'g Ordering & Technical

oo quality

13 TEXAS
INSTRUMENTS

documentation

Design &

Support &
development m training

BQ294502, BQ294504, BQ294506, BQ294512, BQ294522

BQ294524, BQ294532, BQ294533, BQ294534, BQ294582, BQ294592

ZHCS477K - SEPTEMBER 2011 - REVISED AUGUST 2022

BQ2945xy iEF T 2 T A1 3 45 ER B B T b B0l R AR AP A 4

1 etk

o T AR 2 A3 A B E b R W g
o [EE AT g AL AE IR T B
« [HE OVP {4
- A HVEEN 3.85V & 4.6V
o [f€ OVP #EIRETN : 4s 8L 6.5
o EAEEEERY
+10mV
o KIhFE lcc = 1pA
(VceLLaLL) < VproTECT)
o AN B A /N T 100nA FIEIHR H IR
o NI R RIS

3 JiHA
BQ2945xy 417 i T4 5 1 Hh A R G K
SR g AR 28 . BhoT WS P AR B R 7 B R
o RIEACE , QSR BT B P AR ] F A
MR, AR [E IR 5 2k — M . B E
R B T8 8 P REIRTHI 88 2405, 1% A R N m

AHE B

ESpS

SON (6)

B0
BQ2945xy

HER (FFHRME )
2.00mm x 2.00mm

(1) W& 7T Al R

' B2 BB R A R BT A
Ko

- 6 5/ SON
2 B A
o ONRAIFE SRS H v R R
i N
- FERAEMN
- HEITHA
- LA LN
- AN AR
"
ngo
—
Rn [
VCELL3 —'— R CINi V3 ouT -
M V2 VDD
VCELL2 Rin Cn
M —1 VSS VA1 — Cw
VCELL1 PWRPAD
“» Cn % Pack—

Copyright © 2017, Texas Instruments Incorporated

e A i 2L

ARG AENTTRRI , RAH R TP s P SORARIE R

PARA = s O 2L . A 5@ B 5 SRR I Bl (R 2, 7 )

www.ti.com , HNEIRAN . TIAGRIERIERERIPENA R, ESEBR Bt Z 8T, 1 551575 Bol R IS SCRRAS .

English Data Sheet: SLUSAJ3


http://www.ti.com/applications/personal-electronics/tablets/overview.html
https://www.ti.com/power-management/battery-management/monitors-balancers/overview.html
http://www.ti.com/solution/battery-pack-cordless-power-tool
http://www.ti.com/solution/battery-pack-for-notebook-pc
https://www.ti.com/power-management/battery-management/fuel-gauges/overview.html
https://www.ti.com.cn/product/cn/bq294502?qgpn=bq294502
https://www.ti.com.cn/product/cn/bq294504?qgpn=bq294504
https://www.ti.com.cn/product/cn/bq294506?qgpn=bq294506
https://www.ti.com.cn/product/cn/bq294512?qgpn=bq294512
https://www.ti.com.cn/product/cn/bq294522?qgpn=bq294522
https://www.ti.com.cn/product/cn/bq294524?qgpn=bq294524
https://www.ti.com.cn/product/cn/bq294532?qgpn=bq294532
https://www.ti.com.cn/product/cn/bq294533?qgpn=bq294533
https://www.ti.com.cn/product/cn/bq294534?qgpn=bq294534
https://www.ti.com.cn/product/cn/bq294582?qgpn=bq294582
https://www.ti.com.cn/product/cn/bq294592?qgpn=bq294592
https://www.ti.com.cn/cn/lit/pdf/ZHCS477
https://www.ti.com.cn/product/cn/BQ294502?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/BQ294502?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/BQ294502?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/BQ294502?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLUSAJ3

BQ294502, BQ294504, BQ294506, BQ294512, BQ294522 I3 TEXAS
BQ294524, BQ294532, BQ294533, BQ294534, BQ294582, BQ294592 INSTRUMENTS
ZHCS477K - SEPTEMBER 2011 - REVISED AUGUST 2022 www.ti.com.cn

