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Voltage Protection for 2-Series, 3-Series, or 4-Series Cell Li-Ion Batteries
(Second-Level Protection)

Check for Samples: bq29440, bq2944L0, bq29441, bq29442, bq29443, bq29449, bq2944L9

1FEATURES APPLICATIONS
• Second-Level Protection in Li-Ion Battery• 2-Series, 3-Series, or 4-Series Cell Secondary

PacksProtection
– Notebook Computers• External Capacitor-Controlled Delay Timer
– Power Tools• Low Power Consumption ICC < 2 µA Typical
– Portable Equipment and Instrumentation[VCELL(ALL) < VPROTECT]

• High-Accuracy Overvoltage Protection: ±25
mV with TA = 0°C to 60°C

• Fixed Overvoltage Protection Thresholds:
4.30 V, 4.35 V, 4.40 V, 4.45 V, 4.50 V

• Small 8L QFN Package

DESCRIPTION
The bq2944x is a secondary overvoltage protection IC for 2-series, 3-series, or 4-series cell Li-Ion battery packs
that incorporates a high-accuracy precision overvoltage detection circuit.

FUNCTION

The voltage of each cell in a battery pack is compared to an internal reference voltage. If any cells reach an
overvoltage condition, the bq2944x device starts a timer that provides a delay proportional to the capacitance on
the CD pin. Upon expiration of the internal timer, the OUT pin changes from a low state to a high state. An
optional latch configuration is available that holds the OUT pin in a high state indefinitely after an overvoltage
condition has satisfied the specified delay timer period. The latch is released when the CD pin is shorted to GND.
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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.

Table 1. ORDERING INFORMATION (1)

ORDERING INFORMATION (2)
OUT PINPART PACKAGE PACKAGETA LATCH PACKAGE OVP TAPE AND REEL TAPE AND REELNUMBER DESIGNATOR MARKINGOPTION (LARGE) (3) (SMALL) (4)

BQ29440 No 440 4.35 V BQ29440DRBR BQ29440DRBT

BQ2944L0 Yes 44L0 4.35 V BQ2944L0DRBR BQ2944L0DRBT

BQ29441 No 441 4.40 V BQ29441DRBR BQ29441DRBT–40°C
to BQ29442 No QFN-8 DRB 442 4.45 V BQ29442DRBR BQ29442DRBT

+110°C BQ29443 No 443 4.50 V BQ29443DRBR BQ29443DRBT

BQ29449 No 449 4.30 V BQ29449DRBR BQ29449DRBT

BQ2944L9 Yes 44L9 4.30 V BQ2944L9DRBR BQ2944L9DRBT

(1) Example: bq2944L0DRBR is a device with the OUT latch option with a VOV threshold of 4.35 V.
Contact Texas Instruments for other VOV threshold options.

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

(3) Large tape and reel quantity is 3,000 units.
(4) Small tape and reel quantity is 250 units.

THERMAL INFORMATION
bq2944x

THERMAL METRIC (1) DRB UNITS

8 PINS

qJA Junction-to-ambient thermal resistance (2) 50.5

qJC(top) Junction-to-case(top) thermal resistance (3) 25.1

qJB Junction-to-board thermal resistance (4) 19.3
°C/W

yJT Junction-to-top characterization

19.3

°

Junction-to-top
thermal (4)

19.3

°

Junction-to-ambient thermal
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FUNCTIONAL BLOCK DIAGRAM

ABSOLUTE MAXIMUM RATINGS (1)

over operating free-air temperature range (unless otherwise noted)
VALUE/UNIT

Supply voltage range, VMAX VDD–GND –0.3 to 28 V

VC1–GND, VC2–GND, VC3–GND –0.3 to 28 V

Input voltage range, VIN VC1–VC2, VC2–VC3, VC3–VC4, VC4–GND –0.3 to 8 V

CD–GND –0.3 to 8 V

Output voltage range, VOUT OUT–GND –0.3 to 28 V

Storage temperature range, Tstg –65°C to 150°C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
MIN NOM MAX UNIT

Supply voltage, VDD 4 25 V

Input voltage range VC1–VC2, VC2–VC3, VC3–VC4, VC4–GND 0 5 V

td(CD) delay-time capacitance CCD (See Figure 7.) 0.1 µF

Voltage monitor filter resistance RIN (See Figure 7.) 0.1 1 kȍ
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RECOMMENDEDOPERATINGCONDITIONS(continued)MINNOMMAXUNIT

VoltagemonitorfiltercapacitanceCIN(SeeFigure7.)0.0103.µF

Supplyvoltagefilterresistance RVD

(SeeFigure7.) 03. . kȍ

Supplyvoltagefiltercapacitance CVD

(SeeFigure7.) 03. µF

Operatingambienttemperaturerange,TA

–40110°
C

ELECTRICALCHARACTERISTICSTypical
valuesstated

whereTA

=25°
C

andVDD=17V,MIN/MAX
valuesstated

whereTA

=–40°
C

to110°
C

andVDD=4V

to25V(unlessotherwisenoted).

