0 |R/W | ACK R7 |- | Ro |Ack| Y| a6 |. | A0 [RwW | Ack| D7 |.. | DO | Ack +_
0 0 . 0 1 0 Slave Master Drives

Register X
Start | Slave Address | | Address | | | Slave Address Drives | ACK and Stop

the Data

|
[€— hA0) —iboA| < hCMD —» baA | ? [ hA1 —> qur—quATA—ﬂ hA P

Repeated Start, can be replaced by a
STOP and START

e HULFAL LA L AU LA - AU L

SDAT} A6 | A5 |A4.. A0 |RW | ack R7 | R6 | R5 |- RO| Ack D7 | b6 |D5|-- DO| Ack |_

| Register | 0 | | Host Sends | 0 |

Slave Address | Address Data

Start <+— hAD  ——# bGA |&—— hCMD  ——| baA| |[€—— hDATA — baA| P
Figure 50. 1°C read and write operations
The host can complete a READ or a WRITE sequence with either a STOP or a START.

8.5.1.9 Valid Write Sequences

The TPS65810 device always ACKs its own address. If the CMD points to an allowable READ or WRITE
address, bq writes the address into its RAM address register and sends an ACK. If the CMD points to a
non-allowed address, bg does NOT write the address into its RAM address register and sends a NACK.

Table 29. Valid Write Sequence Address Registers

s hAO bgA
s hAO bgA hCMD bgA
s hAO bgA hCMD_N bgN
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8.5.1.10 One-Byte Write

The data is written to the addressed register when the bq ACK ending the one byte write sequence is received.
The host can cancel a WRITE by sending a STOP or START before the trailing edge of the bg ACK clock pulse.

Table 30. One-Byte Write Address Register
| s | hao | bgA | hcvp | bga | nhoatA | bga |

8.5.1.11 Valid Read Sequences
The TPS65810 always ACKs its own address.

Table 31. Valid Read Sequence ACK Register
| s | hA1 | baA |

Upon receiving hAl, TPS65810 starts at wherever the RAM address register is pointing. The START and the
STOP both act as priority interrupts. If the host has been interrupted and is not sure where it left off it can send a
STOP and reset the TPS65810 state machine to the WAIT state; once in WAIT state, the TPS65810 ignores all
activity on the SCL and SDA lines until it receives a START. A repeated START and START in the I12C
specification are both treated as a START.

Table 32. Valid Read Sequence Address Registers

s hAO bgA hcMD bgA P
s hAO bgA hCMD bgA s hal | bgA |  bgDATA hN P
s hAL bgA bgDATA hN P

8.5.1.12 Non-Valid Sequences

Table 33. Incremental Read Sequences
| s [ ha1] boA | bgpATA [ hA | bgpATA | hA | bgpATA | ha [bgpAaTA] ha | .. [ bgpATA [ ha | P |

A START followed by an address which is not bgAO or bgAl is NACKED.

Table 34. START and Non-HAO or Non-HA1 Address
\ s \ hA_N | bgN |

If the CMD points to a non-allowed READ address (reserved registers), bg sends a NACK back to the host, and
it does not load the address in the RAM address register. Note that TPS65810 NACKS whether a stop is sent or
not.

Table 35. Attempt to Specify Non-Allowed READ

Address
S hAO bgA hCMD_N bgN P
S hAO bgA hCMD_N bgN

If the host attempts to WRITE to a READ-ONLY or non-accessible address TPS65810 ACKS the CMD
containing the allowed READ address, loads the address into the address register and NACKS after the host
sends the next data byte. After issuing the NACK TPS65810 returns to WAIT state. A subsequent hA1 READ
could read this address.

Table 36. Attempt to Specify Non-Allowed WRITE
Address

| s |hao| bga | hemp | bga | noatA | bN |
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8.6 Register Maps
Table 37. TPS65810 Internal Register Map
Hex Name Description Additional
Details

0 RESERVED_01 RESERVED FACTORY ONLY
1 RESERVED_02 RESERVED FACTORY ONLY
2 PGOOD Output voltage status for linear regulators and DC-DC buck converters

3 INTMASK1 Interrupt request masking settings

4 INTMASK?2 Interrupt request masking settings

5 INT_ACK1 Masked interrupt request register, latched

6 INT_ACK2 Masked interrupt request register, latched

7 PGOODFAULT_MASK System Reset masking settings

8 SOFT_RESET Generates a software reset

9 CHG_CONFIG Battery charger configuration

A CHG_STAT Battery charger status

B EN_LDO Linear regulator ON/OFF control

C LDO12 LDO1 and LDO2 output voltage setting

D LDO3 LDO3 output voltage settings

E LDO4 LDO4 output voltage settings

F LDO5 LDOS5 output voltage settings

10 SM1_SET1 SM1 Buck converter ON/OFF control and output voltage setting, normal mode

11 SM1_SET2 SM1 Buck converter configuration

12 SM1_STANDBY SM1 Buck converter stand-by mode ON/OFF and stand-by output voltage setting

13 SM2_SET1 SM2 Buck converter ON/OFF control and output voltage setting, normal mode

14 SM2_SET2 SM2 Buck converter configuration

15 SM2_STANDBY SM2 Buck converter stand-by mode ON/OFF and stand-by output voltage setting

16 SM3_SET SM3 White LED driver ON/OFF control and settings

17 RGB_FLASH Overall RGB driver timing settings

18 RGB_RED RGB driver: RED duty cycle and output current setting

19 RGB_GREEN RGB driver: GREEN duty cycle and output current setting

1A RGB_BLUE RGB driver: BLUE duty cycle and output current setting

1B GPIO12 GPIO1 and GPIO2 configuration

1C GPIO3 GPIO2 and GPIO3 configuration, battery charge voltage selection

1D PWM PWM output configuration

1E ADC_SET ADC On/OFF control, ADC configuration

1F ADC reading_hi ADC data output

20 ADC reading_lo ADC data output

21 DHILIM1 ADC Maximum threshold setting

22 DHILIM2 ADC Maximum threshold setting

23 DLOLIM1 ADC Minimum threshold setting

24 DLOLIM2 ADC Minimum threshold setting

25 ADC_DELAY ADC configuration: conversion delay

26 ADC_WAIT ADC configuration: wait and repeat operation

27 LED_PWM LED_PWM configuration

2E RESERVED_03 RESERVED FACTORY ONLY
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8.6.1 Sequencing and Operating Modes — I°C Registers

The I2C registers that control sequencing-related functions are shown in Table 38. The HEX address for each
register is shown by the register name, together with the R or W functionality for the register bits. Shaded values
indicate default initial power-up values.

Table 38. I°C Registers — Sequencing and Operating Modes

\ B7 | B6 \ BS5 \ B4 | B3 \ B2 \ B1 BO
Soft_reset, Address = 08, All Bits R/W, Bits B7/B6/B1/B0 Apply to Sequencing.
Bit Name STBY MODE SLEEP MODE NOT USED NOT USED SM3_LF_OSc NOT USED NRAMLOAD SOFT RST
SETS?A'\SJE'\?ND SET TPS65810 RAM RESET SOFTWARE
Function IN SLEEP NOT USED NOT USED NOT USED RESET
STANDBY MODE FLAG CONTROL
MODE NOT RELATED
TO
SEQUENCING R
When 0 NOT ACTIVE NOT ACTIVE NOT USED NOT USED See SM3 NOT USED DEFAULTS NOT ACTIVE
SECTION LOADED
When 1 SET SET SLEEP RAM SET RESET
When 1 SM1 AND SM2 | MODE (reset to NOT USED NOT USED NOT USED DEFAULTS MODE (reset to
IN STANDBY LO internally) NOT LOADED LO internally)

Some host algorithms need to identify when the power-up defaults are loaded in the RAM, to start routines that
initialize specific RAM registers. If that functionality is required the nRAMLOAD bit must be set to HI by the host
when entering the NORMAL operation mode. The nRAMLOAD bit is reset to LO by the TPS65810 when the
power-up defaults are loaded in the I°C registers (V(OUT) < Vyy.0 OR V(HOT_RESET) = LO), enabling the host
algorithm to detect that the RAM registers need to be initialized.