Table of Contents

TR e 1 9 Application and Implementation................................. 10
2 T e 1 9.1 Application Information..............ccccceoviiiiiiiiiinnnn, 10
BB e, 1 9.2 Typical Application...........ccoooiiiiiiiiiiiee e 10
4 ReVISION HISOTY.........o.oveeeeeeeeeeeeeeeeeeeeeeeee e 2 9.3 System Examples..........oooiiiiiiiiiiiieiee e 11
5 Device Comparison Table.............c.coooovoioeeieereeeennn 3 10 Power Supply Recommendations.............................. 12
6 Pin Conﬁguration and Functions ___________________________________ 3 11 Layout ........................................................................... 12
7 SPECIfICAtIONS...........eoveieeeeeeeeee e 4 11.1 Layout Guidelines..........cccueeiieiiiiiiiiieieeee e, 12
71 Absolute Maximum Ratings ________________________________________ 4 11.2 LayOUt EXample ...................................................... 12
7.2 ESD RAUNGS.c...eeeeeeeeeeeeeeeeeeeeesee e eee s enen 4 12 Device and Documentation Support.......................... 13
73 Recommended Operating Conditions _________________________ 4 121 DeVice Support ....................................................... 13
7.4 Thermal INformMation....... oo 4 12.2 Related Documentation.................cccoeeiiiiiinininnes 13
7.5 Electrical Characteristics. ... 5 12.3 Receiving Notification of Documentation Updates..13
7.6 Typical Characteristics. ............coveveveeeeereseren e, 6 124 STREEYE oo 13
8 Detailed Description.................ccccoeevevveceeeeeeeeeeeeeee 7 12.5 Trademarks.........coooiiiiiiiieee e 13
.1 OVIVIEW oo i 7 12.6 Electrostatic Discharge Caution..............cccceeiienne 13
8.2 Functional Block Diagram............c.cccceoevevevererenenenenn. 7 12.7 RIEZR oot 13
8.3 Feature Description...........ccoocievieiiiiiieee e 7 13 Mechanical, Packaging, and Orderable
8.4 Device Functional MOdesS........cooveveeeeeeeeeeieieeieeeeeaean, 8 Information..............oovvveeeeiiiiei s 13

4 Revision History
A DAHTARCAS ) TR AT A 5 24 RO 1) SRS AN [R]

Changes from Revision J (June 2022) to Revision K (August 2022) Page
* Changed the BQ294534 device to Production Data............cceeiiiiiiiieiiiiiee e 3
* Changed the BQ294534 device to Production Data in the Electrical CharacteristiCs .............ccccocveeviiininnennne. 5
Changes from Revision | (May 2021) to Revision J (June 2022) Page
* Added the PRODUCT PREVIEW BQ294534 EVICE........ccoiuieiiiieieiieesiee et sieeesee e neeeeseeeesseaeeenneeeesneeeeenees 3
* Added the PRODUCT PREVIEW BQ294534 device to the Electrical CharacteristiCs ..............ccccoeoveeiiiiuennannns 5
Changes from Revision H (December 2017) to Revision | (May 2021) Page
* Changed the BQ294506 device to Production Data............ccooiiiiiiiiiiiiieee e 3
Changes from Revision G (November 2017) to Revision H (December 2017) Page
* Added the BQ294506 AEVICE. ........ceeeiiiuiiieeeiiitiite e e eeee e e sttt e e e s et e e e e s e eateeeeeaastaeeaessasbaeaeeeansseeaeeaassaeaeesasseeaseennsens 3
* Added the BQ294506 device to the Electrical CRaracterisStiCs .............ccoiiiiiiiiiiiiiiiiiee e 5
2 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: BQ294502 BQ294504 BQ294506 BQ294512 BQ294522 BQ294524 BQ294532
BQ294533 BQ294534 BQ294582 BQ294592


