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b25896 I°C Controlled Single Cell 3-A Fast Charger with MaxCharge™ Technology for
High Input Voltage and Adjustable Voltage USB On-the-Go Boost Mode

1 Features
« High Efficiency 3-A, 1.5-MHz Switch Mode Buck
Charge

— 92.5% Charge Efficiency at 2 A and 90.5%
Charge Efficiency at 3 A Charge Current

— Optimize for High Voltage Input (9 V /12 V)

— Low Power PFM mode for Light Load
Operations

* USB On-the-Go (OTG) with Adjustable Output
from4.5Vto55V

— Selectable 500-KHz / 1.5-MHz Boost
Converter with up-to 2 A Output

— 93% Boost Efficiency at 5V at 1 A Output
— Accurate Hiccup Mode Overcurent Protection
— Support down-to 2.5V Battery

— Support PWM only or PFM/PWM control for
Light Load Efficiency

» Single Input to Support USB Input and Adjustable
High Voltage Adapters

— Support 3.9-V to 14-V Input Voltage Range

— Input Current Limit (100 mA to 3.25 A with 50-
mA resolution) to Support USB2.0, USB3.0
standard and High Voltage Adapters

— Maximum Power Tracking by Input Voltage
Limit up-to 14V for Wide Range of Adapters

» Input Current Optimizer (ICO) to Maximize Input
Power without Overloading Adapters

* Resistance Compensation (IRCOMP) from
Charger Output to Cell Terminal

» Highest Battery Discharge Efficiency with 11-mQ
Battery Discharge MOSFET up to 9 A

e Integrated ADC for System Monitor
(Voltage, Temperature, Charge Current)

* Narrow VDC (NVDC) Power Path Management

— Instant-on Works with No Battery or Deeply
Discharged Battery

— Ideal Diode Operation in Battery Supplement
Mode

* BATFET Control to Support Ship Mode, Wake Up,
and Full System Reset

+  Flexible Autonomous and I12C Mode for Optimal
System Performance

» High Integration includes all MOSFETS, Current
Sensing and Loop Compensation

e 12-yA Low Battery Leakage Current to Support

Ship Mode

» High Accuracy
— +0.5% Charge Voltage Regulation
— 15% Charge Current Regulation
— %7.5% Input Current Regulation

e Safety

— Battery Temperature Sensing for Charge and
Boost Mode

— Thermal Regulation and Thermal Shutdown

2 Applications

*  Smart Phone
 Tablet PC
» Portable Internet Devices

3 Description

The bg25896 is a highly-integrated 3-A switch-mode
battery charge management and system power path
management device for single cell Li-lon and Li-
polymer battery. The devices support high input
voltage fast charging. The low impedance power path
optimizes switch-mode operation efficiency, reduces
battery charging time and extends battery life during
discharging phase. The I1°C Serial interface with
charging and system settings makes the device a
truly flexible solution.

Device Information®
PACKAGE BODY SIZE (NOM)
WQFN (24) 4.00mm x 4.00mm

PART NUMBER
b25896

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

Simplified Schematic

7777777777 Input

39V-14Vat3A SYS3.5V-4.5V

UsB VBUS swf—"""" " ——»
0TG
5Vat2A
SYS
BAT Ichg = 3A
P D P B 1
C Bus QON CL
Host

bg25896 REGN f Optional

Host Control

TS

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.



I3 TEXAS
INSTRUMENTS
bq25896
SLUSC76C —JULY 2015—REVISED MAY 2018 www.ti.com
Table of Contents
1 FAUIES ..o 1 9.3 Device Functional Modes.............ccooeiiniiiiinieininns 31
2 APPlICALIONS .o 1 9.4 Register Maps.......ccccooovivmiiriin, 32
3 DESCHPLION oo 1 10 Application and Implementation........................ 49
4 REVISION HiSTOIY..o.ouovieeeeieeeeeeeeeeeeeeeeerereeeeeean, 2 10.1 Application Information............cccocvecieniiiiinieennn. 49
5 Description (CONtinUEd).........ccoovvveveeeerereeeererennen. 3 102 Typical APPHCANION w.vvvveeessse 49
6 Device Comparison Table.........cccocovvveiiicinieninns 4 1 ’130'3 Sgtem lEX;mples """"" d e >4
7 Pin Configuration and Functions ...........ccceeevuee. 5 12 Lower Upply RECOMMENMALIONS ..ovovvrrrrrrrr 22
8  SpecificationS ..o 7 12)£ou|_tted| """""""""""""""""""""""""""""" ss
8.1 Absolute Maximum Ratings .........ccccovvveerieeniiniieeninnns 7 12'2 Layou EUI ellnes """"""""""""""""""""""""""""""" .
8.2 ESD RAUNGS......evveeeeeereeseeeeeeeeeeeeeeeeeeeseseesseesen 7 2 Layout Example ......... s
8.3 Recommended Operating Conditions.................. 7 13 Device and Docpmentatlon Support ...ccceeeenneen. 56
8.4 Thermal INformation ..........c.ccoceeverieeieeninicieneneenne 8 13.1 Documentation SUPPOIT wweeeeeevsssssssssssssssnvvv 56
8.5 Electrical CharacteristiCs.........cccceeeevvivveeeeiiiiieeeeeenne 13.2 Receivmg Notification of Documentation Updates 56
8.6 TIMiNG REGUINEMENES .....vvvvvvvoeeeeeere e 13.3 Community RESOUICES.........coccvveirriieiiiieereee e 56
8.7 Typical CharacteristiCs ...........ccevvrervenrreeeenenenns 134 Trademark‘s....‘ """"""""""" s o6
9  Detailed Description 13.5 Electrostatic Discharge Caution.............ccccceveennee. 56
9.1 Functional Block Diagram 13.6 Glgssary ............. s 56
9.2 Feature Description 14 Mechanical, Packaging, and Orderable
T T T INFOrMAtioN ..ocveviieeeec e 56
4 Revision History
Changes from Revision B (October 2016) to Revision C Page
* Added sentence to the Battery Monitor secton "In battery only Mmode, .." . ... 24
¢ Changed the Type values of Bit 7 in Table 26 From: R TO: R/W.....ccooiiiiiiiiiie e 48
Changes from Revision A (September 2015) to Revision B Page
e First release Of the fUll At SNEET ...........eiii i ettt e ettt e e e skttt e e e et bt e e e e e atbe e e e e e antaeeeaeaanneeeaaean 1
Changes from Original (July 2015) to Revision A Page
¢ Changed the datasheet From: Preview To: ProducCtion Data ...........ccuueiiiiiiiiiiieiiiiieee ettt et e e e 1
e Changed OTG From: 5V at 1.5A To: 5V at 2A in the Simplified SChEMALIC ..........ccceiiiieiiiie e 1

2 Submit Documentation Feedback

Copyright © 2015-2018, Texas Instruments Incorporated

Product Folder Links: bg25896



13 TEXAS
INSTRUMENTS
bq25896

www.ti.com SLUSC76C —JULY 2015—REVISED MAY 2018

5 Description (continued)

The bg25896 is a highly-integrated 3-A switch-mode battery charge management and system power path
management device for single cell Li-lon and Li-polymer battery. It features fast charging with high input voltage
support for a wide range of smartphone, tablet and portable devices. Its low impedance power path optimizes
switch-mode operation efficiency, reduces battery charging time and extends battery life during discharging
phase. It also integrates Input Current Optimizer (ICO) and Resistance Compensation (IRCOMP) to deliver
maximum charging power to battery. The solution is highly integrated with input reverse-blocking FET (RBFET,
Q1), high-side switching FET (HSFET, Q2), low-side switching FET (LSFET, Q3), and battery FET (BATFET, Q4)
between system and battery. It also integrates the bootstrap diode for the high-side gate drive and battery
monitor for simplified system design. The 1°C serial interface with charging and system settings makes the device
a truly flexible solution.

The device supports a wide range of input sources and takes the result from detection circuit in the system, such
as USB PHY device. The input current and voltage regulation selection is compactible with USB 2.0 and USB 3.0
power spec. In addition, the Input Current Optimizer (ICO) supports the detection of maximum power point
detection of the input source without overload. The device also meets USB On-the-Go (OTG) operation power
rating specification by supplying 5 V (Adjustable 4.5V-5.5V) on VBUS with current limit up to 2 A.

The power path management regulates the system slightly above battery voltage but does not drop below 3.5V
minimum system voltage (programmable). With this feature, the system maintains operation even when the
battery is completely depleted or removed. When the input current limit or voltage limit is reached, the power
path management automatically reduces the charge current to zero. As the system load continues to increase,
the power path discharges the battery until the system power requirement is met. This Supplemental Mode
operation prevents overloading the input source.

The device initiates and completes a charging cycle without software control. It automatically detects the battery
voltage and charges the battery in three phases: pre-conditioning, constant current and constant voltage. At the
end of the charging cycle, the charger automatically terminates when the charge current is below a preset limit in
the constant voltage phase. When the full battery falls below the recharge threshold, the charger will
automatically start another charging cycle.

The charger provides various safety features for battery charging and system operations, including battery
temperature negative thermistor monitoring, charging safety timer and overvoltage/overcurrent protections. The
thermal regulation reduces charge current when the junction temperature exceeds 120°C (programmable). The
STAT output reports the charging status and any fault conditions. The PG output indicates if a good power
source is present. The INT immediately notifies host when fault occurs.

The device also provides a 7-bit analog-to-digital converter (ADC) for monitoring charge current and
input/battery/system (VBUS, BAT, SYS, TS) voltages. The QON pin provides BATFET enable/reset control to
exit low power ship mode or full system reset function.

The device family is available in 24-pin, 4 x 4 mm? x 0.75 mm thin WQFN package.

Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 3
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bq25896
I°C Address 6BH (1101011B + R/W)
Charge Mode Frequency 1.5 MHz
Boost Mode Frequency 1.5 MHz (default) / 500 KHz
USB Detection PSEL/OTG
VBUS Overvoltage 14V
REGN LDO 5V
Default Adapter Current Limit 3.25A
Default Battery Charge Voltage 4.208 V
Maximum Charge Current 3.008A
Default Charge Current 2.048 A
Default Pre-charge Current 128 mA
Maximum Pre-charge Current 1.024A
Maximum Boost Mode Output Current 2A
Charging Temperature Profile JEITA
Pin 24 NC
Status Output STAT, PG
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7 Pin Configuration and Functions
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Pin Functions

PIN

NAME

NO.

TYPE®

DESCRIPTION

VBUS

Charger Input Voltage.
The internal n-channel reverse block MOSFET (RBFET) is connected between VBUS and PMID with VBUS on
source. Place a 1-uF ceramic capacitor from VBUS to PGND and place it as close as possible to IC.

PSEL

DI

Power source selection input.
High indicates a USB host source and Low indicates an adapter source.

DO

Open drain active low power good indicator.
Connect to the pull up rail via 10-kQ resistor. LOW indicates a good input source if the input voltage is within
Vygus_op, @bove SLEEP mode threshold (Vs gepz), and current limit is above Igarsrc(30 MA).

STAT

DO

Open drain charge status output to indicate various charger operation.

Connect to the pull up rail via 10-kQ resistor. LOW indicates charge in progress. HIGH indicates charge
complete or charge disabled. When any fault condition occurs, STAT pin blinks in 1 Hz.

The STAT pin function can be disabled when STAT_DIS bit is set.

SCL

DI

I2C Interface clock.
Connect SCL to the logic rail through a 10-kQ resistor.

SDA

DIO

I2C Interface data.
Connect SDA to the logic rail through a 10-kQ resistor.

INT

DO

Open-drain Interrupt Output.
Connect the INT to a logic rail via 10-kQ resistor. The INT pin sends active low, 256-ps pulse to host to report
charger device status and fault.

OoTG

DI

Boost mode enable pin.
The boost mode is activated when OTG_CONFIG =1, OTG pin is high, and no input source is detected at
VBUS

DI

Active low Charge Enable pin. o o
Battery charging is enabled when CHG_CONFIG = 1 and CE pin = Low. CE pin must be pulled High or Low.

ILIM

10

Al

Input current limit Input. ILIM pin sets the maximum input current and can be used to monitor input current
ILIM pin sets the maximum input current limit by regulating the ILIM voltage at 0.8 V. A resistor is connected
from ILIM pin to ground to set the maximum limit as lyvax = Kium/Rium - The actual input current limit is the
lower limit set by ILIM pin (when EN_ILIM bit is high) or IIINLIM register bits. Input current limit of less than 500
mA is not support on ILIM pin.

ILIM pin can also be used to monitor input current when the voltage is below 0.8V. The input current is
proportional to the voltage on ILIM pin and can be calculated by Iy = (Kium X Viuw) / (Rium X 0.8)

The ILIM pin function can be disabled when EN_ILIM bit is 0.

(1) DI (Digital Input), DO (Digital Output), DIO (Digital Input/Output), Al (Analog Input), AO (Analog Output), AlO (Analog Input/Output)

Copyright © 2015-2018, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
TYPE® DESCRIPTION
NAME NO.
Temperature qualification voltage input.

Ts 1 Al Connect a negative temperature coefficient thermistor. Program temperature window with a resistor divider
from REGN to TS to GND. Charge suspends when either TS pin is out of range. Recommend 103AT-2
thermistor.

BATFET enable/reset control input.
When BATFET is in ship mode, a logic low of tsypmope (typical 1sec) duration turns on BATFET to exit
shipping mode. .

QON 12 DI When VBUS is not plugged-in, a logic low of toon rst (typical 18sec) duration resets SYS (system power) by
turning BATFET off for tgarrer rst (typical 0.3sec) and then re-enable BATFET to provide full system power
reset.

