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BQ2947 Overvoltage Protection for 2-Series to 4-Series Cell Li-lon Batteries
with External Delay Capacitor

1 Features

* 2-, 3-, and 4-series cell overvoltage protection
» External capacitor-programmed delay timer
» Factory programmed OVP threshold (threshold
range 3.85Vt0 4.6 V)
« Output options: active high or open drain active
low
» High-accuracy overvoltage protection: 10 mV
* Low power consumption Igc = 1 pA
(VeeLL(aLL) < VproTECT)
* Low leakage current per cell input < 100 nA
» Small package footprint
— 8-pin WSON (2.00 mm x 2.00 mm)

2 Applications

* Notebooks
* UPS battery backup

3 Description

The BQ2947 family is an overvoltage monitor and
protector for Li-lon battery pack systems. Each cell is
monitored independently for an overvoltage condition.

In the BQ2947 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 BQ2947
device provides a Customer Test Mode with 67
reduced delay time.

Device Information
PACKAGE

WSON (8)

PART NUMBER(")
BQ294700

BODY SIZE (NOM)
2.00 mm x 2.00 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.

]
Ea=acl paci+
100 Q
|__
e
VDD ouT '
1k
VCELLA L VW v cD
RN
V3 VSS
VCELL3 e 01pF
n—— Vi
VCELL2 T 01uF PWPD
VCELL1 To.1uF To.1pF
0.1uF
1l .

Pack—
Copyright © 2017, Texas Instruments Incorporated

Simplified Schematic
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5 Device Comparison Table

PART NUMBER OVP (V) OV HYSTERESIS OUTPUT DRIVE
BQ294700 4.350 0.300 CMOS Active High
BQ294701 4.250 0.300 CMOS Active High
BQ294702 4.300 0.300 CMOS Active High
BQ294703 4.325 0.300 CMOS Active High
BQ294704 4.400 0.300 CMOS Active High
BQ294705 4.450 0.300 CMOS Active High
BQ294706 4.550 0.300 CMOS Active High
BQ294707 4.225 0.050 NCH Open Drain Active Low
BQ294708 4.500 0.300 CMOS Active High
BQ294711 4.220 0.300 CMOS Active High
BQ294712 4.125 0.300 CMOS Active High
BQ294713 4.600 0.300 CMOS Active High
BQ2947 3.850-4.60 0-0.300 CMOS Active High or Open Drain Active Low
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 3
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6 Pin Configuration and Functions
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Figure 6-1. DSG Package 8-Pin WSON Top View

Table 6-1. Pin Functions

NUMBER NAME TYPE(" DESCRIPTION
1 VDD P Power supply input
2 V4 1A Sense input for positive voltage of the fourth cell from the bottom of the stack
3 V3 1A Sense input for positive voltage of the third cell from the bottom of the stack
4 V2 1A Sense input for positive voltage of the second cell from the bottom of the stack
5 V1 1A 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 OA External capacitor connection for delay timer
8 ouT OA Analog Output drive for overvoltage fault signal. Active High or Open Drain Active Low
PowerPAD™ P Tl recommends connecting the exposed pad to VSS on the PCB.

(1) 1A =Input Analog, OA = Output Analog, P = Power Connection
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7 Specifications
7.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Supply voltage VDD-VSS -0.3 30 \%
Input voltage V4-V3, V3-V2, V2-V1, V1-VSS, or CD-VSS -0.3 30 \
Output voltage OUT-VSS -0.3 30 \%
Continuous total power dissipation, Pto1 See Section 7.4
Lead temperature (soldering, 10 s), TsoLper 300 oc
Storage temperature, Tgig -65 150

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

reliability.
7.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000 v
(ESD)  discharge Charged device model (CDM), per JEDEC specification JESD22-C101(2) +500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
Over-operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Supply voltage, Vpp 3 20 \%
Input voltage range V4-V3, V3-V2, V2-V1, V1-VSS, or CD-VSS 0 5 \%
Operating ambient temperature range, Tp -40 110 °C
7.4 Thermal Information
BQ2947
THERMAL METRIC(") WSON UNIT
8 PINS
Reua Junction-to-ambient thermal resistance 62 °C/W
ReJc(top) Junction-to-case(top) thermal resistance 72 °C/W
Rgus Junction-to-board thermal resistance 32,5 °C/W
Wyt Junction-to-top characterization parameter 1.6 °C/W
Wis Junction-to-board characterization parameter 33 °C/W
Rauc(bottom) Junction-to-case(bottom) thermal resistance 10 °C/W

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

report.
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7.5 Electrical Characteristics

Typical values stated where T, = 25°C and VDD = 14.4V, MIN/MAX values stated where Tp = —40°C to +110°C and Vpp =3

V to 20 V (unless otherwise noted).

