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bg2416xx 2.5A, Dual-Input, Single-Cell Switched-Mode Li-lon Battery Charger with Power
Path Management and I°C Interface

1

Features
High-Efficiency Switched-Mode Charger with
Separate Power Path Control

— Instantly Start Up System from a Deeply
Discharged Battery or No Battery

Compatible with MaxLife™ Technology for Faster

Charging When Used in Conjunction With
bg27530

Dual Input, Integrated FET Charger for up to 2.5-A

Charging
(OVP)
— 6.5V forUSB Inputupto1.5A

— 10.5V for IN input (bq24160, bg24160A,
bg24161, bq24163) up to 2.5 A

— 6.5V for IN input (bq24168) up to 2.5 A

Safe and Accurate Battery-Management
Functions

— 1% Battery Regulation Accuracy
— 10% Charge Current Accuracy

Charge Parameters Programmed Using 12C
Interface

Voltage-Based, NTC Monitoring Input

— JEITA Compatible (bg24160, bq24160A,
bg24161B, bq24163, bq24168)

Available in small 2.8-mm x 2.8-mm 49-ball
WCSP or 4-mm x 4-mm VQFN-24 Packages

Application Schematic

20-V input rating, with Overvoltage Protection

2 Applications

» Handheld Products

* Portable Media Players

» Portable Equipment

* Netbook and Portable Internet Devices

3 Description

The bg24160, bg24160A, bg24161, bg24161B,
bg24163, and bg24168 are highly integrated single-
cell Li-lon battery charger and system power path
management devices targeted for space-limited,
portable applications with high-capacity batteries. The
single-cell charger has dual inputs which allow
operation from either a USB port or a higher-power
input supply (that is, AC adapter or wireless charging
input) for a versatile solution. The two inputs are fully
isolated from each other and are easily selectable
using the 1°C interface.

The power path management feature allows the
bg2416xx to power the system from a high-efficiency
DC-DC converter while  simultaneously and
independently charging the battery. The power-path
management architecture enables the system to run
with a defective or absent battery pack and enables
instant system turnon even with a totally discharged
battery or no battery.

Device Information

PART NUMBER PACKAGE BODY SIZE (NOM)
VQFN (24) 4.00 mm x 4.00 mm
bg2416xx
DSBGA (49) 2.80 mm x 2.80 mm

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

AC Adapter or
Wireless Power

TEMP | PACK+
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Device Comparison Table

TIMERS NS v
PART NUMBER® @ USB OVP IN OVP USB DETECTION (Safety and MBNFTEIING lBATSHRT’ Vhiners
Watchdog) BATSHRT
3.0V
b(24160 6.5V 10.5V D+/D— Yes JEITA 50mA 3.5V
3.0V
bq24160A 6.5V 10.5V D+/D- No JEITA SOmA 3.5V
PSEL (0=1.5A, 2.0V
bg24161 6.5V 10.5v 1=100mA) Yes Standard 50mA 3.5V
PSEL (0=1.5A, 3.0V
b24161B 6.5V 10.5V 1=500mA) Yes JEITA 50mA 3.5V
2.0V
b024163 6.5V 10.5V D+/D— Yes JEITA 50mA 3.2v
PSEL (0=1.5A, 2.0V
bq24168 6.5V 6.5V 1=100mA) No JEITA SOmA 3.5V

(1) Each of the above are available in as YFF and RGE packages with the following options:
R - tabed and reeled in quantities of 3,000 devices per reel.
T - taped and reeled in quantities of 250 devices per reel.

(2) This product is RoHS compatible, including a lead concentration that does not exceed 0.1% of total product weight, and is suitable for
use in specified lead-free soldering processes. In addition, this product uses package materials that do not contain halogens, including
bromine (Br) or antimony (Sb) above 0.1% of total product weight.

7 Pin Configuration and Functions

RGE Package
VQFN 24 Pins
Top View

q| ao
1aind

(23] nama
[19] Lo08

2
-
1

N

17| PaND PSEL

bq24161
bq241618
bq241618

bq24160
bq24163

1vls
31vo8

YFF Package
WCSP 49 Pins
Top View

bq24161
bq24160 bq24161B
bq24163 bq24168
(Top View) (Top View)
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Pin Functions

PIN

NAME

NO.

bg24160, 3

NO.
bg24161, 1B, 8

YFF

RGE

YFF RGE

/10

DESCRIPTION

BAT

G1-G4

11,12

G1-G4 | 11,12

110

Battery Connection — Connect to the positive terminal of the battery. Additionally, bypass BAT
to GND with at least a 1puF capacitor.

