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6 Pin Configuration and Functions

bg25600C YFF Package

30-Pin DSBGA
Top View
1 2 3 4 5
VRN VRN VRN VRN 277N
/ \ / \ / \ / \ / \
A‘GND\‘\SW/\‘\PMID/\‘VBUS\‘\VAC/\
\\ // \\ // \\ // \\ // \\ //
VRN VRN VRN VRN 277N
/ \ / \ / \ / \ / \
B‘GND\‘\SW/\‘\PMID/\‘VBUS\‘\NC/\
\\ // \\ // \\ // \\ // \\ //
VRN VRN VRN VRN 277N
/ \ / \ / \ / \ / \
C|!/ BAT !} I sys | I BTST! !/ REGN! | PSEL !
\ \ /N ;o\ VA /
\\_// \\_// \\_// \\_// \\_//
277N VRN VRN VRN -=
/ \ / \ / \ / \ /o — \
D‘\BAT\‘\SYS/\‘\NC/\‘\NC\‘PG\
\\ // \\ // \\ // \\ // \\ //
277N VRN VRN VRN VAEEREN
/ \ / \ /o N\ / \ / \
E|! BAT ) I sys ! I CE ) I SDA | | STAT |
\ \ /o ;o\ VA /
\\_// \\_// \\_// \\_// \\_//
277N 277N 277N PainiN 277N
[/ \\ [/ \\ [/ BAT \\ / —\ [/ \\
|
F \ BAT \ SYS , \ SNS INT SCL )
\\_// \\_// \\_/ \\ ,/ \\_//
Pin Functions
PIN
TYPE® DESCRIPTION
NAME NO.
NC B5 AO No Connect. Must leave this pin floating.
C1l
BAT D1 p Battery connection point to the positive terminal of the battery pack. The internal current sensing resistor is
E1l connected between SYS and BAT. Connect a 10 pF closely to the BAT pin.
F1
BATSNS E3 AlO Battery voltage sensing pin for charge current regulation. in order to minimize the parasitic trace resistance
during charging, BATSNS pin is connected to the actual battery pack as close as possible.
BTST c3 p PWM high side driver positive supply. internally, the BTST is connected to the cathode of the boost-strap diode.
Connect the 0.047-uF bootstrap capacitor from SW to BTST.
CE E3 DI Charge enable pin. When this pin is driven low, battery charging is enabled.
Al
GND —
Bl
NT Fa4 DO Open-drain interrupt Output. Connect the INT to a logic rail through 10-kQ resistor. The INT pin sends active low,
256-ps pulse to host to report charger device status and fault.
o Open drain active low power good indicator. Connect to the pull up rail through 10 kQ resistor. LOW indicates a
PG D5 DO good input source if the input voltage is between UVLO and ACOV, above SLEEP mode threshold, and current
limit is above 30 mA.
PMID A3 DO Connected to the drain of the reverse blocking MOSFET (RBFET) and the drain of HSFET. Given the total input
B3 capacitance, put 1 uF on VBUS to GND, and the rest capacitance on PMID to GND.
PSEL c5 DI Power source selection input. High indicates 500 mA input current limit. Low indicates 2.4A input current limit.
Once the device gets into host mode, the host can program different input current limit to INDPM register.
PWM low side driver positive supply output. internally, REGN is connected to the anode of the boost-strap diode.
REGN C4 P Connect a 4.7-uF (10-V rating) ceramic capacitor from REGN to analog GND. The capacitor should be placed
close to the IC.

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

= Power

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

PIN
TYPE® DESCRIPTION
NAME NO.
SCL F5 DI I2C interface clock. Connect SCL to the logic rail through a 10-kQ resistor.
SDA E4 DIO I2C 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 DO Charge in progress: LOW
Charge complete or charger in SLEEP mode: HIGH
Charge suspend (fault response): Blink at 1Hz
SwW A2 p Switching node connecting to output inductor. Internally SW is connected to the source of the n-channel HSFET
B2 and the drain of the n-channel LSFET. Connect the 0.047-uF bootstrap capacitor from SW to BTST.
Cc2
sYs D2 p Converter output connection point. The internal current sensing resistor is connected between SYS and BAT.
E2 Connect a 20 YF closely to the SYS pin.
F2
Ground reference for the device that is also the thermal pad used to conduct heat from the device. This
Thermal Pad o p connection serves two purposes. The first purpose is to 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.
NC D3, D4 Al No Connect. Leave this pin floating.
VAC A5 Al Input voltage sensing. This pin must be connected to VBUS.
A4 Charger input voltage. The internal n-channel reverse block MOSFET (RBFET) is connected between VBUS and
VBUS P PMID with VBUS on source. Place a 1-uF ceramic capacitor from VBUS to GND and place it as close as
B4 possible to IC.

Copyright © 2017, Texas Instruments Incorporated 5
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
VAC -2 22 \%
VBUS (converter not switching) ® -2 22 \Y
BTST, PMID (converter not switching) -0.3 22 \Y
) SwW -2 16 \%
\éc’)\:gl)ge Range (with respect to BTST to SW 03 7 v
PSEL -0.3 7 \%
BATSNS (converter not switching) -0.3 7 \%
REGN, TS, CE, PG, BAT, SYS (converter not switching) -0.3 7 \Y
SDA, SCL, INT, STAT -0.3 7 \%
Output Sink Current STAT, INT 6 mA
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute maximum Ratings 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 Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. All voltage
values are with respect to the network ground terminal unless otherwise noted.

(2) VBUS is specified up to 22 V fo

7.2 ESD Ratings

r a maximum of one hour at room temperature

VALUE UNIT

::Irgla/llgsblgi)//\lgg%% (JHSBSA())l ’p:ﬁ pins® 2000
V(Esp) Electrostatic discharge Charged device model (CDM), per v

JEDEC specification JESD22-C101, all +250

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

MIN NOM MAX | UNIT

Veus Input voltage 3.9 1350 | v
lin Input current (VBUS) 3.25 A
Iswop Output current (SW) 3.25 A
VBaTOP Battery voltage 4.624 Y
IsaTOP Fast charging current 3.0 A
IgaToP Discharging current (continuous) 6 A
Ta Operating ambient temperature -40 85| °C

