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5 Device Comparison Table

BQ25300 BQ25302 BQ25303J BQ25306 BQ25308

Battery Cells in Series 1 1 1 1,2 1
Input Operation Voltage 4.1V to 17V 4.1V to 6.2V 4.1V to 17V 4.1V to 17V 4.1V to 17V
Charge Voltage 3.6V, 4.15V,4.2V, |4.1V,4.35V, 4.4V, 4.1V, 4.35V, 4.4V, programmable from 3.6V, 4.15V, 4.2V,

4.05Vv 4.2v 4.2v 3.4V to 9.0V 4.05V
Maximum Fast Charge 3.0A 2.0A 3.0A 3.0A 3.0A
Current ICHG
Battery Temperature Cold/Hot Cold/Hot JEITA Cold/Hot Cold/Hot
Protection (JEITA or Cold/
Hot)
Dead Battery Charge No No No No Yes
Inhibit
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6 Pin Configuration and Functions

VBUS
REGN |[.
STAT
ICHG |

@)
i1 GND
GND
i3 BAT
JVSET

(Not to scale)

6-1. RTE Package 16-Pin WQFN Top View

R 6-1. Pin Functions

PIN

NAME

o™
NO.

DESCRIPTION

VBUS

Charger input voltage. The internal n-channel reverse block MOSFET (RBFET) is connected between
VBUS and PMID with VBUS on source. Place a 2.2uF ceramic capacitor from VBUS to GND and place it
as close as possible to IC.

PMID

Connected to the drain of the reverse blocking MOSFET (RBFET) and the drain of high-side MOSFET
(HSFET). Place ceramic 10uF on PMID to GND and place it as close as possible to IC.

SwW

Switching node. Connected 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

High-side FET driver supply. Internally, the BTST is connected to the cathode of the internal boost-strap
diode. Connect the 0.047pF bootstrap capacitor from SW to BTST.

GND

Ground. Connected directly to thermal pad on the top layer. A single point connection is recommended
between power ground and analog ground near the IC GND pins.

REGN

Low-side FET driver positive supply output. Connect a 2.2uF ceramic capacitor from REGN to GND. The
capacitor should be placed close to the IC.

BAT

10 Al

Battery voltage sensing input. Connect this pin to the positive terminal of the battery pack and the node of
inductor output terminal. 10-uF capacitor is recommended to connect to this pin.

TS

Battery temperature voltage input. Connect a negative temperature coefficient thermistor (NTC). Program
temperature window with a resistor divider from REGN to TS and TS to GND. Charge suspends 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. It is recommended to use a 103AT-2 thermistor.

ICHG

Charge current program input. Connect a 1% resistor RICHG from this pin to ground to program the
charge current as ICHG = Kicng / Riche (Kiche = 40,000). No capacitor is allowed to connect at this pin.
When the ICHG pin is pulled to ground or left open, the charger stops switching and the STAT pin starts
blinking.

STAT

Charge status indication output. This pin is an open drain output. Connect this pin to REGN via a current
limiting resistor and LED. The STAT pin indicates charger status as:

*  Charge in progress: STAT pin is pulled LOW
«  Charge completed, charge disabled by EN: STAT pin is OPEN
*  Fault conditions: STAT pin blinks

Copyright © 2024 Texas Instruments Incorporated
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PIN
1o DESCRIPTION
NAME NO.

Charge voltage setting input. VSET pin sets battery charge voltage. Program battery regulation voltage
with a resistor pull-down from VSET to GND as:

+  Floating (R > 200kQ+10%): 3.6V
+  Shorted to GND (R < 510Q): 4.05V

VSET 9 Al

. R =51kQ £ 10%: 4.15V

. R =10kQ + 10%: 4.2V

The maximum allowed capacitance on this pin is 50pF.
POL 5 Al EN pin polarity selection.

Device disable input. With the POL pin floating, the device is enabled with the EN pin floating or pulled
EN 6 Al low, and the device is disabled if the EN pin is pulled high. With POL pin grounded, the device is enabled
with the EN pin pulled high, and the device is disabled with the EN pin pulled low or floating.

NC 8 - No connection. Keep this pin floating or grounded.

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 provide an electrical ground connection for the
Thermal Pad 17 - 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. Ground layer(s) are connected to the thermal pad
through vias under the thermal pad.

(1) Al = Analog Input, AO = Analog Output, AlIO = Analog Input Output, DI = Digital Input, DO = Digital Output, DIO = Digital Input Output,
P = Power
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7 Specifications

7.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)()

PARAMETER MIN MAX UNIT

VBUS (converter not switching) -2 28 \Y

PMID(converter not switching) -0.3 28 \%

SW -20) 20 \Y
Voltage Range (with respect to GND)

BTST -0.3 255 \

BAT -0.3 11 \

ICHG, REGN, TS, STAT, POL, /EN -0.3 55 \Y
Voltage Range (with respect to GND) VSET -0.3 11 v
Voltage Range BTST to SW -0.3 55 \Y
Output Sink Current STAT 6 mA
Output Sink Current REGN 16 mA
Junction temperature T, —40 150 °C
Storage temperature Tstg —65 150 °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.

(2) The absolute maximum rating is specified at 11V DC voltage and up to 13V for a maximum 100us

(3) -3V for 10ns transient

7.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

- JEDEC JS-001, all pins(") +2000
V(Esp) Electrostatic discharge : Vv
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.

