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bq25898D bq25898
I°C Address 6AH (1101010B + R/W) 6BH (1101011B + R/W)
Charge Mode Frequency 1.5 MHz 1.5 MHz
Boost Mode Frequency 1.5 MHz (default) / 500 KHz 1.5 MHz (default) / 500 KHz
USB Detection D+/D- PSEL/OTG
VBUS Overvoltage 140V 140V
REGN LDO 6V 6V
Default Adapter Current Limit 3.25A 3.25A
Default Battery Charge Voltage 4.208 V 4.208 V
Maximum Charge Current 4.032 A 4.032 A
Default Charge Current 2.048 A 2.048 A
Default Pre-charge Current 128 mA 128 mA
Maximum Pre-charge Current 1.024 A 1.024A
Maximum Boost Mode Output Current 2.4A 2.4A
Charging Temperature Profile JEITA JEITA
Status Output STAT STAT, PG

Copyright © 2016-2017, Texas Instruments Incorporated
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7 Pin Configuration and Functions

bg25898 bq25898D
YFF Package 42-Pin DSBGA YFF Package 42-Pin DSBGA
Top View Top View
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,*\ ,*\ ,‘\ Pl P ,-\ ,"\ ,"\ ,‘\ ,-\ ,N\ ,-\
Al 1 BAT) I svs, I scLy 1 T1s IREGN, 1BTST) A | 1BAT) I sys I scL) 115 IREGN) IBTST)
N\~ N - N~ N\~ \_~ -7 N \_~ N v N\ \_~
77\ 7=\ 77N 7=\ 77N and 77N 77N 77\ 7=\ 77N 7=\
g | I BaT) I svs, I spa I CE ) lvok 1 QoN, g | | BAT) I sys I spa I ce I DESL) 1 QON
-7 -7 N N - N \_~ -7 N -7 \_~ -7 \_~
77\ = =\ N i r= YN =\ = P =\ =
c | AT I sys, I PSEL) lote I sw) IPGND) c | !8aT) I svs) I b+ loTs ) I sw) IPGND)
N\~ - N~ \_. - \_v~s -7 \N_~ \N_v~ - \_. N_vs
7N A N 77N 77N 77N 7N 7N 77N 7N 77N 77N
o | I BAT, I svs, I PG (PMID) lsw 1pGND) o | I BAT, I svs, I b I PMID) I sw pGND)
Nov \_. A \_. N \N_, N \_. N~ \_, \_. —
,"‘\ ,\\ ,‘\ P P P ,"‘ ,- ,\\ ,-\ ‘\ ,-
e | IBaT) I svs, lvBus) {pmID ) lsw, IpGND) e | BAT) I sys, lvBus) {PMID ) lsw IPGND)
-7 N \N_v~ -7 -7 -7 N\~ -7 -7 -7 Nos \N_~
,‘\ = ,‘\ ,-\ ,*\ ,—n\ ,"‘\ ,- ,‘ ,- ,N\ ,-
F | Batsey  INT,  tveus;  fempy | sw)  Ipenp F | Batsey  INT, dveusy  Iempy | sw)  IpeND)
Nev - \_. \_. \_~ \_. \_~ \_. \_. \_. \_~ \_.
77N = 77N 7N 7N 7N 77N =\ = = =\ -
G | IstaT) fiLm lvsus) IPMID ) I sw ) IPGND) G | IstaT) tiLm ) lvBus) IPMID ) I sw ) IPGND,)
N N - N N \_. Nev \_. - N~ -’ \_~
Pin Functions
PIN
TYPE® DESCRIPTION
NAME bq25898 bq25898D
Charger Input Voltage. The internal n-channel reverse block MOSFET (RBFET) is connected
VBUS E3-G3 E3-G3 P 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.
Positive line of the USB data line pair. D+/D- based USB host/charging port detection. The
D+ - C3 AlO detection includes data contact detection (DCD), primary and secondary detection in BC1.2, and
Adjustable high voltage adapter.
PSEL c3 _ DI Power source selection input. High indicates a USB host source and Low indicates an adapter
source.
Negative line of the USB data line pair. D+/D- based USB host/charging port detection. The
D- - D3 AIO detection includes data contact detection (DCD), primary and secondary detection in BC1.2, and
Adjustable high voltage adapter.
o Open drain active low power good indicator. Connect to the pull up rail via 10-kQ resistor. LOW
PG D3 - DO indicates a good input source if the input voltage is within Vygys_op, above SLEEP mode threshold
(VsLeepz), and current limit is above lgatsrc(30 MA).
Open drain charge status output to indicate various charger operation. Connect to the pull up rail
STAT G1 G1 DO 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 A3 A3 DI 12C Interface clock. Connect SCL to the logic rail through a 10-kQ resistor.
SDA B3 B3 DIO 12C Interface data. Connect SDA to the logic rail through a 10-kQ resistor.
INT E2 E2 DO Open-drain Interrupt Output. Connect the INT to a logic rail via 10-kQ resistor. The INT pin sends
active low, 256-us pulse to host to report charger device status and fault.
Active high enable pin during boost mode. Deleted text form the OTG pin Description "OTG = High,
oTG C4 C4 DI IINLIM is set to USB500 mode". The boost mode is activated when OTG_CONFIG =1 and OTG pin
is highChanged the Description of the OTG pin in the Pin Functions table.

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

Copyright © 2016-2017, Texas Instruments Incorporated
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Pin Functions (continued)

PIN

NAME

b25898

bg25898D

TYPE®

DESCRIPTION

B4

B4

DI

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

ILIM

G2

G2

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 Iiywax = Kium/Rium- The
actual input current limit is the lower limit set by ILIM pin (when EN_ILIM bit is high) or HINLIM
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.

TS

A4

A4

Al

Temperature qualification voltage input. 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.

QON

B6

B6

DI

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. . When VBUS is not plugged-in, a logic low
of toon_rs (typical 19.5sec) duration resets SYS (system power) by turning BATFET off for

teatreT RsT (typical 0.325sec) and then re-enable BATFET to provide full system power reset. The
pin contains an internal pull-up to maintain default high logic

BAT

Al-El

Al-El

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.

SYS

A2-E2

A2-E2

System connection point. 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.

PGND

C6-G6

C6-G6

Power ground connection for high-current power converter node.

SW

C5-G5

C5-G5

Switching node connecting to output inductor. 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.

BTST

A6

A6

PWM high side driver positive supply. Internally, the BTST is connected to the cathode of the
boost-strap diode. Connect the 0.047uF bootstrap capacitor from SW to BTST.

REGN

A5

A5

PWM low side driver positive supply output. Internally, REGN is connected to the anode of the
boost-strap diode. Connect a 4.7 pF (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

D4-G44

D4-G4

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.

DSEL

B5

DO

Active high D+/D- multiplexer selection control. Connect a 47-nF (6V rating) ceramic capacitor from
DSEL to analog GND. The pin is normally low. During input source type detection, the pin drives
high to indicate the bq25890 D+/D- detection is in progress and needs to take control of D+, D-
signals. When detection is completed, the pin keeps high when DCP, MaxCharge or HVDCP is
detected. The pin returns to low when other input source type is detected

VOK

B5

DO

LDO output to driver USB PHY/MUX. Connect a 47nF ceramic capacitor from VOK to analog GND.

BATSEN

F1

F1

Al

Remote battery sense input. The typical pin resistance is 800 kQ2. Connect as close to battery as
possible.

