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Battery Management Solutions

© Introduction and Contents

Texas Instruments (TI) offers complete
battery-management portfolio with a full
line of high-performance products.
These products range from battery
chargers to highly-efficient battery fuel
gauges. Also included are power protec-
tion, authentication, and alternative
charging sources such as solar and
wireless power.

Tl makes designing easier by provid-

ing leading-edge support tools such as
training, a broad selection of evalua-
tion modules (EVMs), application notes,
comprehensive technical documentation
and more. Tl also offers samples and
small orders (shipped within 24 hours via
Tl authorized distributors) that will help
you accelerate your time-to-market.

Included in this selection guide you will
find design factors, featured products,

graphical representations of portfolios

and parametric tables.

For more information about battery
management products, visit
www.ti.com/battery
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Q Battery Management Systems Overview

End applications in wireless, computing,
consumer and industrial/medical markets
continue to expand into the portable
space. TI’s battery management solutions
help address system protection, cost-
effective linear and highly efficient
switchmode battery charging. New
advances in switch-mode charging
increase efficiency, thus decreasing
power dissipation and promoting a green
environment by wasting less energy. With
battery-powered systems demanding
increased reliability, Tl ensures maximum
product safety with chargers that protect
batteries from overvoltage and over-
current conditions.
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Battery Management Solutions

Q Battery Management Systems Overview

Space is of utmost importance in
portable applications. Tl offers advanced
solutions that incorporate QFN and
wafer-level chip-scale packaging and
feature a high degree of integration to
reduce solution size. In addition to
reducing board space, many of these
solutions provide lower power dissipa-
tion and increase overall efficiency. Tl
battery management solutions support a
wide range of battery chemistries and
cell counts, from popular Lithium-lon
(Li-lon) technologies to industry-standard
nickel-metal-hydride and lead-acid
batteries.

TI products support applications such
as mobile phones, smartphones, tablets,
portable consumer devices, portable
navigation devices, notebook comput-
ers and many industrial and medical
applications. Tl has the battery-man-
agement device to match your design
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specifications, we also offer the evalua-
tion modules, application notes, samples
and data sheets needed to get your
design to market faster.

Design Factors

Battery Chemistry — Each battery
chemistry has different operating charac-
teristics, such as discharge profiles and
self-discharge rate. Tl gas-gauge ICs are
developed to account for these differ-
ences and accurately display remaining
energy in the battery. Also, each battery
chemistry has unique requirements for its
charge algorithm, which is critical for
maximizing its capacity, cycle life

and safety.

Charge-Control Topology — A simple
linear topology works well in applications
with low-power (e.g., one- or two-cell
Li-lon) battery packs that are charged at
less than 1 A. A switch-mode topology

Purpose

temperature

implementation.

is ideally suited for fast charging from
USB ports or for large battery packs that
require charge rates >1 A. The switch-
mode conversion minimizes heat genera-
tion during charging. A wireless power
topology uses shared magnetic fields to
provide the benefit of contactless power
transfer. Wireless charging provides an
additional battery-charging option for
portable devices or as a replacement for
other 5-V charging sources.

Input Voltage — Wide input-voltage
range of the IC and input overvoltage
protection offer maximum safety and
allow use of low-cost unregulated wall
adapters.

Number of Series Cells — A battery
pack is constructed from a string of
series and parallel cells. Each series cell,
or group of parallel cells, requires protec-
tion from overcharge, overdischarge and
short-circuit conditions.

Battery Charger

e Correctly charge using constant current and voltage
* Maximize battery life and capacity
e Maintain safe operating range for voltage, current and

What type of power source is available to recharge

charger will be the likely charge-control solution. For higher

¢ Lithium-Iron- your battery pack?
Phosphate * High-Voltage AC Power — The first stage of the battery-
charging circuit will require an isolated power converter
to generate a lower-voltage DC rail that is applied to the
battery pack.
¢ Mid-Voltage DC Power (~12 to 30 VDC) — A switch-mode
__Multi-Cell currents (above 4 A), external power FETs will likely be
Single-Cell required. For currents below 4 A., in many cases a fully
integrated solution may be possible.
¢ Low-Voltage DC (e.g., from adapter or USB port) — A low-
cost linear charger may be usable for currents below 1 A.
Low-voltage switch-mode chargers are recommended for
« SuperCap currents above 1 A.
e NiMH If the application rgquires simultaneous battery charging
L and system operation, the charger device should include
e Lithium- power-path control functionality.
Polymer ) ) )
Nicd Some systems require very accurate capacity reporting—
* Ni

both the percentage of power remaining and the estimated
run time remaining in hours and minutes. These systems
will benefit from TI's patented Impedance Track™ technol-
ogy, which offers the highest accuracy. For less complex
systems, CEDV fuel gauges may offer simpler, lower-cost

Battery Management Solutions Guide

Texas Instruments 2012



Battery Management Solutions

Q Emerging Power Applications

Solar Charging

Photovoltaic technologies have evolved
that can now provide more cost-effective
and efficient energy harvesting from the
sun. Most solar harvesting today uses
high-power installations that provide
supplemental AC power to the home or
to commercial buildings and are gener-
ally tied to the utility grid. However, much
of the world is still not yet tied to the
grid, or the grid is unreliable, or being
tethered to the AC power supply is just
not practical. In these applications, using

Solar
Panel

the sun to charge a battery that supplies
power to off-grid applications is a more
practical solution. For these applica-
tions, a trade-off between cost and PV
efficiency is often required. Maximizing
power from the panel is balanced with
the cost and size of the overall system.

The diagrams below illustrate two
examples of low-cost solar-charger
applications where the battery charger is
integrated with simple circuitry to maxi-
mize the power point from the solar

bq24650
Charger with
Input-Based
Dynamic Power
Management

bq24210,
bg25504
Single-Cell

Solar
Charger

panel as well as with circuitry for load
regulation. Simple solar streetlights or
solar lanterns can be developed by add-
ing devices such as LED drivers. The
implementation of a USB switch with a
boost converter can create a simple
solar charger for portable devices. Other
applications can implement motor driv-
ers for solar-powered fans or water
pumps. These are but a few of the
options enabled by TI’'s new family of
solar-charger ICs.