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

7.4 Thermal information

bg25600C
THERMAL METRIC YFF (DSBGA) UNIT
30 Balls
Roia Junction-to-ambient thermal resistance 58.8 °CIW
Roactop) Junction-to-case (top) thermal resistance 0.2 °CIW
Ross Junction-to-board thermal resistance 8.3 °CIW
6 Copyright © 2017, Texas Instruments Incorporated
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Thermal information (continued)

bq25600C
THERMAL METRIC YFF (DSBGA) UNIT
30 Balls
Wit Junction-to-top characterization parameter 14 °C/IW
Y8 Junction-to-board characterization parameter 8.3 °C/IW
Roic(bot) Junction-to-case (bottom) thermal resistance N/A °C/IW
7.5 Electrical Characteristics
Vvac_uvioz < Vvac < Vyac_ov @nd Vyac > Vgar + Vgigep, T; = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP | MAX ‘ UNIT
QUIESCENT CURRENTS
i Vear = 4.5V, Vgys < Vac.uvioz,
IgAT Batter_y discharge current (BAT, SW, leakage between BAT and VBUS, 5 HA
SYS) in buck mode o
T;< 85°C
Vgar = 4.5V, HIZ Mode and
| Battery discharge current (BAT) in OVPFET_DIS =1 or No VBUS, 12C 17 33 A
BAT buck mode disabled, BATFET Disabled. T; < H
85°C
Vgat = 4.5V, HIZ Mode and
| Battery discharge current (BAT, SW, | OVPFET_DIS = 1 or No VBUS, 12C 58 85 A
BAT SYS) Disabled, BATFET Enabled. T < H
85°C
lvac_Hiz Input supply current (VAC) in buck | Vyac =5V, HIZ Mode and 24 37 HA
mode OVPFET_DIS = 1, No battery
| Input supply current (VAC) in buck | Vyac = 12 V, HIZ Mode and a1 61 A
VAC_HIZ mode OVPFET_DIS = 1, No battery H
lvacvBus_HIZ Input supply current (VAC and Vyac =5V, HIZ Mode and 37 50 HA
VBUS short) in buck mode OVPFET_DIS = 1, No battery
| Input supply current (VAC and Vyac = 12 V, HIZ Mode and 68 90 A
VACVBUS_HIZ VBUS short) in buck mode OVPFET_DIS =1, No battery H
Input supply current (VBUS) in buck | Vygys =12 V, Vygus > VveaT
IVBUS 4 H 1.5 3 mA
mode converter not switching
; Vygus > VUVLO, Vypys > Vyeart,
lveus Imnggtesupply current (VBUS) in buck converter switching, VBAT = 3.8V, 3 mA
ISYS = 0A
VBUS, VAC AND BAT PIN POWER-UP
VBus_op VBUS operating range Vygus rising 3.9 135 \%
v VAC for active 12C, no battery Vorrisin 33 37 \Y
VAC_UvLoz Sense VAC pin voltage VAC g ' '
VVAC_UVLOZ HYS I2C active hysteresis Vac falling from above Vyac uvioz 300 mV
VVAC_PRESENT VAC to turn on REGN VVAC I‘ising 3.65 3.9 \%
VVAC_PRESENT_H | yAC to turn on REGN hysteresis Vyac falling 500 mv
Ys
; (Vvac—Vveat ), VBUSMIN_FALL < VBAT
Vs Eep Sleep mode falling threshold < Vreo, VAC falling 15 60 131 mV
i (Vvac—Vveat ), VBUSMIN_FALL < VBaT
VsLeepz Sleep mode rising threshold < Vree, VAC rising - 115 220 340 mV
Vyac oV RISE :ﬁ;ﬁj&v Overvoltage rising VAC rising; OVP (REGOS[7:6]) = '01" 6.1 6.42 675 V
VVAC_ov_RISE Xﬁecsﬁgj"v Overvoltage rising VAC rising, OVP (REGO6[7:6]) = '10' 10.35 11 115 v
Vvac_ov_RISE :ﬁéﬁ;’c}/ Overvoltage rising VAC rising, OVP (REGOB[7:6]) = 11" 135 14.2 15 v

Copyright © 2017, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vvac_uvioz < Vvac < Vyac_ov @nd Vyac > Vear + Vgigep, T; = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vvac_ov_Hvs VAC 6.5-V Overvoltage hysteresis \CIQC falling, OVP (REGO6[7:6]) = 130 mV
Vvac_ov_Hvs VAC 10.5-V Overvoltage hysteresis \{SC falling, OVP (REGO6[7:6]) = 250 mV
Vvac_ov_Hvs VAC 14-V Overvoltage hysteresis \{?C falling, OVP (REGO6[7:6]) = 300 mV
VBAT UvLOZ BAT for active I1°C, no adapter VgaT rising 2.5 \%
VBAT DPL_FALL Battery Depletion Threshold Vgar falling 2.18 2.62 \%
VBAT DPL_RISE Battery Depletion Threshold VgaT rising 2.34 2.86 \%
VBAT DPL_HYST Battery Depletion rising hysteresis VgaT rising 180 mV
Bad adapter detection fallin .
VBUSMIN_FALL threshol(? 9 VBUS faIIlng 3.68 3.8 3.9 \Y
VBUSMIN_HYST Bad adapter detection hysteresis 180 mV
IzADSRC Bad adapter detection current Sink current from VBUS to GND 30 mA
source
POWER-PATH
) Vyeat < SYS_MIN[2:0] = 101,
Vsys_MiN System regulation voltage BATFET Disabled (REGO7[5] = 1) 3.5 3.68 \%
_ Isys = 0 A, Vygat > Vsysmin: Vveat Vear +
Vsys System Regulation Voltage = 4.400 V, BATFET disabled SSAr;V \%
(REGO7[5] = 1)
= <
Vsys Max Maximum DC system voltage output I\?YS 8 C » Q4 Ojf’gvsv\‘?”' 4400V, 4.4 4.45 4.48 \Y
- VBAT > VSYSMIN = 9.
Top reverse blocking MOSFET on-
Ron(RBFET) resistance between VBUS and PMID | -40°C< Ty < 125°C 35 mQ
- Q]_
Top switching MOSFET on-
Ron(HSFET) resistance between PMID and SW - | Vregn =5V, -40°C< Ty < 125°C 55 mQ
Q2
Bottom switching MOSFET on-
RoN(LSFET) resistance between SW and GND - | Vregn =5V, -40°C< Ty < 125°C 60 mQ
Q3
BATFET forward voltage in
Vewp supplement mode 30 mv
) - Measured from BAT to SYS, Vgat =
Ron@BAT-sYs) SYS-BAT MOSFET on-resistance 42V, T, = —40 - 125°C 19.5 mQ
BATTERY CHARGER
VeaTrREG_RANGE | Charge voltage program range 3.856 4.624 \%
VBATREG_STEP Charge voltage step 32 mV
VREG (REGO04[7:3]) = 4.208 V
. (01011), V, -40 < T;<85°C 4.187 4.208 4229 v
VBATREG Charge voltage setting
VREG (REGO04[7:3]) =4.352 V 4.330 4.352 4.374 Vv
(01111), V, -40<T;<85°C ' ' '
- VgaT = 4.208 V or Vgat =4.352 V,
VBATREG_ACC Charge voltage setting accuracy _282 T,<85°C BAT —0.5% 0.5%
Iche Rec_RrRanGe | Charge current regulation range 0 3000 mA
lcHG REG_STEP Charge current regulation step 60 mA
lcHG REG Charge current regulation setting lerg = 240 MA, Vygar = 3.1V or 0.214 0.24 0.26 A
_ Vygar = 3.8V
lcHG REG ACC Charge current regulation accuracy lere :_240 MA, Vygar = 3.1V or —11% 9%
e Vygar =3.8V
8 Copyright © 2017, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vvac_uvioz < Vvac < Vyac_ov @nd Vyac > Vear + Vgigep, T; = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