Copyright © 2016-2017, Texas Instruments Incorporated



http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
bq25898, bq25898D

www.ti.com.cn ZHCSEWO0B —MARCH 2016—REVISED MARCH 2017

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 (bq25898) -0.3 7 \Y;
PSEL (bg25898) -0.3 7 \Y
VOK (bg25898) -0.3 7 \Y
DSEL (bgq25898D) -0.3 7 \Y
. D+, D— (bg25898D) -0.3 7 \Y

Voltage range (with respect to GND)
BTST -0.3 20 \%
SwW -3 16 \%
BAT, SYS (converter not switching) -0.3 \%
SDA, SCL, INT, OTG, REGN, TS, CE, QON -0.3 \%
BTST TO SW -0.3 7 \%
PGND to GND -0.3 0.3 \%
BATSEN -0.3 7 \%
ILIM -0.3 5 \Y
INT, STAT 6 mA
) PG (bq25898) 6 mA

Output sink current

DSEL (bgq25898D) 5 mA
VOK (bg25898) 5 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.

Copyright © 2016-2017, Texas Instruments Incorporated 7
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8.3 Recommended Operating Conditions
MIN MAX | UNIT
Vin Input voltage 3.9 140 v
N Input current (VBUS) 3.25 A
Isys Output current (SW) 4 A
Vgar  Battery voltage 4.608 \%
Fast charging current 4 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.

