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Overvoltage Protection for 2-Series to 4-Series Cell Li-Ion Batteries
with External Delay Capacitor

Check for Samples: bq771600, bq771601, bq771602

1FEATURES APPLICATIONS
• 2-, 3-, and 4-Series Cell Overvoltage Protection • Power Tools
• External Capacitor-Programmed Delay Timer • UPS Battery Backup
• Fixed OVP Threshold • Light Electric Vehicles
• High-Accuracy Overvoltage Protection: – eBike

±10 mV – eScooter
• Low Power Consumption ICC ≈ 1 µA – Pedal Assist Bicycles

(VCELL(ALL) < VPROTECT)
• Low Leakage Current Per Cell Input < 100 nA
• Small Package Footprint

– 8-pin QFN (3 mm x 4 mm)

DESCRIPTION
The bq7716xy family of products is an overvoltage monitor and protector for Li-Ion battery pack systems. Each
cell is monitored independently for an overvoltage condition.

In the bq7716xy device, an external delay timer is initiated upon detection of an overvoltage condition on any
cell. Upon expiration of the delay timer, the output is triggered into its active state (either high or low, depending
on the configuration). The external delay timer feature also includes the ability to detect an open or shorted delay
capacitor on the CD pin, which will similarly trigger the output driver in an overvoltage condition.

For quicker production-line testing, the bq7716xy device provides a Customer Test Mode with greatly reduced
delay time.

Figure 1. bq7716xy Pinout

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.

UNLESS OTHERWISE NOTED this document contains Copyright © 2012, Texas Instruments Incorporated
PRODUCTION DATA information current as of publication date.
Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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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.

ORDERING INFORMATION
Package OV Hysteresis Tape and Reel Tape and ReelTA Part Number Package OVP (V) Output DriveDesignator (V) (Large) (Small)

bq771600 4.300 0.300 CMOS Active High bq771600DPJR bq771600DPJT

bq771601 4.225 0.050 CMOS Active High bq771601DPJR bq771601DPJT

NCH Active Low, Open
bq771602 4.225 0.050 bq771602DPJR bq771602DPJT

Drain
–40°C to 110°C 8-pin QFN DPJ

NCH Active Low, Open
bq771603 (1) 4.325 0.050 bq771603DPJR bq771603DPJT

Drain

CMOS Active High or
bq7716xy (2) 3.850–4.650 0–0.300 NCH Active Low, Open bq7716xyTBD bq7716xyTBD

Drain

(1) Product Preview only
(2) Future Option, contact TI.

THERMAL INFORMATION
bq7716xy

THERMAL METRIC (1) UNITS
8 PINS

θJA Junction-to-ambient thermal resistance 56.6

θJC(top) Junction-to-case(top) thermal resistance 56.4

θJB Junction-to-board thermal resistance 30.6
°C/W

ψJT Junction-to-top characterization parameter 1.0

ψJB Junction-to-board characterization parameter 37.8

θJC(bottom) Junction-to-case(bottom) thermal resistance 11.3

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

2 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated

Product Folder Links: bq771600 bq771601 bq771602

http://www.ti.com/product/bq771600?qgpn=bq771600
http://www.ti.com/product/bq771601?qgpn=bq771601
http://www.ti.com/product/bq771602?qgpn=bq771602
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAX0&partnum=bq771600
http://www.ti.com/product/bq771600?qgpn=bq771600
http://www.ti.com/product/bq771601?qgpn=bq771601
http://www.ti.com/product/bq771602?qgpn=bq771602


V OVVOV–V HYSCellVoltage(V)OUT(V)

tDELAY

(V4–V3, V3–V2, V2–V1, V1–VSS)

bq771600, bq771601, bq771602

www.ti.com SLUSAX0 –DECEMBER 2012

PIN FUNCTIONS

bq771600 Pin Name Type I/O Description

1 VDD P Power supply

2 V4 I Sense input for positive voltage of the fourth cell from the bottom of the stack

3 V3 I Sense input for positive voltage of the third cell from the bottom of the stack

4 V2 I Sense input for positive voltage of the second cell from the bottom of the stack

5 V1 I Sense input for positive voltage of the lowest cell in the stack

6 VSS P Electrically connected to IC ground and negative terminal of the lowest cell in the stack

7 CD I/O External capacitor connection for delay timer

8 OUT OA Output drive for overvoltage fault signal

PIN DETAILS

In the bq7716xy device, each cell is monitored independently. Overvoltage is detected by comparing the actual
cell voltage to a protection voltage reference, VOV. If any cell voltage exceeds the programmed OV value, a timer
circuit is activated. This timer circuit charges the CD pin to a nominal value, then slowly discharges it with a fixed

