WINSDODURCE

ELECTRONICS

THE DATASHEET OF
BQ25619ERTWR

www.win-source.net e / SY 0086-755-83957316




13 TEXAS
INSTRUMENTS

BQ25618E, BQ25619E
SLUSEC9A — OCTOBER 2020 — REVISED MARCH 2021

BQ25618E, BQ25619E 12C Controlled 1-Cell 1.5-A Battery Chargers with 20-mA
Termination Current

1 Features

» High-efficiency, 1.5-MHz, synchronous Switch
Mode buck charger
— 95.5% charge efficiency at 0.5 A and 94.5%
efficiency at 1 A
— 10.5% charge voltage regulation (10-mV step)
— I2C programmable JEITA profile of charge
voltage, current and temperature thresholds
— Low termination current with high accuracy 20
mA+10 mA
— Small inductor form factor of 2.5 x 2.0 x 1.0
mm?3
» Single input supporting USB input, high-voltage
adapter, or wireless power
— Support 4-V to 13.5-V input voltage range with
22-V absolute max input rating
— Programmable input current limit (IINDPM) with
[2C (100 mA to 3.2 A, 100-mA/step)
— Maximum power tracking by input voltage limit
(VINDPM) up to 5.4 V
— VINDPM threshold automatically tracks battery
voltage
* Narrow voltage DC (NVDC) power path
management
— System instant-on with no battery or deeply
discharged battery
+ Flexible I2C configuration and autonomous
charging for optimal system performance
* High integration includes all MOSFETs, current
sensing and loop compensation
* Low Rpgon 19.5-mQ BATFET to minimize
charging loss and extend battery run time
— BATFET control for Ship Mode, and full system
reset with and without adapter
» 7-pA low battery leakage current in Ship Mode
* 9.5-pA low battery leakage current with system
standby
» High accuracy battery charging profile
— 6% charge current regulation
— %7.5% input current regulation
— Remote battery sensing to charge faster
— Programmable top-off timer for full battery
charging

2 Applications

» Earbuds (True Wireless or TWS) charging case
» Consumer wearables, smartwatch

» Personal care and fitness

* Headsets/headphone

» Hearing aids charging case

3 Description

The BQ25618E/619E integrates charge and voltage
protection in a single device. It offers low termination
current for switching chargers to charge wearable
devices to full battery capacity. The BQ25618E/
BQ25619E low quiescent current reduces battery
leakage down to 7 pA in Ship Mode, which conserves
battery energy to extend the shelf life for the device.
The BQ25619E is in a 4 mm x 4 mm QFN package for
easy layout. The BQ25618E is in a 2.0 mm x 2.4 mm
WCSP package for space-limited designs.

Device Information

PART NUMBER PACKAGE") BODY SIZE (NOM)
BQ25618E DSBGA (30) 2.00 mm x 2.40 mm
BQ25619E WQFN (24) 4.00 mm x 4.00 mm

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

Adapter | 4v_ 13,5V
Wirelgsrs i - T7VvBUS swi ("~ SYS 3.5V-4.6V
12C Bus
<
Host | _Host Control SYs
BAT o6 pean

+

Simplified Application

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Description (continued)

The BQ25618E/619E is a highly integrated 1.5-A switch-mode battery charge management and system power
path management device for Li-ion and Li-polymer battery. It features fast charging with high input voltage
support for a wide range of applications including earbuds (True Wireless or TWS), earphone charging case, and
wearables. Its low impedance power path optimizes switch-mode operation efficiency, reduces battery charging
time, and extends battery run time during discharging phase. Its input voltage and current regulation, low
termination current, and battery remote sensing deliver maximum charging power to the battery. The solution is
highly integrated with input reverse-blocking FET (RBFET, Q1), high-side switching FET (HSFET, Q2), low-side
switching FET (LSFET, Q3), and battery FET (BATFET, Q4) between system and battery. It also integrates the
bootstrap diode for the high-side gate drive for simplified system design. The 12C serial interface with charging
and system settings makes the device a truly flexible solution.

The device supports a wide range of input sources, including standard USB host port, USB charging port, USB
compliant high voltage adapter and wireless power. It is compliant with USB 2.0 and USB 3.0 power spec with
input current and voltage regulation. The device takes the result from the detection circuit in the system, such as
USB PHY device.

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

The device initiates and completes a charging cycle without software control. It senses the battery voltage and
charges the battery in three phases: pre-conditioning, constant current and constant voltage. At the end of the
charging cycle, the charger automatically terminates when the charge current is below a preset limit and the
battery voltage is higher than the recharge threshold. If the fully charged battery falls below the recharge
threshold, the charger automatically starts another charging cycle.

The charger provides various safety features for battery charging and system operations, including battery
negative temperature coefficient thermistor monitoring, charging safety timer and overvoltage and over-current
protections. Thermal regulation reduces charge current when the junction temperature exceeds 110°C. The
status register reports the charging status and any fault conditions. With 12C, the VBUS_GD bit indicates if a
good power source is present, and the INT output immediately notifies host when a fault occurs.

The device also provides the QON pin for BATFET enable and reset control to exit low power ship mode or full
system reset function.

The BQ25619E device is available in a 24-pin, 4 mm x 4 mm x 0.75 mm thin WQFN package. The BQ25618E is
available in a 30-ball, 2.0 mm x 2.4 mm WCSP package.