BGATE

F5

10

F5 10

External Discharge MOSFET Gate Connection — BGATE drives an external P-Channel
MOSFET to provide a very low-resistance discharge path. Connect BGATE to the gate of the
external MOSFET. BGATE is low during high impedance mode and when no input is connected.

BOOT

E7

19

E7 19

High Side MOSFET Gate Driver Supply — Connect a 0.01pF ceramic capacitor (voltage rating
> 10V) from BOOT to SW to supply the gate drive for the high side MOSFETSs.

E4

24

E4 24

IC Hardware Chip Disable Input — Drive CD high to place the bg2416xx in high-z mode. Drive
CD low for normal operation. Do not leave CD unconnected.

E2

E3

D+ and D- Connections for USB Input Adapter Detection — When a charge cycle is initiated
by the USB input, and a short is detected between D+ and D—, the USB input current limit is set
to 1.5A. If a short is not detected, the USB100 mode is selected. The D+/D— detection has no
effect on the IN input.

F7

F7 6

Gate Drive Supply — DRV is the bias supply for the gate drive of the internal MOSFETSs. Bypass
DRV to PGND with a 1uF ceramic capacitor. DRV may be used to drive external loads up to
10mA. DRV is active whenever the input is connected and VsyppLy > Vuvio and Vsuppry > (Veat

+Vsip)

Al- A4

21

Al- A4 21

Input power supply — IN is connected to the external DC supply (AC adapter or alternate power
source). Bypass IN to PGND with at least a 1uF ceramic capacitor.

INT

F6

F6 7

Status Output — INT is an open-drain output that signals charging status and fault interrupts.
INT pulls low during charging. INT is high impedance when charging is complete or the charger
is disabled. When a fault occurs, a 128us pulse is sent out as an interrupt for the host. INT is
enabled/disabled using the EN_STAT bit in the control register. Connect INT to a logic rail
through a 100kQ resistor to communicate with the host processor.

PGND

D1-D7,
E1l, G7

5, 15,
16, 17

D1-D7, 5, 15,
El,G7 | 16, 17

Ground terminal — Connect to the thermal pad (for VQFN only) and the ground plane of the
circuit.

PMIDI

B1-B4

20

B1-B4 20

Reverse Blocking MOSFET and High Side MOSFET Connection Point for High Power
Input — Bypass PMIDI to GND with at least a 4.7uF ceramic capacitor. Use caution when
connecting an external load to PMIDI. The PMIDI output is not current limited. Any short on
PMIDI will damage the IC.

PMIDU

B5-B7

23

B5-B7 23

Reverse Blocking MOSFET and High Side MOSFET Connection Point for USB Input —
Bypass PMIDU to GND with at least a 4.7uF ceramic capacitor. Use caution when connecting an
external load to PMIDU. The PMIDU output is not current limited. Any short on PMIDU will
damage the IC.

PSEL

E2 2

USB Source Detection Input — Drive PSEL high to indicate that a USB source is connected to
the USB input. When PSEL is high, the IC starts up with a 100mA (bq24161/8) or 500mA
(bg24161B) input current limit for USB. Drive PSEL low to indicate that an AC Adapter is
connected to the USB input. When PSEL is low, the IC starts up with a 1.5A input current limit
for USB. PSEL has no effect on the IN input. Do not leave PSEL unconnected.

SCL

E6

E6

I2C Interface Clock — Connect SCL to the logic rail through a 10kQ resistor.

SDA

E5

E5 4

110

I2C Interface Data — Connect SDA to the logic rail through a 10kQ resistor.

STAT

G6

G6 8

Status Output — STAT is an open-drain output that signals charging status and fault interrupts.
STAT pulls low during charging. STAT is high impedance when charging is complete or the
charger is disabled. When a fault occurs, a 128us pulse is sent out as an interrupt for the host.
STAT is enabled /disabled using the EN_STAT bit in the control register. Pull STAT up to a logic
rail thruogh an LED for visual indication or through a 10kQ resistor to communicate with the host
processor.