8.4 Thermal Information

bq25898,

bq25898D
THERMAL METRIC® YFF (DSBGA) UNIT

42-BALL
Rgia Junction-to-ambient thermal resistance 53.5 °C/W
Rojctop Junction-to-case (top) thermal resistance 0.2 °C/W
Rgis Junction-to-board thermal resistance 8.2 °C/W
WIT Junction-to-top characterization parameter 0.9 °C/W
Vi Junction-to-board characterization parameter 8.2 °C/W
Rgichot Junction-to-case (bottom) thermal resistance N/A °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, T = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP max| unIT
QUIESCENT CURRENTS
Vear = 4.2V, Viyeus) < Viuvio) leakage 5 A
between BAT and VBUS
High-Z Mode, No VBUS, BATFET Disabled
lgaT Battery discharge current (BAT, SW, SYS) in buck mode iRgESCj‘gQ[S] = 1), Battery Monitor Disabled, T, 12 23 A
High-Z Mode, No VBUS, BATFET Enabled
(REGO09([5] = 0), Battery Monitor Disabled, T, 32 60 HA
<85°C
Veus)= 5 V, High-Z Mode, No Battery, 15 35 LA
| Input supply current (VBUS) in buck mode when High-Z mode | Battery Monitor Disabled
(vBus_HIZ) is enabled _ -
Veus= 12 V, High-Z Mode, No Battery, 25 50 WA
Battery Monitor Disabled
Vaus > Vuvioy Veus > Vear, Converter not
switching 15 3 mA
. V, >V , V > Va1, COnverter
lvaus) Input supply current (Vgys) in buck mode sv?/lthi:hing(U\\,;;iT :B?ZV IBS’:TS oA 3 mA
Vsus > Viuvioy Veus > Vear, Converter 3 mA
switching, Vgar = 3.8V, Isys =0 A
l®oosn Battery discharge current in boost mode X%ﬁv:rféf ;/WnB(;?s; mode, lyeus= 0 A, 5 mA
VBUS/BAT POWER UP
V(veus_or) VBUS operating range 3.9 14
V(veus_uvLoz) VBUS for active I°C, no battery 3.6
V(sLeep) Sleep mode falling threshold 25 65 120 mV
V(steerz) Sleep mode rising threshold 130 250 370 mV
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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
VBUS over-voltage rising threshold 13.9 14.6 \Y
V
(oo VBUS over-voltage falling threshold 13.3 13.9 \Y
tacov_RisiNG ACOV rising deglitch Vysus rising 1 Hs
tacov_FaLLING ACOV falling deglitch Vyeus falling 1 ms
VeatuvLoz) Battery for active I1°C, no VBUS 23
Veatory) Battery depletion falling threshold 2.15 25
VeatopLz) Battery depletion rising threshold 2.35 2.7 \%
Vveusminy Bad adapter detection threshold 3.8 \Y
l@ADSRC) Bad adapter detection current source 30 mA
POWER-PATH MANAGEMENT
Iisvs) = 0 A, Vgar> Vsysminy, BATFET Vear+ v
. . Disabled (REG09[5]=1) 50 mV
Vsys Typical system regulation voltage
Isys = 0 A, Vgar< Vsyspin), BATFET Vsysminy + v
Disabled (REG09[5]=1) 0 mV
- Vgar< Vsysouiny: SYS_MIN = 3.5V
Vsysmin Minimum DC system voltage output (REG03[3:1] = 101), Teys= 0 A 3.60 3.75 \Y
’ Vgar =4.35V, SYS_MIN =35V
Vsysmax) Maximum DC system voltage output (REG03[3:1] = 101), lsys= 0 A 4.40 4.42 \Y
R Top reverse blocking MOSFET(RBFET) on-resistance between T,=-40°C-85°C 28 40 mQ
ONEEFED VBUS and PMID T, = -40°C - 125°C 28 7| ma
R Top switching MOSFET (HSFET) on-resistance between PMID T,=-40°C - 85°C 24 33 mQ
'ON(HSFET) and SW _ ° °
T, =-40°C - 125°C 24 40 mQ
R Bottom switching MOSFET (LSFET) on-resistance between T,=-40°C - 85°C 12 18 mQ
ONILSFED SW and GND T, = -40°C - 125°C 12 21 ma
VEwo) BATFET forward voltage in supplement mode BAT discharge current 10 mA 30 mV
BATTERY CHARGER
VBAT(REG_RANGE) Typical charge voltage range 3.840 4.608 \Y
VeAT(REG_STEP) Typical charge voltage step 16 mV
Vgar = 4.208 V (REGO06[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 - 85°C
lcHe_REG_RANGE) Typical fast charge current regulation range 0 4032 mA
lcHe_ReG_sTEP) Typical fast charge current regulation step 64 mA
Vgar= 3.1V or 3.8V, Icyg = 256 mA 500 o
T, = -40°C - 85°C 20% 20%
lcHo_REG_ACC) Fast charge current regulation accuracy
VBA—T= 3.01 V or §.8 V, lepe = 1792 mA 5% 506
T,=-40°C - 85°C
. Fast charge to precharge, BATLOWV
Battery LOWV falling threshold (REGOB[1]) = 1 2.6 2.8 29 \%
Precharge to fast charge, BATLOWV
Battery LOWV rising threshold (REGO6[1]) =1 2.8 3.0 3.15 \Y
(Typical 200-mV hysteresis)
Veatwom Fast charge to precharge, BATLOWV
Battery LOWV falling threshold (REGOB[1]) = 0 25 2.6 2.7 \%
Precharge to fast charge, BATLOWV
Battery LOWV rising threshold (REGO6[1]) =0 2.7 2.8 2.9 \Y
(Typical 200-mV hysteresis)
|(PRECHG_RANGE) Precharge current range 64 1024 mA
lPrRECHG_STER) Typical precharge current step 64 mA
l(preCHG_ACC) Precharge current accuracy Vear = 2.6 V, lprechc = 256 MA —20% 20%
|(rErRM_RANGE) Termination current range 64 1024 mA
lrerM_STER) Typical termination current step 64 mA
lrgrm = 256 MA, lgpes 1344 mA 00, o
o T,=-20°C - 85°C 20% 20%
l(rerM_acC) Termination current accuracy 26
- Irerm = 256 MA, lepe> 1344 mA P "
T, = -20°C - 85°C 20% 20%
V(sHor) Battery short voltage VBAT falling 2.0 \Y
V/(SHORT_HYST) Battery short voltage hysteresis VBAT rising 200 mV
I(sHorT) Battery short current VBAT <22V 110 mA
Copyright © 2016-2017, Texas Instruments Incorporated 9
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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
Vgar falling, VRECHG (REGO06[0] = 0) = 0 100 mv
V(RecHa) Recharge threshold below Vgarree
Vgar falling, VRECHG (REG06[0] = 0) = 1 200 mvV
lgAT(LOAD) Battery discharge load current Vear =42V 15 mA
Isys(Loap) System discharge load current Vgys =42V 30 mA
T,=25°C 5 7 mQ
Ronatren) SYS-BAT MOSFET (BATFET) on-resistance
T, =-40°C - 125°C 5 10 mQ
RaaTsen BATSEN input resistance 800 kQ
INPUT VOLTAGE / CURRENT REGULATION
ViNDPM_RANGE) Typical input voltage regulation range 3.9 15.3 \%
Vinpem_sTep) Typical input voltage regulation step 100 mV
VinEPM_ACC) Input voltage regulation accuracy VINDPM =4.4V, 78V, 108V -3% 3%
IIN(DPM_RANGE) Typical input current regulation range 100 3250 mA
IinPm_sTER) Typical input current regulation step 50 mA
Input current 100mA regulation accuracy AT
InoPM100_ACC) Vir = 5V, current pulled from SW IINLIM (REG00[5:0]) = 100 mA 85 90 100 mA
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(PM_ACC) Vgar = 5V, current pulled from SW USB900, IINLIM (REG00[5:0]) = 900 mA 750 825 900 mA
giapter 1.5 A, IINLIM (REG00[5:0]) = 1500 1300 1400 1500 mA
IinesTART) Input current regulation during system start up Vsys = 2.2 V, IINLIM (REGO00[5:0]) 2 200 mA 200 mA
Kium linmax = Kiuw/Riuws Input Current regulation
by ILIM pin = 1.5 A 290 320 350 AxQ
VOK (bg25898)/DSEL (bq25898D)
VBUS > 6 V I(VOK) = 20 mA and I(REGN) =
30 mA 4.75 5.25 \Y
Vyok oH Voltage
- VBUS =5V I(VOK) = 5 mA and I(REGN) = 4.35 48 v
30 mA ’ )
Vvok_oL Voltage Battery only VBAT = 3.8 V, I(VOK) = -10 mA 0.4 \%
I(DSEL) = 20 mA and I(REGN) = 30 mA,
VpbseL o Voltage \SBUS l 5v ( ) 13 \%
I(DSEL) = -10 mA and I(REGN) = 30 mA,
VpseL oL Voltage \SBUS 2 5V ( ) 0.4 \%
D+/D- DETECTION (bq25898D)
l0uA_IsrRC) D+ connection check current source 7 10 14 HA
l00UA_isiNK) D+/D- current sink (100 pA) 50 100 150 HA
D—, switch open -1 1 HA
|oPOM_LKG) D+/D- Leakage current
- D+, switch open -1 1 HA
lPemA,_IsINK) D+/D- current sink (1.6 mA) 1.35 1.60 1.75 mA
Ro- pwny D- pulldown for connection check 14.25 24.8 kQ
~ REGO01[7:5] = 000 (default) or REGO01[4:2] =
VELoAT vDPSRC D+/D- Voltage source (HIZ) 000 (default) HIz \%
Vopo_vosre D+/D- Voltage source (0 V) REGO01[7:5] = 001 or REGO01[4:2] = 001 0 0.15 \Y
Vops_vbsrc D+/D- Voltage source (0.6 V) REGO01[7:5] = 010 or REG01[4:2] = 010 0.5 0.6 0.7 A\
Vip2 ppvsre D+/D- Voltage source (1.2 V) REGO1[7:5] = 011 or REG01[4:2] = 011 1.075 1.2 1.325 \
V2po_ppvsre D+/D- Voltage source (2.0 V) REGO01[7:5] = 100 or REG01[4:2] = 100 1.875 2 2.125 \Y
V2p7 ppVSre D+/D- Voltage source (2.7 V) REGO01[7:5] = 101 or REG01[4:2] = 101 2.575 2.7 2.825 A\
. REGO1[7:5] = 110 or REG01[4:2] = 110 or
V3p3 ppvsre D+/D- Voltage source (3.3 V) REGO1[42] = 111 3.15 3.3 3.45 \Y
RopoM_SHORT D+/D- Short REG01[7:5] = 111 200 Q
V(opa_vTH) D+/D- low comparator threshold 250 400 mvV
V(ops_vTH) D+ low comparator threshold 0.8 \%
Viep7_vTH) D+/D- comparator threshold for non-standard adapter detection 2.55 2.85 \%
(Divider 1, 3,or 4)
Vzpo_vTH) D+/D- comparator threshold for non-standard adapter detection 1.85 2.15 \Y
(Divider 1, 3)
Vip2_vTH) D+/D- comparator threshold for non-standard adapter detection 1.05 1.35 \Y
(Divider 2)
10 Copyright © 2016-2017, 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
BAT OVER-VOLTAGE/CURRENT PROTECTION
Veatovp) Battery over-voltage threshold Vgar fising, as percentage of Vgarreg) 104%
Veat(ove_HYST) Battery over-voltage hysteresis Vear falling, as percentage of Vgarreg) 2%
leaT(FET_OCP) System over-current threshold 9 A
THERMAL REGULATION AND THERMAL SHUTDOWN
Trec Junction temperature regulation accuracy REGO08[1:0] = 11 120 °C
Tshut Thermal shutdown rising temperature Temperature rising 160 °C
TshuTHYS) Thermal shutdown hysteresis Temperature falling 30 °C
JEITA THERMISTOR COMPARATOR (BUCK MODE)
Vi T1 (0°C) threshold, charge suspended T1 below this As percentage 10 Veay) 72.75% 73.25% 73.75%
temperature.
Charge back to ICHG/2 (REG04[6:0]) and VREG (REG06([7:2]) o
VirLwvs) above this temperature. As Percentage 1o Vireen 1.4%
T2 (10°C) threshold, charge back to ICHG/2 (REG04[6:0]) and o o o
Vi VREG (REG06[7:2]) below this temperature. As Percentage 1o Vireen 67.75% 68.25% 68.75%
Charge back to ICHG (REG04[6:0]) and VREG (REG06[7:2]) o
Vira_wvs) above this temperature. As Percentage to Virean) 1.4%
T3 (45°C) threshold,charge back to ICHG (REG04[6:0]) and 5 N
Viry VREG-200mV (REGO06[7:2]) above this temperature. As percentage {0 Vigeen) 44.25¢ 44.75% 45.25%
Charge back to ICHG (REG04[6:0]) and VREG (REG06[7:2]) N
Virs_wvs) below this temperature. As Percentage 1o Vireon) 1%
Vi T5 (60°C) threshold, charge suspended above this As Percentage to Vieon) 33.875% 34.375% 34.875%
temperature.
Charge back to ICHG (REG04[6:0]) and VREG-200mV o
Virs_wvs) (REGO06[7:2]) below this temperature. As Percentage 1o Vireen 1.25%
COLD/HOT THERMISTOR COMPARATOR (BOOST MODE)
) . As percentage to Vgeey REGO1[5] = 1 o o .
V(gcoLo) Cold temperature threshold 1, TS pin voltage rising threshold (Approx. -20°C w/ 103AT) 79.5% 80% 80.5%
V(gcoLp1_Hys) Cold temperature threshold 1, TS pin voltage falling threshold As percentage to Vgeey REGO1[5] = 1 1%
. . As percentage to Vgegy REG01[7:6] = 10 o o o
V(gHot2) Hot temperature threshold 2, TS pin voltage falling threshold (Approx. 65°C w/ 103AT) 30.75% 31.25% 31.75%
V(8HoT2_HYs) Hot temperature threshold 2, TS pin voltage rising threshold As percentage to Vgegny 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(0T6_REG_RANGE) Typical boost mode regulation voltage range 4.55 5.55 \Y
V(oT6_REG_STEP) Typical boost Mode Regulation voltage step 64 mV
) I(VBUS) =0 A, BOOSTV = 4.998 V 20 0
V(ot6_rec_Acc) Boost mode regulation voltage accuracy (REGOA[7:4] = 0111) 3% 3%
BAT falling, REGO3[0] = 0 27 2.9 \Y
V(ore_pam Battery voltage exiting boost mode
- BAT falling, REG03[0] = 1 24 2.6 \Y
lote) Typical boost mode output current range 0.5 2.45 A
lote_ocp_acc) Boost mode RBFET over-current protection accuracy BOOST_LIM = 1.5 A (REGOA[2:0] = 100) 15 2.0 A
Viore_ove) Boost mode over-voltage threshold Rising threshold 5.8 6 \Y
REGN LDO
Vivsus) = 9V, lreon = 40 MA 5.6 6 6.4 \Y
V(Reon) REGN LDO output voltage
Visus) = 5 V, lreeny = 20 MA 4.7 48 \%
lRecN) REGN LDO current limit Veus) = 9V, Vreon) = 3.8 V 50 mA
ANALOG-TO-DIGITAL CONVERTER (ADC)
RES Resolution Rising threshold 7 bits
Veus) > Vear + VisLeer) OF OTG mode is
enabled 2.304 4.848 \Y
VEAT(RANGE) Typical battery voltage range -
Vveus) < Vear + V(sLeer) and OTG mode is V. 4.848 v
disabled SYS_MIN ’
V(gaT REeS) Typical battery voltage resolution 20 mV
Copyright © 2016-2017, Texas Instruments Incorporated 11
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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
Vveus) > Vear + V(sLeer) OF OTG mode is 2304 4.848 v
V(svs_RANGE) Typical system voltage range enabled
- \/_(VBUS) < Vpar + V(sLeep) and OTG mode is V. 4.848 v
disabled SYS_MIN
V(svs_Rres) Typical system voltage resolution 20 mV
V(vBUs_RANGE) Typical Vygys voltage range \e{r(]":gﬁ; > Vear + Visieer) OF OTG mode is 2.6 15.3 Vv
V(veus_Rres) Typical Vygys Voltage resolution 100 mvV
IBATRANGE) Typical battery charge current range x:ﬁg;xaﬁ * Visteer) and Vear > 0 4.032 A
leaT(RES) Typical battery charge current resolution 50 mA
V(rs_ranGE) 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 13 \%
Vi Input low threshold level 0.4 \Y
Iingias) High level leakage current Pull-up rail 1.8 V 1 HA
Battery only mode BAT \%
Viqon) Internal /QON pull-up Veus) =9V 5.8 \Y
Viveus) =5V 4.3 \
Reon Internal /QON pull-up resistance 200 kQ
LOGIC 1/O PIN (INT, STAT, PG)
Vo Output low threshold level Sink Current = 5 mA, Sink current 0.4 \Y
lout_Bias High level leakage current Pull-up rail 1.8 V 1 HA
12C INTERFACE (SCL, SDA)
Vi Input high threshold level, SCL and SDA Pull-up rail 1.8 V 1.3 \Y
Vi Input low threshold level Pull-up rail 1.8 V 0.4 \%
VoL Output low threshold level Sink Current = 5 mA, Sink current 0.4 \Y
lgias High level leakage current Pull-up rail 1.8 V 1 HA

