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1.1A, Single-Input, Single Cell Li-lon Battery Charger
With 50mA LDO and 2.3A Production Test Support
FEATURES « Soft-Start Feature to Reduce Inrush Current
» 30V Input Rating, with Overvoltage Protection e Status Indication — Power Good and
(OVP) Charging/Done
* Input Voltage Dynamic Power Management * Available in Small 2mm x 3mm DFN-10
Feature Package
* 50mA Integrated Low Dropout Linear
« 1% Charge Voltage Regulation Accuracy * Mobile Phones

* Smart Phones

» Portable Media Players

» Portable Navigation Devices

* Low-Power Handheld Devices

» 10% Charge Current Accuracy

» Single-Input Interface Selects USB 100mA,
500mA or User-Programmable Maximum Input
Current Limit

e 4.2V at 2.3A Production Test Mode

* Thermal Regulation and Thermal Shutdown
Protection for Output Current Control

DESCRIPTION

The bg25040 is an integrated Li-ion linear battery charger targeted at space-limited portable applications. It
operates from either a USB port or AC adapter and charges a single cell Li-lon battery with up to 1.1A of charge
current.

The bg25040 has a single power output that charges the battery. A system load can be placed in parallel with
the battery. The charge current is programmed using the ISET and EN/SET inputs. The input current limit is
programmable to USB100, USB500 or a user programmed current limit up to 1.1A. Additionally, a 4.9V +3%
50mA LDO is integrated into the IC for supplying low power external circuitry. The single-input interface
(EN/SET) is used to select the charge current and to place the bg25040 into Production Test Mode. In
Production Test Mode, the bg25040 operates as a linear regulator without a battery connected, where the output
is regulated at 4.2V and supplies up to 2.3A to calibrate GSM transceivers.

APPLICATION SCHEMATIC R2

1kQ
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Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. righ 2 Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2008, Texas Instruments Incorporated

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

DESCRIPTION CONTINUED

The battery is charged in three phases: conditioning, constant current and constant voltage. In all charge phases,
an internal control loop monitors the IC junction temperature and reduces the charge current if an internal
temperature threshold is exceeded.

The charger power stage and charge current sense functions are fully integrated. The charger function has
accuracy current and voltage regulation loops, charge status display, and charge termination.

ORDERING INFORMATION

PART NUMBER ® VBATREG) Vove Vipo MARKING
bg25040DQCR 42v 6.9V 49V OAB
bg25040DQCT 42v 6.9V 49V OAB

(1) The DQC package is available in the following options:
R - taped and reeled in quantities of 3,000 devices per reel.
T - taped and reeled in quantities of 250 devices per reel.

ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT
Input voltage IN (with respect to VSS) -0.3t0 30 \
EN/SET, ISET, IFULL (with respect to VSS) -0.3to7 \
Output voltage BAT, CHG, PG (with respect to VSS) -0.3t07 \Y
LDO (with respect to VSS) -03t07®@ Y,
Input current (Continuous) IN 15 A
Input current (Pulsed) IN, 20% duty cycle with 10 ms period 2.5 A
Output current (Continuous) BAT 15 A
Output current (Pulsed) BAT, 20% duty cycle with 10 ms period 2.5 A
Output current (Continuous) LDO 100 mA
Output sink current CHG, PG 15 mA
Junction temperature, T, —40 to 150 °C
Storage temperature, Tgy —65 to 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. All voltage
values are with respect to the network ground terminal unless otherwise noted.

(2) If Vi po is greater than Vy, current must be limited to less than 100mA or damage may occur.

DISSIPATION RATINGS®

PACKAGE ReJa Rejc
10 Pin 2mm x 3mm SON 58.7 °C/W 3.9 °C/W

(1) This data is based on using the JEDEC High-K board and the exposed die pad is connected to a Cu pad on the board. The pad is
connected to the ground plane by a 2x3 via matrix.