The pin contains an internal pull-up to maintain default high logic
BAT 13 14 p Battery connection point to the positive terminal of the battery pack.
' The internal BATFET is connected between BAT and SYS. Connect a 10uF closely to the BAT pin.
System connection point.
svys 1516 p The internal BATFET is connected between BAT and SYS. When the battery falls below the minimum system
! voltage, switch-mode converter keeps SYS above the minimum system voltage. Connect a 20uF closely to the
SYS pin.
Power ground connection for high-current power converter node.
PGND 1718 p Internally, PGND is connected to the source of the n-channel LSFET. On PCB layout, connect directly to
’ ground connection of input and output capacitors of the charger. A single point connection is recommended
between power PGND and the analog GND near the IC PGND pin.
Switching node connecting to output inductor.

SW 19,20 P Internally SW is connected to the source of the n-channel HSFET and the drain of the n-channel LSFET.
Connect the 0.047uF bootstrap capacitor from SW to BTST.
PWM high side driver positive supply.

BTST 21 P Internally, the BTST is connected to the anode of the boost-strap diode. Connect the 0.047 pF bootstrap
capacitor from SW to BTST.

PWM low side driver positive supply output.

REGN 29 p Internally, REGN is connected to the cathode of the boost-strap diode. Connect a 4.7 puF (10 V rating) ceramic
capacitor from REGN to analog GND. The capacitor should be placed close to the IC. REGN also serves as
bias rail of TS pin.

PMID 23 DO Connected to the drain of the reverse blocking MOSFET (RBFET) and the drain of HSFET.

Given the total input capacitance, put 1uF on VBUS to PGND, and the rest capacitance on PMID to PGND.

NC 24 No Connect

PowerPAD™ p Exposed pad beneath the IC for heat dissipation. Always solder PowerPAD Pad to the board, and have vias on
the PowerPAD plane star-connecting to PGND and ground plane for high-current power converter.
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8 Specifications

8.1 Absolute Maximum Ratings®

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

MIN MAX VALUE

VBUS (converter not switching) -2 22 \%
PMID (converter not switching) -0.3 22 \%
STAT -0.3 20 \%
PG -0.3 7 v
BTST -0.3 20 \%
SwW -2 16 \

Voltage range (with respect to GND) SW (peak for 10 ns duration) -3 16 \%
BAT, SYS (converter not switching) -0.3 6 \%
SDA, SCL, INT, OTG, REGN, TS, CE, QON -0.3 7 \Y
PSEL -0.3 7 \%
BTST TO SW -0.3 7 \%
PGND to GND -0.3 0.3 \%
ILIM -0.3 5 \%

Output sink current T STAT 6 mA
PG 6 mA

Junction temperature -40 150 °C

Storage temperature range, Ty —-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. All voltage
values are with respect to the network ground terminal unless otherwise noted.

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 +2000 v
VEsb Electrostatic discharge Charged device model (CDM), per JEDEC specification o0 v
JESD22-C101® ®

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

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

MIN NOM MAX UNIT
Vin Input voltage 3.9 140 \Y%
N Input current (VBUS) 3.25 A
Isys Output current (SW) 5 A
VeaT Battery voltage 4.608 \
Fast charging current 3 A
loar ' . . Up to 6 (continuos) A
Discharging current with internal MOSFET 9 (peak) A
(Up to 1 sec duration)
Ta Operating free-air temperature range —40 85 °C

(1) The inherent switching noise voltage spikes should not exceed the absolute maximum rating on either the BTST or SW pins. A tight
layout minimizes switching noise.

Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 7
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8.4 Thermal Information

bq25896
THERMAL METRIC® RTW (WQFN) UNIT

24-PINS
Rgia Junction-to-ambient thermal resistance 31.8 °C/W
Roac((op) Junction-to-case (top) thermal resistance 27.9 °C/W
Rgis Junction-to-board thermal resistance 8.7 °C/W
WIT Junction-to-top characterization parameter 0.3 °C/W
viB Junction-to-board characterization parameter 8.7 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 2.0 °C/W

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

report.

8.5 Electrical Characteristics

Vveus_uvioz < Vveus < Vacov @nd Vygys > Vear + Vs eep, T3 = —40°C to +125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX ‘ UNIT
QUIESCENT CURRENTS
Vgar = 4.2V, Viyeus) < Vuwo) leakage 5 A
between BAT and VBUS
High-Z mode, no VBUS, BATFET disabled
lgat Battery discharge current (BAT, SW, SYS) in buck mode g;?gogm:”' battery monitor disabled, T, < 12 23 HA
High-Z mode, no VBUS, BATFET enabled
(REG09[5]=0), battery monitor disabled, T, < 32 60 WA
85°C
Veus)= 5 V, High-Z mode, no battery, battery 15 35 LA
| Input supply current (VBUS) in buck mode when High-Z mode | Mmonitor disabled
(vaus e is enabled Vueus= 12 V, High-Z mode, no battery, o5 50 A
battery monitor disabled W
Veus > Viuvio) Veus > Vear, converter not 15 3 mA
switching
. Veus > Vuvioy Veus > Vear, converter
lwaus) Input supply current (Vgys) in buck mode SWItEhing, Vear = 3.2 V, lys = 0A 3 mA
Vsus > Vuvioy Veus > Vear, converter 3 mA
switching, Vgar = 3.8V, Igys =0 A
! - Vear = 4.2 V, boost mode, lygyus)= 0 A,
l@oosT) Battery discharge current in boost mode converter switching 5 mA
VBUS/BAT POWER UP
V(veus_op) VBUS operating range 3.9 14
V(vBus_uvLoz) VBUS for active I°C, no battery 3.6
V(sLeer) Sleep mode falling threshold 25 65 120 mvV
V(sLeerz) Sleep mode rising threshold 130 250 370 mv
VBUS over-voltage rising threshold 14 14.6 \
V,

(e VBUS over-voltage falling threshold 135 14 v
Veatuvioz) Battery for active 12C, no VBUS 2.3 \%
VeatopL) Battery depletion falling threshold 2.15 25 \
Veat(orLz) Battery depletion rising threshold 2.35 2.7 \
Vveusminy Bad adapter detection threshold 3.8 \
l@ADSRC) Bad adapter detection current source 30 mA
POWER-PATH MANAGEMENT

Isvs) = 0 A, Vgar> Vsysumy, BATFET Disabled Vear+ v
(REGO09[5]=1) 50 mV
Vsys Typical system regulation voltage -
Isvs) = 0 A, Vgar< Vsysumy, BATFET Disabled Vsvsang + v
(REGO09[5]=1) 150 mVv
- Vgar< Vsysuiny SYS_MIN = 3.5V
Vsysmin Minimum DC system voltage output (REGO3[3:1]2101), loys= 0 A 3.50 3.65 \
’ Vgar = 4.35 V, SYS_MIN = 3.5V
Vsysmax) Maximum DC system voltage output (REGO3[3:1]=101), Tays= 0 A 4.40 4.42 \
R Top reverse blocking MOSFET(RBFET) on-resistance T,=-40°C to +85°C 27 38 mQ
ON(RBFET) between VBUS and PMID T,= —40°C to +125°C 27 44 mo
8 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vveus_uvioz < Vveus < Vacov and Vygys > Vear + Vgigeps Ty = —40°C to +125°C and T, = 25°C for typical values (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Top switching MOSFET (HSFET) on-resistance between PMID | T3 = —40°C to +85°C 33 45 mQ
RON(HSFET) and SW _ ° °
T, =—-40°C to +125°C 33 53 mQ
R Bottom switching MOSFET (LSFET) on-resistance between | Ts = ~40°C t0 +85°C 18 26| moe
ONILSFED SW and GND T, =—40°C to +125°C 18 30| mo
V(ewp) BATFET forward voltage in supplement mode BAT discharge current 10 mA 30 mvV
Veat(ep) Battery good comparator rising threshold Vgar rising 3.4 3.55 37 \%
Veat(Gp_HYsT) Battery good comparator falling threshold Vgar falling 100 mvV
BATTERY CHARGER
VEBAT(REG_RANGE) Typical charge voltage range 3.840 4.608 \%
Veat(ReG_STEP) Typical charge voltage step 16 mvV
Vgar = 4.208 V (REG06[7:2]=010111) or
Veat(res) Charge voltage resolution accuracy Vgar = 4.352 V (REG06[7:2]=100000) -0.5% 0.5%
T; =-40°C to +85°C
lcHe_REG_RANGE) Typical fast charge current regulation range 0 3008 mA
lcHo_REG_STER) Typical fast charge current regulation step 64 mA
Vgar = 3.1V or 3.8V, Igyg = 128 mA P o
T,=—40°C to +85°C 20% 20%
. Vgar=3.1Vor38YV,| =256 mA
l(cHG_REG_ACC) Fast charge current regulation accuracy TJBA=T—40°C {0 485°C CcHe -10% 10%
Vgar= 3.1V or 3.8V, Icpe=1792 mA s o
T, = —40°C to +85°C 5% 5%
Battery LOWYV falling threshold Fast charge to precharge, BATLOWV 26 28 29 v
(REGO6[1]) = 1 ’ . ’
Veatowy) Battery LOWYV rising threshold Precharge to fast charge, BATLOWV
(REGO6[1])=1 2.8 3 3.1 \Y
(Typical 200-mV hysteresis)
|(PRECHG_RANGE) Precharge current range 64 1024 mA
lPrRECHG_STEP) Typical precharge current step 64 mA
l(preCHG_ACC) Precharge current accuracy Vgar=2.6 V, lprechc = 256 mMA -10% +10%
|(TERM_RANGE) Termination current range 64 1024 mA
l(rerM_STER) Typical termination current step 64 mA
lterm = 256 MA, lepe<= 1344 mA 100 o
o T, = —20°C to +85°C 12% 12%
l(rerm_acc) Termination current accuracy
- Irgrm = 256 MA, Icyc> 1344 mA _20% 20%
T, =-20°C to +85°C
V(sHorT) Battery short voltage VBAT falling 2 \%
V/(SHORT_HYST) Battery short voltage hysteresis VBAT rising 200 mvV
|(sHorT) Battery short current VBAT <22V 100 mA
Vgar falling, VRECHG (REG06[0]=0) = 0 100 mv
V(recHo) Recharge threshold below Vgarres
Vgar falling, VRECHG (REG06[0]=0) = 1 200 mv
lgaT(LOAD) Battery discharge load current Vgar =42V 15 mA
Isys(Loap) System discharge load current Vgys = 4.2V 30 mA
T,=25°C 11 13 mQ
Rongatren) SYS-BAT MOSFET (BATFET) on-resistance
T, =-40°C to +125°C 11 19 mQ
INPUT VOLTAGE / CURRENT REGULATION
ViN(©DPM_RANGE) Typical Input voltage regulation range 3.9 15.3 \
ViN©PM_STEP) Typical Input voltage regulation step 100 mvV
Vinpem_ace) Input voltage regulation accuracy VINDPM =44V, 9V 3% 3%
lIN(DPM_RANGE) Typical Input current regulation range 100 3250 mA
linoPM_sTEP) Typical Input current regulation step 50 mA
IinPML00_ACC) Input_current 100-mA regulation accuracy IINLIM (REGO0[5:0]) =100 mA 85 90 100 mA
Vgar =5V, current pulled from SW
USB150, IINLIM (REG00[5:0]) = 150 mA 125 135 150 mA
] USB500, IINLIM (REG00[5:0]) = 500 mA 440 470 500 mA
| Input current regulation accuracy
IN(DPM_ACC) Vgar = 5V, current pulled from SW USB900, IINLIM (REG00[5:0]) = 900 mA 750 825 900 mA
:;cfpter 1.5 A, lINLIM (REGOO0[5:0]) = 1500 1300 1400 1500 mA
IingsTART) Input current regulation during system start up Vsys = 2.2 V, IINLIM (REGO0[5:0])> = 200 mA 200 mA