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 msec

Current Pulse Control

tpumpPx_sTOP Current pulse control stop pulse 430 570 | msec

thumPX_ON1 Current pulse control long on pulse 240 360 | msec

thumPx_ON2 Current pulse control short on pulse 70 130 | msec

tpumPX_OFF Current pulse control off pulse 70 130 | msec

tpumPX_DLY Current pulse control stop start delay 80 225| msec

BATTERY MONITOR

tconv Conversion time CONV_RATE(REGO02[6]) =0 | 8 1000 | msec

QON and SHIPMODE TIMING

I mlow time to turn on BATFET and exit ship T, = -10°C - 60°C 08 13| sec

tooN_RsT QON low time to enable full system reset T;=-10°C - 60°C 155 23| sec

tBATFET RST BATFET off time during full system reset T;=-10°C - 60°C 250 400 | msec
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Timing Requirements (continued)

MIN NOM MAX | UNIT
tsm pLy Enter ship mode delay | T;=-10°C - 60°C 10 15 sec
I2C INTERFACE
fscL SCL clock frequency | 400| KHz
DIGITAL CLOCK and WATCHDOG TIMER
fLpDIG Digital low power clock REGN LDO disabled 18 30 45| KHz
foig Digital clock REGN LDO enabled 1320 1500 1680 | KHz

WATCHDOG
(REGO07[5:4])=11, REGN LDO 100 160 sec
) Watchd ¢ i disabled
atchdog reset time
wot 9 WATCHDOG
(REGO07[5:4])=11, REGN LDO 136 160 sec
enabled
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8.7 Typical Characteristics
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Typical Characteristics (T X)
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9 Detailed Description
The device is a highly integrated 4-A switch-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 switching 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 (see Supplement Mode). When the system is
overloaded or shorted (IBAT > IgatreT ocp), the device turns off BATFET immediately and sets 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 D+/D- (bq25898D) or PSEL (bg25898) to set 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 PG 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.

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.
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Feature Description (3T )

The bg25898D follows the USB Battery Charging Specification 1.2 (BC1.2) and to detect input source
(SDP/CDP/DCP) and non-standard adapter through USB D+/D- lines. In addition, when USB DCP is detected, it
initiates adjustable high voltage adapter handshake on D+/D-. The device supports MaxCharge™ handshake
when MAXC_EN or HYDCP_EN is set. The bg25898 sets input current limit through PSEL and OTG pins.

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 bit is set
3. PG pin goes low (hgq25898)

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 D+/D- Detection Sets Input Current Limit (bq25898D)

The bg25898D contains a D+/D— based input source detection to set the input current limit automatically. The
D+/D- detection includes standard USB BC1.2, non-standard adapter, and adjustable high voltage adapter
detections. When input source is plugged-in, the device starts standard USB BC1.2 detections. The USB BC1.2
is capable to identify Standard Downstream Port (SDP), Charging Downstream Port (CDP), and Dedicated
Charging Port (DCP). When the Data Contact Detection (DCD) timer of 500ms is expired, the non-standard
adapter detection is applied to set the input current limit.

