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Features

» Conforms to battery manufactur-
ers' charge recommendations for
cyclic and float charge

» Pin-selectable charge algorithms

- Two-Step Voltage with
temperature-compensated
constant-voltage maintenance

= Two-Step Current with
constant-rate pulsed current
maintenance

= Pulsed Current: hysteretic,
on-demand pulsed current

» Pin-selectable charge termination
by maximum voltage,A”V, mini-
mum current, and maximum
time

» Pre-charge qualification detects
shorted, opened, or damaged cells
and conditions battery

» Charging continuously qualified by
temperature and voltage limits

» Internal temperature-compen-
sated voltage reference

» Pulse-width modulation control

Lead-Acid Fast-Charge IC

= Ideal for high-efficiency
switch-mode power conversion

= Configurable for linear or
gated current use

» Direct LED control outputs dis-
play charge status and fault con-
ditions

General Description

The bq2031 Lead-Acid Fast Charge
IC is designed to optimize charging
of lead-acid chemistry batteries. A
flexible pulse-width modulation
regulator allows the bq2031 to con-
trol constant-voltage, constant-
current, or pulsed-current charging.
The regulator frequency is set by an
external capacitor for design flexi-
bility. The switch-mode design keeps
power dissipation to a minimum for
high charge current applications.

A charge cycle begins when power is
applied or the battery is replaced.
For safety, charging is inhibited un-
til the battery voltage is within con-
figured limits. If the battery voltage is
less than the low-voltage threshold,
the bq2031 provides trickle-current

charging until the voltage rises into
the allowed range or an internal
timer runs out and places the
bq2031 in a Fault condition. This
procedure prevents high-current
charging of cells that are possibly
damaged or reversed. Charging is
inhibited anytime the temperature
of the battery is outside the config-
urable, allowed range. All voltage
thresholds are temperature-
compensated.

The bq2031 terminates fast (bulk)
charging based on the following:

m Maximum voltage

m Second difference of cell voltage
(A%V)

® Minimum current (in constant-
voltage charging)

m Maximum time-out (MTO)

After bulk charging, the bq2031 pro-
vides temperature-compensated
maintenance (float) charging to
maintain battery capacity.

Pin Connections

\oy
™TO [ | 1 16 || LEDo/DSEL
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iGseL[ | 6 1 | _] com
sns[ ] 7 10 |_] LED3/QSEL
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Pin Names

TMTO Time-out timebase input
FLOAT State control output
BAT Battery voltage input
VCOMP Voltage loop comp input
ICOMP Current loop comp input
IGSEL Current gain select input
SNS Sense resistor input

TS Temperature sense input
TPWM Regulator timebase input

LEDs/ Charge status output 3/

QSEL Charge algorithm select
input 1

COM Common LED output

Vss System ground

Vce 5.0V£10% power

MOD Modulation control
output

LED// Charge status output 1/

TSEL Charge algorithm select
input 2

LED»/ Charge status output 2/

DSEL Display select input
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Pin Descriptions

TMTO

FLOAT

BAT

VCOMP

IGSEL

ICOMP

SNS

TS

Time-out timebase input

This input sets the maximum charge time.
The resistor and capacitor values are deter-
mined using equation 6. Figure 9 shows the
resistor/capacitor connection.

Float state control output

This open-drain output uses an external re-
sistor divider network to control the BAT in-
put voltage threshold (Vrrr) for the float
charge regulation. See Figure 1.

Battery voltage input

BAT is the battery voltage sense input. This po-
tential is generally developed using a high-
impedance resistor divider network connected
between the positive and the negative terminals
of the battery. See Figure 6 and equation 2.

Voltage loop compensation input

This input uses an external C or R-C net-
work for voltage loop stability.

Current gain select input

This three-state input is used to set Inn for
fast charge termination in the Two-Step
Voltage algorithm and for maintenance cur-
rent regulation in the Two-Step Current al-
gorithm. See Tables 3 and 4.

Current loop compensation input

This input uses an external C or R-C net-
work for current loop stability.

Charging current sense input

Battery current is sensed via the voltage de-
veloped on this pin by an external sense re-
sistor, RsNs, connected in series with the low
side of the battery. See equation 8.

Temperature sense input

This input is for an external battery tem-
perature monitoring thermistor or probe. An
external resistor divider network sets the
lower and upper temperature thresholds.
See Figures 7 and 8 and equations 4 and 5.