start-up sequence

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
IcHG REG Charge current regulation setting Ichg = 720 mA, Vygatr = 3.1 V or 0.68 0.720 0.76 A
VVBAT =38V
lcHG REG Charge current regulation accuracy ICHG—EEG = 720 mA, Vpar = 3.1 V or -6% 6%
— Vgar = 3.8V
lcHG REG Charge current regulation setting lere = 1.38 A, Vygar = 3.1 V or 1.30 1.380 1.45 A
_ Vygar = 3.8V
) Ichg = 720 mA or Icpg = 1.38 A, RO o
IcHG_REG_ACC Charge current regulation accuracy Vygar = 3.1V of Vygar = 3.8 V 6% 6%
VBATLOWV_FALL Battery LOWV falllng threshold ICHG =240 mA 2.7 2.8 2.9 \Y
VBATLOWV RISE Battery LOWYV rising threshold Pre-charge to fast charge 3 3.12 3.24 \%
IPRECHG Precharge current regulation IPRECHG[3:0] ='0010' = 180 mA 150 170 190 mA
Precharge current regulation Al — " _ o,
IprECHG_ACC accuracy IPRECHGI3:0] = '0010' = 180 mA 15 5 %
ltERM Termination current regulation Ichg > 780 mA, ITERM[3:0] = '0010' 145 180 215 mA
=180 mA, VVBAT =4.208 V
Termination current regulation Ichg > 780 mA, , ITERM[3:0] = ono, o
Irerm_acc accuracy '0010' = 180 MA, Vygar = 4.208 V 20% 20%
Lo . Ichg £ 780 mA, , ITERM[3:0] =
ITERM Termination current regulation 0000 = 60 MA, Vygar = 4.208 V 44 60 75 mA
Termination current regulation Ichg £ 780 mA, ,ITERM[3:0] = '0000' 070, o
Irerm_acc accuracy =60 MA, Vygar = 4.208 V 21% 25%
VSHORT Battery short voltage Vygar falling 1.85 2 2.15 \Y
VSHORTZ Battery short voltage VygaT rising 2.15 2.25 2.35 \Y
ISHORT Battery short current VvgaT < VSHORTZ 50 90 117 mA
VRECHG Recharge Threshold below Vegar falling, REG04[0] = 0 90 120 150 mv
VBAT REG
VRecHs Recharge Threshold below Vgar falling, REGO4[0] = 1 200 230 265| mv
BAT_REG
IsysLoaD System discharge load current Vsys =4.2V 30 mA
INPUT VOLTAGE AND CURRENT REGULATION
V\NDPM Input voltage regulation limit Vinopm (REG06[3:0] = 0000) = 3.9 V 3.78 3.95 4.1 \Y
ViNDPM_ACC Input voltage regulation accuracy Vinopm (REGO6[3:0] = 0000) = 3.9 V -4.5% 4%
VINDPM Input voltage regulation limit Vinopm (REGO6[3:0] = 0110) = 4.4V 4.268 4.4 4.532 \%
ViNDPM_ACC Input voltage regulation accuracy Vinopm (REGO06[3:0] = 0110) = 4.4V —-3% 3%
VbpPM_VBAT Input voltage regulation limit tracking | VINDPM = 3.9V, 4.17 4.3 4.46 \%
VBAT VDPM_VBAT_TRACK = 300mV,
VBAT = 4.0V
Vpem_veaT acc | Input voltage regulation accuracy VINDPM = 3.9V, —-3% 4%
tracking VBAT VDPM_VBAT_TRACK = 300mV,
VBAT = 4.0V
Vyeus = 5V, current pulled from
SW, Iinopm (REG[4:0] = 00100) = 450 500 mA
500 mA, —40 < T; £ 85°C
Vygus =5V, current pulled from
linDPM USB input current regulation limit SW, IINDPM (REGJ4:0] = 01000) = 750 900 mA
900 mA, 40 < T; £85°C
Vyeus = 5V, current pulled from
SW, IINDPM (REG[4:0] = 01110) = 1.28 15 A
15A -40<T;<85°C
Input current limit during system
lIN_START P gsy 200 mA

BAT PIN OVERVOLTAGE PROTECTION

Copyright © 2017, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vvac_uvioz < Vvac < Vyac_ov @nd Vyac > Vear + Vgigep, T; = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VBATOVP RISE Battery overvoltage threshold xBAT rising, as percentage of 103 104 105 %
- BAT_REG
VBaToVP Fall Hys | Battery overvoltage falling hysteresis xBAT falling, as percentage of 2 %
- BAT_REG

10 Copyright © 2017, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vvac_uvioz < Vvac < Vyac_ov @nd Vyac > Vear + Vgigep, T; = —40°C to 125°C and T, = 25°C for typical values (unless
otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP|  MAx| uniT
THERMAL REGULATION AND THERMAL SHUTDOWN
TJUNCTION REG #‘nction Temperature Regulation Temperatur_e Inc_reasigg, TREG 110 oc
— reshold (REGO5[1] = 1) = 110°C
TIUNCTION_REG Junction Temperature Regulation Temperature Increasing, TREG 90 °C
Threshold (REGO5[1] = 0) = 90°C
TsHuT 2‘;{;2;2?;@0\'\'” Rising Temperature Increasing 160 °C
TSHUT_HYST Thermal Shutdown Hysteresis 30 °C
CHARGE OVERCURRENT COMPARATOR (CYCLE-BY-CYCLE)
IsaTFET OCP System over load threshold ’ 6.0 A
PWM
fsw PWM switching frequency Oscillator frequency, buck mode 1320 1500 1680 kHz
Dmax Maximum PWM duty cycle® 97%
REGN LDO
VREGN REGN LDO output voltage Vygus = 9V, Ireen = 40mA 5.6 6 6.65 \Y
VREGN REGN LDO output voltage Vvsus = 5V, lregn = 20mA 4.58 4.7 4.8 \%
LOGIC I/0O PIN CHARACTERISTICS (E, PSEL, SCL, SDA,, m)
Vilo Input low threshold CE 0.4 \Y
Viy Input high threshold CE 1.3 v
Isias High-level leakage current CE Pull up rail 1.8 V 1 HA
ViLo Input low threshold PSEL 0.4 \%
Viy Input high threshold PSEL 1.3 \%
Isias High-level leakage current PSEL Pull up rail 1.8V 1 HA
LOGIC I/0 PIN CHARACTERISTICS (ﬁ, STAT)
VoL Low-level output voltage ’ 0.4 \%

(1) Specified by design. Not production tested.

