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SINGLE-CHIP, LI-ION AND LI-POL CHARGER IC WITH AUTONOMOUS USB-PORT AND
AC-ADAPTER SUPPLY MANAGEMENT (bqTINY™-II)

2• Small 3 mm × 3 mm MLP Package
• Charges and powers Systems from Either AC The bqTINY-II series are highly-integrated, flexible

Li-Ion linear charge and system power managementAdapter or USB With Autonomous
devices for space-limited charger applications. In apower-Source Selection
single monolithic device, the bqTINY-II offers• Integrated USB Control With Selectable 100 integrated USB-port and ac-adapter supplymA and 500 mA Charge Rates management with autonomous power-source

• Ideal for Low-Dropout Charger Designs for selection, power-FET and current-sensor interfaces,
Single-Cell Li-Ion or Li-pol Packs in Space high-accuracy current and voltage regulation, charge

status, and charge termination.Limited portable applications
• Integrated power FET and Current Sensor for The bqTINY-II automatically selects the USB-port or

Up to 1-A Charge applications From AC the ac-adapter as the power source for the system. In
Adapter the USB configuration, the host can select from two

preset charge rates of 100 mA or 500 mA. In the• Precharge Conditioning With Safety Timer
ac-adapter configuration, an external resistor sets the

• power Good (AC Adapter Present) Status system or charge current.
Output

The bqTINY-II charges the battery in three phases:• Optional Battery Temperature Monitoring conditioning, constant current, and constant voltage.Before and During Charge Charge is terminated based on minimum current. An
• Automatic Sleep Mode for Low-power internal charge timer provides a backup safety for

Consumption charge termination. The bqTINY-II automatically
restarts the charge if the battery voltage falls below
an internal threshold. The bqTINY-II automatically
enters sleep mode when both supplies are removed.• PDAs, MP3 Players

• Digital Cameras
• Internet appliances
• Smartphones

1

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

2bqTINY is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright © 2002–2007, Texas Instruments IncorporatedProducts conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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DESCRIPTION CONTINUED

Dissipation Ratings

ABSOLUTE MAXIMUM RATINGS (1)
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

Different versions of the bqTINY-II offer many additional features. These include a temperature-sensor input for
detecting hot or cold battery packs, a power-good output (PG) indicating the presence of input power, a TTL-level
charge-enable input (CE) used to disable or enable the charge process, and a TTL-level timer and taper-detect
enable input (TTE) used to disable or enable the fast-charge timer and charge termination.

ORDERING INFORMATION
CHARGE OPTIONAL FAST-CHARGE TAPER USB TAPER PARTTJ REGULATION MARKINGSFUNCTIONS (1) TIMER (Hours) TIMER THRESHOLD
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RECOMMENDED OPERATING CONDITIONS

ELECTRICAL CHARACTERISTICS
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ELECTRICAL CHARACTERISTICS (continued)
over 0°C ≤ TJ ≤ 125°C and recommended supply voltage, unless otherwise noted

PARAMETER
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bq24020bq24022bq24023bq24024,bq24025,bq24026bq24027SLUS549E–DECEMBER2002–REVISEDNOVEMBER2007ELECTRICALCHARACTERISTICS(continued)over0C�”TJ�”125Candrecommendedsupplyvoltage,unlessotherwisenotedPARAMETERTESTCONDITIONSMINTYPMAXUNITBATTERYRECHARGETHRESHOLDVO(REG)VO(REG)VO(REG)VRCHRechargethresholdV–5 215–5 20–5 085VCC(MIN)�•4.5V,tFALL=100nsdecreasingt(DEGL)Deglitchtimeforrechargedetectbeloworincreasingabovethreshold,250375500ms10mVoverdriveSTAT1,STAT2,andPGOUTPUTSVOLLow-leveloutputsaturationvoltageIO=5mA0.25VISET2,CHARGEENABLE(CE),TIMERANDTERMINATIONENABLE(TTE),ANDTIMERENABLE(TE)INPUTSVILLow-levelinputvoltageIIL=10A00.4VVIHHigh-levelinputvoltageIIL=20A1.4CE,TEorTTElow-level–1IILinputcurrentCE,TEorTTEhigh-level1IIHmAinputcurrentIILISET2low-levelinputcurrentIISET2=0–20IIHISET2high-levelinputcurrentIISET2=VCC40IIHISET2high-Zinputcurrent1VTIMERSt(PRECHG)Prechargetime1,5841,8002,016bq24020bq24022t(TAPER)Tapertimebq240231,5841,8002,016bq24024bq24025sbq24020bq2402215,84018,00020,160bq24023bq24024t(CHG)Chargetimebq24025bq2402622,17625,20028,224bq24027I(FAULT)Timerfaultrecoverycurrent200ASLEEPCOMPARATORVCC�”Sleep-modeentryV(SLP)5.3V�”VI(OUT)�”VO(REG)VI(OUT)thresholdvoltage+80mVVVCC�•SleepmodeexitV(SLPEXIT)5.3V�”VI(OUT)�”VO(REG)VI(OUT)thresholdvoltage
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TYPICAL CHARACTERISTICS
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Figure 1.

