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2-Series, 3-Series, and 4-Series Li-Ion Battery Pack Manager
Check for Samples: bq3050

1FEATURES
DESCRIPTION• Fully Integrated 2-Series, 3-Series, and
The bq3050 device is a fully integrated, single-chip,4-Series Li-Ion or Li-Polymer Cell Battery Pack
pack-based solution that provides a rich array ofManager and Protection
features for gas gauging, protection, and• Advanced Compensated End-of-Discharge
authentication for 2-series, 3-series, and 4-series cellVoltage (CEDV) Gauging
Li-Ion and Li-Polymer battery packs.• High Side N-CH Protection FET Drive
Using its integrated high-performance analog• Integrated Pre-Charge FET
peripherals, the bq3050 device measures and• Integrated Cell Balancing
maintains an accurate record of available capacity,

• Low Power Modes voltage, current, temperature, and other critical
– Low Power: < 180 µA parameters in Li-Ion or Li-Polymer batteries, and

reports this information to the system host controller– Sleep < 76 µA
over an SMBus v1.1 compatible interface.• Full Array of Programmable Protection

Features The bq3050 provides software-based 1st-level and
– Voltage 2nd-level safety protection for overvoltage,

undervoltage, overtemperature, and overcharge– Current
conditions, as well as hardware-based protection for– Temperature
overcurrent in discharge and short circuit in charge

• Sophisticated Charge Algorithms and discharge conditions.
– JEITA

SHA-1 authentication with secure memory for– Enhanced Charging authentication keys enables identification of genuine
– Adaptive Charging battery packs beyond any doubt.

• Supports Two-Wire SMBus v1.1 Interface
The compact 38-lead TSSOP package minimizes

• SHA-1 Authentication solution cost and size for smart batteries while
• Compact Package: 38-Lead TSSOP providing maximum functionality and safety for

battery gauging applications.
APPLICATIONS
• Notebook/Netbook PCs
• Medical and Test Equipment
• Portable Instrumentation
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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.
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Instruments standard warranty. Production processing does not
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION
PACKAGE PACKAGE ORDERING INFORMATION (1)

PART DESIGNATOR MARKINGTA PACKAGE TUBE (2) TAPE ANDNUMBER
REEL (3)

–40°C to 85°C bq3050 TSSOP-38 DBT bq3050 bq3050DBT bq3050DBTR

(1) For the most current package and ordering information, see the Package Option Addendum at the end of the document, or see the TI
website at www.ti.com.

(2) A single tube quantity is 50 units.
(3) A single reel quantity is 2000 units.

THERMAL INFORMATION
bq3050

THERMAL METRIC (1) TSSOP UNITS

38 PINS

θJA, High K Junction-to-ambient thermal resistance (2) 64.2

θJC(top) Junction-to-case(top) thermal resistance (3) 16.5

θJB Junction-to-board thermal resistance (4) 31.2
°C/WψJT Junction-to-top characterization parameter (5) 0.3

ψJB Junction-to-board characterization parameter 26.9(6)

θJC(bottom) Junction-to-case(bottom) thermal resistance (7) n/a

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
(2) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as

specified in JESD51-7, in an environment described in JESD51-2a.
(3) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific

JEDEC-standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
(4) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB

temperature, as described in JESD51-8.
(5) The junction-to-top characterization parameter, ψJT, estimates the junction temperature of a device in a real system and is extracted

from the simulation data for obtaining θJA, using a procedure described in JESD51-2a (sections 6 and 7).
(6) The junction-to-board characterization parameter, ψJB, estimates the junction temperature of a device in a real system and is extracted

from the simulation data for obtaining θJA , using a procedure described in JESD51-2a (sections 6 and 7).
(7) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific

JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

2 Copyright © 2011, Texas Instruments Incorporated
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Pin-Out Diagram

Figure 2. bq3050 Pin-Out Diagram

PIN FUNCTIONS
PIN NAME PIN NUMBER TYPE (1) DESCRIPTION

bq3050-DBT

CHG 1 O Charge N-FET gate drive

PCR 2 O Internal Pre-Charge FET output

BAT 3 P Alternate power source

VC1 4 I Sense input for positive voltage of top most cell in stack and cell balancing input for top
most cell in stack