SW

C1-C7

18

C1-Cc7 18

Inductor Connection — Connect to the switched side of the external inductor.

SYS

F1-F4

13,14

F1-F4 | 13,14

System Voltage Sense and Charger FET Connection — Connect SYS to the system output at
the output bulk capacitors. Bypass SYS locally with at least 10uF. A 47uF bypass capacitor is
recommended for optimal transient response.

TS

G5

G5 9

Battery Pack NTC Monitor — Connect TS to the center tap of a resistor divider from DRV to
GND. The NTC is connected from TS to GND. The TS function provides 4 thresholds for JEITA
compatibility (160, 161B, 163, 168 only). TS faults are reported by the I°C interface. See the
NTC Monitor section for more details on operation and selecting the resistor values. Connect TS
to DRV to disable the TS function.

usB

A5-A7

22

A5-A7 22

USB Input Power Supply — USB is connected to the external DC supply (AC adapter or USB
port). Bypass USB to PGND with at least a 1pF ceramic capacitor.

Thermal
Pad

Pad

— Pad

There is an internal electrical connection between the exposed thermal pad and the PGND pin
of the device. The thermal pad must be connected to the same potential as the PGND pin on the
printed circuit board. Do not use the thermal pad as the primary ground input for the device.
PGND pin must be connected to ground at all times.

Copyright © 2011-2015, Texas Instruments Incorporated
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8 Specifications

8.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
IN, USB -2 20 \Y
Pin voltage range (with PMIDI, PMIDU, BOOT -0.3 20 \Y
respect to VSS) SW 0.7 12 Vv
SDA, SCL, SYS, BAT, STAT, BGATE, DRV, TS, D+, D—, INT, PSEL, CD -0.3 \Y
BOOT to SW -0.3 \Y
. SW 45 A
Output current (Continuous)
SYS, BAT 35 A
. IN 2.75 A
Input current (Continuous)
UsB 1.75 A
. STAT 10 mA
Output sink current
INT 1 mA
Operating free-air temperature range -40 85 °C
Junction temperature, T, -40 125 °C
Lead temperature (soldering, 10 s) 300 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. All voltage
values are with respect to the network ground terminal unless otherwise noted.

8.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
Hum(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 2 kv
ins
Vesp) | Electrostatic discharge P - —
Charged device model gCDM), per JEDEC specification 500 \%
JESD22-C101, all pins®

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

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

MIN MAX | UNIT
IN voltage range 4.2 18
VN IN operating voltage range (bq24160/1/3) 4.2 10 \%
IN operating voltage range (bq24168) 4.2 6
USB voltage range 4.2 18
Vuss - \%
USB operating range 4.2 6
N Input current, IN input 2.5 A
luss | Input current USB input 15 A
Isys | Output Current from SW, DC 3 A
loar Charging 25 A
Discharging, using internal battery FET 2.5 A
T, Operating junction temperature range 0 125 °C
6 Submit Documentation Feedback Copyright © 2011-2015, Texas Instruments Incorporated
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8.4 Thermal Information

a bg2416xx
THERMAL METRIC® UNIT
49 PINS (YFF) 24 PINS (RGE)

03a Junction-to-ambient thermal resistance 49.8 32.6 °C/IW
03ctop Junction-to-case (top) thermal resistance 0.2 30.5 °C/W
038 Junction-to-board thermal resistance 11 3.3 °C/W
WIT Junction-to-top characterization parameter 11 0.4 °C/IW
viB Junction-to-board characterization parameter 6.6 9.3 °C/IW
03chot Junction-to-case (bottom) thermal resistance n/a 2.6 °C/IW