The bqTINY-II supports a precision Li-Ion, Li-pol charging system suitable for single-cell packs. Figure 3 shows a
typical charge profile, application circuit and Figure 4 shows an operational flow chart.

Figure 2. Typical Charging Profile

Copyright © 2002–2007, Texas Instruments Incorporated Submit Documentation Feedback 9
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FUNCTIONAL DESCRIPTION
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Figure 3. Typical Application Circuit
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Figure 4. Operational Flow Chart
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AUTONOMOUS POWER SOURCE SELECTION
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As default, the bqTINY-II attempts to charge from the AC input. If AC input is not present, the USB is selected. If
both inputs are available, the AC adapter has the priority. See for details.

Figure 5. Typical Charging Profile

The bqTINY-II continuously monitors battery temperature by measuring the voltage between the TS and VSS
pins. An internal current source provides the bias for common 10-kΩ negative-temperature coefficient thermistors
(NTC) (see Figure 6). The device compares the voltage on the TS pin with the internal V(LTF) and V(HTF)
thresholds to determine if charging is allowed. If a temperature outside the V(LTF) and V(HTF) thresholds is
detected, the device immediately suspends the charge by turning off the power FET and holding the timer value
(i.e. timers are NOT reset). Charge is resumed when the temperature returns within the normal range.

The allowed temperature range for a 103AT-type thermistor is 0°C to 45°C. However the user may modify these
thresholds by adding two external resistors. See Figure 7.

If the battery voltage falls below the V(LOWV) threshold during a charge cycle, the bqTINY-II applies a precharge
current, IO(PRECHG), to the battery. This feature revives deeply discharged cells. The resistor connected between
the ISET1 and VSS, RSET, determines the precharge rate. The V(PRECHG) and K(SET) parameters are specified in
the specifications table. Note that this

allowedallow
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/F4 -10 Tf
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The bqTINY-II offers on-chip current regulation with a programmable set point. The resistor connected between
the ISET1 and VSS, RSET, determines the AC charge rate. The V(SET) and K(SET) parameters are specified in the
specifications table.

When charging from a USB port, the host controller has the option of selecting either a 100-mA or a 500-mA
charge rate using the ISET2 pin. A low-level signal sets the current at 100 mA, and a high-level signal sets the
current at 500 mA. A high-Z input disables USB charging

The voltage regulation feedback is through the OUT pin. This input is tied directly to the positive side of the
battery pack. The bqTINY-II monitors the battery-pack voltage between the OUT and VSS pins. When the battery
voltage rises to the VO(REG) threshold, the voltage-regulation phase begins and the charging current begins to
taper down.

As a safety backup, the bqTINY-II also monitors the charge time. If the charge is not terminated within the time
period specified by t(CHG), the bqTINY-II turns off the charger and asserts a FAULT code on the STATx pins.
Please refer to the TIMER FAULT RECOVERY section for additional details.

The bqTINY-II monitors the charging current during the voltage-regulation phase. When the taper threshold,
I(TAPER), is detected, the bqTINY-II initiates the taper timer, t(TAPER). Charge is terminated after the timer expires.
The resistor connected between the ISET1 and VSS, RSET, determines the taper detection level. The V(TAPER) and
K(SET) parameters are specified in the specifications table. Note that this applies to both AC and USB charging.

The bqTINY-II resets the taper timer if the charge current rises above the taper threshold, I(TAPER).

In addition to taper-current detection, the bqTINY-II terminates charge if the charge current falls below the I(TERM)
threshold. This feature allows quick recognition of a battery-removal condition, or insertion of a fully charged
battery. Note that the charge timer and taper timer are bypassed for this feature. The resistor connected between
the ISET1 and VSS, RSET, determines the taper detection level. The V(TERM) and K(SET) parameters are specified in
the specifications table. Note that this applies to both AC and USB charging.