When DCP is detected, the device initates adjustable high voltage adapter handshake including MaxCharge™,
etc. The handshake connects combinations of voltage source(s) and/or current sink on D+/D- to signal input
source to raise output voltage from 5 V to 9 V / 12 V. The adjustable high voltage adapter handshake can be
disabled by clearing MAXC_EN and/or HYDCP_EN bits .

Non-Standard Adapter

Non-Standard (Divider 1: 2.1A)
P (Divider 2: 2A)
Adapter (Divider 3: 1A)
(Divider 4: 2.4A)

i

Adapter Plug-in . .
USB BC1.2 Ajustable High Voltage Adapter
or - )
EN_DPDM Detection Handshake
SDP (USB500) CDP MaxCharge™ Apapter DCP
(500mA) (1.5A) (1.5A) (3.25A)

11. USB D+/D- Detection
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#z 1. Non-Standard Adapter Detection

NON-S TAIDARD D+ THRESHOLD D- THRESHOLD | INPUT CURRENT LIMIT
Divider 1 Vp+ Within Vop7 vy Vp. within Vopg vH 2.1A
Divider 2 Vp+ Within Vipy yrh Vp. within Vipy vh 2A
Divider 3 Vp+ Within Vopg yrH Vp. within Vop7 vy 1A
Divider 4 Vp+ Within Vopz vty Vp. within Vop7 vy 2.4A

Fk 2. Adjustable High Voltage Adapter D+/D- Output Configurations

ADJUSTABLE HIGH VOLTAGE
HANDSHAKE D+ D- OUTPUT
MaxCharge (12V) l1peMA._ISINK V3p45 VSRC 12v
MaxCharge (9V) V3p45 VSRC l1PsMA_ISINK 9V

After the Input Source Type Detection is done, an INT pulse is asserted to the host. In addition, the following
registers including Input Current Limit register (IINLIM), VBUS_STAT, and SDP_STAT are updated as below:

# 3. bq25898D Result

D+/D- DETECTION XIS C(HI\TSII\EAI;IT LU SDP_STAT VBUS_STAT
USB SDP (USB500) 500 mA 1 001
USB CDP 15A 1 010
USB DCP 3.25A 1 011
Divider 3 1A 1 110
Divider 1 21A 1 110
Divider 4 24 A 1 110
Divider 2 2A 1 110
MaxCharge 15A 1 100
Unknown Adapter 500 mA 1 101

9.2.3.3.2 PSEL Pin Sets Input Current Limit (bq25898)

The bg25898 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.

& 4. bq25898 Result

INPUT DETECTION BAT VOLTAGE PSEL PIN N EC C(ILIJI\'TSII\EA’;‘T e SDP_STAT VBUS_STAT
USB SDP (USB500) X High 500 mA 1 001
Adapter X Low 3.25A 1 010

9.2.3.3.3 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)
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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 Ill 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.

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 2.4 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 BOOSTV register bits) and the output current can reach up to 2.4 A, selected via 1°C
(BOOST_LIM bits). The boost output is maintained when BAT is above Vgrg gar threshold.
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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

/

3.8 74

/

System Voltage (V)

3.6

34
27 29 31 33 35 37 39 41 43
BAT (V)

12. V(SYS) vs V(BAT)

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.
13 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.

MR © 2016-2017, Texas Instruments Incorporated 21


http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
bq25898, bq25898D

ZHCSEWO0B —MARCH 2016 -REVISED MARCH 2017 www.ti.com.cn
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13. 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 Rpsony until the BATFET is in full conduction. At this
point onwards, the BATFET VDS linearly increases with discharge current. B 14 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.

5.0

4.5

4.0
35
3.0
25

Current (A)

2.0

15
1.0
0.5
0.0

L —]

0 5 10 15 20 25 30 35 40 45 50 55
V(gaT_sys) (MV)

14. BATFET V-I Curve

9.2.7 Battery Charging Management

The device charges 1-cell Li-lon battery with up to 4-A charge current for high capacity battery. The 5-mQ
BATFET improves charging efficiency and minimize the voltage drop during discharging.

9.2.7.1 Autonomous Charging Cycle

With battery charging 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 % 5. The host can
always control the charging operations and optimize the charging parameters by writing to the corresponding
registers through 1°C.
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#% 5. Charging Parameter Default Setting

DEFAULT MODE bg25898D bg25898
Charging Voltage 4.208 V 4.208 V
Charging Current 2.048 A 2.048 A
Pre-charge Current 128 mA 128 mA
Termination Current 256 mA 256 mA
Temperature Profile JEITA JEITA
Safety Timer 12 hour 12 hour

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

» Converter starts

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

* No safety timer fault

* 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.

& 6. Charging Current Setting

VBAT CHARGING CURRENT REG DEFAULT SETTING CHRG_STAT

<2V IBATSHORT - 01
2V-3V IPRECHG 0 mA (precharge disabled) 01

>3V IcHg 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-4032mA)

Charge Current

Veat_Lowv (2.8v/3Vv
or 2.6V/2.8V)

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

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

| -
|

Trickle Charge Safety Timer

Expiration

15. 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).

bq25898x

RT1

TS

16. TS Resistor Network

+ Charging Current T Charging Voltage
e T VREG

! VEET=1
|

05,0t - E VREG - 200 mV | = =f- - AR :

0.2 - | : : VSET=0
¥ R v 4 R

T T2 T3 15 T1 T2 T T5
0°C 10°C 45°C  60°C 0°C 10°C 45°C  60°C

17. Charging Values

Assuming a 103AT NTC thermistor on the battery pack as shown in 16, the value RT1 and RT2 can be
determined by using A% 2:

1 1
V, RTH RTH —
VREGN % coLD % HOT X(VT1 VT5J
RT2 = v v
RTH VREGN _ 1|/-RTH VREGN _ 1
HOT X (VTS coLD % VT
VVREGN 1
_ VT1
RT1= 3 . ]
RT2 RTHgop @)

Select 0°C to 60°C range for Li-ion or Li-polymer battery,
RTHt, = 27.28 kQ
RTH+5 = 3.02 kQ
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RT1 = 5.24 kQ
RT2 = 30.31 kQ

During JEITA cool, the bq25898x terminates when the charge current has reached 20% or 50% of termination
current setting, depending on the JT_IREDUCE bit. During JEITA warm, the bgq25898x terminates when the
charge current reaches the termination current setting.

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 Vg pg t0
Vehot2 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

(-20°C)
Boost Enable

v BHOTx

(65°C)
Boost Disable

AGND

18. 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 Va1 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 12C 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’s 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 tcony (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.
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When battery monitor is active, the REGN power is enabled and can increase device quiescent current.

Fk 7. Battery Monitor Modes of Operation

MODES OF OPERATION
PARAMETER REGISTER ca/al;c;E S GEET VIO DISAB'I\_AIE)SEARGE BATT'\I/IECR)’SEONLY
Battery Voltage (Vgat) REGOE Yes Yes Yes Yes
System Voltage (Vsys) REGOF Yes Yes Yes Yes
Temperature (TS) Voltage (V1s) 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 bg25898, 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 Vygysuin (typical 3.8 V) when Igapsre (typical 30 mA) current is applied (not a poor source)
Completed Input Source Type Detection

a s LN

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
49. The STAT pin function can be disable by setting STAT_DIS bit.