The integrated supplies status is available in a dedicated register, shown below. The host can select which
integrated supply outputs trigger a power-good fault condition using the PGOODFAULT _MASK register. When a
non-masked power-good status register bit toggles state, the sequence controller generates a transition in the
TPS65810 state machine, indicated as a PGOOD FAULT in TPS65810 state diagram. The power-good status
register and mask register are shown below:

Table 39. System Status Monitored By Sequencing Controller

\ B7 | B6 | B5 \ B4 \ B3 | B2 \ B1 BO
PGOOD, Address = 02, All Bits Read Only - Power Up Defaults Show System Status When Exiting Power Down
Bit name PGOOD SM1 PGOOD SM2 | PGOOD SM3 | PGOOD LDO1 | PGOOD LDO2 | PGOOD LDO3 | PGOOD LDO4 | PGOOD LDO5
Function SM1 OUTPUT OSMDZUT SM3 OVP LDO1 OUTPUT | LDO2 OUTPUT | LDO3 OUTPUT | LDO4 OUTPUT | LDO5 OUTPUT
STATUS STATUS STATUS STATUS STATUS STATUS STATUS STATUS
When 0 OK OK OK OK OK OK OK OK
When 1 FAULT FAULT FAULT FAULT FAULT FAULT FAULT FAULT
PGOODFAULT_MASK, Address = 07, All Bits R/IW
Bit name MASK_PSM1 MASK_PSM2 | MASK_PSM3 | MASK_PLDO1 | MASK_PLDO2 | MASK_PLDO3 | MASK_PLDO4 | MASK_PLDO5
MASK PGOOD P'\éAOSOKD MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD
Function FAULT BY SM1 FAULT BY FAULT BY FAULT BY FAULT BY FAULT BY FAULT BY FAULT BY
SM2 SM3 LDO1 LDO2 LDO3 LDO4 LDO5
When 0 UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED
When 1 MASKED MASKED MASKED MASKED MASKED MASKED MASKED MASKED
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8.6.2 System Status — I°C Registers

The I2C registers that have system status data are shown below. The HEX address for each register is shown by
the register name, together with the R or W functionality for the register bits. Those registers are valid, after an
initial power up, when the TPS65810 enters the normal operation mode.

Table 40. System Status Monitored By Interrupt Controller

| B7 B6 | B5 B4 B3 | B2 B1 BO
PGOOD, Address = 02, All Bits Read Only - Power Up Defaults Show System Status When Exiting Power Down
Bit name PGOOD SM1 PGOOD SM2 PGOOD SM3 | PGOOD LDO1 | PGOOD LDO2 | PGOOD LDO3 | PGOOD LDO4 | PGOOD LDO5
Function SM1 OUTPUT SM2 OUTPUT SM3 OVP LDO1 OUTPUT | LDO2 OUTPUT | LDO3 OUTPUT | LDO4 OUTPUT | LDO5 OUTPUT

STATUS STATUS STATUS STATUS STATUS STATUS STATUS STATUS

When 0 OK OK OK OK OK OK OK OK
When 1 FAULT FAULT FAULT FAULT FAULT FAULT FAULT FAULT
ADC STATUS

REGISTER ADC_READING_HI, B7: CONVERSION COMPLETE;
INTERNAL STATUS BITS (NO I2C REGISTER BIT AVAILABLE: INPUT OUT OF RANGE (HI OR LO), ANLG1 PIN IMPEDANCE TO AGND2 EXCEEDS 1 mQ.

See additional details in the Analog-to-Digital Converter section.

OTHER SYSTEM STATUS: THERMAL FAULT DETECTED

8.6.3 Interrupt Controller — I°C Registers

The I2C registers that control an interrupt generation (INT: HI—LO) are shown below. The HEX address for each
register is shown by the register name, together with the R or W functionality for the register bits. Shaded values

indicate default initial power-up values.

Table 41. Interrupt and Power-Good Fault Managerment Register

] B7 | B6 \ B5 ] B4 | B3 \ B2 ] B1 BO
INTMASKZ, Address = 03, All Bits R/W
Bit name MASK_ISM1 | MASK_ISM2 | MASK_ISM3 | MASK_ILDO1 | MASK_ILDO2 | MASK_ILDO3 | MASK_ILDO4 | MASK_ILDO5
MASK INT by | MASK INTby | MASKINTby | MASKINTby | MASKINTby | MaskINTby | MASKINT by | MASK INT by
Function SM1 PGOOD | SM2 PGOOD | SM3PGOOD | LDO1 PGOOD | LDO2 PGOOD | LDO3 PGOOD | LDO4 PGOOD | LDOS PGOOD
FAULT FAULT FAULT FAULT FAULT FAULT FAULT FAULT
When 0 UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED
When 1 MASKED MASKED MASKED MASKED MASKED MASKED MASKED MASKED
INTMASK?2, Address = 04, All Bits RIW
Bit name MASK_IADC | MASK_IANLG1 | MASK_IGPIO2 | MASK_IGPIO1 MASK—FHSHU MASK—T'CHGS MASK—:ADC—H MASK—AADC—L
MASKS INT BY | MASKS INT BY | MASKS INT BY | MASKS INT BY | MASKS INT BY MCAS('; ”S\‘TT AE;Y M:DSCKI',L\‘JU%Y MAADS(':‘I',L\‘JUBTY
Function ADC END OF | ANLGLHIGH | GPIO2 EDGE | GPIOLEDGE | THERMAL il ABOVE T SELOW Lo
CONVERSION | IMPEDANCE | TRANSITION | TRANSITION FAULT
BITS LIMIT LIMIT
When 0 UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED
When 1 MASKED MASKED MASKED MASKED MASKED MASKED MASKED MASKED
INT_ACK1, Address = 05, All Bits RIW
Bit name ACK_SM1 ACK_SM2 ACK_SM3 ACK LDO1 | ACK LDO2 | ACK LDO3 | ACK LDO4 | ACK_LDOS
Function SM1 INT SM2 INT SM3 INT LDOL INT LDO2 INT LDO3 INT LDO4 INT LDOS INT
REQUEST REQUEST REQUEST REQUEST REQUEST REQUEST REQUEST REQUEST
When 0 CLEAR FLAG | CLEARFLAG | CLEARFLAG | CLEAR FLAG | CLEARFLAG | CLEARFLAG | CLEAR FLAG | CLEAR FLAG
SM1PGOOD | SM2PGOOD | SM30OVP | LDO1 PGOOD | LDO2 PGOOD | LDO3 PGOOD | LDO4 PGOOD | LDOS PGOOD
When 1 FAULT FAULT FAULT FAULT FAULT FAULT FAULT FAULT
GENERATED | GENERATED | GENERATED | GENERATED | GENERATED | GENERATED | GENERATED | GENERATED
INT INT INT INT INT INT INT INT
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Table 41. Interrupt and Power-Good Fault Managerment Register (continued)