Copyright © 2015-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vveus_uvioz < Vveus < Vacov and Vygys > Vear + Vgigeps Ty = —40°C to +125°C and T, = 25°C for typical values (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Kium Iinmax = Kium/Rium Input current regulation by ILIM pin = 1.5 A 320 355 390 AxQ
Kium Iinmax = Kium/Rium Input current regulation by ILIM pin = 1.5 A 320 355 390 AxQ
BAT OVER-VOLTAGE/CURRENT PROTECTION
Veatove) Battery over-voltage threshold Vet rising, as percentage of Vgar(reg) 104%
Veat(ovp_HysT) Battery over-voltage hysteresis Vear falling, as percentage of Vgarrec) 2%
leAT(FET_OCP) System over-current threshold 9 A
THERMAL REGULATION AND THERMAL SHUTDOWN
Tree Junction temperature regulation accuracy REGO08[1:0] = 11 120 °C
Tshut Thermal shutdown rising temperature Temperature rising 160 °C
TsHuT(Hvs) Thermal shutdown hysteresis Temperature falling 30 °C
JEITA THERMISTOR COMPARATOR (BUCK MODE)
Ve T1 (0°C) threshold, charge suspended T1 below this As percentage 1o Vggon 72.75% 73.95% 73.75%
temperature.
Charge back to ICHG/2 (REG04[6:0]) and VREG (REG06[7:2]) o
VirLwvs) above this temperature. As percentage 1o Vigeen) 1.4%
T2 (10°C) threshold, charge back to ICHG/2 (REG04[6:0]) and o o o
Virz VREG (REGO6[7:2]) below this temperature. As percentage to Vigean) 67.75% 68.25% 68.75%
Charge back to ICHG (REG04[6:0]) and VREG (REG06[7:2]) o
Virz_wvs) above this temperature. As percentage 1o Vigeen) 1.4%
T3 (45°C) threshold, charge back to ICHG (REG04[6:0]) and o o
Viry VREG-200 mV (REGO6[7:2]) above this temperature. As percentage 10 Vigeen) 44.25v 44T5%  45.25%
Charge back to ICHG (REG04[6:0]) and VREG (REGO06[7:2]) N
Vira_wvs) below this temperature. As percentage 10 Vigeen) 1%
Vs, T5 (60°C) threshold, charge suspended above this As percentage 1o Vggon 33.875% 34.375% 34.875%
temperature.
Charge back to ICHG (REG04[6:0]) and VREG-200 mV .
Virs_wvs) (REGO06[7:2]) below this temperature. As percentage 1o Vigeen) 1.25%
COLD/HOT THERMISTOR COMPARATOR (BOOST MODE)
. - As percentage to Vgegen » REGO1[5] = 0 o o .
V(gcoLoo) Cold temperature threshold, TS pin voltage rising threshold (Approx. -10°C w/ 103AT) 76.5% 7% 77.5%
V(gcoLpo_Hvs) Cold temperature threshold, TS pin voltage falling threshold As percentage to Vggey REG01[5] = 0 1%
. - As percentage to Vgeey REGO1[5] = 1 . o .
V(scoLoy) Cold temperature threshold 1, TS pin voltage rising threshold (Approximately —20°C w/ 103AT) 79.5% 80% 80.5%
V(gcoLp1_Hys) Cold temperature threshold 1, TS pin voltage falling threshold | As percentage to Vgegy REGO1[5] = 1 1%
. . As percentage to Vgeey REG01[7:6] = 01 o o .
V(gHoto) Hot temperature threshold, TS pin voltage falling threshold (Approx. 55°C w/ 103AT) 37.25% 37.75% 38.25%
V(gHoTo_HYs) Hot temperature threshold, TS pin voltage rising threshold As percentage to Vggey REG01[7:6] = 01 3%
) ’ As percentage to Vgeey REG01[7:6] = 00 . 5 .
V(gHoT1) Hot temperature threshold 1, TS pin voltage falling threshold (Approx. 60°C w/ 103AT) 33.875% 34.375% 34.875%
V(gHoT1_HYs) Hot temperature threshold 1, TS pin voltage rising threshold As percentage to Vgegy REG01[7:6] = 00 3%
. . As percentage to Vgeey REG01[7:6] = 10 o o .
V(grot2) Hot temperature threshold 2, TS pin voltage falling threshold (Approx. 65°C w/ 103AT) 30.75% 31.25% 31.75%
V(gHoT2_Hys) Hot temperature threshold 2, TS pin voltage rising threshold As percentage to Vgeey REG01[7:6] =10 3%
PWM
Fsw PWM switching frequency, and digital clock Oscillator frequency 1.32 1.68 MHz
Duax Maximum PWM duty cycle 97%
BOOST MODE OPERATION
V(016_REG_RANGE) Typical boost mode regulation voltage range 4.55 5.55 \
V(ot6_RreG_STEP) Typical boost mode regulation voltage step 64 mv
. I(VBUS) = 0 A, BOOSTV=4.998V a0 S
V(o16_REG_ACC) Boost mode regulation voltage accuracy (REGOA[7:4] = 0111) 3% 3%
V(ore_paty) Minimum battery voltage to exit boost mode BAT falling, MIN_VBAT_SEL=0 2.7 2.9 \
V(o1 _paT2) Minimum battery voltage to exit boost mode BAT falling, MIN_VBAT_SEL=1 24 2.6 \
BAT rising, MIN_VBAT_SEL=0 2.9 3.1 \Y
V(016 _BAT EN) Minimum battery voltage to enter boost mode
- BAT rising, MIN_VBAT_SEL=1 2.7 2.9 \
lote) Typical boost mode output current range 0.5 2 A
lote_oce_acc) Boost mode RBFET over-current protection accuracy BOOST_LIM =1.2 A (REG0A[2:0]=010) 1.2 1.65 A
Viore_ove) Boost mode over-voltage threshold Rising threshold 5.8 6 \
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Electrical Characteristics (continued)

Vveus_uvioz < Vveus < Vacov and Vygys > Vear + Vgigeps Ty = —40°C to +125°C and T, = 25°C for typical values (unless

otherwise noted)

PARAMETER \ TEST CONDITIONS | MIN TYP MAX| UNIT
REGN LDO
V(recn) REGN LDO output voltage Veus) = 9V, lreen) = 40 mA 4.8 5 55 \
Veus) =5V, lreen) = 20 MA 4.7 4.8 \Y2
lRecn) REGN LDO current limit Vieus) = 9V, Vreon) = 3.8V 50 mA
ANALOG-TO-DIGITAL CONVERTER (ADC)
RES Resolution Rising threshold 7 bits
\e/r(]\gglse); Vear + V(sLeer) OF OTG mode is 2304 4.848 v
VEAT(RANGE) Typical battery voltage range -
Veus) < Vear + V(sLeer) @and OTG mode is V. 4.848 v
disabled SYS_MIN '
V(AT Rres) Typical battery voltage resolution 20 mvV
Zﬁfﬁf&; Vear + V(steer) OF OTG mode is 2304 4.848 v
V(svs_ranGe) Typical system voltage range -
Veus) < Vear + V(sLeer) @and OTG mode is V. 2.848 v
disabled SYS_MIN )
V(sys_res) Typical system voltage resolution 20 mv
Viveus. ranee) Typical Vygys voltage range ;/'g\gglsé d> Vgar + V(sLeep) OF OTG mode is 2.6 15.3 \
V(veus_RES) Typical Vygys Voltage resolution 100 mv
IsATRANGE) Typical battery charge current range x‘VBUS) > Vear + Visieer) and Vear > 0 6.4 A
BAT(SHORT)
leat(RES) Typical battery charge current resolution 50 mA
V(rs_RrANGE) Typical TS voltage range 21% 80%
V(rs_res) Typical TS voltage resolution 0.47%
LOGIC 1/0 PIN (OTG, CE, PSEL, QON)
Vi Input high threshold level 1.3
Vi Input low threshold level 0.4 \%
InBias) High Level Leakage Current Pull-up rail 1.8 V 1 HA
Battery only mode BAT \
Viqon) Internal /QON pull-up Vieus) =9V 5.8 \%
Vieus) =5 V 43 \%
Rqon) Internal /QON pull-up resistance 200 kQ
LOGIC I/O PIN (INT, STAT, PG)
VoL Output low threshold level Sink current = 5 mA, sink current 0.4 \
lout BiAs High level leakage current Pull-up rail 1.8 V 1 HA
I2C INTERFACE (SCL, SDA)
Vi Input high threshold level, SCL and SDA Pull-up rail 1.8 V 1.3
Vi Input low threshold level Pull-up rail 1.8 V 0.4 \
Vo Output low threshold level Sink current = 5 mA, sink current 0.4 \
laias High level leakage current Pull-up rail 1.8 V 1 HA
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8.6 Timing Requirements
| MIN  NOM  MAX| UNIT
VBUS/BAT POWER UP
tBADSRC ‘ Bad Adapter detection duration | 30 ’ msec
BAT OVER-VOLTAGE PROTECTION
taATOVP Battery over-voltage deglitch time to disable 1 us
charge
BATTERY CHARGER
tRECHG Recharge deglitch time 20 ms
CURRENT PULSE CONTROL
tpumPx_sTOP Current pulse control stop pulse 430 570 ms
tpumPX_ON1 Current pulse control long on pulse 240 360 ms
tpumPX_ON2 Current pulse control short on pulse 70 130 ms
tpumPX_OFF Current pulse control off pulse 70 130 ms
tpumPX_DLY Current pulse control stop start delay 80 225 ms
BATTERY MONITOR
tconv Conversion time CONV_RATE(REGO02[6]) =0 | 8 1000 ms
QON AND SHIPMODE TIMING
S mlow time to turn on BATFET and exit ship T, = —10°C to +60°C 0.9 13 R
tooN RsT QON low time to enable full system reset T; =-10°C to +60°C 16 23 S
tBATFET RST BATFET off time during full system reset T; =-10°C to +60°C 250 400 ms
tsm pLy Enter ship mode delay T; =-10°C to +60°C 10 15 S
I12C INTERFACE
fscL SCL clock frequency 400| kHz
DIGITAL CLOCK and WATCHDOG TIMER
fLroiG Digital low power clock REGN LDO disabled 18 30 45| kHz
foic Digital clock REGN LDO enabled 1320 1500 1680 | kHz
WATCHDOG
(REGO7[5:4])=11, REGN LDO 100 160 s
twoT Watchdog reset time disabled
WATCHDOG
(REGO7[5:4])=11, REGN LDO 136 160 s
enabled
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8.7 Typical Characteristics
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Typical Characteristics (continued)
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Figure 7. BAT Voltage vs Temperature Figure 8. Input Current Limit vs Temperature
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9 Detailed Description

The device is a highly integrated 5-A siwtch-mode battery charger for single cell Li-lon and Li-polymer battery. It
is highly integrated with the input reverse-blocking FET (RBFET, Q1), high-side siwtching FET (HSFET, Q2) ,
low-side switching FET (LSFET, Q3), and battery FET (BATFET, Q4). The device also integrates the boostrap
diode for the high-side gate drive.

9.1 Functional Block Diagram
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9.2 Feature Description

9.2.1 Device Power-On-Reset (POR)

The internal bias circuits are powered from the higher voltage of VBUS and BAT. When VBUS rises above
Vveus_uvioz OF BAT rises above Vgar yvioz , the sleep comparator, battery depletion comparator and BATFET
driver are active. I°C interface is ready for communication and all the registers are reset to default value. The
host can access all the registers after POR.

9.2.2 Device Power Up from Battery without Input Source

If only battery is present and the voltage is above depletion threshold (Vgat ppLz), the BATFET turns on and
connects battery to system. The REGN LDO stays off to minimize the quiescent current. The low Rpgoy) Of
BATFET and the low quiescent current on BAT minimize the conduction loss and maximize the battery run time.
The device always monitors the discharge current through BATFET (Supplement Mode). When the system is
overloaded or shorted (IBAT > lgateeT ocp), the device turns off BATFET immediately and set BATFET_DIS bit to
indicate BATFET is disabled until the input source plugs in again or one of the methods describe in BATFET
Enable (Exit Shipping Mode) is applied to re-enable BATFET.

9.2.3 Device Power Up from Input Source

When an input source is plugged in, the device checks the input source voltage to turn on REGN LDO and all the
bias circuits. It detects and sets the input current limit before the buck converter is started when
AUTO_DPDM_EN bit is set. The power up sequence from input source is as listed:

1. Power Up REGN LDO
2. Poor Source Qualification

3. Input Source Type Detection based on PSEL to set the default Input Current Limit (IINLIM) register and input
source type

4. Input Voltage Limit Threshold Setting (VINDPM threshold)
5. Converter Power-up

9.2.3.1 Power Up REGN Regulation (LDO)

The REGN LDO supplies internal bias circuits as well as the HSFET and LSFET gate drive. The LDO also
provides bias rail to TS external resistors. The pull-up rail of STAT and can be connected to REGN as well. The
REGN is enabled when all the below conditions are valid.

1. VBUS above VVBUS_UVLOZ

2. VBUS above Vgat + Vs eepz in buck mode or VBUS below Vgt + Vg gep in boost mode

3. After 220 ms delay is completed

If one of the above conditions is not valid, the device is in high impedance mode (HIZ) with REGN LDO off. The

device draws less than lygys iz from VBUS during HIZ state. The battery powers up the system when the device
is in HIZ.

9.2.3.2 Poor Source Qualification

After REGN LDO powers up, the device checks the current capability of the input source. The input source has
to meet the following requirements in order to start the buck converter.

1. VBUS voltage below Vcoy

2. VBUS voltage above Vygysmin When pulling lgapsre (typical 30mA)

Once the input source passes all the conditions above, the status register bit VBUS_GD is set high and the INT

pin is pulsed to signal to the host. If the device fails the poor source detection, it repeats poor source qualification
every 2 seconds.
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Feature Description (continued)

9.2.3.3 Input Source Type Detection

After the VBUS_GD bit is set and REGN LDO is powered, the charger device runs Input Source Type Detection
when AUTO_DPDM_EN bit is set.

After input source type detection, an INT pulse is asserted to the host. In addition, the following registers and pin
are changed:

1. Input Current Limit (IINLIM) register is changed to set current limit

2. PG_STAT bitis set

3. PG pin goes low

The host can over-write IINLIM register to change the input current limit if needed. The charger input current is

always limited by the lower of IINLIM register or ILIM pin at all-time regardless of Input Current Optimizer (ICO) is
enable or disabled.

When AUTO_DPDM_EN is disabled, the Input Source Type Detection is bypassed. The Input Current Limit
(IINLIM) register, VBUS_STAT, and SPD_STAT bits are unchanged from previous values.

9.2.3.3.1 PSEL Pins Set Input Current Limit

The device has PSEL interface for input current limit setting to interface with USB PHY. It directly takes the USB
PHY device output to decide whether the input is USB host or charging port. To implement USB100 in the
system, the host can enter HiZ mode by setting EN_HIZ bit after 2 min charging with 500 mA input current limit.

Table 1. bq25896 Result

INPUT DETECTION PSEL PIN INPUT CURRENT LIMIT (IINLIM) VBUS_STAT
USB SDP (USB500) High 500mA 001
USB DCP / Adapter Low 3.25A 010
Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 17
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9.2.3.3.2 Force Input Current Limit Detection

In host mode, the host can force the device to run by setting FORCE_DPDM bit. After the detection is completed,
FORCE_DPDM bit returns to 0 by itself and Input Result is updated.