7 8. 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-ps INT pulse.
» USB/adapter source identified (through PSEL or DPDM detection, with OTG pin)
» Good input source detected
— VBUS above battery (not in sleep)
— VBUS below Vacoy threshold
— VBUS above Vygysuin (typical 3.8 V) when Igapsre (typical 30 mA) current is applied (not a poor source)
* Input removed
e Charge Complete
* 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 1% 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 BATFET (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

INmMAX =
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 232-Q resistor (KILIM = 350 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).

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 2= 4:

_ KiLim xViLim

I
N Rim x0.8 V 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 0.557 A
- 0.67 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.

9.2.13.1.1 Thermal Protection in Boost Mode

The device monitors the internal junction temperature to provide thermal shutdown during boost mode. When IC
surface temperature exceeds Tgyyut, the boost mode is disabled (converter is turned off) by setting
OTG_CONFIG bit low and BATFET is turned off. When IC surface temperature is below Tsyyt nys, the BATFET
is enabled automatically to allow system to restore and the host can re-enable OTG_CONFIG bit 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 Voltage and 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 mode
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

19. Bit Transfer on the I°C Bus

30 MY © 2016-2017, Texas Instruments Incorporated


http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
bq25898, bq25898D

www.ti.com.cn ZHCSEWO0B —MARCH 2016—REVISED MARCH 2017

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)
20. 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 _
7‘\ [ Y‘\ Y‘\ YH\ Y‘\ i i Y( Y( i W
IMsB | x | | v 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

21. 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).
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=\ [ | | | | | [ i
SDA X X ) X )
scL S 17 8 ]9 17 L 8l |9 17\ 8l 9l | P
START ADDRESS R/W  ACK DATA ACK DATA ACK STOP

22. Complete Data Transfer

9.2.16.6 Single Read and Write

[ 11 7 [ I 8 [ 8 [

|s| Slave Address |o| ACK | Reg Addr | ACK | Data Addr | ACK | P|

23. Single Write

[ 1] 7 [ I 8 [ I 7 [1] 1

|s| Slave Address |o | ACK | Reg Addr | ACK |s| Slave Address | 1 | ACK

24. 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 | 8 | 1
3 Slave dddress 1] LCE Feg dddr LCE b
fb—s——T7 T T & | 1 | 8 | 1 |1
q Diatatn Addr LACE Diatato ddde+1 LACE | ----------- Diatatn Adde+ LACE P

1] 7 (1] 1 8 |1 1] 7 [1 ] 1
5 | Slave dddress | 0 | 4CK Feg Addr ACE | 8 | Slave dddress | 1 | ACK }\
___,_,da—f'
—% | 1 | B | 1 I B | 1 |1
<;{ Data @ Addr | ACE | Data @ Addr+] | ACE | ........... | Data @ Addr+H | NCE | P|

26. Multi-Read
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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

27. Watchdog Timer Flow Chart

MR © 2016-2017, Texas Instruments Incorporated 33


http://www.ti.com.cn

bg25898, bq25898D
ZHCSEWOB —MARCH 2016 —REVISED MARCH 2017

I

TEXAS
INSTRUMENTS

www.ti.com.cn

9.4 Register Map
I2C Slave Address: 6AH (1101010B + R/W) (bq25898D)
12C Slave Address: 6BH (1101011B + R/W) (bq25898)

9.4.1 REGO00
28. REGO0O
7 6 5 4 3 2 1 0
0 1 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

#* 9. REG00
Bit Field Type Reset Description
Enable HIZ Mode
7 EN_HIZ RIW DY REG_RST | 0~ Disable (default)
Y 9 1 - Enable
Enable ILIM Pin
6 EN_ILIM RIW gy @iﬁﬁ? 0 - Disable
Y 9 1 — Enable (default: Enable ILIM pin (1))
5 IINLIM[5] R/W by REG_RST | 1600mA Input Current Limit bq25898D
4 IINLIM[4] RIW by REG_RST | 800mA Sgg ggﬁ EDfS; 500mA
3 IINLIM[3] R/W by REG_RST 400mA USB DCP = 3.25A
Adjustable High Voltage (MaxCharge) DCP = 1.5A
2 IINLIM[2] RIW by REG_RST | 200mA Unknown Adapter = 500mA
1 IINLIM[1] R/W by REG_RST 100mA Non-Standard Adapter = 1A/2A/2.1A/2.4A
bg25898
0 IINLIM[O] RIW by REG_RST | 50mA ESEE E(') (:Us?‘gg%o) = 500mA
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9.4.2 REGO1
29. REGO1
7 6 4 3 2 1 0
0 0 | 0 \ 0 | 0 0 1
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
# 10. REGO1