TPS2500
USB Power
Switch with

Boost
Converter

V/ 7/ S/ S
o
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Q Emerging Power Applications

HEV Battery Management

The battery-management system (BMS)
is a key element in the overall HEV archi-
tecture. An intelligent implementation
will extend not only the battery’s lifetime
but also the possible range of a vehicle
in fully electric drive mode, which is a

key selling point to end users. The BMS
modules require battery supervision and
battery cell-balancing features, often
connected through different communica-
tion paths to ensure system redundancy.
Built-in temperature management is

Cell-Balancing
Components

AR

Protector

Cell-Balancing
Components

bq76PL536
Monitor and
Balancer

bq76PL536
Monitor and
Balancer

Cell-Balancing
Components

AR

bq76PL536
Monitor and
Balancer

Protector

Cell-Balancing
Components

bq76PL536
Monitor and
Balancer

HRHHRHRARHH

*—

also a crucial element for a system’s
lifetime and safety. The complete BMS
represents a highly safety-critical func-
tion; therefore, reliable communication
and accurate data measurement are
necessities.

|:| Precharge
Relay

c/;/c

—/\'—

Safety
Disconnect Relay

Pack Monitor

Load

A

SPI™
Interface

% /c
Safety
Disconnect

Relay

TMSx70 or
C2000™
1ISO72xx Batte 1ISO72xx eJ:\\|
SPI ry
Safety System Safety
Isolation Controller Isolation
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Q Emerging Power Applications

Energy Harvesting

As new forms of alternative (off-grid)
energy are being developed, power-
management technologies are required
to harvest, store and regulate this power.
Energy from such sources as photovol-
taic panels, kinetic (vibration) MEMs and
thermoelectric elements (utilizing Peltier,
Thompson or Seebeck effects) presents

TPS61202, TPS61222
Boost Converter

300 mV to >20 V

Energy Harvesting

&

Thermal +;221T
I

RF (GvA)
Harvesting Y

Solar

Vibration

>10-Cell Solar
Panel Does Not
Require Boost

the challenge of converting ultra-low
levels of “nano” power to more usable
levels and storing the energy for later
use. Tl continues to develop new power-
management ICs to meet these harvest-
ing challenges, including ultra-low-power
devices such as LDOs and high-
efficiency boost converters and battery

bg24210
Battery Charging with Max.
Power-Point Tracking (MPPT)

Energy Storage
(Li-lon Battery/
Super Capacitor/
Thin-Film Battery)

INA321, INA322,
OPA369 Amplifier

MSP430™,

chargers. These power-management
devices complement Tl’s portfolio of
low-power MCUs and RF, amplifier and
sensor ICs—providing a total solution for
systems powered by new forms of ultra-
low-power alternative energy.

TPS78233

LDO Linear Regulator

1.8t0 3.3V

v

Wireless Interfaces

Low-Power RF
and ZigBee®

CC430
MCU

Bluetooth®

TMP102, TMP122

Sensor

>

Temperature Sensor

Wireless Power (bgTESLA™)

Tl is leading the new wireless-power
market with the very first Qi-compliant
devices. The 81+ members, including
Tl, of the Wireless Power Consortium
are setting the international standard for
inter-operable wireless charging with the
Qi standard.

The bgTESLA chipset enables customers
to power their electronic devices up to
5 W, meeting the Qi standard. The

transmitter and receiver solutions that
make up the bgqTESLA chipset are ready
for mass production today.

The bgTESLA receiver family includes
the bg51013 and bg51011, which out-
put 5V and provide closed-loop control
to the via-embedded communications
techniques. Software is already pro-

grammed into the devices, so no software

programming is required. The bqTESLA

| Receiver

AC to DC

' Rectification

éommunlcation

Voltage
Conditioning

Rx Solutions

transmitter family includes the bg500210
and bg500211, which operate and con-
trol the Qi-compliant wireless-power
functionality.

Device datasheets, bqTESLA EVM user
guides and bgTESLA EVM modules are
available at:

www. ti.com/wirelesspower

Load

1
: : |
1 1 1
; i il Controller
! ! H bq51013 (Gen 2)
H H : bq51011 (Gen 2)
1 ' i
1 1] L.
i Tx Controller Solutions |
: bq500210 (Gen 2) :
bg500211 (Gen 2)
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Q Charger Front-End Protection

Li+ Charger Front-End Protection IC

bq24314

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/bq24314

Charger front-end protection ICs provide
protection from input overvoltage, input
overcurrent and battery overvoltage con-
ditions. The tri-level protection offers maxi-

bq24314

mum safety when charging a handheld Adggter
device. With integrated FET, the protection O Vin Vour
IC comes in 2x2-mm and 3x4-mm SON Charging
packages. Circuit
Key Features
e 30-V maximum input
e Up to 1.5-A input current ®
® Thermal shutdown 4;2"’
¢ Enable input r Li-lon
¢ Provides protection for three variables: Battery
° Input overvoltage (rapid response <1 ps) —
o User-programmable overcurrent
with current limiting
o Battery overvoltage
Applications
¢ Mobile phones and smart
phones
¢ Portable navigation devices
e MP3 Players
¢ Low-power handheld devices
* Bluetooth® headsets
Selection Guide
Viy Max ovP Battery LDO Max Operating
Device (V)] v) 0CP OVP (V) Output (V)  Current (pA) Package(s) = EVM Comments Price*
bg24300/4/5 30 10.5 Fixed 300 mA 4.35 | 5.5/4.5/5.0 | 400/500/500 8-QFN/SON v/ | Reverse polarity protection 0.55
bq24308 30 6.3 Fixed 700 mA or Prog. <1.5A | 4.35 5 500 8-QFN/SON v/ | Reverse polarity protection 0.55
bg24312 30 5.85 Prog. <1.5A 4.35 — 500 8/12-QFN/SON Fault indication 0.48
bg24314/A 30 5.85 Prog. <1.5A 4.35 = 600 8/12-QFN/SON | v | Fault indication 0.48
bg24315 30 5.85 Prog. <1.5A 4.35 55 600 8-QFN/SON v | Faultindication 0.48
bg24316 30 6.8 Prog. <1.5A 4.35 = 600 8/12-QFN/SON |+ | Fault indication 0.48
bg24380 30 6.3 No OCP 4.35 55 250 8-QFN/SON v | Faultindication 0.55
bg24381 30 71 No OCP 4.35 5 300 8-QFN/SON v | Faultindication 0.55
bg24382 30 10.5 No OCP 4.35 5 300 8-QFN/SON Fault indication 0.55
bg24350 30 6.17 Fixed 1.2 A 4.35 55 500 8-QFN/SON v | Integrated charge FET 0.65
bg24351 30 10.5 Fixed 1.2 A 4.35 6.38 500 8-QFN/SON v | Integrated charge FET 0.65
bg24352 30 7.1 Fixed 1.2 A 4.35 5.5 500 8-QFN/SON v | Integrated charge FET 0.65
*Suggested resale price in U.S. dollars in quantities of 1,000. New devices are listed in bold red.
Battery Management Solutions Guide 7 Texas Instruments 2012
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Q Battery Charge Management

Industry’s Most Efficient Boost Charger for Nanopower Energy-Harvesting Applications

bq25504

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/bq25504

The bg25504 is a highly efficient boost
charger IC for nano (ultra-low) power
energy-harvesting and management
applications. The device manages micro-
watts (UW) to milliwatts (mW) of power
generated from a variety of sources such
as solar, thermal electric, electromag-
netic and vibration energy.

