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Programmable Multi-Chemistry Fast-Charge Management IC
Check for Samples: bq2000

1FEATURES
GENERAL DESCRIPTION• Safe Management of Fast Charge for NiCd,

NiMH, or Li-Ion Battery Packs The bq2000 is a programmable, monolithic IC for
fast-charge management of nickel cadmium (NiCd),• High-Frequency Switching Controller for
nickel metal-hydride (NiMH), or lithium-ion (Li-Ion)Efficient and Simple Charger Design
batteries in single- or multi-chemistry applications.• Pre-Charge Qualification for Detecting
The bq2000 chooses the proper battery chemistry

Shorted, Damaged, or Overheated Cells (either nickel or lithium) and proceeds with the
• Fast-Charge Termination by Peak Voltage optimal charging and termination algorithms. This

(PVD) for Nickel chemistries, Minimum Current process eliminates undesirable, undercharged, or
overcharged conditions, and allows accurate and safefor Li-Ion chemistries, Maximum Temperature,
termination of fast chargeand Maximum Charge Time

• Selectable Top-Off Mode for Achieving Depending on the chemistry, the bq2000 provides a
Maximum Capacity in NiMH Batteries number of charge termination criteria:

• Peak voltage, PVD (for NiCd and NiMH)• Programmable Trickle-Charge Mode for
Reviving Deeply Discharged Batteries and for • Minimum charge current (for Li-Ion)
Postcharge Maintenance • Maximum temperature

• Built-in Battery Removal and Insertion • Maximum charge time
Detection

For safety, the bq2000 inhibits fast charge until the
• Sleep Mode for Low Power Consumption battery voltage and temperature are within

user-defined limits. If the battery voltage is below the
APPLICATIONS low-voltage threshold, the bq2000 uses trickle-charge

to condition the battery. For NiMH batteries, the• Multi-Chemistry Charger
bq2000 provides an optional top-off charge to• Nickel Charger
maximize the battery capacity.

• High-Power, Multi-Cell Charger
The integrated high-speed comparator allows the
bq2000 to be the basis for a complete, high-efficiency
battery charger circuit for both nickel-based and
lithium-based chemistries.

spacer between para and illustration
8-Pin DIP or Narrow SOIC or TSSOP Pin Names

SNS Current-sense input

VSS System ground

LED Charge-status output

BAT Battery-voltage input

TS Temperature-sense input

RC Timer-program input

VCC Supply-voltage input

MOD Modulation-control output

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.

PIN DESCRIPTIONS

SNS Current-sense input

Enables the bq2000 to sense the battery current via the voltage developed on this pin by an external
sense-resistor connected in series with the battery pack

VSS System Ground

Connect to the battery’s negative terminal

LED Charge-status output

Open-drain output that indicates the charging status by turning on, turning off, or flashing an external
LED, driven through a resistor.

BAT Battery-voltage input

Battery-voltage sense input. A simple resistive divider, across the battery terminals, generates this
input.

TS Temperature-sense input

Input for an external battery-temperature monitoring circuit. An external resistive divider network with
a negative temperature-coefficient thermistor sets the lower and upper temperature thresholds.

RC Timer-program input

Used to program the maximum fast charge-time, maximum top-off charge-time, hold-off period, trickle
charge rate, and to disable or enable top-off charge. A capcitor from VCC and a resistor to ground
connect to this pin.

VCC Supply-voltage input

Recommended bypassing is 10µF + 0.1µF to 0.22µF of decoupling capacitance near the pin.

MOD Modulation-control output

Push-pull output that controls the charging current to the battery. MOD switches high to enable
charging current to flow and low to inhibit charging-current flow.
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FUNCTIONAL DESCRIPTION

The bq2000 is a versatile, multi-chemistry battery charge control device. See Figure 1 for a functional block
diagram and Figure 2 for a state diagram.