http://www.ti.com/product/bq771600?qgpn=bq771600
http://www.ti.com/product/bq771601?qgpn=bq771601
http://www.ti.com/product/bq771602?qgpn=bq771602
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Figure 3 shows the behavior of the CD pin during an OV sequence.

Figure 3. CD Pin Mechanism

Sense Positive Input for Vx

This is an input to sense each single battery cell voltage. A series resistor and a capacitor across the cell for
each input is required for noise filtering and stable voltage monitoring.

Output Drive, OUT

This terminal serves as the fault signal output, and may be ordered in either active HIGH or LOW options.

Supply Input, VDD

This terminal is the unregulated input power source for the IC. A series resistor is connected to limit the current,
and a capacitor is connected to ground for noise filtering.

External Delay Capacitor, CD

This terminal is connected to an external capacitor that is used for setting the delay timer during an overvoltage
fault event.

The CD pin includes a timeout detection circuit to ensure that the output drives active even with a shorted or
open capacitor during an overvoltage event.

The capacitor connected on the CD pin rapidly charges to a voltage if any one of the cell inputs exceeds the OV
threshold. Then the delay circuit gradually discharges the capacitor on the CD pin. Once this capacitor
discharges below a set voltage, the OUT transitions from an inactive to active state.
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RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN NOM MAX UNITSupply voltage, VDD(1)

320 VInput voltageV4–V3, V3–V2, V2–V1, V1–VSS, or CD–VSS 0

5 V

rangeOperating ambient temperature range, T A

–40

110 °C(1) See APPLICATION SCHEMATIC.DC CHARACTERISTICS

Typical values stated where T A

= 25°C and VDD = 1264 V, MIN/MAX values stated where TA

= –40°C to 110°C and V

DD
= 3 V

to 20 V (unless otherwise noted). SYMBOL PARAMETER

CONDITION MIN TYP MAX UNITVoltage Protection Threshold VCxbq77160047300 V

V (PROTECT)

bq77160147225 VV OV Overvoltage bq77160247225 V Detection bq771603

(1) 47325 V

bq771600250 300 400 mVOV Detection

V HYS Hysteresis bq771601, bq771602, bq77160325 50 75 mVOV Detection

V OA

TA = 25°C–1010 mVAccuracy

TA = –40°C –4044 mVOV Detection TA = 0°C –2020 mVV OADRIFTAccuracy Across TA = 60°C–2424 mVTemperature TA = 110°C –5454 mVSupply and Leakage Current (V4–V3) = (V3–V2) = (V2–V1) = (V1–VSS) = 4.0 VICC Supply Current 1 2 µA

(SeeFigure 13 .)Input Current at Vx (V4–V3) = (V3–V2) = (V2–V1) = (V1–VSS) = 4.0 VIIN–0.10.1 µAPins(SeeFigure 13 .)Output Drive OUT, CMOS Active High Versions Only(V4–V3), (V3–V2), (V2–V1), or (V1–VSS) > V

OV, 6VVDD = 1264 V, I OH = 100 µAIf three of four cells are short circuited, only one cellOutput DriveV OUT1remains powered and > V

OV, VDD = Vx (cell VDD – 0.3V

Voltage, Active Highvoltage), I OH = 100 µA(V4–V3), (V3–V2), (V2–V1), and (V1–VSS) < V

OV,250 400 mVVDD = 1264 V, I

OL = 100 µA measured into OUT pinOUT Source Current (V4–V3), (V3–V2), (V2–V1), or (V1–VSS) > V