After charge termination, the bqTINY-II re-starts the charge when the voltage on the OUT pin falls below the
V(RCH) threshold. This feature keeps the battery at full capacity at all times.

The bq24026 and bq24027 monitor the charging current during the voltage-regulation phase. Once the taper
threshold, I(TAPER), is detected, the bq24026/27 terminates the charge. There is no taper timer (t(TAPER)) for this
version.

The resistor connected between the ISET1 and VSS, RSET, determines the taper-detect level for AC input. For
USB charge, taper level is fixed at 10% of the 100- or 500-mA charge rate.

Also note that there is I(TERM) detection in the bq24026 and the bq24027.

The bqTINY-II enters low-power sleep mode if both AC and USB are removed from the circuit. This feature
prevents draining the battery in the absence of input supply.
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Product Folder Link(s): bq24020 bq24022 bq24023 bq24024 bq24025 bq24026 bq24027
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The open-drain STAT1 and STAT2 outputs indicate various charger operations as shown in the following table.
These status pins can be used to drive LEDs or communicate to the host processor. Note that OFF indicates the
open-drain transistor is turned off.

Table 1. Status Pins Summary (1)

CHARGE STATE STAT1 STAT2
Precharge in progress ON ON
Fast charge in progress ON OFF
Charge done OFF ON
Charge suspend (temperature) OFF OFF
Timer fault OFF OFF
Sleep mode OFF OFF

(1) OFF means the open-drain output transistor on the STAT1 and STAT2 pins is in an off state.

The open-drain PG (power Good) indicates when the AC adapter is present. The output turns ON when a valid
voltage is detected. This output is turned off in the sleep mode. The PG pin can be used to drive an LED or to
communicate to the host processor.

The CE digital input is used to disable or enable the

http://focus.ti.com/docs/prod/folders/print/bq24020.html
http://focus.ti.com/docs/prod/folders/print/bq24022.html
http://focus.ti.com/docs/prod/folders/print/bq24023.html
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http://focus.ti.com/docs/prod/folders/print/bq24026.html
http://focus.ti.com/docs/prod/folders/print/bq24027.html
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http://focus.ti.com/docs/prod/folders/print/bq24027.html
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PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

BQ24020DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24020DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24022DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24022DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24023DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24023DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24024DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24024DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24025DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24025DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24026DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24026DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24027DRCR ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24027DRCRG4 ACTIVE SON DRC 10 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24027DRCT ACTIVE SON DRC 10 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ24027DRCTG4 ACTIVE SON DRC 10 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)
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(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI 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. TI and TI 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 TI part(s) at issue in this document sold by TI
to Customer on an annual basis.

PACKAGE OPTION ADDENDUM

www.ti.com 31-Oct-2007

Addendum-Page 2



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

BQ24020DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ24022DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ24023DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.0 8.0 12.0 Q2

BQ24023DRCR SON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.
0 g
546.364 299.638 1.0 7 302.649 Tm [(8.0) ] TJ
ET
q
0 g
480.05 7 302.649 Tm [(8.0) ] TJ
ET
q
0 g
45 re f
QT
q9.817 289.394 Tm [(8.0) ] TJ
ET
q
0 g
4T
q
0 g
507.396 299.638 1.0TJ
ET
q
4 485.939 TJ24023DRCR

SONSON10SONSONSON3.33.33.33.33.38.0



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

BQ24020DRCR SON DRC 10 3000 367.0 367.0 35.0

BQ24022DRCR SON DRC 10 3000 367.0 367.0 35.0

BQ24023DRCR SON DRC 10 3000 370.0 355.0 55.0

BQ24023DRCR SON DRC 10 3000 367.0 367.0 35.0

BQ24024DRCR SON DRC 10 3000 367.0 367.0 35.0

BQ24024DRCR SON DRC 10 3000 370.0 355.0 55.0

BQ24025DRCR SON DRC 10 3000 367.0 367.0 35.0

BQ24025DRCR SON DRC 10 3000 370.0 355.0 55.0

BQ24026DRCR SON DRC 10 3000 367.0 367.0 35.0

BQ24026DRCR SON DRC 10 3000 370.0 355.0 55.0

BQ24027DRCR SON DRC 10 3000 367.0 367.0 35.0

BQ24027DRCT SON
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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
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