Copyright © 2017, Texas Instruments Incorporated 11
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7.6 Timing Requirements

MN| Nom| wmax| uniT
VBUS/BAT POWER UP
tacov VAC OVP reaction time Xﬁr? orflfs gg above ACOV threshold to 200 ns
tBADSRC Bad adapter detection duration 30 ms
BATTERY CHARGER
tTERM_DGL Deglitch time for charge termination 250 ms
tRECHG_DGL Deglitch time for recharge 250 ms
tsYSOVLD_DGL tsu);ztf)rf? Szer-current deglitch time to 100 us
taATOVP S_attery over-voltage deglitch time to 1 us

isable charge

tsaFETY Typical Charge Safety Timer Range 8 10 12 hr
ttop_oFF Typical Top-Off Timer Range TOP_OFF_TIMER][1:0] = 10 (30 min) 24 30 36 min
DIGITAL CLOCK AND WATCHDOG TIMER
twoT REGO05[4]=1 REGN LDO disabled 40 s
fLpDIG Digital Low Power Clock REGN LDO disabled 30 kHz
foig Digital Clock REGN LDO enabled 500 kHz
fscL SCL clock frequency 400 kHz
12 MR © 2017, Texas Instruments Incorporated
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7.7 Typical Characteristics
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Typical Characteristics (T X)
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7. Charge Current vs. Junction Temperature Under Thermal Regulation
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8 Detailed Description

8.1 Overview

The bg25600C device is a highly integrated 3.0-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.

RN © 2017, Texas Instruments Incorporated 15
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Power-On-Reset (POR)

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

8.3.2 Device Power Up from Battery without Input Source

If only battery is present and the voltage is above depletion threshold (Vgar ppi_risg), the BATFET turns on and
connects 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.

8.3.3 Power Up from Input Source

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

1. Power Up REGN LDO
2. Poor Source Qualification

3. linput Source Type Detection is based on PSEL to set default input current limit (IINDPM) register or input
source type.

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

8.3.3.1 Power Up REGN Regulation

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:

* above Vyac present

d VVAC abOVe VBAT + VSLEEPZ in bUCk mode

e After 220-ms delay is completed

If any one of the above conditions is not valid, the device is in high impedance mode (HI1Z) with REGN LDO off.

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

8.3.3.2 Poor Source Qualification

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

d V0|tage beIOW VVAC_OV

* VBUS voltage above Vygysyin When pulling Igapsre (typical 30 mA)

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

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

8.3.3.3 Input Source Type Detection

After the VBUS_GD bit is set and REGN LDO is powered, the device runs input source detection through PSEL
pin. The bgq25600C sets input current limit through PSEL pins.

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

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

2. PG_STAT bit is set

3. VBUS_STAT bit is updated to indicate USB or other input source

MR © 2017, Texas Instruments Incorporated 17
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Feature Description (3T )

The host can over-write IINDPM register to change the input current limit if needed. The charger input current is
always limited by the IINDPM register.

8.3.3.3.1 PSEL Pins Sets Input Current Limit in bg25600C

The bg25600C has PSEL pin for input current limit setting to interface with USB PHY. It directly takes the USB
PHY device output to decide whether the input is USB host or charging port. When the device operates in host-
control mode, the host needs to IINDET_EN bit to read the PSEL value and update the IINDPM register. When
the device is in default mode, PSEL value updates IINDPM in real time.

#z 1. Input Current Limit Setting from PSEL

Input Detection PSEL Pin AT CLE'IIE:}AE)NT LA VBUS_STAT
USB SDP High 500 mA 001
Adapter Low 24 A 011

8.3.3.4 Input Voltage Limit Threshold Setting (VINDPM Threshold)

The device supports wide range of input voltage limit (3.9 V — 5.4 V) for USBThe device's VINDPM is set at 4.5
V. The device supports dynamic VINDPM trackingsettings which tracks the battery voltage. This function can be
enabled via the VDPM_BAT_TRACK][1:0] register bits. When enabled, the actual input voltage limit will be the
higher of the VINDPM register and VBAT + VDPM_BAT_TRACK offset.

8.3.3.5 Converter Power-Up

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

The device provides soft-start when system rail is ramped up. When the system rail is below 2.2 V, the input
current is limited to is to the lower of 200 mA or IINDPM register setting. After the system rises above 2.2 V, the
device limits input current to the value set by 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 device switches to PFM control at light load or when battery is below minimum system voltage setting or
charging is disabled. The PFM_DIS bit can be used to prevent PFM operation in either buck configuration.

8.3.4 Host Mode and Standalone Power Management

8.3.4.1 Host Mode and Default Mode in bq25600C

The bg25600C is a host controlled charger, but it can operate in default mode without host management. In
default mode, the device can be used as an autonomous charger with no host or while host is in sleep mode.
When the charger is in default mode, WATCHDOG_FAULT bit is HIGH. When the charger is in host mode,
WATCHDOG_FAULT bit is LOW.

After power-on-reset, the device starts in default mode with watchdog timer expired, or default mode. All the
registers are in the default settings. During default mode, any change on PSEL pin will make real time IINDPM
register changes.

in default mode, the device keeps charging the battery with default 10-hour fast charging safety timer. At the end
of the 10-hour, the charging is stopped and the buck converter continues to operate to supply system load.

Writing a 1 to the WD_RST bit transitions the charger from default mode to host mode. All the device parameters
can be programmed by the host. To keep the device in host mode, the host has to reset the watchdog timer by
writing 1 to WD_RST bit before the watchdog timer expires (WATCHDOG_FAULT bhit is set), or disable watchdog
timer by setting WATCHDOG bits = 00.
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When the watchdog timer expires (WATCHDOG_FAULT bit = 1), the device returns to default mode and all
registers are reset to default values except IINDPM, VINDPM, BATFET_RST_EN, BATFET DLY, and
BATFET_DIS bits.

POR
watchdog timer expired
Reset registers
12C interface enabled

Y Host Mode
12C Write? »  Start watchdog timer |«
Host programs registers

N

Default Mode
Reset watchdog timer [«
Reset selective registers

N @ v

8. Watchdog Timer Flow Chart

A 4

WD_RST bit = 1?

Watchdog Timer
Expired?

8.3.5 Power Path Management

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

8.3.6 Battery Charging Management

The device charges 1-cell Li-lon battery with up to 3.0-A charge current for high capacity tablet battery. The 19.5-
mQ BATFET improves charging efficiency and minimize the voltage drop during discharging.

8.3.6.1 Autonomous Charging Cycle

With battery charging is enabled (CHG_CONFIG bit = 1 and CE pin is LOW), the device autonomously
completes a charging cycle without host involvement. The device default charging parameters are listed in & 2.
The host can always control the charging operations and optimize the charging parameters by writing to the
corresponding registers through I°C.

F% 2. Charging Parameter Default Setting

PARAMETER SETTING
Charging voltage 4.208 V
Charging current 2.048 A

Pre-charge current 180 mA
Termination current 180 mA
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 Iy register is not 0 mA and CE is low)
* No safety timer fault

* BATFET is not forced to turn off (BATFET_DIS bit = 0)
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The charger device automatically terminates the charging cycle when the charging current is below termination
threshold, battery voltage is above recharge threshold, and device not is 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
can initiate a new charging cycle.

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

8.3.6.2 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.

#k 3. Charging Current Setting

VeaT CHARGING CURRENT REG'SSTE$T5]'EGFAULT CHRG_STAT
<22V ISHORT 100 mA 01
22Vto3V IPRECHG 180 mA 01
>3V . 2.048 A 10

If the charger device is in DPM regulation or thermal regulation during charging, the actual charging current will
be less than the programmed value. in this case, termination is temporarily disabled and the charging safety
timer is counted at half the clock rate.