TPWM

CoOM

QSEL

MOD

LED;_3

DSEL

TSEL

Vce

Vss

Regulation timebase input

This input uses an external timing capacitor
to ground the pulse-width modulation
(PWM) frequency. See equation 9.

Common LED output

Common output for LED1_3. This output is
in a high-impedance state during initiali-
zation to read program inputs on TSEL,
QSEL, and DSEL.

Charge regulation select input

With TSEL, selects the charge algorithm.
See Table 1.

Current-switching control output

MOD is a pulse-width modulated push/pull
output that is used to control the charging
current to the battery. MOD switches high
to enable current flow and low to inhibit cur-
rent flow.

Charger display status 1-3 outputs

These charger status output drivers are for
the direct drive of the LED display. Display
modes are shown in Table 2. These outputs are
tri-stated during initialization so that QSEL,
TSEL, and DSEL can be read.

Display select input

This three-level input controls the LEDi_3
charge display modes. See Table 2.

Termination select input

With QSEL, selects the charge algorithm.
See Table 1.

Vcc supply
5.0V, £ 10% power

Ground

Functional Description

The bq2031 functional operation is described in terms of:

m Charge algorithms

m Charge qualification

m Charge status display

m Voltage and current monitoring

m Temperature monitoring
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m Fast charge termination
m Maintenance charging

m Charge regulation

Charge Algorithms

Three charge algorithms are available in the bq2031:

m Two-Step Voltage
m Two-Step Current

m Pulsed Current

Chip On
Voo o2 45V
Temperature
Checks On

Temperature

Present in Range
VLCO < VCELL < VHCO

IsNs < IconD

Fail
t=tQT1 or
VCELL > VHCO

Voltage

Regulation

@ VFLT +
0.25V

PASS: ISNS 2 ICOND

* VGELL < VLCO or
VCELL > VHCO

Temperature Out
of Range or
Thermistor Absent

Absent

VCELL -2 VLCOor 1}
VCELL g VHCO 11

The state transitions for these algorithms are described
in Table 1 and are shown graphically in Figures 2
through 4. The user selects a charge algorithm by con-
figuring pins QSEL and TSEL.

Charge Qualification

The bq2031 starts a charge cycle when power is applied
while a battery is present or when a battery is inserted.
Figure 1 shows the state diagram for pre-charge qualifi-
cation and temperature monitoring. The bq2031 first
checks that the battery temperature is within the al-
lowed, user-configurable range. If the temperature is
out-of-range (or the thermistor is missing), the bq2031
enters the Charge Pending state and waits until the bat-
tery temperature is within the allowed range. Charge
Pending is annunciated by LEDs3 flashing.

VCELL < VMIN

Fail:
t=tqra 0

VCELL < VLCO or
VCELL > VHCO

Current
Regulation
@Iconp

% Temperature Out
% of Range or
Thermistor Absent %

PASS: VCELL = VMIN

Vred
Bulk
Charge [

Termination

2277 VGELL <VLCO of
VCELL > VHCO

*_ Temperature In
. Range, Return
to Original State

Fast
| Charge

VCELL < VMIN

FG203101 eps

Figure 1. Cycle Start/Battery
Qualification State Diagram

Table 1. bq2031 Charging Algorithms

AIgorithmIState QSEL TSEL Conditions MOD Output

Two-Step Voltage L H/LNote ! - -

Fast charge, phase 1 while VeaTr < VBLK, Isns = Imax Current regulation

Fast charge, phase 2 while Isns > ImiN, VBAT = VBLK Voltage regulation

Primary termination Isns = Imin

Maintenance VBat = VrLT Voltage regulation

Two-Step Current H L - -

Fast charge while VeaTr < VBLK, Isns = Imax Current regulation

Primary termination VBAT = VBLK or A%V < -8mVvete 2

Maintenance Isns pulsed to average IrpT Fixed pulse current

Pulsed Current H H - -

Fast charge while Vear < VBLK, Isns = Imax Current regulation

Primary termination VBaT = VBLK

N e e R B
Notes: 1. May be high or low, but do not float.