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback
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6 Device Comparison Table

BQ25618 BQ25618E BQ25619 BQ25619E
Power Good Indicator PMID_GOOD Pin NC (pin D5). Leave this PMID_GOOD Pin PG Pin
pin floating.
4.6 V/4.75V/5V/5.15V N/A 4.6 V/I4.75V/5V/5.15V N/A
OTG V/I Regulation
0.5A/1.2A N/A 0.5A/1.2A N/A
Package Type WCSP-30 2.0 mm x 2.4 mm QFN-24 4 mm x 4 mm

7 Pin Configuration and Functions

1 2 3 4 5
~ N ~ N - N - N ~ N
A /GND) /sw) /PMID) /vsus) VAc)
\\/ -~ 7 ~ 7 ~ 7 ~ 7
~ N ~ N - N - N ~ N
B (GND) sw ) /PMID) (vsus) NC )
~ 7 -~ 7 ~ 7 ~ 7 ~ 7
~ N ~ N - N - N ~ N
/ / / / /
HIORORORCEC
~ N ~ N - N - N ~ N
D /BAT) /svs) Ts ) (/OON) NG )
~ 7 ~ 7 ~ ~ 7 ~ 7
~ N ~ N - N - N ~ N
c (BAT) /svs) //CE) spA ) /STAT)
~ 7 ~ 7 ~ ~ 7 ~ 7
~ N ~ N - N - N ~ N
F / BAT ) / svs ) / Be) / INT ) / scL )

Figure 7-1. BQ25618E YFF Package 30-Pin WCSP Top View
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Figure 7-2. BQ25619E RTW Package 24-Pin WQFN Top View

Table 7-1. Pin Functions

PIN

TYPE()

NAME

BQ25618E NO.

BQ25619E NO.

DESCRIPTION

BAT

C1,D1,E1, F1

13, 14

Battery connection point to the positive terminal of the battery pack. The internal
current sensing resistor is connected between SYS and BAT. Connect a 10 uyF
closely to the BAT pin.

BATSNS

F3

10

AIO

Battery voltage sensing pin for charge voltage regulation. In order to minimize the
parasitic trace resistance during charging, BATSNS pin is connected to the
positive terminal of battery pack as close as possible.

BTST

C3

21

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

E3

DI

Charge enable pin. When this pin is driven LOW, battery charging is enabled.

A1, B1

17,18

Ground

F4

DO

Open-drain interrupt output. Connect the INT to a logic rail through a 10-kQ
resistor. The INT pin sends an active low, 256-us pulse to the host to report
charger device status and fault.

BS5, D5

Not connected. Leave this pin floating.

A3, B3

23

DO

Connected to the drain of the reverse-blocking MOSFET (RBFET) and the drain
of HSFET. Consider the total input capacitance, put 1 yF on VBUS to GND, and
the rest capacitance on PMID to GND (typical 2x4.7 pF plus 1 nF).

N/A

DO

Open drain active low power good indicator. Connect to the pull up rail through
10-kQ resistor. LOW indicates a good input source if the input voltage is between
UVLO and ACQV, above SLEEP mode threshold, and current limit is above 30
mA. PG is only for the BQ25619E, not the BQ25618E.

PSEL

C5

DI

Power source selection input. HIGH indicates 500-mA input current limit. LOW
indicates 2.4-A input current limit. Once the device gets into host mode, the host
can program a different input current limit to the IINDPM register.

Q)
O
Z

D4

12

DI

BATFET enable/reset control input. When the BATFET is in ship mode, a logic
LOW of tsyipmope duration turns on BATFET to exit ship mode. When the
BATFET is not in ship mode, a logic LOW of tqon rsT (Minimum 8 s) duration
resets SYS (system power) by turning BATFET off for tgarrer rsT (Minimum 250
ms) and then re-enables BATFET to provide full system power reset. The host
chooses the BATFET reset function with VBUS unplug or not through I2C bit
BATFET_RST_WVBUS. The pin is pulled up to Vgar through 200 kQ to maintain
default HIGH logic during ship mode. It has an internal clamp to 6.5 V.

REGN

C4

22

PWM low side driver positive supply output. Internally, REGN is connected to the
anode of the boot-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.

Copyright © 2021 Texas Instruments Incorporated
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Table 7-1. Pin Functions (continued)

PIN
TYPE() DESCRIPTION

NAME BQ25618E NO. BQ25619E NO.

SCL F5 5 DI 12C interface clock. Connect SCL to the logic rail through a 10-kQ resistor.

SDA E4 6 DIO 12C interface data. Connect SDA to the logic rail through a 10-kQ resistor.
Open-drain interrupt output. Connect the STAT pin to a logic rail via 10-kQ
resistor. The STAT pin indicates charger status.

STAT E5 4 DO Charge in progress: LOW
Charge complete or charger in SLEEP Mode: HIGH
Charge suspend (fault response): Blink at 1 Hz
Switching node connecting to output inductor. Internally SW is connected to the

SW A2, B2 19, 20 P source of the n-channel HSFET and the drain of the n-channel LSFET. Connect
the 0.047-pF bootstrap capacitor from SW to BTST.

Converter output connection point. The internal current sensing resistor is

SYS C2,D2, B2, F2 15,16 P connected between SYS and BAT. Connect a 10 pyF (min) closely to the SYS pin.
Battery temperature qualification voltage input. Connect a negative temperature
coefficient thermistor (NTC). Program temperature window with a resistor divider

Ts D3 1 Al from REGN to TS to GND. Charge suspended when TS pin voltage is out of
range. When TS pin is not used, connect a 10-kQ resistor from REGN to TS and
a 10-kQ resistor from TS to GND or set TS_IGNORE to HIGH to ignore TS pin. It
is recommended to use a 103AT-2 thermistor.