Regulation Voltage

VREG[7:3] LN

Battery Voltage

Charge Current
ICHG[5:0]

VBATLOWV (3 V)

Vstorz (2.2 V) /

/Charge Current
IPRECHG([7:4]

ITERM[3:0]

IsHorT -
< > > > —>

Y Ll
Trickle Charge Pre-charge Fast Charge and Voltage Regulation . |
rickle Charg g Y ge Reg Top-off Timer ~ Safety Timer
(optional) Expiration

»
L

A
A

9. Battery Charging Profile

8.3.6.3 Charging Termination

The device terminates a charge cycle when the battery voltage is above recharge threshold, and the current is
below termination current. After the charging cycle is completed, the BATFET turns off. The converter keeps
running to power the system, and BATFET can turn on again to engage Supplement Mode.
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When termination occurs, the status register CHRG_STAT is set to 11, and an INT pulse is asserted to the host.
Termination is temporarily disabled when the charger device is in input current, voltage or thermal regulation.
Termination can be disabled by writing 0 to EN_TERM bit prior to charge termination.

At low termination currents (25 mA-50 mA), due to the comparator offset, the actual termination current may be
10 mA-20 mA higher than the termination target. in order to compensate for comparator offset, a programmable
top-off timer can be applied after termination is detected. The termination timer will follow safety timer
constraints, such that if safety timer is suspended, so will the termination timer. Similarly, if safety timer is
doubled, so will the termination 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.

Top off timer gets reset at one of the following conditions:
1. Charge disable to enable

2. Termination status low to high

3. REG_RST register hit is set

The top-off timer settings are read in once termination is detected by the charger. Programming a top-off timer
value after termination will have no effect unless a recharge cycle is initiated. An INT is asserted to the host
when entering top-off timer segment as well as when top-off timer expires.

8.3.6.4 Charging Safety Timer

The device has built-in safety timer to prevent extended charging cycle due to abnormal battery conditions. The
safety timer is 2 hours when the battery is below Vgat owy threshold and 10 hours when the battery is higher
than Vgat owyv threshold.

The user can program fast charge safety timer through 1°C (CHG_TIMER bits). When safety timer expires, the
fault register CHRG_FAULT bits are set to 11 and an INT is asserted to the host. The safety timer feature can be
disabled through I°C by setting EN_TIMER bit

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

During the fault, timer is suspended. Once the fault goes away, fault resumes. If user stops the current charging
cycle, and start again, timer gets reset (toggle CE pin or CHRG_CONFIG bit).

8.3.6.5 Narrow VDC Architecture

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

When the battery is below 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, BATFET is fully on and the voltage difference between the system and
battery is the VDS of BATFET.

When the battery charging is disabled and above minimum system voltage setting or charging is terminated, the
system is always regulated at typically 50mV above battery voltage. The status register VSYS_STAT bit goes
high when the system is in minimum system voltage regulation.
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10. System Voltage vs Battery Voltage

8.3.7 Shipping Mode

8.3.7.1 BATFET Disable Mode (Shipping Mode)

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

8.3.7.2 BATFET Enable (Exit Shipping Mode)

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

1. Plug in adapter

2. Clear BATFET_DIS hit

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

8.3.8 Status Outputs (PG, STAT)

8.3.8.1 Power Good indicator (PG Pin and PG_STAT Bit)

The PG_STAT bit goes HIGH and PG pin goes LOW to indicate a good input source when:

* VBUS above Vygys uvio

e VBUS above battery (not in sleep)

* VBUS below Vyc oy threshold

e VBUS above Vygyswmin (typical 3.8 V) when Igapsre (typical 30 mA) current is applied (not a poor source)
e Completed input Source Type Detection

8.3.8.2 Charging Status indicator (STAT)

The device indicates charging state on the open drain STAT pin. The STAT pin can drive LED. The STAT pin
function can be disabled by setting the EN_ICHG_MON bits = 11.

#k 4. STAT Pin State

CHARGING STATE STAT INDICATOR
Charging in progress (including recharge) LOW
Charging complete HIGH
Sleep mode, charge disable HIGH
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& 4. STAT Pin State (2T RX)
CHARGING STATE STAT INDICATOR
Charge suspend (input overvoltage, TS fault, timer fault or system overvoltage) Blinking at 1 Hz

8.3.8.3 Interrupt to Host (INT)

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

» USB/adapter source identified (through PSEL or DPDMdetection)
» Good input source detected
— VBUS above battery (not in sleep)
— VBUS below Vyac oy threshold
— VBUS above V\pgyswmin (typical 3.8 V) when Igapsre (typical 30 mA) current is applied (not a poor source)
* input removed
* Charge Complete
e Any FAULT event in REG09
* VINDPM / IINDPM event detected (maskable)

When a fault occurs, the charger device sends out INT and keeps the fault state in REG09 until the host reads
the fault register. Before the host reads REG09 and all the faults are cleared, the charger device would not send
any INT upon new faults. To read the current fault status, the host has to read REGQ09 two times consecutively.
The first read reports the pre-existing fault register status and the second read reports the current fault register
status.

8.3.9 Protections

8.3.9.1 Voltage and Current Monitoring in Converter Operation

The device closely monitors the input and system voltage, as well as internal FET currents for safe buck mode
operation.

8.3.9.1.1 Voltage and Current Monitoring in Buck Mode

8.3.9.1.1.1 Input Overvoltage (ACOV)

This device integrates the functionality of an overvoltage protector. The input voltage is sensed via the VAC pin.
The OVP threshold defaults to 6.2V, but can be programmed at 5.5V, 6.2V, 10.5V, or 14.3V via OVP register
bits. The ACOV circuit has a reaction time of tac ov pi7-

During input overvoltage event (ACOV), the fault register CHRG_FAULT bits are set to 01. An INT pulse is
asserted to the host. The device will automatically resume normal operation once the input voltage drops back
below the OVP threshold.

8.3.9.2 Thermal Regulation and Thermal Shutdown

8.3.9.2.1 Thermal Protection in Buck Mode

The bg25600C device monitors the internal junction temperature T; to avoid overheat the chip and limits the
device surface temperature in buck mode. When the internal junction temperature exceeds thermal regulation
limit (110°C), the device lowers down the charge current. During thermal regulation, the actual charging current is
usually below the programmed battery charging current. Therefore, termination is disabled, the safety timer runs
at half the clock rate, and the status register THERM_STAT bit goes high.

Additionally, the device has thermal shutdown to turn off the converter and BATFET when device surface
temperature exceeds Tgyyt(160°C). The fault register CHRG_FAULT is set to 1 and an INT is asserted to the
host. The BATFET and converter is enabled to recover when IC temperature is Tsyyt Hys (30°C) below
Tsnut(160°C). B
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8.3.9.3 Battery Protection

8.3.9.3.1 Battery overvoltage Protection (BATOVP)

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

8.3.10 Serial interface

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

The device operates as a slave device with address 6AH, receiving control inputs from the master device like
micro controller or a digital signal processor through REGOO-REGOB. Register read beyond REGOB (0x0B)
returns OxFF. The I°C interface supports both standard mode (up to 100 kbits), and fast mode (up to 400 kbits).
connecting to the positive supply voltage via a current source or pull-up resistor. When the bus is free, both lines
are HIGH. The SDA and SCL pins are open drain.