Key Features

e Low quiescent current (330 nA typ) and
high conversion efficiency

e Maximum power point tracking (MPPT)
optimizes energy extracted from DC
harvesters such as solar panels and
thermoelectric generators

e User programmable settings support
a variety of energy sources and energy
storage elements (different battery
chemistries or super capacitors)

e Low cold-start voltage (330 mV typ)
supports startup from single-cell solar
panels (under low light) and other low-
voltage sources.

e Battery status outputs allows condi-
tional enabling of external loads and
protects the storage element

+

Lest
Solar fs;'ro: p——
Cell 22 pH W
+ /1/
“Y 1 ‘i“;’“F LBST VSTOR VBAT
VSS
bg25504
== = 2
- VIN_DC
Rocz
4.42MQ
VOC_SAMP
Roc1
15.62 MQ
VREF_SAMP
Applications

e Solar charger
e Thermal electric generator (TEG)

harvesting

¢ Wireless sensor networks

¢ Industrial and environmental monitoring
e Smart building controls

e Portable and wearable health devices

e Remote controls

~ Battery or

Capacitor =
(>100 pF)

VSsS

AVSS 4

VBAT_OK

VBAT_OK

1-A, Single-Input, Single-Cell LiFePO, Linear Battery Charger with 50-mA LDO

bq25070

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/bq25070

Key Features

e Single-cell LiFePO, charging algorithm

¢ 3.75-t0 10.2-V V|y (10.5-V OVP) with
30-V input rating (max)

e Up to 1-A charge current

e Integrated 4.9 V at 50 mA LDO linear
regulator

e Single output allows simultaneous bat-
tery charging and powering of system

¢ Programmable charge current through
single input interface (CTRL)

e Single USB port or AC-adapter input
source

e Thermal regulation and protection

e Soft-start feature

e Battery NTC monitoring

e Charging-status indication

e Small 2 x 3-mm 10-pin SON package

Portable-
USB or bq25070 R2 Device Host
AC Adapter —
CHG STATUS
VBUS
GND out VDD
D+
D-
! PACK+
@j
= PACK-
- VCHG DET
Applications 3l ) R3 USB DET
e L ow-power hand- 0.1 pF:[ N 1.5kQ XgSD?EITN
held devices L L 2ZR4
¢ Mobile phones 11oke
¢ Multimedia players GPIO

Battery Management Solutions Guide
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Q Battery Charge Management

2.5-A, Dual Input, Switch-Mode Charger with Power-Path Management
with Host I2C Control or Stand Alone

bq24160, bq24161, bq24163, bq24168 — bq24165, bq24166, bq24167

The bg2416x family of highly integrated,
single-cell, Li-lon battery chargers include
system power-path management. They
are targeted for space-limited, portable
applications with high-capacity batteries.

Key Features

e Startup system from deeply discharged
battery or no battery

¢ Sync 1.5-MHz PWM switch mode

e Supports USB 2.0 and USB 3.0
charger applications

e 20-V max Vy rating

¢ Integrated FETs with 2.5-A charging
from V|y and 1.5 A on USB input

e Integrated power path and driver for
optional external discharge FET

bq24160

Adapter

e Dual inputs are fully isolated

e Integrated input current sensing and
limiting (x5%)

¢ Control charge parameters, timers,
VINDPM threshold

¢ Thermal regulation protection for
output current control

e 2.8x2.8-mm WCSP and 4x4-mm QFN
package options

bq24160/1/3/8 Features

* |2C interface (1.8 V, 400 kbps)

e Automatic USB input detection based
on D+/D- (bg24160/3) or pin selectable
(bg24161/8)

e User programmable input current limits

Adapter

bq24165/6/7

e USB settings via lysg1/2/3 pins

¢ Charge parameter selector inputs

¢ Adjustable charge current, input
current, and V\\ppum threshold

e \/oltage based, NTC temp monitoring
input (TS); JEITA (CE1/2) for bg24165,
standard temperature range (bq24166),
and JEITA (CE1/2) bg24167

Applications

¢ Handheld portable products
* Portable computing

¢ Portable media players

¢ DSC and DVR equipment

bq24165

______

Vsvs

Single-GCell Charger Gontrollers Selection Guide

Vi Abs
Number Max Viy OVP
Device of Cells = Vyy Type V) (V)
Host Mo

X

/PG

Charge Charge
Current ~ Voltage Internal = Primary Charge  Charge
(A) (V) Topology = FET Termination  Timer

PMIDI sw 3 i
System :
VDPM Load
1
ILIM :
- ;_ _|
| Host
Temp !
INTC
Monitor

DRV

/CHG

PGND

Temp
Monitor

WCSP

QFN

USB
Detection

Price*

Adapter and 20

PRI USB 6.5 USB

bg2atet| 1 | Adapterand) oo | 105

bg2at63 1 | Adapierand o | 105

bgzates| 1 |Adaplerand) oo | B3
 Stand Al stem Interface

Adapter and 20

10.5

2.5

1.5 USB 3.5t04.4  Switching | Yes | Host-controlled = Yes
1_52 'l?SB 3.5t04.4 | Switching | Yes | Host-controlled | Yes
1_52 SSB 3.5t04.4  Switching | Yes | Host-controlled = Yes
1_5? SSB 3.5t04.4 | Switching | Yes | Host-controlled | Yes

2.5

Yes, JEITA 24 24 v | D+D- | 3.00

Yes, Std 24 24 v PSEL 3.00
Yes, JEITA 24 24 v | D+/D- | 3.00
Yes, JEITA 24 — | v PSEL 3.00

via Host JEITA

bq24165| 1 USB 6.5 USB 15 USB 4.2/4.06 | Switching | Yes 10% Igng Yes Adj CE1/2 24 24 v | lysgiz | 3.00
A 10. 2. _
bg2ate6| 1 | AdaDie a"d‘ 20 | G100 20 42406 Switching | Yes | 10%lg | Yes | YesStd | 24 | 24 v lygypg | 300
Adapter and 10.5 2.5 _— via Host JEITA
bq24167| 1 USB ‘ 20 6.5 USB 15USB 4.2/4.06 | Switching | Yes 10% lgng Yes Adj CE1/2 24 24 v | lysgiz | 3.00
*Suggested resale price in U.S. dollars in quantities of 1,000. New devices are listed in bold red. Preview devices are bold blue.
Battery Management Solutions Guide 9 Texas Instruments 2012
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Q Battery Charge Management

Switch-Mode Li-lon and Li-Polymer Stand-Alone Battery Charger
bg24170

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/bq24170
The bg24170 is a highly integrated

stand-alone Li-lon or Li-Polymer switch- Adapter Q3 MA ,
mode battery charger with two integrated |

n-channel power MOSFETSs. It offers a i HI' a5
constant-frequency synchronous PWM ACN PVCC PVCC

controller with highly accurate regulation % bg24170

of input current, charge current and volt- ACP —

age. It closely monitors the battery-pack 1 CMSRC BATDRV

temperature to allow charging only in a VBAT ACDRV

preset temperature window. It also pro- VREF
vides battery detection, preconditioning,
charge termination and charge-status

oo D1 ISET
monitoring.

