Product ww Order
Folder -!_. Now

13 TEXAS
INSTRUMENTS

Technical
Documents ’

2 Tools &
Software

Support &
Community

bq2961, bq2962
ZHCSE10D —NOVEMBER 2013—-REVISED JANUARY 2017

EHT 2 7. 3 45 4 7 B - it H B AR R )
bq296xxx it K RY"

1 R
o 271, 3 AN 4 THIb R RS (OVP)
o [EEIEIRER A, T AURIS RN SR (FET) 3K
Bt
(3s. 4s. 5.5s &Y 6.5s TUFHEI)
o HEER OVP RIME (R{EHEVEEN 3.85V &
4.6V)
o IR mECSEA R
TR =% - SUNESiar
+10mV
o HABERAEIMBAE R Re i I D Re R R
Jidn
— #&T. 3.3V. 2.5V fi1 1.8V (bg2960.
bq2961)
— #T. 3.3V. 3.15V. 3.0V (bq2962)
o [RIhFE lcc =4 pA
(VCELL(ALL) < VprotecT)
« % REG it i BABIKIIAE, lcc 48 1.2pA
o RET AR ORI FRL < 100nA
o /NI RSE
— 8 5l WSON (2 mm x 2 mm)

2 MM

o ZEICAHL

o A

. BJT

o N[EWTEETE (UPS) 4% A H it

3 M
b296xxx ZFI| & — 2K ks B (R ThAE I R AR, ALy
ImA FaJESH eByE, 3E TR B T B g O

B F ]y 2-4 77 I A B 2 v A A R i PR A
RO Al BMER— b BRI RS, W
P A 2 SEIRE N B R B — EAEIR E I 23 21,
Bt SRRV x4k A0 N RS AR R B 1
e

R e LR R TR AmA (RRAED B i
DAOKBh IR 2 2@ H s, Bl serf i Bk (RTC) 5%
#5. bg296xxx RYIEA HEERETIRE, BEWAEATRE T
FEL Y P i P A T4 o L A S PR RRUR A H AT By L F
TR FEIY s AR I T A A4 ) s B b 11 A e

ZRRE.
BfEE RO
i) ESE HERT GrfrfED
bg2960
bg2961 WSON (8) 2.00mm x 2.00mm
bg2962

(1) ZETREFTE RIS, WS IR R KR AT R
(2) bg2960 f& 2 %] 3 Hi L. bg2961 il bq2962 & 2 Fi%|
4 T RS

1 14 P B o L

Protector Pack +
Camtt] FETs
100 Q

=

VDD OuUT]
1kQ 50 () External
VCELL3 oty |3 REG Circuit
1kQ bg2960 e0. RTC
M v2 vss 9
VCELL2 L1 g O-1HFEL .
Vi REG EN|l— can be removed if Vss will be
M connected first during cell
PWPD L 1 connection
VCELL1 0.1uF= 0.1pF |0.47 puF
‘( Pack —
L °
bg2960 REG out is controlled by MCU MCU
CTL

10 MQ
(Optional) %

Protector Pack +
Drmd] FETs
100 Q

—
[ 2
1KQ VDD ouT 500 F External
\Z REG Circuit
VCELL4 =1 kq O1pF bg2961 e.g., RTC
E'\Nv—} v3 bg2962 yss
VCELLS ! 1k O1WF E * can be removed if Vss will be
0.1uF v2 vi connected first during cell
VCELL2 T 1k M T PWPD 1 1 connection
VCELL1 0.1pF== 0.1F [0.47 uF
[ -‘7 Pack —
= ‘ . .

Copyright © 2017, Texas Instruments Incorporated

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
A intellectual property matters and other important disclaimers. UNLESS OTHERWISE NOTED, this document contains PRODUCTION

DATA.

English Data Sheet: SLUSBUS


http://www-s.ti.com/sc/techlit/SLUSBU5.pdf
http://www.ti.com.cn/product/cn/bq2961?qgpn=bq2961
http://www.ti.com.cn/product/cn/bq2962?qgpn=bq2962
http://www.ti.com.cn/product/cn/bq2961?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/bq2961?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/bq2961?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/bq2961?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/bq2961?dcmp=dsproject&hqs=support&#community

