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5 Pin Configuration and Functions

5-1. BQ25638 Pinout, 30-Ball YBG DSBGA Top View

i® 5-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NAME NO.
ADCIN C5 Al External ADC Input — Connect an external analog signal up-to 1-V to monitor.
E1
BAT E2 = Positive Terminal of Battery Pack Connection — The internal BATFET is connected between SYS
and BAT. Connect a 10 pF ceramic capacitor closely to the BAT pin and GND.
E3
Positive Battery Voltage Sense — Kelvin connect to positive battery terminal. Place 100 Q series
BATP F1 Al . N o .
resistance between this pin and the battery positive terminal.
BTST B5 = PWM High-side Driver Supply — Internally, BTST is connected to the cathode of the boot-strap diode.
Connect a 0.047 pF bootstrap capacitor from SW to BTST.
CE F2 DI Active Low Charge Enable Pin — Battery charging is enabled when EN_CHG bit is 1 and CE pin is
LOW. CE pin must be pulled HIGH or LOW, do not leave floating.
TS_BIAS Fa AO Bias for the TS Resistor Voltage Divider— Provides the bias voltage for the TS resistor voltage

divider.

Input Current Limit Setting Pin — ILIM pin sets the input current limit as IINREG = KILIM / RILIM,
where RILIM is connected from ILIM pin to GND. The input current is limited to the lower of the two
ILIM F3 Al values set by ILIM pin and IINDPM register bits. The ILIM pin can also be used to monitor input current.
The input current is proportional to the voltage on ILIM pin and can be calculated by IIN = (KILIM x
VILIM) / (RILIM x 0.8 V). The ILIM pin function is disabled when EN_EXTILIM bit is set to 0.

Open Drain Active Low Interrupt Output — Connect /INT to the logic rail via a 10-kQ resistor. The INT

INT FS DO pin sends active low, 256-ps pulse to the host to report charger device status and fault.
PG c2 DO Open Drain Active Low Power Good Indicator — Connect to the pull up rail via a 2.2-kQ resistor.
LOW indicates a valid input source above PG_TH.
A4
PGND B4 P Ground Return
C4
PMID A2 = Blocking MOSFET Connection — Given the total input capacitance, place 1 yF on VBUS, and the rest
B2 on PMID, as close to the IC as possible. Typical value: 10 pF in parallel with 0.1 pF ceramic capacitor.
4 XX R Copyright © 2023 Texas Instruments Incorporated
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5 5-1. Pin Functions ( 4 )

PIN
TYPE(") DESCRIPTION
NAME NO.
BATFET Enable or System Power Reset Control Input — If the charger is in ultra-low power mode,
a logic low on this pin with tgy_gxit duration forces the device to exit the mode. If the charger is not in
QON D4 DI ultra-low power mode, a logic low on this pin with toon rsT initiates a full system power reset if either
Vvsus < Vveus_uvLo of BATFET_CTRL_WVBUS = 1. QON has no effect during shutdown mode. The
pin contains an internal pull-up to maintain default high logic.
Internal Linear Regulator Output — Internally, REGN is connected to the anode of the boot-strap
REGN A5 = diode. Connect a 10V or higher rating 4.7 uF ceramic capacitor from REGN to power ground. The
capacitor should be close to the IC. The REGN LDO output is used for the internal MOSFETs gate
driving voltage and for biasing the external TS pin thermistor in BQ25639.
SCL D5 DI I2C Interface Clock — Connect SCL to the logic rail through a 10 kQ resistor.
SDA E5 DIO |I2C Interface Data — Connect SDA to the logic rail through a 10 kQ resistor.
Open Drain Charge Status Output — Indicates various charger operations. Connect to the pull up
STAT c1 DO rail via a 2.2kQ resistor. LOW indicates charging in progress. HIGH indicates charging completed or
charging disabled. When any fault condition occurs, STAT pin blinks at 1Hz. Setting DIS_STAT = 1 will
disable the STAT pin function, causing the pin to be pulled high. Leave floating if unused.
A3 Switching Node Connecting to Output Inductor — Internally SW is connected to the source of the
SW B3 P n-channel HSFET and the drain of the n-channel LSFET. Connect the 47 nF bootstrap capacitor from
c3 SW to BTST.
D1
sYs D2 = Charger Output Voltage to System — Buck converter output connection point to the system. The
internal BATFET is connected between SYS and BAT. Connect 20uF close to the SYS pin.
D3
Temperature Qualification Voltage Input — Connect a negative temperature coefficient thermistor.
TS E4 Al Program temperature window with a resistor divider from TS pin bias reference to TS, then to GND.
Charge suspends when TS pin voltage is out of range. Recommend a 103AT-2 10kQ thermistor.
A1 Charger Input Voltage — The internal n-channel reverse block MOSFET (RBFET) is connected
VBUS P between VBUS and PMID with VBUS on source. Place a 1 uF ceramic capacitor from VBUS to GND as
B1 close as possible to IC.