PARAMETER ‘TEST CONDITIONS MIN TYP MAX | UNIT
VOLTAGE PROTECTION THRESHOLDS
BQ294700, Ry = 1 kQ 4.350 \%
BQ294701, Ry =1 kQ 4.250 \%
BQ294702, Ry = 1 kQ 4.300 \%
BQ294703, Ry = 1 kQ 4325 Y%
BQ294704, Ry = 1 kQ 4.400 \%
v ViproTecT) Overvoltage | BQ294705, Ry = 1 kQ 4.450 Vv
oV Detection BQ294706, Ryy = 1 kQ 4550 v
BQ294707, Ry = 1 kQ 4.225 \%
BQ294708, Ry = 1 kQ 4.500 \%
BQ294711, Ry = 1 kQ 4.220 \%
BQ294712, Ry = 1 kQ 4.125 \%
BQ294713, Ry = 1 kQ 4.600 Y%
VHys OV Detection Hysteresis |BQ2947(") 250 300 400 mV
Voa OV Detection Accuracy |Tp =25°C -10 10 mV
Ta=-40°C -40 40 mV
v OV Detection Accuracy | Ta=0°C —20 20 mv
OADRIFT Across Temperature Ta=60°C _24 24 mv
Ta=110°C -54 54 mV
SUPPLY AND LEAKAGE CURRENT
(V4-V3) = (V3-V2) = (V2-V1) = (V1-VSS) = 4.0 V
oo Supply Current at Ty = 25°C (See Figure 8-4.) ! 2| WA
[(V4-V3) = (V3-V2) = (V2-V1) = (V1-VSS) = 4.0 V _
IIN Input Current at Vx Pins at Tx = 25°C (See Figure 8-4.) 0.1 0.1 MA
Current Consumption at Power down, (V4-V3) =
Input Current (ALL Vx _ _ _ -
logLL and VDD Input Pins) (2\g§6v2) = (V2-V1) = (V1-VSS) = 2.30 Vat Ty = 1.1 HA
OUTPUT DRIVE OUT, CMOS ACTIVE HIGH VERSIONS ONLY
(V4-V3), (V3-V2), (V2-V1), or (V1-VSS) > Vv, 6 v
VDD = 14.4 V, lgy = 100 pA
If three of four cells are short circuited, only one
Vv Output Drive Voltage, cell remains powered and > Vg, VDD = Vx (cell VDD -0.3 \%
out Active High voltage), loy = 100 pA
(V4-V3), (V3-V2), (V2-V1), and (V1-VSS) < Vo,
VDD =14.4V, lg. = 100 pA measured into OUT 250 400 mV
pin.
OUT Source Current (V4-V3), (V3-V2), (V2-V1), or (V1-VSS) > Vv,
louTH (during OV) VDD = 144V, 45 mA
9 OUT = 0V, measured out of OUT pin.
(V4-V3), (V3-V2), (V2-V1), and (V1-VSS) < Voy,
| OUT Sink Current (no VDD =14.4V, 05 14 mA
ouTL ov) OUT = VDD, measured into OUT pin .Pull resistor :
Rpy =5kQto VDD = 14.4 V
OUTPUT DRIVE OUT, CMOS OPEN DRAIN ACTIVE LOW VERSIONS ONLY
. (V4-V3), (V3-V2), (V2-V1), and (V1-VSS) < Vo,
Vour guﬁp“t Drive Voltage, | \/pp = 14.4 v, I, = 100 pA measured into OUT 250  400| mv
ctive High pin
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7.5 Electrical Characteristics (continued)

Typical values stated where Tp = 25°C and VDD = 14.4V, MIN/MAX values stated where T = —40°C to +110°C and Vpp =3
V to 20 V (unless otherwise noted).
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

(V4-V3), (V3-V2), (V2-V1), and (VI-VSS) < Vo,
| OUT Sink Current (no VDD =14.4V,

ouTL ov) OUT = VDD, measured into OUT pin. Pull resistor
Rpy =5 kQ to VDD = 14.4 V

(V4-V3), (V3-V2), (V2-V1), and (V1-VSS) < Voy,
loutik OUT pin leakage VDD =144V, 100 nA
OUT = VDD, measured into OUT pin.