Key Features

¢ 1.6-MHz synchronous switch-mode
charger with 4-A integrated n-channel
MOSFETs

e Up to 94% efficiency

e 4.5-V to 17-V input operating range %

e Battery charge voltage: 1, 2 or 3 cells OVPSET
with 4.2 V per cell % VREF

Applications = % Ul T7C

e Tablet PCs TS

* Netbooks and ultra-mobile computers Ry @

¢ Portable data-capture terminals 103AT

¢ Portable printers = =

¢ Medical-diagnostics equipment
e Battery-bay chargers
e Battery back-up systems

Chargers with Internal FETs Selection Guide

Charge =V,  Primary Charge
Number = Control Hostor | Integrated Current Max = Termination  Safety = Temp  Packaging:
Device of Cells = Topology = Stand Alone = Power FET = (A) (V) Method' Timer = Monitor = QFN/MLP Comments
Switch and-Alone Battery Chargers with Internal FETs (Converters) — Lithium-lon
24170 1103 | Switching | Stand Alone Yes 4.0 20 Min current Yes Yes 24 v 1.80
hg24171 1103 | Switching | Stand Alone Yes 40 20 Min current Yes Yes 24 v | Supports JEITA 1.80
hq24172 1103 | Switching | Stand Alone Yes 40 20 Min current Yes Yes 24 v | Supports adjustable charge voltage 1.80
hq24133 1103 | Switching | Stand Alone Yes 2.5 20 Min current Yes Yes 24 v | Supports 2.5-A charge current 1.80
- Min current/Host
024130 1103 | Switching Host Yes 40 20 walle — Yes 24 v
bq24100 1| Switching | StandAlone | Yes 20 | 20 | Mincurent | Yes | Yes 0 | v ggr/f%fnf;ffcl‘: pin; ba24120 ffers entianced EMI 200
bq24108 1| Switching | StandAone = Yes 20 | 20| Mncurent | Yes | \Ves 2 Biinking status pin; bg24120 offers enhanced BMI | 5 g,
performance
_— Min current/Host
bq24103A 1or2 | Switching | Stand Alone Yes 2.0 20 controlled Yes Yes 20 v | bg24123 offers enhanced EMI performance 2.00
bq24113A 1or2 | Switching Host Yes 2.0 20 Min&:ﬁgﬂgym Yes Yes 20 v | bg24123 offers enhanced EMI performance 2.00
bg24105t | 1103 | Switching | Host Yes 20 | 20 Mi”cg‘:ﬁ'rgﬂgg'“t Yes | Yes 2 v | bg24125 offers enhanced EMI performance 350
bg24115 | 1103 | Switching | Host Yes 20 | 20 |Mn gg{{;gf{em’s‘ Yes | Yes 2| v | bq24125 offers enhanced EMI performance 350
"Host controlled = system processor must terminate charging. TDevices qualified for Automotive applications are available. Different pricing may apply. New devices are listed in bold red.

*Suggested resale price in U.S. dollars in quantities of 1,000.

Battery Management Solutions Guide 10 Texas Instruments 2012
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Q Battery Charge Management

Stand-Alone Synchronous Switch-Mode Li-lon or Li-Polymer Battery Charger
bq24610

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/bq24610

The bg24610 is a highly integrated Li-lon To
. . System
or Li-Polymer switch-mode battery Adapter o1 a2 RAC Load
charger. It offers a constant-frequency []._011 L—o—J\N‘ > —>
synchronous switching PWM controller . l l
with highly accurate regulation of charge
current and voltlage..lt also prov@es % bq24610
charge preconditioning, termination, ACP
adapter current regulation and charge- ACDRV [
status monitoring. VREF BATDRV | a3
CE

Key Features ISET1 REGN <
¢ 600-kHz NMOS/NMOS synchronous ISET2 e L

buck converter ACSET — % To
* Stand-alone charger support for Li-lon Th;%?:t‘f)': < HIDRV — Qf: 68uH RSR Bs::;V

or Li-Polymer battery _T_ _T_ 5
e Supports up to six battery cells §7

(bg24610) and has an input operating
range of 5- to 28-V V¢

¢ Up to 10-A charge current and adapter
current

Applications

¢ Netbooks, mobile Internet devices and
ultra-mobile PCs

* PDAs

¢ Handheld terminals

¢ Industrial and medical equipment

Multi-Cell Charger Controllers Selection Guide

Viy
Number of Integrated = Max Primary Charge Safety Packaging:
Device Cells Control Topology =~ Power FET (V) = Termination Method =~ Timer | Temp Monitor =~ QFN/MLP ~ EVM Comments Price*
ne Battery Chargers with External FETs (Controllers) — Lithium-lon (except where noted)
bg24600 1t06 Switching No 32 Min current Yes Yes 16/24 v | 1200 kHz 2.50
bg24610 1t06 Switching No 32 Min current \ Yes Yes 16/24 v | 600 kHz 2.90
bg24616 1t06 Switching No 32 Min current \ Yes Yes 16/24 v | JEITA, 600 kHz 2.90
bq24617 1to5 Switching No 26 Min current \ Yes Yes = v | 600 kHz 2.90
bq24618 1106 Switching No 32 Min current \ Yes Yes 16/24 Supports 4.7 Vi 2.90
bg24620 1t07 Switching No 32 Min current \ Yes No 16/24 v | LiFePO, 2.90
bq24630 1t07 Switching No 32 Min current \ Yes No 16/24 v | LiFePO,, system power selector 2.90
bq24640 1t09 Switching No 33 | SuperCap-specific \ No Yes 16 v | Supports SuperCap 3.65
. q Solar charger for Li-lon/polymer, LiFeP04,
bg24650 1t06 Switching No 33 Min current ‘ Yes Yes 16 v lead-acidlchemistries 2.85
*Suggested resale price in U.S. dollars in quantities of 1,000. New devices are listed in bold red.
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Battery Management Solutions

Q Battery Charge Management

Selection Guide

(Device parameters continued on next page)