(1) Al = Analog input, AO = Analog Output, AIO = Analog input Output, DI = Digital input, DO = Digital Output, DIO = Digital input Output,
P = Power
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6 Specifications
6.1 Absolute Maximum Ratings

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

MIN MAX| UNIT

VBUS (converter not switching) -2 26 \%

PMID (converter not switching) -0.3 26 \%
Voltage range (with BAT, SYS (converter not switching) -0.3 6 \Y
respect to GND) SW —~2 (50ns) 21 v

ADCIN, BATP, CE, ILIM, INT, PG, QON, REGN, SCL, SDA, ~0.3 6 Vv

STAT, TS, TS_BIAS

BTST-SW -0.3 6 \
Differential Voltage PMID-VBUS -0.3 6 \Y

SYS-BAT -0.3 6 \Y
Output Sink Current INT, STAT, 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.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000

V(EsD) Electrostatic discharge | Charged device model (CDM), per JEDEC specification JESD22-C101, all 4250 v
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.

6.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT

VvBus Input voltage 3.9 18 \%
Vgar Battery voltage 4.8 \%
lveus Input current 3.2 A
lsw Output current (SW) 5.0 A

Fast charging current 5.0 A
IgaT RMS discharge current (continuously) 7 A

Peak discharge current (up to 50ms) 9 A
IREGN Maximum REGN Current, Vygys < 18 V 20 mA
IREGN Maximum REGN Current, 18 V < Vygys <28 V 8.5 mA
Ta Ambient temperature -40 85 °C
T, Junction temperature -40 125 °C
Lsw Inductor for the switching regulator 0.68 2.2 uH
CvBus VBUS capacitor (without de-rating) 1 uF
CemiD PMID capacitor (without de-rating) 10 uF
Csys SYS capacitor (without de-rating) 20 uF

6 XX R
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6.3 Recommended Operating Conditions ( £ )

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

MIN NOM MAX| UNIT
Cgar BAT capacitor (without de-rating) 10 uF
Csys Effective SYS.capacitance with NVM_EN_MIN_CSYS=1 (after 15 uF
voltage de-rating)
6.4 Thermal Information
BQ25638
THERMAL METRIC(") YBG (DSBGA) UNIT
30 PINS
Rgya Junction-to-ambient thermal resistance 60 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 0.3 °C/W
Reus Junction-to-board thermal resistance 124 °C/W
WYr Junction-to-top characterization parameter 0.2 °C/W
Y Junction-to-board characterization parameter 12.4 °C/W

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

report.