VC2 5 I Sense input for positive voltage of third lowest cell in stack and cell balancing input for
third lowest cell in stack

VC3 6 I Sense input for positive voltage of second lowest cell in stack and cell balancing input
for second lowest cell in stack

VC4 7 I Sense input for positive voltage of lowest cell in stack and cell balancing input for
lowest cell in stack

VSS 8 P Device ground

VSS 9 P Device ground

TS1 10 AI Temperature sensor 1 thermistor input

SRP 11 AI Differential Coulomb Counter input

NC 12 —
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ELECTRICALCHARACTERISTICS:3.3VRegulator(continued)Typical valuesstated whereTA = 25º C and VCC

= 548.
V,

Min/Maxvaluesstated whereT

A

=–40ºC to
85ºC and VCC

=  0.
V

to
25V(unlessotherwise

noted)

PARAMETER

TEST CONDITIONS

MINTYP MAX UNIT

ΔV(VDDLINE) Line regulation VCC
or

BAT = 548. V, I REG33=2 mA

1 13mV

ΔV(VDDLOAD) Load

regulation

VCC
or

BAT = 548. V, I REG33=2 mA

5 18mV

VCC
or

BAT = 548. V, V

REG33=3 V

70
I (REG33MAX) CurrentlimitmA

VCC
or

BAT = 548. V, V

REG33=0 V

33

ELECTRICALCHARACTERISTICS:.2 VRegulator

Typical valuesstated whereTA = 25º C and VCC

= 548.
V,

Min/Maxvaluesstated whereT

A

=–40ºC to
85ºC and VCC

=  0.
V

to
25V(unlessotherwise

noted)

PARAMETER

TEST CONDITIONS MIN

TYP
MAX UNIT

VREG25 Regulator outputvoltage I REG25=10

mA

2.352.5 2.55

V
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3
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ELECTRICAL CHARACTERISTICS: LED5, LED4, LED3, LED2, LED1
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

CIN Input capacitance 5 pF

ILKG Input leakage current 1 μA

VOL = 0.4 V, 2.5 3.5 4.5 mA3 mA setting

VOL = 0.4 V,IOL Low-level output current 3.0 4.5 6.0 mA4 mA setting

VOL = 0.4 V, 3.5 5.5 7.5 mA5 mA setting

ILEDx Current matching between LEDx 0.1 mA

ELECTRICAL CHARACTERISTICS: COULOMB COUNTER
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VIN Input voltage range SRP – SRN –0.20 0.25 V

Conversion time Single conversion 250 ms

Resolution (no missing codes) 16 Bits

Effective resolution Single conversion, signed 15 Bits

Offset error Post calibrated 10 µV

Offset error drift 0.3 0.5 µV/°C

Full-scale error –0.8% 0.2% 0.8%

Full-scale error drift 150 PPM/°C

Effective input resistance 2.5 mΩ

ELECTRICAL CHARACTERISTICS: VC1, VC2, VC3, VC4
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VC4 – VC3, VC3䌀
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ELECTRICAL CHARACTERISTICS: TS1, TS2 (continued)
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

0.8 ×Input voltage range TS1 – VSS, TS2 – VSS –0.20 VVREG25

Conversion Time 16 msVIN

Resolution (no missing codes) 16 Bits

Effective resolution 11 12 Bits

ELECTRICAL CHARACTERISTICS: Internal Temperature Sensor
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Temperature sensor voltage –1.9 –2.0 –2.1 mV/°C

Conversion Time 16 ms
V(TEMP)

Resolution (no missing codes) 16 Bits

Effective resolution 11 12 Bits

ELECTRICAL CHARACTERISTICS: Internal Thermal Shutdown
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

TMAX1 Maximum PCHG temperature 110 150 °C

TMAX2 Maximum REG33 temperature 125 175

TRECOVER Recovery hysteresis temperature 10 °C

tPROTECT Protection time 5 µs

ELECTRICAL CHARACTERISTICS: High Frequency Oscillator
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

f(OSC) Operating frequency of CPU Clock 4.194 MHz

TA = –20°C to 70°C –2% ±0.25% 2%
f(EIO) Frequency error (1) (2)

TA = –40°C to 85°C –3% ±0.25% 3%

t(SXO) Start-up time (3) TA = –25°C to 85°C 3 6 ms

(1) The frequency error is measured from 4.194 MHz.
(2) The frequency drift is included and measured from the trimmed frequency at VREG25 = 2.5V, TA = 25°C.
(3) The startup time is defined as the time it takes for the oscillator output frequency to be ±3% when the device is already powered.