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

PARAMETER MIN NOM MAX| UNIT
Vvgus Input voltage 41 17 \Y
VAT Battery voltage 4.2 \%
lvsus Input current 3 A
lsw Output current (SW) 3 A
Ta Ambient temperature -40 85 °C
L Recommended inductance at Vygys_max < 6.2V 1.0 uH
L Recommended inductance at Vygys_max > 6.2V 22 uH
Cvsus Recommended capacitance at VBUS 2.2 uF
CemiD Recommended capacitance at PMID 10 uF
Cgar Recommended capacitance at BAT 10 uF
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 7
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7.4 Thermal Information

BQ25308
THERMAL METRIC(") RTE UNIT

16-PINS
Reua Junction-to-ambient thermal resistance (JEDEC(")) 458 °CIW
ReJcitop) Junction-to-case (top) thermal resistance 48.5 °C/W
Ress Junction-to-board thermal resistance 19.0 °C/W
Wyr Junction-to-top characterization parameter 1.3 °C/W
Y Junction-to-board characterization parameter 19 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 7.9 °C/W

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

report.

7.5 Electrical Characteristics

Vyeus_uvioz < Vveus < Vveus_ovp and Vypys > Vear + Vsieep, L=2.2uH, T, = -40°C to +125°C, and T, = 25°C for typical
values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
QUIESCENT CURRENT
| VBUS reverse current from BAT/SW |Vgar = Vsw = 4.5V, Vgys is shorted to GND, 0.07 3 A
VBUS_REVS to VBUS, T, =-40°C - 85°C measure Vgys reverse current : H
| VBUS leakage current in disable Vgus = 5V, Vgat = 4V, charger is 35 4.05 A
Q_VBUS_DIS mode, T, = -40°C - 85°C disabled, /EN is pulled high . : H
BAT and SW pin leakage current in .
IQ_BAT_HIZ HiZ mode, TJE -40°C -965°C VBAT = VSW = 45V, VBUS roatlng 0.17 1 HA
VBUS POWER UP
Vveus_op Vpgus operating range 4.1 17 V
VVBUSfUVLOZ Vgus power on reset Vpus rising 3 3.8 Vv
Vveus_uvLoz Hys | VBus power on reset hysteresis Vpgys falling 250 mV
VvBus_Lowv A condition to turnon REGN Vpus rising, REGN turns on, Vgar = 3.2V 3.8 3.9 4| V
A condition to turnon REGN, .
VVBUS_LOWV_HYS hysteresis VBUS falllng, REGN turns Oﬁ, VBAT= 3.2V 300 mV
VsLeep Enter sleep mode threshold Veus falling, Veys - VBAT, Vveus_Lowv < 30 60 100| mv
VBar < VBATREG
VsLEEpz Exit sleep mode threshold VBus fising, Veus - Vear, Vveus_Lowv < 110 157 295 mV
VBar < VBATREG
VvBUS_OVP_RISE Vgus overvoltage rising threshold Vus rising, converter stops switching 17 17.4 17.8| V
VVBUS_OVP_HYS Vguys overvoltage falling hysteresis | Vpgys falling, converter stops switching 750 mV
MOSFETS
Top reverse blocking MOSFET on-
Rpson_a1 resistance between VBUS and VRegN = 5V 40 65| mQ
PMID (Q1)
High-side switching MOSFET on-
Rpson_a2 resistance between PMID and SW | Vgggn = 5V 50 82| mQ
(Q2)
Low-side switching MOSFET on-
Rpson_a3 resistance between SW and GND VRegN = 5V 45 72| mQ
(Q3)
BATTERY CHARGER
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7.5 Electrical Characteristics (f7X)