2. A Unitrode proprietary algorithm for accumulating successive differences between samples of VBaT.
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Thermal monitoring continues throughout the charge
cycle, and the bq2031 enters the Charge Pending state
anytime the temperature is out of range. (There is one
exception; if the bq2031 is in the Fault state—see be-
low—the out-of-range temperature is not recognized un-
til the bq2031 leaves the Fault state.) All timers are
suspended (but not reset) while the bq2031 is in Charge
Pending. When the temperature comes back into range,
the bq2031 returns to the point in the charge cycle
where the out-of-range temperature was detected.

When the temperature is valid, the bq2031 performs two
tests on the battery. In test 1, the bq2031 regulates a voltage
of Vrrr + 0.25V across the battery and observes Isns. If Isns
does not rise to at least Iconp within a time-out period (e.g.,
the cell has failed open), the bq2031 enters the Fault state. If
test 1 passes, the bq2031 then regulates current to Iconp (=
Imax/5) and watches VcgLL (= VBaT - Vsns). If Vegwr does
not rise to at least Vrrr within a time-out period (e.g., the cell
has failed short), again the bq2031 enters the Fault state. A
hold-off period is enforced at the beginning of qualification

test 2 before the bq2031 recognizes its “pass” criterion. If this
second test passes, the bq2031 begins fast (bulk) charging.

Once in the Fault state, the bq2031 waits until Vcc is cy-
cled or a battery insertion is detected. It then starts a new
charge cycle and begins the qualification process again.

Charge Status Display

Charge status is annunciated by the LED driver outputs
LED;—LEDs. Three display modes are available in the bq2031;
the user selects a display mode by configuring pin DSEL. Table
2 shows the three modes and their programming pins.

The bq2031 does not distinguish between an over-voltage
fault and a “battery absent” condition. The bq2031 enters
the Fault state, annunciated by turning on LED3, when-
ever the battery is absent. The bq2031, therefore, gives an
indication that the charger is on even when no battery is
in place to be charged.

Table 2. bq2031 Display Output Summary

Mode Charge Action State LED+ LED2 LED3
Battery absent or over-voltage fault Low Low High

Pre-charge qualification Flash Low Low

DSEL =0 Fast charging High Low Low
(Mode 1) Maintenance charging Low High Low
Charge pending (temperature out of range) X X Flash

Charging fault X X High

Battery absent or over-voltage fault Low Low High

Pre-charge qualification High High Low

DSEL =1 Fast charge Low High Low
(Mode 2) Maintenance charging High Low Low
Charge pending (temperature out of range) X X Flash

Charging fault X X High

Battery absent or over-voltage fault Low Low High

Pre-charge qualification Flash Flash Low

Fast charge: current regulation Low High Low

DS(]I:E/[I_(;;eIg)o at Fast charge: voltage regulation High High Low
Maintenance charging High Low Low
Charge pending (temperature out of range) X X Flash

Charging fault X X High

Notes: 1 =Vcc; 0 = Vss; X = LED state when fault occurred; Flash = 1 s low, 1 s high.

In the Pulsed Current algorithm, the bq2031 annunciates maintenance when charging current is off and

fast charge whenever charging current is on.
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Figure 2. Two-Step Voltage Algorithm
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Figure 4. Pulsed Current Algorithm
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Configuring Algorithm and Display
Modes

QSEL/LED3, DSEL/LED2, and TSEL/LED1 are bi-
directional pins with two functions; they are LED driver
pins as outputs and programming pins for the bq2031 as
inputs. The selection of pull-up, pull-down, or no pull re-
sistor programs the charging algorithm on QSEL and
TSEL per Table 1 and the display mode on DSEL per
Table 2. The bq2031 latches the program states when
any of the following events occurs:

1. Vccrises to a valid level.
2. The bq2031 leaves the Fault state.
3. The bq2031 detects battery insertion.

The LEDs go blank for approximately 750ms (typical)
while new programming data is latched.

For example, Figure 5 shows the bq2031 configured for
the Pulsed Current algorithm and display mode 2.

Voltage and Current Monitoring

The bq2031 monitors battery pack voltage at the BAT
pin. A voltage divider between the positive and negative
terminals of the battery pack is used to present a scaled
battery pack voltage to the BAT pin and an appropriate
value for regulation of float (maintenance) voltage to the
FLOAT pin. The bq2031 also uses the voltage across a

5 RB1
FLOAT |~ —e
3 RB3
13 BAT |/———eo
Vee
12
VSS RB2
s |7 ® BAT -
bq2031 RSNS
Vss %

FG203102.eps

Figure 6. Configuring the Battery Divider

sense resistor (Rsns) between the negative terminal
of the battery pack and ground to monitor current.
See Figure 6 for the configuration of this network.