2 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNITS
v IN voltage range 4.35 26 v
IN -
IN operating voltage range 4350 6.7
N Input current, IN pin (charging) 11 A
NG Input current PTM, IN pin, 20% duty cycle with 10ms period 2.3 A
lo Output current in charge mode, BAT pin (charging) 11 A
lo(pTm) Output current in PTM, BAT pin, 20% duty cycle with 10 ms period 2.3 A
T, Junction Temperature 0 125 °C
RiseT Fast-charge current programming resistor 475 5360 Q
RiFuLL Charge Done threshold 1 10 kQ
(1) Operation with V| < 5V may result in reduced performance due to dropout operation for LDO and/or charger.
ELECTRICAL CHARACTERISTICS
Over junction temperature range 0°C < T; < 125°C and recommended supply voltage (unless otherwise noted)
PARAMETER \ TEST CONDITIONS | MIN TYP MAX|  uNIT
INPUT
Vyuvio Undervoltage lock-out Vin: OV — 4V 3.15 3.30 3.45 \%
Vhys(uvLo) Hysteresis on UVLO Vin: 4V — 0V 190 240 290 mv
Input Power Good detection threshold (Input power good if Viy > Vgat + Vinee))
Vinee) Vinpe) above Vpar Vgar = 3.6V, Vj: 3.5V — 4V 30 75 150 mv
VHys(npG) Hysteresis on Vg Vgat = 3.6V, Vi 4V — 3.5V 18 32 54 mv
t Delay time, input power loss to charger Time measured from Vy: 5V — 2.5V, 32 ms
DGL(NO-IN) turn-off 1ps fall-time
Vove Input overvoltage protection threshold Vin: BV — 7V 6.7 6.9 7.1 \%
Vhysovp) Hysteresis on OVP Vin: 7V — 5V 100 mV
teLK(OVP) Input overvoltage blanking time 115 us
. Time measured from Vy: 11V — 5V
trec(ovp) Input overvoltage recovery time 1s fall-time to CHG = LO, Vgay = 3.5V 500 us
VIN Falling, Icpyre reduced to 90%,
VinpPm) Input DPM threshold USB100 or USB500 Mode 4.38 4.43 4.48 \Y
. - USB100 programmed by EN/SET,
| USB100 mode input current limit Riser > 1.1KQ , Vgar = 3.5V 90 95 100 .
IN m,
. - USB500 programmed by EN/SET,
USB500 mode input current Limit Rier > 1.1kQ , Vgay = 3.5V 380 395 415
ISET SHORT CIRCUIT TEST
RiseT Continuous Monitor Riser= 5000 — 2000, IC latches off after 320 460 Q
tDGL(SHORT)
Deglitch time transition from ISET to IC
toGL(sHORT) latched off 15 ms
ILim Current limit with ISET shorted Viser = 0V, IC latches off after tpgy(shorm) 1.7 2.0 2.2 A
QUIESCENT CURRENT
IzaT(PDWN) Battery current into BAT Viy=0V 1 HA
. ) Vin = Vovp 150
| Standby current into IN pin A
IN(STDBY) y p Vp = 10V 350 K
. . Vin = 6V, no load on BAT pin,
lec Active supply current, IN pin Voar > Vaareo). IC enabled 3 mA
BATTERY CHARGER FAST-CHARGE
VBAT(REG) Battery charge voltage 4.16 4.20 4.24 \%
“ » VeatRrec) > Veat > Viowy, Vin = 5V,
lenre ;r'?géammed Output “fast charge” current Riser = 4750 to 5.36kQ), 100 1100 mA
9 User Programmable set by EN/SET
Vbo(n-eaT) Vin = Veat Vin = 4.1V and Igat = 1A 280 512 mv
« " Veat(rec) > Veat > Viowy, Vin =5V, User
lchre Output “fast charge” formula Programmable set by EN/SET Kiser/Riser A

Copyright © 2009, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)
Over junction temperature range 0°C < T, < 125°C and recommended supply voltage (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

KiseT Fast charge current factor 480 530 580 AQ
PRE-CHARGE AND CHARGE DONE

Veat < Viowy: Vin =5V,
lpRECHG Pre-charge current lovre = 250mA to 1100mA v »° 2 %lche

Veat < Viowv, Vin =5V, 16 20 27

IcHrs = 100 MA to 249 mA
Viowy tl;’]rgscﬁ;:jge to fast-charge transition 24 25 26 v
toeLitowy) tl?:rg];;iitt(izgntime on pre-charge to fast-charge 50 us
toaL2owy) Ssr?éiitt(i:gntime on fast-charge to pre-charge 25 ms
huLL II’?et;fitse{che current to IFULL programming 70 75 80 WA
liFuLLo Charge done current formula liruLLe = 0% to 50% of Icpre Rirul/KiruLL %
KiruLe Charge done current factor Vin = 5V, IcHepone = 25mA to 600mA 180 200 220 Q/%
LDO
Vioo LDO Output voltage |\iLD2)0=+o\r/r$£(tLgcgosm\2N < Vove, 475 4.90 5.05 v
I bo(vAx) LDO output current limit Vipo = 0V 65 125 185 mA
Vbowpo) LDO Dropout voltage Vin = 4.5V, I po = 50mA 150 300 mV
PRODUCTION TEST MODE
VBAT(PTM) Production Test Mode BAT Output Voltage | V|y = 5.5V, Igat = 2A for 4ms pulse 4.116 4.20 4.284 \%
— sl:tt)duction Test Mode Maximum BAT 23 A

put current

THERMAL REGULATION
Tirec) Temperature regulation limit T; Rising 125 °C
Ts0rF) Thermal shutdown temperature T; Rising 155 °C
T3(0FF-HYS) Thermal shutdown hysteresis T, Falling 20 °C
EN/SET INTERFACE
ten/SET(Latch) EN/SET latch timer Timer to lock pulse count 15 ms
tEN/SET(OFF) EN/SET latch timer Timer to turn off charge current 15 ms
trigvin High duration on EN/SET 100 700 us
tLominy Low time duration on EN/SET 100 700 us
LOGIC LEVELS ON EN/SET
Vi Logic LOW input voltage 04 \Y
ViH Logic HIGH input voltage 14 6.0 \%
RpuLLDOWN EN/SET pulldown resistor See Note ® 260 kQ
LOGIC LEVELS ON CHG and PG
Voo Output LOW voltage Isink = BMA 0.425 \%
m Leakage current Vche = Vpg = 5V 1 HA