https://www.ti.com.cn/product/cn/bq294502?qgpn=bq294502
https://www.ti.com.cn/product/cn/bq294504?qgpn=bq294504
https://www.ti.com.cn/product/cn/bq294506?qgpn=bq294506
https://www.ti.com.cn/product/cn/bq294512?qgpn=bq294512
https://www.ti.com.cn/product/cn/bq294522?qgpn=bq294522
https://www.ti.com.cn/product/cn/bq294524?qgpn=bq294524
https://www.ti.com.cn/product/cn/bq294532?qgpn=bq294532
https://www.ti.com.cn/product/cn/bq294533?qgpn=bq294533
https://www.ti.com.cn/product/cn/bq294534?qgpn=bq294534
https://www.ti.com.cn/product/cn/bq294582?qgpn=bq294582
https://www.ti.com.cn/product/cn/bq294592?qgpn=bq294592
https://www.ti.com.cn/cn/lit/pdf/ZHCS477
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCS477K&partnum=BQ294502
https://www.ti.com.cn/product/cn/bq294502?qgpn=bq294502
https://www.ti.com.cn/product/cn/bq294504?qgpn=bq294504
https://www.ti.com.cn/product/cn/bq294506?qgpn=bq294506
https://www.ti.com.cn/product/cn/bq294512?qgpn=bq294512
https://www.ti.com.cn/product/cn/bq294522?qgpn=bq294522
https://www.ti.com.cn/product/cn/bq294524?qgpn=bq294524
https://www.ti.com.cn/product/cn/bq294532?qgpn=bq294532
https://www.ti.com.cn/product/cn/bq294533?qgpn=bq294533
https://www.ti.com.cn/product/cn/bq294534?qgpn=bq294534
https://www.ti.com.cn/product/cn/bq294582?qgpn=bq294582
https://www.ti.com.cn/product/cn/bq294592?qgpn=bq294592

I3 TEXAS BQ294502, BQ294504, BQ294506, BQ294512, BQ294522
INSTRUMENTS BQ294524, BQ294532, BQ294533, BQ294534, BQ294582, BQ294592
www.ti.com.cn ZHCS477K - SEPTEMBER 2011 - REVISED AUGUST 2022

5 Device Comparison Table

Ta PART NUMBER OVP (V) DELAY TIME (s)

BQ294502 4.35 4
BQ294504 4.35 6.5
BQ294506 4.38
BQ294512 44
BQ294522 4.45

- 40°C to +110°C BQ294524 4.45 6.5
BQ294532 45 4
BQ294533 45 6.5
BQ294534 4.55
BQ294582 4.225
BQ294592 43
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% 6-1. Pin Functions

NUMBER NAME TYPE(") DESCRIPTION
1 V3 1A Sense input for positive voltage of the third cell from the bottom of the stack.
2 V2 1A Sense input for positive voltage of the second cell from the bottom of the stack.
3 VSS P Electrically connected to IC ground and negative terminal of the lowest cell in the stack.
4 V1 1A Sense input for positive voltage of the lowest cell in the stack.
5 VDD P Power supply
6 ouT OA! Output drive for external N-channel FET.
. PWRPAD . XPSeSrapt:gr:o be connected to the PWRPAD on the printed-circuit-board (PCB) for proper

(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)() (2)

MIN MAX UNIT

Supply voltage VDD - VSS -0.3 30 \%
Input voltage V1-VSS orV2-VSS or V3 - VSS+ -0.3 30 \Y

V3-V2orV2-V1 -0.3 8 \Y
Output voltage OUT - VSSs -0.3 30 \%
Continuous total power dissipation, Ptot See 11 7.4.
Lead temperature (soldering, 10 s), TsoLper 300 °C
Storage temperature, Tgg -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully functional, and
this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) See Kl 8-3.

7.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(Y) +2000
V(Esp) Electrostatic 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 (M 3 25 \Y
Input voltage V3-V2orV2-V1orV1-VSS 0 5 \
Operating ambient temperature, T - 40 110 °C

(1) See 9.2

7.4 Thermal Information

BQ2945xy
THERMAL METRIC(") DRV (SON) UNIT
6 PINS
R ya Junction-to-ambient thermal resistance 186.4 °C/W
R0 yc(top) Junction-to-case(top) thermal resistance 90.4 °C/W
Roys Junction-to-board thermal resistance 110.7 °C/W
L Junction-to-top characterization parameter 96.7 °C/W
LT Junction-to-board characterization parameter 90 °C/W
R0 yc(bot) Junction-to-case(bottom) thermal resistance N/A °C/W