9.2.3.4 Input Voltage Limit Threshold Setting (VINDPM Threshold)

The device supports wide range of input voltage limit (3.9 V — 14 V) for high voltage charging and provides two
methods to set Input Voltage Limit (VINDPM) threshold to facilitate autonomous detection.

1. Absolute VINDPM (FORCE_VINDPM=1)

By setting FORCE_VINDPM bit to 1, the VINDPM threshold setting algorithm is disabled. Register VINDPM
is writable and allows host to set the absolute threshold of VINDPM function.

2. Relative VINDPM based on VINDPM_OS registers (FORCE_VINDPM=0) (Default)

When FORCE_VINDPM bit is 0 (default), the VINDPM threshold setting algorithm is enabled. The VINDPM
register is read only and the charger controls the register by using VINDPM Threshold setting algorithm. The
algorithm allows a wide range of adapter (Vygys_op) to be used with flexible VINDPM threshold.

After Input Voltage Limit Threshold is set, an INT pulse is generated to signal to the host.

9.2.3.5 Converter Power-Up

After the input current limit is set, the converter is enabled and the HSFET and LSFET start switching. If battery
charging is disabled, BATFET turns off. Otherwise, BATFET stays on to charge the battery.

The device provides soft-start when system rail is ramped up. When the system rail is below 2.2 V, the input
current limit is forced to the lower of 200 mA or IINLIM register setting. After the system rises above 2.2 V, the
device limits input current to the lower value of ILIM pin and IILIM register (ICO_EN = 0) or IDPM_LIM register
(ICO_EN =1).

As a battery charger, the device deploys a highly efficient 1.5 MHz step-down switching regulator. The fixed
frequency oscillator keeps tight control of the switching frequency under all conditions of input voltage, battery
voltage, charge current and temperature, simplifying output filter design.

A type lll compensation network allows using ceramic capacitors at the output of the converter. An internal saw-
tooth ramp is compared to the internal error control signal to vary the duty cycle of the converter. The ramp
height is proportional to the PMID voltage to cancel out any loop gain variation due to a change in input voltage.

In order to improve light-load efficiency, the device switches to PFM control at light load when battery is below
minimum system voltage setting or charging is disabled. During the PFM operation, the switching duty cycle is
set by the ratio of SYS and VBUS.

9.2.4 Input Current Optimizer (ICO)

The device provides innovative Input Current Optimizer (ICO) to identify maximum power point without overload
the input source. The algorithm automatically identify maximum input current limit of power source without
entering VINDPM to avoid input source overload.

This feature is enabled by default (ICO_EN=1) and can be disabled by setting ICO_EN bit to 0. After DCP or
MaxCharge type input source is detected based on the procedures previously described (Input Source Type
Detection ). The algorithm runs automatically when ICO_EN bit is set. The algorithm can also be forced to
execute by setting FORCE_ICO bit regardless of input source type detected.

The actual input current limit used by the Dynamic Power Management is reported in IDPM_LIM register while
Input Current Optimizer is enabled (ICO_EN = 1) or set by IINLIM register when the algorithm is disabled
(ICO_EN = 0). In addition, the current limit is clamped by ILIM pin unless EN_ILIM bit is O to disable ILIM pin
function.
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9.2.5 Boost Mode Operation from Battery

The device supports boost converter operation to deliver power from the battery to other portable devices
through USB port. The boost mode output current rating meets the USB On-The-Go 500 mA (BOOST_LIM bits =
000) output requirement. The maximum output current is up to 2 A. The boost operation can be enabled if the
conditions are valid:

1. BAT above BAT, owv

2. VBUS less than BAT+Vg gep (in sleep mode)

3. Boost mode operation is enabled (OTG pin HIGH and OTG_CONFIG bit =1)
4

. Voltage at TS (thermistor) pin is within range configured by Boost Mode Temperature Monitor as configured
by BHOT and BCOLD bits

5. After 30 ms delay from boost mode enable

In boost mode, the device employs a 500 KHz or 1.5 MHz (selectable using BOOST_FREQ bit) step-up
switching regulator based on system requirements. To avoid frequency change during boost mode operations,
write to boost frequency configuration bit (BOOST_FREQ) is ignored when OTG_CONFIG is set.

During boost mode, the status register VBUS_STAT bits is set to 111, the VBUS output is 5V by default
(selectable via BOOSTYV register bits) and the output current can reach up to 2 A, selected via I°C (BOOST_LIM
bits). The boost output is maintained when BAT is above Vorg gat threshold

9.2.6 Power Path Management

The device accommodates a wide range of input sources from USB, wall adapter, to car battery. The device
provides automatic power path selection to supply the system (SYS) from input source (VBUS), battery (BAT), or
both.

9.2.6.1 Narrow VDC Architecture

The device deploys Narrow VDC architecture (NVDC) with BATFET separating system from battery. The
minimum system voltage is set by SYS_MIN bits. Even with a fully depleted battery, the system is regulated
above the minimum system voltage (default 3.5 V).

When the battery is below minimum system voltage setting, the BATFET operates in linear mode (LDO mode),
and the system is regulated above the minimum system voltage setting. As the battery voltage rises above the
minimum system voltage, BATFET is fully on and the voltage difference between the system and battery is the
Vps of BATFET. The status register VSYS_STAT bit goes high when the system is in minimum system voltage
regulation.

4.4
—— Minimum System Voltage
—— SYS (Charge Disabled) /

4.2 | = SYS (Charge Enabled) 4
s /
(]
g ! /
©°
> /
£

3.8
% y/
>
Z /

3.6

34

2.7 2.9 3.1 3.3 35 3.7 3.9 4.1 4.3
BAT (V)
Figure 9. V(SYS) vs V(BAT)
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9.2.6.2 Dynamic Power Management

To meet maximum current limit in USB spec and avoid over loading the adapter, the device features Dynamic
Power Management (DPM), which continuously monitors the input current and input voltage. When input source
is over-loaded, either the current exceeds the input current limit (IINLIM or IDPM_LIM) or the voltage falls below
the input voltage limit (VINDPM). The device then reduces the charge current until the input current falls below
the input current limit and the input voltage rises above the input voltage limit.

When the charge current is reduced to zero, but the input source is still overloaded, the system voltage starts to
drop. Once the system voltage falls below the battery voltage, the device automatically enters the Supplement
Mode where the BATFET turns on and battery starts discharging so that the system is supported from both the
input source and battery.

During DPM mode, the status register bits VDPM_STAT (VINDPM) and/or IDPM_STAT (IINDPM) is/are set high.
Figure 10 shows the DPM response with 9V/1.2A adapter, 3.2-V battery, 2.8-A charge current and 3.4-V
minimum system voltage setting.
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>
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Figure 10. DPM Response

9.2.6.3 Supplement Mode

When the system voltage falls below the battery voltage, the BATFET turns on and the BATFET gate is
regulated the gate drive of BATFET so that the minimum BATFET VDS stays at 30 mV when the current is low.
This prevents oscillation from entering and exiting the Supplement Mode. As the discharge current increases, the
BATFET gate is regulated with a higher voltage to reduce Rpgon) until the BATFET is in full conduction. At this
point onwards, the BATFET VDS linearly increases with discharge current. Figure 11 shows the V-I curve of the
BATFET gate regulation operation. BATFET turns off to exit Supplement Mode when the battery is below battery
depletion threshold.
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Figure 11. BATFET V-I Curve
20 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated

Product Folder Links: bg25896



13 TEXAS
INSTRUMENTS
bq25896

www.ti.com SLUSC76C —JULY 2015—REVISED MAY 2018

9.2.7 Battery Charging Management

The device charges 1-cell Li-lon battery with up to 3-A charge current for high capacity battery. The 11-mQ
BATFET improves charging efficiency and minimize the voltage drop during discharging.

9.2.7.1 Autonomous Charging Cycle

With battery charging is enabled (CHG_CONFIG bit = 1 and CE pin is low), the device autonomously completes
a charging cycle without host involvement. The device default charging parameters are listed in . The host can
always control the charging operations and optimize the charging parameters by writing to the corresponding
registers through 1°C.

Table 2. Charging Parameter Default Setting

DEFAULT MODE bg25896
Charging Voltage 4.208 V
Charging Current 2.048 A
Pre-charge Current 128 mA
Termination Current 256 mA
Temperature Profile JEITA
Safety Timer 12 hour

A new charge cycle starts when the following conditions are valid:

» Converter starts

e Battery charging is enabled by setting CHG_CONFIG bit, /CE pin is low and ICHG register is not 0 mA
e No thermistor fault on TS pin

* No safety timer fault

e BATFET is not forced to turn off (BATFET_DIS bit = 0)

The charger device automatically terminates the charging cycle when the charging current is below termination
threshold, charge voltage is above recharge threshold, and device not in DPM mode or thermal regulation. When
a full battery voltage is discharged below recharge threshold (threshold selectable via VRECHG bit), the device
automatically starts a new charging cycle. After the charge is done, either toggle CE pin or CHG_CONFIG bit
can initiate a new charging cycle.

The STAT output indicates the charging status of charging (LOW), charging complete or charge disable (HIGH)
or charging fault (Blinking). The STAT output can be disabled by setting STAT_DIS bit. In addition, the status
register (CHRG_STAT) indicates the different charging phases: 00-charging disable, 01-precharge, 10-fast
charge (constant current) and constant voltage mode, 11-charging done. Once a charging cycle is completed, an
INT is asserted to notify the host.

9.2.7.2 Battery Charging Profile

The device charges the battery in three phases: preconditioning, constant current and constant voltage. At the
beginning of a charging cycle, the device checks the battery voltage and regulates current / voltage.

Table 3. Charging Current Setting

VBAT CHARGING CURRENT REG DEFAULT SETTING CHRG_STAT
<2V IsATSHORT - 01
2V-3V IPRECHG 128 mA 01
>3V leHG 2048 mA 10
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If the charger device is in DPM regulation or thermal regulation during charging, the charging current can be less
than the programmed value. In this case, termination is temporarily disabled and the charging safety timer is
counted at half the clock rate.

Regulation Voltage |
(3.84V — 4.608V) "

Fast Charge Current
(128mA-3008mA)

Charge Current

Vearow(2.8V/3V) D e e

V BAT_SHORT ( 2 \} ) [ """"’"" - Dmmmmmmmmmnmsefenonssnssoossessooosssee N snnsennnnnssssnnnsssssnnnnsssnnnnnnns

lprecarae (64mMA-1024mA)
[rerminaTion (64MA-1024mA)
[satstorT (100mA)

| -
|

Trickle Charge Safety Timer

Expiration

Figure 12. Battery Charging Profile

9.2.7.3 Charging Termination

The device terminates a charge cycle when the battery voltage is above recharge threshold, and the current is
below termination current. After the charging cycle is completed, the BATFET turns off. The converter keeps
running to power the system, and BATFET can turn on again to engage Supplement Mode.

When termination occurs, the status register CHRG_STAT is set to 11, and an INT pulse is asserted to the host.
Termination is temporarily disabled when the charger device is in input current, voltage or thermal regulation.
Termination can be disabled by writing 0 to EN_TERM bit prior to charge termination.

9.2.7.4 Resistance Compensation (IRCOMP)

For high current charging system, resistance between charger output and battery cell terminal such as board
routing, connector, MOSFETs and sense resistor can force the charging process to move from constant current
to constant voltage too early and increase charge time. To speed up the charging cycle, the device provides
resistance compensation (IRCOMP) feature which can extend the constant current charge time to delivery
maximum power to battery.

The device allows the host to compensate for the resistance by increasing the voltage regulation set point based
on actual charge current and the resistance as shown below. For safe operation, the host should set the
maximum allowed regulation voltage register (V¢ ame) @and the minimum resistance compensation (BATCOMP).

Vrec_actual = VREG + min(lgprs_actua X BATCOMP, Ve avp) (1)
9.2.7.5 Thermistor Qualification

9.2.7.5.1 JEITA Guideline Compliance in Charge Mode

To improve the safety of charging Li-ion batteries, JEITA guideline was released on April 20, 2007. The guideline
emphasized the importance of avoiding a high charge current and high charge voltage at certain low and high
temperature ranges.
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The device continuously monitors battery temperature by measuring the voltage between the TS pins and
ground, typically determined by a negative temperature coefficient thermistor (NTC) and an external voltage
divider. The device compares this voltage against its internal thresholds to determine if charging is allowed. To
initiate a charge cycle, the voltage on TS pin must be within the V¢, to V5 thresholds. If TS voltage exceeds the
T1-T5 range, the controller suspends charging and waits until the battery temperature is within the T1 to T5
range. At cool temperature (T1-T2), JEITA recommends the charge current to be reduced to at least half of the
charge current or lower. At warm temperature (T3-T5), JEITA recommends charge voltage below nominal
charge voltage.

The device provides flexible voltage/current settings beyond the JEITA requirement. The voltage setting at warm
temperature (T3-T5) can be 200 mV below charge voltage (JEITA_VSET=0). The current setting at cool
temperature (T1-T2) can be further reduced to 20% or 50% of fast charge current (JEITA_ISET bit).

bq2589x

RT1

TS

Figure 13. TS Resistor Network
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Figure 14. Charging Values

Assuming a 103AT NTC thermistor on the battery pack as shown in Figure 13, the value RT1 and RT2 can be
determined by using Equation 2: :

1 1
Vreen X RTHeo p xRTHyor X( j

RT2 VT1 VT5
- Y Y
VREGN 1
_ VT1
RT1= ] . 1

Select 0°C to 60°C range for Li-ion or Li-polymer battery,
RTH, = 27.28 kQ

RTHs = 3.02 kQ

RT1 =5.24 kQ
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RT2 = 30.31 kQ

9.2.7.5.2 Cold/Hot Temperature Window in Boost Mode

For battery protection during boost mode, the device monitors the battery temperature to be within the Vgcopy tO
VghoTx thresholds unless boost mode temperature is disabled by setting BHOT bits to 11. When temperature is
outside of the temperature thresholds, the boost mode is suspended. Once temperature is within thresholds, the
boost mode is recovered.