Bit Field Type Reset Description

7 DPLUS_DACI2] R/W by Software D+ Output Driver (default 000)
000 — Hiz

6 DPLUS_DACI1] R/W by Software 001 — OV
010 - 0.6V
011-1.2Vv
100 — 2.0V

5 DPLUS_DACIO] R/W by Software 101 — 2.7V
110 - 3.3V
111 — D+/D- Short (D+ and D- driver are disabled)

4 DMINUS_DACI2] R/W by Software D- Output Driver (default 000)
000 - Hiz

DMINUS_DACI1] R/W by Software 001 — OV

010 - 0.6V
011-1.2v

2 DMINUS_DACI0] R/W by Software 100 - 2.0V
101 -2.7v
110 or 111 - 3.3V
0 — Disable 12V for MaxCharge and HVDCP (default)

L EN_12v RW by Software 1 — Enable 12V for MaxCharge and HVDCP
0 — 400mA offset

0 VDPM_0SJ[0] R/W by Software 1 — 600MA offset (default)
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9.4.3 REGO02
30. REGO02
7 6 5 4 8 2 1 0
0 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
# 11. REGO02
Bit Field Type Reset Description
ADC Conversion Start Control
0 — ADC conversion not active (default).
7 CONV_START R/W Ey \IjanS?:EEET 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 g 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 RIW by REG_RST | 0— Disable ICO Algorithm
1 - Enable ICO Algorithm (default)
High Voltage DCP Enable (bq25898D only)
3 HVDCP_EN R/W by REG_RST | 0 — Disable HVDCP handshake
1 — Enable HVDCP handshake (default)
MaxCharge Adapter Enable (bq25898D only)
2 MAXC_EN R/W by REG_RST | 0 — Disable MaxCharge handshake
1 - Enable MaxCharge handshake (default)
Force D+/D- Detection
1 FORCE_DPDM R/W Ey \?/i?cﬂng 0 — Not in D+/D- or PSEL detection (default)
y 9 1 — Force D+/D- detection
Automatic D+/D- Detection Enable
0 AUTO_DPDM_EN RIW by REG_RST | 0 —Disable D+/D- or PSEL detection when VBUS is plugged-in
1 —-Enable D+/D- or PEL detection when VBUS is plugged-in (default)
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9.4.4 REGO3
31. REGO3
7 6 5 4 8 2 1 0
0 0 0 | 1 \ 1 | 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
# 12. REGO3
Bit Field Type Reset Description
0 — Disabled, 1. Adapter Plug-in VOK_OTG_EN =x and VOK = 1
VOK =0 2.OTG if VOK_OTG_EN=12VOK =1 if
VOK_OTG_EN (bg25898 only) R/W by Software (default) VOK_OTG_EN=02VOK=0
1 - Enabled, 3. Battery Only (non-OTG) VOK_OTG_EN = x and
VOK =1 VOK =0
1. Adaptor Plug-in DSEL= 1 when:
1) During AUTO_DPDM, FORCE_DPDM, DCP,
7 HVDCP, MaxCharge and FORCE_DSEL = x
0 — Allow DSEL | or
= 0 (default) 2) Other input source and FORCE_DSEL = 1 DSEL
FORCE_DSEL (bg25898D only) RIW by Software 1 - Force DSEL | = 0 when other input source and FORCE_DSEL =0
=1 2. OTG if FORCE_DSEL =1 2 DSEL = 1 if
FORCE_DSEL =02DSEL =0
3. Battery only (non-OTG) DSEL = 0 and
FORCE_DSEL = x
by Software 12C Watchdog Timer Reset
6 WD_RST RIW by Watchdoq | © — Normal (default
4 9 1 — Reset (Back to 0 after timer reset)
Charger Configuration
Boost (OTG) Mode Configuration
5 | OTG_CONFIG RIW DY REG_RST | 0_0TG Disable (defaull)
4 9 | 1-0TG Enable
Charge Enable Configuration
4 CHG_CONFIG RIW Ey @iﬁ,ﬁ? 0 - Charge Disable
4 9 1- Charge Enable (default)
Minimum System Voltage Limit
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[0] RIW by REG_RST | 0.1V Default: 3.5V (101)
0 MIN_VBAT_SEL RIW by REG_RST 0 — 2.9V BAT falling (default = 0)

1 - 2.5V BAT falling
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9.45 REGO04
32. REG0O4
7 6 5 4 3 2 1 0
0 0 1 | 0 \ 0 | 0 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
# 13. 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)
by REG_RST
6 ICHGI6] RIW by Watchdog | 096MA
by REG_RST
5 ICHG[5] RIW by Watchdog 2048mA
Fast Charge Current Limit
4 ICHG4] RIW Ey SVIZthEEET 1024mA | Offset: OmA
y 9 Range: OmA (0000000) — 4032mA (011111) Default;
by REG_RST 2048mA (0100000)
3 ICHGI[3] R/W by Watchdog | 512™A Noto:
by REG RST ICHG=000000 (0mA) disables charge
2 ICHG[2] R/W by Watchdo 256mA ICHG > 011111 (4032mA) is clamped to register value
y 9 011111 (4032mA)
by REG_RST
1 ICHG[1] RIW by Watchdog | 128™A
by REG_RST
0 ICHGI[0] RIW by Watchdog | 4™A
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9.4.6 REGO05
33. 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
% 14. REG05
Bit Field Type Reset Description
by REG_RST
7 IPRECHG[3] R/W 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: OmA when REGO04]5:0] = 000000
by REG_RST
4 IPRECHGI0] RIW by Watehdog 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 | 128MA | Default: 256mA (0011)
by REG_RST
0 ITERM[O] R/W by Watchdog 64mA
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9.4.7 REGO06
34. REGO6
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
# 15. REGO06
Bit Field Type Reset Description
by REG_RST
7 VREG[5] RIW by Watchdog | 912V
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 | gy 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 5\/5\3:?13(?1— 0-2.8Vv
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 (Vrecno) below VREG (REGO6[7:2])
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9.4.8 REGO7
35. REGO7
7 6 5 4 3 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
# 16. REG07
Bit Field Type Reset Description
Charging Termination Enable
7 EN_TERM RIW DY REG_RST 10— 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 WATCHDOG|0] R/W by Watchdog | 11 - 160s
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_TIMER[O RIW
—TIMER(O] by Watchdog | 11 20 hrs
JEITA Low Temperature Current Setting
0 JEITA_ISET (0C-10C) RIW DY REG_RST 10— 506 of ICHG (REGO4[6:0])
Y 9 | 1-20% of ICHG (REG04[6:0]) (default)
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9.4.9 REGO08
36. 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
# 17. REGOS
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 SV'Z%EET 40mQ Range: 0 — 140mQ
y 9 Default: 0Q (000) (i.e. Disable IRComp)
by REG_RST
5 BAT_COMP[0] RIW by Watchdog | 20M
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? 64mV Offset: OmV
y 9 Range: 0-224mV
by REG_RST Default: OmV (000)
2 VCLAMP[O] 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
[0 by Watchdog | 11 — 120°C (default)
42 MY © 2016-2017, Texas Instruments Incorporated
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9.4.10 REGO09
37. 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
# 18. 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 with tgy p v delay time
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
38. REGOA
7 6 5 4 3 2 1 0
0 1 1 | 1 \ 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
7 19. REGOA
Bit Field Type Reset Description
by REG_RST
7 BOOSTV[3] RIW by Watchdog | 912V
by REG_RST B
6 BOOSTV[2 RIW | 256mV oost Voltage Control
A by Watchdog Offset: 4.55V
by REG RST Range: 4.55V — 5.51V
5 BOOSTV[1] RIW b§ Watchdog | 128MV Default:4.998V(0111)
by REG_RST
4 BOOSTV[0] RIW by Watchdog | 4™V
3 PFM_OTG_DIS RIW by REG_RsT | O~ Enable (default = 0)
1 — Disable
Boost Current Limit
by REG_RST | 000: 0.5A
2 BOOST_LIM[2] RW by Watchdog | 001: 0.8A
010: 1.0A
1 BOOST_LIM[1] RIW Ey SVIZthEEET 011 1.2A Boost Mode Current Limit
y 9 1100: 1.5A Default: 1.5A (100)
101: 1.8A
0 BOOST_LIMIO] RIW Ey SVIZthEZc?T 110: 2.1A
Y 9 |111:2.4A
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9.4.12 REGOB

39. REGOB

7 6 5

X X X

R R R

x
;U><_l\)
x
x

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
% 20. REGOB

Bit Field

Type

Reset

Description

7 VBUS_STAT[2]

R

N/A

6 VBUS_STAT[1]

R

N/A

5 VBUS_STAT[0]

N/A

VBUS Status register

b25898D

000: No Input 001: USB Host SDP

010: USB CDP (1.5A)

011: USB DCP (3.25A)

100: Adjustable High Voltage DCP (MaxCharge) (1.5A)
101: Unknown Adapter (500mA)

110: Non-Standard Adapter (1A/2A/2.1A/2.4A)

111: OTG

bgq25898

000: No Input

001: USB Host SDP

010: Adapter (3.25A)

111: OTG

Note: Software current limit is reported in IINLIM register

4 CHRG_STAT[1]

N/A

3 CHRG_STATI0]

N/A

Charging Status

00 — Not Charging

01 — Pre-charge ( < VgatLowv)
10 — Fast Charging

11 — Charge Termination Done

2 PG_STAT

N/A

Power Good Status
0 — Not Power Good
1 - Power Good

1 Reserved

N/A

Reserved: Always reads 1

0 VSYS_STAT

N/A

VSYS Regulation Status
0 — Not in VSYSMIN regulation (BAT > VSYSMIN)
1 — In VSYSMIN regulation (BAT < VSYSMIN)
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9.4.13 REGOC