0.5 14 mA

DELAY TIMER
tco OV Delay Time Ccp = 0.1 yF (see External Delay Capacitor, CD) 1 1.5 2 s
¢ OV Delay Time with CD |Delay due to C¢p capacitor shorted to ground for 20 170 ms
CD_GND pin=0V Customer Test Mode
(1)  Future option, contact TI.
7.6 Typical Characteristics
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8 Detailed Description
8.1 Overview

The BQ2947 is a second level overvoltage (OV) protector. Each cell is monitored independently by comparing
the actual cell voltage to a protection voltage threshold, Vgoy. The protection threshold is preprogrammed at the
factory with a range between 3.85V and 4.65 V.

8.2 Functional Block Diagram

The Functional Block Diagram shows a CMOS Active High configuration.
PACK+

Ted

Vov

Enable

ouT

Sensing Circuit

TI3iT

Delay Charge/ | Active N B
Discharge Circuit l/

Cep
-[ PACK—

Note

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

8.3 Feature Description

In the BQ2947 family of devices, 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 current
back down to VSS. When the CD pin falls below a nominal threshold near VSS, the OUT terminal goes from
inactive to active state. Additionally, a timeout detection circuit checks to ensure that the CD pin successfully
begins charging to above VSS and subsequently drops back down to VSS, and if a timeout error is detected in
either direction, it will similarly trigger the OUT pin to become active. See Figure 8-2 for details on CD and OUT
pin behavior during an overvoltage event.
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For an NCH Open Drain Active Low configuration, the OUT pin pulls down to VSS when active (OV present) and
is high impedance when inactive (no OV).

Cell Voltage (V)
(V4-V3,V3-V2, V2—-V1,V1-VSS)

OuT (V) I I teo

Figure 8-1. Timing for Overvoltage Sensing (OUT Pin Is Active High)

Figure 8-2 shows the behavior of CD pin during an OV sequence.

Fault condition
present

\ : Fault response :

becomes activeI

Vep ===———

V(CD)

A
\4

Vourt =====———————————— — — —————

V(OUT)

Note: Active High OUT version shown
Figure 8-2. CD Pin Mechanism (OUT Pin Is Active High)

Note

In the case of an Open Drain Active Low version, the Vgyt signal will be high and transition to low
state when the voltage on the Vp capacitor discharges to the set level based on the tcp timer.
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8.3.1 Pin Details
8.3.1.1 Input Sense Voltage, Vx

These inputs sense each battery cell voltage. A series resistor and a capacitor across the cell for each input is
required for noise filtering and stable voltage monitoring.

8.3.1.2 Output Drive, OUT

This terminal serves as the fault signal output, and may be ordered in either Active High or Open Drain Active
Low options.

8.3.1.3 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.

8.3.1.4 External Delay Capacitor, CD
This terminal is connected to an external capacitor that sets 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.

To calculate the delay, use the following equation:
tcp (sec) = K x Cep (WF), where K =10 to 20 range. (1)

Example: If Ccp= 0.1 yF (typical), then the delay timer range is
tep (s) =10 x 0.1 =1 s (Minimum)
tep (s) =20 x 0.1 = 2 s (Maximum)

Note

The tolerance on the capacitor used for C¢p increases the range of the tcp timer.

8.4 Device Functional Modes
8.4.1 NORMAL Mode

When all of the cell voltages are below the overvoltage threshold, Vgy, the device operates in NORMAL mode.
The device monitors the differential cell voltages connected across (V1-VSS), (V2-V1), (V3-V2), and (V4-V3).
The OUT pin is inactive, and is low if configured active high, or, if configured active low, is an open drain being
externally pulled up.

8.4.2 OVERVOLTAGE Mode

OVERVOLTAGE mode is detected if any of the cell voltage exceeds the overvoltage threshold, Vqy for
configured OV delay time. The OUT pin is activated after a delay time set by the capacitance in the CD pin. The
OUT pin will either pull high internally, if configured as active high, or will be pulled low internally if configured
as active low. An external FET is then turned on, shorting the fuse to ground, which allows the battery and/or
charger power to blow the fuse. When all of the cell voltages fall below the (Voy—VHys), the device returns to
NORMAL mode.