Vveus_uvioz < Vveus < Vveus_ovp and Vypys > Vear + Vsieep, L=2.2uH, T, = -40°C to +125°C, and T, = 25°C for typical
values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VSET pin floating, T, = -40°C to +85°C 3.582 36 3618, V
VSET pin is grounded, T, = -40°C to +85°C 4.03 4.05 407 V
vV, Charge voltage requlation Connect VSET pin to 51kQ resistor, T, =
BATREG [¢] ge reg 40°C to +85°C 413 4.15 417 V
Connect VSET pin to 10kQ resistor, T; =
40°C to +85°C 4179 42 4221 V
ICHG set at 1.72A with Ricpg=23.2kQ 1.55 1.72 1.89] A
lcHe Charge current regulation ICHG set at 1.0A with RICHG=40.2kQ 0.9 1 1.1 A
ICHG set at 0.5A with Ricyg=78.7kQ 0.4 0.5 06| A
ICHG = 1.72A, 10% of ICHG,
RICHG=23.2kO 138 172 206 mA
N ICHG = 1.0A, 10% of ICHG,
lTERM Termination current RICHG=40.2kQ 70 100 130 mA
ICHG = 0.5A, ITERM =63mA
RICHG=78.7kQ 33 63 93 mA
ICHG =1.72A, 10% of ICHG, R|cyg=23.2kQ 115 172 225 mA
IPRECHG Precharge current ICHG = 1.0A, 10% of ICHG, Ricps=40.2kQ 50 100 150 mA
ICHG = 0.5A, 10% of ICHG, Ricpc=78.7kQ 28 63 98| mA
Vea_prectc_rise_L| VBAT precharge rising threshold for |, 0 precharge, Vgatrec = 3.6V 2.05 2.2 235 V
FP LiFePO4
Vear_precre_FaiL_L| VBAT precharge rising threshold for | o, o o 46 trickle, Vearrea = 3.6V 1.85 2 215 V
FP LiFePO4
IBATiTRICKLEiLFP Trickle Charge current for LiFePO4 VgaT < VBATfPRECHGfFALL: VBATREG =3.6V 25 35 46| mA
VeaT_storT_rise_LF | VBAT short rising threshold for Short to trickle, Vaarres = 3.6V 11 12 13| Vv
p LiFePO4
- Short to precharge, V =4.05V/
VeaT sHorT Rise | VBAT short rising threshold Py 4F.)2v 9. VBATREG 2.05 22 235 V
VeaT_sHorT_FaLL_LF | VBAT short falling threshold for Trickle to short, Vaarres = 3.6V 0.9 1 11] v
p LiFePO4
. Precharge to short, V, =4.05V/
VBaT sHORT FaLL | VBAT short falling threshold 415V / g.zv BATREG 1.85 2 215 VvV
0.5V < Vpar < VBAT_SHORT_FaLL, Ty = 25°C -1.5 11 uA
IBAT_SHORT Leakage current into battery 0.5V < Var < VBaT sHORT FaLL, Ty = -40°C 15 5| uA
to +85°C '
VBAT Lowv_RISE Rising threshold Precharge to fast charge 2.9 3 3.1 V
VBAT LOwV_FALL Falling threshold Fast charge to precharge 2.6 2.7 28| V
VRECHG_HYS Recharge hysteresis below Vgatres | Vear falling 110 160 216| mV
INPUT VOLTAGE / CURRENT REGULATION
VINDPM_MIN Minimum input voltage regulation Vgar = 3.5V, measured at PMID pin 3.9 4.0 41| V
. VBAT = 4V, measured at PMID pin, VINDPM =
ViNDPM Input voltage regulation 1.085"Vgar + 0.025V 4.27 4.37 447 V
liNDPM_3A Input current regulation 3 3.35 3.7 A
BATTERY OVER-VOLTAGE PROTECTION
VBAT OVP RISE Battery overvoltage rising threshold Vear rsing, as percentage of Veatres 104 %
- (VBaTREG = 4.15V)
VBAT ovP_RISE Battery overvoltage rising threshold |Vgar rising, as percentage of Vgatreg 101.9 103.5 105 %
VBAT OVP_FALL Battery overvoltage falling threshold |Vgar falling, as percentage of Vgatreg 100.0 101.6 103.1 %

Copyright © 2024 Texas Instruments Incorporated

BEHZBT T 57— F N2 (DB RO &) 25 9

Product Folder Links: BQ25308

English Data Sheet: SLUSFD7


https://www.ti.com/jp
https://www.ti.com/product/jp/bq25308?qgpn=bq25308
https://www.ti.com/jp/lit/pdf/JAJSU62
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSU62&partnum=BQ25308
https://www.ti.com/product/jp/bq25308?qgpn=bq25308
https://www.ti.com/lit/pdf/SLUSFD7

BQ25308
JAJSUB2 — APRIL 2024

I

Texas
INSTRUMENTS

www.ti.com/ja-jp

7.5 Electrical Characteristics (f7X)

Vveus_uvioz < Vveus < Vveus_ovp and Vypys > Vear + Vsieep, L=2.2uH, T, = -40°C to +125°C, and T, = 25°C for typical
values (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
CONVERTER PROTECTION
VarsT REFRESH Bootstrap refresh comparator (VeTsT - Vsw) whian LSFET refresh pulse is 27 3 33| v
- threshold requested, Vgys = 5V
lusreT ocP :;Infilt:ItEh'l;ecSyhccl)?dby cycle over current 52 6.2 671 A
STAT INDICATION
ISTAT SINK STAT pin sink current 6 mA
FaLink STAT pin blink frequency 1 Hz
FBLINK DUTY STAT pin blink duty cycle 50 %
THERMAL REGULATION AND THERMAL SHUTDOWN
Treo ;zgﬁtri::ytemperature regulation 111 120 133] °c
Tenur Thermal shutdown rising threshold | Temperature increasing 150 °C
Thermal shutdown falling threshold | Temperature decreasing 125 °C
BUCK MODE OPERATION
Fsw PWM switching frequency SW node frequency 1.02 1.2 1.38| MHz
Dmax Maximum PWM Duty Cycle 97 %
REGN LDO
VREGN_UVLO REGN UVLO VyBus rising 385 V
VREGN REGN LDO output voltage Vvgus = 5V, Iregn = 0 to 16mA 4.2 5| V
VREGN REGN LDO output voltage Vygus = 12V, Irggn = 16mA 45 54| V
ICHG SETTING
VicHe ICHG pin regulated voltage 993 998 1003| mV
RicHe_sHoRT FaLL | Resistance to disable charge 1 kQ
RIGHG_OPEN_RISE !\J/Ihlglrrg:m resistance to disable 565 KkQ
RicHe Programmable resistance at ICHG 11.7 250 kQ
RICHG_ MIN_SLET g/ltl?cl:n'jilgm programmable resistance 1.7 kQ
ICHG setting resistor threshold to
RicHG_HIGH clamp precharge and termination Riche > RicHg_HiGH 60 65 70| kQ
current to 63mA
:Siiszt;t;/'g;‘g“h Ricne = 23.2kQ, 36000 40000 44000| AxQ
KicHe Charge current ratio ICHG setat 1.0A with Ricne = 40.2kQ, lore | 35000 40280  44000| AxQ
=Kiche / Riche
LCESHZ‘*; STC(:EA With Ricne = 78.7kQ, lere | 30000 40700  48000| AxQ
COLD/HOT THERMISTOR COMPARATOR
TCOLD (0°C) threshold, charge
V11% suspended if thermistor temperature | Vg rising, as percentage to Vregn 72.68 735 7435 %
is below T1
V11% Vg falling As Percentage to Vregn 70.68 715 7233 %
THOT (45°C) threshold, charge
V3% suspended if thermistor temperature |Vrg falling, as percentage to Vgegn 46.35 4725 48.15| %
is above T_HOT
V13% Vg rising As percentage to VREGN 4735 4825 4915 %
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7.5 Electrical Characteristics (f7X)