Number of ViyMax  V,y Absolute Viy OVP Charge Charge Control Integrated

Device Cells Viy Type Operating (V) Max (V) ()] Current () = Voltage (V) Interface Topology Power FET
Multi-Chemistry (Li-lon and NiCd/NiMH)

bg24030/31 1 Adapter/USB 16 18 6.4 2 4.2/41 Stand Alone Linear Yes
bg24032A 1 Adapter/USB 16 18 6.4 2 4.2 Stand Alone Linear Yes
bg24035 1 Adapter/USB 16 18 6.4 2 4.2 Stand Alone Linear Yes
bg24038 1 Adapter/USB 16 18 6.4 2 4.24/4.36 Stand Alone Linear Yes
bg24040 1 Adapter/USB 6.45 30 6.6 0.800 42 Stand Alone Linear Yes
bg24041 1 Adapter/USB 6.45 30 7.1 0.800 4.2 Stand Alone Linear Yes
bg24050/52 1 Adapter/USB 6.45 30 6.6 0.800 4.2 Stand Alone Linear Yes
bg24055 1 Adapter/USB 6.45 30 6.6 0.800 4.2 Stand Alone Linear Yes
bq24072/72T 1 Adapter/USB 6.4 30 6.6 1.5 4.3/4.2 Stand Alone Linear Yes
bg24073 1 Adapter/USB 6.4 28 6.6 1.5 4.2 Stand Alone Linear Yes
bq24074 1 Adapter/USB 10.2 28 10.5 15 42 Stand Alone Linear Yes
bq24075T/79T 1 Adapter/USB 6.4 28 6.6 1.5 4.2/41 Stand Alone Linear Yes
bg24090/91 1 Adapter/USB 6.45 7 6.6 0.800 4.2 Stand Alone Linear Yes
bg24092/93 1 Adapter/USB 6.45 7 6.6 0.800 4.2 Stand Alone Linear Yes
bq25040 1 Adapter/USB 6.7 30 6.9 1.1 42 Stand Alone Linear Yes
bg25050 1 Adapter/USB 6 20 6.5 1.25 351044 1c Switching Yes
bg25060 1 Adapter/USB 10.2 30 10.5 1 42 Stand Alone Linear Yes
bq24130 1103 Adapter/USB 18 20 Host Controlled 4 Adj 1’c Switching Yes
bg24133 1103 Adapter/USB 17 20 Progammable 2.5 Adj Stand Alone Switching Yes
bq24140 1 Adapter/USB 9 20 9.8 1.5 Adj 1°c Switching Yes
bg24160 1 Adapter & USB 18 20 10.5/6.5 (USB) 2.511.5 3.5t04.4 I’ Switching Yes
bq24161 1 Adapter & USB 18 20 10.5/6.5 (USB) 2.5/1.5 35t04.4 1’c Switching Yes
bq24163 1 Adapter & USB 18 20 10.5/6.5 (USB) 2.5/1.5 351044 1 Switching Yes
bq24165 1 Adapter & USB 18 20 10.5/6.5 (USB) 2.5/1.5 42 Stand Alone Switching Yes
bq24166 1 Adapter & USB 18 20 10.5/6.5 (USB) 2.5/1.5 4.2 Stand Alone Switching Yes
bq24167 1 Adapter & USB 18 20 10.5/6.5 (USB) 2.511.5 4.2 Stand Alone Switching Yes
bg24168 1 Adapter & USB 18 20 6.5/6.5 (USB) 2.5/1.5 35t04.4 Stand Alone Switching Yes
bg24153A 1 Adapter/USB 20 6.5 1.25 35t04.4 1c Switching Yes
bq24156A 1 Adapter/USB 20 9.8 1.5 351044 Ho Switching Yes
bg24180 1 Adapter/USB 16 20 16.5 15 35t04.4 12c Switching Yes
bq24185 1 Adapter/USB 16 20 16.5 1.5 35t04.4 [2c Switching Yes
bg24170 1103 Adapter/USB 17 20 Progammable 4 4.2 Stand Alone Switching Yes
bg24171 1103 Adapter/USB 17 20 Progammable 4 Adj Stand Alone Switching Yes
bq24172 1103 Adapter/USB 17 20 Progammable 4 Adj Stand Alone Switching Yes
bq24600 1106 Adapter 28 33 32 10 (Ext) Adj Stand Alone Switching No
bg24610 1106 Adapter 28 33 32 10 (Ext) Adj Stand Alone Switching No
bg24616 1106 Adapter 28 33 32 10 (Ext) Adj Stand Alone Switching No
bq24617 1t05 Adapter 24 33 32 10 (Ext) Adj Stand Alone Switching No
bg24618 1106 Adapter/USB 28 33 32 10 (Ext) Adj Stand Alone Switching No
bq24707A 1t04 Adapter 24 30 Progammable 8 Adj SMBus Switching No
bq24725A 2to4 Adapter 24 30 Progammable 8 Adj SMBus Switching No
bq24735 1to4 Adapter 24 30 Progammable 8 Adj SMBus Switching No

New devices are listed in bold red. Preview devices are bold blue.
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Battery Management Solutions

Q Battery Charge Management

(Device parameters continued from previous page)

Packaging
5
_ Primary Charge Charge Temperature g § é % 2la _
Device Termination = Timer  Monitor = © = ~ @ oS EWM Comments Price*
Multi-Chemistry (Li-lon and NiCd/NiMH)
bq24030/31 i @i Yes Yes 20 v g}l\r;%Ttigui’c;\é\/regg’?gguh{lggﬁgﬁirgﬁnt powers the system and charges battery. Regulated 1.80
bq24032A Min Current Yes Yes 20 v E‘).):‘rle\alnéigtggrvf%rr-igt:lnaﬂﬁncagrfdrir][fonnt powers the system and charges battery. Regulated 1.80
bg24035 Min Current Yes Yes 20 v | Dynamic Power-Path Management powers the system and charges battery. Cutoffat6 V| 1.80
bq24038 Min Current Yes Yes 20 v %n-a\‘/nyﬁtgmgrr_g%tpngnlﬁncac?rfdﬂfonr: powers the system and charges battery. Regulated 1.80
bq24040 Programmable | Yes Yes 10 v 0.90
bq24041 CA0 Yes Yes 10 v 0.90
bq24050/52 Min Current Yes Yes 10 v | JEITA charging (100K NTC — bq24052) 0.99
bq24055 Min Current Yes Yes 12 v | JEITA, PG pin 0.99
bg24072/72T | Min Current Yes Yes 16 v | Vour tracks Vgar, Vin_pppm 1.20
bg24073 Min Current Yes Yes 16 v | Vin_pppm 1.20
bq24074 Programmable = Yes Yes 16 v | Vin_ppem 1.20
bg24075T/79T | Min Current Yes Yes 16 v | SYSOFF pin disconnects battery, Viy_pppy, POWers system while charging battery 1.20
bg24090/91 Min Current Yes Yes 10 v/ | 10K NTC (100K NTC — bg24091) 0.70
bq24092/93 Min Current Yes Yes 10 v | JEITA, 10K NTC (JEITA, 100K NTC — bq24093) 0.70
bg25040 Min Current No Yes 10 v | USB compliant with 50-mA integrated LDO 1.20
bg25050 Programmable | Yes No 20 USB OTG supported with boost 1.20
bq25060 Min Current No Yes 10 v | USB compliant with 50-mA integrated LDO 1.20
bg24130 Host Controlled | No Yes 20 v 2.30
bg24133 Min Current Yes Yes 24 4 1.75
bg24140 Min Current Yes No 30 v | Simultaneous charge and USB OTG output 2.20
bq24160 Host Controlled |  Yes Yes 24 v | JEITA, D+/D- detect, 3.00
bg24161 Host Controlled | Yes Yes 24 v | USB selection pin 3.00
bq24163 Host Controlled | No No 24 24 v | D+/D- detect, JEITA 3.00
bq24165 10% lcug Yes No 24| 24 v | lysg1/2/3 USB select, no temp monitor, JEITA 3.00
bq24166 10% loug Yes Yes 24 24 v | lysg1/2/3 USB select, temp monitor, std temp 3.00
bq24167 10% Iy Yes Yes 24| 24 v | lysg1/2/3 USB select, temp monitor, JEITA 3.00
bq24168 10% lgyg Yes Yes 24 v | USB select pins, JEITA, no timers 3.00
bg24153A Host Controlled | Yes No 20 v | USB OTG supported with boost 2.00
bg24156A Host Controlled | Yes No 20 v 2.00
b24180 Host Controlled | Yes Yes 25 v | Accessory power output 2.20
bg24185 Host Controlled |  Yes Yes 25 v/ | USB OTG supported with boost 2.30
bg24170 Min Current Yes Yes 24 v 1.80
bg24171 Min Current Yes Yes 24 v | JEITA 1.80
b24172 Min Current Yes Yes 24 v | Adjustable charge voltage 1.80
bg24600 Min Current Yes Yes 16 v | 1200 kHz 2.50
bg24610 Min Current Yes Yes 24 4 2.90
b24616 Min Current Yes Yes 24 v | JETA 2.90
bg24617 Min Current Yes Yes 24 v | 600 kHz 2.90
bg24618 Programmable | Yes Yes 24 v | USBV)y and adapter 2.90
bq24707A SMBus Yes No 20 v | Programmable switching frequency 2.90
bq24725A SMBus Yes No 20 v | Programmable switching frequency, enhanced safety, battery learn 2.90
bq24735 SMBus Yes No 20 v | Intel™ CPU Turbo Mode support 3.00
*Suggested resale price in U.S. dollars in quantities of 1,000. New devices are listed in bold red. Preview devices are bold blue.
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Battery Management Solutions