VAC A5 1 Al Input voltage sensing. This pin must be tied to VBUS.

Charger input voltage. The internal n-channel reverse-blocking MOSFET
VBUS A4 B4 24 p (RBFET) is connected between VBUS and PMID with VBUS on source. Place a
’ 1-uF ceramic capacitor from VBUS to GND and place it as close as possible to
IC.
Ground reference for the device that is also the thermal pad used to conduct heat
from the device. This connection serves two purposes. The first purpose is to

Thermal Pad N/A — P provide an electrical ground connection for the device. The second purpose is to
provide a low thermal-impedance path from the device die to the PCB. This pad
should be tied externally to a ground plane.

(1) Al = Analog input, AO = Analog Output, AlO = Analog input Output, DI = Digital input, DO = Digital Output, DIO = Digital input Output,

P = Power
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8 Specifications

8.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Voltage VAC (converter not switching) -2 22 \%
Voltage VBUS (converter not switching) -2 22 \%
Voltage PMID (converter not switching) -0.3 22 \%
Voltage SwW -0.3 16 \Y
Voltage BAT, SYS (converter not switching) -0.3 17 \Y
Voltage BTST -0.3 22 \Y
Voltage BATSNS (converter not switching) -0.3 \Y
Voltage PSEL, STAT, SCL, SDA, INT, PG, CE, TS, QON -0.3 \Y
QupUtSINk I spa, STAT, INT, PG 6 mA
T, Junction temperature -40 150 °C
Tstg Storage temperature -55 150 °C

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

reliability.

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/ +2000
o JEDEC JS-001, all pins(") -
V(Esp) Electrostatic discharge - \%
Charged device model (CDM), per JEDEC +250
specification JESD22-C101, all pins(@ -

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

8.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT
VvBus Input voltage 4 135 \%
VAT Battery voltage 4.52 \%
lvsus Input current 3.2 A
lsw Output current (SW) 1.8 A
IgaT Fast charging current 15 A
IgaT RMS discharge current 5 A
Ta Ambient temperature —40 85 °C
L Inductance 1 2.2 uH
CvBus VBUS capacitance 1 uF
CemiD PMID capacitance 10 uF
Csys SYS capacitance 10 uF
Cgar BAT capacitance 10 i
CREGN REGN capacitance 4.7 uF

Copyright © 2021 Texas Instruments Incorporated
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8.4 Thermal Information

BQ25618E BQ25619E
THERMAL METRIC() YFF (DSBGA) RTW (WQFN) UNIT
30 Balls 24 Pins
Junction-to-ambient thermal resistance o
Raya (JEDEC™) 58.8 35.6 C/w
Rauc(top) Junction-to-case (top) thermal resistance 0.2 22.7 °C/W
Reys Junction-to-board thermal resistance 8.3 11.9 °C/W
Wr Junction-to-top characterization parameter 1.4 0.2 °C/W
Y5 Junction-to-board characterization parameter 8.3 12 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance N/A 2.6 °C/W

M
report.

8.5 Electrical

Characteristics

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

VVBUS_UVLOZ < VVBUS < VVBUS_OV and VVBUS > VBAT + VSLEEP’ TJ =-40°C to +125°C, and TJ = 25°C for typlcal values (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
QUIESCENT CURRENTS
o o Quiescent batery cutent (BATSNS. | 150’ 57 SC1 SDA = ov o 1.6V, T, o5 15 A
’ ’ < 85 °C, BATFET enabled
IsHip_BAT Shipmode %ﬁ?w curent (BATSNS, | X1 53,'ss\éli/,Bs%?fE?)t\l/ngro{.g\EzuT? 7 95| A
’ ’ < 85 °C, BATFET disabled
VBUS Input current (VE_SUS)_in puck mode VB_US_=5V, charg_e disabled, converter 23 mA
when converter is switching switching, ISYS = 0A
VAC/VBUS = 5V, HIZ mode, no battery 37 50 uA
Iniz_veus Quiescent input current in HIZ VAC/VBUS = 12V, HIZ mode, no
battery 68 90 KA
VBUS / VBAT SUPPLY
VvBus_op VBUS operating range 4 13.5 \Y
VvBUS_uvLoz VBUS rising for active 12C, no battery |VBUS rising 3.3 3.7 Vv
VvBUS_UVLO VBUS falling to turnoff 12C, no battery |VBUS falling 3 3.3 \Y
VVBUS_PRESENT VBUS to enable REGN VBUS rising 3.65 3.9 \%
Vygus_PresenTz | VBUS to disable REGN VBUS falling 3.15 34| V
VsLeEp Enter Sleep mode threshold X\?US falling, VBUS - VBAT, VBAT = 15 60 10| mv
VsLEEP7 Exit Sleep mode threshold X\?US rising, VBUS - VBAT, VBAT = 115 220 340 mv
VAC rising, OVP[1:0]=00 5.45 5.85 6.07 Vv
VAC overvoltage rising threshold to VAC rising, OVP[1:0]=01 6.1 6.4 6.75 v
turn off switching VAC rising, OVP[1:0]=10 10.45 1 1155 V
VAC rising, OVP[1:0]=11 (default) 135 142 1485 V
Vacov VAC falling, OVP[1:0]=00 52 56 58 v
VAC overvoltage falling threshold to | VAC falling, OVP[1:0]=01 5.8 6.2 645 V
resume switching VAC falling, OVP[1:0]=10 10 10.7 1.1 \Y
VAC falling, OVP[1:0]=11 (default) 13 13.9 145 VvV
VBAT uvLOZ BAT voltage for active I12C, no VBUS | VBAT rising 2.5 Vv
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8.5 Electrical Characteristics (continued)