Vveus_uvioz < Vveus < Vveus_ovp and Vypys > Vear + Vsieep, L=2.2uH, T, = -40°C to +125°C, and T, = 25°C for typical
values (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
LOGIC I/0 PIN CHARACTERESTICS (POL, EN)
ViLo Input low threshold Falling 04| V
Viy Input high threshold Rising 1.3 \Y
Igias High-level leakage current at /EN pin |/EN pin is pulled up to 1.8 V 1 uA

7.6 Timing Requirements

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
VBUS/BAT POWER UP
Delay from enable at /EN pin to . .

tcHe_oN_EN charger power on /EN pin voltage rising 245 ms
tche_on_veus | Delay from VBUS to charge start /EN pin is grounded, batttery present 275 ms
BATTERY CHARGER

tsareTy_Fast |Charge safety timer Fast charge safety timer 20 hours 15.0 20.0 24.0 hr
tsareTy_pre | Charge safety timer Precharge safety timer 1.5 2.0 2.5 hr
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7.7 Typical Characteristics

7-1. 1-Cell Battery Charge Efficiency vs Charge Current

100 100
95 | 95 |
S & 90 V4 e
5 5 6
5 85 s 85|—f
(&} o
s LT
> 80 o 80—
< <3
£ 5 g 1
© © —Vgus =5V
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70 70 — Vpys = 12V
— VBUS =15V
65 65
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 2.5 3
Charge Current (A) Charge Current (A)
fsw = 1.2 MHz Inductance = 1.0 uH fsw = 1.2 MHz Inductance = 2.2 uH
Vyvgus = 5.0V, Vgar =3.8V Inductor DCR = 10 mQ Vear=3.8V Inductor DCR =20 mQ

7-2. 1-Cell Battery Charge Efficiency vs Charge Current

7-3. KICHG vs Charge Current
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7-4. Charge Current vs Charge Current Setting Resistance
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8 Detailed Description

8.1 Overview

The BQ25308 is a highly integrated standalone switch-mode battery charger for single cell Li-lon and Li-polymer
batteries with charge voltage and charge current programmable by an external resistor. It includes an input

reverse-blocking FET (RBFET, Q1), high-side switching FET (HSFET, Q2), low-side switching FET (LSFET, Q3),
and bootstrap diode for the high-side gate drive as well as current sensing circuitry.
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8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Device Power Up

The EN pin enables or disables the device. When the device is disabled, the device draws minimum current from
the VBUS pin. The device can be powered up from either VBUS or by enabling the device from the EN pin.

8.3.1.1 Power-On-Reset (POR)

The EN pin can enable or disable the device. When the device is disabled, the device is in disable mode and it
draws minimum current at VBUS. When the device is enabled, if VBUS rises above Vypys uvLoz, the device
powers part of internal bias and comparators and starts Power on Reset (POR).

8.3.1.2 REGN Regulator Power Up

The internal bias circuits are powered from the input source. The REGN supplies internal bias circuits as well as
the HSFET and LSFET gate drive. The REGN also provides voltage rail to STAT LED indication. The REGN is
enabled when all the below conditions are valid:

» Chip is enabled by EN pin
* Vyguys above Vypus_uvioz

* Vygus above Vgar + Vs gepz
» After sleep comparator deglitch time, VSET detection time, and REGN delay time

REGN remains on at fault conditions. REGN is powered by VBUS only and REGN is off when VBUS power is
removed.

8.3.1.3 Charger Power Up

Following REGN power-up, if there is no fault conditions, the charger powers up with soft start. If there is any
fault, the charger remains off until fault is cleared. Any of the fault conditions below gates charger power-up:

* Vysus > Vyeus_ovp

* Thermistor cold/hot fault on TS pin

* Vgar > VBar_ovp

» Safety timer fault

* ICHG pin is open or shorted to GND

» Die temperature is above TSHUT

8.3.1.4 Charger Enable and Disable by EN Pin

With the POL pin floating, the charger can be enabled with EN pin pulled low (or floating) or disabled by EN pin
pulled high. The charger is in disable mode when disabled.

8.3.1.5 Device Unplugged From Input Source

When Vpys is removed from an adaptor, the device stays in HiZ mode and the leakage current from the battery
to the BAT pin and SW pin is less than lq gaT Hiz-

8.3.2 Battery Charging Management

The BQ25308 charges a 1-cell Li-lon battery with up to 3.0-A charge current for high a capacity battery from 4.1-
V to 17-V input voltage. A new charge cycle starts when the charger power-up conditions are met. The charge
voltage is set by an external resistor connected at the VSET pin and charge current are set by external resistors
at the ICHG pin. The charger terminates the charging cycle when the charging current is below the termination
threshold I+grpm and charge voltage is above the recharge threshold(Veatreg - VRECHG Hys), and device is not in
IINDPM or thermal regulation. When a fully charged battery's voltage is discharged below the recharge
threshold, the device automatically starts a new charging cycle with safety timer reset. To initiate a recharge
cycle, the conditions of charger power-up must be met. The STAT pin output indicates the charging status of
charging (LOW), charging complete or charge disabled (HIGH), or charging faults (BLINKING).
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8.3.2.1 Battery Charging Profile

The device charges the battery in three phases: preconditioning, constant current, constant voltage. The device
charges the battery based on charge voltage set by the VSET pin and charge current set by the ICHG pin as
well as actual battery voltage. The battery charging profile is shown in [X] 8-1.