Q Battery Charge Management

Selection Guide (Device parameters continued on next page)
Number of ViyMax  Vjy Absolute iy OVP Charge Charge Control Integrated
Device Cells Vin Type Operating (V) Max (V) (V)] Current (A) = Voltage (V) Interface Topology Power FET
Solar/Energy Harvesting (Li-lon)
bg24210 1 Adapter/USB 18 20 7.7 0.800 4.2 Stand Alone Linear Yes
bg24650 1106 Solar Panel 28 33 32 10 (Ext) Adj Stand Alone Switching No
bq25504 1 30'?5q At %n‘)l"r‘]’) L 55 Ad 0.1 2510525 | Stand Alone Boost Yes
bg25070 1 Adapter/USB 28 30 10.5 1 35 Stand Alone Linear Yes
bq24620 1t07 Adapter 28 33 32 10 (Ext) Adj Stand Alone Switching No
bg24630 1t07 Adapter 28 33 32 10 (Ext) Adj Stand Alone Switching No

Super Cap

bg24640 | 1t09 | Adar | 28 | 33 | 32 | 10(x) | Aj | StandAone | Switchng | No |
bg2002/C/E/F ‘ Multiple Adapter 6 7 — >2 6 Stand Alone Current-limited No
bq2004/E/H ‘ Multiple Adapter olH 7 — >2 55 Stand Alone Switching No
bg2005 ‘ Multiple Adapter 55 7 — >2 55 Stand Alone Switching No
bg24400/1 ‘ Multiple Adapter 515 7 — >2 55 Stand Alone Switching No
bq24450 ‘ Multiple Adapter 40 40 — >2 — Stand Alone Linear No
UC3909 ‘ Multiple Adapter 40 40 — >2 — Stand Alone Switching No
bg2031 ‘ Multiple Adapter 55 7 — >2 — Stand Alone Switching No
bg2000/T Multiple = = 7V = = = Stand Alone Switching Yes
bg24765 2t04 — — 30V — — — Stand Alone Switching Yes
bg24650 1106 Solar Panel 28 33 32 10A (Ext) Adj Stand Alone Switching No
hq24747 2t04 — — 30V — — — Stand Alone Switching No
Wireless Power

bg51013 RegVour | Coil/USB/Adapter 10 20 15 1 9 Stand Alone Linear Yes
bg51011 Reg Voyr | Coil/USB/Adapter 10 20 15 1 5 Stand Alone Linear Yes

New devices are listed in bold red.

For a complete list of Resources, visit: www.ti.com/battery
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Battery Management Solutions

Q Battery Charge Management

(Device parameters continued from previous page)

Packaging
. . 2 s
Primary Charge = Charge = Temperature 8 =g 22

Device Termination’ Timer Monitor = & = 2 & SEWM Comments Price*

Solar/Energy Harvesting (Li-lon)
‘ bg24210 ‘ Min Current Yes Yes 10 v | Solar panel Vjy 1.10
‘ bg24650 ‘ G0 Yes Yes 16 v | Max power point tracking 2.85

bq25504 Voltage - Yes 16 v ggﬁ;%/ilg?\z\lg%s%er, ultra-low power and quiescent current, high efficiency, -

LiFePO,

bg25070 Min Current No Yes 10 v | LiFeP0,, 50-mA LDO 0.85
| bg24620 | C/0 Yes Yes 16 v | LiFeP0,, 300 kHz 290
‘ bg24630 ‘ Programmable Yes Yes 24 v | LiFePOy4, 300 kHz, power selector 2.90

Super Cap

'bg24640 | MinCurent | No | Yes | |16 | | | |+ SuperCap 290

NiCd/NiMH Chemistry
| bg2002/C/E/F | AV,PVD,AT/AL | Yes | Yes 88| | Trickle charge 085
| bg2004/EH | AV,PVD,AT/AL | Yes | Yes 16[16) | Selectable timers and pulse-trickle rates 215
‘ bg2005 AV, AT/At, ‘ Yes ‘ Yes 2020 Sequential fast charge of two battery packs 2.15
| bg24400/1 PD/AT/Ot, | Yes | Yes 88 1.55
‘ bg24450 Max V, min | ‘ No ‘ No 1616 Temp-compensated internal reference 2.75
‘ UC3909 Max V, min | ‘ No ‘ Yes 2020 Differential current sense input 3.05
‘ bq2031 MaxV,-A2V, min| | Yes ‘ Yes 16116/ v ;ggfi% :t?g;:sselectable charge algorithms to accommodate cyclic and standby 280

Multi-Chemistry (Li-lon and NiCd/NiMH)
PVD, AT/At, min

bg2000/T BTG Yes Yes 8|8 |8 | v | Charges NiCd, NiMH, and Li-lon 1.50

‘ bg24765 SMBus Yes No 34 v/ | SMBus charger with integrated power FETs 3.95

‘ bq24650 C/10 Yes Yes 16 v/ | Max power point tracking 2.85
bq24747 SMBus Yes No 28 v | SMBus with input current-detect comp. 2.90
Wireless Power
bg51013 EPT Cmd to Tx No Yes 28 v | Receiver, regulated voltage output, compliant to WPC specification 1.0 3.50
bg51011 EPT Cmd to Tx No Yes 28 Receiver, current limited 3.50
TPVD = peak voltage detection; AT/At = rate of temperature rise; host controlled = system processor must terminate charging; New devices are listed in bold red.