VVBUS_UVLOZ < VVBUS < VVBUS_OV and VVBUS > VBAT + VSLEEP’ TJ =-40°C to +125°C, and TJ = 25°C for typlcal values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
BAT depletion rising threshold to turn -
VBAT_DPLZ on BATFET VBAT rising 2.35 2.8 \Y
BAT depletion falling threshold to turn .
VBAT_DPL off BATFET VBAT faIIlng 2.18 2.62 \Y
VpoORSRC Bad adapter detection threshold VBUS falling 3.75 3.9 4.0 \Y
POWER-PATH MANAGEMENT
Typical minimum system regulation VBAT=3.2V < SYS_MIN = 3.5V, ISYS
Vsys MIN voltage = 0A 3.5 3.65 \
Vsys ovp System overvoltage threshold ZRoiG = 4.35V, Charge disabled, ISYS 4.7 Vv
Blocking FET on-resistance
Ron_rerer (BQ25618E) 35 mQ
Blocking FET on-resistance
Ron_rereT (BQ25619E) 45 mQ
High-side switching FET on-resistance
Ron_nsrFeT (BQ25618E) 55 mQ
High-side switching FET on-resistance
RON_HSFET (BQ2561 gE) 62 mQ
Low-side switching FET on-resistance
Ron_LsFeT (BQ25618E) 60 mQ
Low-side switching FET on-resistance
Ron_LsFeT (BQ25619E) 71 mQ
Vv BATFET forward voltage in BAT discharge current 10mA, 30 mv
BATFET_FWD supplement mode converter running
BATTERY CHARGER
Typical charge voltage regulation
VREG_RANGE range 3.5 4.52 \
VREG_STEP Typical charge voltage step 4.3V < VREG < 4.52V 10 mV
VREG =4.2V, T, =-40°C - 85°C 4179 42 4.221 \
VReG Acc Charge voltage accuracy VREG =4.35V, T; = -40°C - 85°C 4.329 4.35 4.371 Vv
VREG =4.45V, T; = —-40°C - 85°C 4.428 4.45 4.472 \Y
Typical charge current regulation
lcHG_RANGE range 0 15 A
IcHG_sTEP Typical charge current regulation step 20 mA
ICHG = 0.24A, VBAT = 3.1V or 3.8V,
T, =-40°C - 85°C 0.216 0.24 0.264 A
Fast charge current regulation ICHG = 0.72A, VBAT = 3.1V or 3.8V,
lcHe_Acc accuracy T,=—40°C - 85°C 0.6768 0.72 0.7632 A
ICHG = 1.50A, VBAT = 3.1V or 3.8V,
T, = -40°C - 85°C 1.41 1.5 1.59 A
IPRECHG_RANGE Typical pre-charge current range 20 260 mA
IPRECHG_STEP Typical pre-charge current step 20 mA
| Prech ) VBAT = 2.6V, IPRECHG = 40mA 28 40 52| mA
recharge current accurac
PRECHG.ACC 9 Y VBAT = 2.6V, IPRECHG = 120mA 84 120 156 mA
ITERM_RANGE Typical termination current range 20 260 mA
lTERM_STEP Typical termination current step 20 mA
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8.5 Electrical Characteristics (continued)