6.5 Electrical Characteristics

Vveus uvioz < Vveus < Vveus ove, Ty = -40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
QUIESCENT CURRENTS
Quiescent battery current (BAT, VBAT = 4V, No VBUS, BATFET is
| SYS, SW) when the chargeris in |enabled, I2C enabled, ADC disabled, 15 3| uA
Q_BAT the battery only mode, BATFET is |system is powered by battery. -40 °C < : H
enabled, ADC is disabled T,<60°C
Quiescent battery current (BAT, VBAT =4V, No VBUS, BATFET is
| SYS, SW) when the charger isin | enabled, 12C enabled, ADC enabled, 260 A
Q_BAT_ADC the battery only mode, BATFET is |system is powered by battery. -40 °C < H
enabled, ADC is enabled T;<60°C
when the chargerf n shutdown |/BAT =4V. No VBUS, BATFET is
lq BAT sD geris disabled, 12C disabled, in shutdown 100 200| nA
AT mode, BATFET is disabled, ADC . o
R~ mode, ADC disabled, T; <60 °C
is disabled
Quiescent battery .cu.rrent (BAT) VBAT = 4V, No VBUS, BATEET is
when the charger is in ultra low . . .
lo_sAT_uLPM - disabled, 12C disabled, in ultra low power 1.3 uA
—PA— power mode, BATFET is disabled, . o
L mode, ADC disabled, T; <60 °C
ADC is disabled
VBUS =5V, VBAT = 4V, charge disabled,
lo_vBUs Quiescent input current (VBUS) converter switching, ISYS = 0A, PFM 450 uA
enabled
VBUS = 5V, VBAT = 4V, HIZ mode, ADC
. . . ; 5 20| pA
lsp ve Quiescent input current (VBUS) in | disabled
SD_VBUS HIZ VBUS = 15V, VBAT = 4V, HIZ mode, ADC
. 20 35| pA
disabled
VBAT =4V, VBUS =5V, OTG
| Quiescent battery current (BAT, mode enabled, converter switching, 250 A
QoTe SYS, SW) in boost OTG mode PFM enabled, lygys = 0A, TS float, H
TS_IGNORE =1
. VBAT =4V, VBUS =5V, OTG
Quiescent battery current (BAT, ’ ' L
lo_oTe SYS, SW) in boost OTG mode mode enabled,_converter switching, PFM 220 A
enabled, lygys = 0A
Copyright © 2023 Texas Instruments Incorporated PR E 7
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6.5 Electrical Characteristics ( £ )
Vveus uvioz < Vveus < Vveus ove, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
VBUS / VBAT SUPPLY
VvBus_op VBUS operating range 3.9 18| V
VBUS falling to turn off 12C, no .
VVBUS_UVLO battery 9 VBUS falllng 3.0 3.15 3.3 V
VuBUS UVLOZ VBUS rising for active 12C, no VBUS rising 32 335 35| v
- battery
o VBUS rising, VBUS_OVP =0 6.1 6.5 6.7| V
VvBus ovP VBUS overvoltage rising threshold —
- VBUS rising, VBUS_OVP = 1 18.2 18.5 18.8| V
VBUS overvoltage falling VBUS falling, VBUS_OVP =0 5.8 6.0 6.2 V
VvBUS_ovpPz threshold - —
resho VBUS falling, VBUS_OVP = 1 17.6 17.8 18.3| V
VsLEep Sleep mode falling threshold (VBUS - VBAT), VBUS falling 9 45 85| mVv
VsLEEPZ Sleep mode rising threshold (VBUS - VBAT), VBUS rising 115 220 340 mV
BAT voltage for active 12C, turn on -
VBAT_UVLOZ BATFET, no VBUS VBAT rising 2.3 2.4 25 \
v BAT voltage to turnoff 12C, turn off | VBAT falling, VBAT_UVLO =0 21 22 23| V
BAT_MO BATFET, no VBUS VBAT falling, VBAT _UVLO = 1 1.7 1.8 19| v
v BAT voltage rising threshold to VBAT rising, VBAT_OTG_MIN =0 29 3.0 31| V
BAT_OTG enable OTG mode VBAT rising, VBAT_OTG_MIN = 1 25 26 27| v
v BAT voltage falling threshold to | VBAT falling, VBAT_OTG_MIN =0 27 28 29| VvV
BATOTGZ disable OTG mode VBAT falling, VBAT OTG_MIN = 1 23 2.4 25| v
VpoORSRC Bad adapter detection threshold | VBUS falling 3.6 3.7 3.75| V
Bad adapter detection current
IpoorsRC source 10 mA
POWER-PATH MANAGEMENT
ISYS = 0A, VBAT > VSYSMIN, Charge 50 mv
v Tpical svst it lati Disabled. Offset above VBAT
ical system voltage regulation
SYSREG_ACC ypicalsy gered ISYS = 0A, Vgar < VSYSMIN, Charge 230 v
Disabled. Offset above VSYSMIN
VSYSMIN_RNG VSYSMIN register range 2.56 3.84| V
Vsysmin_Reg_sTEp | VSYSMIN register step size 80 mV
v Minimum DC system voltage ISYS = 0A, Vgar < VSYSMIN = BOOh 3.50 3.75 Vv
SYSMIN_REG_ACC | gytput (3.52V), Charge Disabled : .
Vv VSYS short voltage falling 09 Vv
SYS_SHORT threshold to enter forced PFM :
Vv VSYS short voltage rising 11 v
SYS_SHORTZ threshold to exit forced PFM :
BATTERY CHARGER
VREG RANGE Typical charge voltage regulation 350 480 Vv
— range
VReG_STEP Typical charge voltage step 10 mV
v ch i T,=25°C -0.3 03| %
arge voltage accurac
REG.ACC g g Y T,=0°C - 65°C 05 05 %
IGHG RANGE Typical charge current regulation 0.08 504| A
— range
Typical charge current regulation
IcHe_sTEP st):ap 9 9 80 mA
p
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6.5 Electrical Characteristics ( £ )
Vveus uvioz < Vveus < Vveus ove, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VBAT = 3.1V or 3.8V, ICHG = 1760mA -5 5 %
Iche_Acc Typical charge current accuracy VBAT = 3.1V or 3.8V, ICHG = 1040mA -6 6| %
VBAT = 3.1V or 3.8V, ICHG = 480mA -10 10| %
IPRECHG_RANGE Typical pre-charge current range 40 1000 mA
IPRECHG_STEP Typical pre-charge current step 20 mA
VBAT = 2.5V, IPRECHG = 480mA -10 10| %
IoRECHG AG \P/re-cgarge current accuracy when | VBAT = 2.5V, IPRECHG = 200mA -10 10| %
BaT below Vgysuin setting VBAT = 2.5V, IPRECHG = 100mA -30 30| %
VBAT = 2.5V, IPRECHG = 40mA -70 70| %
ITERM_RANGE Typical termination current range 30 1000 mA
lTERM_STEP Typical termination current step 10 mA
ITERM = 30mA -70 70| %
lterm_Acc Termination current accuracy ITERM = 100mA -15 15| %
ITERM = 200mA -10 10| %
v
VAT SHORT 51?2:&Izht‘z)”s‘t’gg"”‘)?ee_‘;ﬂg?ge VBAT falling, VBAT UVLO=0 2.05 v
VAT SHORT 51?2;% |th% ”S‘t’ggigrg_‘;ﬂg':ge VBAT falling, VBAT UVLO=1 185 v
logr SHORT Battery short trickle charging VBAT < Vgar_sHortz, ITRICKLE =0 6 20 34| mA
- current VBAT < Vgar sHorTz ITRICKLE = 1 64 80 102| mA
i, |smow sy K
ihreshold o start st charge | BATLOWY = 3.0V 27 28 29| V
Veeone Battery recharge threshold below |VBAT falling, VRECHG =0 100 mvV
VReG VBAT falling, VRECHG = 1 200 mV
IpMiD_LOAD PMID discharge load current 20 mA
IBAT LoAD Battery discharge load current 20 mA
Isys_LoAD System discharge load current 20 mA
BATFET
Vsuppz SYS < BAT threshold to exit 5 mv
supplement mode
Reatrer ll{\(/l)%il;ET on resistance from SYS 7 12| mo
BATTERY PROTECTIONS
VeaT ovp afg:r%%"e“’o'tage rising As percentage of VREG 103 104 105 %
VeAT ovpz Battery overvoltage falling As percentage of VREG 101 102 103 %
- threshold
lBATFET OGP BATFET over-current rising 7 A
B threshold
IBAT_PK =00 A
lgaT PK :Bi:itrzzr%/hcri‘iesscr::j;ging peak current IBAT_PK = 01 A
IBAT_PK =10 A
INPUT VOLTAGE / CURRENT REGULATION