I3 TEXAS
INSTRUMENTS
bg2961, bq2962
ZHCSE10D —NOVEMBER 2013—REVISED JANUARY 2017 www.ti.com.cn
1 8.3 Feature DesCription..........c.ccovviiiiiniiiiniciccie 12
2 8.4 Device Functional Modes...........ccoceverinvennneenenn. 15
3 9 Application and Implementation ............cccceec.. 18
4 9.1 Application Information.............cccoeveeviiiiieiiiinicnnn. 18
5 Device Comparison Table........cocoeevvveeeeeeeerennn. 4 92 Typical Application.................. s i
6 Pin Configuration and FUNCtions ...........c........... 5 10 Power Supply Recommendations .................. 22
7 SPECIHiCAtIONS. ... 6 11 Layout............ s 22
7.1 Absolute Maximum RAtiNgs .......................... 6 11.1 Layout GUIdeliNeS .......cccceevieriiiiieiiecieeec e 22
7.2 ESD RAUNGS.......rroerereeeoeeeesoeoeeeeesssoee 6 11.2 Layout EXample ......ccccceeeiiieiiiiieiieeeeee e 22
7.3 Recommended Operating Conditions... 6 120 BPEASCRESCRE s 23
7.4 Thermal Information............cccoeeveviiiiieiieniiiee 6 12.1 %4&2%%%%@%} 23
7.5 Electrical Characteristics..........cccoovvvireninieieiieenn, 7 12.2 E'Zjﬁﬁ ''''''''''''''''''''''''''''''''''''''''''' 23
7.6 Typical CharaCteristiCs .........cooeururierrirrerreeneerennens 9 123 ':J*’T: ------ L 23
8 Detailed DeSCription ......ccccceevveveeiecieieereceevene 11 124 BRI R o 23
8.1 OVEIVIBW ..ooviiiiieiccc e 11 12.5 GlOSSAIY ...vvvoss vt 23
8.2 Functional Block Diagram ............cccceeveevreeerenneeen. 11 13 MUk FEEAFTIER s 23
4 BATPIRiER
e ZHTRCAH) TURS ] B8 5 2 B0 ACAA BT AN TR«
Changes from Revision C (October 2016) to Revision D Page
o TEMIL 5 B B oK SR AR 2 I D296 0xy " B A “Dg29607,  HOR AR FR A M “bg296 1xy" BE B “Dg2961/bg2962" ... 1
e Separated bg2961 and bg2962 device OptioNS INtO tWO TADIES. .......c.eiiiii e 4
« Removed bg296100 preview status. Added bq296215, bg296216, bq296217 device spins to Device Comparison
LI o PRSP UPTP 4
« Extended IDD test condition from (V,-V,,.1) = 3.8V 10 (V-V1.1) = 2V 10 4.15V oo 7
e Added VOUT TYP and MAX SPECITICALION .......uviiiiiiiiiiieeiiiiiit e sttt s ettt e st e e e s et e e e e s et a e e e e eaba e e e e e easbeeeeeeesbeeeaesasbaneaeas 7
* Added VREG specification at 500 pA load. Was only specified with 0O~1mA range before. ....... ... 8
« Extended IREG MAX specification to 2mA, Was 1MA DEFOIE .......coiiiiiiiiiiiiii et e e s e e e 8
« Changed device label from "bg2960xy" "bg2960" in Application SCheMALIC...........cccveiieiiiiiiie e 15
« Corrected REG capaitor to 0.47uF in the current consumption test circuit, was 0.1UF. .......ccccoiiiiiiiiiiiiiien e 17
« Changed device label from "bg2961xy" to "bq2961/bg2962" in reference schematic. Updated figure title to "bq2961
and bg2962 schematic”, was "bg2961 SChematiC" DEOIE..... ... 19
« Changed device label from "bg2960xy" to "bg2960" in reference SChEMALIC ..........ccuviieiiiiiiiie e 21
e Changed device label from "bg2961xy" to "bg2961/bg2962". Updated figure title to bq2961 and bq2962 schematic ....... 22
L 2 a0 el 2« TSRS 23
Changes from Revision B (May 2016) to Revision C Page
o BRI DA2962 REG FEIM .....vvivieiiicietctei ettt ettt ettt b bt s et b ettt b bt et bbbt b et A e et bbbt ettt st n et nens 1
o CHH AT 0N bg2960. bg2961. bg2962 LIFRIHEEANEHE R PRI SCRIN (o 1
e Added bg296202, bq296203, Bg296212, DA29B2L3 .......ccueiieiiiieiiie ettt ettt nneas 4
LI Yo (o [=To [ oo 22 1o YN o] 1 s o1 U | SO PO P PP PPPPRPN 5
¢ Added bg2962 device to Recommened Operating CONAItIONS .........ouiiiiiiiiiiiiie et e e e e e e e e e eanneeeaeeenes 6
« Extended bg2962 VREG full range condition from OmA to 2mA, was OmA to 1mA before
e NN bg2962 regulator programmable option
o HIK figure title to apply 10 DO2962 FAMILY .....ecviiiiiiee ettt st et e e ne et st nae et eneeneenea
o LRI figure title t0 @PPIY 10 DO29B2 ....c.ooviieiiiiiieieeieee ettt et bttt s e teeresaesbe st e et eneerenrenren
2 AL © 2013-2017, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/bq2961?qgpn=bq2961
http://www.ti.com.cn/product/cn/bq2962?qgpn=bq2962
http://www.ti.com.cn

I} TEXAS
INSTRUMENTS

bq2961,bq2962
www.ti.com.cn ZHCSE10D —NOVEMBER 2013—REVISED JANUARY 2017
Changes from Revision A (January 2016) to Revision B Page
e Added bg296114 to Device COmMPAriSON TaADIE.......coiiiiiiiii e e st e sr e e et e e s e e nreeens 4
Changes from Original (November 2013) to Revision A Page
DR 8 B =l s N el o 1B e G T oo 4 o NSO 1
¢ Changed bg296106, '107, '111 From: Preview To: Released status ....
¢ Added bg296112 to Device COMPATISON TADIE .....ccciiiiiiie it e e e a e e st e e e e e e atb e e e e e sata et e e s sstaeeaesssraeeas
¢ Added bg296113 to Device COMPArISON TaADIE......ccii it e e e e h bt e e e e st et e e e e anb e e e e e sanbeeee e e aanbeeeas 4
e Added Available the bg2961xy configuration range to Device Comparison Table ..........cccocveiiiinii e 4