\ B7

| B6

\ B5

B4 B3 \ B2 \ B1 | BO
INT_ACK2, Address = 06, All Bits Read Only
Bit name ACK_ADC | ACK_ANLG1 | ACK GPIO2 | ACK GPIOL | ACK THSHUT ACK—C{'GSTA ACK_ADC_HI | ACK_ADC_LO
ANLGL THERMAL
Function ADCINT | COMPARATO | GPIO2 INT GPIO1 INT EAULTING | CHARGERINT | ADC INT ADC INT
REQUEST 1 RINT REQUEST REQUEST REQUEST | REQUEST2 | REQUEST3
REQUEST
REQUEST
When 0 CLEAR FLAG | CLEARFLAG | CLEARFLAG | CLEARFLAG | CLEARFLAG | CLEARFLAG | CLEAR FLAG | CLEAR FLAG
ANLG1 HIGH THERMAL CHARGER | ADCINPUT | ADC INPUT
ADC DONE | IMPEDANCE | GPIO2 EDGE | GPIO1 EDGE LY STATUS ABOVE HI BELOW LO
When 1 GENERATED | DETECTION | GENERATED | GENERATED | ..rARLT | CHANGE LIMIT LIMIT
INTREQUEST | GENERATED | INT REQUEST | INT REQUEST | Nt | GENERATED | GENERATED | GENERATED
INT REQUEST INT REQUEST | INT REQUEST | INT REQUEST
PGOODFAULT_MASK, Address = 07, All Bits RIW
Bit name PGOOD SM1 | PGOOD SM2 | PGOOD SM3 | PGOOD LDOL | PGOOD LDO2 | PGOOD LDO3 | PGOOD LDO4 | PGOOD LDOS
MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD | MASK PGOOD
Function FAULT BY FAULT BY FAULT BY FAULT BY FAULT BY FAULT BY FAULT BY FAULT BY
SM1 SM2 SM3 LDO1 LDO2 LDO3 LDO4 LDO5
When 0 UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED | UNMASKED
When 1 MASKED MASKED MASKED MASKED MASKED MASKED MASKED MASKED

8.6.4 Charge and System Power Management — I°C Registers

The I2C registers that control charger and power path related functions are shown below. The HEX address for
each register is shown by the register name, together with the R or W functionality for the register bits. Shaded
values indicate default initial power-up values. Note that the CHG_STAT register contents are valid only when
either AC or USB power are applied to the TPS65810. The output of linear regulator LDO_PM can be used as an
indicator of external input power detection; if LDO_PM is in regulation the CHG_STAT register contents are valid.

Table 42. CHG_CONFIG Address

| B7 \ B6 | B5 | B4 \ B3 | B2 | B1 | BO
CHG_CONFIG, Address =9, All Bits R/W
Bit name VCHG CHGON NOT USED ISET1_1 ‘ ISET1_0 ISET2 PSEL CE®W
SELECTED
CHARGE UsSB SYSTEM
Function VOLTAGE SCUHSAPREG'\‘IIED NOT USED CHARGE CFLLRCﬁ.EO'\g SCALING CURRENT CLIJ’\IIQELIJET\IT POWER
SELECTION LIMIT LIMIT SELECTION
USE USB
CHARGE BATTERY TO
When 0 436V SUSPENDED | NOTUSED | 00=025 10=0.75 100 mA CURRENT SYSTEM
01=05 11=1 LIMIT
Note: Relative to charge current INPUT
programmed by external ISET pin CURRENT INPUT POWER
When 1 420V CHARGE ON | NOTUSED | resistor. S | 1 ser o R
MAXIMUM

(1) The CE bit state is latched inside the charger control logic (CE latch) during an OUT pin UVLO event, prior to resetting the charge
control register bit CE to its power up default value. The charger CE latch controls the charger and power path state as long as the
TPS65810 is in UVLO mode and an external supply is connected to the charger block. The CE latch is reset to its power-up value (CE =
HI) only when the input power is removed from the charger block. The CE latch is disabled and the CE charge control register bit sets
the charger and power path MOSFETSs state when the TPS65810 exits the UVLO mode. This feature avoids a host software loop when
the host algorithm requires a depleted (or absent) battery to be connected to the system bus while input power is present.
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Table 43. GPIO3 Address

B7 B6 B5 | B4 | B3 | B2 B1 BO
GPIO3, Address = 1C, All Bits RIW®
Bit name GPIO3i/O | GPIO3_LEVEL | LDOO_ENABLE | CHARGE _VLTG | NOT USED | GPIO2 _INTSRC | GPIO1 _INTSRC | GPIO2 _SM2
CHARGE
. VOLTAGE
Function See SELECTION
Table 23 See Table 23 See Table 23 SAFETY BIT NOT USED See Table 23 Table 23 See Table 23
When 0 42V
When 1 4.36 V
(1) Only bit B4 controls charger-related functionality
Table 44. CHG_STAT Address
B7 B6 \ B5 | B4 \ B3 | B2 | B1 BO
CHG_STAT, Address = A, All Bits Read Only— Power Up Defaults Show System Status When Exiting Power Down
Bit name BAT_STAT® @ | INPUT _PWR | THDPPM_ON ACPG® UsSBPG® STAT1 | STAT2 INP_OV
BATTERY SEI"N'fD%TTED LTSOES"/QQE AC INPUT USB INPUT AC OR USB
Function SUPPLEMENT POWER DPPM POWER POWER CHARGE STATUS INPUT OVP
MODE STATUS STATUS STATUS STATUS STATUS DETECTION
SUPPLEMENT AC INPUT AC NOT USB NOT | g0 = FAULT/SUSPEND/OFF
When 0 MODE OFF seLecTeD | BOTHOFF | pETECTED | DETECTED |01 - CHARGE DONE NO ovP
When 1 SUPPLEMENT USB INPUT | DPPM ON OR AC USB 10 = FAST CHARGE ON ovP
MODE ON SELECTED | THERMAL ON | DETECTED DETECTED |11 =PRECHARGE DETECTED
(1) The battery supplement is entered when Vgam) — V(ouT) > 60 mV (typical), and it ends when V(gar) — V(out) < 20 mV. When the system

power bus current exceeds the input current limit or the external supply current capability, the supplement mode is set. An oscillatory
behavior for BAT_STAT bit can happen if the battery switch dropout voltage is less than 20 mV (typical) when in supplement mode.

()
©)

8.6.5 Linear Regulators — I°C Registers

The BAT_STAT is always masked internally, and does not generate interrupts.
The ACPG and USBPG bits have valid data only when V( po pm) > 2 V.

The I°C registers that control LDO-related functions are shown below. The HEX address for each register is
shown by the register name, together with the R or W functionality for the register bits. Shaded values indicate
default initial power-up values.

Table 45. Linear Regulators Registers

\ B7 B6 | BS5 | B4 \ B3 \ B2 B1 | BO
EN_LDO: Address = B, All Bits RIW
Bit name LDO1 EN LDO2 EN | LDO3EN | LDO4EN | LDO5_EN SIM_SET SMEN1 | RTC_EN
Function LDOL1...5 ON/OFF CONTROL SMLDO g‘;“tp“t SIM/RTC ON/OFF CONTROL
When 0 OFF OFF OFF OFF OFF 2.5V, ON OFF OFF
When 1 ON ON ON ON ON 1.8V ON ON
LDO12: Address = C, All Bits R/W
Bit name LDO1_DISCH LDO1_2 SET LDO1_1 SET LDO1 0 SET | LDO2_DISCH LDO2_2 SET LDO2_1 SET LDO2_0 SET

LDOL1 output LDO2 output
Function discharge switch LDO1 OUTPUT VOLTAGE SETTING discharge LDO2 OUTPUT VOLTAGE SETTING
enable switch enable
When 0 OFF 000=1.25V 001=15V OFF 000=1.25V 001=15V
010=18V 011=25V Default = 010=18V 011=25V _
_ _ _ _ Default = 3.3V
When 1 ON 100=285V [110=3V 1.25V ON 100 = 2.85V 110=3V
110=3.2V 111 =33V 110=3.2V 111 =33V
LDO3, Address = D, All Bits R/W
Bit name LDO3_DISCH LDO3_6 SET LDO3_5 SET LDO3_4 SET | LDO3_3 SET LDO3_2 SET LDO3_1 SET LDO3_0 SET
LDO3 output
Function discharge switch LDO3 OUTPUT VOLTAGE SETTING
enable
When 0 OFF .
See Table 46 for LDO3-5 output voltage setting, Power-up default = 1.505 V