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

8.5 Electrical Characteristics

Circuit of Figure 21, VgyppLy = Vuss Or Vv (Whichever is supplying the IC), Vyvio < VsuppLy < Vove and Vgyppry > VeattVaip: T;
= -40°C - 125°C and T, = 25°C for typical values (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | MIN TYP max| unIT
INPUT CURRENTS
Vuvio < Vsuppiy < Vove and PWM switching 15 mA
lsuppLY Supply current for control (V;y or Vygg) VsuppLy > VeartVsip PWM NOT switching 5
0°C < T, < 85°C, High-Z Mode 175 nA
IBATLEAK Leakage current from BAT to the Supply 0°C < T; < 85°C, Vgar = 4.2V, Viygg = Viy = OV 5 A
| Battery discharge current in High Impedance mode, 0°C< T; < 85°C, Vgar = 4.2V, VgyppLy = 5V 0r 0V, 55 WA
BAT_HIZ (BAT, SW, SYS) SCL, SDA =0V or 1.8V, High-Z Mode
POWER-PATH MANAGEMENT
bqg24160, 1, 1B, 8 3.60 3.7 3.82
Charge Enabled, Vgar < Vyinsys
Vsysree) System regulation voltage bq24163 33 34 35 \%
Battery FET turned off (Charge Disabled, TS Fault or Vgatres Vgatres Vgatres
Charging Terminated) +1.5% +3.0% +4.17%
bq24160, 1, 1B, 8 3.4 35 3.62 \Y
Vuinsys Minimum system regulation voltage Charge enabltled,. Vear < Vunss,
Input current limit or V,yppy active b24163 3.1 3.2 3.3 Vv
V
Vasupt Enter supplement mode threshold Vear > 2.5V _30;’]‘3 \Y
vV, Exit supplement mode threshold Vgar > 2.5V Vear \%
BSUP2 BAT . —10mVv
ILim(discharge) Current limit, discharge or supplement mode Current monitored in internal FET only. 7 A
Deglitch time, SYS short circuit during discharge or Measured from (Vgar — Vsys) = 300mV to BAT high-
toeiscy) ; 250 us
supplement mode impedance
t Recovery time, SYS short circuit during discharge or 60 ms
REC(SC1) supplement mode
Batter)_/ range for BGATE and supplement mode 25 45 v
operation
BATTERY CHARGER
) M d from BAT to SYS, YFF pkg 37 57
Roneat-sys) | Internal battery charger MOSFET on-resistance easijre rom ° mQ
Vear = 4.2V RGE pkg 50 70
Charge Voltage Operating in voltage regulation, Programmable range 3.5 4.44 \Y
V,
BATREG Voltage regulation accuracy -1% 1%
| Fast charge current range Veatshrt < Vear < Veatres) Programmable range 550 2500 mA
CHARGE Fast charge current accuracy 0°C to 125°C -10% +10%
bg24161, 3, 8 1.9 2.0 21
VBATSHRT Battery short circuit threshold 100mV Hysteresis \%
bg24160, 1B 29 3.0 3.1
|BATSHRT Battery short circuit current Vgart < VBATSHRT 50 mA
Deglitch time for battery short circuit to fastcharge 32
loLEATSHRT) | transition ms
lterm = 50MA —35% +35%
lterm Termination charge current accuracy
lterm = 100MA —-15% +15%
tooLrERM) Deglitch time for charge termination Both rising and falling, 2mV overdrive, trisg, tra. = 100ns 32 ms
Viren Recharge threshold voltage Below Vgatres 120 mvV
tooLReH) Deglitch time VBAT falling below VRCH, tFALL=100ns 32 ms