£ 8-1. Charging Current Setting

MODE BATTERY VOLTAGE Vgar CHARGE CURRENT TYPICAL VALUE
Battery Short Vgar < VBAT_SHORT Charge Inhibited -1.5uA
10% of | IpRE >
Precharge VBAT_SHORT < VBAT < VBAT LOowv IPRECHG o of lene ( lere
63mA)
Fast Charge VBaT Lowv < VBaT lche Set by ICHG resistor
Regulation Voltage VBATREG | --------------mmmmmmmmmmmm oo
Battery Voltage
Fast Charge CurrentICHG |
/Charge Current
VBATiLOWV
VBAT_SHORT
|PRECHG ,,,,,,,,,,,,,,,
TERM [~~~ "~~~ Tyttt
< —p1€ > <€ > > —>» Time
Charge Inhibit | pre_charge Fast Charge Voltage Regulation

Safety Timer Expiration if
Charge is not Terminated

Eq 8-1. Battery Charging Profile

8.3.2.2 Battery Charging Profile for LiFePO4

When Vpatreg is set to 3.6V (for LiFePO4 batteries), the device charges the battery in four phases: trickle
charge, preconditioning, constant current, constant voltage. The device charges the battery based on charge

voltage set by the VSET pin and charge current set by the ICHG pin as well as actual battery voltage. Refer to [X]
8-2for the battery charging profile when Vgatreg = 3.6V.

£ 8-2. Charging Current Setting for Vgarreg = 3.6V

MODE BATTERY VOLTAGE Vgar CHARGE CURRENT TYPICAL VALUE
Battery Short VBaT < VBAT_SHORT Charge Inhibited -1.5uA
Trickle Charge VBAT_SHORT < VBAT < VBAT TRICKLE IBAT TRICKLE 35 mA
10% of | | >
Precharge VBAT_TRICKLE < VBAT < VBAT LOowv IPRECHG bof lons ( lere
63mA)
Fast Charge VBaT Lowv < VBaT IcHG Set by ICHG resistor
16 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated
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Regulation Voltage VBATREG

/ Battery Voltage
Fast Charge Current ICHG

/Charge Current
Veat_Lowv
VBAT_PRECHG \
VBAT_SHORT . \
H
I
IprRECHG \
Iterm |
ItricKLE
< > #li #li #Ii » —» Time
Charge Inhibit ' Trickle Charge 'Pre-charge' Fast Charge

Voltage Regulation Safety Timer Expiration if

Charge is not Terminated

Eq 8-2. Battery Charging Profile for Vgatreg = 3.6V

8.3.2.3 Precharge

The device charges the battery at 10% of set fast charge current in precharge mode. When Richg > Richg_HigH:
the precharge current is clamped at 63mA.

8.3.2.4 Charging Termination

The device terminates a charge cycle when the battery voltage is above recharge threshold and the charge
current is below termination current. After a charging cycle is completed, the converter stops swicthing, charge is
terminated and the system load is powered from battery. Termination is temporarily disabled when the charger
device is in input current regulation or thermal regulation mode and the charging safety timer is counted at half
the clock rate. The charge termination current is 10% of set fast charge current if Ricyg < RicHg HigH- The
termination current is clamped at 63mA if Richg > RicHg_HiGH- -

8.3.2.5 Battery Recharge

A charge cycle is completed when battery is fully charged with charge terminated. If the battery voltage
decreases below the recharge threshold (Vgatres - VrRecHg Hys): the charger is enabled with safety timer reset
and enabled.

8.3.2.6 Charging Safety Timer

The device has a built-in safety timer to prevent an extended charging cycle due to abnormal battery conditions.
The safety timer is 20 hours when the battery voltage is above Vgar Lowy threshold and 2 hours when below
VeaT Lowy threshold. When the safety timer expires, charge is suspended until the safety timer is reset. The
safety timer is reset and charge starts under one of the following conditions:

» Battery voltage falls below recharge threshold

VBUS voltage is recycled

+ EN pin is toggled

« Battery voltage transits across Vgar snort threshold

» Battery voltage transits across VBAT:LOWV threshold

If the safety timer expires and the battery voltage is above the recharge threshold, the charger is suspended and
the STAT pin is open. If the safety timer expires and the battery voltage is below the recharge threshold, the
charger is suspended and the STAT pin blinks to indicate a fault. The safety timer fault is cleared with safety
timer reset.
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During input current regulation, thermal regulation, the safety timer counts at half the original clock frequency
and the safety timer is doubled. During TS fault, Vgys ovp, Vear ove, ICHG pin open and short, and IC thermal
shutdown faults, the safety timer is suspended. Once the fault(s) is clear, the safety timer resumes to count.