ELECTRICAL CHARACTERISTICS: Low Frequency Oscillator
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

f(LOSC) Operating frequency 32.768 kHz

TA = –20°C to 70°C –1.5% ±0.25% 1.5%
f(LEIO) Frequency error (1) (2)

TA = –40°C to 85°C –2.5% ±0.25% 2.5%

t(LSXO) Start-up time (3) TA = –25°C to 85°C 100 μs

(1) The frequency drift is included and measured from the trimmed frequency at VCC = 2.5V, TA = 25°C.
(2) The frequency error is measured from 32.768 kHz.
(3) The startup time is defined as the time it takes for the oscillator output frequency to be ±3%.

Copyright © 2011, Texas Instruments Incorporated 11
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ELECTRICAL

CHARACTERISTICS:Internal Voltage Reference

TypicalvaluesstatedwhereTA

=

25ºC

andVCC =

14
4V,

Min/Max valuesstatedwhereT

A =–40ºC

to85ºC

andVCC =

3.8

V

to25V (unlessotherwise

noted)

PARAMETERTESTCONDITIONSMINTYPMAXUNITV
REF

Internal

Reference Voltage

0
5150
5250
530V T

A

=–25°Cto 85°C

±80PPM/°CV
REF_DRIFT

Internal

Reference Voltage

Drift

T

A

= 0

°Cto 60°C

±50PPM/°C

ELECTRICAL

CHARACTERISTICS:Flash

TypicalvaluesstatedwhereTA

=

25ºC

andVCC =

14
4V,

Min/Max valuesstatedwhereT

A =–40ºC

to85ºC

andVCC =

3.8

V

to25V (unlessotherwise

noted)

PARAMETER(1)TESTCONDITIONSMIN

TYP

MAX

UNIT

Dataretention10YearsDataFlash20kCyclesFlashprogrammingwrite-cyclesInstruction Flash1kCyclesI

CC(PROG_DF)

DataFlash-write

supplycurrent

T

A

=–40°Cto 85°C

3 4mAI

CC(ERASE_DF)

DataFlash-erasesupplycurrent

T

A

=–40°Cto 85°C

318mA

(1)Verifiedbydesign.Notproductiontested.

ELECTRICAL

CHARACTERISTICS:OCDCurrentProtection

TypicalvaluesstatedwhereTA

=

25ºC

andVCC =

14
4V,

Min/Max valuesstatedwhereT

A =–40ºC

to85ºC

andVCC =

3.8

V

to25V (unlessotherwise

noted)

PARAMETERTESTCONDITIONSMINTYPMAXUNITRSNS=050200mVOCDdetection
threshold

voltage

V
(OCD)

range,typicalRSNS=125100mVRSNS=0

10

mVOCDdetection
threshold

voltage

ΔV
(OCDT)

programstep

RSNS=15mV

V
(OFFSET)

OCDoffset

–1010mV

V
(Scale_Err)

OCDscale error

–1010

%

t

(OCDD)

OverCurrent inDischargeDelay131mst

(OCDD_STEP)

OCDDStep
options

2

mst

(DETECT)

Current faultdetecttime

VSRP

–SRN=VTHRESH+12.5 mV

160

µs

OverCurrent andShortCircuit

t

ACC

Accuracy

of typicaldelaytime

–2020%

delaytime

accuracy

ELECTRICAL

CHARACTERISTICS:SCD1CurrentProtection

TypicalvaluesstatedwhereTA

=

25ºC

andVCC =

14
4V,

Min/Max valuesstatedwhereT

A =–40ºC

to85ºC

andVCC =

3.8

V

to25V (unlessotherwise

noted)