Vee
q
10K 10K
16 7
LED2/DSEL ' pi
15 1K
LED1/TSEL o
1K\
13
Vee —
12
Vss |
com -1 >
10 7
LED3/QSEL bt
bg2031 10K 1K
*—
Vss —
FG203103.eps

Figure 5. Configuring Charging Algorithm and Display Mode
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The resistor values are calculated from the following:

Equation 1
RB1 _ (N * Vi) 1
RB2 22V
Equation 2
RB1 + RB1 _ (N * VBLK)i1
RB2 RB3 2.2
Equation 3
Lo = 0.250V
ax =
" R‘SNS
where:

m N =Number of cells

m VrLr = Desired float voltage

m VBLK = Desired bulk charging voltage

m Imax = Desired maximum charge current

These parameters are typically specified by the battery
manufacturer. The total resistance presented across the
battery pack by RB1 + RB2 should be between 150kQ
and 1IMQ. The minimum value ensures that the divider
network does not drain the battery excessively when the
power source is disconnected. Exceeding the maximum
value increases the noise susceptibility of the BAT pin.

An empirical procedure for setting the values in the re-
sistor network is as follows:

1. Set RB2t049.9 kQ. (for 3 to 18 series cells)
2. Determine RB1 from equation 1 given Vrrr
3. Determine RB3 from equation 2 given VBLK

4. Calculate Rsns from equation 3 given Imax

Battery Insertion and Removal

The bq2031 uses Vpar to detect the presence or absence
of a battery. The bq2031 determines that a battery is
present when Vgar is between the High-Voltage Cutoff
(Vaco = 0.6 * Vce) and the Low-Voltage Cutoff (Vico =
0.8V). When Vpar is outside this range, the bq2031 de-
termines that no battery is present and transitions to
the Fault state. Transitions into and out of the range
between Vico and Vuco are treated as battery inser-
tions and removals, respectively. Besides being used to
detect battery insertion, the Vico limit implicitly serves
as an over-voltage charge termination, because exceed-
ing this limit causes the bq2031 to believe that the bat-
tery has been removed.

The user must include a pull-up resistor from the posi-
tive terminal of the battery stack to VDC (and a diode to
prevent battery discharge through the power supply
when the supply is turned off) in order to detect battery
removal during periods of voltage regulation. Voltage
regulation occurs in pre-charge qualification test 1 prior
to all of the fast charge algorithms, and in phase 2 of the
Two-Step Voltage fast charge algorithm.

Temperature Monitoring

The bq2031 monitors temperature by examining the
voltage presented between the TS and SNS pins (VTEMP)
by a resistor network that includes a Negative Tempera-
ture Coefficient (NTC) thermistor. Resistance variations
around that value are interpreted as being proportional
to the battery temperature (see Figure 7).

The temperature thresholds used by the bq2031 and
their corresponding TS pin voltage are:

m TCO—Temperature cutoff—Higher limit of the tem-
perature range in which charging is allowed. Vrco =
0.4 % Vce

m HTF—High-temperature fault—Threshold to
which temperature must drop after temperature
cutoff is exceeded before charging can begin again.
Vurr =0.44 * Vce

Vce Colder
A \
VLTF=0.6V LTF 4
(]
(9]
g E
£ VHTE=044v HTF 2
VTco =0.4V TCO @
A Y
Vss Hotter
FG203104.eps

Figure 7. Voltage Equivalent
of Temperature Thresholds
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m LTF—Low-temperature fault—Lower limit of the
temperature range in which charging is allowed. Virr
=0.6 *Vcc

A resistor-divider network must be implemented that
presents the defined voltage levels to the TS pin at the
desired temperatures (see Figure 8).

The equations for determining RT1 and RT2 are:

Equation 4

(Vg —0.250V)

06 * Vo = ¢«
ce RT1 = RT2 + Ry )
RT2 = Rypp)
Equation 5
1
0.44 =
1+ RT1 # (RT2 + Ryqyp)

RT2 * Rypp)

where:

m Rrurr =thermistor resistance at LTF

m Rurr = thermistor resistance at HTF

TCO is determined by the values of RT1 and RT2. 1%
resistors are recommended.