Figure 1. Functional Block Diagram

Copyright © 2008–2009, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Link(s): bq2000

http://focus.ti.com/docs/prod/folders/print/bq2000 .html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS138D D &partnum=bq2000 
http://focus.ti.com/docs/prod/folders/print/bq2000 .html


4.0 V < V < 6.0 VCC

Charge
Initialization

Battery Voltage (Voltage at BAT pin
checked continuously. PVD checked

at rate of MTO/128.)

Sleep
Mode

V < VBAT SLP

V <MCV V < VBAT SLP

Charge
Qualification
State

V < VBAT MCV

Battery Temperature
(Temperature at TS pin checked

continuously)

V Reset

or
Battery Replacement at any time

CC

Charge
Suspended

V > VTS HTF

V < VTS HTF

Battery
Conditioning

Current
Regulation

V < VBAT LBAT or

V > VTS LTF

V < VTS HTF

V > VTS LTF

V V

V < V
LBAT BAT

HTF TS LTF

< and

< V

V < V < V and

V < V < V
LBAT BAT MCV

HTF TS LTF

PVD (after hold-off period),
or V < V or

Time = MTO
TS TCO

Voltage
Regulation

V > VTS LTF

Top-Off
Selected?

Trickle
Maintenance

Charge

NO

YES

Top-Off

V > VTS LTF

V < VTS LTF and

Time < MTO

Time = MTO

Done

V VBAT MCV≥

V VBAT MCV≥

Charge
Suspended
(See Note)

V < VTS HTF
V > VTS HTF

and Time < MTO

V < VTS HTF

V > VTS HTF

V Reset or Battery Replacement or Capacity Depletion (Li-lon)CC

Current Taper (I < I ).

or
Time = 2 x MTO or V < V

BAT min

TS TCO

Time < MTO
and

V VBAT MCVreaches

Fast Charge State

V <SLP V < VBAT CC

bq2000

SLUS138D –JANUARY 2008–REVISED DECEMBER 2009 www.ti.com

NOTE: If VTS < VTCO at any time, may only return to Trickle Maintenance Charge state and not to Top-Off.

Figure 2. State Diagram
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Initiation and Charge Qualification

The bq2000 initiates a charge cycle when it detects
• Application of power to VCC

• Battery replacement
• Exit from sleep mode
• Capacity depletion (Li-Ion only)

Immediately following initiation, the IC enters a charge-qualification mode. The bq2000 charge qualification is
based on battery voltage and temperature. If the voltage on the BAT pin is less than the internal threshold, VLBAT,
the bq2000 enters the battery conditioning state. This condition indicates the possibility of a defective or shorted
battery pack. In an attempt to revive a fully depleted pack, the bq2000 enables the MOD pin to trickle-charge at a
rate of once every 1.0s. As explained in the section "Top-Off and Pulse-Trickle Maintenance Charge," the trickle
pulse-width is user-selectable and is set by the value of the resistance connected between the RC pin and VSS.

During charge qualification, the LED pin blinks at a 1Hz rate, indicating the pending status of the charger.

Once battery conditioning (trickle charge) has raised the voltage on the BAT pin above VLBAT, the IC enters fast
charge, if the battery temperature is within the VLTF to VHTF range. The BQ2000 will stay in the battery
conditioning state indefinitely and will not progress to fast charge until the voltage on the BAT pin is above VLBAT
and the temperature is within the VLTF and VHTF range. No timer is implemented during battery conditioning.

Battery Chemistry

The bq2000 detects the battery chemistry by monitoring the battery-voltage profile during the initial stage of the
fast charge. If the voltage on the BAT pin rises to the internal VMCV reference, the IC assumes a Li-Ion battery.
Otherwise, the bq2000 assumes a NiCd/NiMH chemistry. While in the fast charge state, the LED pin is pulled low
(the LED is on).

As shown in Figure 3, a resistor voltage-divider between the battery pack's positive terminal and VSS scales the
battery voltage. A low-pass filter then smooths out this voltage to present a clean signal to the BAT pin. In a
mixed-chemistry design, a common voltage-divider is used as long as the maximum charge voltage of the
nickel-based pack is below that of the Li-Ion pack. Otherwise, different scaling is required.