Copyright © 2013-2017, Texas Instruments Incorporated 3


http://www.ti.com.cn/product/cn/bq2961?qgpn=bq2961
http://www.ti.com.cn/product/cn/bq2962?qgpn=bq2962
http://www.ti.com.cn

bg2961, bq2962

ZHCSE10D —NOVEMBER 2013—-REVISED JANUARY 2017

13 TEXAS
INSTRUMENTS

www.ti.com.cn

5 Device Comparison Table

Table 1. bq2962 Device Options

b2962 OVP (V) OVP DELAY (s) uv (V) LDO (V)
bq296202 4.45 6.5 25 3.3
bq296203 4.50 6.5 25 3.3
bq296212 4.50 3.0 25 3.3
bq296213 4.35 3.0 25 3.3
bq296215® 4.50 6.5 25 3.0
bq296216 455 6.5 25 3.0
bq296217 455 6.5 2.8 3.3
bq2962 3.85V - 4.60V (50mV step) 3.0,4.0,5.5,6.5 2.0V - 2.8V (50mV step) |3, 3.15, 3.3

(1) Product Preview only
Table 2. bq2961 Device Options

bg2961 OVP (V) OVP DELAY (s) UV (V) LDO (V)
bg296100 4.35 6.5 25 3.3
bg296101 ™ 4.40 6.5 25 3.3
bq296102™ 4.45 6.5 25 3.3
bq296103 450 6.5 25 3.3
bq296104 ™ 4.35 6.5 2.8 33
bq296105™ 4.40 6.5 2.8 33
bg296106 4.45 6.5 2.8 3.3
bg296107 450 6.5 2.8 3.3
bg296108™ 4.50 6.5 2.4 33
bg296109M 4.325 3.0 25 3.3
bg296110M 4.45 3.0 25 3.3
bg296111 4.45 4.0 25 3.3
bg296112 450 3.0 25 3.3
bg296113 4.35 3.0 25 3.3
bg296114 450 4.0 25 3.3
bg2961 3.85V - 4.60V (50mV step) 3.0,4.0,55,6.5 2.0V - 2.8V (50mV step) | 1.8, 2.5, 3.3

(1) Product Preview only

Copyright © 2013-2017, Texas Instruments Incorporated
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6 Pin Configuration and Functions

2s-t0-3s bq2960 2s-to-4s bq2962
(Top View) (Top View)
L] Y —
E VDD ouT IE E VDD REG | 8
zl V3 REG IZ 2| Vv4 OuT | 7
EI V2 VSS IE 3|Vv3 VSS | 6
ZI V1 REG_EN E 4 (V2 V1|5

2s-to-4s bq2961
(Top View)

[ ]
VDD ouT IE

V4 REG | 7

Pin Functions

PIN
TYPEW DESCRIPTION
NAME bg2960 bg2961 bg2962
Analog Output drive for overvoltage fault signal, CMOS Output High or
out 8 8 7 OA Open Drain Active Low.
PWPD 9 9 9 P Tl recommends connecting the exposed pad to VSS on PCB.
REG 7 7 8 OA Regulated Supply Output. Requires an external ceramic capacitor for
stability.
. . Regulated Supply Output Enable. A "high" to enable REG output and
REG_EN 5 IA "low" to disable REG output.
Vi 4 5 5 A Sense input for positive voltage of the lowest cell from the bottom of the
stack.
V2 3 4 4 A Sense input for positive voltage of the second cell from the bottom of the
stack.
V3 5 3 3 A Sense input for positive voltage of the third cell from the bottom of the
stack.
va . 2 2 A Sense input for positive voltage of the fourth cell from the bottom of the
stack.
VDD 1 1 1 P Power supply input
VSS 6 6 6 = Electrically connected to integrated circuit ground and negative terminal
of the lowest cell in the stack.

(1) 1A = Analog input, OA = Analog Output, P = Power connection

Copyright © 2013-2017, Texas Instruments Incorporated 5
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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
V4 -V3,V3-V2,V2-V1,V1-VSS -0.3 30
Input voltage REG - VSS -0.3 3.6 \Y
REG_EN - VSS -0.3 28
Output voltage OUT - VSS -0.3 30
Continuous total power dissipation, Ptot ﬁ]?gr;g%gn:fl
Lead temperature (soldering, 10 s), TsoLper 300 300 °C
Storage temperature, Tgg -65 150 °C

(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 Procedures. Exposure to absolute-maximum-—rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
L Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 (™ 2000
Viesp)  Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22-C101?) 500 v
(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 NOM MAX UNIT
Supply voltage, Vpp &, bg2960 3 15
\S/;gp('% voltage, g o1 voltage, Vop @, bg2961, bg2962 3 20| v
Supply voltage, Vpp with REG output on 4

Input voltage Vn-Vn1,V1-VSS 0 5 v
range REG_EN 0 15 \%
Operating ambient temperature range, Tp -40 110 °C
(1) See Typical Application.

7.4 Thermal Information

bg2960xy
THERMAL METRIC® DSG (WSON) UNIT
8 PINS

Rgia Junction-to-ambient thermal resistance 62 °C/W
Rojctop) Junction-to-case(top) thermal resistance 72 °C/W
Rgis Junction-to-board thermal resistance 325 °C/W
WIT Junction-to-top characterization parameter 1.6 °C/W
viB Junction-to-board characterization parameter 33 °C/W
Rosc(bot) 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.