When 1 ON
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Table 45. Linear Regulators Registers (continued)

B7 | B6 | B5 | B4 \ B3 | B2 | B1 | BO
LDO4, Address = E, All Bits RIW
Bit name LDO4_DISCH | LDO4_6 SET | LDO4 5SET | LDO4 4 SET | LDO4 3SET | LDO4 2SET | LDO4 1SET | LDO4_0SET
LDO4 output
Function discharge switch LDO4 OUTPUT VOLTAGE SETTING
enable
When 0 OFF
See Table 46 for LDO3-5 output voltage setting, Power-up default =1.811 V
When 1 ON
LDOS5, Address = F, All Bits R/W
Bit name LDO5_DISCH LDO5_6 SET LDO5_5 SET LDO5_4 SET | LDO5_3 SET LDO5_2 SET LDO5_1 SET LDO5_0 SET
LDOS5 output
Function discharge switch LDO5 OUTPUT VOLTAGE SETTING
enable
When 0 OFF
See Table 46 for LDO3-5 output voltage setting, Power-up default = 3.111 V
When 1 ON
GPIO3, Address = 1C, All Bits R/W. NOTE: ONLY BIT B5 CONTROLS LDO-RELATED FUNCTIONALITY
Bit name GPIOSIIO GPIO3 LEVEL | LDOO ENABLE CHVALF;%E NOT USED | GPIO2 INTSRC | GPIO1 INTSRC | GPIO2 _SM2
Function LDC(?JON?'RQIF F
When 0 See Table 23 See Table 23 LDOO OFF See Table 23 NOT USED See Table 23 See Table 23 See Table 23
When 1 LDOO ON
Table 46. LDO 3-5 Programming Step Values
Step B6-BO Vset Step B6-BO Vset Step B6-BO Vset Step B6-BO Vset
0 000 0000 1.224 32 010 0000 2.040 64 100 0000 2.015 96 110 0000 2.856
1 000 0001 1.250 33 010 0001 2.066 65 100 0001 2.040 97 1100001 2.882
2 000 0010 1.275 34 010 0010 2.001 66 100 0010 2.907 98 1100010 3.723
3 000 0011 1.301 35 010 0011 2117 67 100 0011 2.933 99 1100011 3.749
4 0000100 1.326 36 010 0100 2.142 68 100 0100 2.958 100 1100100 3.774
5 0000101 1.352 37 0100101 2.168 69 100 0101 2.984 101 1100101 3.800
6 000 0110 1.377 38 0100110 2.193 70 100 0110 3.009 102 1100110 3.825
7 0000111 1.403 39 0100111 2219 71 100 0111 3.035 103 1100111 3.851
8 000 1000 1.428 40 010 1000 2.244 72 100 1000 3.060 104 110 1000 3.876
9 000 1001 1.454 41 010 1001 2270 73 100 1001 3.086 105 1101001 3.902
10 000 1010 1.479 42 010 1010 2.295 74 100 1010 3.111 106 110 1010 3.927
11 000 1011 1.505 43 0101011 2321 75 100 1011 3.137 107 1101011 3.953
12 000 1100 1.530 44 010 1100 2.346 76 100 1100 3.162 108 1101100 3.978
13 000 1101 1.556 45 0101101 2372 77 100 1101 3.188 109 1101101 4.004
14 000 1110 1.581 46 0101110 2.397 78 100 1110 3.213 110 1101110 4.029
15 000 1111 1.607 47 0101111 2423 79 1001111 3.239 111 1101111 4.055
16 001 0000 1.632 48 011 0000 2.448 80 101 0000 3.264 112 111 0000 4.080
17 001 0001 1.658 49 011 0001 2.474 81 101 0001 3.290 113 111 0001 4.106
18 001 0010 1.683 50 011 0010 2.499 82 101 0010 3.315 114 1110010 4131
19 0010011 1.709 51 0110011 2525 83 101 0011 3.341 115 1110011 4.157
20 001 0100 1.734 52 011 0100 2.550 84 101 0100 3.366 116 1110100 4.182
21 0010101 1.760 53 0110101 2576 85 101 0101 3.392 117 1110101 4.208
22 0010110 1.785 54 0110110 2.601 86 101 0110 3.417 118 1110110 4233
23 0010111 1.811 55 0110111 2.627 87 1010111 3.443 119 1110111 4.259
24 001 1000 1.836 56 011 1000 2.652 88 101 1000 3.468 120 111 1000 4.284
25 001 1001 1.862 57 011 1001 2.678 89 101 1001 3.494 121 111 1001 4310
26 001 1010 1.887 58 0111010 2.703 90 101 1010 3.519 122 1111010 4335
27 001 1011 1.913 59 0111011 2.729 91 101 1011 3.545 123 1111011 4.361
28 001 1100 1.938 60 0111100 2.754 92 101 1100 3.570 124 1111100 4.386
29 0011101 1.964 61 0111101 2.780 93 1011101 3.596 125 1111101 4.412
30 0011110 1.989 62 0111110 2.805 94 1011110 3.621 126 1111110 4.437
31 0011111 2.015 63 0111111 2.831 95 1011111 3.647 127 1111111 4.463
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8.6.6 Switched-Mode Step-Down Converters — I°C Registers

The I1°C registers that control buck converter-related functions are shown below. The HEX address for each
register is shown by the register name, together with the R or W functionality for the register bits. Shaded values
indicate default initial power-up values.

Table 47. Switched-Mode Step-Down Converters Registers

\ B7 \ B6 | B5 \ B4 \ B3 | B2 \ B1 \ BO
SM1_SET1, Address = 10, All Bits R/W
Bit name SM1 EN PFM_RPL1 PFM_SM1 Setv4_SM1 | Setv3 SML | Setv2 SML | Setvli SM1 | Setvo_SM1
SM1 ONJOFF SM1 PFM SM1 PFM
Function CONTROL FUNCTION | MODE ON/OFF SM1 OUTPUT VOLTAGE REGULATION VALUE, STANDBY MODE NOT SET
OPERATION CTRL
MAXIMIZE
When 0 OFF At PWM/PFM
MINIMIZE See Table 48 for SM1, SM2 voltage setting, Power up default=1.24 V
When 1 ON OUTPUT Only PWM
RIPPLE
SM1_SET2, Address = 11, All Bits R/W
Bit name NOT USED STANDIBY—SM DISCHSM1 | S1S2PHASE_1 | S1S2PHASE 0 | SLEWSM1 2 | SLEWSM1 1 | SLEWSM1_0
SML STANDBY | SM1 output SM2 PWM CLOCK DELAY,
Function NOT USED MODE ON discharge WITH RESPECT TO SM1 PWM SM1 OUTPUT SLEW RATE SETTING
switch enable CLOCK
When 0 NOT USED OFF OFF 10 = 180° 000=0.24 010=0.96 100 =5.84 110 = 15.36
00=0° 11 = 270° 001=048 011=192101=7.68 111=
When 1 NOT USED ON ON 01=90° = 1g0° | IMMEDIATE
Default =180° | i mvius  Default= 15.36
SM1_STANDBY, Address = 12, B4-BO R/W, B7-B5 Read Only
Bit name GPIO3LVL GPIO2LVL GPIOILVL | Setv4 SM1SL | Setv3 SMISL | Setv2 SMISL | Setvl_SMISL | Setv0_SM1SL
Function GPIOS pin logic | GPIO2 pin logic | GPIOL pin logic SM1 OUTPUT VOLTAGE REGULATION VALUE, STANDBY MODE SET
level level level
When 0 LO LO LO .
See Table 48 for SM1, SM2 voltage setting, Power-up default = 1.24 V
When 1 HI HI HI
SM2_SET1, Address = 13, All Register Bits R/W
Bit name SM2 EN PFM_RPL2 PFM_SM2 Setva_SM2 SetV3_SM2 Setv2_SM2 Setvl_SM2 SetV0_SM2
SM2 ONJOFF SM2 PFM SM2 PFM
Function CONTROL FUNCTION | MODE ON/OFF SM2 OUTPUT VOLTAGE REGULATION VALUE, STANDBY MODE NOT SET
OPERATION CTRL
MAXIMIZE
When 0 OFF EEFICIENGY PWM/PFM
MINIMIZE See Table 48 for SM1, SM2 voltage setting, Power-up default = 3.32 V
When 1 ON OUTPUT ONLY PWM
RIPPLE
SM2_SET2, Address = 14, All Register Bits R/W
Bit name NoTuseD | STANDBY_SMI piscsmz | NOTUSED | NOTUSED | SLEWSM2 2 | SLEWSM2_1 | SLEWSM2.0
SM2 output
Function NOT USED SMJOSDTQ'E‘)?\‘BY discharge NOTUSED | NOT USED SM2 OUTPUT SLEW RATE SETTING
switch enable
When 0 NOT USED OFF OFF NOT USED NOT USED |000=0.48 010=1.92 100=7.68
110=30.72 001=0.096 011 =3.84
When 1 NOT USED ON ON NOT USED NOTUSED |101=1536 111 =IMMEDIATE
Unit: mV/ps Default = 30.72
SM2_STANDBY, Address = 15, All Register Bits R/IW
Bit name NOT USED NOT USED NOT USED | Setv4 SM2SL | Setv3 SM2SL | Setv2 SM2SL | Setvl SM2SL | Setv0_SM2SL
Function NOT USED NOT USED NOT USED SM1 OUTPUT VOLTAGE REGULATION VALUE, STANDBY MODE SET
When 0 NOT USED NOT USED NOT USED )
See Table 48 for SM1, SM2 voltage setting, Power up default=3.32 V
When 1 NOT USED NOT USED NOT USED
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Table 48. Programmable Settings for SM1 and SM2 (Including STANDBY)