Temperature Range to

Boost
VREGN
Boost Disable
VBCOLDx
(-10°C / 20°C)
Boost Enable
v BHOTx
(55°C / 60°C / 65°C)
Boost Disable
AGND

Figure 15. TS Pin Thermistor Sense Thresholds in Boost Mode

9.2.7.6 Charging Safety Timer

The device has built-in safety timer to prevent extended charging cycle due to abnormal battery conditions. The
safety timer is 4 hours when the battery is below Vga owy threshold. The user can program fast charge safety
timer through 1°C (CHG_TIMER bits). When safety timer expires, the fault register CHRG_FAULT bits are set to
11 and an INT is asserted to the host. The safety timer feature can be disabled via I12C by setting EN_TIMER bit.

During input voltage, current or thermal regulation, the safety timer counts at half clock rate as the actual charge
current is likely to be below the register setting. For example, if the charger is in input current regulation
(IDPM_STAT = 1) throughout the whole charging cycle, and the safety time is set to 5 hours, the safety timer will
expire in 10 hours. This half clock rate feature can be disabled by writing 0 to TMR2X_EN bit.

9.2.8 Battery Monitor

The device includes a battery monitor to provide measurements of VBUS voltage, battery voltage, system
voltage, thermistor ratio, and charging current, and charging current based on the device modes of operation.
The measurements are reported in Battery Monitor Registers (REGOE-REG12). The battery monitor can be
configured as two conversion modes by using CONV_RATE bit: one-shot conversion (default) and 1 second
continuous conversion.

For one-shot conversion (CONV_RATE = 0), the CONV_START bit can be set to start the conversion. During the
conversion, the CONV_START is set and it is cleared by the device when conversion is completed. The
conversion result is ready after toony (Maximum 1 second).

For continuous conversion (CONV_RATE = 1), the CONV_RATE bit can be set to initiate the conversion. During
active conversion, the CONV_START is set to indicate conversion is in progress. The battery monitor provides
conversion result every 1 second automatically. The battery monitor exits continuous conversion mode when
CONV_RATE is cleared.

When battery monitor is active, the REGN power is enabled and can increase device quiescent current. In
battery only mode, the battery monitor is only active when Vgary > SYS_MIN setting in REGO03.
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Table 4. Battery Monitor Modes of Operation
MODES OF OPERATION
PARAMETER REGISTER CHARGE DISABLE CHARGE | BATTERY ONLY
MODE EOLETMODE MODE MODE
Battery Voltage (Vgat) REGOE Yes Yes Yes Yes
System Voltage (Vsys) REGOF Yes Yes Yes Yes
Temperature (TS) Voltage (Vts) REG10 Yes Yes Yes Yes
VBUS Voltage (Vygus) REG11 Yes Yes Yes NA
Charge Current (IgaT) REG12 Yes NA NA NA

9.2.9 Status Outputs (PG, STAT, and INT)

9.2.9.1 Power Good Indicator (PG)

In bg25896, the PG goes LOW to indicate a good input source when:

1. VBUS above Vygys uvio

VBUS above battery (not in sleep)

VBUS below Vacoy threshold

VBUS above Vygyusuin (typical 3.8 V) when lgapsre (typical 30 mA) current is applied (not a poor source)
Completed

o~ WD

9.2.9.2 Charging Status Indicator (STAT)

The device indicates charging state on the open drain STAT pin. The STAT pin can drive LED as shown in . The
STAT pin function can be disable by setting STAT_DIS bit.

Table 5. STAT Pin State

CHARGING STATE STAT INDICATOR
Charging in progress (including recharge) LOW
Charging complete HIGH
Sleep mode, charge disable HIGH
Charge suspend (Input overvoltage, TS fault, timer fault, input or system overvoltage). blinking at 1 Hz
Boost Mode suspend (due to TS Fault)

9.2.9.3 Interrupt to Host (INT)

In some applications, the host does not always monitor the charger operation. The INT notifies the system on the
device operation. The following events will generate 256-us INT pulse.

» USB/adapter source identified (through PSEL or DPDM detection, with OTG pin)
e Good input source detected
— VBUS above battery (not in sleep)
— VBUS below Vacoy threshold
— VBUS above V\pysuin (typical 3.8 V) when Igapsre (typical 30 mA) current is applied (not a poor source)
* Input removed
* Charge Complete
e Any FAULT event in REGOC

When a fault occurs, the charger device sends out INT and keeps the fault state in REGOC until the host reads
the fault register. Before the host reads REGOC and all the faults are cleared, the charger device would not send
any INT upon new faults. To read the current fault status, the host has to read REGOC two times consecutively.
The 15t read reports the pre-existing fault register status and the 2" read reports the current fault register status.
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9.2.10 BATET (Q4) Control

9.2.10.1 BATFET Disable Mode (Shipping Mode)

To extend battery life and minimize power when system is powered off during system idle, shipping, or storage,
the device can turn off BATFET so that the system voltage is zero to minimize the battery leakage current. When
the host set BATFET_DIS bit, the charger can turn off BATFET immediately or delay by tgy pLy as configurated
by BATFET_DLY bit. -

9.2.10.2 BATFET Enable (Exit Shipping Mode)

When the BATFET is disabled (in shipping mode) and indicated by setting BATFET_DIS, one of the following
events can enable BATFET to restore system power:

1. Plug in adapter

2. Clear BATFET_DIS bit

3. Set REG_RST bit to reset all registers including BATFET_DIS bit to default (0)
4

. A logic high to low transition on QON pin with tgypmope deglitch time to enable BATFET to exit shipping
mode

9.2.10.3 BATFET Full System Reset

The BATFET functions as a load switch between battery and system when input source is not plugged-in. By
changing the state of BATFET from off to on, system connects to SYS can be effectively have a power-on-reset.
The QON pin supports push-button interface to reset system power without host by change the state of BATFET.

When the QON pin is driven to logic low for toon rst (typical 15 seconds) while input source is not plugged in
and BATFET is enabled (BATFET_DIS=0), the BATFET is turned off for tgareer rst @nd then it is re-enabled to
reset system power. This function can be disabled by setting BATFET_RST_EN bit to 0.

9.2.11 Current Pulse Control Protocol

The device provides the control to generate the VBUS current pulse protocol to communicate with adjustable
high voltage adapter in order to signal adapter to increase or decrease output voltage. To enable the interface,
the EN_PUMPX bit must be set. Then the host can select the increase/decrease voltage pulse by setting one of
the PUMPX_UP or PUMPX_DN bit (but not both) to start the VBUS current pulse sequence. During the current
pulse sequence, the PUMPX_UP and PUMPX_DN bits are set to indicate pulse sequence is in progress and the
device pulses the input current limit between current limit set forth by IINLIM or IDPM_LIM register and the
100mA current limit (nppmioo acc)- When the pulse sequence is completed, the input current limit is returned to
value set by IINLIM or IDPM_LIM register and the PUMPX_UP or PUMPX_DN bit is cleared. In addition, the
EN_PUMPX can be cleared during the current pulse sequence to terminate the sequence and force charger to
return to input current limit as set forth by the IINLIM or IDPM_LIM register immediately. When EN_PUMPX bit is
low, write to PUMPX_UP and PUMPX_DN bit would be ignored and have no effect on VBUS current limit.

9.2.12 Input Current Limit on ILIM

For safe operation, the device has an additional hardware pin on ILIM to limit maximum input current on ILIM pin.
The input maximum current is set by a resistor from ILIM pin to ground as:

KiLim
RiLim 3)

The actual input current limit is the lower value between ILIM setting and register setting (IINLIM). For example, if
the register setting is 111111 for 3.25 A, and ILIM has a 260-Q resistor (KILIM = 390 max.) to ground for 1.5 A,
the input current limit is 1.5 A. ILIM pin can be used to set the input current limit rather than the register settings
when EN_ILIM bit is set. The device regulates ILIM pin at 0.8 V. If ILIM voltage exceeds 0.8 V, the device enters
input current regulation (Refer to Dynamic Power Management section).

INmMAX =

The ILIM pin can also be used to monitor input current when EN_ILIM is enabled. The voltage on ILIM pin is
proportional to the input current. ILIM pin can be used to monitor the input current following Equation 4:

N = KiLiM X MLIm
RiLim x0.8V 4)
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For example, if ILIM pin is set with 260-Q resistor, and the ILIM voltage is 0.4 V, the actual input current 0.615 A
- 0.75 A (based on KILM specified). If ILIM pin is open, the input current is limited to zero since ILIM voltage
floats above 0.8 V. If ILIM pin is short, the input current limit is set by the register.

The ILIM pin function can be disabled by setting EN_ILIM bit to 0. When the pin is disabled, both input current
limit function and monitoring function are not available.

9.2.13 Thermal Regulation and Thermal Shutdown

9.2.13.1 Thermal Protection in Buck Mode

The device monitors the internal junction temperature T; to avoid overheat the chip and limits the IC surface
temperature in buck mode. When the internal junction temperature exceeds the preset thermal regulation limit
(TREG bits), the device lowers down the charge current. The wide thermal regulation range from 60°C to 120°C
allows the user to optimize the system thermal performance.

During thermal regulation, the actual charging current is usually below the programmed battery charging current.
Therefore, termination is disabled, the safety timer runs at half the clock rate, and the status register
THERM_STAT bit goes high.

Additionally, the device has thermal shutdown to turn off the converter and BATFET when IC surface
temperature exceeds Tgyy7. The fault register CHRG_FAULT is set to 10 and an INT is asserted to the host. The
BATFET and converter is enabled to recover when IC temperature is below Tsyyr wys.

9.2.13.2 Thermal Protection in Boost Mode

The device monitors the internal junction temperature to provide thermal shutdown during boost mode. When IC
surface temperature exceeds Tgyyt, BATFET is turned off to disable battery discharge. When IC surface
temperature is below TgyyT Hys, the host can use one of the method describes in section BATFET Enable (Exit
Shipping Mode) to recover.

9.2.14 Voltage and Current Monitoring in Buck and Boost Mode

9.2.14.1 Voltage and Current Monitoring in Buck Mode

The device closely monitors the input and system voltage, as well as HSFET current for safe buck and boost
mode operations.

9.2.14.1.1 Input Overvoltage (ACQOV)

The input voltage for buck mode operation is Vygys op. If VBUS voltage exceeds Vacoy, the device stops
switching immediately. During input over voltage (ACOV), the fault register CHRG_FAULT bits sets to 01. An INT
is asserted to the host..

9.2.14.1.2 System Overvoltage Protection (SYSOVP)

The charger device clamps the system voltage during load transient so that the components connect to system
would not be damaged due to high voltage. When SYSOVP is detected, the converter stops immediately to
clamp the overshoot.

9.2.14.2 Current Monitoring in Boost Mode

The device closely monitors the VBUS voltage, as well as RBFET and LSFET current to ensure safe boost mode
operation.

9.2.14.2.1 VBUS Overcurrent Protection

The charger device closely monitors the RBFET (Q1), and LSFET (Q3) current to ensure safe boost ode
operation. During overcurrent condition when output current exceed (lote ocp) the device operates in hiccup
mode for protection. While in hiccup mode cycle, the device turns off RBFET for torg ocp orr (30 ms typical) and
turns on RBFET for torg ocp on (250 s typical) in an attempt to restart. If the overcurrent condition is removed,
the boost converter returns to normal operation. When overcurrent condition continues to exist, the device
repeats the hiccup cycle until overcurrent condition is removed. When overcurrent condition is detected the fault
register bit BOOST_FAULT is set high to indicate fault in boost operation. An INT is also asserted to the host.
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9.2.14.2.2 Boost Mode Overvoltage Protection

When the VBUS voltage rises above regulation target and exceeds Vqorg ovp, the device enters overvoltage
protection which stops switching, clears OTG_CONFIG bit and exits boost mode. During the overvoltage
duration, the fault register bit (BOOST_FAULT) is set high to indicate fault in boost operation. An INT is also
asserted to the host.

9.2.15 Battery Protection

9.2.15.1 Battery Overvoltage Protection (BATOVP)

The battery overvoltage limit is clamped at 4% above the battery regulation voltage. When battery over voltage
occurs, the charger device immediately disables charge. The fault register BAT_FAULT bit goes high and an INT
is asserted to the host.

9.2.15.2 Battery Over-Discharge Protection

When battery is discharged below Vgar ppr, the BATFET is turned off to protect battery from over discharge. To
recover from over-discharge, an input source is required at VBUS. When an input source is plugged in, the
BATFET turns on. Thy is charged with lgatshorT (typically 100 mA) current when the VBAT < Vgyogr, Of
precharge current as set in IPRECHG register when the battery voltage is between Vgyort and Veatiowy-

9.2.15.3 System Overcurrent Protection

When the system is shorted or significantly overloaded (lgat > lgaTop) SO that its current exceeds the overcurrent
limit, the device latches off BATFET. Section BATFET Enable (Exit Shipping Mode) can reset the latch-off
condition and turn on BATFET

9.2.16 Serial Interface

The device uses I1°C compatible interface for flexible charging parameter programming and instantaneous device
status reporting. 1°C is a bi-directional 2-wire serial interface. Only two open-drain bus lines are required: a serial
data line (SDA) and a serial clock line (SCL). Devices can be considered as masters or slaves when performing
data transfers. A master is the device which initiates a data transfer on the bus and generates the clock signals
to permit that transfer. At that time, any device addressed is considered a slave.