Disabling Temperature Sensing

Temperature sensing can be disabled by removing RT
and using a 100kQ resistor for RT1 and RT2.
Temperature Compensation

The internal voltage reference used by the bq2031 for all
voltage threshold determinations is compensated for
temperature. The temperature coefficient is -3.9mV/°C,
normalized to 25°C. Voltage thresholds in the bq2031
vary by this proportion as ambient conditions change.

Fast-Charge Termination

Fast-charge termination criteria are programmed with
the fast charge algorithm per Table 1. Note that not all
criteria are applied in all algorithms.

Vee
bq2031 RT1
13 NTC
Vece Thermistor
12
Vss RT2 S RT
°t
sNs | 9o BAT -
Ts |8
Rsns
Vss ¢

FG203105.eps

Figure 8. Configuring
Temperature Sensing

Minimum Current

Fast charge terminates when the charging current drops
below a minimum current threshold programmed by the
value of IGSEL (see Table 3). This is used by the Two-
Step Voltage algorithm.

Table 3. ImN Termination Thresholds

IGSEL IMiN
0 Imax/10
1 Imax/20
Z Inax/30
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Second Difference (A2V)

Second difference is a Unitrode proprietary algorithm
that accumulates the difference between successive sam-
ples of Var. The bq2031 takes a sample and makes a
termination decision at a frequency equal to 0.008 *
tmro. Fast charge terminates when the accumulated dif-
ference is < -8mV. Second difference is used only in the
Two-Step Current algorithm, and is subject to a hold-off
period (see below).

Maximum Voltage

Fast charge terminates when VcgeLL > VBLK. VBLK is set
per equation 2. Maximum voltage is used for fast charge
termination in the Two-Step Current and Pulsed Cur-
rent algorithms, and for transition from phase 1 to
phase 2 in the Two-Step Voltage algorithm. This crite-
rion is subject to a hold-off period.

Hold-off Periods

Maximum V and A’V termination criteria are subject
to a hold-off period at the start of fast charge equal to
0.15 * tyTo. During this time, these termination criteria
are ignored.

Maximum Time-Out

Fast charge terminates if the programmed MTO time is
reached without some other termination shutting off
fast charge. MTO is programmed from 1 to 24 hours by
an R-C network on TMTO (see Figure 9) per the equa-
tion:

Equation 6
tMmro=0.5%R*C

where R is in kQ, C is in uF, and tmro is in hours. Typi-
cally, the maximum value for C of 0.1uF is used.

Fast-charge termination by MTO is a Fault only in the
Pulsed Current algorithm; the bq2031 enters the Fault
state and waits for a new battery insertion, at which
time it begins a new charge cycle. In the Two-Step Volt-
age and Two-Step Current algorithms, the bq2031 tran-
sitions to the maintenance phase on MTO time-out.

The MTO timer starts at the beginning of fast charge. In
the Two-Step Voltage algorithm, it is cleared and re-
started when the bq2031 transitions from phase 1 (cur-
rent regulation) to phase 2 (voltage regulation). The
MTO timer is suspended (but not reset) during the out-
of-range temperature (Charge Pending) state.

vVee
R
1
™
CcC ——
13
Vee [—
12
Vss [
bg2031
— Vss

FG203112.eps

Figure 9. R-C Network for Setting MTO

Maintenance Charging

Three algorithms are used in maintenance charging:
m Two-Step Voltage algorithm
m Two-Step Current algorithm

m Pulsed Current algorithm

Two-Step Voltage Algorithm

In the Two-Step Voltage algorithm, the bq2031 provides
charge maintenance by regulating charging voltage to
Vrrr. Charge current during maintenance is limited to
Iconp.

Two-Step Current Algorithm

Maintenance charging in the Two-Step Current Algo-
rithm is implemented by varying the period (Tp) of a
fixed current (Iconp = Imax/5) and duration (0.2 sec-
onds) pulse to achieve the configured average mainte-
nance current value. See Figure 10.

Maintenance current can be calculated by:

Equation 7

((0:2) * Tonp) _ ((004) L)
T, T,

Maintenance current =

where Tp is the period of the waveform in seconds.