(1) No specified low without an external pulldown.
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PIN CONFIGURATION

10-Pin 2mm x 3mm DFN
(TOP VIEW)

BAT
ISET

1]
2]
VSS E’
4]
5]

o
K

LDO VSS

IFULL 6 | EN/SET

[o] [~] [=][<][c]

PIN FUNCTIONS

PIN

NAME

NO.

110

DESCRIPTION

Input power supply. IN is connected to the external dc supply (ac adapter or USB port). Bypass IN to VSS
with at least a 1puF ceramic capacitor.

ISET

Current programming input. Connect a resistor from ISET to VSS to program the fast-charge current
when the user programmable mode is selected by EN/SET. If the current limit set by ISET is lower than
the USB500 limit, the current is limited by the ISET setting even in USB500 mode. The resistor range is
between 475Q and 5.36kQ to set the current between 100 mA and 1.1 A.

VSS

3,7

Ground terminal. Connect to the thermal pad and the ground plane of the circuit.

LDO

LDO output. LDO is regulated to 4.9V and drives up to 50mA. Bypass LDO to VSS with at least a 1uF
ceramic capacitor. LDO is enabled when VIN is above the UVLO and less than Voyp. The LDO current is
not limited by the input current limit.

IFULL

Charge done current programming input. Connect a resistor from IFULL to VSS to program the charge
done threshold. The CHG output goes high-impedance when Igat falls to the charge done threshold. The
charge done threshold is programmable from 5% to 50% of the fast charge current programmed at ISET.

EN/SET

One-wire Interface Input. Drive EN/SET with pulses to enable/disable the device and select different
modes. See Table 1 for the data map. EN/SET is pulled to VSS with an internal ~260kQ resistor.

CHG

Charge done indicator open-drain output. CHG is pulled low while the device is charging the battery. CHG
goes high impedance when the battery is fully charged and does not indicate subsequent recharge
cycles. CHG is high impedance during fault conditions.

Power good open-drain output. PG is an open-drain output that pulls to VSS when the input power is
above the battery voltage by 80mV and below the OVP threshold. PG is high impedance when outside
this range.

BAT

10

Battery connection output. Connect the battery and the system input to BAT. Bypass BAT to VSS with at
least a 1pF ceramic capacitor. If no battery is installed, the capacitance on the BAT line must be at least
40pF. In Production Test Mode, BAT regulates to 4.2V and supplies up to 2.3A.

Thermal PAD

Pad

There is an internal electrical connection between the exposed thermal pad and the VSS pin of the
device. The thermal pad must be connected to the same potential as the VSS pin on the printed circuit
board. Do not use the thermal pad as the primary ground input for the device. VSS pin must be
connected to ground at all times.

Copyright © 2009, Texas Instruments Incorporated
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TYPICAL APPLICATION CIRCUITS

USB or TA bq25040
VBUS IN BAT * * * ’ VCHG
GND __I_‘L “1 6800 rRsL Ral |2
D+| - I ISET 1kQT 1kQ 10F | +
D- -
= R2 vss PG 1 1 = l ABB
2 kQ CHG
IFULL
EN/SET GPIO
LDO _T_ VCHG DET
C2
PWRPD 1pF USB DET
£ 1 VUSBIN

Figure 1. Typical Application Circuit With Battery Always Installed, Icyrg = 780MA, lchepone = 78MA

r SYSTEM

Bulk Capacitance
needed for
operation without

batt‘ery .

R3
1kQ
—— W
"4
M R4
USB or TA — —
S PG CHG Tka
ono| o s M i A
D+| L T 22 uF I
= ISET C2 |+
D- bq25040 1 uF |——_=
L = VSSs = '_: -
2 kQ Battery Not
IFULL Installed for PTM
1 EN/SET
LDO _T_
c2
PWRPD 1 uF
L

VCHG

>40 ;L—L
11

ABB

GPIO

VCHG DET

USB DET
VUSBIN

Figure 2. Typical Application Circuit for PTM or With No Battery Installed,
lchre = 780MA, Icpgpone = 39MA
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TYPICAL CHARACTERISTICS
USB500 Mode, Circuit of Figure 2, T, = 25°C