The device operates as a slave device with address 6BH, receiving control inputs from the master device like
micro controller or a digital signal processor through REGO00-REG14. Register read beyond REG14 (0x14)
returns OxFF. The I°C interface supports both standard mode (up to 100 kbits), and fast mode (up to 400 kbits).
When the bus is free, both lines are HIGH. The SDA and SCL pins are open drain and must be connected to the
positive supply voltage via a current source or pull-up resistor.

9.2.16.1 Data Validity

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW state of the
data line can only change when the clock signal on the SCL line is LOW. One clock pulse is generated for each

data bit transferred.
| |
i i
SDA / | | >< \
| |
| |
I I
| |

SCL
Data line stable; | Change |
Data valid of data
allowed
Figure 16. Bit Transfer on the I°C Bus
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9.2.16.2 START and STOP Conditions

All transactions begin with a START (S) and can be terminated by a STOP (P). A HIGH to LOW transition on the
SDA line while SCI is HIGH defines a START condition. A LOW to HIGH transition on the SDA line when the
SCL is HIGH defines a STOP condition.

START and STOP conditions are always generated by the master. The bus is considered busy after the START
condition, and free after the STOP condition.

o« L

.
sCL | o\ /// \\\ /// | § sCL

START (S) STOP (P)
Figure 17. START and STOP conditions

9.2.16.3 Byte Format

Every byte on the SDA line must be 8 bits long. The number of bytes to be transmitted per transfer is
unrestricted. Each byte has to be followed by an Acknowledge bit. Data is transferred with the Most Significant
Bit (MSB) first. If a slave cannot receive or transmit another complete byte of data until it has performed some
other function, it can hold the clock line SCL low to force the master into a wait state (clock stretching). Data
transfer then continues when the slave is ready for another byte of data and release the clock line SCL.

Acknowledgement Acknowledgement
signal from slave _ signal from revceiver _
I [ \f \f \/ \/ | | \ \ \ W
IMsB | x | | Y x» x x Loy jx(
| 1 1 1 R 1 T [\ Por
WSWOIE[ J 1 ‘\“g 2 \\g ,,,,,, g“ 7 \\Q 8 \J 9 \‘\ / v/ _/ _ 8 J,,,,,,SL
START or ACK STOP or
Repeated Repeated
START START

Figure 18. Data Transfer on the I°C Bus

9.2.16.4 Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter
that the byte was successfully received and another byte may be sent. All clock pulses, including the
acknowledge 9™ clock pulse, are generated by the master.

The transmitter releases the SDA line during the acknowledge clock pulse so the receiver can pull the SDA line
LOW and it remains stable LOW during the HIGH period of this clock pulse.

When SDA remains HIGH during the 9™ clock pulse, this is the Not Acknowledge signal. The master can then
generate either a STOP to abort the transfer or a repeated START to start a new transfer.
9.2.16.5 Slave Address and Data Direction Bit

After the START, a slave address is sent. This address is 7 bits long followed by the eighth bit as a data direction
bit (bit R/W). A zero indicates a transmission (WRITE) and a one indicates a request for data (READ).

Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 29
Product Folder Links: bg25896



bg25896

SLUSC76C —JULY 2015—REVISED MAY 2018

13 TEXAS
INSTRUMENTS

www.ti.com
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SDA | X ‘ X J‘A\ X \“A\
scL S I 2 N - 2 - |17 | |8 |9l |17 | 8l o9l | P
| L | L | | L | | L |
START ADDRESS R/W  ACK DATA ACK DATA ACK SsTOP
Figure 19. Complete Data Transfer
9.2.16.6 Single Read and Write
[ 1] 7 [ 8 [ 1 8 [ 1 1]
|s| Slave Address |o | ACK | Reg Addr | ACK | Data Addr | ACK | P|
Figure 20. Single Write
[ 1] 7 [ 1 8 [ I 7 [1] 1
|s| Slave Address |o | ACK | Reg Addr | ACK |s| Slave Address | 1 | ACK

Figure 21. Single Read

If the register address is not defined, the charger IC send back NACK and go back to the idle state.

9.2.16.7 Multi-Read and Multi-Write
The charger device supports multi-read and multi-write on REGO00 through REG14 except REGOC.

|1 7 1] 1 | g | 1
§ | Glave Address | O | ACKE Feg Addr ACE b
fb—s——T7 T T & | 1 | 8 | 1 |1
q Diatato Addr ACE | Datatoddde]l | ACE | ........... Datato 4ddel | ACE | P
Figure 22. Multi-Write
1] 7 (v 1 8 1 1] 7 1] 1
S | Glave Address | 0 | ACE Feg Addr ACE | § | Slave Address 1 | ACE }\
_:—'—'_'_'_'_FF’
—= | 1 | 8 | 1 | 8 | 1 |1}
<;{ Dita @ Addr | ACK | Data (@ Addr+] | ACK | ........... | Data @ Addr+H | NCE |P|
Figure 23. Multi-Read
30 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated

Product Folder Links: bg25896



13 TEXAS
INSTRUMENTS
bq25896

www.ti.com SLUSC76C —JULY 2015—REVISED MAY 2018

REGOC is a fault register. It keeps all the fault information from last read until the host issues a new read. For
example, if Charge Safety Timer Expiration fault occurs but recovers later, the fault register REGOC reports the
fault when it is read the first time, but returns to normal when it is read the second time. In order to get the fault
information at present, the host has to read REGOC for the second time. The only exception is NTC_FAULT
which always reports the actual condition on the TS pin. In addition, REGOC does not support multi-read and
multi-write.

9.3 Device Functional Modes

9.3.1 Host Mode and Default Mode

The device is a host controlled charger, but it can operate in default mode without host management. In default
mode, the device can be used an autonomous charger with no host or while host is in sleep mode. When the
charger is in default mode, WATCHDOG_FAULT bit is HIGH. When the charger is in host mode,
WATCHDOG_FAULT bit is LOW.

After power-on-reset, the device starts in default mode with watchdog timer expired, or default mode. All the
registers are in the default settings.

In default mode, the device keeps charging the battery with 12-hour fast charging safety timer. At the end of the
12-hour, the charging is stopped and the buck converter continues to operate to supply system load. Any write
command to device transitions the charger from default mode to host mode. All the device parameters can be
programmed by the host. To keep the device in host mode, the host has to reset the watchdog timer by writing 1
to WD_RST bit before the watchdog timer expires (WATCHDOG_FAULT bit is set), or disable watchdog timer by
setting WATCHDOG hits=00.

When the watchdog timer (WATCHDOG_FAULT bit = 1) is expired, the device returns to default mode and all
registers are reset to default values except IINLIM, VINDPM, VINDPM_OS, BATFET_RST_EN, BATFET_DLY,
and BATFET_DIS bits.

POR
watchdog timer expired
Reset registers
12C interface enabled

J\ Y Host Mode

12C Write? » Start watchdog timer <
Host programs registers
N
Default Mode o~
Reset watchdog timer € = . ~ Y
‘ Reset selective registers < WD_RST bit = 1?
N J\ Y
12C Write?
////\\\\\

-
Y ///Watchdog Timer ™ N
w

Figure 24. Watchdog Timer Flow Chart
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9.4 Register Maps
12C Slave Address: 6BH (1101011B + R/W)

9.4.1 REGO0O0
Figure 25. REGO0O
7 6 5 4 3 2 1 0
0 0 0 | 0 \ 1 | 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 6. REG0O

Bit Field Type Reset Description
Enable HIZ Mode
7 EN_HIZ RIW Ey SV'Z?CEEET 0 — Disable (default)
Y 9 1 - Enable
Enable ILIM Pin
6 EN_ILIM RIW PYRECRST | o _ Disable
Y 9 1 - Enable (default: Enable ILIM pin (1))
5 IINLIM[5] R/W by REG_RST | 1600mA Input Current Limit
Offset: 100mA
4 IINLIM[4] RIW by REG_RST |800mA | pange: 100mA (000000) — 3.25A (111111)
3 IINLIM[3] RIW by REG_RST | 400mA Default:0001000 (500mA)
(Actual input current limit is the lower of 12C or ILIM pin)
2 INLIM(2] RIW by REG_RST | 200mA IINLIM bits are changed automaticallly after input source
1 IINLIM[1] R/W by REG_RST | 100mA type detection is completed
bq25896
0 INLIM[O] RIW by REG_RST | 50mA PSEL = Hi (USB500) = 500mA
PSEL = Lo = 3.25A
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9.4.2 REGO1
Figure 26. REGO1
7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 1 1 0
R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 7. REG01

Bit Field Type Reset Description

7 BHOT[1] RIW

by REG_RST | Boost Mode Hot Temperature Monitor Threshold
by Watchdog 00 — Vo1 Threshold (34.75%) (default)

01 — Vgyoto Threshold (Typ. 37.75%)

6 BHOTIO] RIW by REG_RST | 10— Varorz Threshold (Typ. 31.25%)

by Watchdog | 11 — Disable boost mode thermal protection

Boost Mode Cold Temperature Monitor Threshold

5 BCOLD RIW Ey SVIZthEEET 0 — VacoLpo Threshold (Typ. 77%) (default)
y 9 | 1 - Vacowos Threshold (Typ. 80%)

4 VINDPM_OS[4] R/W by REG_RST 1600mV Input Voltage Limit Offset
Default: 600mV (00110)

3 VINDPM_OS[3] RIW by REG_RST | 800mV Range: 0mV — 3100mV

2 VINDPM_OS|2] R/W by REG_RST | 400mV Minimum VINDPM threshold is clamped at 3.9V
Maximum VINDPM threshold is clamped at 15.3V

1 VINDPM_OS([1] RIW by REG_RST | 200mV | \yhen VBUS at noLoad is < 6V, the VINDPM_OS is used
to calculate VINDPM threhold

0 VINDPM_OS|0] R/W by REG_RST | 100mV When VBUS at noLoad is > 6V, the VINDPM_OS multiple
by 2 is used to calculate VINDPM threshold.
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9.4.3 REGO02
Figure 27. REG02
7 6 5 4 3 2 1 0
0 0 0 | 1 \ 0 | 0 0 1
R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 8. REG02

Bit Field Type Reset Description
ADC Conversion Start Control
0 — ADC conversion not active (default).
7 CONV_START R/W Ey \Ijang:ﬁggT 1 — Start ADC Conversion
Y 9 This bit is read-only when CONV_RATE = 1. The bit stays high during
ADC conversion and during input source detection.
ADC Conversion Rate Selection
6 CONV_RATE R/W Ey SVIZthEZfT 0 — One shot ADC conversion (default)
Y 9 1 — Start 1s Continuous Conversion
Boost Mode Frequency Selection
by REG_RST | 0— 1.5MHz (default)
5 BOOST_FREQ RIW by Watchdog 1 - 500KHz
Note: Write to this bit is ignored when OTG_CONFIG is enabled.
Input Current Optimizer (ICO) Enable
4 ICO_EN R/W by REG_RST | 0 — Disable ICO Algorithm
1 - Enable ICO Algorithm (default)
3 Reserved R/W by REG_RST | Reserved (default = 0)
2 Reserved R/W by REG_RST | Reserved (default = 0)
Force Input Detection
1 FORCE_DPDM RIW Dy RES_RST | 0~ Notin PSEL detection (defaul)
Y 9 1 - Force PSEL detection
Automatic Input Detection Enable
0 AUTO_DPDM_EN R/W by REG_RST | 0 —Disable PSEL detection when VBUS is plugged-in
1 —Enable PEL detection when VBUS is plugged-in (default)
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9.4.4 REGO3
Figure 28. REGO03
7 6 5 4 3 2 1 0
0 0 0 | 1 \ 1 | 0 1 0
RIW RIW RIW RIW RIW RIW RIW RW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 9. REG03

Bit Field Type Reset Description
Battery Load (IzgatLoap) Enable
7 BAT_LOADEN RIW DY REG_RST | o Disabled (defaut)
Y 9 1 - Enabled
12C Watchdog Timer Reset
6 WD_RST RIW Ey SV'Z?CEEST 0 — Normal (default)
Y 9 1 — Reset (Back to 0 after timer reset)
Boost (OTG) Mode Configuration
5 OTG_CONFIG RIW PYREGRST | 0_0TG Disable (defaull)
y 9 | 1-0TG Enable
Charge Enable Configuration
4 CHG_CONFIG R/W Ey @i?cﬂzc?T 0 - Charge Disable
Y 9 | 1- Charge Enable (default)
3 SYS_MIN[2] R/W by REG_RST | 0.4V Minimum System Voltage Limit
Offset: 3.0V
2 SYS_MIN[1] R/W by REG_RST 0.2V Range 3.0V-3.7V
1 SYS_MIN[02] RIW by REG_RST |0.1V Default: 3.5V (101)
Minimum Battery Voltage (falling) to exit boost mode
0 MIN_VBAT_SEL RIW by REG_RST | "5 gy (default)
by Watchdog 1- 25V

Copyright © 2015-2018, Texas Instruments Incorporated

Submit Documentation Feedback 35

Product Folder Links: bg25896



13 TEXAS

INSTRUMENTS
bq25896
SLUSC76C —JULY 2015—REVISED MAY 2018 www.ti.com
9.4.5 REG04
Figure 29. REG04
7 6 5 4 3 2 1 0
0 0 1 | 0 \ 0 | 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 10. REG04