8.4.3 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 tcp gnp) value, which has a maximum of
170 ms.
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Figure 8-3 shows the timing for the Customer Test Mode.

OV Condition == == am o= o o o o -

V(VCELL)

V(OUT) <170 ms

1

CD pin held low

Figure 8-3. Timing for Customer Test Mode

V(CD)

Figure 8-4 shows the measurement for current consumption of the product for both VDD and Vx.

@ —> E} VDD ouTis!

A N
@ 2 Va4 cD E
CELL ‘® _> B V2 V1 Ej

lcece = Iop + hint + Iinz + Iins +1ing

Figure 8-4. Configuration for IC Current Consumption Test
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The BQ2947 devices are a family of second-level protectors used for overvoltage protection of the battery pack
in the application. The device, when configuring the OUT pin with active high, drives a NMOS FET that connects
the fuse to ground in the event of a fault condition. This provides a shorted path to use the battery and/or charger
power to blow the fuse and cut the power path. The OUT pin, when configured as active low, can be used to
drive a PMOS FET to connect the fuse to ground instead.

9.2 Typical Applications
9.2.1 Application Configuration for Active High

Figure 9-1 shows the recommended reference design components.

Pack+
100 Q
<
H
VDD ouT —
1k
VCELL4 va cb
1 O-ApF
V3 VSS
VCELL3 Nk 0ApF
—— w2 Vi
VCELL2 0.1uF PWPD —‘

1k
VCELL1

0.1uF |0.1pF

Pack—
Copyright © 2017, Texas Instruments Incorporated

Figure 9-1. Application Configuration for Active High

9.2.1.1 Design Requirements

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 9-1 will impact the accuracy of the cell measurements.

Table 9-1. Parameters

PARAMETER EXTERNAL COMPONENT MIN NOM MAX | UNIT
Voltage monitor filter resistance Rin 900 1000 4700 Q
Voltage monitor filter capacitance Cin 0.01 0.1 1.0 uF
Supply voltage filter resistance Rvp 100 1000 Q
Supply voltage filter capacitance Cvp 0.1 1.0 uF
CD external delay capacitance Cecp 0.1 1.0 uF
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 13
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Note

The device is calibrated using an Ry value = 1 kQ. Using a value other than this recommended value
changes the accuracy of the cell voltage measurements and Vqy, trigger level.

9.2.1.2 Detailed Design Procedure

1.

Determine the number of cell in series.

The device supports 2-S to 4-S cell configuration. For 2S and 3S, the top unused pin(s) should be shorted as
shown in Figure 9-2 and Figure 9-3.
Determine the overvoltage protection delay.

Follow the calculation example described in CD pin description. Select the right capacitor to connect to the
CD pin.

Follow the application schematic to connect the device. If the OUT pin is configured to open drain, an
external pull up resistor should be used.

[
VCELL3 —

= 1k 0.1uF

VCELL1 i_

%0.1%

T)J uF TJ uF

° —_
Pack+
100 Q
<
H
VDD ouT —
V4 CD
V3 VSS
1k O1wF
q V2 Al
VCELL2 — PWPD

Figure 9-2. 2-Series Cell Configuration

Pack—

Copyright © 2017, Texas Instruments Incorporated

1009%
<

VDD ouT

V4 CD
1k

V3 VSS

T
1k O1HF

V1

Pack+

-y

v,

VCELL2 T 1 =FO1WF PWPD

VCELL1 —E 01WF JOApF
[ 01pF

i

Pack—
Copyright © 2017, Texas Instruments Incorporated

Figure 9-3. 3-Series Cell Configuration
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9.2.1.3 Application Curves

Temperature (*C)
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Figure 9-4. Overvoltage Threshold (OVT) vs.
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Figure 9-5. Hysteresis Vyys vs. Temperature
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Figure 9-6. Ipp Current Consumption vs.
Temperature at VDD =16 V

Figure 9-7. Voyt Vs- Vpp
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10 Power Supply Recommendations

The maximum power of this device is 20 V on Vpp.