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

4 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: BQ294502 BQ294504 BQ294506 BQ294512 BQ294522 BQ294524 BQ294532
BQ294533 BQ294534 BQ294582 BQ294592


https://www.ti.com/lit/pdf/spra953
https://www.ti.com/lit/pdf/spra953
https://www.ti.com.cn/product/cn/bq294502?qgpn=bq294502
https://www.ti.com.cn/product/cn/bq294504?qgpn=bq294504
https://www.ti.com.cn/product/cn/bq294506?qgpn=bq294506
https://www.ti.com.cn/product/cn/bq294512?qgpn=bq294512
https://www.ti.com.cn/product/cn/bq294522?qgpn=bq294522
https://www.ti.com.cn/product/cn/bq294524?qgpn=bq294524
https://www.ti.com.cn/product/cn/bq294532?qgpn=bq294532
https://www.ti.com.cn/product/cn/bq294533?qgpn=bq294533
https://www.ti.com.cn/product/cn/bq294534?qgpn=bq294534
https://www.ti.com.cn/product/cn/bq294582?qgpn=bq294582
https://www.ti.com.cn/product/cn/bq294592?qgpn=bq294592
https://www.ti.com.cn/cn/lit/pdf/ZHCS477
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCS477K&partnum=BQ294502
https://www.ti.com.cn/product/cn/bq294502?qgpn=bq294502
https://www.ti.com.cn/product/cn/bq294504?qgpn=bq294504
https://www.ti.com.cn/product/cn/bq294506?qgpn=bq294506
https://www.ti.com.cn/product/cn/bq294512?qgpn=bq294512
https://www.ti.com.cn/product/cn/bq294522?qgpn=bq294522
https://www.ti.com.cn/product/cn/bq294524?qgpn=bq294524
https://www.ti.com.cn/product/cn/bq294532?qgpn=bq294532
https://www.ti.com.cn/product/cn/bq294533?qgpn=bq294533
https://www.ti.com.cn/product/cn/bq294534?qgpn=bq294534
https://www.ti.com.cn/product/cn/bq294582?qgpn=bq294582
https://www.ti.com.cn/product/cn/bq294592?qgpn=bq294592

13 TEXAS
INSTRUMENTS

www.ti.com.cn

BQ294502, BQ294504, BQ294506, BQ294512, BQ294522

BQ294524, BQ294532, BQ294533, BQ294534, BQ294582, BQ294592

ZHCS477K - SEPTEMBER 2011 - REVISED AUGUST 2022

7.5 Electrical Characteristics
Typical values stated where Tp = 25°C and VDD = 10.8 V, MIN/MAX values stated where Ty = -40°C to +110°C and Vpp =

3 Vto 15V (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
VOLTAGE PROTECTION THRESHOLD VCx
BQ294502, fixed delay 4 s 4.35
BQ294504, fixed delay 6.5 s 4.35
BQ294506, fixed delay 4 s 4.38
BQ294512, fixed delay 4 s 4.4
BQ294522, fixed delay 4 s 4.45
V(prOTECT) ~ -
Vov Overvoltage Detection BQ294524, fixed delay 6.5 s 4.45 \Y
BQ294532, fixed delay 4 s 4.5
BQ294533, fixed delay 6.5 s 4.5
BQ294534, fixed delay 4 s 4.55
BQ294582, fixed delay 4 s 4.225
BQ294592, fixed delay 4 s 4.3
Overvoltage Detection
Vivs Hysteresis Vhvs 250 300 400 mv
Ta = 25°C, BQ2945xy -10 10| mv
Voa OV Detection Accuracy
Ta =25°C, BQ294506 only -7 7 mV
Ta= -40°C -40 44
Tp=0°C -20 20
OV Detection Accuracy T, = 60°C _o4 oa| MV
Voa - DRIFT A
due to Temperature Ta = 110°C - 54 54
Ta =10°C to 45°C, BQ294506 only -15 15 mV
SUPPLY AND LEAKAGE CURRENT
(V3-V2)=(V2-V1)=(V1-VSS)=4V (See 4 8-3 1 2
for reference.)
lec Supply Current uA
(V3-V2)=(V2-V1)=(V1-VSS)=28V with Ty = 15
-40°C to 60°C '
Inout C tatV Measured at V3, V2, and V1 =4V
iy F:‘r)ml; urrentat vx 12 -v1)y = (v1-vSS) =4V - 0.1 01| A
Ta =0°C to 60°C (See [¥] 8-3 for reference.)
OUTPUT DRIVE OUT
(V3 -V2)or (V2 - V1) or (V1 - VSS) > Vgy 5 v
Vpp = 7.2V, lop = 100 pA, Ta = - 40°C to +110°C
Two of the three cells are short circuit and only one
cell is powered VDD -
. (V3 -V2)or (V2 - V1) or (V1 - VSS) > Vgy %
Vour Output Drive Voltage |\, _ \/y(Cell voltage), log = 100 yA, T4 = - 40°C to 0.2
+110°C
(V3 -V2), (V2 - V1), and (V1 - VSS) < Vg, lo. = 100
A, Ta = 25°C 250 400 mv
Ta= -40°C to +110°C
loutisnory oo ot T oUT = 0V (v3 - v2) or (V2 - V1) or (V1 - VSS) > Voy 45| mA
urrent
tr Output Rise Time CL =1 nF, Vopour) =0 Vto 5 V() 5 us
Zo Output Impedance 2 5 kQ
FIXED DELAY TIMER
¢ Fault Detection Delay | Fixed Delay, BQ2945xy with delay set to 4s typ 3.2 4 4.8
; s
DELAY Time Fixed Delay, BQ2945xy with delay set to 6.5 s 5.2 6.5 7.8
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7.5 Electrical Characteristics (continued)