Table 4 gives the values of P programmed by IGSEL.
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Table 4. Fixed-Pulse Period by IGSEL

IGSEL Tp (sec.)
L 0.4
H 0.8
Z 1.6

Pulsed Current Algorithm

In the Pulsed Current algorithm, charging current is
turned off after the initial fast charge termination until
VceLL falls to Vrpr. Full fast charge current (Ipax) is
then re-enabled to the battery until VcgLL rises to VBLK.
This cycle repeats indefinitely.

Charge Regulation

The bq2031 controls charging through pulse-width modu-
lation of the MOD output pin, supporting both constant-
current and constant-voltage regulation. Charge current
is monitored by the voltage at the SNS pin, and charge
voltage by voltage at the BAT pin. These voltages are
compared to an internal temperature-compensated refer-
ence, and the MOD output modulated to maintain the de-
sired value.

Voltage at the SNS pin is determined by the value of re-
sistor Rsns, so nominal regulated current is set by:

Equation 8
Inmax = 0.250V/Rsns

The switching frequency of the MOD output is deter-
mined by an external capacitor (CPWM) between the
pin TPWM and ground, per the following:

Equation 9
Fpwm = 0.1/Cpwm

where C is in uF and F is in kHz. A typical switching
rate is 100kHz, implying Cpwm = 0.001uF. MOD pulse
width is modulated between 0 and 80% of the switching
period.

To prevent oscillation in the voltage and current control
loops, frequency compensation networks (C or R-C) are
typically required on the VCOMP and ICOMP pins (respec-
tively) to add poles and zeros to the loop control equations.
A software program, “CNFG2031,” is available to assist in
configuring these networks for buck type regulators. For
more detail on the control loops in buck topology, see the
application note, “Switch-Mode Power Conversion Using
the bq2031.” For assistance with other power supply topolo-
gies, contact the factory.

ICOND v
(e IR A i R I N EN o DR R N DR R _
Ave. Current
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
- Tp =0.4 Sec —»
0.2 Sec
ICOND oo N .
IGSEL=H /“}
Ave. Current 0 e O .
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
le——— Tp=08Sec —»!
ICOND e
IGSEL=Z
Ave. Current ¥
O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T —————————————————————————————————————— — T T T
I+ Tp=1.6 Sec »
TD203101.eps

Figure 10. Implementation of Fixed-Pulse Maintenance Charge
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Absolute Maximum Ratings
Symbol Parameter Minimum Maximum Unit Notes
Vee Vcc relative to Vss -0.3 +7.0 A%
DC voltage applied on any pin ex-
Vr cluding Vcc relative to Vss -0.3 +7.0 v
Toprr Operating ambient temperature -20 +70 °C Commercial
Tsra Storage temperature -55 +125 °C
TsoLpEr | Soldering temperature - +260 °C 10 s. max.
TBIAS Temperature under bias -40 +85 °C
Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera-

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo-
sure to conditions beyond the operational limits for extended periods of time may affect device reliability.

DC Thresholds (ta=TopR; Vcc =5V £10%)

Symbol Parameter Rating Unit | Tolerance Notes
Internal reference voltage 2.20 A\ 1% Ta = 25°C
VREF
Temperature coefficient -3.9 mV/°C 10%
Virr TS maximum threshold 0.6 x Voo A% +0.03V | Low-temperature fault
VuTF TS hysteresis threshold 0.44 = Vcce \% +0.03V | High-temperature fault
Vrco TS minimum threshold 0.4« Vce \% +0.03V | Temperature cutoff
Vuco High cutoff voltage 0.60 * Vco A\ +0.03V
VMmN Under-voltage threshold at BAT 0.34 * Vcco A\ +0.03V
Vico Low cutoff voltage 0.8 \ +0.03V
0.250 A% 10% Imax
Vsns Current sense at SNS
0.05 v 10% IconD

11
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Recommended DC Operating Conditions (ta = Torr)