11 Layout

11.1 Layout Guidelines

1. Ensure the RC filters for the Vx pins and VDD pin are placed as close as possible to the target terminal,
reducing the tracing loop area.

2. The capacitor for CD should be placed close to the IC terminals.

3. Ensure the trace connecting the fuse to the gate, source of the NFET to the Pack- is sufficient to withstand
the current during fuse blown event.

11.2 Layout Example

Place the RC filters close to the Power Trace Line

device terminals 'T.nl—%—
[
VDD ouT [ © ] Pack+
V4 CD
V3 VSS — Py i
VCELL3 PWPD Pack
VCELL2

VCELL1

— 1 /

Ensure trace can support sufficient current
flow for fuse blow

Figure 11-1. Layout Example
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12 Device and Documentation Support

12.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 Documentation Support

12.2.1 Related Documentation

For related documentation, see BQ2945xy and BQ2947xy Cascade Voltage Monitoring (SLUAG62).
12.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

12.5 Trademarks

PowerPAD™ and TI E2E™ are trademarks of Texas Instruments.
All trademarks are the property of their respective owners.

12.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A 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.

12.7 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking

@ @ ® Ball material Peak reflow ©)
@ ©)

BQ294700DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 700
BQ294700DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 700
BQ294700DSGRG4.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 700
BQ294700DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 700
BQ294700DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 700
BQ294701DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 701
BQ294701DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 701
BQ294701DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 701
BQ294701DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 701
BQ294702DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 702
BQ294702DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 702
BQ294702DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 702
BQ294702DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 702
BQ294703DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 703
BQ294703DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 703
BQ294703DSGRG4.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 703
BQ294703DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 703
BQ294703DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 703
BQ294704DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 704
BQ294704DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 704
BQ294704DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 704
BQ294704DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 704
BQ294705DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 705
BQ294705DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 705
BQ294705DSGRG4.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 705
BQ294705DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 705
BQ294705DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 705
BQ294706DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 706
BQ294706DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 706
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ®) Ball material Peak reflow ®)
@ ®)

BQ294706DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 706
BQ294706DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 706
BQ294707DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 707
BQ294707DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 707
BQ294707DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 707
BQ294707DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 707
BQ294708DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes Call Tl | Nipdau Level-2-260C-1 YEAR -40 to 85 708
BQ294708DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 110 708
BQ294708DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes Call Tl | Nipdau Level-2-260C-1 YEAR -40 to 85 708
BQ294708DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 110 708
BQ294711DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 711
BQ294711DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 711
BQ294711DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 711
BQ294711DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 711
BQ294712DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 712
BQ294712DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 712
BQ294712DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 712
BQ294712DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 712
BQ294713DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 713
BQ294713DSGR.A Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 713
BQ294713DSGT Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 713
BQ294713DSGT.A Active Production WSON (DSG) | 8 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 110 713

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.
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® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

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

REEL DIMENSIONS TAPE DIMENSIONS

A |<— KO 4 P1—p|
olo o ol o © ¢ T
& © o|( Bo W
Rl |
L & Diameter I I
Cavity +| A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

[OXNORNORNORNORNORNONNG)

| |
[ [
| I N )

Sprocket Holes

Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

BQ294700DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294700DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294701DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294701DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294702DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294702DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294703DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294703DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294704DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294704DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294705DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294705DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294706DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294706DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294707DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294707DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
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Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

BQ294708DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294708DSGT WSON DSG 8 250 180.0 8.4 23 23 1.15 4.0 8.0 Q2
BQ294711DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294711DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294712DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294712DSGT WSON DSG 8 250 180.0 8.4 23 23 1.15 4.0 8.0 Q2
BQ294713DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294713DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ294700DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294700DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294701DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294701DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294702DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294702DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294703DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294703DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294704DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294704DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294705DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294705DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294706DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294706DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294707DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294707DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294708DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ294708DSGT WSON DSG 8 250 210.0 185.0 35.0
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 30-May-2024
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ294711DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294711DSGT WSON DSG 8 250 182.0 182.0 20.0
BQ294712DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ294712DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ294713DSGR WSON DSG 8 3000 182.0 182.0 20.0
BQ294713DSGT WSON DSG 8 250 182.0 182.0 20.0
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GENERIC PACKAGE VIEW
DSG 8 WSON - 0.8 mm max height

2x 2,0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224783/A
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PACKAGE OUTLINE
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SCALE:25X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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