Adapter Plugin With Battery_Connected Showing Startup
With PG, CHG, LDO

7 Venrser = OV 7 Charger Enable Using EN/SET
Vensser =0V :
Vin : 9 Vidiv 5 Vidiv
} VENSET
8 B
Vipo i 5 Vidiv Vibo 5 Vidiv
o abiind S SESRESS— 5 S-SR (T
200 mA/div : 200 mA/div
IOUT IOUT ‘ :
D [, M.
Ve {
cHG i 2Vidiv
X i B 0 i Ao s
! 2 Vidiv Vera 2 Vidiv
VEG : [
20 ms/div 20 ms/div
Figure 3. Figure 4.
PTM Load Transient
ROUT = 100Q to 2.3Q
Charger Disable Using EN/SET Circuit of Figure 2
v Royur =100 Q1023 Q |
EN/SET -
4 5 V/div | 200 mA/div
Vout > " / \\_,,.._.ﬂ
Vipo 5 V/div \ / i
W

lout 200 mA/div

Vere 2 Vidiv lout 5 1 A/div ;

[
400 ps/div 40 ps/div
Figure 5. Figure 6.
USB500 to ISET Mode Transition USB500 to USB100 Mode Transition
Using EN/SET Using EN/SET
Ven/seT ; 5 V/div Venser 5 V/div
ISET Mode .
200 mA/div
lout | ysBs00 lout | USB500 200 mA/div
@ ®
USB100
1 ms/div 1 ms/div
Figure 7. Figure 8.
8 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS (continued)
USB500 Mode, Circuit of Figure 2, T, = 25°C

UB500 to PTM Transition

Using EN/SET LDO Load Transient
Rout=8.4Q, No battery connected Ripo = 1kQ to 100Q
Rour =840
5 V/div
Vensser |
B
. Vipo 100 mV/div
Vour o 1 Vidiv
PTM
USB500
louT 200 mA/div
1 NV CETTII [y, I
o LDo S 50 mAVdiv
A e I
) B ermameem—— - |
1 ms/div 40 ps/div
Figure 9. Figure 10.
OVP Fault
Complete Charge Cycle V|y =5V to 12V
45 Tty —
[ [ 081 Vy=5Vtotov "
u u rﬁ\,/m
4 Battery Voltage 0.72 ( / 5V/div ¢
J— TP ———.
> 35 CHG 0.63 Vibo |, -
® Voltage | \"“«.
g 3 054 ‘ . 2 Vidiv
G : .
S : el
© 25 045 8
5 \ Battery Current 3
T 2 0.36 5 v
S \ g IN 500 mA/div
g 15 0.27 g
% S
oy P 0.18
Risgr = 1.18 kQ, M) 2 Vidiv
0.5 RiruLL = 4.02 k@ — 0.09 i
Rru = 4028 = lout ||
0 ! ! ! 0 -
0 50 100 150 200 250 300 350 400 450 100 ps/div
t - Time - min
Figure 11. Figure 12.
Dropout Voltage
Vs
Thermal Regulation Temperature
125 1
0.9
100 0.8
—
\ 0.7 lLoap = 18A/'/
‘é 75 >I 0.6 /
=
il <
o 05
S z _—
- 50 9 04 Ry
2 o.
> //——
—
0.3 /_’— |LOAD =1A
25 0.2
0.1
0 0
25 50 75 100 125 150 0 25 50 75 100 125
Tp - Free-Air Temperature - °C T, - Free-Air Temperature - °C
Figure 13. Figure 14.
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TYPICAL CHARACTERISTICS (continued)

USB500 Mode, Circuit of Figure 2, T, = 25°C

Output Regulation Voltage

Output Regulation Voltage

Vs S
] Temperature ] ] Input Voltage ]
ICin PTM or CV Regulation ICin PTM or CV Regulation
4.35 i 4.21 |
lLoap = 1A 4208 — liopp = 1A
4.3 4.206
4.204
4.25
> 7 4202
® (V]
o 42 E 42
[ >
2
RS = 4.198
4.15 4.196
4.194
4.1 o
4192
4.05 4.19
0 25 50 75 100 125 45 5 55 6 6.5 7
Ty - Free-Air Temperature - °C V| - Input Voltage - V
Figure 15. Figure 16.
Overvoltage Protection Threshold Fastcharge Current
Vs Vs
Temperature Input voltage (USB100, USB500, ISET)
74 800
7.3 700 ISET
7.2
600
7.1
> 7 V) Rising E 500
£ 69 i 400
> 3 F\ USB500
6.8 . 300
6.7 V| Falling V,y - DPM
200
6.6
USB100
65 100
6.4 0
0 25 50 75 100 125 4.2 47 5.2 5.7 6.2 6.7
T, - Free-Air Temperature - °C V|\ - input Voltage -V
Figure 17. Figure 18.
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TYPICAL CHARACTERISTICS (continued)
USB500 Mode, Circuit of Figure 2, T, = 25°C