8.3.2.7 Thermistor Temperature Monitoring

The charger device provides a single thermistor input TS pin for battery temperature monitor. RT1 and RT2
program the cold temperature T1 and hot temperature T3. In the equations, Rytc 11 is the NTC thermistor
resistance value at temperature T1 and Ryrc 13 is the NTC thermistor resistance values at temperature T3.
Select 0°C to 45°C for the battery charge temperature range, then NTC thermistor 103AT-2 resistance Rytc 11 =
27.28 kQ (at 0°C) and Ry1c 13 = 4.91 kQ (at 45°C), from = 1 and = 2, RT1 and RT2 are derived as:

* RT1=4.53 kQ

*RT2=22.6 kQ
REGN [
RT1 —
s T
RTH ____
RT2 < 103AT %
]

8-3. Battery Temperature Sensing Circuit

1 1
Rnrern X Rurets X\ 736~ Voyos

RT2 = 1 1
Ryrem X (m— 1) — Rnre,ra X (m_ 1) 1)
1
o1
RT1= /1%
T, T
Rr2 * Rnreri 2)

8.3.3 Charging Status Indicator (STAT)

The device indicates charging state on the open drain STAT pin. The STAT pin can drive a LED that is pulled up
to REGN rail through a current limit resistor.

£ 8-3. STAT Pin State

CHARGING STATE STAT INDICATOR
Charging in progress (including recharge) LOW
Charging complete HIGH
HiZ mode, sleep mode, charge disable HIGH
Safety timer expiration with battery voltage above recharge threshold HIGH
18 BFHB TS 70— N2 (ZE RO EPE) #55 Copyright © 2024 Texas Instruments Incorporated
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£ 8-3. STAT Pin State (¥t %)
CHARGING STATE STAT INDICATOR
Charge faults:
1. VBUS input over voltage
2. TS cold/hot faults
3. Battery over voltage BLINKING at 1 Hz
4. IC thermal shutdown with 50% duty cycle
5. Safety timer expiration with battery voltage below recharge threshold
6. ICHG pin open or short
8.3.4 Protections

8.3.4.1 Voltage and Current Monitoring
The device closely monitors input voltage and input current for safe operation.
8.3.4.1.1 Input Over-Voltage Protection

This device integrates the functionality of an input over-voltage protection (OVP). The input OVP threshold is
VvBus ovp Rise- During an input over-voltage event, the converter stops switching and safety timer stops
counting as well. The converter resumes switching and the safety timer resumes counting once the VBUS
voltage drops back below (Vygus ovp Rise - Vveus ove Hys)- The REGN LDO remains on during an input over-
voltage event. The STAT pin blinks during an input OVP event.

8.3.4.1.2 Input Voltage Dynamic Power Management (VINDPM)

When the input current of the device exceeds the current capability of the power supply, the charger device
regulates PMID voltage by reducing charge current to avoid crashing the input power supply. VINDPM
dynamically tracks the battery voltage. The actual VINDPM is the higher of Vixppm min @nd (1.085*VBAT +
25mV).

8.3.4.1.3 Input Current Limit

The device has built-in input current limit. When the input current is over the threshold I,yppp, the converter duty
cycle is reduced to reduce input current.

8.3.4.1.4 Cycle-by-Cycle Current Limit

High-side (HS) FET current is cycle-by-cycle limited. Once the HSFET peak current hits the limit Iysret_ocp, the
HSFET shuts down until the current is reduced below a threshold.

8.3.4.2 Thermal Regulation and Thermal Shutdown

The device monitors the junction temperature T, to avoid overheating the chip and limit the device surface
temperature. When the internal junction temperature exceeds thermal regulation limit Treg, the device lowers
down the charge current. During thermal regulation, the average charging current is usually below the
programmed battery charging current. Therefore, termination is disabled and the safety timer runs at half the
clock rate.

Additionally, the device has thermal shutdown built in to turn off the charger when device junction temperature
exceeds TgyyT rising threshold. The charger is reenabled when the junction temperature is below Tgyyt falling
threshold. During thermal shutdown, the safety timer stops counting and it resumes when the temperature drops
below the threshold.

8.3.4.3 Battery Protection
8.3.4.3.1 Battery Over-Voltage Protection (Vgar ovp)
The battery voltage is clamped at above the battery regulation voltage. When the battery voltage is over

VBaT ovpP Rise, the converter stops switching until the battery voltage is below the falling threshold. During a
battery over-voltage event, the safety timer stops counting and the STAT pin reports the fault and it resumes
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once the battery voltage falls below the falling threshold. A 7-mA pull-down current is on the BAT pin once
BAT_OVP is triggered. BAT_OVP may be triggered in charging mode, termination mode, and fault mode.

8.3.4.3.2 Dead Battery Charge Inhibit

When VBAT is below Vgar sHorT, Charging is inhibited. This prevents charging a dangerously discharged
battery, which can be useful for applications that do not include a battery protector.

8.3.4.4 ICHG Pin Open and Short Protection

To protect against when the ICHG pin is short or open, the charger immediately shuts off once the ICHG pin is
open or short to GND and the STAT pin blinks to report the fault. At powerup, if the ICHG pin is detected open or
short to GND, the charge does not power up until the fault is clear.

8.4 Device Functional Modes

8.4.1 Disable Mode, HiZ Mode, Sleep Mode, Charge Mode, Termination Mode, and Fault Mode

The device operates in different modes depending on VBUS voltage, battery voltage, and EN pin, POL pin, and
ICHG pin connection. The functional modes are listed in the following table.