SetVa_ SetV3_ SetvV2_ SetV1_ SetV0_ Vset SM1 | Vset SM2 SetVva_ SetV3_ SetvV2_ SetVl_ SetV0_ Vset SM1 | Vset SM2
SM SM SM SM SM SM SM SM SM SM
0 0 0 0 0 0.6 1 1 0 0 0 0 124 2.28
0 0 0 0 1 0.64 1.08 1 0 0 0 1 1.28 2.36
0 0 0 1 0 0.68 116 1 0 0 1 0 1.32 2.44
0 0 0 1 1 0.72 1.24 1 0 0 1 1 1.36 2.52
0 0 1 0 0 0.76 1.32 1 0 1 0 0 1.4 2.6
0 0 1 0 1 0.8 14 1 0 1 0 1 1.44 2.68
0 0 1 1 0 0.84 1.48 1 0 1 1 0 1.48 2.76
0 0 1 1 1 0.88 1.56 1 0 1 1 1 1.52 2.84
0 1 0 0 0 0.92 1.64 1 1 0 0 0 1.56 2.92
0 1 0 0 1 0.96 1.72 1 1 0 0 1 16 3
0 1 0 1 0 1 1.8 1 1 0 1 0 1.64 3.08
0 1 0 1 1 1.04 1.88 1 1 0 1 1 1.68 3.16
0 1 1 0 0 1.08 1.96 1 1 1 0 0 172 3.24
0 1 1 0 1 112 2.04 1 1 1 0 1 1.76 3.32
0 1 1 1 0 116 212 1 1 1 1 0 18 3.4
0 1 1 1 1 12 2.2 1 1 1 1 1 0.6 1
Table 49. Programmable Settings for SM1 and SM2 Phase and Slew Rate
SM1, SM2 PHASE SMX_SLEW RATE, SMX = SM1 OR SM2
S1S2_PHASE1 | S1S2_PHASEO PHASE SLEWX_2 SLEWX_1 SLEWX_0 SM1 SM2
- - = — — mV/us mV/us
0 0 0° 0 0 0 0.24 0.48
0 1 90° 0 0 1 0.48 0.96
1 0 180° 0 1 0 0.96 1.92
1 1 270° 0 1 1 1.92 3.84
1 0 0 3.84 7.68
1 0 1 7.68 15.36
1 1 0 15.36 30.72
1 1 1 Immediate

8.6.7 ADC — I°C Registers

The I°C registers that control ADC-related functions are shown below. The HEX address for each register is
shown by the register name, together with the R or W functionality for the register bits. Default, initial power-up
values are shown in bold. In the timing equations, replace Bn with 1 for HI state, and O for LO state.

Table 50. ADC Registers

| B7 | B6 B5 | B4 \ B3 | B2 | B1 | BO
ADC_SET, Address = 1E, All Bits R/W
Bit Name ADC_ENABLE | ADC_REF_EN | CHSEL2_SET | CHSEL1 SET | CHSELO_SET | READ_MODE2 | READ_MODE1 | READ_MODEO
ADC ON/OFF ADC
Function REFERENCE ADC CHANNEL SELECTION ADC SAMPLING SETTINGS
CONTROL
SELECTION
When 0 Ol Internal 000 = ANLG1 2(1)(1) = \T/FTS) ﬂg = ngXTT)) 000 =1 011 = 16 110=128
When 1 oN c | [oon=ANLG2 |07 ] Deteuit s 001= 4 100 = 32 111 = 256
en xternal = - - - - —
010 = VISETY) | yea7c ouT) | ANLOL 010=8 101 = 64 Default = 1
ADC READING_HI, Address = 1F, Bits B3/B4 R/W, All Other Bits Read Only
Bit Name | ADC_STATUS NOT USED NOTUSED | ADC_READ1 | ADC_READO D10 D9_MSB D8
ADC
CURRENT ALU OUTPUT DATA AVERAGE ADC CONVERSION OUTPUT
Function CONVERSION NOT USED NOT USED SELECTION CARRYOVER s
STATUS
BIT
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Table 50. ADC Registers (continued)

The LSB bit value is proportional to the ADC reference voltage - See Vgng(chn) IN electrical parameters

B7 B6 B5 B4 ‘ B3 B2 B1 BO

When 0 DONE NOT USED NOT USED | 00=LAST 10 = MAXIMUM VALID ONLY AFTER ADC
01=AVERAGE 11 = MINIMUM CONVERSION ENDS SEE

When 1 BUSY NOT USED NOT USED | pefault= LAST ADC_READING_LO
ADC READING_LO, Address = 20, Read Only
Bit Name D7 D6 D5 D4 D3 D2 D1 DO_LSB
Function ADC CONVERSION OUTPUT BITS, VALID ONLY AFTER ADC CONVERSION ENDS
value VALUE=[B10*512 + B9*256 + B8*128 + B7*64 + B6*32 + B5*16 + B4*8 + B3*4 + B2*2 + B1] * [ VRNG(CHn) / 1023]; Unit=Volts,