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: BQ25638

XX R 9

English Data Sheet: SLUSF18


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/bq25638?qgpn=bq25638
https://www.ti.com.cn/cn/lit/pdf/ZHCSU23
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSU23A&partnum=BQ25638
https://www.ti.com.cn/product/cn/bq25638?qgpn=bq25638
https://www.ti.com/lit/pdf/SLUSF18

BQ25638

ZHCSU23A — OCTOBER 2023 — REVISED DECEMBER 2023

I

TEXAS
INSTRUMENTS

www.ti.com.cn

6.5 Electrical Characteristics ( £ )
Vveus uvioz < Vveus < Vveus ove, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Typical input voltage regulation
VINDPM_RANGE rgr?ge P gereq 3.8 16.8| V
Typical input voltage regulation
VINDPM_STEP st):ap P ge reg 40 mv
p
VINDPM=4.6V -3 %
VINDPM_ACC Input voltage regulation accuracy |VINDPM=8V -3 %
VINDPM=16V -2 %
. VBAT = 3.9V, VINDPM_BAT_TRACK=1,
ViNDPMm_BAT TRAck | Battery tracking VINDPM accuracy VINDPM = 4V - - 4.1 4.25 44| V
Typical input current regulation
liINDPM_RANGE rayr?ge P g 0.1 32| A
Typical input current regulation
linDPM_STEP st):app P g 20 mA
IINDPM = 500mA, VBUS=5V 450 475 500 mA
liInoPM_Acc Input current regulation accuracy |IINDPM = 900mA, VBUS=5V 750 825 900 mA
IINDPM = 1500mA, VBUS=5V 1350 1425 1500 mA
K ILIM Pin Scale Factor, IINREG = INREG = 1.5 A 3000 3333 3666 AQ
KiLim / RiLim
THERMAL REGULATION AND THERMAL SHUTDOWN
T Junction temperature regulation TREG =1 120 °C
REG accuracy TREG =0 60 °C
Thermal Shutdown Rising . o
TsHuT Threshold Temperature Increasing 150 C
Thermal Shutdown Fallin . o
TSHUT_HYs Hysteresis 9 Temperature Decreasing by Tsyut Hys 30 C
THERMISTOR COMPARATORS (CHARGE MODE)
As Percentage to TS pin bias reference
TS pin rising voltage threshold (-5°C w/ 10??AT), TS_F')FH1 =0 74.75 75.25 7875 %
VTs coLp for TH1 comparator to transition ASP ; 0TS o b ;
- from TS COOL to TS COLD. s Percentage to pin bias reference o
- - (0°C w/ 103AT), TS_TH1 =1 72.75 73.25 7375 %
As Percentage to TS pin bias reference
TS pin falling voltage threshold (=2.5°C w/ 1%3AT), Té)_TH1 =0 73.75 74.25 74751 %
Vs coLpz for TH1 comparator to transition ASP ; 10 TS oin bi ;
- from TS COLD to TS COOL. s Percentage to TS pin bias reference o
- - (2.5°C w/ 103AT), TS_TH1 =1 .75 72.25 72.75) %
As Percentage to TS pin bias reference o
(5°C w/ 103AT), TS_TH2=0 70.5 70.75 71.25) %
As Percentage to TS pin bias reference
TS pin rising voltage threshold (7.5°Cw/ 10?3AT), TSETHQ =1 67.25 69.75 70.25| %
Vs cooL for TH2 comparator to transition AP : 7S oin bi ;
- from TS PRECOOL to TS COOL. | As Fercentage 1o pin bias reterence o
— — (10°C w/ 103AT), TS_TH2 = 2 67.75 68.25 68.75| %
As Percentage to TS pin bias reference o
(12.5°C w/ 103AT), TS_TH2 = 3 6525 6625 6675 %
As Percentage to TS pin bias reference o
(7.5°C wi 103AT), TS_TH2 = 0 67.25 6975 70.25) %
As Percentage to TS pin bias reference
TS pin falling voltage thresh_o_ld (10°C w/ 103gA-|-)’ TS_?I'HZ =1 67.75 68.25 68.75| %
Vs cooLz for TH2 comparator to transition ASP ; 10 TS oin bi r
- from TS COOL to TS PRECOOL. | As Percentage to pin bias reference o
- - (12.5°C w/ 103AT), TS_TH2 =2 65.25 66.25 66.75) %
As Percentage to TS pin bias reference o
(15°C w/ 103AT), TS_TH2=3 64.75 65.25 65.75) %
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6.5 Electrical Characteristics ( £ )
Vveus uvioz < Vveus < Vveus ove, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