PARAMETERTESTCONDITIONSMINTYPMAXUNIT

RSNS=0

100

450mVSCD1detection
threshold

V
(SDC1)

voltagerange,typicalRSNS=150525mV

RSNS=0

50mVSCD1detection
threshold

ΔV
(SCD1T)

voltageprogramstep

RSNS=1

25mVV
(OFFSET)

SCD1offset–1010mV

V
(Scale_Err)

SCD1scale error–1010 %

AFE.STATE_CNTL[SCDDx2]

= 0

0915µst

(SCD1D)

ShortCircuit

inDischargeDelay

AFE.STATE_CNTL[SCDDx2]

= 1

01830µsAFE.STATE_CNTL[SCDDx2]

= 0

61µst

(SCD1D_STEP)

SCD1D

Step
options

AFE.STATE_CNTL[SCDDx2]

= 1

 22µs

t

(DETECT)

Current faultdetecttimeVSRP

–SRN=VTHRESH+12.5 mV

160

µs
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ELECTRICAL CHARACTERISTICS: SCD1 Current Protection (continued)
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Over Current and Short CircuittACC Accuracy of typical delay time –20 20 %delay time accuracy

ELECTRICAL CHARACTERISTICS: SCD2 Current Protection
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

RSNS = 0 100 450 mVSCD2 detection thresholdV(SDC2) voltage range, typical RSNS = 1 50 225 mV

RSNS = 0 50 mVSCD2 detection thresholdΔV(SCD2T) voltage program step RSNS = 1 25 mV

V(OFFSET) SCD2 offset –10 10 mV

V(Scale_Err) SCD2 scale error –10 10 %

AFE.STATE_CNTL[SCDDx2] = 0 0 458 µs
t(SCD1D) Short Circuit in Discharge Delay

AFE.STATE_CNTL[SCDDx2] = 1 0 915 µs

AFE.STATE_CNTL[SCDDx2] = 0 30.5 µs
t(SCD2D_STEP) SCD2D Step options

AFE.STATE_CNTL[SCDDx2] = 1 61 µs

t(DETECT) Current fault detect time VSRP – SRN = VTHRESH + 12.5 mV 160 µs

Over Current and Short CircuittACC Accuracy of typical delay time –20 20 %delay time accuracy

ELECTRICAL CHARACTERISTICS: SCC Current Protection
Typical values stated where TA = 25ºC and VCC = 14.4 V, Min/Max values stated where TA= –40ºC to 85ºC and VCC = 3.8 V
to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

RSNS = 0 –100 –300 mVSCC detection threshold voltageV(SCCT) range, typical RSNS = 1 –50 –225 mV

RSNS = 0 –50 mVSCC detection threshold voltageΔV(SCCDT) program step RSNS = 1 –25 mV

V(OFFSET) SCC offset –10 10 mV

V(Scale_Err) SCC scale error –10 10 %

t(SCCD) Short Circuit in Charge Delay 0 915 ms

t(SCCD_STEP) SCCD Step options 61 ms

t(DETECT) Current fault detect time VSRP – SRN = VTHRESH + 12.5 mV 160 µs

Over Current and Short CircuittACC Accuracy of typical delay time –20 20 %delay time accuracy

ELECTRICAL CHARACTERISTICS: SBS andShort
typical300

�±9.307 0 Td
(257acteristic)Tj
21.52 0 Td

41.21 0 Td
(noted))Tj
167

to 25 V (unless otherwise noted)

PARAMETER

TEST CONDITIONS MIN TYP

= 0

�±typicaldeSMB
100 Tz
0 0 0 rg
54 182.2 Td
(ELECTRI8.2 5.3 0 TdSMBu3 9 Tf
8 0 0 rg
4operatrngd
(�±j
ETd
(TYP)frequenc 8 Tf
100 Tz
0 0 0 rg
401 477 Td
(0)Tj4 0.3 5.3 0 TdSlave8 349.8)Tj
ET
BTmod
BT
/F3415)Tj
ET
BSMBC00SBS50%4.2 Td
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ELECTRICALCHARACTERISTICS:SBSTimingCharacteristics(continued)Typical values stated

where

TA =25º

C and VCC =14.4V, Min/Max values stated

where

TA= –

40 º

C to 85 º

C and VCC =re
V

to 25V (unless otherwise noted)