Copyright © 2013-2017, Texas Instruments Incorporated
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7.5 Electrical Characteristics

Typical values stated where T, = 25°C and VDD = 14.4 V, MIN/MAX values stated where T, = —40°C to +110°C, and Vpp =
3V to 15 V (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
Voltage Protection Thresholds
V(PROTECT) Apoli )
_ pplicable Voltage: 3.85 V
Vov Overvoltage Rin = 1kQ to 4.6 V in 50 mV steps v
Detection
OV Detection
Vhvs Hysteresis 250 300 400| mv
QV Detection — hpo
Voa Accuracy Ta =25°C -10 10 mV
Ta = —40°C —40 40| mv
OV Detection Ta=0C —20 20| mv
Voaprier  Accuracy Across Ta =60°C —24 24 mv
Temperature T, = 110°C -54 54| mVv
Ta =110°C —54 54 mVv
Supply and Leakage Current
Supply Current with (Vn—yn_1)=2Vto4.15V,n=1to4, Ta =0°C to 60°C 4 6 MA
Ibp REG on VDD = top V,, voltage _ . .
(V1 -Vss) > Vyvres » Ireg = 0 MA, Ta=-40°C 10 110°C 8| HA
Supply Current with (Vn—yn_1)=2Vto4.15V,n=1to4, Ta =0°C to 60°C 1 2 MA
Ibp REG off VDD = top V,, voltage . .
(V1 - Vss) < VUvReG Ta =-40°C to 110°C 4 HA
| Input Current at Vy | (Vs — V1) = (V1 -Vgg) = 3.8V, VDD = top V, voltage, Tp = 01 0.1 A
IN Pins 25°C : - K
Output Drive OUT, CMOS Active High
(Vn - Vn-l) or (Vl - Vss) > Vo\/, IOH =100 lJA, VDD = tOp Vn
6 7 8 \Y
voltage
. If three of four cells are short circuited, only one cell remains
Output Drive - Vo VDD -
Vout Voltage, Active High Eowered and > Vqy, VDD =V, (the remaining cell voltage), lon 0.3 \%
=100 pA
(V= Vp.p) and (V1 - Vgg) < Voy, VDD = sum of the cell stack
voltage, lp. = 100 pA measured into OUT pin 250 400 mv
OUT Source Current | (Vo = Vn-1): (V3= V2), or (V1 = Vss) > Vo, VDD = top Vy
louTH (during OV) voltage, 45| mA
forced OUT =0 V, measured out of OUT pin
. (Vn = Vn.1) and (V1 - Vss) < Voy, VDD = top V, voltage, forced
loutL (Onl;'lé)il)nk Current OUT = VDD, measured into OUT pin. Pull-up resistor Rpy =5 0.5 14 mA
kQ to VDD
Internal Fixed Delay Timer
Internal Fixed Delay, 3 second delay option 2.4 3 3.6 S
. Internal Fixed Delay, 4 second delay option 3.2 4 4.8 S
toELAY OV Delay Time® - -
Internal Fixed Delay, 5.5 second delay option 4.4 55 6.6 S
Internal Fixed Delay, 6.5 second delay option 5.2 6.5 7.8 S
Fault Detection
Delay Time in Test .
toELAY CTM Mode OV Delay Internal Fixed delay 15 ms
Time
(1) Specified by design. Not 100% tested in production.
Copyright © 2013-2017, Texas Instruments Incorporated 7


http://www.ti.com.cn/product/cn/bq2961?qgpn=bq2961
http://www.ti.com.cn/product/cn/bq2962?qgpn=bq2962
http://www.ti.com.cn

bq2961,

bg2962

ZHCSE10D —NOVEMBER 2013—-REVISED JANUARY 2017

I

TEXAS
INSTRUMENTS

www.ti.com.cn

Electrical Characteristics (continued)

Typical values stated where T, = 25°C and VDD = 14.4 V, MIN/MAX values stated where T, = —40°C to +110°C, and Vpp =
3V to 15V (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
Regulated Supply Output, REG
VREG =33V ,
bg2960, bg2961, 3.234 3.300 3.366
bg2962
VREG =3.15V y
bo2962 3.087 3.150 3.213
vV REG Supply at VDD 24V, | ggg = 500 pA, Vv -30V v
REG 500 pA load Cgreg = 0.47 pUF REG 7 =5 ¥ 2.940 3.000 3.060
bg2962
VREG =25V ,
bo2960, ba2961 2.450 2.500 2.550
VREG =18V ,
bQ2960, ba2961 1.764 1.800 1.836
VREG =33V ,
bg2960, bg2961, 3.200 3.300 3.400
bg2962
VREG =3.15V y
bo2962 3.050 3.150 3.250
vV REG Supply from0 |VDD 24V, | rgg =0 PHA to 2 mA, Vv =30V v
REG - REG = - )
to 2 mA load Creg = 0.47 pF b2962 2.900 3.000 3.100
VREG =25V ,
bo2960, ba2961 2.425 2.500 2.575
VREG =18V ,
b2960, ba2961 1.746 1.800 1.854
IrReG REG Current Output | VDD 2 4V, Creg = 0.47 pF 0 2 mA
IrReG_ REG Output Short _ _
SC_Limit Circuit Current Limit | REC = Vss: Cres = 047 uF 4 mA
REG pull-down -
Rrec_pPD resistor REG is disabled 20 30 45 kQ
Regulated Supply Output Enable, REG_EN
Viy High-level Input 1.6 \%
Vi Low-level Input 0.4 \%
Input Leakage
ke Current Vin<6V 01| pA
Regulated Supply Undervoltage Self-disable
VUuvREG gnder_voltage Factory Configuration: 2.0 V to 2.8 V in 50 mV steps, Tp = 25 °C -50 50 mV
etection
Undervoltage
Vuvhs Detection Hysteresis 250 300 400 mv
Undervoltage
{WVDELAY  petection Delay 45 6 75 S
Cell voltage to
VUVQUAL quallfy for UV 0.5 \Y
detection
8 MRAX © 2013-2017, Texas Instruments Incorporated
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7.6 Typical Characteristics
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Typical Characteristics (T X)
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8 Detailed Description

8.1 Overview

The bg2960, bg2961 and bg2962 are second-level overvoltage (OV) protectors with a regulated output. Each cell
is monitored independently by comparing the actual cell voltage to an overvoltage threshold Vq,. The
overvoltage threshold is preprogrammed at the factory with a range between 3.85 V to 4.65 V.