(60°C w/ 103AT), TS_TH6 = 1

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
As Percentage to TS pin bias reference o
(15°C w/ 103AT), TS_TH3 = 0 64.75 65.25 65.75| %
TS pin rising voltage threshold As Percentage to TS pin bias reference 63.75 64.25 6475
V. for TH3 comparator to (17.5°C w/ 103AT), TS_TH3 = 1 ’
TS_PRECOOL i
- transition from TS_NORMAL to As Percentage to TS pin bias reference
TS_PRECOOL. (20°C w/ 103AT), TS_TH3 = 2 6175 6225 6275 %
As Percentage to TS pin bias reference o
(22.5°C w/ 103AT), TS_TH3 =3 60.25 60.75 61.25| %
As Percentage to TS pin bias reference o
(17.5°C w/ 103AT), TS_TH3 =0 63.75 64.25 6475 %
TS pin falling voltage threshold As Percentage to TS pin bias reference 61.75 62.25 62.75 %
v for TH3 comparator to (20°C w/ 103AT), TS_TH3 =1 °
TS_PRECOOLZ transition from TS_PRECOOL to | As Percentage to TS pin bias reference o
TS_NORMAL. (22.5°C w/ 103AT), TS_TH3 = 2 6025 60.75 €125 %
As Percentage to TS pin bias reference o
(25°C w/ 103AT), TS_TH3 =3 585 59.00 595 %
As Percentage to TS pin bias reference o
(32.5°C w/ 103AT), TS_TH4 = 0 5325 5375 5425 h
TS pin falling voltage threshold As Percentage to TS pin bias reference 51.50 52.00 5250|
V- for TH4 comparator to (35°C w/ 103AT), TS_TH4 =1 °
TS_PREWARM e
- transition from TS_NORMAL to As Percentage to TS pin bias reference
TS_PREWARM. (37.5°C w/ 103AT), TS_TH4 = 2 5000 50.50  51.00) %
As Percentage to TS pin bias reference o
(40°C w/ 103AT), TS_TH4 =3 4r.75 48.25 48.75) %
As Percentage to TS pin bias reference o
(30°C w/ 103AT), TS_TH4 =0 55.00 55.50 56.00| %
TS pin rising voltage threshold As Percentage to TS pin bias reference 53.25 53.75 54.95| o
v for TH4 comparator to (32.5°C w/ 103AT), TS_TH4 =1 °
TS_PREWARMZ e
- transition from TS_PREWARM to | As Percentage to TS pin bias reference
TS_NORMAL. (35°C w/ 103AT), TS_TH4 =2 5180 5200  5250) %
As Percentage to TS pin bias reference o
(37.5°C w/ 103AT), TS_TH4 =3 50.00 5050 51.001 %
As Percentage to TS pin bias reference o
(42.5°C w/ 103AT), TS_TH5=0 46.25 46.75 4125 %
TS pin falling voltage threshold As Percentage to TS pin bias reference 44.95 44.75 45.05| o
Vs warM for TH5 comparator to (45°C w/ 103AT), TS_TH5 = 1 °
- transition from TS_PREWARM to | As Percentage to TS pin bias reference
TS_WARM. (47.5°C w/ 103AT), TS_TH5 = 2 4280 4300 4350) %
As Percentage to TS pin bias reference o
(50°C w/ 103AT), TS_TH5 =3 40.75 41.25 4175 %
As Percentage to TS pin bias reference o
(40°C w/ 103AT), TS_TH5=0 4r.75 48.25 48.75) %
TS pin rising voltage threshold As Percentage to TS pin bias reference 46.25 46.75 4725
v for TH5 comparator to (42.5°C w/ 103AT), TS_TH5 =1 °
TS_WARMZ e
- transition from TS_WARM to As Percentage to TS pin bias reference
TS_PREWARM. (45°C w/ 103AT), TS_TH5 = 2 4425 4475 4525 %h
As Percentage to TS pin bias reference o
(47.5°C w/ 103AT), TS_TH5=3 42.50 43.00 43.50) %
As Percentage to TS pin bias reference
TS pin falling voltage threshold (55°C w/ 10??AT), TS F')|'H6 =0 37.25 37.75 38.25| %
V1s_HoT for TH6 comparator to transition —
from TS_WARM to TS_HOT. As Percentage to TS pin bias reference 34.00 34.50 35.00| %

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: BQ25638

EXXHRE 1

English Data Sheet: SLUSF18


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/bq25638?qgpn=bq25638
https://www.ti.com.cn/cn/lit/pdf/ZHCSU23
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSU23A&partnum=BQ25638
https://www.ti.com.cn/product/cn/bq25638?qgpn=bq25638
https://www.ti.com/lit/pdf/SLUSF18