8.3.10.1 Data Validity

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

SDA ><
scL \

Data line stable; Change of data
Data valid allowed

Figure 11. Bit Transfer on the I°C Bus

8.3.10.2 START and STOP Conditions

All transactions begin with a START (S) and can be terminated by a STOP (P). A HIGH to LOW transition on the
SDA line while SCI is HIGH defines a START condition. A LOW to HIGH transition on the SDA line when the
SCL is HIGH defines a STOP condition. START and STOP conditions are always generated by the mAster. The
bus is considered busy after the START condition, and free after the STOP condition.

SDA

SsCL : ! \ / \ / : ! SCL
| — | | — |

START (S) STOP (P)

Figure 12. TS START and STOP conditions

| 1
| |
| |
! ! SDA
t |
| |
| |
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8.3.10.3 Byte Format

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

Acknowledgement Acknowledgement

fm———— | B signal from slave B signal from receiver f—————
|

! | MSB

SDA } I

T - —_

! I
T
|

|
- |
| |
| [ 2] 7 8 9 1 2 8 9
scL | Sorsr} w

START or ACK ACK STOP or
Repeated Repeated
START START

Figure 13. Data Transfer on the 1°C Bus

8.3.10.4 Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter
that the byte was successfully received and another byte may be sent. All clock pulses, including the
acknowledge ninth clock pulse, are generated by the mAster. The transmitter releases the SDA line during the
acknowledge clock pulse so the receiver can pull the SDA line LOW and it remains stable LOW during the HIGH
period of this clock pulse.

When SDA remains HIGH during the ninth clock pulse, this is the Not Acknowledge signal. The mAster can then
generate either a STOP to abort the transfer or a repeated START to start a new transfer.

8.3.10.5 Slave Address and Data Direction Bit

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

START ADDRESS R/W ACK DATA ACK DATA ACK STOP

Figure 14. Complete Data Transfer

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

o7 e s e e | ]

| s | slaveaddress | 0| Ack | RegAddr | Ack | Daatoadar | ack E|

Figure 15. Single Write
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I A e O L B S A N

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

Figure 16. Single Read

8.3.10.7 Multi-Read and Multi-Write
The charger device supports multi-read and multi-write on REG0O0 through REGOB.

o7 e e ]

| s | slaveaddress | 0 [ Ack | Regaddr | Ack

s || s | L R

Data to Addr | ACK | Data to Addr + N | ACK |———-| Data to Addr + N | ACK El

Figure 17. Multi-Write

|1| 7 |1| 1 | 8 | 1 |1| 7 1| 1

| s | slaveaddress | 0 [ Ack | RegAddr | AcK | S| SlaveAddress | 1 | Ack

s || s |2 I B

Data @ Addr | ACK |Data@Addr+l| ACK |———-|Data@Addr+N| NCK |P|

Figure 18. Multi-Read

REGO09 is a fault register. It keeps all the fault information from last read until the host issues a new read. For
example, if Charge Safety Timer Expiration fault occurs but recovers later, the fault register REG09 reports the
fault when it is read the first time, but returns to normal when it is read the second time. in order to get the fault
information at present, the host has to read REG09 for the second time. The only exception is NTC_FAULT
which always reports the actual condition on the TS pin. in addition, REG09 does not support multi-read and
multi-write.
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8.4 Register Maps
I°C Slave Address: 6AH

8.4.1 REGOO0
% 5. REGO0O Field Descriptions
Bit | Field POR | Type | Reset Description Comment
7 Enable HIZ Mode
EN_HIZ o | RW Ey \F,*VEfBEST 0 - Disable, 1 — Enable 0 — Disable (default)
y WWaichdog 1 - Enable
6 Reserved
5 Reserved
4 IINDPM[4] 1 R/W | by REG_RST | 1600 mA Input Current Limit
3 | IINDPM[3] 0 RIW |by REG_RST | 800 mA Offset: 100 mA
Range: 100 mA (000000) — 3.2 A
2 | IINDPM[2] 1 R/W |by REG_RST | 400 mA (11111)
1 | IINDPM[1] 1 R/W |by REG_RST | 200 mA Default:, maximum input current
limit, not typical.
IINDPM bits are changed
automatically after input source
detection is completed
bg25600C
0 IINDPM[O] 1 R/W | by REG_RST | 100 mA PSEL = Hi = 500 mA
PSEL = Lo =
Host can over-write INDPM
register bits after input source
detection is completed.

LEGEND: R/W = Read/Write; R = Read only

RN © 2017, Texas Instruments Incorporated
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8.4.2 REGO1
#* 6. REGO1 Field Descriptions
Bit | Field POR | Type |Reset Description Comment
0 — Enable PFM .
7 PFM _DIS 0 R/W | by REG_RST 1 — Disable PEM Default: 0 - Enable
by REG_RST | I°C Watchdog Timer Reset 0 — Default: Normal (0) Back to O after
6 |WD_RST 0 RIW by Watchdog | Normal ; 1 — Reset watchdog timer reset
5 Reserved
Default: Charge Battery (1)
. Note:
4 CHG_CONFIG 1 R/W Ey \?VE?EEST 8;5%?%(9'%2?%(9 1. Charge is enabled when both
y Waichdog 9 CE pin is pulled low AND
CHG_CONFIG bit is 1.
SYS_Min[2] R/W | by REG_RST 000: 2.6 V
SYS_Min[1] RW | by REG_RST 001:2.8 v
= = 010: 3V
011: 3.2V
System Minimum Voltage 100: 3.4V
1 | SYS_Min[0] 1 | RW |by REG_RST 101:3.5V
- - 110: 3.6 V
111: 3.7V
Default: 3.5V (101)
0 Reserved

LEGEND: R/W = Read/Write; R = Read only
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8.4.3 REGO02
& 7. REG02 Field Descriptions
Bit | Field POR | Type |Reset Description Comment
7 Reserved
by REG_RST | 0 — Use higher Q1 RDSON when
programmed IINDPM < 700mA
6 Q1_FULLON 0 R/W (better accuracy)
1 - Use lower Q1 RDSON always
(better efficiency)
by REG_RST
5 ICHGI5] R/W by Watchdog
4 |IcHGH] 0 rw | PY REG_RST Fast Charge Current
by Watchdog Default: 2040mA (100010)
by REG_RST Range: 0 mA (0000000) — 3000
3 ICHGI3] R/IW by Watchdog mA (110010)
Note:
2 |IcHG[2] rw | PY REG_RST Icus = 0 mA disables charge.
by Watchdog lene > 3000 MA (110010 clamped
by REG_RST to register value 3000 mA
1 |IcHGH] 1| RW by Watchdog (110010))
by REG_RST
0 ICHGI0] R/IW by Watchdog