The regulated output is enabled unless any of the cell voltages fall below the Vyyreg threshold. This threshold is
preprogrammed at the factory with a range between 2 V to 2.8 V. For bq2960xy family, an external control pin,
REG_EN, is available to enable or disable the regulated output in addition to the Vyreg detection.

#% 3. Programmable Parameters

OVERVOLTAGE RANGE (V)

OVERVOLTAGE DELAY (s)

UNDERVOLTAGE RANGE (V)

REGULATOR (V)

3.85t0 4.6 in 50 mV step

3,4,55,6.5

2.0to 2.8in 50 mV step

1.8, 2.5, 3.3 (bq2960, bq2961)
3.0, 3.15, 3.3 (bg2962)

8.2 Functional Block Diagram

PACK+
rSTe O
Rvbp [
I CvD
VDD -
e~ -
I \-/ref :T I
I b .— |
l ~ Comp . |
o +
RIN v3 | = UVP_vref | <7 {5] REG_EN
1 z y {7] REG
I S
T CIN 2 § I
I “’ |
RIN V2 o] Programmable :
q g } setting '{: |
£ Enable i
T SN = Vov Acuvle\ | our M
. Delay [8] H
RN vi Delay Charging/ {—— iar 9%
q Discharge circuit l
I
T SN | q
VSS I
L 3 . I
- R . K J
PWPD
PACK-
. O
¥ 9. bg2960 Block Diagram
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Functional Block Diagram (¥ TF3)

PACK+
O
—————————— —
| |
) R|N V4 Vref b l
I
- CIN : 3 P . I
o
RIN V3 = UVP_Vref b |
1 z REG_EN {71 REG
e CIN I § ? I
| )
RIN V2 o] Programmable % i I
¢ ié_ } setting |'_> |
= Enabl i
L CIN | 2 Vov nable Active ouT E
RIN \% 8 Delay Charging/ _lli_)lelay l/
[ 5 Discharge circuit fmer N I
I
—— C IN I REG_EN I 4
VSS I
9 3 - I
- S . K -l
PWPD
PACK-
. O

10. bg2961 and bq2962 Block Diagram

8.3 Feature Description
8.3.1 Pin Details

8.3.1.1

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.

Input Sense Voltage, Vx

8.3.1.2 OQutput Drive, OUT
This terminal serves as the fault signal output in Active High.

8.3.1.3 Supply Input, VDD

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

8.3.1.4 Regulated Supply Output, REG

This terminal is connected to an external capacitor and provides a regulated supply to power a circuit such as a
Real Time Clock integrated circuit, or functions requiring a well-regulated supply. Maximum current load on this
pin cannot exceed 1 mA.

12 MRAX © 2013-2017, Texas Instruments Incorporated
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Feature Description (3T )

The REG output has protection for overcurrent, using a current limit protection circuit, and also detects and
protects for excessive power dissipation due to short circuit of the external load. This pin requires a ceramic 1-puF
capacitor connection to VSS for improved stability, noise immunity, and ESD performance of the supply output.
This capacitor must be placed close to the REG and VSS pins for connection.

8.3.1.5 Regulated Supply Output Enable, REG_EN (bq2960 Only)

This terminal is a high voltage input drain to enable and disable the regulated supply output, REG terminal.
When the VREG_EN > V,,, the REG terminal output is enabled including the cell undervoltage detection function
to self-disable the regulated supply. When the VREG_EN < V,, the REG terminal output, the cell undervoltage
detection and the regulated supply self-disable functions are disabled.

To keep the REG output enabled at all times, the recommendation is to connect the REG_EN to the V1
termination. There is a 6-V clamp to protect the REG_EN terminal from a high voltage input. By connecting
REG_EN to V1, the clamp circuit is not active.

When the REG output is enabled, VREG_EN > V|, the REG output can be self-disabled if any of the cell
voltages are < Vyyreg- The self-disable function is used to reduce power consumption when the battery pack is
deeply depleted.

8.3.2 Overvoltage Sensing for OUT

In the bg296xxx device, each cell is monitored independently. Overvoltage is detected by comparing the actual
cell voltage to a protection voltage reference, Vgy. If any cell voltage exceeds the programmed OV value, an
internal timer circuit is activated. This timer circuit causes a factory pre-programmed fixed delay before the OUT
terminal goes from inactive to active state.

|
VoV 1'/\

VOV - VHYS

o

|
y
/
|
|
|
|

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

| tDELAY

|<—>

|
!
11. Timing for Overvoltage Sensing for OUT

OuT (V)

8.3.3 Regulated Output Voltage and REG_EN Pin

For bg2960 and bg2961, there are three factory-preprogrammed options for the regulated output voltage, 3.3 V,
2.5V, and 1.8 V. For bg2962, the regulated output voltage options are 3.3 V, 3.15 V, and 3.0 V. bg2962xy can
potentially provide other regulated voltage output between 3.3 V to 3.0 V, contact Texas Instruments for detail.