Typical values stated where Ty = 25°C and VDD = 10.8 V, MIN/MAX values stated where Tp = - 40°C to +110°C and Vpp =

3V to 15V (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Fault Detection Delay . .
toELAY cTM Time in Test Mode Fixed Delay (Internal settings) 15 ms
(1) Specified by design. It is not 100% tested in production.
7.6 Typical Characteristics
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& 7-1. Icc Current Consumption vs Temperature
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K 7-5. Output Voltage vs Output Current

8 Detailed Description
8.1 Overview

The BQ2945xy is a second-level overvoltage (OV) protector. Each cell is monitored independently by comparing
the actual cell voltage to a protection voltage threshold, Vgy. The protection threshold is preprogrammed at the
factory with a range from 3.85 V t0 4.65 V.

8.2 Functional Block Diagram
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[m—————————- -
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| REG I
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4R v3 g INT EN e '
[5}
Vioy—L-
- (o™ l E lT Qelay l
| 3 Timer
Rn V2 17 |
L & out
1| 8 L
T GN l E]
2 |
L Vi 0sC I
p
1 o |
I vss | :
I .
= T a
FPWRPAD
O
PACK-

Copyright © 2017, Texas Instruments Incorporated
8.3 Feature Description

The voltage sensing for each cell is done independently using a multiplexer. The method of overvoltage
detection is comparing the voltage to an overvoltage protection voltage Voy. Once the voltage exceeds the
programmed fixed value, the delay timer circuit is activated. This delay (tpg_ay) is fixed for either a 4-s or 6.5-s
delay. When these conditions are satisfied, the OUT terminal is transitioned to a high level. This output (OUT) is
released to a low condition if all of the cell inputs (Vx) are below the OVP threshold minus the Vhys.
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A 8-1. Timing for Overvoltage Sensing

8.3.1 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.

8.3.2 Output Drive, OUT

The gate of an external N-channel MOSFET is connected to this terminal. This output transitions to a high level
when an overvoltage condition is detected and after the programmed delay timer. OUT resets to a low level if the
cell voltage falls below the Vgy threshold before the fixed delay timer expires.

8.3.3 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.

8.3.4 Thermal Pad, PWRPAD
For correct operation, the power pad (PWRPAD) is connected to the Vgg terminal on the PCB.

8.4 Device Functional Modes
8.4.1 NORMAL Mode

When all of the cell voltages are below the overvoltage threshold, VOV, the device operates in NORMAL mode.
The device monitors the differential cell voltages connected across (V1 - VSS), (V2 - V1) and (V3 - V2). The
OUT pin is inactive in this mode.

8.4.2 OVERVOLTAGE Mode

OVERVOLTAGE mode is detected if any of the cell voltages exceeds the overvoltage threshold, Vqoy for the
configured OV delay time, tpg ay.- The OUT pin pulls high internally. An external FET then turns on, shorting the
fuse to ground, which enables the battery or charger power to blow the fuse. When all of the cell voltages fall
below (Vov - Vhys), the device returns to NORMAL mode.