VVBUS_UVLOZ < VVBUS < VVBUS_OV and VVBUS > VBAT + VSLEEP’ TJ =-40°C to +125°C, and TJ = 25°C for typlcal values (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ITERM=40mA, ICHG>260mA,
| i t VREG=4.35V, T, = 0°C - 85°C 30 40 S0 mA
ermination current accurac
TERMLACC Y ITERM=20mA, ICHG<260mA, 0 20 0l ma
VREG=4.35V, T; = 0°C - 85°C
Battery short voltage rising threshold -
VBAT_SHORTZ to start pre-charge VBAT rising 213 2.25 2.35 V
Battery short voltage falling threshold .
VBATfSHORT to stop pre-charge VBAT falllng 1.85 2 2.15 V
IBAT_SHORT Battery short trickle charging current | VBAT < Vgar sHorTz 15 25 30 mA
Battery LOWV rising threshold to start VBAT rising 3 3.12 304 Vv
v fast-charge
BATLOWV -
Battery LOWV falling threshold to stop VBAT falling 27 28 29 Vv
fast-charge
VRECHG=0, VBAT falling (default) 90 120 150 mV
VRECHG Battery recharge threshold -
VRECHG=1, VBAT falling 185 210 245 mVv
System discharge load current durin
Isys_LoAD S¥SOVP 9 9 30 mA
R Battery FET st T,=-40°C - 85°C 19.5 26 mQ
atter on-resistance
ON_BATFET y T, =-40°C - 125°C 19.5 30| ma
BATTERY OVER-VOLTAGE PROTECTION
v Battery overvoltage rising threshold VBAT rising, as percentage of VREG 103 104 105 %
BAT_OVP Battery overvoltage falling threshold | VBAT falling, as percentage of VREG 101 102 103] %
INPUT VOLTAGE / CURRENT REGULATION
VINDPM_RANGE Typical input voltage regulation range 3.9 54 \Y
VINDPM_STEP Typical input voltage regulation step 100 mV
Typical input voltage regulation
VINDPM threshold to track battery VBAT = 4.35V, VINDPM_BAT_TRACK
VINDPM_TRACK voltage = VBAT+200mV 4.45 4.85 414V
lINDPM_RANGE Typical input current regulation range 0.1 3.2 A
liINDPM_STEP Typical input current regulation step 100 mA
linoPm_Acc Input current regulation accuracy IINDPM = 500mA (T,=-40°C - 85°C) 450 465 500 mA
linoPm_Acc Input current regulation accuracy IINDPM = 900mA (T,=-40°C-85°C) 750 835 900 mA
linoPm_Acc Input current regulation accuracy IINDPM = 1500mA (T,=-40°C-85°C) 1300 1390 1500 mA
THERMAL REGULATION AND THERMAL SHUTDOWN
T Junction temperature regulation TREG =90°C 90 °C
REG accuracy TREG = 110°C 110 °C
TsHuT Thermal Shutdown Rising threshold Temperature Increasing 150 °C
Thermal Shutdown Falling threshold Temperature Decreasing 130 °C
CHARGE MODE THERMISTOR COMPARATOR
TS pin voltage rising threshold, As Percentage to REGN (0°C w/ o
VT1_RisE% Charge suspended above this voltage. | 103AT) 724 733 742 o
TS pin voltage falling threshold.
Charge re-enabled to 20% of ICHG o
VT1_FALL% and VREG below this As Percentage to REGN 71.5 72 72.5 %
voltage.
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8.5 Electrical Characteristics (continued)
VVBUS_UVLOZ < VVBUS < VVBUS_OV and VVBUS > VBAT + VSLEEP’ TJ =-40°C to +125°C, and TJ = 25°C for typlcal values (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
As Percentage to REGN, o
JEITA_T2=5°C w/ 103AT 70.25 70.75 .25 &
As Percentage to REGN,
TS pin voltage rising threshold, JEITA T2=1%°C w/ 103AT 67.75 68.25 68.75 %
VT2 RISE% Charge back to 20% of ICHG and AP — ; to REGN
- VREG above this voltage. S Fercentage 1o , 0
9 JEITA_T2=15°C w/ 103AT 64.75 65.25 65.75 o
As Percentage to REGN, o
JEITA_T2=20°C w/ 103AT 61.75 62.25 62.75 o
As Percentage to REGN, o
JEITA_T2=5°C w/ 103AT 68.7 69.2 69.7 o
As Percentage to REGN,
TS pin voltage falling threshold. JEITA T2=1%°C w/ 103AT 66.45 66.95 67.45 %
V1o FALL% Charge back to ICHG and VREG ASP — : to REGN
N below this voltage. S Percentage 1o , 0
g JEITA_T2=15°C w/ 103AT 63.7 64.2 64.7 o
As Percentage to REGN, o
JEITA_T2=20°C w/ 103AT 60.7 61.2 61.7 &
As Percentage to REGN, o
JEITA_T3=40°C w/ 103AT 41.75 48.25 48.75 o
As Percentage to REGN,
TS pin voltage faIIing threshold. JEITA T3=4goc w/ 103AT 44.25 44.75 45.25 %
V13 FALL% Charge to ICHG and 4.1V below this As P — ; to REGN
- voltage. s Percentage to , o
’ JEITA_T3=50°C w/ 103AT 402407 42l %
As Percentage to REGN, o
JEITA_T3=55°C w/ 103AT 372 sr.7 38.2 o
As Percentage to REGN, o
JEITA_T3=40°C w/ 103AT 48.8 49.3 49.8 o
As Percentage to REGN,
TS pin voltage rising threshold. JEITA T3=4g5°C w/ 103AT 45.3 45.8 46.3 %
V13 RISE% Charge back to ICHG and VREG ASP — : to REGN
- above this voltage. S Percentage 1o , 0
9 JEITA_T3=50°C w/ 103AT 413 418 423 o
As Percentage to REGN, o
JEITA_T3=55°C w/ 103AT 385 39 395 o
TS pin voltage falling threshold, As Percentage to REGN (60°C w/ o
Vrs_FALL% charge suspended below this voltage. |103AT) 33.7 34.2 35.1 %
TS pin voltage rising threshold.
V15 _RISE% Charge back to ICHG and 4.1V above |As Percentage to REGN 35 35.5 36 %
this voltage.
SWITCHING CONVERTER
Fsw PWM switching frequency Oscillator frequency 1.32 1.5 1.68| MHz
Dmax Maximum PWM Duty Cycle 97 %
REGN LDO
V =5V, 1 =20mA 4.58 4.7 4.8 \Y
Vieon REGN LDO output voltage VBUS REGN
VVBUS = 9V, IREGN =20mA 5.6 6 6.5 \
IREGN REGN LDO current limit VVBUS = 5V, VREGN =3.8V 50 mA
12C INTERFACE (SCL, SDA)
Vig Input high threshold level, SDA and Pull up rail 1.8V 13 Vv
SCL
Vi Input low threshold level Pull up rail 1.8V 0.4 V
VoL Output low threshold level Sink current = 5mA 0.4 \%
Igias High-level leakage current Pull up rail 1.8V 1 A
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8.5 Electrical Characteristics (continued)

VVBUS_UVLOZ < VVBUS < VVBUS_OV and VVBUS > VBAT + VSLEEP’ TJ =-40°C to +125°C, and TJ = 25°C for typlcal values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