At power up, the regulated output is on by default. If any cell voltage is below Vygrec at device power up, the
regulated output will remain on until the tyy pg ay time has passed, the regulated out turns off after the delay
time. N

During discharge, if any cell voltage falls below the Vyyres threshold for tyy pgLay time, the regulated output is
self-disabled. The regulated output turns on again when all the cell voltages are above Vyyrec + Vuvhys-

AR © 2013-2017, Texas Instruments Incorporated 13
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Feature Description (3T )

- |
VUVREG + VUVHYS _ l

| |
| |
2 | |
(%2} vV _ _
SZ  VUREG \ /\/\;\ ] L
5 S v | |
]
N
%? | | |
N
°3 LM,! !
< |

REG (V)

|
|
|
|
| | |
12. REG Output Timing

For bg2960 family, an external REG_EN pin is available to enable and disable the regulated output function. To
enable both the regulated output and the undervoltage self-disable features, the REG_EN pin must be above V.
A microcontroller can be used to control the REG_EN pin. Alternatively, connecting the REG_EN pin to the
bottom cell is another option to enable the regulated output function always.

14 MRAX © 2013-2017, Texas Instruments Incorporated
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Feature Description (3T )

Pack +
Protector FETs
100 Q%
3 Enable
VCC
I—_|_— X1 |
ouT h_‘ E' = Ix2 \I\;I(Ii(li Supply
1k0 e S0 _ veaT spal—
—W\eTES V3 REG A
s 0.1pk
VCELL3 — | 1M b2960 GND SCL——
VCELL2 — 0.1pF== RTCIC
—AA V1 REG_EN
1kQ PWPD
ES e * can be removed if Vss will be
VCELLL =——  0.1pF== O.1pF  10.47 pF connected first during cell connection
Pack —
REG out is always enabled
100%
Q Enable
ouT = E' = 2 \r\;ili uoely
1kQ VDD : %) ; I
01LE V3 REG A VBAT SDA——
VCELL3 — ;oM Vo bg2960 GND SCL——
VCELL2 } 0.1 “F_E_ RTCIC
REG_EN|—
PWPD * can be removed if Vss will be

6 1uF connected first during cell connection

VCELL1 0.1uF=

—
=
~
foX:
<
[
':
|
oll
I
N
=
5

Pack —

REG output is enabled or disabled by MCU MCU

CTL
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13. bg2960 Application Schematic

8.4 Device Functional Modes

8.4.1 NORMAL Mode

When all of the cell voltages are below the Vg threshold AND above Vyreg threshold, 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 in this mode. The regulated output is always enabled for bq2961.
For bg2960, the regulated output is on only if the voltage on the REG_EN pin is above V.
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Device Functional Modes (T R)
8.4.2 OVERVOLTAGE Mode

OVERVOLTAGE mode is detected if any of the cell voltages exceed the overvoltage threshold, Vg, for
configured OV delay time. The OUT pin is activated after a delay time preprogrammed at the factory. The OUT
pin will pull high internally. Then an external FET is 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 (Voy — Vhys), the device
returns to NORMAL mode. The regulated output (if enabled) remains on in this mode.

8.4.3 UNDERVOLTAGE Mode

The UNDERVOLTAGE mode is detected if any of the cell voltage across (V1-VSS), (V2-V1), (V3-V2), or
(V4-V3) is below the Vyregs threshold for tyy pgLay time. In this mode, the regulated output is disabled. To return
to the NORMAL mode, all the cell voltages must be above (Vyyreg + Vuvhys)-

For a low cell configuration, V,, pin can be shorted to the (V, _ 1) pin. The device ignores any differential cell
voltage below VyyquaL threshold for undervoltage detection.

8.4.4 CUSTOMER TEST MODE

The Customer Test Mode (CTM) helps to reduce test time for checking the overvoltage delay-timer parameter
once the circuit is implemented into the battery pack. To enter CTM, the VDD pin should be set at least 10 V
higher than V3 (see & 14). 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
the value automatically causes an exit.

CAUTION

Avoid exceeding any Absolute Maximum Voltages on any pins when placing the
device 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 can cause permanent damage to the device.

B 14 shows the timing for the Customer Test Mode.

VDD - V3 =10V

VDD

V3

OUT (V) < > 10ms N

14. Timing for Customer Test Mode

16 MRAX © 2013-2017, Texas Instruments Incorporated
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Device Functional Modes (T R)

15 shows the measurement for current consumption of the product for both VDD and Vx.

0—@—3 VDD ouT 8]
_®_

36y ] 2] v3 REG E—_|_QD§

- 0.47 yF==
36V 1_@_3 V2 vss[g
E I } l4]vi  REG_EN E—|

3.6V

15. Configuration for Integrated Circuit Current Consumption Test
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9 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI'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 bg296xxx is a family of second-level protectors used for overvoltage protection of the battery pack in the
application. A regulated output is available to drive a small circuit with maximum Irgg loading. The device OUT
pin is active high, which 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.

9.2 Typical Application
13 shows the recommended reference design components.

Pack +
Protector Pack +
Tk FETs Protector
100 Q Bomec] FETs
—J 100 Q
L VDD ouT = Mo
1kQ 50 External VDD ouT ‘;H Extornal
veeLs T oTart | V3 REG Circuit 1kQ 50() xternal
1kQ bq2960 e e.g., RTC —W——9—V4 ba2961 REG Circuit
VeELL2 E—W\,WE v2 Vss : VCELL4 T 1kQ O1pF bq e.g. RTC
1kQ Tl REG ENl— * can be removed if Vss will be M V3 42962 vss
v PWPD connected first during cell VCELL3 1k O-1H V2 i * can be removed if Vss will be
. 1 connection } VVv E connected first during cell
VCELLL =  OdpF=— To1pF Jo.47 uF VCELL2 1 1kq OIHFT PWPD T 1L connection
VCELLL 0.1pF== 0.1pF [0.47 uF
Pack —
A Pack —
- .
142960 REG out is controlled by MCU MCU =
CTL
10 MQ
(Optional) 3
1

Copyright © 2017, Texas Instruments Incorporated

16. Application Schematic

9.2.1 Design Requirements

x
Changes to the ranges stated in ¥ 4 will impact the accuracy of the cell measurements.