Bit Field Type Reset Description
Current pulse control Enable
7 EN_PUMPX R/W Ey \?/i?cﬂng 0 - Disable Current pulse control (default)
Y 9 | 1- Enable Current pulse control (PUMPX_UP and PUMPX_DN)
6 ICHG[6] RIW E)’; \Ffvi%ﬁgg 4096mA
5 ICHG[5] RIW E}’; @i%gf; 2048mA
Fast Charge Current Limit
4 ICHG4] RIW Ey SVIZthEEET 1024mA | Offset: OmA
y 9 Range: OmA (0000000) — 3008mA (0101111)
by REG_RST Default: 2048mA (0100000)
3 ICHG[3] RIW by Wathdog | 512™ | Noter
by REG RST ICHG=000000 (0mA) disables charge
2 ICHG[2] R/W by Watchdo 256mA ICHG > 0101111 (3008mA) is clamped to register value
y 9 0101111 (3008mA)
1 ICHG[1] RIW g @iﬁﬂﬁi 128mA
0 ICHGIO] RIW E)’; \Ffvi%ﬁgg 64mA
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9.4.6 REGO05
Figure 30. REGO05
7 6 5 4 3 2 1 0
0 0 0 | 1 \ 0 | 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 11. REGO5
Bit Field Type Reset Description
by REG_RST
7 IPRECHG[3] RIW by Watchdog 512mA
by REG_RST Precharge Current Limit
6 IPRECHG[2 RIW 256mA recharge Current Limi
A by Watchdog " Offset: 64mA
by REG RST Range: 64mA — 1024mA
5 IPRECHGI[1] RIW b§ Watchdog | 128MA | Default: 128mA (0001)
by REG_RST
4 IPRECHG[0] RIW by Watchdog 64mA
by REG_RST
3 ITERM[3] RIW by Watchdog 512mA
2 ITERM[2] RIW by REG_RST | 5o Termination Current Limit
by Watchdog Offset: 64mA
by REG RST Range: 64mA — 1024mA
1 ITERM[1] RIW b§ Watchdog | 28MA Default: 256mA (0011)
by REG_RST
0 ITERM[O] RIW by Watchdog 64mA
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9.4.7 REGO06
Figure 31. REGO06
7 6 5 4 3 2 1 0
0 1 0 | 1 \ 1 | 1 1 0
R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 12. REGO06

Bit Field Type Reset Description
by REG_RST

7 VREG[5] RIW by Watchdog | 512V
by REG_RST

6 VREG[4 R/W - 256mV

N by Watchdog Charge Voltage Limit
by REG RST Offset: 3.840V
5 VREG[3] Riw b§ Watchdog | 128MV | Range: 3.840V — 4.608V (110000)
Default: 4.208V (010111)

4 VREG[2] RIW by REG_RST | 50y | Note: , ,
by Watchdog VREG > 110000 (4.608V) is clamped to register value
by REG_RST 110000 (4.608V)

3 VREG[1] RIW by Watchdog | 32V
by REG_RST

2 VREG[0] RIW by Watchdog | 16™V

Battery Precharge to Fast Charge Threshold
1 BATLOWV R/W Ey SVEIE:FEOST 0-2.8V
Y 9 | 1- 3.0V (default)
Battery Recharge Threshold Offset
by REG_RST | (below Charge Voltage Limit)
0 VRECHG RW by Watchdog | 0 — 100mV (Vrecro) below VREG (REGO6[7:2]) (default)
1 — 200mV (Vrecrc) below VREG (REGO6[7:2])
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9.4.8 REGO7
Figure 32. REGO7
7 6 5 4 8 2 1 0
1 0 0 | 1 \ 1 | 1 0 1
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 13. REGO7
Bit Field Type Reset Description
Charging Termination Enable
7 EN_TERM RIW Ey &,E‘%EET 0 - Disable
Y 9 | 1- Enable (default)
STAT Pin Disable
6 STAT DIS RIW gy WZ%EET 0 — Enable STAT pin function (default)
Y 9 1 - Disable STAT pin function
by REG_RST | 12C Watchdog Timer Setting
5 WATCHDOGI1] RIW by Watchdog 00 — Disable watchdog timer
by REG RST 01 — 40s (default)
y _ 10 - 80s
4 WATCHDOGI0] RIW by Watchdog | 11 - 360
Charging Safety Timer Enable
3 EN_TIMER RIW Ey SVIZthEZET 0 — Disable
y 9 | 1 - Enable (default)
by REG_RST | Fast Charge Timer Setting
2 CHG_TIMER[1] RW by Watchdog 00-5 hrs
by REG_RST | b oAt
y _ 10 — 12 hrs (default)
1 CHG_TIMERIO R/W
—TIMER[0] by Watchdog | 11 - 20 hrs
JEITA Low Temperature Current Setting
0 JEITA_ISET (0C-10C) RIW Ey \Ffan%EST 0 — 50% of ICHG (REGO4[6:0])
Y 9 | 1-20% of ICHG (REG04[6:0]) (default)
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9.4.9 REGO08
Figure 33. REGO08
7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 14. REGO8

Bit Field Type Reset Description
by REG_RST

7 BAT_COMP[2] RIW by Watchdog 80mQ

IR Compensation Resistor Setting
6 BAT_COMP[1] RIW gy WZ%EET 40mQ Range: 0 — 140mQ
y 9 Default: 0Q (000) (i.e. Disable IRComp)

by REG_RST

5 BAT_COMP[0] R/W by Watchdog 20mQ
by REG_RST

4 VCLAMP2] RW by Watchdog 128mv IR Compensation Voltage Clamp

above VREG (REGO06[7:2])
3 VCLAMP[1] RIW Ey @i%g? 64mvV Offset: OmV
y 9 Range: 0-224mV

by REG_RST Default: OmV (000)

2 VCLAMP[0] RIW by Watchdog 32mv
by REG_RST | Thermal Regulation Threshold

1 TREG[1] RIW by Watchdog 00 - 60°C
by REG_RST | 16— aoon

0 TREGI[O RIW y _ 10 - 100°C

o1 by Watchdog | 11 — 120°C (default)
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9.4.10 REGO09
Figure 34. REGO09
7 6 5 4 8 2 1 0
0 1 0 | 0 \ 0 | 1 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 15. REG09
Bit Field Type Reset Description
Force Start Input Current Optimizer (ICO)
0 — Do not force ICO (default)
by REG_RST
7 FORCE_ICO R/W by Watchdog ﬁ;teliorce ICO
This bit is can only be set only and always returns to 0 after ICO starts
Safety Timer Setting during DPM or Thermal Regulation
0 — Safety timer not slowed by 2X during input DPM or thermal
6 TMR2X_EN RIW gy SV'Z%EET regulation
Y 9 1 — Safety timer slowed by 2X during input DPM or thermal regulation
(default)
Force BATFET off to enable ship mode
5 BATFET_DIS R/W by REG_RST 0 — Allow BATFET turn on (default)
1 — Force BATFET off
JEITA High Temperature Voltage Setting
g by REG_RST | 0 - Set Charge Voltage to VREG-200mV during JEITA hig temperature
4 JEITA_VSET (45C-60C) RIW by Watchdog | (default)
1 — Set Charge Voltage to VREG during JEITA high temperature
BATFET turn off delay control
3 BATFET_DLY R/W by REG_RST | 0— BATFET turn off immediately when BATFET_DIS bit is set (default)
1 - BATFET turn off delay by tsy py when BATFET_DIS bit is set
BATFET full system reset enable
2 BATFET_RST_EN R/W by REG_RST | 0 — Disable BATFET full system reset
1 - Enable BATFET full system reset (default)
Current pulse control voltage up enable
0 — Disable (default)
by REG_RST | 1- Enable
1 PUMPX_UP RIW by Watchdog Note:
This bit is can only be set when EN_PUMPX bit is set and returns to 0
after current pulse control sequence is completed
Current pulse control voltage down enable
0 — Disable (default)
by REG_RST |1 - Enable
0 PUMPX_DN RW by Watchdog Note:
This bit is can only be set when EN_PUMPX bit is set and returns to 0
after current pulse control sequence is completed
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9.4.11 REGOA
Figure 35. REGOA
7 6 5 4 3 2 1 0
0 1 1 | 1 \ 0 | 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 16. REGOA

Bit Field Type Reset Description
7 BOOSTV[3] RIW Ei SV'Z?CEEEJ 512mV
by REG RST Boost Mode Voltage Regulation
6 BOOSTV[2] RIW bi Watchdog | 255V Offset: 4.55V
Range: 4.55V — 5.51V
5 BOOSTV[1] R/W by REG_RST | 128mV Default:4.998V(0111)
4 BOOSTV(0] RIW gi @iﬁﬂﬁfg 64mV

PFM mode allowed in boost mode
3 PFM_OTG_DIS R/W by REG_RST | 0 - Allow PFM in boost mode (default)
1 — Disable PFM in boost mode

by REG_RST | 000: 0.5A

2 BOOST_LIM2] RIW by Watchdog 001: 0.75A
010: 1.2A
1 BOOST _LIM[1] RIW Ey SV'Z?CEEET 011: 1.4A Boost Mode Current Limit
y 9 |100: 1.65A Default: 1.4A (011)
101: 1.875A
0 BOOST _LIM[0] RIW EV \F/QVIZ?cEEET 110: 2.15A
Y 9 111: Reserved
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9.4.12 REGOB
Figure 36. REGOB

7 6 5 4
X X X | X ‘ X | X X X
R R R R
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 17. REGOB
Bit Field Type Reset Description
7 VBUS_STAT[2] R N/A VBUS Status register
000: No Input
6 VBUS_STAT[1] R NIA 001: USB Host SDP
010: Adapter (3.25A)
5 VBUS_STATI0] R N/A 111: OTG
Note: Software current limit is reported in IINLIM register
4 CHRG_STAT[1] R N/A Charging Status
00 — Not Charging
01 — Pre-charge ( < VgatLowv)
3 CHRG_STAT[0] R N/A 10 — Fast Charging
11 — Charge Termination Done
Power Good Status
2 PG_STAT R N/A 0 — Not Power Good
1 — Power Good
1 Reserved Reserved: Always reads 1
VSYS Regulation Status
0 VSYS_STAT R N/A 0 — Not in VSYSMIN regulation (BAT > VSYSMIN)
1 — In VSYSMIN regulation (BAT < VSYSMIN)
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9.4.13 REGOC
Figure 37. REGOC

7 6 5 4

X X X | X ‘ X | X X X

R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 18. REGOC

Bit Field Type Reset Description

Watchdog Fault Status
7 WATCHDOG_FAULT R N/A Status 0 — Normal
1- Watchdog timer expiration

Boost Mode Fault Status

6 BOOST_FAULT R N/A 0 — Normal

boost mode

1 - VBUS overloaded in OTG, or VBUS OVP, or battery is too low in

5 CHRG_FAULTI1] R N/A Charge Fault Status
00 — Normal

4 CHRG_FAULTI0] R N/A
10 - Thermal shutdown

11 — Charge Safety Timer Expiration

01 — Input fault (VBUS > Vpcoy 0r VBAT < VBUS < Vygysmin(typical 3.8V)

Battery Fault Status
3 BAT_FAULT R N/A 0 — Normal

1 — BATOVP (VBAT > Vgarove)

2 NTC_FAULT[2] R N/A NTC Fault Status
Buck Mode:
1 NTC_FAULT[1] R N/A 000 — Normal
010 — TS Warm
011 - TS Cool
101 - TS Cold
110 - TS Hot
Boost Mode:
000 — Normal
101 - TS Cold
110 — TS Hot

0 NTC_FAULTI[0] R N/A

44 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated

Product Folder Links: bg25896



13 TEXAS

INSTRUMENTS
b25896
www.ti.com SLUSC76C —JULY 2015—REVISED MAY 2018
9.4.14 REGOD
Figure 38. REGOD
7 6 5 4 3 2 1 0
0 0 0 | 1 \ 0 | 0 1 0
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 19. REGOD
Bit Field Type Reset Description
VINDPM Threshold Setting Method
0 — Run Relative VINDPM Threshold (default)
7 FORCE_VINDPM RIW by REG_RST 1 — Run Absolute VINDPM Threshold
Note: Register is reset to default value when input source is plugged-in
6 VINDPM[6] R/W by REG_RST 6400mV Absolute VINDPM Threshold
Offset: 2.6V
5 VINDPMIS] RIW by REG_RST | 3200mV | pange: 3.9V (0001101) — 15.3V (1111111)
4 VINDPM[4] R/W by REG_RST 1600mV Default: 4.4V (0010010)
Note:
3 VINDPMI3] RIW by REG_RST |800mV | yjajye < 0001101 is clamped to 3.9V (0001101)
2 VINDPM[2] R/IW by REG_RST | 400mV Register is read only when FORCE_VINDPM=0 and can
be written by internal control based on relative VINDPM
1 VINDPM[1] R/W by REG_RST | 200mV threshold setting
Register can be read/write when FORCE_VINDPM = 1
0 VINDPM[O] R/W by REG_RST | 100mV Note: Register is reset to default value when input source
is plugged-in

9.4.15 REGOE

Figure 39. REGOE

7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 0 0 0
R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 20. REGOE

Bit Field Type Reset Description
Thermal Regulation Status
7 THERM_STAT R N/A 0 — Normal
1 - In Thermal Regulation
6 BATV[6] R N/A 1280mV
5 BATV[5] R N/A 640mVv
4 BATV[4] R N/A 320mV ADC conversion of Battery Voltage (Vgat)
Offset: 2.304V
3 BATVIS] R N/A 160MV_ | Range: 2.304V (0000000) — 4.848V (1111111)
2 BATV[2] R N/A 80mV Default: 2.304V (0000000)
1 BATV[1] R N/A 40mvV
0 BATVI[0] R N/A 20mv
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9.4.16 REGOF
Figure 40. REGOF

