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FEATURES
� Designed for Off-Line Charger Design for

Single-Cell Li-Ion Packs

� Provides Control Feedback to a Primary-Side
Controller

� Robust Battery Insertion and Removal
Detection

� Charge Current and Voltage Regulation
Feedback to Primary-Side for High-Accuracy
Charging

� Charge Termination by Minimum Current and
Time

� Pre-Charge Conditioning Regulator with
Safety Timer

� Charge Status Outputs for LED or Host
Processor Interface Indicates Charge-
in-Progress, Charge Completion, and Fault
Conditions

� Temperature Monitoring Before and During
Charge

� Short-Circuit Protection

� Small, 14-Pin TSSOP Package

APPLICATIONS
� Cradle Chargers for Digital Cameras

� Desktop Chargers

� Handheld Devices
   

DESCRIPTION

The bq24901 Li-Ion charge management devices
are designed specifically for off-line charger
applications. The bq24901 resides on the
secondary-side of the transformer and provides
the control feedback to a variety of primary side
controllers. The bq24901 offers current or voltage
regulation feedback, temperature monitoring,
charge status, and adjustable charge termination,
in a single monolithic device. During
battery-absent or charge-complete conditions,
the bq24901 continuously regulates the
secondary-side voltage, used as VCC supply to
the device.

The bq24901 features a time-limited precon–
ditioning phase to condition deeply discharged
cells. The pre-conditioning phase is achieved by
linear regulation in the secondary side. Following
preconditioning, the bq24901 regulates the
charge current to the value set by the external
current sense resistor. Once the battery reaches
the charge voltage, the voltage regulation loop
takes over and completes the charge cycle. The
accuracy of the voltage regulation is better than
±30mV. Charge is terminated based on minimum
current. The minimum current level is set through
TADJ pin. An internal five-hour charge timer
provides a backup for charge termination.

The bq24901 is designed to reliably detect battery
insertion and removal conditions, including packs
with open protectors. Other standard features
include a recharge feature activated when the
battery voltage falls below the VRCH threshold.
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ELECTRICAL CHARACTERISTICS  (continued)Over recommended operating free-air temperature and supply voltage (unless otherwise noted) PA R A M E T E R U N I T M A X T Y P

M I N

TEST CONDITIONS

BATTERY RECHARGE THRESHOLD (VR C H ) COMPARATOR V ( R C H )Recharge threshold voltage V O(REG) –

79329

V O(REG) –

79312

VV ( P O R )2 . 0 02 . 7 02 . 8 5VT I M E R St ( P R E C H G )V I(BAT)

 < V(LOWV)

(PRECHG)
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OPTD
VCC

SCOMP
ICOMP

VCOMP
STAT1
STAT2

VSS
CC
SNS
BAT
TS
VREF
TADJ

PW PACKAGE†

(TOP VIEW)

TERMINAL FUNCTIONS
TERMINAL

I/O DESCRIPTION
NAME NO.

I/O DESCRIPTION

BAT 11 I Battery voltage sense input. This input is tied direh.938 546.463 Tm
-0.0015 Tc
-0.1
-01
8 0 0 8 206.2488 546.463 Tris input is tied 8 d9.28t76 60T5 positiv6.2ide of60T5 b0.1
-0 pack.0 8 136. 0 0 8 646.463 Tm
-0.0015 Tc
-0.0001T
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FUNCTIONAL BLOCK DIAGRAM
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APPLICATION INFORMATIONBatteryPresent?TS pinin LTF to HTFrange?Indicate CHARGESUSPENDNoVBAT<VLOWVYesNoVBAT<VLOWVT30minExpired?NoYesIndicate FaultBatteryReplaced?YesNoYesT5hr Expired?NoSuspend chargeIndicate Charge–In–ProgressRegulateIPRECHGIndicate Charge–In–ProgressRegulateCurrent or VoltageIndicate BATTERYABSENTCheck for batteryPresenceNoReset and StartT30min timerTS pinin LTF to TCOrange?Indicate CHARGESUSPENDNoSuspend chargePORYesYesReset and StartT5hr timerTS pinin LTF to TCOrange?ITERMdetection?YesYesVBAT < VRCH?NoIndicate DONECharge CompleteYesVBAT<VLOWVNoNo– Fault Condition– Enable IDETECTNoYesYesTS pinin LTF to HTF

range?NoTS pinin LTF to HTF

range?