5k 4. 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 0.1 — 1 KQ
Supply voltage filter capacitance Cvp — 0.1 1.0 uF
REG output capacitance Crec 0.47 1 — uF
=

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

18 MRAX © 2013-2017, Texas Instruments Incorporated
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9.2.2 Detailed Design Procedure

x
The device VSS must be connected first during PCB test or cell attachment. Failure to do
so can damage the REG pin.

1. If VSS pin cannot be connected first, it is required to add a resistor of a minimum of 5 ohms to a maximum of
10 ohms (a 5-ohm resistor is used in the reference schematic, B 17) in series with the REG capacitor. When
VSS is floating, the REG capacitor always charges up to the VDD voltage. When VSS is finally connected,
the REG capacitor will be discharged. Adding a small resistor in series reduces the current strength and
avoids any potential damage to the REG pin. The 5-ohm resistor can be placed in series with the REG
connect circuit (as shown in B 17) or in series of the REG capacitor (as shown in B 18). Placing the resistor
in series with the REG circuit results in a small drop of VREG (for example: max loading of 1 mA with a 5-
ohm resistor will drop 5 mV on VREG), but such a connection can protect again rush current discharge from
both REG capacitor or external filter capacitor connected to the REG pin. Placing the resistor in series with
the REG capacitor is an alternative to avoid additional drop in VREG if the filer capacitor used by the
external circuit is much smaller than the REG capacitor.

2. After VSS is connected, the device allows random cell connect to the Vx pin.

3. Cell should be connected to the lower V, pin; the unused V, pin should be shorted to the (V,.;) pin. See
17 for details.

Pack +

o Protector
Em, FETs
100 Q

'_
|

vDD out 5Q (% External

1kQ x; bg2961 REG AWV eClrc;_ch

DL ba2962  vss 9

VCELL3 — 1
M V2 \Val
VCELL2 0.1 uF-l— PWPD —I
KO J_ To.apF To.47pF
.|, 0.1 pF-[

Copyright © 2017, Texas Instruments Incorporated

VCELL1
Pack —

17. 3-Series bg2961 and bq2962 Schematic

4. A zener diode can be added to the REG pin to VSS as shown in [ 18. This is recommended to protect the
circuit connected to the REG pin if floating VSS in the field is a risk concern. When VSS is floating (during
cell connection when VSS is not connected first or in system fault with BAT— wire broken), the REG voltage
always pulls up to VDD. In a 4-S configuration, the REG voltage can reach approximately 16 V with VSS
floating. Adding a zener diode clamps the REG voltage to a safe level for the external circuits connected to
the REG pin. Having the zener diode can also protect the external circuits if REG pin is shorted to OUT pin
or any other high-voltage output terminal. If a zener diode is used, Tl recommends putting the diode on the
battery side with the bg296xxx device to allow protection on both the REG pin as well as the circuit
connected to REG under floating VSS condition. The resistor in series with the REG pin is not required in
this case.
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The 5-Q resistor limits the rush current

discharge from the capacitor during cell
connection when Vss is not connected

first.

5Q

This resistor is not required if Vss is
connected first in the cell connection

| rec |
2

Loss of Vss connection or REG shorted to
high voltage can bring the REG above the
regulated range. This optional zener
clamp can protect the downstream circuit
under such an event.

~

0.47 uF

sequence.

18.

5-V Zener Diode

5. For 2- to 3-series applications, if an external control for the regulated output is required, select the bq2960xy

family. Otherwise, select the bg2961xy family.

9.2.3 Application Curves

OVP_Output NO_connected 35 V1_No_load Cell Voltage(V) ouT(Y) B crr B rec outy) A OVR_OUTNO_connected_35 V1 No_load Cell Voltage(V) ouT(Y) B carv B rec ouTy
des N - vDD(V) ; N P P R
Lo i e e i 3 e s e d ui L Lt et s e s et 1 i
vDD(V) | . Cell voltage going from 3.7 V to 445 V Cell voltage going from4.45Vt0 3.7V~ _~
| in single step in single step
T
1
T
1
= >
1
H Protection time =6.2 s
|
' OUT(V)
REG(\)-3.32\V -
REG(Vj+332V
 Current(A)=0 A I — SN N / e Current((A) =0 Al
OUT terminal transition from 0 V '/ OUT terminal transition from >4
to 7.4V after protection time 7.4V to OV at release time
OUT(V) I ; ; ,
00 10000 20000 30000 40000 50000 60000 70000 80000 90000 10000 10000 20000 40000 50000 60000 70000 80000 0000
Time(ms) Time(ms)

19. Overvoltage Protection

LDO_OFF 35 M VDD(Y) ouTY) CAPV) REG_OUT(Y)

LDO DN 35.V1 VDD(V) oUT(Y)

CAP(V)

REG_OUT(V)

W

¥ : kT e T :
X
1 \\
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(]
< \ | \ N
« b [}
: Protection time =55s i
oaN 2.3 Y ! i
G\V)33-V T f
i
U
]
Current [A)=0A
REG terminal transition from 3.3 //
=UV

V to 0V after protection time

00 50000 6000.0
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21. Undervoltage Detection to Turn off Regulator

Cell voltage going from 4.45V 10 3.7V

in single step

Pad

REG terminal transition from

'

0Vio 3.3V atrelease time

10000 0000 30000 40000 5000.0 60000 70000 8000.0

Time(ms)

22. Undervoltage Release to Switch on Regulator

10000

20
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9.2.4 Other Schematics
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Pack —
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23. bg2960 Schematic with REG Output Always Enabled
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¥ 24. bg2961 and bq2962 Schematic

10 Power Supply Recommendations
The maximum power is 15 V for bq2960 and 20 V for bq2961 and bg2962 on VDD.

x
Connect VSS first during power up.