DHILIM1, Address = 21, All Bits R/IW

Bit Name NOTUSED | NOTUSED | NOTUSED | NOTUSED | NOT USED DHILIMIO |  DHILIMO DHILIMS
Eunction RESERVED ADC MAX INPUT LIMIT RANGE SETTING (3
MSBSs)
DHILIM2, Address = 22, All Bits RIW
Bit Name DHILIM7 | DHILIM6 | DHILIM5 | DHILM4 | DHILIM3 DHILIM2 DHILIML | DHILIMO_LSB
Function ADC MAX INPUT LIMIT RANGE SETTING (8 LSBs)
DLOLIM1, Address = 23, All Bits RIW
Bit Name NOTUSED | NOTUSED | NOTUSED | NOTUSED | NOTUSED DLOLIMIO |  DLOLIM9 DLOLIM8
Function RESERVED ADC MIN INPUT LIMIT RANGE SETTING (3 MSBs)
DLOLIM2, Address = 24, All Bits RIW
Bit Name pLoLiM7 | DLOLM6 | DLOLIMS | DLOLM4 | DLOLIM3 | DLOLIM2 DLOLIML | DLOLIMO_LSB
Function ADC MIN INPUT LIMIT RANGE SETTING (8 LSBs)
ADC_DELAY, Address = 25, All Bits RIW
Bit Name ADC_TRG_GPIO3 | EDGE _GPIO3 HOLDOFF REPEAT Delay_3 ‘ Delay_2 Delay_1 Delay_0
ADC
GPIO3 REPEAT
Function USE GPIO3 AS TRIGGER HOLDOFF MODE ADC EXTERNAL TRIGGER DELAY SETTING
ADC TRIGGER N OnE ON/OFF oNoRE
CONTROL
When 0 OFF Falling Edge OFF OFF toLv(rric)= B4*400 + B3 * 200 + B2*100 + B1* 50, Units = ps Default =
When 1 ON Rising Edge ON ON Ops
ADC_WAIT, Address = 26, All Bits RIW
Bit Name ADC_cH2l D1 | ADC_cH2I DO | BATIDI_D1 BATIDI_DO WAIT D3 WAIT D2 WAIT D1 WAIT_LSB
. ANLG2 PULL-UP CURRENT ANLG1 PULL-UP CURRENT
Function 2 OURCE VALUE e OURCEVALUE ADC SAMPLE WAIT TIME, MULTIPLE SAMPLES MODE
When 0 0000 = 0 1100 = 5.12
. . . = 0100=0.08 | 1000 = 0.64 =
11:60 pA, 10:50 pA, 01:10 pA,00: 0 11'6%(‘)‘5' 10:50 WA, 01:10 pA, 880(1) = 8'82 0101=016 | 1001=1.28 1103 = 10'32
Default= 00 P WEAK PULL UP 102004 10110=024 |1010=192 |1HO=1>
When 1 € Default: 00 0011 = 0.06 1111 = 20.48
: t1=0. 0111=032 |1011=256 0.
Units = ms Default =0
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8.6.8 White LED, PWM Drivers — I°C Registers

The I2C registers that control LED AND PWM driver related functions are shown below. The HEX address for
each register is shown by the register name, together with the R or W functionality for the register bits. Shaded
values indicate default initial power-up values. In the equations replace Bn with 1 for HI state, and O for LO state.

Table 51. White LED, PWM Drivers Registers

\ B7 | B6 \ BS5 \ B4 | B3 \ B2 \ B1 | BO
SM3_SET, Address = 16, All Bits RIW
Bit Name SM3_7set | SM3_i6set | SM3i5set | SM3i4set | SM3I3set | SM3I2set | SM3Ilset | SM3_I0set
Function SM3 DUTY CYCLE CONTROL
Value See Table 19 for SM3 duty cycle settings, default = 0 (OFF)
RGB_FLASH, Address = 17, All Bits RIW
Bit Name FLASH_EN FLASH_ON2 FLASH_ON1 FLASH_ONO FLASH_PER3 FLASH_PER2 FLASH_PER1 FLASH_PERO
Function ELaSHMODE FLASH MODE ON TIME FLASH MODE PERIOD
a::: 2 OO:F See Table 20 for RGB OO'\_IITIME settings, default = See Table 20 for RGB FLASH settings, default = 1
RGB_RED, Address = 18, All Bits R/IW
Bit Name RGB_ISET1 RGB_ISETO PHASE PWMR_D4 PWMR_D3 PWMR_D2 PWMR_D1 PWMR_DO
Function RGB LED CURRENT SETTINGS Cg:ﬁggl_ REG DRIVER DUTY CYCLE CONTROL
GREEN out of
When 0 @ with RED &
0120: r?1A 10121312'?;% BLUIZI;JLLJJ'tEof ® See Table 20 for RGB_RED DUTY settings, default = 0
When 1 with RED &
GREEN
RGB_GREEN, Address = 19, All Bits R/IW
Bit Name NOT USED NOT USED NOT USED PWMG_D4 PWMG_D3 PWMG_D2 PWMG_D1 PWMG_DO
Function NOT USED NOT USED NOT USED GREEN DRIVER DUTY CYCLE CONTROL
Value NOT USED NOT USED NOT USED See Table 20 for RGB_GREEN DUTY settings, default = 0
RGB_BLUE, Address = 1A, All Bits R/W
Bit Name NOT USED NOT USED NOT USED PWMB_D4 PWMB_D3 PWMB_D2 PWMB_D1 PWMB_DO
Function NOT USED NOT USED NOT USED BLUE DRIVER DUTY CYCLE CONTROL
Value NOT USED NOT USED NOT USED See Table 20 for RGB_BLUE DUTY settings, default = 0
PWM, Address = 1D, All Bits R/W
Bit Name PWM_EN PWM1_F2 PWM_F1 PWM_FO PWM_D3 PWM_D2 PWM_D1 PWM_DO
Function PV(\;IQ,ANOT’\FIJSLF F PWM DRIVER FREQUENCY SETTINGS PWM DRIVER DUTY CYCLE SETTINGS
When 0 Disabled | 000 = 156 kHz |011=3kHz | 170 - LK
001 =7.8 kHz 100 = 2 kHz — See Table 21 for PWM DUTY settings, default = 0.0625
When 1 Enabled | 010=45kHz |101=15kHz | oooult =156
LED_PWM, Address = 27, All Bits RIW
Bit Name LPWM_7 set LPWM_6 set LPWM_5 set LPWM_4 set LPWM_3 set LPWM_2 set LPWM_1 set LPWM_O set
Function LED_PWM DRIVER DUTY CYCLE CONTROL
Value See Table 19 for LED_PWM DUTY settings, default = 0 (OFF)
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8.6.9 GPIOs — I°C Registers

The I2C registers that control GPIO-related functions are shown below. The HEX address for each register is
shown by the register name, together with the R or W functionality for the register bits. Shaded values indicate
default initial power-up values.

Table 52. GPIOs Registers

B7 B6 B5 B4 | B3 B2 B1 BO
GPIO12, Address = 1B, All Bits R/IW
Bit Name GPIO21/0 GPIOLI/O GPIO20UT | GPIO1OUT GPIO2LVL GPIOILVL | GPIOISMSBY | GPIO1SM1
GPIO 1
SETERI02 | SETEPIOL | GPIO2 EDGE | GPIOLEDGE | CONTROLS GPIOL
Function GPIO2 MODE | GPIOLMODE |  (SExel. OUTUT AND LEVEL | ANDLEVEL | SM1AND SM2 | CONTROLS
onLY) onLY) DETECTION | DETECTION | STANDBY | SM1 ON/OFE
ON/OFF
RISING EDGE, | RISING EDGE,
When 0 INPUT INPUT Low Low S EDe S DG DISABLED DISABLED
FALLING FALLING
When 1 ouTPUT OUTPUT HIGH HIGH EDGE, HI EDGE, HI ENABLED ENABLED
LEVEL LEVEL
GPIO3, Address = 1C, All Bits R/IW
Bit Name GPIO3I/0 GPIO30UT LDOO_EN CHG VOLT | NOT USED GPIO2 INT GPIOL INT GPIO2SM2
SET GPIO3
CHARGE GPIO2 GPIOL
Function GPIO3 MODE (()LE¥FE,GT LD INOFF | voLTAGE NOTUSED | TRIGGERS | TRIGGERS | Sus ONOFF
SAFETY BIT INTHISLO | INTHISLO
ONLY)
When 0 INPUT Low OFF 420V NOT USED DISABLED DISABLED DISABLED
When 1 OUTPUT HIGH ON 436V NOT USED ENABLED ENABLED ENABLED
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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

The target application for this device is a smart phone operated from a single Lithium lon battery that can be
recharged from either a USB port or an AC adaptor.
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9.2 Typical Applications