Symbol Parameter Minimum | Typical | Maximum | Unit Notes
Vce Supply voltage 4.5 5.0 5.5 \%
Vremp | TS voltage potential - Vee V | V1s - Vsns
VCELL Battery voltage potential - Vce v VBaT - VsNs
Icc Supply current - 2 4 mA | Outputs unloaded
Iy DSEL tri-state open detection -2 - 2 LA | Note 2
IGSEL tri-state open detection -2 2 LA
Vee-1.0 - - V | QSEL,TSEL
Vin Logic input high
Vce-0.3 - - V | DSEL, IGSEL
- - Vss+1.0 V | QSEL,TSEL
ViL Logic input low
- - Vss+0.3 V | DSEL, IGSEL
Vor LED;, LEDg, LED3, output high Vce-0.8 - - V | Iou<10mA
MOD output high Vce-0.8 - - A% Iog < 10mA
LED;, LEDy, LED3, output low - - Vss+0.8V | V| Ior < 10mA
VoL MOD output low - - Vgs+0.8V | V| IoL < 10mA
FLOAT output low - - Vss+0.8V | V| IoL < 5mA, Note 3
COM output low - - Vss:0.5 V | Iop, <30mA
Ton LED;, LEDg, LED3, source -10 - - mA | Vou=Vcc-0.5V
MOD source -5.0 - - mA | Von =Vcc-0.5V
LEDy, LEDg, LEDs3, sink 10 - - mA | VoL = Vss+0.5V
ToL MOD sink - - mA | VoL = Vss+0.8V
FLOAT sink - - mA | VoL = Vss+0.8V, Note 3
COM sink 30 - - mA | VoL = Vss+0.5V
I DSEL logic input low source - - +30 HA | V =Vssto Vss+ 0.3V, Note 2
IGSEL logic input low source - - +70 HA | V =Vssto Vss+ 0.3V
- DSEL logic input high source -30 - - HA | V=Vce-0.3Vto Ve
IGSEL logic input high source -70 - - pA | V=Vce-0.3Vto Ve
IL Input leakage - - +1 wA | QSEL, TSEL, Note 2
Notes: 1. All voltages relative to Vss except where noted.

2. Conditions during initialization after Vcc applied.

3. SNS =0V
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bg2031

Impedance

Symbol Parameter Minimum | Typical | Maximum Unit Notes
RBaTz BAT pin input impedance 50 - - MQ
Rsnsz SNS pin input impedance 50 - - MQ
Rrsz TS pin input impedance 50 - - MQ

Soft-programmed pull-up or pull-down DSEL, TSEL, and
Reroc1 resistor value (for programming) ) ) 10 kQ QSEL
RprroG2 Pull-up or pull-down resistor value - - 3 kQ IGSEL
Rmto Charge timer resistor 20 - 480 kQ
Timing (Ta=ToPR; Vce =5V +10%)

Symbol Parameter Minimum | Typical | Maximum Unit Notes
tMTO Charge time-out range 1 - 24 hours | See Figure 9
tqQr1 Pre-charge qual test 1 time-out period - 0.02tmT0 - -
tqQre Pre-charge qual test 2 time-out period - 0.16tmTO - -
tpv A%V termination sample frequency - 0.008tmT0 - -
tHO1 Pre-charge qual test 2 hold-off period - 0.002tmTo - -
tHo2 Bulk charge hold-off period - 0.015tmro - -

Fpwm PWM regulator frequency range - 100 kHz | See Equation 9
Capacitance
Symbol Parameter Minimum Typical Maximum Unit

CMmTO Charge timer capacitor - 0.1 0.1 uF

CpwM PWM R-C capacitance - 0.001 - uF
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16-Pin DIP Narrow (PN)

16-Pin PN (0.300" DIP)

g0 e

d B Inches Millimeters

7 B Dimension X I

a 5 Min. Max. Min. Max.

d b D A 0.160 | 0.180 | 4.06 | 4.57

g B Al 0.015 | 0.040 | 038 | 1.02

4 b B 0.015 | 0.022 | 038 | 056

: g Bl 0.055 | 0.065 | 140 | 165
C 0.008 | 0.013 | 020 | 0.3

= E1 5 D 0.740 | 0.770 | 18.80 | 19.56

=

0.300 0.325 7.62 8.26

E A
B1
T ‘\ Al % »‘ ’* El 0.230 0.280 5.84 7.11
R

0.115 0.150 2.92 3.81

»n |t Qo

] el

0.020 0.040 0.51 1.02

0.090 0.110 2.29 2.79
16-Pin SOIC Narrow (SN)