Copyright © 2011-2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Circuit of Figure 21, Vgyppy = Vusg Or Vi (Whichever is supplying the IC), Vyvio < VsuppLy < Vove and Vgyppry > VeattVsip,s T;
=-40°C — 125°C and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vobeteer Battery detection threshold During battery detection source cycle 33 \%
During battery detection sink cycle 3.0
IpeTECT Battery detection current before charge done (sink Termination enabled (EN_TERM = 1) 25 mA
current)
toeTECT Battery detection time Termination enabled (EN_TERM = 1) 250 ms
Vi PSEL, CD Input high logic level 1.3 \Y
Vi PSEL, CD Input low logic level 0.4 \%
INPUT CURRENT LIMITING
lyseum = USB100 90 95 100
lyseum = USB500 450 475 500
In_uss Input current limit threshold (USB input) USB charge mode, Vuss = 5V, luse = USBLS0 1% 125 1%0 mA
- DC Current pulled from SW lussum = USB900 800 850 900
lyseum = USB800 700 750 800
lyseum = 1.5A 1250 1400 1500
- ) IN charge mode, Vy = 5V, Inum = 1.5A 1.35 15 1.65
N Input current limit threshold (IN input) DC Current pulled from SW o = 250 23 y 28 A
Vin_opm Input based DPM threshold range Charge mode, programmable via I2C, both inputs 4.2 4.76 \%
Vin_peu threshold accuracy -2 +2%
VDRV BIAS REGULATOR
Vorv Internal bias regulator voltage VguppLy > 5.45V 5 5.2 5.45 \%
Iprv DRV output current 10 mA
Vpo_prv DRV Dropout voltage (Vsuppry — Vorv) IsuppLy = 1A, VguppLy = 5V, Ipry = 10mA 450 mV
STATUS OUTPUT (STAT, INT)
VoL Low-level output saturation voltage lo = 10mA, sink current 0.4 \%
[ High-level leakage current Vsrar = Vint = 5V 1
PROTECTION
Vuvio IC active threshold voltage V) rising 3.6 3.8 4 \
Vuvio_Hvs IC active hysteresis V) falling from above Vyy o 120 150 mV
Vsip Sleep-mode entry threshold, VsyppLy-Vear 2.0V £Vgar SVeatres: Vi falling 0 40 100 mV
Vsip_exit Sleep-mode exit hysteresis 2.0V £Vgar SVeatRec 40 100 175 mV
Deglitch time for supply rising above Vg p+Vgip gxit Rising voltage, 2mV over drive, tgise = 100ns 30 ms
After Bad Source Detection completes Vin_opm v
- 80 mVv
Veap source | Bad source detection threshold
” During Bad Source Detection ViN_ppm v
+80 mV
toeL(esD) Deglitch on bad source detection 32 ms
USB, Vysg Rising 6.3 6.5 6.7
Vovp Input supply OVP threshold voltage IN, V|y Rising (bg24160/1/1B/3) 10.3 10.5 10.7 \Y
IN, Viy Rising (bq24168) 6.3 6.5 6.7
Vove(Hys) Vovp hysteresis Supply falling from Vgyp 100 mV
Veovp Battery OVP threshold voltage Vgar threshold over Vogeg to turn off charger during charge 1.025x 1.05 1075 x \%
VBATREG VBATREG VBATREG
Vgovp hysteresis Lower limit for Vgar falling from above Vgoyp 1 % of
Veatrec
toeLBOVR) Battery OVP deglitch BOVP fault shown in register once tps @ove) EXPIres. 1 ms
Buck converter shut down immediately when Vgar > Veatove
Vgatuvio Battery undervoltage lockout threshold Vgar rising, 100mV hysteresis 25 \%
L Cycle-by-cycle current limit Vsys shorted 4.1 4.9 5.6 A
TsHtown Thermal trip 165 °C
Thermal hysteresis 10
Tree Thermal regulation threshold Charge current begins to cut off 120 °C
Safety timer accuracy (bg24160/1/1B/3 Only) —20% 20%
PWM
Internal top reverse blocking MOSFET on-resistance In i = 500mA, Measured from USB to PMIDY % 17s mQ
Iin_umir = 500mA, Measured from IN to PMIDI 45 80
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Electrical Characteristics (continued)

Circuit of Figure 21, Vgyppy = Vusg Or Vi (Whichever is supplying the IC), Vyvio < VsuppLy < Vove and Vgyppry > VeattVsip,s T;
=-40°C — 125°C and T, = 25°C for typical values (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Internal top N-channel Switching MOSFET on- Measured from PMIDU to SW 100 175 ma
resistance Measured from PMIDI to SW 65 110
Internal bottom N-channel MOSFET on-resistance Measured from SW to PGND 65 115 mQ
fosc Oscillator frequency 1.35 1.50 1.65 MHz
Duax Maximum duty cycle 95%
Duin Minimum duty cycle 0%
BATTERY-PACK NTC MONITOR
Vhor High temperature threshold V55 falling 29.7 30 30.5 .
Vhys(Hor) Hysteresis on high threshold Vg rising 1 HVory
Vwarm High temperature threshold Vs falling 37.9 38.3 39.6 .
Viyswarm) Hysteresis on high threshold Vqg rising 1 HVory
VeooL Low temperature threshold Vs falling 56 56.5 56.9 .
Vhys(cooL) Hysteresis on low threshold Vg rising 1
Vcoio Low temperature threshold V55 falling 59.5 60 60.4 .
Viys(coLp) Hysteresis on low threshold Vg rising 1 HVory
TSOFF TS Disable threshold Vg rising, 2%Vpgry hysteresis 70 73 %Vpry
tooLrs) Deglitch time on TS change 50 ms
D+/D- DETECTION (bq24160)
Vs _src D+ Voltage Source 0.5 0.6 0.7 \Y
Ips+_sre D+ Connection Check Current Source 7 14 HA
Ip-_sink D- Current Sink 50 100 150 HA
Ib ke D-, switch open -1 1 HA
- Leakage Current into D+/D-
D+, switch open -1 1 HA
Vs _Low D+ Low Comparator Threshold 0.8 \%
Vo. Lowdater | D- Low Comparator Threshold 250 400 mV
Rp. pwn D- Pulldown for Connection Check 14.25 24.8 kQ
BATGD OPERATION
Vaatep Good Battery threshold 3.6 3.8 3.9 \Y
Deglitch for good battery threshold Vgar rising to HIGH-Z mode, DEFAULT Mode Only 32 ms
I2C COMPATIBLE INTERFACE
Vi Input low threshold level Vpuup = 1.8V, SDA and SCL 13 \%
Vi Input low threshold level VpyrLup = 1.8V, SDA and SCL 0.4 \Y
Vo Output low threshold level 1. = 10mA, sink current 0.4
laias High-Level leakage current Vpuup = 1.8V, SDA and SCL 1 pA
twATCHDOG Watchdog timer timeout (bq24160/1/3 Only) 30 s
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8.6 Typical Characteristics