BQ25638
ZHCSU23A — OCTOBER

2023 — REVISED DECEMBER 2023

13 TEXAS
INSTRUMENTS

www.ti.com.cn

6.5 Electrical Characteristics ( £ )
Vveus uvioz < Vveus < Vveus ove, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
As Percentage to TS pin bias reference
TS pin rising voltage threshold (52.5°C w/ 1%3AT), Tg TH6 = 0 39.25 39.75 40.25| %
V1s HOTZ for TH6 comparator to transition ASP ; 0TS — b ;
- from TS HOT to TS WARM. S Fercentage 1o pin bias reterence o
- - (57.5°C w/ 103AT), TS_TH6 = 1 B.75 3625 36T5) %
THERMISTOR COMPARATORS (OTG MODE)
As Percentage to TS pin bias reference
TS pin rising voltage (—20°C w/ 103AT), TS_TH_OTG_COLD = 79.50 80.00 80.50| %
v threshold to transition 0
78 0T6. COLD from TS_OTG_NORMAL to As Percentage to TS pin bias reference
TS_OTG_COLD. (-10°C w/ 103AT), TS_TH_OTG_COLD=| 7650  77.00  77.50| %
1
As Percentage to TS pin bias reference
] ] (~15°C w/ 103AT), TS_TH_OTG_COLD = 78.00 78.50 79.00| %
TS pin falling voltage threshold to | g
Vs oTG coLbz transition from TS_OTG_COLD to —
- TS OTG NORMAL. As Percentage to TS pin bias reference
- - (-5°C w/ 103AT), TS_TH_OTG_COLD = 74.75 75.25 75.75| %
1
As Percentage to TS pin
bias reference (55°C w/ 103AT), 37.25 37.75 38.25| %
TS pin falling voltage TS_OTG_HOT =00
V threshold to transition As Percentage to TS pin bias reference
TS_OTG_HOT from TS_OTG_NORMAL to . a 34.00 34.50 35.00| %
TS_OTG_HOT. (60°C w/ 103AT), TS_OTG_HOT =01
As Percentage to TS pin bias reference o
(65°C w/ 103AT), TS_OTG_HOT = 10 80.75 3126 3175 %
As Percentage to TS pin bias reference o
(52.5°C w/ 103AT), TS_OTG_HOT = 00 89.25 3975 4025 %
N As Percentage to TS pin bias
TS pin rising voltage threshold to |, ¢ o (57 5°C w/ 103AT), 3575 3625 3675 %
VTs_0TG_HOTZ transition from TS_OTG_HOT to TS OTG HOT = 01
TS_OTG_NORMAL. - -
As Percentage to TS pin bias
reference (62.5°C w/ 103AT), 32.50 33.00 33.50| %
TS_OTG_HOT =10
SWITCHING CONVERTER
Fsw PWM switching frequency Oscillator frequency 1.35 1.5 1.65| MHz
MOSFET TURN-ON RESISTANCE
Rai on VBUS to PMID on resistance ;%fc‘)"'o C-85°C (typical value is under 15 20| mQ
Buck high-side switching MOSFET |- _ o_qro . .
Ra2 oN turn on resistance between PMID T o ~40°C-85°C (typical value is under 20 27| mQ
— 25°C)
and SW
Buck low-side switching MOSFET | _ o_qro . .
Ra3s_oN turn on resistance between SW ;520_)40 C-85°C (typical value is under 16 20| mQ
and PGND
OTG MODE CONVERTER
Typical OTG mode voltage
Vore_rance regulation range 38 96| V
Typical OTG mode voltage
Vore_step regulation step 80 mv
OTG mode voltage regulation _ _ o
Vote_Acc accuracy IVBUS = 0A, VOTG =9V -2 2 %
OTG mode voltage regulation _ _ o
Vote_acc acouracy IVBUS = 0A, VOTG =5V -3 3| %
12 PR E Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: BQ25638

English Data Sheet: SLUSF18


https://www.ti.com.cn/product/cn/bq25638?qgpn=bq25638
https://www.ti.com.cn/cn/lit/pdf/ZHCSU23
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSU23A&partnum=BQ25638
https://www.ti.com.cn/product/cn/bq25638?qgpn=bq25638
https://www.ti.com/lit/pdf/SLUSF18