Figure 3. Battery Voltage Divider and Filter

Once the chemistry is determined, the bq2000 completes the fast charge with the appropriate charge algorithm
(Table 1). The user can customize the algorithm by programming the device using an external resistor and a
capacitor connected to the RC pin, as discussed in later sections.

NiCd and NiMH Batteries

Following charge qualification (which includes trickle charge, if required ), the bq2000 fast-charges NiCd or NiMH
batteries using a current-limited algorithm. During the fast-charge period, it monitors charge time, temperature,
and voltage for adherence to the termination criteria. This monitoring is further explained in later sections.
Following fast charge, the battery is topped off, if top-off is selected. The charging cycle ends with a trickle
maintenance-charge that continues as long as the voltage on the BAT pin remains below VMCV.
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(1)

Maximum Charge Time (NiCD, NiMH, and Li-Ion)

The bq2000 sets the maximum charge-time through the RC pin. With the proper selection of external resistor and
capacitor values, various time-out values may be achieved. If the timer expires while still in constant-current
charging, the bq2000 assumes a Nickel chemistry and proceeds to top-off charge (if top-off is enabled) or trickle
maintenance charge. Figure 5 shows a typical connection.

Figure 5. Typical Connection for the RC Input

The following equation shows the relationship between the RMTO and CMTO values and the maximum charge time
(MTO) for the bq2000:

(2)

MTO is measured in minutes, RMTO in ohms, and CMTO in farads. (Note: RMTO and CMTO values also determine
other features of the device. See Table 4 and Table 5 for details.

If, during fast charge, VTS > VLTF, then the timer is paused and the IC enters battery conditioning charge until VTS
< VLTF. Since the IC is in the battery conditioning state, the LED flashes at the 1 Hz rate. Once VTS<VLTF, fast
charge restarts and the timer resumes from where it left off with no change in total fast charge time.

For Li-Ion cells, when the battery reaches the constant-voltage phase of fast charge, the bq2000 adds an
additional MTO of timer 0 24 0 Td
(anTj
41.34 0 Td
(fro0 rg
 Td
(left)Tj
)Tj
19.
/Fvom)Tj
40 0 0 rg
54 3364 0 Td
(fro0 rg
was
35.8 0 Td
(in)T)Tj
20.78 0 Td
(no)Tjvom

left

totaime.

pin. additional MTO
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Figure 7. Single-Cell Li-Ion, 3-Cell NiCd/NiMH 1A Charger

Minimum Current (Li-Ion Only)

The bq2000 monitors the charging current during the voltage-regulation phase of Li-Ion batteries. Fast charge is
terminated when the current is tapered off to 14% of the maximum charging current.

Once constant-current fast charge has ended, the bq2000 either measures the value of the CMTO capacitor (in
the case of Nickel batteries) and then proceeds to either top-off or trickle maintenance charge or simply
completes the constant-voltage stage of fast charge (in the case of a Li-Ion cell).

Top-Off and Pulse-Trickle Maintenance Charge

An optional top-off charge is available for NiCd or NiMH batteries. Top-off may be desirable on batteries that
have a tendency to terminate charge before reaching full capacity. To enable this option, the capacitance value
of CMTO connected between the RC pin and VCC (Figure 5) should be greater than 0.13µF, and the value of the
resistor connected to this pin should be less than 250kΩ. To disable top-off, the capacitance value should be less
than 0.07µF. The tolerance of the capacitor needs to be taken into account in component selection.