9.2.1 SM1, SM2 Converter Design Example

AC _DC
ADAPTER
ouTPUT
+
= E\ o
- [=]
? O‘ g pagpr)
I3} o
47 £35S >
20 840 vout
GND =] a2
use 29 39
POWER Q o >
o
+
c1 22 uF \
. o | A TPS65810 our £
€2 110 uF i ven SYSTEM
47 > out [9 ] POWER v.
c3)2.2uF o R sET BUS s
GND
c4 Supercap RTC _OUT ISET 1
> - R12
€5 1uF T 10KQ
BAT Battery
C6 || 1uF J_ BAT
i VIN _LDO 12
C7 | 1uF i
[ LDO _PM s ‘
A1 cs 1 4.7uF B 0 TMR
co
|| -4-TuF LDo 1 DPPM
VsM2 €10 |1 4.7uF
I LDO 2 Al yen GND
T ACHDIR VIN _sm 1[47
o
vipo 3 et 1 VIN _LDO 35 sm 1[aa] r c22
€12 || 0.1uF J1our
I LDO 35 _REF PGND 1 i VouT
C13 || 2.2uF =
Il LDO 3 P1
A2 C14 || 2.2uF VIN _sm 2|50
1t LDO 4 o
C15 |12.2uF L2 vsmz
VL%os I 7 Lbo 5 sM 2 [49 | €20
AGND 2 J10uF
[ RESET SWITCH PGND 2 |52
vV SM2 R7 * HOT _RST P2 =
O——AM\ SM 3SW |40
120 | TRsTPWON
L3[ae vouT
SYS _IN A A A AN
.7SCLK SM 3 |42 PP+t
WHITE LEDS = €28
3 |spAT 1uF
- FB 3
[19 ] INT
=P3
RESPWRON poND 3 [32]
ADC _REF PWM [34 EXTERNAL
LED _PWM PERIPHERALS
ANLG 2
ANLG 1 RED N
GPIO 1 GREEN 1<
<
GPIO 2 BLUE gg
GPIO 3 PWRGND AGND 0
RGB LED
57
yA 1 1) RESISTOR VALUES IN OHMS

— RESET
——— ALARM
EXTE‘:Z;L 4.7 uF DATA
cLOCK
ANALOG
INPUTS A1
ADC TRIGGER

2) THE FOLLOWING PARAMETERS ARE PROGRAMMED :

-RTMR =49.9K: 6 HOUR CHARGE SAFETY TIMER
30 MIN PRE-CHARGE SAFETY TIMER
-RgET= 1K: 1A CHARGE CURRENT (NO SCALING, INPUT LIMIT=2.5A),
100 mA TERMINATION AND PRE -CHARGE CURRENTS
EXTERNAL HOST -RFB3 =10 QHMS 25mA WHITE LED CURRENT
- CTRSTPWON =100 nF : 100mSEC RESET PULSE WIDTH
- RDPPM=37.4K: V(DPPM)~ 4.3V

3) THE CAPACITOR VALUES SHOWN IN THE APPLICATION DIAGRAM
MAY BE LARGER THAN THE MINIMUM REQUIRED VALUES INDICATED

dLl Ll s

IN THE PIN DESCRIPITON TABLE

4) THE VALUES SHOWN IN THE APPLICATION DIAGRAM MATCH THE
COMPONENT VALUES USED IN THE HPA 129 EVM, SEE DESIGN NOTES
SECTION FOR COMPONENT SELECTION DETAILS

5) AFTER GPIOS ARE SET TO HI THE HOST NEEDS TO TURN ON M1 IN
LESS THAN 1 SEC (WITH R8=100K AND C29=4.7uF) TO KEEP THE
SYSTEM RUNNING UNDER BATTERY POWER ONLY

Figure 51. TPS65810 Application Diagram, Recommended External Components
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Typical Applications (continued)
9.2.1.1 Design Requirements

Use values listed in Table 53 as the design conditions and parameters for the SM1 or SM2 converter design
example.

Table 53. Design Parameter

DESIGN PARAMETER EXAMPLE VALUE
VIN_SM1/2 4.6 V typical (may be less if input source is limited)
VOUT_SM1/2 1.24V
lomax) 0.6 A
fsw 1500 kHz
fe 25 kHz

Use Equation 13 to calculate the target inductance for this design application.

{1_ V(OUT)j
\Y/
Liarget = V(OUT) y IN_MAX ) _ 3 a5 uH
0.3 x IO(MAX) fSW
where
e 3.3 pH s a good target value (13)

Use Equation 14 to calculate the target capacitance for this design application.

Ce 1 _105.F

L(2 X T X fC)2

where
e 10 pis a good target value (14)

9.2.1.2 Detailed Design Procedure

9.2.1.2.1 Inductor and Capacitor Selection — Converters SM1 and SM2

SM1 and SM2 are designed with internal voltage mode compensation and the stabilization is based on the
selection of an LC filter that has a corner frequency around 27 kHz. Tl does not recommend using LC values that
would be outside the range of 13 kHz to 40 kHz.

Use Equation 15 to calculate the corner frequency of the output LC filter for L = 3.3 uH and C = 10 yF which are
the standard recommended LC values.

1
=27.7 kHz
2nJLC (15)

The inductor value, along with the input voltage VIN, output voltage Vot and switching frequency f define the
ripple current. Typically the ripple current target is 30% of the full load current. At light loads it is desirable for
ripple current to be less then 150% of the light load current.

The inductor must be chosen with a rating to handle the peak ripple current, if a current of an inductor gets
higher than its rated saturation level (DCR), the inductance starts to fall off, and the inductor’s ripple current
increases exponentially. The DCR of the inductor plays an important role in efficiency and size of the inductor.
Larger diameter wire has less DCR but may increase the size of the inductor

Use Equation 16 to calculate the target inductor value. If an inductor value was already selected, use
Equation 17 to calculate the ripple current of the inductor under static operating conditions. The ripple amplitude
can be calculated during the ON-time (positive ramp) or during the OFF-time (negative ramp). Calculating the
ripple using the off time is the easiest method because the voltage of the inductor is the output voltage.
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1_ V(OUT)
V(OUT) VIN_max
Itarget = 0.3 x| X f
-9 X lo(MAX) (16)
[ 1 V(OUT)]
V
Al = Vi ap=YOUT) N
L L f a7
Use Equation 18 to calculate the peak current because of the output load and ripple current.

I max =1 AL
L max O(MAX) 2 (18)
For a faster transient response, a lower inductor and higher capacitance allows the output current to ramp faster,
while the addition capacitance holds up the output longer (a 2.2-pyH inductor in combination with a 22-puF output
capacitor are recommended).

The highest inductor current occurs at the maximum input voltage. The peak inductor current during a transient
may be higher than the steady state peak current and must be considered when selecting an inductor. Monitoring
the inductor current for non-saturation operation during a transient of 1.2 x I hax at Vin max €nsures adequate
saturation margin. Table 54 lists recommended inductors for typical operating conditions.

Table 54. Inductors for Typical Operation Conditions

DEVICE INDUCTOR VALUE TYPE COMPONENT SUPPLIER
DCDC3 converter 3.3 uH CDRH2D14NP-3R3 Sumida
3.3 pH PDS3010-332 Coilcraft
3.3 uH VLF4012AT-3R3M1R3 TDK
2.2 yH VLF4012AT-2R2M1R5 TDK
2.2 yH NR3015T2R2 Taoup-Uidem
DCDC2 converter 3.3 uH CDRH2D18/HPNP-3R3 Sumida
3.3 uH VLF4012AT-3R3M1R3 TDK
2.2 uH VLCF4020-2R2 TDK
DCDC1 converter 3.3 uH CDRH3D14/HPNP-3R2 Sumida
3.3 uH CDRH4D28C-3R2 Sumida
3.3 pH MSS5131-332 Coilcraft
2.2 yH VLCF4020-2R2 TDK

9.2.1.2.2 Output Capacitor Selection, SM1, SM2 Converters

The advanced Fast Response voltage mode control scheme of the SM1, SM2 converters implemented in the
TPS65020 allow the use of small ceramic capacitors with a typical value of 10 pF for a 3.3-yH inductor, without
having large output voltage under and overshoots during heavy load transients.