— = ; 16-Pin SN (0.150" SOIC)
—_ —
= =] —L e — Inches Millimeters
= 1 D J Dimension X I
- - J B Min. | Max. | Min. | Max.
—_ — e
— = A 0.060 | 0.070 | 1.52 1.78
= = Al 0.004 | 0.010 | 0.10 0.25
E B 0.013 | 0.020 | 0.33 0.51
C 0.007 | 0.010 | 0.18 0.25
~ H -~ D 0.385 | 0.400 | 9.78 | 10.16
E 0.150 | 0.160 | 3.81 4.06
c A e 0.045 | 0.055 | 1.14 1.40
Al H 0225 | 0245 | 572 | 622
$ AL L 0.015 | 0.035 | 0.38 0.89

1
| =
:
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Data Sheet Revision History

Change No. | Page No. Description Nature of Change
1 Descriptions Clarified and consolidated
Dual-Level Constant Current Mode to Two-Step Current Mode
Vmev to VHco
1 Renamed VinT to Vico
tuvi to tQT1
tuve to tqre
1 Consolidation Tables 1 and 2
Start-up states
1 Added figures Temperature sense input voltage thresholds
Pulsed maintenance current implementation
1 Updated figures Figures 1 through 6
1 Added equations Thermistor divider network configuration equations
1 Raised condition MOD Vor and Vou parameters from <5mA to <10uA
1 Corrected Conditions VSNS rating from Vyax and Vv to Imax and Ivin
1 Added table Capacitance table for Cymro and Cpwm
2 6 Changed values in Was 51K; is now 10K
Figure 5
3 7,10 | Changed values Was: Tvax = 0.275V/Rsns; is now Iniax = 0.250V/Rsns
in Equations 3 and 8
Changed values . ) . )
3 8 in Equation 4 Was: (Vce - 0.275); is now (Ve - 0.250V)
Changed rating value
3 11 for Vgns in DC Was 0.275; is now 0.250
Thresholds table
4 11 Topr Deleted industrial temperature range.
Notes: Change 1 = Dec. 1995 B changes from June 1995 A.

Change 2 = Sept. 1996 C changes from Dec. 1995 B.
Change 3 = April 1997 D changes from Sept. 1996 C.
Change 4 = June 1999 E changes from April 1997 D.

Ordering Information

bq2031
— Package Option:
PN = 16-pin plastic DIP
SN = 16-pin narrow SOIC
Device:

bq2031 Lead Acid Charge IC
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www.ti.com 8-Oct-2017

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (415)
BQ2031PN-A5 NRND PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0toO 2031PN-A5
(RoHS)
BQ2031PN-A5E4 NRND PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0to0 2031PN-A5
(RoHS)
BQ2031SN-A5 NRND SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)
BQ2031SN-A5G4 NRND SolIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)
BQ2031SN-A5TR NRND SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)
BQ2031SN-A5TRG4 NRND SoIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)

@ 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. TI 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.

Addendum-Page 1
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INSTRUMENTS

www.ti.com 8-Oct-2017

© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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.

Addendum-Page 2
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 —> e KO e P1—
% { I
T
@ ’@ @ Bf l
A 1 {
Cavity AR <
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
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*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)
BQ2031SN-A5TR SoIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1

Pack Materials-Page 1
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INSTRUMENTS
www.ti.com 14-Jul-2012
TAPE AND REEL BOX DIMENSIONS
A
4
~
</ \>~
~ -
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ2031SN-A5TR SoIC D 16 2500 367.0 367.0 38.0

Pack Materials-Page 2
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
BQ2031PN-A5 NRND PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0toO 2031PN-A5
(RoHS)
BQ2031PN-A5E4 NRND PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0toO 2031PN-A5
(RoHS)
BQ2031SN-A5 NRND SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)
BQ2031SN-A5G4 NRND SOIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)
BQ2031SN-A5TR NRND SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)
BQ2031SN-A5TRG4 NRND SOIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0toO 2031
& no Sh/Br) (-A5, A5)

@ 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. TI 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.

Addendum-Page 1
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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
+ —> KO |e— P1—»]
% { I
iy’
& & & || 8o
x | l
A T {
Cavity AR <
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
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*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)
BQ2031SN-A5TR SoIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
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. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ2031SN-A5TR SoIC D 16 2500 367.0 367.0 38.0

Pack Materials-Page 2



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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