Fastcharge Current Precharge Current
Vs S
Battery Voltage Battery Voltage

800 0.165 i

790 Riset = 680 Q

780

0.16

770

760
< <
Iz 750 z 0.155 h
[ @

740

730

0.15

720

710

700 0.145

2.5 3 35 4 45 15 1.7 1.9 2.1 23 2.5
Vgar -V Vgar -V
Figure 19. Figure 20.
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DETAILED FUNCTIONAL DESCRIPTION

The bg25040 has a single power output that charges a single cell Li-lon battery from a USB or AC Adapter
source. A system load can be placed in parallel with the battery. The charge current is programmed using the
ISET and EN/SET inputs. The charge current is programmable to USB100, USB500 or a user programmed
charge current up to 1.1A. A Production Test mode is available that supplies up to 2.3A at 4.2V. Additionally, a
4.9V, 50mA linear regulator (LDO) is integrated into the IC for supplying low power external circuitry. The charger
power stage and charge current sense functions are fully integrated. The charger function has high accuracy
current and voltage regulation loops, charge status display, and charge termination.

Battery Charge Control (BAT)

Charging begins when a battery with a voltage less than Vgcy is installed, a valid input source is connected and
the EN/SET input is low. A valid input source is defined as V| greater than Vgat + 80mV and less than Vgyp.
Additionally, V,y must be above the UVLO. The battery is charged in three phases: conditioning precharge,
constant current fast charge (current regulation) and constant voltage tapering (voltage regulation). In all charge
phases, an internal control loop monitors the IC junction temperature and reduces the charge current if an
internal temperature threshold is exceeded. Figure 21 shows a typical charge profile.

PRECHARGE | CC FAST CHARGE CV TAPER
VOUT(REG) “- S
’
I P
FASTCHG 7 Battery
/ Current
l'\
U
’
U
’
/ Battery
'I Voltage
V
Lowv e Battery Full
I I CHG + Hi-Z
PRECHG 7
’
’
y 4
lcHGDONE K
y

Figure 21. Typical Charge Cycle

When the battery is first installed, the device enters precharge mode. While Vg7 is less than V| owy, the bg25040
remains in precharge mode where the current limit is set to 20% of the current limit programmed at ISET. Once
Vgat €xceeds V, owy, the bg25040 enters fast charge mode where the current limit is set by the EN/SET input
(USB100, USB500, or ISET. See the Input Current Limit section for details). After the battery is charged up to the
Veat(rec), the device enters voltage regulation. Vgar is regulated to Vgarreg) as the charge current is reduced.
Once Igat decreases to the termination current threshold set by IFULL, the CHG output goes high impedance but
charging continues. Figure 21 graphically illustrates a typical charge cycle. The bg25040 does not contain charge
safety timers, so all safety timers must be done by the host processor.
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Single Input Interface (EN/SET)

EN/SET is used to enable/disable the device as well as select the input current limit and Production Test mode.
EN/SET is pulled low to enable the device. After the 50us deglitch expires, the IC enters the 32ms WAIT state.
EN/SET may be used to program the current limit during this time. Once tya 1 expires, the IC starts up. If no
command is sent to EN/SET during tyar, the IC starts up in USB500 mode.

Programming the different modes is done by pulsing the EN/SET input. See Table 1 for a map of the different
modes. A valid high pulse is between 100us and 700us. The time between pulses must be between 100us and
700us to be properly read. Once EN/SET is held low for 1.5ms, the number of pulses is passed to the control
logic and decoded and then the mode changes. If during the pulse counting, more than 3 pulses occur, the
USB100 mode is immediately selected on the fourth pulse, and the 1.5ms timer does not have to expire. See
Figure 22 for a flow diagram of the EN/SET interface.

Once a mode has been programmed once, further pulses on EN/SET are ignored until power is toggled, or the
device is disabled and then enabled.

Table 1. Pulse Counting Map for EN/SET Interface

NO. OF PULSES MODE CONTROL VALUE
0 Current Limit ( deL‘inSts?(?r ';/{Z?tip)
Current Limit ISET Programmed
Current Limit USB100 Mode
Production Test Mode Enabled
24 Current Limit USB100 Mode

If, at any time, the EN/SET input is held high for more than 1.5ms, the IC is disabled. When disabled, charging is
suspended and the bg25040 input quiescent current is reduced.