PARAMETER

TESTCONDITIONS

MIN

TYP

MAX

UNIT

tSU:STARepeated

startsetup
time

4 
µs

tSU:STOStopsetup
time

4.0µs

tHD:DATData hold time300nstSU:DATData setup
time

250

nstTIMEOUTErrorsignal/detectSee (1)

25

35

ms

tLOW

Clock low period

4 


µs

tHIGH

Clock high period

See (2)

Disabled

tHIGHClock high periodSee (2)4.050µs

Cumulative clock low slave

tLOW:SEXT

See (3)

25

msextend time

Cumulative clock low master

tLOW:MEXT

See (4)

10

ms

extend time

tF

Clock/data

falltime

See (5)

300

ns

tR

Clock/data

rise time

See (6)

1000

ns

(1) The bq3050 times

out when

any clock low exceeds

tTIMEOUT.

(2) tHIGH, Max, is the minimum bus idle time. SMBC

= 1 for t>

50 µscauses resetof any transaction

involving bq3050 that is in progress.

This specification is valid when

the THIGH_VAL=0. If THIGH_VAL=1, then the value

of THIGH

is set by THIGH_1,2andthe timeout is

not SMBus standard.

(3) tLOW:SEXTisthe cumulative time a slave device

is allowed to extend the clock cycles in one messagefrominitial starttothe stop.

(4) tLOW:MEXTisthe cumulative time a master device

is allowed to extend the clock cycles in one messagefrominitial starttothe stop.

(5) Rise time tR = VILMAX–

3.15) to (VIHMIN+3.15)

(6) Falltime tF = 0.9 VDDto(VILMAX–

3.15)

FigurereSMBus Timing

Diagram

14
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FEATURE SET

Primary (1st Level) Safety Features

The bq3050 supports a wide range of battery and system protection features that can easily be configured.
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VC1
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External Cell Balancing

When external cell balancing is configured, the cell balance current is defined by RB. Only one cell at a time can
be balanced.

Copyright © 2011, Texas Instruments Incorporated 17
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BATTERY PARAMETER MEASUREMENTS

Charge and Discharge

http://focus.ti.com/docs/prod/folders/print/bq3050.html
http://www.ti.com


bq3050

www.ti.com SLUSA92A –JANUARY 2011–REVISED JUNE 2011

APPLICATION SCHEMATIC

Copyright © 2011, Texas Instruments Incorporated 19

http://focus.ti.com/docs/prod/folders/print/bq3050.html
http://www.ti.com


http://focus.ti.com/docs/prod/folders/print/bq3050.html
http://www.ti.com


bq3050

www.ti.com SLUSA92A –JANUARY 2011–REVISED JUNE 2011

Copyright © 2011, Texas Instruments Incorporated 21

http://focus.ti.com/docs/prod/folders/print/bq3050.html
http://www.ti.com


bq3050

SLUSA92A –JANUARY 2011–REVISED JUNE 2011 www.ti.com

REVISION HISTORY

Changes from Original (January 2011) to Revision A Page

• Changed Block Diagram ....................................................................................................................................................... 3

• Changed TS2 pin number ..................................................................................................................................................... 4

• Changed TEST pin resistor value ......................................................................................................................................... 5

• Changed schematic ............................................................................................................................................................ 20
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PACKAGE OPTION ADDENDUM

www.ti.com 10-Feb-2012

Addendum-Page 1

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)

BQ3050DBT ACTIVE TSSOP DBT 38 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ3050DBTR ACTIVE TSSOP DBT 38 2000 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:

http://www.ti.com/productcontent


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

BQ3050DBTR TSSOP DBT 38 2000 330.0 16.4 6.9 10.2 1.8 12.0 16.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012

Pack Materials-Page 1



*All dimensions are nominal

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

BQ3050DBTR TSSOP DBT 38 2000 367.0 367.0 38.0

PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012

Pack Materials-Page 2







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 JESD46C and to discontinue any product or service per JESD48B. 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 o1.74 0 Tdsfa57 is
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http://amplifier.ti.com
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http://www.ti.com/wirelessconnectivity
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