11 Layout

11.1 Layout Guidelines

Use the following 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 REG should be placed close to the device 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 a fuse blown event.

11.2 Layout Example

Place the RC filters close Power Trace Line
to device terminals — §§_
=
. VDD ouT —  ——— 10 Pack +
- | External -
\ va REG 5 Qv(*) I Circuit
le.g.,, RTC .
W\ V3 VSS S0 e -
VCELL3 X L } PWPD j Pack
j V2 Vi
VCELL2 = / —‘
VCELL1 - T
— * can be removed if Vss
will be connected first Ensure trace can support sufficient
during cell connection current flow for fuse blow

25. Layout Example
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12.2 #HX&EE

The following links connect to TI community resources. Linked contents are 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.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.
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E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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12.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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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 ® (415)
(6)
BQ296100DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6100 Samples
BQ296100DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6100 Samples
BQ296103DSGR ACTIVE WSON DSG 8 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6103
BQ296103DSGT ACTIVE WSON DSG 8 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6103 Samples
BQ296106DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6106 Samples
BQ296106DSGT ACTIVE WSON DSG 8 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6106
BQ296107DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6107
BQ296107DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6107 Samples
BQ296111DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6111 Samples
BQ296111DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6111
BQ296112DSGR ACTIVE WSON DSG 8 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6112 Samples
BQ296112DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6112 Samples
BQ296113DSGR ACTIVE WSON DSG 8 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6113
BQ296113DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6113
BQ296114DSGR ACTIVE WSON DSG 8 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6114 Samples
BQ296114DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6114 Samples
BQ296202DSGR ACTIVE WSON DSG 8 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6202
BQ296202DSGT ACTIVE WSON DSG 8 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6202 Samples
BQ296203DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6203 Samples
BQ296203DSGT ACTIVE WSON DSG 8 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6203 Samples
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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
@ Drawing Qty @ Ball material ®) (4/5)
(6)

BQ296212DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6212 Samples
BQ296212DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40to 110 6212 Samples
BQ296213DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6213
BQ296213DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6213 Samples
BQ296215DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6215 Samples
BQ296215DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6215
BQ296216DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40to 110 6216
BQ296216DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6216 Samples
BQ296217DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40to 110 6217 Samples
BQ296217DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6217
BQ296221DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40to 110 6221 Samples
BQ296221DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6221 Samples
BQ296222DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6222
BQ296222DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6222
BQ296223DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6223 Samples
BQ296223DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6223 Samples
BQ296224DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6224
BQ296224DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40to 110 6224 Samples
BQ296226DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6226 Samples
BQ296226DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6226
BQ296228DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6228

L
"5

i

Wi

Addendum-Page 2



http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/BQ2962?CMP=conv-poasamples#samplebuy

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020
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 ©) (415)
6)
BQ296228DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6228 Samples
BQ296229DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6229 Samples
BQ296229DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6229
BQ296230DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6230 Samples
BQ296230DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6230 Samples
BQ296231DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6231
BQ296231DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40to 110 6231 Samples
BQ296232DSGR ACTIVE WSON DSG 8 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 110 6232 Samples
BQ296232DSGT ACTIVE WSON DSG 8 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 110 6232 Samples

@ 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.
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® | 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
5 T [ KO [+—P1—»
go W
lReeI ) l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O Qf Sprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
Pocket\(l)lgdrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ296100DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296100DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296103DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296103DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296106DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296106DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296107DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296107DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296111DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296111DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296112DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296112DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296113DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296113DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296114DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296114DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296202DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
BQ296202DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 115 | 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)
BQ296203DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296203DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296212DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296212DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296213DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296213DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296215DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296215DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296216DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296216DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296217DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296217DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
BQ296221DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296221DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296222DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296222DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296223DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296223DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296224DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296224DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296226DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296226DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296228DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296228DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296229DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296229DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296230DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296230DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296231DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296231DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296232DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
BQ296232DSGT WSON DSG 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS
- E
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

BQ296100DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296100DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296103DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296103DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296106DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296106DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296107DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296107DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296111DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296111DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296112DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296112DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296113DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296113DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296114DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296114DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296202DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296202DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296203DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296203DSGT WSON DSG 8 250 210.0 185.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ296212DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296212DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296213DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296213DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296215DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296215DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296216DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296216DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296217DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296217DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296221DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296221DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296222DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296222DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296223DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296223DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296224DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296224DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296226DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296226DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296228DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296228DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296229DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296229DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296230DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296230DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296231DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296231DSGT WSON DSG 8 250 210.0 185.0 35.0
BQ296232DSGR WSON DSG 8 3000 210.0 185.0 35.0
BQ296232DSGT WSON DSG 8 250 210.0 185.0 35.0
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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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SOLDER MASK DETAILS
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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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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 9:

87% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
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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