BITs decoded once EN/SET Charge disabled if EN/SET
pulled low for 1.5ms pulled high for >1.5ms
|

IC can be
programmed during
1 twair

| tHieH

Additional pulses on EN/SET
ignored after mode programmed

I
1.5 ms!
«—!
1
! t
] WAIT
| >
I USB500
: UsB100
IBAT 1

1.5ms
[

EN/SET >

tbaL

|
|
|
|
|
]
|
|
|
|
: tLow
)

Figure 22. EN/SET Timing Diagram
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Input Current Limit (ISET, EN/SET)

The fast charge current is programmed using the EN/SET and ISET inputs. The EN/SET input allows the user to
select USB100 mode, USB500 mode, or the user programmable current set by ISET. The user programmable
current is set by connecting a resistor from ISET to VSS. The value of the resistor is determined by:

K
Reoo-= ISET
ISET™

CHG 1)

The fast charge current (Icyg) must be programmed between 100mA and 1.1A. If the current at ISET is
programmed to be less than the USB500 current limit, the current will be limited to the ISET current limit
threshold when USB500 mode is selected. Additionally, the precharge current is always 20% of the current
programmed by ISET, not 20% of the mode selected by EN/SET. However, if USB100 mode is selected, the
precharge current may be restricted to the USB100 limit.

Charge Done Threshold (IFULL)

The charge done threshold is programmed using the IFULL input. The user programmable charge done
threshold is set by connecting a resistor from IFULL to VSS. The value of the resistor is determined by:

Ripue = IFULL% x Kigyp, (@)

The charge done threshold (IFULL%) is defined as a percentage of the fast charge current programmed at ISET.
IFULL% must be programmed between 5% and 50%. The CHG output goes high once Igat falls below the
threshold set by IFULL signaling to the microprocessor that the battery is fully charged and the charge cycle
should be terminated, but charging continues until disabled by the EN/SET input.

Production Test Mode (PTM)

The EN/SET interface input for the bq25040 allows the user to select the Production Test mode (PTM). In PTM,
BAT is regulated to 4.2V and supplies up to 2.3A for powering external loads with no battery installed. This
allows the user to supply loads with no battery connected as in production tests. The IC will not handle
continuous dc current of 2.3A. When using currents greater than 1.5A in PTM, the user must limit the duty cycle
at the maximum current to 20% with a maximum period of 10ms. In PTM, thermal regulation is disabled;
however, thermal shutdown is still active.

Undervoltage Lockout

The bg25040 remains in power down mode when the input voltage is below the undervoltage lockout threshold
(UVLO). During this mode, the control input (EN/SET) is ignored. The charge FET connected between IN and
BAT is off and the status outputs (CE and PG) are high impedance. Once the input voltage rises above UVLO,
the internal circuitry is turned on and the normal operating procedures are followed.

Input Overvoltage Protection

The bg25040 contains an input overvoltage protection circuit that disables the LDO output and charging when
the input voltage rises above Vgyp. This prevents damage from faulty adapters. The OVP circuitry contains a
115us deglitch that prevents ringing on the input from line transients from tripping the OVP circuitry falsely. If an
adapter with an output greater than Vqoyp is plugged in, the IC completes soft-start power up and then shuts
down if the voltage remains above Vqyp after 115us. The LDO remains off and charging remains disabled until
the input voltage falls below Vgoyp.

Input DPM Mode (V,-DPM)

The bg25040 uses the V,-DPM mode for operation from current-limited USB ports. When in USB100 or USB500
mode, Vy-DPM is enabled, the input voltage is monitored. If V| falls to V\y-DPM, the input current limit is
reduced to prevent the input voltage from falling further. This prevents the bg25040 from crashing poorly
designed or incorrectly configured USB sources. Figure 24 shows the V,-DPM behavior to a current limited
source. In this figure, the input source has a 250mA current limit and the device is configured with the 395mA
current limit (USB500 mode).
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Figure 24. V\y-DPM Protects from Crashing Poor Input Sources

50 mA LDO (LDO)

The LDO output of the bg25040 is a low dropout linear regulator (LDO) that supplies up to 50mA while regulating
to Vipo- The LDO is active whenever the input voltage is between UVLO and Vgyp. It is not affected by the
EN/SET input. The LDO output is used to power circuitry such as USB transceivers in dead battery conditions.
This allows the user to operate the product immediately after plugging the adapter in, instead of waiting for the
battery to charge to useable levels. Note that the LDO current is not monitored by the input current limit. The
LDO current is limited separately and is in addition to the input current limit.

Charge Done Indicator (CHG)

The bq25040 contains an open drain CHG output that indicates when a charge cycle is complete. When charging
a battery in precharge, fastcharge or CV mode, the CHG output is pulled to VSS. Once the BAT output reaches
regulatlon and the charge current falls below the termination threshold, CHG goes high impedance to signal the
battery is fully charged. The CHG output remains high during subsequent battery refresh charges. Connect CHG
to the required logic level voltage through a 1kQ to 100kQ resistor to use the signal with a microprocessor.
Additionally, CHG may be used to drive an LED for a visual charging status signal. Icg must be below 15mA.

CHG may be pulled up to any voltage rail less than the maximum rating on the CHG output. Many LED
applications choose to pull up CHG to the battery voltage This is acceptable; however, note that at low battery
conditions, the LED may appear dim. Another option is to pull up CHG to the LDO output. This is also
acceptable; however, note that the LDO current is not limited by the input current limit and the additional current
may cause the bq25040 input current to exceed the maximum USB100 specification.