LEGEND: R/W = Read/Write; R = Read only

RN © 2017, Texas Instruments Incorporated
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8.4.4 REGO03
# 8. REGO3 Field Descriptions
Bit | Field POR | Type |Reset Description Comment
7 IPRECHG][3] 0 R/W by REG_RST
by Watchdog
6 |IPRECHG[?] 0 RW |by REG_RST Precharge Current
by Watchdog Default: 180 mA (0010)
Offset: 60 mA
5 IPRECHGI[1] RW | by REG_RST Note: IPRECHG > clamped to
by Watchdog (1100)
4 IPRECHG[0] R/W by REG_RST
by Watchdog
3 | ITERM[3] 0 R/W | by REG_RST
by Watchdog
2 |TERM[2] 0 R/W by REG_RST Termination Current
by Watchdog Default: 180 mA (0010)
Offset: 60 mA
1 ITERM[1] RIW by REG_RST Note: ITERM > 780 mA clamped
by Watchdog to (1100)
0 |ITERM[O] R/W | by REG_RST
by Watchdog

LEGEND: R/W = Read/Write; R = Read only
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8.4.5 REGO0O4
#* 9. REG04 Field Descriptions
Bit | Field POR | Type |Reset Description Comment
by REG_RST
7 VREG[4] 0 R/W by Watchdog 512 mV Charge Voltage
bv REG RST Offset: 3.856 V
6 |VREG[3] 1 RIW by Watehdoq | 256 MV Range: 3.856 V to 4.624 V
y 9 (11000)
5 VREG[2] 0 R/W by REG_RST 128 mV Default: 4.208 V (01011)
by Watchdog .
Special Value:
4 | VREG[1] 1 RIW l;y \?/EGBEST 64 mV (01111): 4.352 V
y Watchdog Note: Value above 11000 (4.624
by REG_RST V) is clamped to register value
Reserved
Reserved
by REG_RST | 0 — 100 mV Rech
VRECH R/W - echarge threshold
0 CHG 0 /W | by Watchdog | 1 - 200 mv Default: 100mV (0)

LEGEND: R/W = Read/Write; R = Read only

RN © 2017, Texas Instruments Incorporated
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8.4.6 REGO05
# 10. REGO5 Field Descriptions
Bit | Field POR | Type |Reset Description Comment
by REG_RST | 0 — Disable . o
7 EN_TERM 1 R/W by Watchdog | 1 — Enable Default: Enable termination (1)
Default: Enable OVPFET (0)
6 OVPFET_DIS 0 R/W Ey \ITVEa(ti?\Ec?T (1) : E?;%EOO\C;T:?} Note: This bit only takes effect
Y 9 when EN_HIZ bit is active
5 WATCHDOG[1] 0 R/W by REG_RST
by Watchdog | o0 — Disable timer, 01 — 40's, 10 — ,
Default: 40 s (01)
A by REG_RST 80s,11-160s
4 WATCHDOGJ0] 1 R by Watchdog
0 — Disable
3 EN_TIMER 1 R/W Ey \Flean(ti?Sc?T 1 - Enable both fast charge and Default: Enable (1)
y 9 precharge timer
by REG_RST |0-5 hrs .
2 CHG_TIMER 1 R/W by Watchdog | 1 — 10 hrs Default: 10 hours (1)
Thermal Regulation Threshold:
by REG_RST o . R
1 TREG 1 R/IW by Watchdog 0-90°C Default: 110°C (1)

1-110°C

0 Reserved

LEGEND: R/W = Read/Write; R = Read only
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8.4.7 REGO06
# 11. REGO6 Field Descriptions
Bit | Field POR | Type |Reset Description Comment
7 |OVP[1] 0 R/W |by REG_RST VAC OVP threshold:
00-55V
Default: 6.5V (01) 01 - 6.5V (5-V input)
6 |OVP[0] 1 R/W |by REG_RST 10— 105 V (9-V input)
11 — 14 V (12-V input)
5 Reserved
4 Reserved
3 VINDPM[3] 0 R/W | by REG_RST | 800 mV Absolute VINDPM Threshold
2 | VINDPM[2] 1 | RW |by REG_RST |400 mV Offset: 3.9 V
Range: 3.9 V (0000) - 5.4 V
1 | VINDPM[1] 1 R/W | by REG_RST | 200 mV (1111)
0 VINDPM[0] 0 R/W | by REG_RST | 100 mV Default: 4.5V (0110)

LEGEND: R/W = Read/Write; R = Read only

RN © 2017, Texas Instruments Incorporated
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8.4.8 REGO7
# 12. REGO7 Field Descriptions
Bit | Field POR | Type |Reset Description Comment
7 Reserved
0 — Disable
by REG_RST | 1 — Safety timer slowed by 2X
6 TMR2X_EN ! RIW by Watchdog | during input DPM (both V and I) or
thermal regulation
0 — Allow Q4 turn on, 1 — Turn off
5 BATFET_DIS 0 R/W | by REG_RST | Q4 with tgatreT pLy delay time Default: Allow Q4 turn on(0)
(REGO7[3])
4 Reserved
0 — Turn off BATFET immediately .
when BATFET_DIS bit is set Dt ter t
3 BATFET_DLY 1 R/W | by REG_RST | 1 —Turn off BATFET after BATFET_DLY
(typ. 10 s) when BATFET_DIS bit
tgatreT pLY (typ- 10 S) when is set
BATFET_DIS bit is set
by REG_RST | 0 — Disable BATFET reset function | Default: 1
2 BATFET_RST_EN ! RIW by Watchdog | 1 — Enable BATFET reset function | Enable BATFET reset function
1 VDPM_BAT_TRACK]1] 0 R/W | by REG_RST go ;eDlizﬁebrl)e function (VINDPM set Sets VINDPM to track BAT
0)1/ ) \?BAT +200mV voltage. Actual VINDPM is higher
0 | VDPM_BAT_TRACKIO] 0 R/W | by REG_RST | 10 - VBAT + 250mV of register value and VBAT +

11 - VBAT + 300mV

VDPM_BAT_TRACK

LEGEND: R/W = Read/Write; R = Read only
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8.4.9 REGO08
# 13. REGOS8 Field Descriptions
Bit | Field POR |Type |Reset Description
7 VBUS_STAT[2] X R NA VBUS Status register
bg25600C
6 VBUS_STATI[1] R NA 000: No input
001: USB Host SDP (500 mA) — PSEL HIGH
010: Adapter — PSEL LOW
5 VBUS_STAT[0] X R NA 111 Reserved
Software current limit is reported in IINDPM register
4 CHRG_STATI[1] X R NA Charging status:
00 — Not Charging
01 - Pre—charge (< VBATLOWV)
3 CHRG_STAT[0] X R NA 10 — Fast Charging
11 — Charge Termination
Power Good status:
2 PG_STAT X R NA 0 — Power Not Good
1 — Power Good
1 THERM_STAT X R NA 0- Not in ther mAl regulatlon
1 —in ther mAl regulation
0 — Not in VSYSMin regulation (BAT > VSYSMin)
0 VSYS_STAT X R NA 1 —in VSYSMin regulation (BAT < VSYSMin)

LEGEND: R/W = Read/Write

RN © 2017, Texas Instruments Incorporated
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8.4.10 REGO09
# 14. REGO9 Field Descriptions