K 8-4. Device Functional Modes
MODE CONDITIONS REGN LDO CHARGE ENABLED STAT PIN
Device is disabled, POL floating or

pulled high, and EN pulled high OFF NO OPEN
Disable Mode
Device is disabled, POL pulled low, OFF NO OPEN
EN pulled low or floating
HiZ Mode Device is enabled and OFF NO OPEN

Vveus < VvBus_uvLoz

Device is enabled and
Sleep Mode Vyeus > VVBUS_UVLOZ and OFF NO OPEN
VvBus < Vpar + VsLeEPZ

Device is enabled, Vygys >

Charge Mode Vveus_Lowy and Vyeus > Vear + ON YES SHORT to GND
VsLeepz, No faults, charge is not

terminated

Vvsus > Vveus_Lowv and Vypys >
VgaT *+ VsLeepz and device is enabled, ON NO OPEN
no faults, charge is terminated

Charge Termination
Mode

VBUS_OVP! TS Cold/hot, VBAT_OVP! IC
Fault Mode thermal shutdown, safety timer fault, ON NO BLINKING
ICHG pin open or short
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9 Application and Implementation

-
AT o7 7V r—variFliz, TI O®-EAERICE N0 TIEeL, Tl TEFO EMEFIdzets
PFEWZLER A, H 2 O B AR 28 OB AEPEIC OV T, BERO B THIKIL T 72Kz
R0FET, BEREITE ORI BEAZMIEL T ANTHZL T, VAT AOEREEZ R T OMLERHVET,

9.1 Application Information

A typical application consists of a single cell battery charger for Li-lon and Li-polymer and LiFePO4 batteries
used in a wide range of portable devices and accessories. It integrates an input reverse-block FET (RBFET, Q1),
high-side switching FET (HSFET, Q2), and low-side switching FET (LSFET, Q3). The Buck converter output is
connected to the battery directly to charge the battery and power system loads. The device also integrates a
bootstrap diode for high-side gate drive.

9.2 Typical Applications

The typical applications in this section include a standalone charger without power path and a standalone
charger with external power path.
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9.2.1 Typical Application

The typical application in this section includes a standalone charger without power path.

1.0 uH (Vveus_max < 6.2V)
VBUS 2.2 HH (VVBU87MAX > 62V)

Ty 2l sw[]_f !
e | e o0 L
BTST[J l

1
.|
4

>

2.2 uF

+IH
L

T @
PMID
10 uF l GND
REGN
‘:/ 1kQ BAT[ |
| STAT
REGN
REGN
ATD REGN 1
2.2 uFl Ts[ ]

] icHG poL[ ] ]

] vSET N[

Thermal Pad
1

<

Ed 9-1. Typical Application Diagram

1

9.2.1.1 Design Requirements

& 9-1. Design Requirements

PARAMETER VALUE
Input Voltage 4.1V to 17V
Input Current 3.0A
Fast Charge Current 3.0A
Battery Regulation Voltage 3.6/4.05V/4.15V/4.2V
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9.2.1.2 Detailed Design Procedure
9.2.1.2.1 Charge Voltage Settings
Battery charge voltage is set by a resistor connected at the VSET pin. When the REGN LDO startup conditions
are met, and before the REGN LDO powers up, the internal VSET detection circuit is enabled to detect VSET pin
resistance and set battery charge voltage accordingly. The VSET detection circuit is disabled after detection is

complete and changing resistance values on the fly does not change the battery charge voltage. VSET detection
is reenabled once the REGN LDO is recycled.

9.2.1.2.2 Charge Current Setting
The charger current is set by the resistor value at the ICHG pin according to the equation below:
lchg (A) = Kiche (A'Q) / Ricra(Q)

Kichg is a coefficient that is listed in the Electrical Characteristics table and R|cqg is the value of the resistor at
the ICHG pin to GND. K|cyg is typically 40,000 (A-Q) and it is slightly shifted up at lower charge current setting.
The Kicqg vs ICHG typical characteresitc curve is shown in [%] 7-3.

9.2.1.2.3 Inductor Selection

The 1.2-MHz switching frequency allows the use of small inductor and capacitor values. The inductance value is
selected based on the maximum input voltage Vygys max in the application. A 1-yH inductor is recommended if
Vyeus max < 6.2V and a 2.2-pH inductor is recommended if Vygys max > 6.2V. Inductor saturation current It
should be higher than the charging current lcpg plus half the ripple current IgppLE:

Isat 2 lchg *+ (1/2) IripPLE (3)

The inductor ripple current Igjpp e depends on the input voltage (Vygys), the duty cycle (D = Vgar/Vygus), the
switching frequency (fs), and the inductance (L).

| _ Vi xDx(1-D)
RIPPLE =~ 1 ()

The maximum inductor ripple current occurs when the duty cycle (D) is 0.5 or approximately 0.5.
9.2.1.2.4 Input Capacitor

Design input capacitance to provide enough ripple current rating to absorb the input switching ripple current.
Worst case RMS ripple current is half of the charging current when the duty cycle is 0.5. If the converter does not
operate at 50% duty cycle, then the worst case capacitor RMS current Igj, occurs where the duty cycle is closest
to 50% and can be estimated using = 5.

lein =lcrg x VD x(1-D) (5)

A low ESR ceramic capacitor such as X7R or X5R is preferred for the input decoupling capacitor and should be
placed as close as possible to the drain of the high-side MOSFET and source of the low-side MOSFET. The
voltage rating of the capacitor must be higher than the normal input voltage level. A rating of 25-V or higher
capacitor is preferred for 15-V input voltage.