ViH_spA Input high threshold level, SDA Pull up rail 1.8V 1.3 \
VIL_spa Input low threshold level Pull up rail 1.8V 0.4 \Y
VoL _sba Output low threshold level Sink current = 5mA 0.4 Vv
IsiAs_sbA High-level leakage current Pull up rail 1.8V 1 uA
VIH_scL Input high threshold level, SDA Pull up rail 1.8V 1.3 V
VIL_scL Input low threshold level Pull up rail 1.8V 0.4 Vv
VoL_scL Output low threshold level Sink current = 5mA 0.4 Vv
Iias_scL High-level leakage current Pull up rail 1.8V 1 HA
LOGIC INPUT PIN
\im Input high threshold level (/CE, PSEL) 1.3 \Y
Vi Input low threshold level (/CE, PSEL) 0.4 Vv
I BiAS EngELI)evel leakage current (/CE, Pull up rail 1.8V 1 uA
LOGIC OUTPUT PIN
VoL g%t:_)rt’n”l:ogv)threshold level (/INT, Sink current = 5mA 0.4 \Y
lout BiAs g'Tg':‘T"'e;‘F’,eG')'eakage current (/INT, Pull up rail 1.8V 1 pA
8.6 Timing Requirements

MIN NOM MAX| UNIT
VBUS / VBAT POWER UP
tveus_ov VBUS OVP Reaction-time 130 ns
tPOORSRC Bad adapter detection duration 30 ms
tPOORSRC_RETRY Bad adapter detection retry wait time 2 s
BATTERY CHARGER
tTERM_DGL Deglitch time for charge termination 30 ms
trecHG DGL Deglitch time for recharge threshold 30 ms
trop oFF Typical top-off timer accuracy TOP_OFF_TIMER[1:0]=10 30 min
tsAFETY Charge safety timer accuracy, CHG_TIMER = 20hr 17 20 24 hr
tsAFETY Charge safety timer accuracy, CHG_TIMER = 10hr 8 10 12 hr
QON Timing
{SHIPMODE @)Iow time to turn on BATFET and exit shipmode (-10°C < TJ < 09 13 s
tQon_RsT QON low time before BATFET full system reset (—10°C < TJ < 60°C) 8 12 s
tBATFET RST BATFET off time during full system reset (—10°C < TJ <60°C) 250 400 ms
tBATFET DLY Delay time before BATFET turn off in ship mode (-10°C < TJ <60°C) 10 15 S
12C INTERFACE
fscL SCL clock frequency 400 kHz
tsu_sta Data set-up time 10 ns
tHp_paT Data hold time 0 70 ns
toA Rise time of SDA signal 10 80 ns
tioa Fall time of SDA signal 10 80 ns
DIGITAL CLOCK AND WATCHDOG
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8.6 Timing Requirements (continued)

MIN NOM MAX| UNIT
fLPDIG Digital low-power clock (REGN LDO is disabled) 30 kHz
foig Digital power clock 500 kHz
twoT Watchdog Reset time (WATCHDOG REGO05[5:4] = 160s) 160 s
8.7 Typical Characteristics

100 100
95 /
95 — — —
—
g // \: g 90 // — —
g 90 P 5 Vs
3 / a 85 7
& 2
] i
3 85 N I
© ©
5 / s 75
80 / — VBUS=5V 0 — VBUS =5V
— VBUS=9V 7 — VBUS=9V
VBUS =12V VBUS =12V
75 65
0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 16
Charge Current (A) Charge Current (A)
BQ25619EVM Vgar = 3.8V Inductor 2.2 yH, DCR = 40 mQ BQ25618EVM Vgar = 3.8V Inductor 1.0 yH, DCR = 27 mQ
Figure 8-1. Charge Efficiency Figure 8-2. Charge Efficiency
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Figure 8-3. Charge Current Accuracy Figure 8-4. Battery Charge Voltage vs Junction
Temperature
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Figure 8-5. Charge Current vs Junction
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9 Detailed Description

9.1 Overview

The BQ25618E/619E device is a highly integrated 1.5-A switch-mode battery charger for single cell Li-lon and
Li-polymer battery. It includes the input reverse-blocking FET (RBFET, Q1), high-side switching FET (HSFET,
Q2), low-side switching FET (LSFET, Q3), and battery FET (BATFET, Q4), and bootstrap diode for the high-side

gate drive.

9.2 Functional Block Diagram
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9.3 Feature Description
9.3.1 Power-On-Reset (POR)

The device powers internal bias circuits from the higher voltage of VBUS and BAT. When Vygys rises above
Vveus uvLoz Or VeaT rises above Vgar uvLoz » the sleep comparator, battery depletion comparator and BATFET
driver are active. 12C interface is ready for communication and all the registers are reset to default value. The
host can access all the registers after POR.

9.3.2 Device Power Up From Battery Without Input Source

If only the battery is present and the voltage is above depletion threshold (Vgar ppLz), the BATFET turns on and
connects the battery to the system. The REGN stays off to minimize the quiescent current. The low Rpgon 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. When the system is overloaded or shorted
(Ieat > Isys_ocp_qa4), the device turns off BATFET immediately.

With 12C, when the BATFET turns off due to over-current, the device sets the BATFET_DIS bit to indicate the
BATFET is disabled until the input source plugs in again or one of the methods described in Section 9.3.6.2 is
applied to re-enable BATFET.

9.3.3 Power Up From Input Source

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

1. Power Up REGN LDO, see Section 9.3.3.1

2. Poor Source Qualification, see Section 9.3.3.2

3. Input Source Type Detection is based on PSEL to set default input current limit (IINDPM threshold), see
Section 9.3.3.3

4. Input Voltage Limit Threshold Setting (VINDPM threshold), see Section 9.3.3.4
5. Power Up Converter, see Section 9.3.3.5

9.3.3.1 Power Up REGN LDO

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

* VyBus > VvBUs uvLoz
¢ Inbuck mode, Vygys > Vear * VsLeepz

» After 220-ms delay is completed
During high impedance mode when EN_HIZ bit is 1, REGN LDO turns off. The battery powers up the system.
9.3.3.2 Poor Source Qualification

After the REGN LDO powers up, the device starts to check current capability of the input source. The first step is
poor source detection.