Power Good (PG)

The bg25040 contains a PG signal that indicates when a valid input source is connected. The PG output goes
low when an input source between (Vgar + 80mV) and Voyp is connected. Additionally, the input source must be
greater than the UVLO voltage threshold. See Table 2 for the nominal PG deglitches under different conditions.
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Table 2.
CONDITION PG DEGLITCH (MEASURED FROM EVENT TO PG HIGH OR LOW)
bq25040 ENABLED (EN/SET low) b25040 DISABLED (EN/SET high)
Entering OVP (V)y = 5.5V—10V) 100 ps 0
Leaving OVP (V)y = 10V—5.5V) 450 ps 500 ps
Entering SLEEP (V|y = 5.5V—3.6V) 32 ms 0
Leaving SLEEP(V,\ = 3.6V—5.5V) 500 ps 500 ps
Entering UVLO (V)y = 5.5V—2.5V) 0 0
Leaving UVLO (V)y = 2.5V—5.5V) 230 ps 230 ps

PG may be pulled up to any voltage rail less than the maximum rating on the PG output. Many LED applications
choose to pull up PG to the battery voltage. This is acceptable, however note that at low battery conditions, the
LED may appear dim. Another option is to pull up PG to the LDO output. This is also acceptable, however note
that the LDO current is not limited by the input current limit and the additional current may cause the bg25040
input current to exceed the maximum USB100 specification.

Thermal Regulation and Thermal Shutdown

The bg25040 contain a thermal regulation loop that monitors the die temperature continuously. If the temperature
exceeds T,greg) the device automatically reduces the charging current to prevent the die temperature from
increasing further. The LDO current is not modified by thermal regulation. If the die temperature continues to rise
despite the operation of the thermal loop, and increases to T;orr), the IC is turned off. Once the device die
temperature cools by Tjorrnyvs), the device turns on and returns to thermal regulation. Continuous
over-temperature conditions result in the pulsing of the load current. If the junction temperature of the device
exceeds T;orr), the charge FET is turned off. The FET is turned back on when the junction temperature falls
below Tyorr) — TaoFF-HYsS)-

Note that these features monitor the die temperature of the bg25040. This is not synonymous with ambient
temperature. Self heating exists due to the power dissipated in the IC because of the linear nature of the battery
charging algorithm. Battery NTC monitoring must be done by the host processor.
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APPLICATION INFORMATION

Selection of Input/Output Capacitors

In most applications, all that is needed is a high-frequency decoupling capacitor on the input power pin. For
normal charging applications, a 1uF ceramic capacitor, placed in close proximity to the IN pin and GND pad
works best. For Production Test mode applications, where the current is up to 2.3A, a 22uF input capacitor is
required. In some applications, depending on the power supply characteristics and cable length, it may be
necessary to increase the input filter capacitor to avoid exceeding the OVP voltage threshold during adapter hot
plug events where the ringing exceeds the deglitch time.

The charger in the bg25040 requires a capacitor from BAT to GND for loop stability. Connect a 1uF ceramic
capacitor from BAT to GND close to the pins for best results. For Production Test mode applications up to 2.3A,
a 40pF capacitor from BAT to GND is required. More output capacitance may be required to minimize the output
droop during large load transients.

The LDO also requires an output capacitor for loop stability. Connect at least a 1uF ceramic capacitor from LDO
to GND close to the pins. For improved transient response, this capacitor may be increased.

b25040 Charger Desigh Example

The following sections provide an example for determining the component values for use with the bq25040.

Requirements
Refer to Figure 1 for Schematics of the Design Example.

e Supply voltage = 5V
» Fast charge current of approximately 780 mA; ISET - pin 2
» Full Current Threshold = 10% of Fast Charge; IFULL — pin 5

Calculations

Program the Fast Charge Current (ISET)

Riser = Kiser / Iere

Kiser = 530AQ from the electrical characteristics table.

Riset = 530AQ0/0.78A = 679Q

\S/glgct the closest standard value, which for this case is 680Q. Connect this resistor between ISET (pin 2) and

Program the Charge Done Current (IFULL)

RiruLL = Kiruwe * hruiis

KiruLL = 200Q/%.

RiruLL = 200Q/% x 10% = 2kQ.

Connect this resistor between IFULL (pin 5) and VSS.

Status Indicators (CHG and PG)

The STAT pins (PG and CHG) are open drain FETs (internal), if used, should be pulled up via a resistor and
possibly a LED to a power source. If monitored by a host, the host V¢ source should be used. The PG and
CHG are 7V devices. If used as a LED indicator, the BAT, LDO or IN could be used.