9.2.1.2.5 Output Capacitor

Ensure that the output capacitance has enough ripple current rating to absorb the output switching ripple current.
The equation below shows the output capacitor RMS current Iyt calculation.

I
= RIPP\;E ~0.29 % lrippLE

lcout = o

(6)

The output capacitor voltage ripple can be calculated as follows:
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AVg = VOUT2 (1 _ VOUT}
8LCfs Vin

(7)

At certain input and output voltages and switching frequency, the voltage ripple can be reduced by increasing the

output filter LC.
9.2.1.3 Application Curves

Tek

VBUS f
(2] wg
W
off
o STAT m
e
IBAT
(@ s.00v_u @ @ 500V omvonJ[ ][ 7 ]lj
VBUS =5V
ICHG = 2A Device Enabled

Eq 9-2. Power Up from VBUS

Tek
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IBAT
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14

(@ s.00v & @ & 200V @ 1.00A«.m)[ 0 ][ ]ﬁ) 7 68 l
VBUS =5V VBAT = 1.5V - 4.2V
ICHG = 2A VBATREG = 4.2V

K 9-3. Charge Cycle
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r—-——

1
VBUS

IBAT

K 9-4. VBUS Over Voltage Protection

sw
o STAT ﬂ ‘ | | | \ perare L m
@ 50V v @ 0.0V & @ 1.00A os][ T ][ S/ ] [ ] (@ 5.00vV_& @ 0.0V & @ vqu@sj[ o ][ ] ]
VBUS = 12V -25V -12V VBAT = 3.8V VBUS =5V Adaptor Currrent Limit: 1A
ICHG =1A ICHG = 2A VBAT = 3.5V

B 9-5. VBUS Startup Into VINDPM
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ok STAT | i [ L

IBAT

(@ 5.00v & 1.00V & w.oomgm)[, on ][‘ H ] 7 5.0 ]

VBUS =5V From ICHG = 2A to ICHG pin short
& 9-6. ICHG Pin Short Circuit Protection
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9.2.2 Typical Application with External Power Path

In the case where a system needs to be immediately powered up from VBUS when the battery is overdischarged
or dead, the application circuit shown in [X| 9-7 can be used to provide a power path from VBUS/PMID to VSYS.
PFET Q4 is an external PFET that turns on to supply VSYS from the battery when VBUS is removed; PFET Q4
turns off when VBUS is plugged in and VSYS is supplied from VBUS/PMID.

R vsys
10 uF L
g VBUS ,_'}
|.>.
PMID
s M
Q4
VBUS L
> —] [ ’
T Y A3 swﬂ_f T
22 uFi Q1 Q2 47 nE 10 pF
J BTST[J i
REGN
AL_D REGN Q3
2.2 uF GND
L
I's
g
| STAT L
1kQ BAT[ |
REGN
W] ICHG %7 ]
Ts[ ]
Thermal Pad

[

<

EJ 9-7. Typical Application Diagram with Power Path

9.2.2.1 Design Requirements

For design requirements, see £7352.29.2.1.1.

9.2.2.2 Detailed Design Procedure

For detailed design procedure, see 71527 9.2.1.2.

9.2.2.3 Application Curves

For application curves, see 7322 9.2.1.3.
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10 Power Supply Recommendations

In order to provide an output voltage on the BAT pin, the device requires a power supply between 4.1V and 17 V
Li-lon battery with positive terminal connected to BAT. The source current rating needs to be at least 3 A in order
for the buck converter to provide maximum output power to BAT or the system connected to the BAT pin.
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11 Layout

11.1 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 11-1) is important to prevent electrical and
magnetic field radiation and high frequency resonant problems. Follow this specific order carefully to achieve the
proper layout.

Place input capacitor as close as possible to PMID pin and use shortest thick copper trace to connect input
capacitor to PMID pin and GND plane.

It is critical that the exposed thermal pad on the backside of the device be soldered to the PCB ground.
Ensure that there are sufficient thermal vias directly under the IC, connecting to the ground plane on the other
layers. Connect the GND pins to thermal pad on the top layer.

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

Place inductor input terminal to SW pin as close as possible and limit SW node copper area to lower
electrical and magnetic field radiation. Do not use multiple layers in parallel for this connection. Minimize
parasitic capacitance from this area to any other trace or plane.

Route analog ground separately from power ground if possible. Connect analog ground and power ground
together using thermal pad as the single ground connection point under the charger device. It is acceptable to
connect all grounds to a single ground plane if multiple ground planes are not available.

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

For high input voltage and high charge current applications, sufficient copper area on GND should be
budgeted to dissipate heat from power losses.

Ensure that the number and sizes of vias allow enough copper for a given current path

. o O ]
O J b
L .

11-1. High Frequency Current Path

11.2 Layout Example

The device pinout and component count are optimized for a 2-layer PCB design. The 2-layer PCB layout
example is shown in [X] 11-2.
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Top layer

Bottom layer

B 11-2. Layout Example
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12 Device and Documentation Support

12.1 Device Support
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14 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
BQ25308RTER Active Production WQFN (RTE) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 B25308
BQ25308RTER.A Active Production WQFN (RTE) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 B25308
BQ25308RTER.B Active Production WQFN (RTE) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 B25308

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

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
RTE 16 WQFN - 0.8 mm max height

3 x 3, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RTEOO16C WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

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

i

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
RTEOO16C WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RTEOO16C WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

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