OV,I OUTH1 475 mA(During OV) VDD = 1264 V, OUT = 0 V. Measured out of OUT pin

(V4–V3), (V3–V2), (V2–V1), and (V1–VSS) < V

OV,OUT Sink CurrentIOUTL1 VDD = 1264 V, OUT = VDD.075 14 mA(No OV)Measured into OUT pinOutput Drive OUT, NCH Open Drain Active Low Versions Only Output Drive (V4–V3), (V3–V2), (V2–V1), or (V1–VSS) > V

OV,V OUT2 250 400 mV

Voltage, Active Low VDD = 1264 V, I OL = 100 µA measured into OUT pin(V4–V3), (V3–V2), (V2–V1), or (V1–VSS) > V

OV,OUT Sink CurrentIOUTH2 VDD = 1264 V. OUT = VDD.075 14 mA(During OV)Measured into OUT pin(V4–V3), (V3–V2), (V2–V1), and (V1–VSS) < V

OV,
I OUTLK OUT Pin Leakage VDD = 1264 V, OUT = VDD. Measured out of OUT100 nApin

(1) Product Preview only6Submit Documentation Feedback
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DC CHARACTERISTICS (continued)
Typical values stated where TA
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TYPICAL CHARACTERISTICS

Figure 4. Overvoltage Threshold (OVT) vs. Figure 5. Hysteresis VHYS vs. Temperature
Temperature

Figure 6. IDD Current Consumption vs. Figure 7. ICELL vs. Temperature
Temperature at VDD = 16 V at VCELL= 9.2 V

Figure 8. Output Current IOUT vs. Figure 9. VOUT vs. VDD
Temperature
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APPLICATION INFORMATION

Figure 10 shows each external component.

Figure 10. Application Configuration

NOTE
In the case of an Open Drain Active Low configuration, an external pull-up resistor is
required on the OUT terminal.

Changes to the ranges stated in Table 1 will impact the accuracy of the cell
measurements.

Changes to the ranges stated in Table 1 will impact the accuracy of the cell measurements.
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APPLICATION SCHEMATIC

Figure 11. 2-Series Cell Configuration with Figure 12. 3-Series Cell Configuration with
Capacitor-Programmed Delay Capacitor-Programmed Delay

NOTE
In these application examples of 2s and 3s, an external pull-up resistor is required on the
OUT terminal to configure for an Open Drain Active Low operation.
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CUSTOMER TEST MODE

It is possible to reduce test time for checking the overvoltage function by simply shorting the external CD
capacitor to VSS. In this case, the OV delay would be reduced to the t(CHGDELAY) value, which has a maximum of
170 ms.

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 (V4–V3), (V3–V2), (V2–V1), and (V1–VSS). Stressing the pins
beyond the rated limits may cause permanent damage to the device.

Figure 13 shows the timing for the Customer Test Mode.

Figure 13. Timing for Customer Test Mode
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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)

BQ771600DPJR ACTIVE WSON DPJ 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ771600DPJT ACTIVE WSON DPJ 8 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ771601DPJR ACTIVE WSON DPJ 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ771601DPJT ACTIVE WSON DPJ 8 250 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ771602DPJR ACTIVE WSON DPJ 8 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

BQ771602DPJT ACTIVE WSON DPJ 8 250 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: 

http://www.ti.com/productcontent
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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

BQ771600DPJR WSON DPJ 8 3000 330.0 12.4 3.3 4.3 1.1 8.0 12.0 Q2

BQ771600DPJT WSON DPJ 8 250 180.0 12.4 3.3 4.3 1.1 8.0 12.0 Q2

BQ771601DPJR WSON DPJ 8 3000 330.0 12.4 3.33.5 0.5 re f
Q
BT
ET
q
0 g
255.116 2906.958 852e f
Q
BT
1 0 0 1 403.125 3.0 13.255 re.61

Q2WS2N Q2WS2N Q2



*All dimensions are nominal

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

BQ771600DPJR WSON DPJ 8 3000 367.0 367.0 35.0

BQ771600DPJT WSON DPJ 8 250 210.0 185.0 35.0

BQ771601DPJR WSON DPJ 8 3000 367.0 367.0 35.0

BQ771601DPJT WSON DPJ 8 250 210.0 185.0 35.0

BQ771602DPJR WSON DPJ 8 3000 367.0 367.0 35.0

BQ771602DPJT WSON DPJ 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 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.
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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
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