» VBUS voltage above Vpoorsrc When pulling Igapsre (typical 30 mA)

WitriC, once the input source passes poor source detection, the status register bit VBUS_GD is set to 1 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.
9.3.3.3 Input Source Type Detection (IINDPM Threshold)

After poor source detection, the device runs input source detection through the PSEL pin. The PSEL pin sets
input current limit 0.5 A (HIGH) or 2.4 A (LOW). After input source type detection is completed, the PG pin is
asserted to LOW and PG_STAT bit is set to 1 (BQ25619E only).
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With I12C, after input source type detection is completed, an INT pulse is asserted to the host. in addition, the
following register bits are updated:

1. Input Current Limit (IINDPM) register is updated from detection result
2. VBUS_STAT bit is updated to indicate USB or other input source
3. PG_STAT bit is updated to indicate good adapter plugs in (BQ25619E only)

The host can over-write the INDPM register to change the input current limit if needed.
9.3.3.3.1 PSEL Pins Sets Input Current Limit

The device with PSEL pin directly takes the USB PHY device output to decide whether the input is USB host or
charging port. When the device operates in host-control mode, the host needs to IINDET_EN bit set to 1 to
update the IINDPM register. When the device is in default mode , PSEL value updates IINDPM in real time.

Table 9-1. Input Current Limit Setting from PSEL

INPUT DETECTION PSEL PIN INPUT C%E::AE)NT LIMIT VBUS_STAT
USB SDP HIGH 500 mA 001
Adapter LOW 2.4A 011

9.3.3.4 Input Voltage Limit Threshold Setting (VINDPM Threshold)
The device has two modes to set the VINDPM threshold.

» Fixed VINDPM threshold. The VINDPM is default set at 4.5 V (programmable from 3.9 V to 5.4 V).

* VINDPM threshold tracks the battery voltage to optimize the converter headroom between input and output.
When it is enabled in REGO07[1:0], the actual input voltage limit is the higher of the VINDPM setting in register
and Vgat + offset voltage in VINDPM_BAT_TRACK]1:0].

9.3.3.5 Power Up Converter in Buck Mode

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

The device provides soft-start when system rail is ramping up. When the system rail is below Vgar snorT, the
input current is limited to the lower of 200 mA or IINDPM register setting. The system load shall be appropriately
planned not to exceed the 200-mA [INDPM limit. After the system rises above Vgar snorTz, the device input
current limit is the value set by the IINDPM register. -

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.

The converter supports PFM operation by default for fast transient response during system voltage regulation
and better light load efficiency. The PFM_DIS bit disables PFM operation if system voltage is not in regulation.

9.3.3.6 HIZ Mode with Adapter Present

By setting EN_HIZ bit to 1 with adapter, the device enters high impedance state (HIZ). In HIZ mode, the system
is powered from battery even with good adapter present. The device is in the low input quiescent current state
with Q1 RBFET, REGN LDO and the bias circuits off.

9.3.4 Power Path Management

The device accommodates a wide range of input sources such as USB, wall adapter, or car charger. The device
provides automatic power path selection to supply the system (SYS) from the input source (VBUS), battery
(BAT), or both.
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9.3.4.1 Narrow Voltage DC (NVDC) Architecture

The device deploys NVDC architecture with BATFET separating system from battery. The minimum system
voltage is set by the SYS_MIN bits. Even with a fully depleted battery, the system is regulated above the
minimum system voltage.

When the battery is below the minimum system voltage setting, the BATFET operates in linear mode (LDO
mode), and the system is typically 180 mV above the minimum system voltage setting. As the battery voltage
rises above the minimum system voltage, the BATFET is fully on and the voltage difference between the system
and battery is the Vpg of the BATFET.

When battery charging is disabled and above the minimum system voltage setting or charging is terminated, the
system is always regulated at typically 50 mV above the battery voltage. The status register VSYS_STAT bit
goes to 1 when the system is in minimum system voltage regulation.

4.5

—— Minimum System Voltage
4.3 | — Charge Disabled

Charge Enabled /
4.1
/

3.9 A

SYS (V)

3.7

3.5

3.3

3.1

2.7 2.9 3.1 3.3 3.5 3.7 3.9 4.1 4.3
BAT (V)

Figure 9-1. System Voltage vs Battery Voltage

9.3.4.2 Dynamic Power Management

To meet the maximum current limit in the USB specification and avoid overloading the adapter, the device
features Dynamic Power Management (DPM), which continuously monitors the input current and input voltage.
When input source is overloaded, either the current exceeds the input current limit (IINDPM) 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 or 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 the battery starts discharging so that the system is supported from both
the input source and battery.

During DPM mode, the status register bits VINDPM_STAT or INDPM_STAT go to 1.
9.3.4.3 Supplement Mode

When the system voltage falls below the battery voltage, the BATFET turns on and the BATFET gate is
regulated so that the minimum BATFET Vpg 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 Rpgpn until
the BATFET is in full conduction. At this point onwards, the BATFET Vpg linearly increases with discharge
current. The BATFET turns off to exit supplement mode when the battery is below battery depletion threshold.

9.3.5 Battery Charging Management

The device charges 1-cell Li-lon battery with up to 1.5-A charge current for high capacity tablet battery. The 19.5-
mQ BATFET improves charging efficiency and minimizes the voltage drop during discharging.
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9.3.5.1 Autonomous Charging Cycle

When battery charging is enabled (CHG_CONFIG bit = 1 and CE pin is LOW), the device autonomously
completes a charging cycle without host involvement. The device default charging parameters are listed in Table
9-2. The host configures the power path and charging parameters by writing to the corresponding registers
through 12C.