40. REGOC

7

6 5

X

X X

R

R R

x
;U><_l\)
x
x

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

Bit

Field

Type

Reset

Description

WATCHDOG_FAULT

R

N/A

Watchdog Fault Status
Status 0 — Normal
1- Watchdog timer expiration

BOOST_FAULT

N/A

Boost Mode Fault Status

0 — Normal

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

CHRG_FAULT[1]

N/A

CHRG_FAULTI0]

N/A

Charge Fault Status
00 — Normal
01 — Input fault (VBUS > Vpcoy 0r VBAT < VBUS < Vygysmin(typical 3.8V)

10 - Thermal shutdown
11 — Charge Safety Timer Expiration

BAT_FAULT

N/A

Battery Fault Status
0 — Normal
1 - BATOVP (VBAT > Vgatove)

NTC_FAULT[2]

N/A

NTC_FAULT[1]

N/A

NTC_FAULT[0]

N/A

NTC Fault Status
Buck Mode:
000 — Normal
010 — TS Warm
011 - TS Cool
101 - TS Cold
110 - TS Hot
Boost Mode:
000 — Normal
101 - TS Cold
110 — TS Hot
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9.4.14 REGOD
41. 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
& 22. REGOD
Bit Field Type Reset Description
VINDPM Threshold Setting Method
7 FORCE_VINDPM R/W by REG_RST | 0 — Run Relative VINDPM Threshold (default)
1 — Run Absolute VINDPM Threshold
6 VINDPM[6] R/W by REG_RST 6400mV Absolute VINDPM Threshold
Offset: 2.6V
5 VINDPM[S] RIW by REG_RST | 3200mV__ | pange: 3.9v (0001101) — 15.3V (1111111)
4 VINDPM[4] RIW by REG_RST |1600mV | Default: 4.4V (0010010)
Note:
8 VINDPM[3] RIW by REG_RST | 800mV | \/51ue < 0001101 is clamped to 3.9V (0001101)
2 VINDPM[2] RIW 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] RIW by REG_RST | 200mV threshold setting
0 VINDPM[O] R/W by REG_RST | 100mV Register can be read/write when FORCE_VINDPM = 1
9.4.15 REGOE
42. REGOE
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
% 23. 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 8omv Default: 2.304V (0000000)
1 BATV[1] R N/A 40mv
0 BATV[0] R N/A 20mv
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9.4.16 REGOF
43. 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
% 24. 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 ADC conversion of System Voltage (Vsys)
Offset: 2.304V
3 SYSVI3] R N/A 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
44. 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
& 25. 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%
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
45. 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
#* 26. REG11
Bit Field Type Reset Description
VBUS Good Status
7 VBUS_GD R N/A 0 — Not VBUS attached
1 - VBUS Attached
6 VBUSVI[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 VBUSV/[1] R N/A 200mVv
0 VBUSVI[0] R N/A 100mv
9.4.19 REG12
46. 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
& 27. 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 >
VBATSHORT
4 ICHGR[4] R N/A 800mA Offset: OMA
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
47. 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
# 28. 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 800mMA
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

48. REG14

7 6 5 4 3 2 1
0 0 X | X | 1 0
R/W R R R R R R
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
# 29. 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 NIA Device Configuration
4 PN[1] R N/A 010: bg25898D
3 PNO] R N/A 000: bg25898
Temperature Profile
2 TS_PROFILE R N/A 1- JEITA (default)
1 DEV_REV[1] R N/A ] B
Device Revision: 01
0 DEV_REV[0] R N/A
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10 Application and Implementation

x

/:

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-side gate drive.

10.2 Typical Application Diagram

Input oTG
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VREF is the pull up voltage of 12C communication interface

49. bq25898D Application Diagram with PSEL with Interface and USB On-The-Go (OTG)

10.2.1 Design Requirements
For this design example, use the parameters shown in & 30.

& 30. Design Parameters

PARAMETER VALUE
Input voltage range 39Vtol14V
Input current limit 15A
Fast charge current 4032 mA
Output voltage 4.208 V
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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 A=, 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.

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 [1_VSYS]

8LCsysss?|l 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
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55. Load Transient During Supplement Mode
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56. PWM Switching Waveform 57. PFM Switching Waveform
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10.3 System Example
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C1 = 8.2uF (OTG < 1.8A) or 20pF (OTG < 2.4A) is recommended

65. bq25898 with PSEL Interface and USB On-The-Go (OTG)
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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 66) 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. Put output capacitor near to the inductor and the IC.
3. Decoupling capacitors should be placed next to the IC pins and make trace connection as short as possible.

4. 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.

5. Connect all grounds together to reduce PCB size and improve thermal dissipation.
6. Avoid ground planes in parallel with high frequency traces in other layers.

12.2 Layout Example

MA

< ~A .
1 1

66. High Frequency Current Path

C
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13.1.1 Third-Party Products Disclaimer

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

MaxCharge, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.
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13.7 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

BQ25898DYFFR Active Production DSBGA (YFF) | 42 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898D
BQ25898DYFFR.A Active Production DSBGA (YFF) | 42 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898D
BQ25898DYFFT Active Production DSBGA (YFF) | 42 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898D
BQ25898DYFFT.A Active Production DSBGA (YFF) | 42 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898D
BQ25898YFFR Active Production DSBGA (YFF) | 42 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898
BQ25898YFFR.A Active Production DSBGA (YFF) | 42 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898
BQ25898YFFT Active Production DSBGA (YFF) | 42 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898
BQ25898YFFT.A Active Production DSBGA (YFF) | 42 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 BQ25898

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents 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 TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
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 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
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)
BQ25898DYFFR DSBGA YFF 42 3000 180.0 8.4 266 | 295 | 0.81 | 4.0 8.0 Q1
BQ25898DYFFT DSBGA | YFF 42 250 180.0 8.4 266 | 295 | 0.81 | 4.0 8.0 Q1
BQ25898YFFR DSBGA | YFF 42 3000 180.0 8.4 266 | 295 | 0.81 | 4.0 8.0 Q1
BQ25898YFFR DSBGA | YFF 42 3000 180.0 8.4 266 | 295 | 0.81 | 4.0 8.0 Q1
BQ25898YFFT DSBGA YFF 42 250 180.0 8.4 266 | 295 | 0.81 | 4.0 8.0 Q1
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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)
BQ25898DYFFR DSBGA YFF 42 3000 182.0 182.0 20.0
BQ25898DYFFT DSBGA YFF 42 250 182.0 182.0 20.0
BQ25898YFFR DSBGA YFF 42 3000 182.0 182.0 20.0
BQ25898YFFR DSBGA YFF 42 3000 182.0 182.0 20.0
BQ25898YFFT DSBGA YFF 42 250 182.0 182.0 20.0
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% PACKAGE OUTLINE
YFF0042 DSBGA - 0.625 mm max height
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4222067/A 05/2015

NOTES:

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

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFF0042 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

42X (@0.23) (04 TYP

%@Q

(. 4) TYP

LAND PATTERN EXAMPLE
SCALE:25X

(©0.23)
SOLDER MASK
OPENING

(gé)-TZA?B =— 0.05 MAX 0.05 MIN ﬂ r

SOLDER MASK Tt \ METAL UNDER
OPENING SOLDER MASK
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4222067/A 05/2015

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFF0042 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP —f=—]

42X ([10.25) |
|
1 2

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4222067/A 05/2015

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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