—AV = negative voltage change; max V = maximum voltage; min | = minimum current; A2V = second difference of cell voltage.
*Suggested resale price in U.S. dollars in quantities of 1,000.

For a complete list of Resources, visit: www.ti.com/battery
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Battery Management Solutions

Q Single-Cell Solutions — Battery Fuel Gauges

Design Factors

Battery Chemistry — Each battery
chemistry has different operating charac-
teristics, such as discharge profiles and
the self-discharge rate. The battery chem-
istry is programmed in the dataflash of
the Tl fuel gauge to account for these
differences. In addition, the conditions of
the end-equipment system can be pro-
grammed in the gas gauge. Designers
can choose to implement the gauge in the

host system or inside the battery pack.
The programmed information is pro-
cessed in TI's Impedance Track™ gauging
technology for prediction of remaining
battery capacity with >99% accuracy.

Features

Tl gas gauges and battery monitors
accurately track battery activity to com-
pute the remaining battery capacity and
system run-time. The following features
are available:

e Patented Impedance Track battery fuel-
gauging technology for >99% accuracy

¢ System- and pack-side implementation

e Turnkey solution with complete CPU
and battery fuel-gauge firmware

e Interrupt-driven gas gauge signaling
the host with the battery’s specific
state-of-charge status

e Gas gauge with integrated LDO in
small packages

System-Side Impedance Track™ Fuel Gauge with Integrated LDO

bq27520

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/bq27520

The bg27520 is a high-performance,
system-side fuel gauge with excellent
accuracy, low power consumption and
extremely small package size. By inte-
grating the fuel-gauge function into the
system board, portable-equipment
designers can use an embedded or
removable standard battery pack while
adding the capability to accurately display
remaining pack capacity and estimated
run time. The bg27520 features an inte-
grated voltage regulator that reduces the
total component count for the system.
The bg27520 also has an interrupt-
generation capability that reduces the
software burden on the system proces-
sor because the fuel gauge does not
require repetitive polling from the host.

Selection Guide

The bg27520 uses the patented
Impedance Track™ algorithm for fuel
gauging and provides information such
as remaining battery capacity, state of
charge, minimum run time to empty,
battery voltage, temperature and state

bg27520

Iiii

Voltage
Sense

Vee
CE

Battery

Temp
Sense

Power m DATA

Management
Controller

BAT_GD

Current
Sense

SOC_INT

of health. Battery fuel gauging with the
bg27520 requires only PACK+ (P+),
PACK- (P-) and thermistor (T) connec-
tions to a removable battery pack or
embedded battery circuit.

Single-Cell Li-lon
Battery Pack

Protection
IC

Approx. Battery = Min Max SHA-1 System ' Communication

Device Capacity (mAh) 'Series Cell Authentication = or Pack Protocol Other Features Package Price*
Lithium-lon, Lithium-Polymer Chemistry

bq27000 300 to 6000 1 No Pack HDQ Fuel gauge with fixed-voltage EOD 10-pin DRK 1.15
bq27200 300 to 6000 1 No Pack 1c Fuel gauge with fixed-voltage EOD 10-pin DRK 1.15
bg27010 300 to 6000 1 No Pack HDQ Fuel gauge with compensated-voltage EOD 10-pin DRK 1.25
27210 300 to 6000 1 No Pack °c Fuel gauge with compensated-voltage EOD 10-pin DRK 1.25
bq27500 300 to 6000 1 No System e System-side fuel gauge with Impedance Track™ technology 12-pin QFN 1.35
bg27510 300 to 6000 1 No System °c System-side fuel gauge with Impedance Track technology with integrated LDO 12-pin QFN 1.45
bq27541 300 to 6000 1 Yes Pack ’c/HDa Pack-side fuel gauge with Impedance Track technology 12-pin QFN 1.45
bq27501 300 to 6000 1 No System ’C System-side fuel gauge with Impedance Track technology with battery ID resistor 12-pin QFN 1.35
bq27505 300 to 6000 1 No System o System-side fuel gauge with Impedance Track technology 12-ball CSP 1.40
bq27520 300 to 6000 1 No System c System-side fuel gauge with Impedance Track technology with integrated LDO 15-ball CSP 1.50
bg27410 300 to 6000 1 No System ’c System-side fuel gauge with Impedance Track Lite technology with integrated LDO 12-pin QFN 1.40
27425 300 to 6000 1 No System 1c System-side fuel gauge with Impedance Track Lite technology with integrated sense resistor 15-hall CSP 1.40
bg28550 300 to 6000 1 Yes Pack SMBus Pack-side fuel gauge with CEDV technology with integrated LDO 12-pin QFN 2.90

*Suggested resale price in U.S. dollars in quantities of 1,000. New devices are listed in bold red.
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Battery Management Solutions

© Single-Cell Solutions — Authentication for Batteries and Peripherals

Design Factors MSP430™ (Host)
Original equipment manufacturers spec-

ify products to achieve required perform-
ance and safety goals. Authentication
ensures that connected devices fulfill the

Yes
(Authenticated)

established requirements and are safe No bq26100
for the consumer. (Fail) (Trusted
Authenticator)
Features Random
Tl authentication devices use three levels Challenge
of security.
¢ |[dentification Number — The host - !II 9 §t_S_y_sfe_n_1 .....................................
controller can request an identification Peripheral
number that is answered with a fixed bq26100
response.

(Responder)

e CRC Algorithm — The host proces-
sor sends a random challenge and
reads the response that is an encoding
of the challenge and a shared secret

Typical host/peripheral authentication configuration.

key through a CRC with a shared Selection Guide
secret polynomial. Device . Interface | Pins . Security | Temp(®C) | Price*
bg2022A . spa™ | 3 | Dnumber | 401085 | 0.90

* SHA-1 Encryption — The host pro- bg2024 .osba | 3 ' Drumber | 401085 | 095

cessor sends a random challenge and bg26150 . o 5 | CRCalgorithm | -20t070 | 095

reads the response that is an encoding bq26100 \ sba \ 5 | SHA-lencryption | -20t070 | 0.9

of the challenge and a shared secret bg27541 | PoHDO | 12 | SHA-Tencryption | — 145

key thrOUgh the SHA-1 Crypt()g raphic *Suggested resale price in U.S. dollars in quantities of 1,000.

primitive.
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Battery Management Solutions

Q Multi-Cell Solutions — Battery Fuel Gauges and Monitors

Design Factors

Battery Chemistry — Each battery
chemistry has different operating charac-
teristics, such as discharge profiles and
self-discharge rate. Tl gas gauge ICs are
developed by chemistry to account for
these differences to accurately display
remaining energy in the battery.