If the IN pin is used a 6.2V zener should be used to clamp the voltage if there is a possibility that the input
voltage could exceed 7V. If the BAT pin is used, as the battery voltage changes the intensity of the LED will
change. The brightness is greatly decreased for a battery voltage less than 3V. The LDO may be the best source
to power the LEDs from since it is a regulated source for high input voltages.
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Thermal Considerations

The bg25040 is packaged in a thermally enhanced SON package. The package includes a thermal pad to
provide an effective thermal contact between the IC and the printed circuit board (PCB). Full PCB design
guidelines for this package are provided in the application note entitled: QFN/SON PCB Attachment Application
Note (SLUA271).

The most common measure of package thermal performance is thermal impedance (0;, ) measured (or modeled)
from the chip junction to the air surrounding the package surface (ambient). The mathematical expression for 6;,

Po @3)

Where:
T; = chip junction temperature
T, = ambient temperature
Pp = device power dissipation
Factors that can greatly influence the measurement and calculation of 8,4 include:
» Whether or not the device is board mounted
» Trace size, composition, thickness, and geometry
» Orientation of the device (horizontal or vertical)
» Volume of the ambient air surrounding the device under test and airflow
» Whether other surfaces are in close proximity to the device being tested

The device power dissipation, Pp, is a function of the charge rate and the voltage drop across the internal
PowerFET. It can be calculated from the following equation when a battery pack is being charged:

Po = (Vin = Vour) X lout

Due to the charge profile of Li-lon batteries the maximum power dissipation is typically seen at the beginning of
the charge cycle when the battery voltage is at its lowest. See the charging profile. If the board thermal design is
not adequate the programmed fast charge rate current may not be achieved under maximum input voltage and
minimum battery voltage, as the thermal loop can be active, effectively reducing the charge current to avoid
excessive IC junction temperature
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PCB Layout Considerations

It is important to pay special attention to the PCB layout. The following provides some guidelines:

To obtain optimal performance, the decoupling capacitor from IN to GND (thermal pad) and the output filter
capacitors from OUT to GND (thermal pad) should be placed as close as possible to the bg25040, with short
trace runs to both IN, OUT and GND (thermal pad).

All low-current GND connections should be kept separate from the high-current charge or discharge paths
from the battery. Use a single-point ground technique incorporating both the small signal ground path and the
power ground path.

The high current charge paths into IN pin and from the OUT pin must be sized appropriately for the maximum
charge current in order to avoid voltage drops in these traces.

The bg25040 is packaged in a thermally enhanced QFN package. The package includes a thermal pad to
provide an effective thermal contact between the IC and the printed circuit board (PCB); this thermal pad is
also the main ground connection for the device. Connect the thermal pad to the PCB ground connection. Full
PCB design guidelines for this package are provided in the application note entitled: QFN/SON PCB
Attachment Application Note (SLUA271).

20
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PACKAGING INFORMATION

® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

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

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
I Drawing Qty 0) ®3) (4
BQ25040DQCR ACTIVE WSON DQC 10 3000 Green (RoHS CUNIPDAU Level-2-260C-1 YEAR  -40to 125 OAB
& no Sh/Br)
BQ25040DQCT ACTIVE WSON DQC 10 250 Gg[eens('s/([)aH)S CUNIPDAU  Level-2-260C-1 YEAR  -40to 125 OAB
no r
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*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)
BQ25040DQCR WSON DQC 10 3000 180.0 8.4 225 | 325 | 105 | 4.0 8.0 Q1
BQ25040DQCT WSON DQC 10 250 180.0 8.4 225 | 325 | 105 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\‘ /}#\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ25040DQCR WSON DQC 10 3000 210.0 185.0 35.0
BQ25040DQCT WSON DQC 10 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
DQC 10 WSON - 0.8 mm max height

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.
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PACKAGE OUTLINE
DQCO0010A WSON - 0.8mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—|.

[l )

0.3
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OPTIONAL TERMINAL
TYPICAL
0.8 MAX
[ S = I = N B 1
— — — SEATING PLANE
——{ 0.84+0.1 |~ (0.2) TYP —=|
0.05
SYMM 0.00

6 1

5
H

8x 05
! ] L
1 SYMM
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T SEE OPTIONAL
] ! /E Y« TERMINAL
\ N DETAIL
‘ g
1 EL/X \ [
— 10 1
| ‘ 10X 8'2
PIN 11D J '01@ ST
(45°X0.2) . —H—L’—u
10X 8,‘2’2 =~ ¢ 0.05@ [c

4218281/B  11/2016

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
DQCO0010A WSON - 0.8mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(0.84)
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SCALE: 30X
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T ~_SOLDER MASK | ~_
OPENING et METAL
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4218281/B  11/2016

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
DQCO0010A WSON - 0.8mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(0.8)
10X (0.5) —ﬁ
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| ‘ (1.08)
|
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L I | (0.64)
teer] || oo
METAL | ajiiTiiﬂiii \777
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h
(R0.05) TYP i

‘ SYMM
I

¢ |
L— (1.9 —"
SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
EXPOSED PAD 11:

86% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE: 30X

4218281/B  11/2016

NOTES: (continued)

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

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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