Figure 3. SYSREG and MINSYS Regulation vs Temperature
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Typical Characteristics (continued)
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9 Detailed Description

9.1 Overview

The bg24160/bq24160A/bg24161/bq24161B/bg24163/bg24168 devices are highly integrated single-cell Li-lon
battery chargers and system power path management devices targeted for space-limited, portable applications
with high-capacity batteries. The dual-input, single-cell charger operates from either a USB port or alternate
power source (that is, wall adapter or wireless power input) for a versatile solution.

The power path management feature allows the bg2416xx to power the system from a high-efficiency DC-DC
converter while simultaneously and independently charging the battery. The charger monitors the battery current
at all times and reduces the charge current when the system load requires current above the input current limit.
This allows proper charge termination and enables the system to run with a defective or absent battery pack.
Additionally, this enables instant system turnon even with a totally discharged battery or no battery. The power-
path management architecture also permits the battery to supplement the system current requirements when the
adapter cannot deliver the peak system currents. This enables the use of a smaller adapter. The 2.5-A current
capability allows for GSM phone calls as soon as the adapter is plugged in regardless of the battery voltage. The
charge parameters are programmable using the 1°C interface.
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9.2 Functional Block Diagram
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9.3 Feature Description
9.3.1 Charge Mode Operation

9.3.1.1 Charge Profile

The internal battery MOSFET is used to charge the battery. When the battery is above the MINSYS voltage, the
internal FET is on to maximize efficiency and the PWM converter regulates the charge current into the battery.
When battery is less than MINSYS, the SYS is regulated to Vsygres) and battery is charged using the battery
FET to regulate the charge current. There are 5 loops that influence the charge current:

» Constant current loop (CC)

» Constant voltage loop (CV)

* Thermal-regulation loop

* Minimum system-voltage loop (MINSYS)

* Input-voltage dynamic power-management loop (V\y-DPM)

During the charging process, all five loops are enabled and the one that is dominant takes control. The bg2416xx
supports a precision Li-lon or Li-Polymer charging system for single-cell applications. The Dynamic Power Path
Management (DPPM) feature regulates the system voltage to a minimum of Vynsys, SO that startup is enabled
even for a missing or deeply discharged battery. Figure 10 shows a typical charge profile including the minimum
system output voltage feature.