Ceramic capacitors having low ESR values have low output voltage ripple, and recommended values and
manufacturers are listed in Table 27. Often, because of the low ESR, the ripple current rating of the ceramic
capacitor is adequate to meet the inductor’s currents requirements.

Use Equation 19 to calculate the RMS ripple current.

4. V(ouT)
V, 1
VrRmscCout = N x ( +ESR]
ou L X f 8 X COUT X f (19)

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: The output voltage ripple is maximum at the highest input voltage Vin. Use
Equation 20 to calculate the voltage spike caused by the output capacitor ESR (Vrmscout)-
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1 _ Vour
Vv _ Vin x ( 1 + ESR)
RMSCout Lxf 8 x Cout x f (20)

At light load currents, the converters operate in PFM and the output voltage ripple is dependent on the output
capacitor value. The output voltage ripple is set by the internal PFM output voltage comparator delay and the
external capacitor. The typical output voltage ripple is less than 1% of the nominal output voltage. Table 55 lists
recommend 1/O capacitors for typical operating conditions.

Table 55. Input and Output Capacitors for Typical Operation Conditions

CAPACITOR VALUE CASE SIZE COMPONENT SUPPLIER COMMENTS
22 uF 1260 TDK C3216X5R0J226M Ceramic
22 uF 1260 Taiyo Yuden JMK316BJ226ML Ceramic
10 yF 0805 Taiyo Yuden JMK212BJ106M Ceramic
10 yF 0805 TDK C2012X5R0J106M Ceramic
22 uF 0805 TDK C2012X5R0J226MT Ceramic
22 uF 0805 Taiyo Yuden JMK212BJ226MG Ceramic

9.2.1.2.3 Input Capacitor Selection, SM1, SM2 Converters

Buck converters have a pulsating input current that can generate high input voltage spikes at V5. A low ESR
input capacitor is required to filter the input voltage, minimizing the interference with other circuits connected to
the same power supply rail. Each DC-DC converter requires a 10-uF ceramic input capacitor on its input pin.
9.2.1.2.4 Output Voltage Selection, SM1, SM2 Converters

Typically the output voltage is programmed by the I°C. An external divider can be added to raise the output
voltage, if the available 1°C values do not meet the application requirements. Take care with this special option,
because this external divider (gain factor) would apply to any selected I°C output voltage value for this converter.

Use Table 54 to calculate the value of R1 with R2 = 20 kQ.

R1:(M_1]R2

FB
where
*  Vsuxour IS the desired output voltage and R1/R2 is the feedback divider
» Vg is the I°C selected voltage (21)
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9.2.1.3 Application Curves

The application curves were measured with the application circuit shown in Figure 51 (unless otherwise noted).
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Figure 54. Transient - SM1 Start-Up
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Figure 55. Transient - SM2 Start-Up
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9.2.2 Charger Design Example

AC_DC Adapter TPS 85810
Output e AC SWITCH ouT SYSTEM POWER BUS
Py
%4 oura | Lo
USB Power I USB _ USB SWITCH 22F
i | BATTERY
c2 LLT || switcH A1
10 uF [ 10 pF] | BAT o Battery
BAT 1 cos
s T 0.22uF
POWER PATH LINEAR N
(NN CONTROL CHARGER PR . o
n
ISETR l g
Rser <Rrvr Rpppy | €23
374k | 470F
System Power Charge Voltage
Selection Fast Charge
Input Current Limit Current Scaling A1 With the above components the following system
Selection Charge Suspend parameters are set :
Fast Charge Current = 1A (100% scaling, input limit=2.5A)
12C REGISTERS Safety Timer = 5hours, 30 min pre-charge

DPPM threshold = 4.3V

Temp hot: 65C

Temp Cold : 5C

Figure 58. Required External Components, Recommended Values, External Connections

9.2.2.1 Design Requirements
Use values listed in Table 56 as the design conditions and parameters for the charger design example.

Table 56. Design Parameter

DESIGN PARAMETER EXAMPLE VALUE
V(OUT) 4.6 V; (OUT pin is input to charger)
Fast-charge current, lpgm 1A
DPPM-OUT threshold 4.3 V; (charging current reduces when OUT falls to this level)
Safety timer 5h
Battery short-circuit delay, tpg ay 47 ps; (delays BAT short circuit during hot plug of battery)
TS temperature range Disabled
K(seT) 400
V(seT) 25V
Kpppm 1.15
loppMm 100 pA
KtMR 0.36 s/Q

9.2.2.2 Detailed Design Procedure

9.2.2.2.1 Program the Fast Charge Current Level:
Use Equation 22 to calculate the fast-charge current level.
Ksem * VseT) _ 14O

Riset = I
PGM (22)

9.2.2.2.2 Program the DPPM_OUT Voltage Level
Use Equation 23 to calculate the DPPM_OUT voltage level which is the level at which the charging current is
reduced.
V
__'DPPM_OUT _ _ 3 74 kO

Rpppm =
Kppem X Ipppm (23)
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9.2.2.2.3 Program the BAT Short Circuit Delay
Use Equation 24 to calculate the BAT short-circuit delay which is used to insert the battery.
Coppm = tpetay X Ipppm = 4.7 Nf (24)

9.2.2.2.4 Program the 5-Hour Safety Timer

Use Equation 25 to calculate the value of the safety timer.

Kvr (25)

10 Power Supply Recommendations

The power path control of this device allows it to be used with an input voltage from an AC adapter, a USB port,
or a single-cell lithium ion (Li-lon) battery. The AC and USB inputs must be well regulated and range from
4.35t05.5V.

11 Layout

11.1 Layout Guidelines

The PCB layout for a switching power supply is an important step of the design, especially for high peak current
and high switching frequency converters. To avoid stability and EMI problems, Tl recommends that short and
wide traces be used for the main current path and for the power ground tracks. The input capacitor, output
capacitor and the inductor must be placed as close as possible to the IC. Use a common ground node for power
ground and a different one for analog ground to minimize the effects of ground noise. Both these ground nodes
must be connected together at a point close to one of the IC ground pins.

The PGNDx pins are the ground connections for the power stage and therefore carry high DC and AC peak
currents. A low impedance connection between the PGNDx pins and the power ground plane is recommended.
No other pins must be connected to the PGNDXx pins.

The AGNDXx pins serve as the ground connections for the internal analog circuitry of the device. These pins must
be connected directly to the PCB ground plane using vias.
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11.2 Layout Example
PGND2 © © ©
©JOJO, ©) ©) ©)
3 |2 3
O @) @)
L2 @)
S
©JOJO) ©JOJO)
—
8 ©JOJO) ©JOJO)
L1 O
)]
> 5 5
S S
©JOJO,
PGND1 @ © ©
© © ©
Figure 59. Converter Layout Example
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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 Related Documentation

For related documentation see the following:
» Differences Between the TPS65800/810/820 PMIC Devices, SLVA248
» Optimizing Resistor Dividers at a Comparator Input, SLVA450

« TPS658xxEVM Integrated Single-Cell, Lithium-lon Battery- and Power-Management IC With 12C, LED Drives,
Two Synchronous Buck, Boost, and Multiple LDOs, SLVU154

12.3 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 57. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
TPS65810 Click here Click here Click here Click here Click here
TPS65811 Click here Click here Click here Click here Click here

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

12.5 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.6 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.

12.7 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS65811RTQR Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS
65811
TPS65811RTQR.B Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS
65811

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

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
RTQ 56 VQFN - 1 mm max height

8 x 8, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RTQO056B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

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

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RTQO0056B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RTQO0056B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

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

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

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

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

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

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

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