Bit | Field POR | Type |Reset Description

7 WATCHDOG_FAULT X R NA 0 — Normal, 1- Watchdog timer expiration

6 Reserved

5 |CHRG_FAULT[1] R |NA 00 — Normal, 01 — input fault (VAC OVP or VBAT < VBUS < 3.8 V), 10 -

4 CHRG_FAULT[0] X R NA Thermal shutdown, 11 — Charge Safety Timer Expiration

3 BAT_FAULT R NA 0 — Normal, 1 — BATOVP

2 Reserved

1 Reserved

0 Reserved

LEGEND: R/W = Read/Write; R = Read only
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8.4.11 REGOA
# 15. REGOA Field Descriptions
Bit | Field POR | Type |Reset Description
0 — Not VBUS attached,
7 |VBUSGD X R |NA 1 - VBUS Attached
6 VINDPM_STAT X R NA 0 — Not in VINDPM, 1 — in VINDPM
5 IINDPM_STAT X R NA 0 — Not in IINDPM, 1 — in INDPM
4 Reserved X R NA
3 Reserved
0 — Device is NOT in ACOV
2 ACOV_STAT X R NA 1 — Device is in ACOV
0 - Allow VINDPM INT pulse
1 VINDPM_INT_ MASK 0 R/W | by REG_RST 1 - Mask VINDPM INT pulse
0 - Allow IINDPM INT pulse
0 IINDPM_INT_ MASK 0 R/W | by REG_RST 1 - Mask IINDPM INT pulse

LEGEND: R/W = Read/Write; R = Read only

RN © 2017, Texas Instruments Incorporated
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8.4.12 REGOB
# 16. REGOB Field Descriptions
Bit | Field POR | Type |Reset Description
Register reset
0 — Keep current register setting
7 REG_RST 0 RIW | NA 1 — Reset to default register value and reset safety timer
Note: Bit resets to 0 after register reset is completed
6 | PN[3] X R |NA
5 | PN[2] X R [NA
bg25600C: 0110
4 | PN[1] X R |NA
3 | PN[O] X R |NA
2 Reserved
1 |DEV_REV[1] X R [NA
0 |DEV_REV0] X R [NA

LEGEND: R/W = Read/Write; R = Read only

9 Application and Implementation

x

information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application information

A typical application consists of the device configured as an I1°C controlled parallel charger with a main charger
bg25600 to fast charge single cell Li-lon and Li-polymer batteries used in a wide range of smart phones and
other pzortable devices. bg25600 and bgq25660C have different 1°C address so that two devices can share the
same I°C bus.
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9.2 Typical Application Diagram
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Typical Application Diagram (#T )

9.2.1 Design Requirements
9.2.2 Detailed Design Procedure

9.2.2.1 Inductor Selection

The 1.5-MHz switching frequency allows the use of small inductor and capacitor values to maintain an inductor
saturation current higher than the charging current (Icyg) plus half the ripple current (IgppLg):

Isat 2 Iche + (1/2) Irippie (@D)]

The inductor ripple current depends on the input voltage (Vygys), the duty cycle (D = Vgat/Vyeus), the switching
frequency (fs) and the inductance (L).
| _ ViyxDx(1-D)
RPPLE = = (" @
The maximum inductor ripple current occurs when the duty cycle (D) is 0.5 or approximately 0.5. Usually inductor
ripple is designed in the range between 20% and 40% maximum charging current as a trade-off between
inductor size and efficiency for a practical design.

9.2.2.2 input Capacitor

Design input capacitance to provide enough ripple current rating to absorb input switching ripple current. The
worst case RMS ripple current is half of the charging current when duty cycle is 0.5. If the converter does not
operate at 50% duty cycle, then the worst case capacitor RMS current Ig;, occurs where the duty cycle is closest
to 50% and can be estimated using A3 3.

loin =lcHg x YD x(1-D) (3

Low ESR ceramic capacitor such as X7R or X5R is preferred for input decoupling capacitor and should be
placed to the drain of the high-side MOSFET and source of the low-side MOSFET as close as possible. Voltage
rating of the capacitor must be higher than normal input voltage level. A rating of 25-V or higher capacitor is
preferred for 15 V input voltage. Capacitance of 22-uF is suggested for typical of 3A charging current.

9.2.2.3 Output Capacitor

Ensure that the output capacitance has enough ripple current rating to absorb the output switching ripple current.
235 4 shows the output capacitor RMS current Icoyt calculation.

I
loout = JEPLE = 0.29 x lrippe
(4)
The output capacitor voltage ripple can be calculated as follows:
AV = VOUT2 (1 _ VOUT]
8LCfs Vin (%)

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

The charger device has internal loop compensation optimized for >20uF ceramic output capacitance. The
preferred ceramic capacitor is 10V rating, X7R or X5R.
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9.3 Application Curves

24. PFM Switching in Buck Mode
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25. PWM Switching in Buck Mode
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Application Curves (#TR)
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28. Charge Disable
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10 Power Supply Recommendations

In order to provide an output voltage on the SYS pins, the bg25600C device requires a power supply between
3.9 V and 14.2 V input with at least 100-mA current rating connected to VBUS and a single-cell Li-lon battery
with voltage > Vgatyvio connected to BAT. The source current rating needs to be at least 3 A in order for the
buck converter of the charger to provide maximum output power to SYS.
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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 29) is important to prevent electrical
andmagnetic field radiation and high frequency resonant problems.

IMPORTANT
It is essential to follow this specific layout PCB order.

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

» Put output capacitor near to the inductor and the device.

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

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

« Itis OK to connect all grounds together to reduce PCB size and improve thermal dissipation.
e Try to avoid ground planes in parallel with high frequency traces in other layers.
See the EVM design for the recommended component placement with trace and via locations.

11.2 Layout Example

T

@l ; +
4]

29. High Frequency Current Path
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12.4 Glossary

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

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

BQ25600CYFFR Active Production DSBGA (YFF) | 30 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25600C
BQ25600CYFFR.A Active Production DSBGA (YFF) | 30 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25600C
BQ25600CYFFR.B Active Production DSBGA (YFF) | 30 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25600C

BQ25600CYFFT Active Production DSBGA (YFF) | 30 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25600C
BQ25600CYFFT.A Active Production DSBGA (YFF) | 30 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25600C
BQ25600CYFFT.B Active Production DSBGA (YFF) | 30 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25600C

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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. TI 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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% PACKAGE OUTLINE
YFFO0030 DSBGA - 0.625 mm max height
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BUMP AL— |/
CORNER

!
0.625 MAX  §
JUOUOUO_ 1t
0.30 BALL TYP
0.12

- [iee —

‘ SYMM ‘

AL

@ O O D: Max = 2.392 mm, Min =2.332 mm

O
plO OO O Ol s E: Max = 1.992 mm, Min =1.931 mm

I EF =t
TYP CO

OO0
SO0 000
oJeJe

Al
[0.4]TYP /1 2l 3’
30X B3 [0.4]TYP

[ [0.0150 [c|A[B]

4219433/A 03/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFFO0030 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

LAND PATTERN EXAMPLE
SCALE:25X
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NOT TO SCALE

4219433/A 03/2016

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFFO0030 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP —f=—

30X ([J0.25)

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

4219433/A 03/2016

NOTES: (continued)

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