8.4.3 Customer Test Mode

Customer Test Mode (CTM) helps to reduce test time for checking the overvoltage delay timer parameter once
the circuit is implemented in the battery pack. To enter CTM, set VDD to at least 10 V higher than V3 (see
8-2). The delay timer is greater than 10 ms, but considerably shorter than the timer delay in normal operation. To
exit CTM, remove the VDD to VC3 voltage differential of 10 V so that the decrease in this value automatically
causes an exit.
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CAUTION

Avoid exceeding any Absolute Maximum Voltages on any pins when placing the part into CTM. Also
avoid exceeding Absolute Maximum Voltages for the individual cell voltages (V3 - V2), (V2 - V1),
and (V1 - VSS). Stressing the pins beyond the rated limits may cause permanent damage to the
device.

K 8-2 shows the timing for CTM.

B R

VDD - V3 (V)

Cell Voltage (v)
(v3)

OUT (V)

|
|
tpeLay > 10 ms |

Kl 8-2. Timing for Customer Test Mode

I« 8-3 shows the measurement for current consumption for the product for both VDD and Vx.

bq2945xx
V3 ouT [ ¢

oy £ (o)—2] v2 veo (e

—3] vss V1 .—‘
36V iQD_‘ PWRPAD

& 8-3. Configuration for IC Current Consumption Test
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9 Application and Implementation

&1

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

9.1 Application Information

The BQ2945xy devices are second-level protectors used for overvoltage protection for the battery pack in the
application. The device, when configuring the OUT pin with active high, drives an NMOS FET that connects the
fuse to ground in the event of a fault condition. This provides a shorted path to use the battery or charger power
to blow the fuse and cut the power path.

9.2 Typical Application

Pack +
Ikw:ﬁ
>
gR\/D
|_
RIN |H
l»—I\N\,—r V3 ouT t
VCELL3 — g,  Cw
F—— v VDD

VCELL2

VCELL1 —

VSS

r
1

V1
PWRPAD —[

Pack-
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K 9-1. Application Configuration Schematic

9.2.1 Design Requirements

Changes to the ranges stated in & 9-1 impact the accuracy of the cell measurements. 9-1 shows each
external component.
3 9-1. Parameters
PARAMETER EXTERNAL COMPONENT MIN TYP MAX| UNIT
Voltage monitor filter resistance RIN 100 1000 4700 Q
Voltage monitor filter capacitance CIN 0.1 1 uF
Supply voltage filter resistance RVD 100 1K 0
Supply voltage filter capacitance CVD 0.1 uF

9.2.2 Detailed Design Procedure

1.

2.

Determine the overvoltage threshold and delay time. Select the proper device from the table in 7 5 or

contact Tl for a different config

uration.

Determine the number of cell in series. The device supports 2-series to 3-series cell configurations. For a 2-
series configuration, the V3 pin is shorted to V2.
To connect to the device, follow the application configuration schematic (see &l 9-1).
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9.2.3 Application Curves
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K 9-2. OVT vs Temperature & 9-3. Vyys vs Temperature
9.3 System Examples
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Kl 9-4. 3-Series Cell Configuration with Fixed Delay
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Kl 9-5. 2-Series Cell Configuration with Internal Fixed Delay
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10 Power Supply Recommendations

The maximum power of this device is 25 V on VDD.

11 Layout

11.1 Layout Guidelines

* Ensure the RC filters for the V1 and VDD pins are placed as close as possible to the target terminal, reducing
the tracing loop area.

* Route the VSS pin to the CELL - terminal.

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

11.2 Layout Example

Place the RC filters close to the

device terminals Power Trace Line
— N,
N kR . 3] recee
\ NC ouT : v —

V2 VDD ¢ Y

VCELL —L | \ PWPD

I ! VSS VSS ==

Ensure trace can support sufficient current
flow for fuse blow
Connect the VSS pins to the CELL- side
B 11-1. Layout Schematic
12 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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12 Device and Documentation Support
12.1 Device Support
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12.2 Related Documentation

* Semiconductor and IC Package Thermal Metrics Application Report

12.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates 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.
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12.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

A b3 % BT A & I =

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.