Once top-off is started, the timer is reset and top-off proceeds until the timer expires, VMCV is reached, or there is
a temperature fault. During top-off, current is delivered to the battery in pulses that occur each second. The fixed
pulse width allows an average current of 1/16 of the fast charge current to be delivered to the battery every
second. The LED is always off during top-off and trickle maintenance charge.
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voltage and/or inductor value or decreasing CHYS and/or the Rf × Cf filter corner frequency will increase the
switching frequency. Figure 10 and Figure 11 show empirical data on the variation in switching frequency based
on adjusting Rf and Cf. This data was taken with an input voltage of 12V, inductor value of 220 µH, RSNS value of
50 mΩ, and CHYS value of 4.7 pF. Typical switching frequencies for the bq2000 are between 100 and 200 kHz,
though it is possible to achieve switching frequencies in excess of 300kHz.

Figure 10. Switching Frequency vs Capacitance

Figure 11. Switching Frequency vs Resistance
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Table 5. Summary of Li-Ion Charging Characteristics

PARAMETER VALUE (1)

Maximum cell voltage (VMCV) 2 V

Minimum pre-charge qualification voltage (VLBAT) 950 mV

High-temperature cutoff voltage (VTCO) 0.225 × VCC

High-temperature fault voltage (VHTF) 0.25 × VCC

Low-temperature

High-temperature

Low-temperatTj
ET
BT 0 0
/F2 8 Tftemperature

Low-temperac./F22 Tz
BT
/F2 8 Tf
100 Tz
0 0 0
57 640.4 Td
(High-temperature)Tj
64.64 0 Td
(fault)Tj
17.52 0 Td
(voltage)Tj
28.19 391T
/F14.84 0 Td
(prerg
57 627.2 Td
(Low-teRmperature)Tj
647680 Td
(2)TT225)Tj
22.4 0 T0 0 r Td
(2).4 Td
(High-tCmperature)Tj
647680 Td
(2)TT225
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TYPICAL CHARACTERISTICS

Figure 12. bq2000 Start-up on Battery Insertion Figure 13. bq2000 Start-up on Vin

Figure 14. Battery Removal During Fast Charge Figure 15. bq2000 in Fast Charge
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TYPICAL CHARACTERISTICS (continued)

Figure 16. bq2000 in Fast Charge Figure 17. bq2000 Fast Charge SNS and MOD Waveforms

Figure 18. bq2000 in Sleep Mode
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REVISION HISTORY

Changes from Revision September 1998 (*) to Revision 1 Page
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• Added Figure 3 - Battery Voltage
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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) Samples

(Requires Login)

BQ2000PN-B5 ACTIVE PDIP P 8 50 Pb-Free (RoHS) CU NIPDAU N / A for Pkg Type Request Free Samples

BQ2000PW ACTIVE TSSOP PW 8 150 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR Request Free Samples

BQ2000PWG4 ACTIVE TSSOP PW 8 150 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR Request Free Samples

BQ2000PWR ACTIVE TSSOP PW 8 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR Purchase Samples

BQ2000PWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR Purchase Samples

BQ2000SN-B5 ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM Request Free Samples

BQ2000SN-B5G4 ACTIVE SOIC D 8 75 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM Request Free Samples

BQ2000SN-B5TR ACTIVE SOIC D 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM Purchase Samples

BQ2000SN-B5TRG4 ACTIVE SOIC D 8 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM Purchase Samples

 
(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)

 
(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=BQ2000PN-B5
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=BQ2000PW
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=BQ2000PWG4
http://focus.ti.com/docs/prod/folders/print/bq2000.html#inventory
http://focus.ti.com/docs/prod/folders/print/bq2000.html#inventory
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=BQ2000SN-B5
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=BQ2000SN-B5G4
http://focus.ti.com/docs/prod/folders/print/bq2000.html#inventory
http://focus.ti.com/docs/prod/folders/print/bq2000.html#inventory
http://www.ti.com/productcontent


PACKAGE OPTION ADDENDUM

www.ti.com 12-Jun-2010

Addendum-Page 2

 
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.

 



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

BQ2000PWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1

BQ2000SN-B5TR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1



*All dimensions are nominal

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

BQ2000PWR TSSOP PW 8 2000 367.0 367.0 35.0

BQ2000SN-B5TR SOIC D 8 2500 367.0 367.0 35.0
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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.
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http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity
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