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ABSTRACT

The bq2404x, bq2405x, and bq2409x series of devices are highly integrated Li-Ion and Li-Pol linear
chargers devices targeted at space-limited portable applications. The devices operate from either a USB
port or AC adapter. The high input voltage range with input overvoltage protection supports low-cost
unregulated adapters. These devices have a single power output that charges the battery. A system load
can be placed in parallel with the battery as long as the average system load does not keep the battery
from charging fully during the 10 hour safety timer. This application note provides a selection table that
highlights different specifications and features of these linear chargers. If dual input is needed, the
bq2403x could be a good option. If dual power output is needed, consider using the bq2407x or bq2423x.
If a switch mode charger is needed, consider using the bq2416x for dual input applications or the bq2427x
for single input applications.
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Table 1. Selection Table

Specification or Feature bq24040 bq24041 bq24045 bq24050 bq24052 bq24055 bq24090 bq24091 bq24092 bq24093 bq24095

VOVP(V)(1) 6.6 7.1 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6

Battery Regulation Voltage
4.2 4.2 4.35 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.35

(V)

IN-DPM (2) YES YES YES YES YES YES YES YES YES YES YES

PreTerm(3) YES NO YES YES YES YES YES YES YES YES YES

ASI/ASO(4) No Yes No No No No No No No No No

PG (5)/ PG (5)/ PG (5)/ PG (5)/ PG (5)/ PG (5)/ PG (5)/ PG (5)/ PG (5)/
TS (6)/ TS(5) /

Features TS (6) / BAT_EN (7) / TS (6) / TS (6) / TS (6)/ TS (6)/ TS (6) / TS (6)/ TS (6)/
CHG(7) CHG (6)

CHG(7) CHG(7) CHG(7) CHG(7) CHG(7) CHG(7) CHG(7) CHG(7) CHG(7)

Max Input Current (A) 1 1 1 1 1 1 1 1 1 1 1

Charge Current (A) 1 1 1 1 1 1 1 1 1 1 1

Temp Sensing Mode (TS)(6) Current Mode NO Current Mode Current Mode Current Mode Current Mode Current Mode Current Mode Current Mode Current Mode Current Mode

JEITA (8) YES N/A YES YES YES YES NO NO YES YES NO

RNTC Required 10 kΩ N/A 10 kΩ 10 kΩ 100 kΩ 10 kΩ 10 kΩ 100 kΩ 10 kΩ 100 kΩ 10 kΩ

USB YES YES YES YES YES YES YES YES YES YES YES

D+ and D– Detection(9) NO NO NO YES YES YES NO NO NO NO NO

Minimum Vin (V) (10) 4.45 4.45 4.45 4.45 4.45 4.45 4.45 4.45 4.45 4.45 4.45

Maximum Vin (V) (10) 6.45 6.45 6.45 6.45 6.45 6.45 6.45 6.45 6.45 6.45 6.45

Safety Timer (11) Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs Fixed to 10 hrs

Thermal Regulation and
YES YES YES YES YES YES YES YES YES YES YES

Thernal Shutdown(12)

Package (13) 2 × 2 DFN-10 2 × 2 DFN-10 2 × 2 DFN-10 2 × 2 DFN-10 2 × 2 DFN-10 2 × 3 DFN-12 5 × 3 MSOP-10 5 × 3 MSOP-10 5 × 3 MSOP-10 5 × 3 MSOP-10 5 × 3 MSOP-10

(1) Overvoltage Protection: If the input source applies an overvoltage, the pass FET, if previously ON, turns OFF after a deglitch time.
(2) Input Voltage Dynamic Power Management: this feature is used to detect an input source voltage that is dropping, reaching its current limit due to an excessive load.
(3) Programs the Current Termination Threshold (5 to 50% of Iout which is set by ISET) and Sets the Pre-Charge Current.
(4) ASI: Auto Start External input. ASO: Auto Start Logic Output. It is an OR gate with two inputs; an internal power good signal and an external input from ASI pin. The OR gate is powered by

the OUT pin and the OUT pin must be powered by an external source (battery, power supply or via the IN) for the ASO pin to deliver a logic High. The ASI/ASO, OUT and PG signals are
used in production testing to test the system without a battery.

(5) Power Good: Low (FET on) indicates the input voltage is above UVLO and the OUT (battery) voltage.
(6) Battery Temperature Sense
(7) Charge Status Indication: Low (FET on) indicates charging and Open Drain (FET off) indicates no Charging or Charge complete.
(8) JEITA Temperature Standard
(9) This detection is designed to give the charger advance notice that an adaptor or USB port is connect for the cases where the battery is discharged and device transceiver is not able to

communicate with a USB host or there is not a device transceiver.
(10) Recommended Maximum and Minimum Input Voltage
(11) The fast charge timer is fixed at 10 hours and can be increased real time by going into thermal regulation, INDPM or if in USB current limit. The pre-charge timer is set to 30 minutes.
(12) 125°C Thermal Regulation; 150°C Thermal Shutdown Protection
(13) Package Type
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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