13 TEXAS
INSTRUMENTS BQ25638
www.ti.com.cn ZHCSU23A — OCTOBER 2023 — REVISED DECEMBER 2023

6.5 Electrical Characteristics ( £ )
Vveus uvioz < Vveus < Vveus ove, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
loTe_rRaANGE rTg/gl:T:tlig]Tgnnégde current 0.1 32 A
loTe_sTeP zgl:?::igTsGterSOde current 20 mA
_ IOTG = 1.8A -3 3 %
loTe ACC g;irrancc;de current regulation IOTG = 15A 5 5l %
IOTG = 1.0A -10 10| %
K
REGN LDO
VRGN REGN LDO output voltage Vveus = SV, Ireen = 20mA 44 4.6 v
Vygus = 9V, Iregn = 20mA 4.8 5.0 52| VvV
VREGNZ OK REGN not good falling threshold Converter switching 3.2 v
- Converter not switching 2.3 \%
IREGN_LIM REGN LDO current limit Vygus = 5V, VREGN = 4.3V 20 mA
hoame s | TSEIAS good conditon o aut | REGN=5V: ISINK applied on TS_BIAS 25 45 8 ma
o condition pin
ho s raurz | TOBIAS faul concton to gobd | REGN=5V: ISINK appled on TS_BIAS > sss 7 ma
o7 condition pin
PG THRESHOLD
PG_TH = 000b 3.7 \Y
PG_TH = 001b 74 \Y
PG_TH = 010b 8.0 \
PG_TH VBUS voltage falling threshold to | PG_TH = 0116 10.4 v
release PG pin pulldown PG_TH = 100b 11.0 v
PG_TH =101b 13.4 \Y
PG_TH = 110b 14.0 \Y
PG_TH = 111b 13.7 v
PG_TH = 000b 3.9 \Y
PG_TH = 001b 7.9 \Y;
PG_TH = 010b 8.5 \
PG_THz VBUS voltage rising threshold to PG_TH =011b 10.9 \Y
enable PG pin pulldown PG_TH = 100b 15 v
PG_TH =101b 13.9 \Y;
PG_TH = 110b 14.5 \Y;
PG_TH = 111b 14.2 \Y;
ADC MEASUREMENT ACCURACY AND PERFORMANCE
ADC_SAMPLE = 00 24 ms
tane Cony Conversion-time, Each ADC_SAMPLE = 01 12 ms
- Measurement ADC_SAMPLE =10 6 ms
ADC_SAMPLE = 11 3 ms
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6.5 Electrical Characteristics ( £ )
Vveus uvioz < Vveus < Vveus ove, Ty =-40°C to +125°C, and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ADC_SAMPLE =00 11 12 bits
ADC_SAMPLE =01 10 11 bits
ADC_RES Effective Resolution —
- ADC_SAMPLE =10 9 10 bits
ADC_SAMPLE =11 8 9 bits
ADC MEASUREMENT RANGE AND LSB
i Range -5 5| A
IBUS_ADC ADC Bus Current Reading (both 9
forward and OTG) LSB 25 mA
Range 0 201 V
VBUS_ADC ADC VBUS Voltage Reading
LSB 5 mV
Range 0 20| V
VPMID_ADC ADC PMID Voltage Reading
LSB 5 mV
Range 0 5| V
VBAT_ADC ADC BAT Voltage Reading
LSB 1.25 mV
VBAT_ADC ADC BAT Voltage Reading Accuracy @ 4V, ADC_SAMPLE = 00 -05 05 %
Accuracy
Range 0 5| V
VSYS_ADC ADC SYS Voltage Reading
LSB 1.25 mV
Range -10 5| A
IBAT_ADC ADC BAT Current Reading
LSB 5 mA
TS ADC ADC TS Voltage Reading Range as a percent of REGN 0 999| %
- ADC TS Voltage Reading LSB 0.098 %
Range —40 150| °C
TDIE_ADC ADC Die Temperature Reading
LSB 0.5 °C
ADCIN_ADC ADC ADCIN Voltage Reading Range 0 11 V
ADCIN_ADC ADC ADCIN Voltage Reading LSB 0.25 mV
12C INTERFACE (SCL, SDA)
Input high threshold level, SDA
ViH and SCL 0.78 \
Input low threshold level, SDA and
Vi SCL 042| V
VoL _sba Output low threshold level Sink current = 5mA, 1.2V VDD 03| V
Igias High-level leakage current Pull up rail 1.8V 11 MA
LOGIC OUTPUT PIN (INT, PG, STAT)
VoL Output low threshold level Sink current = 5mA 03| V
louT BIAS High-level leakage current Pull up rail 1.8V 1] pA
LOGIC INPUT PIN (CE, QON)
VIH_ce Input high threshold level, /CE 0.78 \Y
ViL_ce Input low threshold level, /CE 04| V
IIN_BlAS_CE High-level leakage current, /CE Pull up rail 1.8V MA
VIH_qoN Input high threshold level, /QON 1.3 Vv
VIL_qoN Input low threshold level, /QON 04| V
Vaon Internal /QON pull up /QON is pulled up to VAA internally 5 \Y
Raon Internal /QON pull up resistance 250 kQ
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6.6 Timing Requirements

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
VBUS / VBAT POWER UP
VBUS OVP deglitch time
tveus_ovp to set VBUS_OVP_STAT and 200 us
VBUS_OVP_FLAG
tPOORSRC Bad adapter detection duration 30 ms
BATTERY CHARGER
14 17.5 21| min
trop_oFF Typical top-off timer accuracy 28 35 42| min
39 52 63| min
Charge safety timer accuracy in
tsAFETY_TRKCHG trickle charge 1 1.15 13| hr
t Charge safety timer accuracy in PRECHG_TMR =0 2.1 2.3 26| hr
SAFETY_PRECHG pre-charge PRECHG_TMR = 1 0.53 0.6 0.65| hr
¢ Charge safety timer accuracy in | CHG_TMR =0 12.5 14 15.5| hr
SAFETY fast charge CHG_TMR =1 25 27 31| hr
BATFET CONTROL
Time after writing to BATFET_DLY =1 12 s
¢ BATFET_CTRL before BATFET
BATFET_DLY turned off for ultra-low power BATFET DLY =0 24 ms
mode or shutdown -
Deglitch time for QON to be pulled | TSM_EXIT =0 0.6 0.7 0.8 s
tsm ExiT low in order to exit from ultra-low
- power mode TSM_EXIT =1 8.7 10.5 12.3| ms
) Time QON is held low to initiate | TQON_RST =0 9.3 11 128| s
QON_RST system power reset TQON_RST =1 17.5 21 245 s
t Duration that BATFET is disabled 400 ms
BATFET_RST during system power reset
12C INTERFACE
feoL SCL clock frequency See .Serlal Interface section for more 1.0 MHz
details
Cp Capacitive load for each bus line 550| pF
DIGITAL CLOCK AND WATCHDOG
Watchdog Reset time (EN_HIZ =
tLp_woT 1, WATCHDOG = 160s) 100 160 s
Watchdog Reset time (EN_HIZ =
twor 0, WATCHDOG = 160s) 136 160 s
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6.7 Typical Characteristics
Cvsus = 1uF, Cppmip= 10pF, Csys = 20pF, L = 1pH (SRP3212-1R0M21) (unless otherwise specified)