PARAMETERTESTCONDITIONMINNOMMAXUNITbq294404.35

bq29441

4240Overvoltage

VPROTECTdetectionbq294424245

Vvoltagebq294434.50bq294494.30Overvoltagedetection
VHYS

Fornon-latchdevices
only

200
300

400 mVhysteresis Overvoltagedetection

VOA

TA=25°
C

–10 10 mV accuracy
TA=0°

Cto60°
C

–0.4
0.4 Overvoltagethreshold

VOA_DRIFTmV/°
C temperaturedrift

TA= –40
°
Cto110°
C

–0.6

0.6

TA=0°
Cto60°
C

6.0

9.0 12

Note:
Doesnot

includeexternalcapacitorvariationOvervoltagedelay
time

XDELAY

s/
µFscalefactor

TA= –40
°
Cto110°
C5359.013.5

Note:
Doesnot

includeexternalcapacitorvariationOvervoltagedelay
time

XDELAY_CTMscalefactor
in

SeeCUSTOMERTESTMODE.

0.08

s/
µF CustomerTestModeOvervoltagedetectionI

CD(CHG)SeeFigure1.140nAchargingcurrentOvervoltagedetection

I

CD(DSG)

SeeFigure2.

60

µAdischargingcurrent Overvoltagedetection

VCD externalcapacitor 1.2

V comparatorthreshold

(VC1 –VC2),(VC2 –VC3),(VC3 –VC4)

and(VC4 –GND)=

3.5
V

I

CCSupplycurrent2

3.5

µA

SeeFigure3.

(VC1 –VC2),(VC2 –VC3),(VC3 –VC4)

or

(VC4 –GND)=VPROTECT

,
VDD=20V,6358.09.5

V

I

OH =0to–10µA

(VC1 –VC2),(VC2 –VC3),(VC3 –VC4)

or

(VC4 –GND)=VPROTECT

,
VDD=4.35V,

1.50 3.0

V

I

OL = –10µA,TA=0°
Cto60°
C

VOUT OUTpindrivevoltage

(VC1 –VC2),(VC2 –VC3),(VC3 –VC4)

or

(VC4 –GND)=VPROTECT

,
VDD

>
6V, 2.0 3.0

V

I

OH = –10µA,TA=0°
Cto60°
C

(VC1 –VC2),(VC2 –VC3),(VC3 –VC4)

or03.

V

(VC4 –GND)=4V,I

OL =0µA OUTshort

circuit OUT=0V,(VC1 –VC2),(VC2 –VC3),(VC3 –VC4)

or I

OUT(SHORT)

4 mAcurrent

(VC4 –GND)>VPROTECT

,
VDD=18V

t

r(OUT)

(1)OUToutputrisetime

CL

=1nF,VDD=4Vto25V,V

OH(OUT)=0Vto5V5
µs

Z

O(OUT)

(1)OUToutputimpedance2kȍ

(1)Specifiedbydesign.Not100%testedin
production.
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APPLICATIONS INFORMATION

PROTECTION (OUT) TIMING AND DELAY TIME CAPACITOR SIZING

The bq2944x uses an external capacitor to set delay timing during an overvoltage condition. When any of the
cells exceed the overvoltage threshold, the bq2944x activates an internal current source of nominally 140 nA,
which charges the external capacitor. When the external capacitor charges up to a voltage of nominally 1.2 V,
the OUT pin transitions from a low state to a high state, by means of an internal pull-up network, to a regulated
voltage of no more than 9.5 V when IOH = 0 mA.

Figure 4. Timing for Overvoltage Sensing

Sizing the external capacitor is based on the desired delay time as follows:

Where td is the desired delay time and xDELAY is the overvoltage delay time scale factor, expressed in seconds
per microFarad. xDELAY is nominally 9.0 s/µF. For example, if a nominal delay of 3 seconds is desired, the
customer should use a CCD capacitor that is 3 s/9.0 s/µF = 0.33 µF.

The delay time is calculated as follows:

If the cell overvoltage condition is removed before the external capacitorisDEL02sthe cellANDetwork,no6g8delay 9f
100 Tz
isablTd
(ext
(9l-up)Tj
33d100 Tz
)Tj
26.89a3.5 0 Td

(network,)Tj
41.29 08removed9f
100 Tze(nooy/F2 10 Tf0acitor)TtTd
(9.5)(DEL02s)T
is0 Td
(2 10 Tf0acitor)Tsthecell 3 /F2 10 Tf3
0 0 0 rg
206.1 446.5 TdV. 0 Td
(0 0 0 rg
In2 10 Tf3
0 0 0 rth15 0 Td.1 446.5 Tdin1 02 0,(3)Tj
8(delay)Tj
27.7 0 3.5 2 Td
(49.07 0 Td1(from)Tj
23.5 0 Td3
0 0 0 r.7 ai(intern.1 446.5 Tdinovervol(Sensing)0 Tf
13.1 2 Td
(Td
(a)Tj
elay)Tj4 0 T)Tj
20.23 0 Td
(delay)Tj
26.9 0 Td
(time24nal)Tj
3 Td
(a)T824as)Tj
1
BTto6Td
(as)TBT
/F2 10)Tjs
(low)Tj
08.57 Tz
30d
(than)T9threshold, When
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BATTERY CONNECTION FOR 2-SERIES, 3-SERIES, AND 4-SERIES CELL CONFIGURATIONS

Figure 5, Figure 6, and Figure 7 show the 2-series, 3-series, and 4-series cell configurations.