Precharge Current Regulation Voltage Regulation
Phase
Phase Phase
Regulation Y, S pp—— | ______
voltage /4
4 Charge Current
A— e Regulation
Threshold
System Voltage
Vsys
L
'd
’
r'd
/I
VBATSHORT
P 9 Battery
Prae Voltage
-
-
-
L -
Charge Current
Termination
Current
— — — — Threshold
———————————————————————— ——— ] IBATSHORT
Linear Charge
to Maintain Battery
[+ 50mA Precharge to -»«— Minimum -»«———— Battery FET is ON ——————————»«—FET —»
Close Pack Protector System is OFF
Voltage
Figure 10. Typical bq2416xx Charging Profile
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Feature Description (continued)
9.3.1.2 PWM Controller in Charge Mode

The bg2416xx provides an integrated, fixed-frequency 1.5MHz voltage-mode controller to power the system and
supply the charge current. The voltage loop is internally compensated and provides enough phase margin for
stable operation, allowing the use of small ceramic capacitors with low ESR. When starting up, the bg2416xx
uses a "soft-start" function to help limit inrush current. When coming out of High Impedance mode, the bq2416xx
starts up with the input current limit set to 40% of the value programmed in the I°C register. After 80ms, the input
current limit threshold steps up in 256us steps. The steps are 40% to 50%, then 50% to 60%, then 60% to 70%,
then 70% to 80%, and finally 80% to 100%. After the final step, soft start is complete and will not be restarted
until the bg2416xx enters High Impedance mode.

The input scheme for the bg2416xx prevents battery discharge when the supply voltages are lower than VBAT
and also isolates the two inputs from each other. The high-side N-MOSFET (Q1/Q2) switches to control the
power delivered to the output. The DRV LDO provides a supply for the gate drive for the low side MOSFET,
while a bootstrap circuit (BST) with an external bootstrap capacitor is used to boost up the gate drive voltage for
Q1 and Q2.

Both inputs are protected by a cycle-by-cycle current limit that is sensed through the high-side MOSFETs for Q1
and Q2. The threshold for the current limit is set to a nominal 5A peak current. The inputs also utilize an input
current limit that limits the current from the power source.

9.3.2 Battery Charging Process

Assuming a vaild input source is attached to IN or USB, as soon as a deeply discharged or shorted battery is
attached to the BAT pin, (VgaT < VeatsurT), the bg2416xx applies IgatshrT 10 Close the pack protector switch and
bring the battery voltage up to acceptable charging levels. During this time, the battery FET is linearly regulated
and the system output is regulated to Vsysreg). Once the battery rises above Vgarsurt, the charge current is
regulated to the value set in the I°C register. The battery FET is linearly regulated to maintain the system voltage
at Vsysreg): Under normal conditions, the time spent in this region is a very short percentage of the total
charging time, so the linear regulation of the charge current does not affect the overall charging efficiency for
very long. If the die temperature does rise, the thermal regulation circuit reduces the charge current to maintain a
die temperature less than 120°C. If the current limit for the SYS output is reached (limited by the input current
limit, or Viy ppm). the SYS output drops to the Vysys output voltage. When this happens, the charge current is
reduced to provide the system with all the current that is needed while maintaining the minimum system voltage.
If the charge current is reduced to OmA, pulling further current from SYS causes the output to fall to the battery
voltage and enter supplement mode. (See the Dynamic Power Path Management section for more details.)

Once the battery is charged enough so that the system voltage begins to rise above Vsysreg), the battery FET is
turned on fully and the battery is charged with the full programmed charge current set by the 1°C interface,
lcharce- The slew rate for the fast-charge current is controlled to minimize current and voltage overshoot during
transients. The charge current is regulated to Icyarce Until the battery is charged to the regulation voltage. As the
battery voltage rises above VRCH, the battery regulation loop is activated. This may result in a small step down
in the charge current as the loops transition between the charge current and charge voltage loops. As the battery
voltage charges up to the regulation voltage, Vgatres, the charge current is tapered down as shown in Figure 10
while the SYS output remains connected to the battery. The voltage between the BAT and PGND pins is
regulated to Vgatres. The bg2416xx is a fixed single-cell voltage version, with adjustable regulation voltage (3.5V
to 4.44V), programmed using the 1°C interface.

The bg2416xx monitors the charging current during the voltage-regulation phase. If the battery voltage is above
the recharge threshold and the charge current has naturally tapered down to and remains below termination
threshold, ltggym, (without disturbance from events like supplement mode) for 32ms, the charger terminates
charge, turns off the battery charging FET and enters battery detection. Termination is disabled when the charge
current is reduced by a loop other than the voltage regulation loop or the input current limit is set to 100 mA. For
example, when the bgq2416xx is in half charge due to TS function, reverse boost protection is active, LOW_CHG
bit is set, or the thermal regulation, V\yppm OF input current loops are active, termination will not occur. This
prevents false termination events. During termination, the system output is regulated to the Vgysres) and
supports the full current available from the input and the battery supplement mode is available. (See the Dynamic
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Feature Description (continued)

Power Path Management section for more details.) The termination current level is programmable. When setting
the termination threshold less than 150mA, the reverse boost protection may trip falsely with load transients and
very fully charged batteries. This will prevent termination while in the reverse boost protection and may extend
charge time. To disable the charge current termination, the host sets the charge termination bit (TE) of charge
control register to 0, refer to 12C section for details.