Indicate CHARGESUSPENDSuspend chargeNoNoIndicate Charge

–In–

Progress –

 Turn off charge–

 Enable IDISCHG for

tDISCHG2

Indicate BATTERY
ABSENT

Battery RemovedYesReset and Start
T30min timerYesReset and Start

T5hr timerYesFigure 3. Operational Flow Chart
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A P P L I C A T I O N  I N F O R M A T I O N

C u r r e n t  Regulation Ramp-Up and Ramp-DownBoth current regulation loops ramp up and down when transitioning from pre-charge to fast charge, and when

going in and out of fault/suspend mode where the LDO needs to be turned hard on or off. Figure 5 demonstrates

0

3 0 0

1 5 0

1 0 2 0 5 0

2 0 0

2 5 0 5 0

2 5

7 5

1 0 0

1 2 5

2 2 5

2 7 5 3 0 4 0 6 0 7 0

2 4 6 8 1 0 1 2 1 4t –  Time –
Step Count
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A P P L I C A T I O N  I N F O R M A T I O N Battery Insertion and Removal Detection
The bq249016reliably detects insertion and removal of battery packs under various conditions. This includes
t h e  b a t t e r y  p a c k s  w i t h  o p e n  o r  c l o s e d  p r o t e c t o r s .  F i g u r e  6  s h o w s  t h e  f l o w  c h a r t .  Ta b l e  1  p r o v i d e s  a  s u m m a r y
o f  v a r i o u s  b a t t e r y  i n s e r t i o n  a n d  r e m o v a l  c o n d i t i o n s .

Y e sV B A T  >VDSCHG?I n  V o l t a g e

Regulation?

Absent

Present

Enable

I

f o r  tW A K E

Enable I D S C H G

f o r  tD S C H G
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A P P L I C A T I O N  I N F O R M A T I O N Table 1. State Machine StatusSTATE MACHINESTATUSBATTERY PACKS TA T U SA C T I O N1Following power-on r e s e t  ( P O R )

D e p e n d i n g  o n  t h e  b a t t e r y  v o l t a g e ,  t h e  d e v i c e . e i t h e r  e n t e r s  p r e –c h a r g e  o r  f a s t c h a r g e .

2F o l l o w i n g P O R

D e p e n d i n g  o n  t h e  b a t t e r y  v o l t a g e ,  t h e  d e v i c e . e i t h e r  e n t e r s  p r e –c h a r g e  o r  f a s t c h a r g e .

3P r e - c o n d i t i o n i n gPack is.removed.�

The device.enters fast charge (since the output capacitor rises above VLOWV) andterminates immediately due to ITERM

The device.then.enables ID I S C H G  for t. In the absence of a battery, theBAT voltage falls below VRCH, prompting the device.to indicate BATTERYABSENT. If the battery is present the BAT voltage does not fall below VRCH andtherefore device.assumes a battery is still connected and indicates DONE onSTAT pins.

4F a s t c h a r g e

The device.then.enables ID I S C H G  for t. In the absence of a battery, theBAT voltage falls below VR C H , prompting the device.to indicate BATTERY

ABSENT. If the battery is present the BAT voltage does not fall below VR C H therefore device.assumes a battery is still connected and indicates DONE on

S T A T  p i n s .

5

T h e  d e v i c e . r e m a i n s  t h e  c h a r g e  s u s p e n d  m o d e . a s  l o n g  a s  t h e  T S  p i n  v o l t a g e  i s outside the VLTFHTFThe device.leaves the charge-suspend mode.and resumes charging dependingon the battery voltage.

�

The device.resets the timers only if it.enters a charge mode.different from wherethe initial.charge suspend condition happened (for instance from pre-charge tofast or vice.versa)

7

T h e  d e v i c e . r e m a i n s  t h e  c h a r g e  s u s p e n d  m o d e . a s  l o n g  a s  t h e  T S  p i n  v o l t a g e  i s outside the VLTFHTF

T h e  d e v i c e . e n t e r s  p r e - c h a r g e  ( s i n c e  t h e  v o l t a g e  i s  b e l o w  V LOWV) .  T h i s . a c t i o n closes the protector and charging resumes.

9Pack is removed. A pack withopen protector and abnormaltemperature inserted �

T h e  d e v i c e . r e m a i n s  t h e  c h a r g e  s u s p e n d  m o d e . a s  l o n g  a s  t h e  T S  p i n  v o l t a g e  i s outside the VLTF

Timer faultPack is.removed.

Once in the fault mode, the device.applies the Ipurpose of this.current is to detect the removal.of the pack.

�
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PACKAGING INFORMATION

Orderable Device

http://www.ti.com/productcontent




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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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