6-5. Boost Mode Efficiency vs VBUS Load Current
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6-6. Charge Current Accuracy vs Charge Current I12C Setting
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6.7 Typical Characteristics (continued)
Cvsus = 14F, Cppip= 10uF, Csys = 20uF, L = 1pH (SRP3212-1R0M21) (unless otherwise specified)

6-7. Boost Mode Voltage Accuracy vs VOTG I2C Setting
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6-8. Boost

Mode Current Limit Accuracy vs IOTG I2C Setting

6-9. BAT Regulation Voltage vs Temperature
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6-10. Input Current Limit vs IINDPM I2C Setting

3

Accuracy (%)

-3

— -40C
— 25C
— 85C

4.5

6.5 8.5 105 125
VINDPM Setting (V)
VBAT =3.8V

6-11. Input Voltage Limit vs VINDPM I2C Setting
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7 Detailed Description
7.1 Overview

BQ25638 is a highly-integrated 5 A switch mode battery charger with NVDC power path management for single
cell Li-lon and Li-polymer batteries. It features fast charging with high input voltage supporting a wide range
of portable devices. lts low impedance power path optimizes switch-mode operation efficiency, reduces battery
charging time and extends battery running time during discharging phase. Its input voltage and input current
regulation deliver maximum charging power to the battery without overloading the input source.
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Power-On-Reset (POR)

BQ25638 powers internal bias circuits from the higher voltage of VBUS versus BAT. When either voltage rises
above its undervoltage lockout (UVLO) threshold, all registers are reset to their POR values and the 12C interface
is enabled for communication. A non-maskable INT pulse is generated, after which the host can access all of the
registers.

7.3.2 Device Power Up from Battery

If only battery is present and the voltage is above depletion threshold (Vgar uvioz), BQ25638 performs a
power-on reset then turns on BATFET to connect the battery to system. The REGN stays off to minimize the
quiescent current. The low RDSON of BATFET and the low quiescent current on BAT minimize the conduction
loss and maximize the battery run time.

7.3.3 Device Power Up from Input Source

When an input source is plugged in with VBAT < Vgar yviLoz, BQ25638 performs a power-on reset then 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. The power up sequence from input source is as listed:

1. REGN LDO power up (7 7.3.3.1)

2. Poor source qualification (77 7.3.3.2)

3. Input voltage limit threshold setting (17 7.3.3.3)
4. Converter power-up (75 7.3.3.4)

7.3.3.1 REGN LDO Power Up

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

* VBUS above VVBUS UVLOZ

* VBUS above Vgar +_VSLEEPZ

« EN_HIZ=0

» After 220-ms delay is completed

If any one of the above conditions is not valid, the REGN LDO and the converter power stage remain off with the
converter disabled. In this state, the battery supplies power to the system.

7.3.3.2 Poor Source Qualification

After the 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 move forward to the next power on steps.

1. VBUS voltage below Vygys ovp

2. VBUS voltage above Vpoorsre When pulling lpoorsre

7.3.3.3 Input Voltage Limit Threshold Setting (VINDPM Threshold)

BQ25638 supports a wide range of input voltage limit (3.8 V — 16.8V). Its POR default VINDPM is set at 4.4V.
The charger also supports dynamic VINDPM tracking, which tracks the battery voltage to ensure a sufficient
margin between input and battery voltages for proper operation of the buck converter. This function is enabled by
default, and can be disabled by clearing the VINDPM_BAT_TRACK register bit to 0. When enabled, the actual
input voltage limit will be the higher of the VINDPM register and Vinppm gaT TRAck (VBAT + 350 mV offset).

7.3.3.4 Converter Power-Up

After the input current and voltage limits are 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.
Converter startup requires the following conditions:
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+ VBUS has passed poor source qualification ( 17 7.3.3.2)
* VBUS > Vpar * VsLeepz

* Vygus < Vveus ovp

- EN_HIZ=0

* Vsys < Vsys ovp

* Ty<TsHut

BQ25638 provides soft start when system rail is ramped up. Concurrently, the system short protection limits the
output current to approximately 0.5A when the system rail is below Vsys sHorT-

This device uses a highly efficient 1.5 MHz, fixed frequency pulse width modulated (PWM) step-down switching
regulator. The internally compensated feedback loop keeps tight control of the switching frequency under all
conditions of input voltage, battery voltage, charge current and temperature, simplifying output filter design.

In order to improve light-load efficiency, the device switches to PFM control at light load condition. The
DIS_PFM_FWD and DIS_PFM_OTG bits can be used to disable the PFM operation in buck and boost
respectively.

7.3.3.5 Input Current Optimizer (ICO)

The device provides innovative Input Current Optimizer (ICO) to identify maximum power point without
overloading the input source. The algorithm automaticall