‘EE‘ \ 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.
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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 © 2022 Texas Instruments Incorporated Submit Document Feedback
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

BQ294502DRVR ACTIVE WSON DRV 6 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 4502
BQ294502DRVT ACTIVE WSON DRV 6 250 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 4502
BQ294504DRVR ACTIVE WSON DRV 6 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4504
BQ294504DRVT ACTIVE WSON DRV 6 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4504
BQ294506DRVR ACTIVE WSON DRV 6 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4506
BQ294506DRVT ACTIVE WSON DRV 6 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4506
BQ294512DRVR ACTIVE WSON DRV 6 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4512
BQ294512DRVT ACTIVE WSON DRV 6 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4512
BQ294522DRVR ACTIVE WSON DRV 6 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4522
BQ294522DRVT ACTIVE WSON DRV 6 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4522
BQ294524DRVR ACTIVE WSON DRV 6 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4524
BQ294524DRVT ACTIVE WSON DRV 6 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4524
BQ294532DRVR ACTIVE WSON DRV 6 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4532
BQ294532DRVT ACTIVE WSON DRV 6 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4532
BQ294533DRVR ACTIVE WSON DRV 6 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4533
BQ294533DRVT ACTIVE WSON DRV 6 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4533
BQ294534DRVR ACTIVE WSON DRV 6 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 4534
BQ294582DRVR ACTIVE WSON DRV 6 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4582
BQ294582DRVT ACTIVE WSON DRV 6 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4582
BQ294592DRVR ACTIVE WSON DRV 6 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4592
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
(1) Drawing Qty %) Ball material 3) (4/5)
(6)
BQ294592DRVT ACTIVE WSON DRV 6 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 4592

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl 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 Tl 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: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device 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 Device Marking for that device.

® | ead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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|
ole ¢ oo & © ¢ T
& © o|( o 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

O O OO0 O 0O O 0

| |
[ [
| 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)

BQ294502DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294502DRVR WSON DRV 6 3000 180.0 8.4 23 23 | 115 4.0 8.0 Q2
BQ294502DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294502DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294504DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294504DRVR WSON DRV 6 3000 180.0 8.4 23 23 | 115 4.0 8.0 Q2
BQ294504DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294504DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294506DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294506DRVR WSON DRV 6 3000 180.0 8.4 23 23 | 115 4.0 8.0 Q2
BQ294506DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294506DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294512DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294512DRVT WSON DRV 6 250 180.0 8.4 2.3 23 | 115 4.0 8.0 Q2
BQ294522DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294522DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2

Pack Materials-Page 1



i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 14-Aug-2022
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)

BQ294524DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294524DRVR WSON DRV 6 3000 180.0 8.4 2.3 23 | 115 | 4.0 8.0 Q2
BQ294524DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294524DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294532DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294532DRVR WSON DRV 6 3000 180.0 8.4 2.3 23 | 115 | 4.0 8.0 Q2
BQ294532DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294532DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294533DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294533DRVT WSON DRV 6 250 180.0 8.4 2.3 23 | 115 | 4.0 8.0 Q2
BQ294534DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294582DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294582DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294582DRVT WSON DRV 6 250 180.0 8.4 2.3 23 | 115 | 4.0 8.0 Q2
BQ294582DRVT WSON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294592DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294592DRVR WSON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ294592DRVT WSON DRV 6 250 180.0 8.4 2.3 23 | 115 | 4.0 8.0 Q2
BQ294592DRVT WSON DRV 6 250 180.0 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)
BQ294502DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294502DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294502DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294502DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294504DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294504DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294504DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294504DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294506DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294506DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294506DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294506DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294512DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294512DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294522DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294522DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294524DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294524DRVR WSON DRV 6 3000 210.0 185.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ294524DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294524DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294532DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294532DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294532DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294532DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294533DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294533DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294534DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294582DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294582DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294582DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294582DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294592DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294592DRVR WSON DRV 6 3000 210.0 185.0 35.0
BQ294592DRVT WSON DRV 6 250 210.0 185.0 35.0
BQ294592DRVT WSON DRV 6 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DRV 6 WSON - 0.8 mm max heig_ht

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4206925/F
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PACKAGE OUTLINE
DRVOOO6A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—

=N
©or

0.8
0.7
¢ O = N =
— T !
- (0.2) TYP
EXPOSED = 101 —= 000
THERMAL PAD | '
w
4
—  16+0.1
6
| ., 035
PIN 11D x03_ . %oz
(OPTIONAL) 0.2 N 01® [c[A® [BO |
0.050 [C]|

4222173/B 04/2018

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
DRVOOO6A WSON - 0.8 mm max height
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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 some or all are implemented, recommended via locations are shown.
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DRVOOO6A

EXAMPLE STENCIL DESIGN
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD #7

88% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:30X
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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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