A new charge cycle is initiated if CD is low when either
1. VgyuppLy rises above UVLO while a battery with Vgat < Veatreg - Vren IS attached or
2. a battery with Vgat < Veatreg - Vren is attached while Vgyppy is above UVLO.

With Vgyppy @bove UVLO and V(BAT) < Vgoyp, a recharge cycle is initiated when one of the following conditions
is detected:

1. The battery voltage falls below the Vgatres)-Vren threshold.
2. CE bit toggle or RESET bit toggle

3. Supplement mode event occurs

4. CD pin or HI-Z bit toggle

Veat(reg) Should never be programmed less than Vgar. If the battery is ever 5% above the regulation threshold,
the battery OVP circuit shuts the PWM converter off immediately and the battery FET is turned on to discharge
the battery to safe operating levels. If the battery OVP condition exists for the 1ms deglitch, a battery OVP fault is
reported in the 1°C status registers. The battery OVP fault is cleared when the battery voltage discharges below
Vgren Or if the IC enters hi-impedance mode (HZ_MODE=1 or CD=1). Always write hg2416xx to high impedance
mode before changing Vgatres t0 clear BOVP condition to ensure proper operation.

If the battery voltage is ever greater than VBATREG (for example, when an almost fully charged battery enters
the JEITA WARM state due to the TS pin) but less than Vgoyp, the reverse boost protection circuitry may activate
as explained later in this datasheet. If the battery is ever above Vgoyp, the buck converter turns off and the
internal battery FET is turned on. This prevents further overcharging of the battery and allows the battery to
discharge to safe operating levels. The battery OVP event does not clear until the battery voltage falls below

VRCH-

9.3.3 Battery Detection

When termination conditions are met, a battery detection cycle is started. During battery detection, lpgtect iS
pulled from Vgat for toetect to verify there is a battery. If the battery voltage remains above Vpgrecr for the full
duration of tperect, @ battery is determined to present and the IC enters “Charge Done”. If Vgar falls below
VpetecT, @ “Battery Not Present” fault is signaled and battery detection continues. The next cycle of battery
detection, the bg2416xx turns on lgatsnort fOor toetect- If Veat fises to Vperecer, the current source is turned
offand after tperect, the battery detection continues through another current sink cycle. Battery detection
continues until charge is disabled or a battery is detected. Once a battery is detected, the fault status clears and
a new charge cycle begins. Battery detection is not run when termination is disabled.

9.3.4 Dynamic Power Path Management (DPPM)

The bg2416xx features a SYS output that powers the external system load connected to the battery. This output
is active whenever a source is connected to IN, USB or BAT. The following sections discuss the behavior of SYS
with a source connected to the supply or a battery source only.

9.3.5 Input Source Connected

When a valid input source is connected to IN or USB and the bg2416xx is NOT in High Impedance mode, the
buck converter enters soft-start and turns on to power the load on SYS. The STAT/INT pin outputs a 128us
interrupt pulse to alert the host that an input has been connected. The FAULT bits indicate a normal condition,
and the Supply Status register indicates that a new supply is connected. The CE bit (bit 1) in the control register
(0x02) indicates whether a charge cycle is initiated. By default, the bq2416xx (CE=0) enables a charge cycle
when a valid input source is connected. When the CE bit is '1' and a valid input source is connected, the battery
FET is turned off and the SYS output is regulated to the Vgygreg) Programmed by the Vgarres threshold in the
I2C register. A charge cycle is initiated when the CE bit is written to a 0 value (cleared).
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Feature Description (continued)

When the CE bit is a 0 and a valid source is connected to IN or USB, the buck converter starts up using soft-
start. A charge cycle is initiated 64ms after the buck converter iniates startup. When Vg7 is high enough that
Vsys > Vsysreg) the battery FET is turned on and the SYS output is connected 