Figure 5. 2-Series Cell Configuration

Figure 6. 3-Series Cell Configuration

Figure 7. 4-Series Cell Configuration
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CELL CONNECTION SEQUENCE

NOTE
Before connecting the cells, propagate the overvoltage delay timing capacitor, CCD.

The recommended cell connection sequence begins from the bottom of the stack, as follows:
1. GND
2. VC4
3. VC3
4. VC2
5. VC1

While not advised, connecting the cells in a sequence other than that described above does not result in errant
activity on the OUT pin. For example:
1. GND
2. VC4, VC3, VC2, or VC1
3. Remaining VCx pin
4. Remaining VCx pin
5. Remaining VCx pin

CUSTOMER TEST MODE

Customer Test Mode (CTM) helps to greatly reduce the overvoltage detection delay time and enable quicker
customer production testing. This mode is intended for quick-pass board-level verification tests, and, as such,
individual cell overvoltage levels may deviate slightly from the specifications (VPROTECT, VOA). If accurate
overvoltage thresholds are to be tested, use the standard delay settings that are intended for normal use.

To enter CTM, VDD should be set to approximately 9.5 V higher than VC1. When CTM is entered, the device
switches from the normal overvoltage delay time scale factor, xDELAY, to a significantly reduced factor, xDELAY_CTM,
thereby reducing the delay time during an overvoltage condition. The CTM overvoltage delay time is similar to
the equation presented in PROTECTION (OUT) TIMING AND DELAY TIME CAPACITOR SIZING with the
substitution of xDELAY_CTM in place of xDELAY:

CAUTION

Avoid exceeding any Absolute Maximum Voltages on any pins when placing the part
into Customer Test Mode. Also, avoid exceeding Absolute Maximum Voltages for the
individual cell voltages (VC1–VC2), (VC2–VC3), (VC3–VC4), and (VC4–GND).
Stressing the pins beyond the rated limits may cause permanent damage to the
device.

To exit CTM, power off the device and then power it back on.

For latched versions of the bq2944x, the external CCD capacitor must be externally discharged if any overvoltage
functionality is exercised during protection testing. This can be accomplished by shorting the CD pin to GND. If
the CCD capacitor is not explicitly discharged, a residual charge may cause the overvoltage delay time to be
inaccurate.
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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)

Op Temp (°C) Top-Side Markings
(4)

Samples

BQ29440DRBR ACTIVE SON DRB 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 440

BQ29440DRBT ACTIVE SON DRB 8 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 440

BQ29441DRBR ACTIVE SON DRB 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 441

BQ29441DRBT ACTIVE SON DRB 8 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 441

BQ29442DRBR ACTIVE SON DRB 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 442

BQ29442DRBT ACTIVE SON DRB 8 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 442

BQ29443DRBR ACTIVE SON DRB 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 443

BQ29443DRBT ACTIVE SON DRB 8 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 443

BQ29449DRBR ACTIVE SON DRB 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 449

BQ29449DRBT ACTIVE SON DRB 8 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 85 449

 
(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)

http://www.ti.com/product/BQ29440?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29440?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29441?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29441?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29442?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29442?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29443?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29443?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29449?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ29449?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) Multiple Top-Side Markings will be inside parentheses. Only one Top-Side Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a
continuation of the previous line and the two combined represent the entire Top-Side Marking for that device.

 
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

BQ29440DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29440DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29441DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29441DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29442DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29442DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29443DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29443DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29449DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

BQ29449DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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*All dimensions are nominal

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

BQ29440DRBR SON DRB 8 3000 367.0 367.0 35.0

BQ29440DRBT SON DRB 8 250 210.0 185.0 35.0

BQ29441DRBR SON DRB 8 3000 367.0 367.0 35.0

BQ29441DRBT SON DRB 8 250 210.0 185.0 35.0

BQ29442DRBR SON DRB 8 3000 367.0 367.0 35.0

BQ29442DRBT SON DRB 8 250 210.0 185.0 35.0

BQ29443DRBR SON DRB 8 3000 367.0 367.0 35.0

BQ29443DRBT SON DRB 8 250 210.0 185.0 35.0

BQ29449DRBR SON DRB 8 3000 367.0 367.0 35.0

BQ29449DRBT SON DRB 8 250 210.0 185.0 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

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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