7 6 5 4 3 2 1 0

0 0 0 | 0 0 | 0 0 0

R R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 21. REGOF

Bit Field Type Reset Description
7 Reserved R N/A Reserved: Always reads 0
6 SYSV[6] R N/A 1280mvV
5 SYSV[5] R N/A 640mV
4 SYSV[4] R N/A 320mV ADDC conversion of System Voltage (Vsys)
Offset: 2.304V
s SYSVIS] R NIA 160MV_ | Range: 2.304V (0000000) — 4.848V (1111111)
2 SYSV[2] R N/A 8omv Default: 2.304V (0000000)
1 SYSV[1] R N/A 40mv
0 SYSV[0] R N/A 20mv
9.4.17 REGI10
Figure 41. REG10
7 6 5 4 3 2 1 0
0 0 0 | 0 0 | 0 0 0
R R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 22. REG10

Bit Field Type Reset Description
7 Reserved R N/A Reserved: Always reads 0
6 TSPCT[6] R N/A 29.76%
5 TSPCTI[5] R N/A 14.88%
4 TSPCT[4] R N/A 7.44% ADC conversion of TS Voltage (TS) as percentage of REGN
Offset: 21%
0,
3 TSPCTI3] R NIA 3.72% Range 21% (0000000) — 80% (1111111)
2 TSPCT[2] R N/A 1.86% Default: 21% (0000000)
1 TSPCT[1] R N/A 0.93%
0 TSPCTI[O] R N/A 0.465%
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9.4.18 REG11
Figure 42. REG11
7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 0 0 0
R R R R R R R R
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 23. REG11
Bit Field Type Reset Description
VBUS Good Status
7 VBUS_GD R N/A 0 — Not VBUS attached
1 - VBUS Attached
6 VBUSV[6] R N/A 6400mV
5 VBUSV[5] R N/A 3200mV
4 VBUSV[4] R N/A 1600mV ADC conversion of VBUS voltage (Vgys)
3 VBUSV[3] R NIA goomy | Offset: 2.6V
Range 2.6V (0000000) — 15.3V (1111111)
2 VBUSV[2] R N/A 400mV Default: 2.6V (0000000)
1 VBUSVI[1] R N/A 200mvV
0 VBUSVI0] R N/A 100mV
9.4.19 REGI12
Figure 43. REG12
7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 0 0 0
R R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 24. REG12

Bit Field Type Reset Description

7 Unused R N/A Always reads 0

6 ICHGRI6] R N/A 3200mA

5 ICHGRI[5] R N/A 1600mA ADC conversion of Charge Current (Igat) when Vgar >
4 ICHGR[4] R N/A 800mA \C/)Ef’f’g A

3 ICHGR[3] R N/A 400mA Range OmA (0000000) — 6350mA (1111111)

2 ICHGR[2] R N/A 200mA Bg{gf"t: OmA (0000000)

1 ICHGR[1] R N/A 100mA This register returns 0000000 for Vgat < VBaTSHORT

0 ICHGRI0] R N/A 50mA
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9.4.20 REG13
Figure 44. REG13

7 6 5 4 3 2 1 0

0 0 0 | 0 \ 0 | 0 0 0

R R R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 25. REG13

Bit Field Type Reset Description
VINDPM Status
7 VDPM_STAT R N/A 0 — Not in VINDPM
1 - VINDPM
IINDPM Status
6 IDPM_STAT R N/A 0 — Not in INDPM
1 - [INDPM
5 IDPM_LIM[5] R N/A 1600mA
4 IDPM_LIM[4] R N/A 800mA o , o
Input Current Limit in effect while Input Current Optimizer
3 IDPM_LIM[3] R N/A 400mA (ICO) is enabled
2 IDPM_LIM[2] R N/A 200mA Offset: 100mA (default)
Range 100mA (0000000) — 3.25mA (1111111)
1 IDPM_LIM[1] R N/A 100mA
0 IDPM_LIM[0] R N/A 50mA
9.4.21 REG14
Figure 45. REG14
7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 0 1 0
R/W R/W R R R R R R

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 26. REG14

Bit Field Type Reset Description

Register Reset

0 — Keep current register setting (default)

7 REG_RST R/W N/A 1 — Reset to default register value and reset safety timer
Note:

Reset to 0 after register reset is completed

Input Current Optimizer (ICO) Status
6 ICO_OPTIMIZED R N/A 0 — Optimization is in progress
1 — Maximum Input Current Detected

5 PN[2] R N/A
Device Configuration
4 PN[] R N/A 000: bq25896
3 PN[O] R N/A
Temperature Profile
2 TS_PROFILE R N/A 1- JEITA (default)
1 DEV_REV[1] R N/A ) N
Device Revision: 10
0 DEV_REV([0] R N/A
48 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
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10 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.

10.1 Application Information

A typical application consists of the device configured as an 1°C controlled power path management device and a
single cell battery charger for Li-lon and Li-polymer batteries used in a wide range of smartphones and other
portable devices. It integrates an input reverse-block FET (RBFET, Q1), high-side switching FET (HSFET, Q2),
low-side switching FET (LSFET, Q3), and BATFET (Q4) between the system and battery. The device also

integrates a bootstrap diode for the high

10.2 Typical Application

-side gate drive.

Input OTG

3.9V-14V at 3A 5Vat2A 1uH SYS35V-45V
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I i L PMID Tm T
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Figure 46. bq25896 with PSEL Interface and USB On-the-Go (OTG)

10.2.1 Design Requirements

For this design example, use the parameters shown in Table 27.

Table 27. Design Parameter

PARAMETERS VALUES
Input voltage range 39Vtol14V
Input current limit 15A
Fast charge current 3008 mA
Output voltage 4.352 'V
VRrer System pullup voltage 1.8Vv-33V
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10.2.2 Detailed Design Procedure

10.2.2.1 Inductor Selection

The device has 1.5 MHz switching frequency to allow the use of small inductor and capacitor values. The
Inductor saturation current should be higher than the charging current (Icyg) plus half the ripple current (IxjppLg):

IBAT = IcHa * (1/2) IRipPLE (5)

The inductor ripple current depends on input voltage (Vgys), duty cycle (D = Vgat/Vyeus), Switching frequency (fs)
and inductance (L):
Vgys xD x (1-D)

| =
RIPPLE FsxL ©)

The maximum inductor ripple current happens with D = 0.5 or close to 0.5. Usually inductor ripple is designed in
the range of (20-40%) maximum charging current as a trade-off between inductor size and efficiency for a
practical design.

10.2.2.2 Buck Input Capacitor

Input capacitor should have enough ripple current rating to absorb input switching ripple current. The worst case
RMS ripple current is half of the charging current when duty cycle is 0.5. If the converter does not operate at
50% duty cycle, then the worst case capacitor RMS current Ipyp occurs where the duty cycle is closest to 50%
and can be estimated by Equation 7:

IpmID = IcHG X VD x (1 - D) (7)

Low ESR ceramic capacitor such as X7R or X5R is preferred for input decoupling capacitor and should be
placed to the drain of the high side MOSFET and source of the low side MOSFET as close as possible. Voltage
rating of the capacitor must be higher than normal input voltage level. 25 V rating or higher capacitor is preferred
for up to 14-V input voltage. 8.2-uF capacitance is suggested for typical of 3 A — 5 A charging current.

50 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
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10.2.2.3 System Output Capacitor

Output capacitor also should have enough ripple current rating to absorb output switching ripple current. The
output capacitor RMS current Iyt IS given:

IRIPPLE
| = ~0.29 x |
CSYS 2x 3 RIPPLE ®)

The output capacitor voltage ripple can be calculated as follows:

AV = Vsys [17VSYS]

8LCsysss?|  VBus )

At certain input/output voltage and switching frequency, the voltage ripple can be reduced by increasing the
output filter LC. The charger device has internal loop compensator. To get good loop stability, 1-uH and minimum
of 20-uF output capacitor is recommended. The preferred ceramic capacitor is 6V or higher rating, X7R or X5R.
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10.2.3 Application Curves

Bisw W

= _ 1 _ ] Trig? [ _ 1 _ ] Trig?.
.vsusf P DVBUS--————-—-——-———/- ST B
; ; .
B(vSYS B|VsYS |
/PG L-n-u—- AAIBAT:
5.00 Y - 40.0ms 25.0k5/3 o 7 2Feb 2015 o soov - 100mms 10.0kS/3 o 7 2Feb 2015
2.00Y 2.00Y 10k points 130V 16:19:08 & 200y 2004 @ 10k points 130V 16:23:31
VBAT =3.2V
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Figure 51. Input Current DPM Response without Battery
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Figure 52. Load Transient During Supplement Mode
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Figure 53. PWM Switching Waveform
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Figure 54. PFM Switching Waveform
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Figure 55. Boost Mode Switching Waveform
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Figure 56. Boost Mode Load Transient
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10.3 System Examples
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Figure 57. bg25896 With PSEL Interface, USB On-the-Go (OTG) and No Thermistor Connections
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11 Power Supply Recommendations

In order to provide an output voltage on SYS, the device requires a power supply between 3.9 V and 14 V input
with at least 100-mA current rating connected to VBUS or a single-cell Li-lon battery with voltage > Vgatuvio
connected to BAT. The source current rating needs to be at least 3 A in order for the buck converter of the
charger to provide maximum output power to SYS.

12 Layout

12.1 Layout Guidelines

The switching node rise and fall times should be minimized for minimum switching loss. Proper layout of the
components to minimize high frequency current path loop (see Figure 58) is important to prevent electrical and
magnetic field radiation and high frequency resonant problems. Here is a PCB layout priority list for proper
layout. Layout PCB according to this specific order is essential.

1. Place input capacitor as close as possible to PMID pin and GND pin connections and use shortest copper
trace connection or GND plane.

2. Place inductor input terminal to SW pin as close as possible. Minimize the copper area of this trace to lower
electrical and magnetic field radiation but make the trace wide enough to carry the charging current. Do not
use multiple layers in parallel for this connection. Minimize parasitic capacitance from this area to any other
trace or plane.

3. Put output capacitor near to the inductor and the IC. Ground connections need to be tied to the IC ground
with a short copper trace connection or GND plane.

4. Route analog ground separately from power ground. Connect analog ground and connect power ground
separately. Connect analog ground and power ground together using power pad as the single ground
connection point. Or using a 0Q resistor to tie analog ground to power ground.

5. Use single ground connection to tie charger power ground to charger analog ground. Just beneath the IC.
Use ground copper pour but avoid power pins to reduce inductive and capacitive noise coupling.

6. Decoupling capacitors should be placed next to the IC pins and make trace connection as short as possible.

7. ltis critical that the exposed power pad on the backside of the IC package be soldered to the PCB ground.
Ensure that there are sufficient thermal vias directly under the IC, connecting to the ground plane on the
other layers.

8. The via size and number should be enough for a given current path.

See the EVM design for the recommended component placement with trace and via locations. For the VQFN
information, refer to SCBA017 and SLUA271.

12.2 Layout Example

MA

1 I

Figure 58. High Frequency Current Path

C

&

Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 55
Product Folder Links: bg25896



13 TEXAS
INSTRUMENTS
bq25896

SLUSC76C —JULY 2015—REVISED MAY 2018 www.ti.com

13 Device and Documentation Support

13.1 Documentation Support

13.1.1 Related Documentation

Quad Flatpack No-Lead Logic Packages Application Report SCBA017
QFN/SON PCB Attachment Application Report SLUA271

Semiconductor and IC Package Thermal Metrics Application Report SPRA953

13.2 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document

13.3 Community Resources

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

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

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

13.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

13.5 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.

13.6 Glossary

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

14 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
BQ25896RTWR ACTIVE WQFN RTW 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 BQ
25896
BQ25896RTWT ACTIVE WQFN RTW 24 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 ngsge Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

© Lead finish/Ball material - Orderable Devices 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
R R R T
® O &|( Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O 0O OO0 0O 0 O0 Sprocket Holes
| |
I I
Sl I ——
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
BQ25896RTWR WQFN RTW 24 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
BQ25896RTWT WQFN RTW 24 250 180.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ25896RTWR WQFN RTW 24 3000 346.0 346.0 33.0
BQ25896RTWT WQFN RTW 24 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RTW 24 WQFN - 0.8 mm max height

4 x 4,0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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MECHANICAL DATA

RTW (S—PWQFN—N24) PLASTIC QUAD FLATPACK NO—LEAD
-
8]
415
\ o 5,85
PIN 1 INDEX AREA —1
TOP AND BOTTOM

070 ] J0,20 REF.
i B B

SEATING PLANE

«—{050)

w °
EEURVRVIIVRHR

1 6
24 | 17
D THERMAL PAD C
D _SIZE AND SHAPE -
D SHOWN ON SQPARATE SHEET C
D L J -
191D C 2
18

—»Hﬁ 24x 220 | 1010 @lcla]B]
0,18 0,05 M

(@)

4206244/C 07 /11

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

This drawing is subject to change without notice.

Quad Flatpack, No—Leads (QFN) package configuration.

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

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

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RTW (S—PWQFN—-N24) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

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

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

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

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

PIN 1 INDICATOR

(OPTIONAL)
1 [}
\Li Jujuuu
T 24 C7 E d Th | Pad
/—— xpose erma a
D 1
D -
2,70+0,10
D + -
l D -
19 CZ
ANARAIIAEAEA

L] T3

4— 2,700,110 —»

Bottom View

Exposed Thermal Pad Dimensions

4206249-5/P 05/15

NOTES: A. All linear dimensions are in millimeters
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A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

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

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

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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
will 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 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
TI products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View BQ25896RTWR on WIN SOURCE

@ |! exas Instrument§ Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/texas-instruments/bq25896rtwr.html
https://www.win-source.net/manufacturer/texas-instruments