Table 9-2. Charging Parameter Default Setting

DEFAULT MODE BQ25618E/619E
Charging voltage 420V
Charging current 340 mA
Pre-charge current 40 mA
Termination current 60 mA
Temperature profile JEITA
Safety timer 10 hours

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

+ Converter starts

+ Battery charging is enabled (CHG_CONFIG bit = 1 and Icyg register is not 0 mA and CE is low)
* No thermistor fault on TS (TS pin can be ignored by setting TS_IGNORE bit to 1)

* No safety timer fault

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

The device automatically terminates the charging cycle when the charging current is below the termination
threshold, the battery voltage is above the recharge threshold, and the device is not in DPM mode or thermal
regulation. When a fully charged battery is discharged below recharge threshold (selectable through VRECHG
bit), the device automatically starts a new charging cycle. After the charge is done, toggle CE pin or
CHG_CONFIG bit will initiate a new charging cycle. Adapter removal and replug will also restart a charging
cycle.

The STAT output indicates the charging status: charging (LOW), charging complete or charge disable (HIGH) or
charging fault (blinking). The status register (CHRG_STAT) indicates the different charging phases: 00-charging
disable, 01-pre-charge, 10-fast charge (CC) and constant voltage (CV), 11-charging done. Once a charging
cycle is completed, an INT pulse is asserted to notify the host.

9.3.5.2 Battery Charging Profile

The device charges the battery in five phases: battery short, preconditioning, constant current, constant voltage
and top-off trickle charging (optional). At the beginning of a charging cycle, the device checks the battery voltage
and regulates current and voltage accordingly.

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 BATSNS pin to extend the constant
current charge time to deliver maximum power to battery. BATSNS pin should be connected directly to battery
cell terminal to remotely sense battery cell voltage. When battery voltage is above Vgar ppLz, charger will detect
whether the BATSNS pin is connected to BAT or not. -

» |f BATSNS pin is not connected to BAT, BATSNS_DIS = 1, and charger regulates battery voltage through the
BAT pin

» If BATSNS pin is connected to BAT, BATFET_DIS = 0, and charger regulates battery voltage through the
BATSNS pin

When battery voltage is below Vgar ppLz, charger will automatically regulate charge voltage through BAT pin
without BATSNS detection.

* When battery voltage rises above Vgar ppLz, host can set BATSNS_DIS to 0, to initiate BATSNS detection
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Table 9-3. Charging Current Setting

Vgar CHARGING CURRENT DEFAULT SETTING CHRG_STAT
<22V IBATfSHORT 25 mA 01
22Vto3V IPRECHG 40 mA 01
>3V lcHe 340 mA 10
Regulation Voltage \
Battery Voltage
Charge Current

/Charge Current

\

Veatiowy (3 V)

Vstortz (2.2 V) /

IpReCHG

TERM I e—
IsHorT -
< > < > < > < > —>»|
Trickle Charge '  Pre-charge Fast Charge and Voltage Regulation .
Top-off Timer Safgty Tlmer
Expiration

Figure 9-2. Battery Charging Profile

9.3.5.3 Charging Termination

The device terminates a charge cycle when the battery voltage is above the recharge threshold, and the current
is below termination current. After the charging cycle is completed, the BATFET turns off. The STAT is asserted
HIGH to indicate charging done. The converter keeps running to power the system, and BATFET can turn on
again to engage Section 9.3.4.3.

If the device is in INDPM/VINDPM regulation, or thermal regulation, the actual charging current will be less than
the termination value. In this case, termination is temporarily disabled.

When termination occurs, STAT pin goes HIGH. The status register CHRG_STAT is set to 11, and an INT pulse
is asserted to the host. Termination can be disabled by writing 0 to EN_TERM bit prior to charge termination.

The termination current is set in REG03[3:0]. For small capacity battery, the termination current can be set as
low as 20 mA for full charge. Due to the termination current accuracy, the actual termination current may be
higher than the termination target. In order to compensate for termination accuracy, a programmable top-off
timer can be applied after termination is detected . The top-off timer will follow safety timer constraints, such that
if safety timer is suspended, so will the top-off timer. Similarly, if safety timer is doubled, so will the termination
top-off timer. TOPOFF_ACTIVE bit reports whether the top off timer is active or not. The host can read
CHRG_STAT and TOPOFF_ACTIVE to find out the termination status. STAT pin stays HIGH during top-off timer
counting cycle.

The top-off timer settings are read in once termination is detected by the charger. Programming a top-off timer
value (01, 10, 11) after termination will have no effect unless a recharge cycle is initiated. The top-off timer will
immediately stop if it is disabled (00). An INT is asserted to the host when entering top-off timer segment as well
as when top-off timer expires.
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9.3.5.4 Thermistor Qualification
The device provides a single thermistor input for battery temperature monitoring.
9.3.5.4.1 JEITA Guideline Compliance During Charging Mode

To improve the safety of charging Li-ion batteries, the 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.

To initiate a charge cycle, the voltage on TS pin, as a percentage of Vrggn, must be within the V11 paio, to
V15 Rrise% thresholds. If the TS voltage percentage exceeds the T1-T5 range, the controller suspends charging,
a TS fault is reported and waits until the battery temperature is within the T1 to T5 range.

At cool temperature (T1-T2), the charge current is reduced to a programmable fast charge c