Features

Tl gas gauges and battery monitors

accurately track battery activity to com-

pute the remaining battery capacity and

system run-time. They feature:

¢ Simple communication protocols.

¢ High-resolution analog-to-digital con-
verters for accurate charge/discharge
measurement.

99% Accurate Gas Gauge Maximizes Run-Time
bq20z40-R1, bq20z45-R1, bg20z60-R1, bq20z65-R1, bq20z655-R1, bq34z651

¢ Integrated CPU on gas gauges to
compute remaining battery capacity
and run-time.

e Advanced charge management satis-
fies JEITA specification of variable
charging current and volltage with
battery conditions.

Get samples, datasheets, evaluation
modules and app reports at:
www.ti.com/product/bq20z65-R1

The dynamic Impedance Track™ gas
gauge algorithm in the bg20z65 extends
battery usability, allowing use of the full
chemical capacity available in a battery
pack. Additional features include instant
state-of-charge and real-time imped-
ance learning. Impedance Track also
enables reduction in development and
production time. Remaining capacity is
reported over the entire life of the battery
pack with better than 99% accuracy. The
bg20z65-R1 is ideally suited for battery
packs used in medical and industrial
equipment, back-up batteries and laptop
computers.

Pack +

Pack +

o
:l;

Charge/Discharge
Power FETs

Chemical Fuse

bq20z40-R1

32 kHz
Time Base
Ext/Int

Dedicated
Hardware
Communication

LG ADC
Sensor Ir m

Supply Voltage

32-kHz Clock

12C Interface
Cell Inputs
OV, UV and Safety Safety Control

2 to 4 Series
Li-lon Cells

bq2941x

oG
bg29312A

Level
Translator

Second-Level
Over-Voltage
Protection

Charging Voltage
[Algorithm

Integrating

Cell-
Balance
[Algorithm|

ADC
Coulomb
Counting

3 Sense
S Resistor
(10 mQ)

Example of two-chip solution (gas gauge plus AFE).

Charge/Discharge
Power FETs

»o-ad
V|‘

bg20z65-R1

Cell
System Control AFE Control Balancing
and and
o and Watchdog .
Communications Multiplexer

System Control

Communications

LED
Display

Chemical Fuse

Gate Drive
and Power
Mode Control

Impedance Track™

and and Gas Gauging

Charging Algorithm
and SHA-1
Authentication

Regulators

Coulomb
Ci and
Circuit
Protection

Over- and Under-
Voltage Protection

>
>

AAA

Temperature and
Current Protection

Example of single-chip solution (gas gauge plus integrated AFE).

bg294xx

Second-Level
Over-Voltage
Protection

Sense
Resistor

[ (5t020 mQ)
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Battery Management Solutions

Q Multi-Cell Solutions — Battery Fuel Gauges and Monitors

Multi-Cell Fuel Gauges Selection Guide

Approx. Battery Min Max Number of Communication
Device Capacity (mAh) Series Cell LEDs Protocol Other Features Package Price*
_

bq2013H 2000 to 15000 Single wire (HDQ) | Programmable offset error compensation 16-pin SOIC 3.70
bq2014H 500 to 6000 = 5 Single wire (HDQ) | Register compatible with bg2050H 16-pin SOIC 4.60
bq2016 1000 to 4500 Single wire (HDQ) | Automatic offset calibration 28-pin SSOP 3.75
Lithium-lon, Lithium-Polymer Chemlstry

028400 500 to 16000 SMBus CEDV+ gas gauge with integrated protector 20-pin TSSOP 3.20
bq3060 500 to 32000 2104 — SMBus CEDV+ gas gauge with integrated protector 24-pin TSSOP 3.55
bq20z40-R1 800 to 32000 2104 — SMBus Impedance Track™ fuel gauge for use with bg29330 protector 20-pin TSSOP 3.65
bq20z45-R1 800 to 32000 2t04 — SMBus Impedance Track fuel gauge with integrated protector 38-pin TSSOP 4.45
bq20z60-R1 800 to 32000 2t04 3,40r5 SMBus Impedance Track fuel gauge with LED for use with bq29330 protector 30-pin TSSOP 3.90
bq20265-R1 800 to 32000 2t04 3,4or5 SMBus Impedance Track fuel gauge with LED and integrated protector 44-pin TSSOP 4.75
b020z655-R1 800 to 32000 2t04 3,4,50rLCD SMBus Impedance Track fuel gauge with LED or LCD and integrated protector 44-pin TSSOP 5.20
bq78PL114 1000 to 650,000 3t012 = SMBus High-power gas gauge with protection and advanced cell balancing 48-pin QFN 450
bq78PL116 1000 to 650,000 3016 = SMBus High-power gas gauge with protection and advanced cell balancing 48-pin QFN 450
bq76PL102 — 1102 — PowerLAN™™ 2-cell cell expansion to bq78PL114 and bq78PL116 12-pin QFN 0.90

Lead Acid Chemistry
hq78412 1000 to 327,000 UART Ph-acid battery state-of-charge indicator with run-time display 44-pin HTSSOP

hg342541 | 8001032000 | 1tot4 | 4 | SMBusorHDQ | Highly accurate mutti-chemistry gauge | 14pinTSSOP | 250
bg2060A \ 800 to 10000 \ 2t04 \ 5 \ SMBus or HDQ \ Highly accurate mufti-chemistry gauge \ 28-pin SSOP \ 3.90
Super Cap

33100 — 2105 — SMBus Fully integrated 2, 3, 4 and 5 series super capacitor manager 24-pin TSSOP 420
Battery Monitors

bg2019 \ >20000 . — | — | singlewire(HDQ) | 64-bitID ROM and 1 program output non-volatile memory | BpnTSSOP | 195
bq2023 \ >20000 \ = \ = \ Single wire (SDQ) \ 64-bit 1D ROM and 1 program output automatic offset error calibration \ 8-pin TSSOP \ 2.00
bg26200 | 2000 | — | — | Siglewie(HDQ) | High-performance battery, coulomb counter | BpinTSSOP | 2.00
bg6220 | 2000 | — | — | Snglewire(HDQ) | 64-bitIDROMand 1 program outputon-chip voliage measurement | 8-pinTSSOP | 2.0
b76PL536A | - L o31e | — sPl | 3-to 6-cell EV and UPS stackable monitor and cel-balancing AFE | GApHTOFP | 430
*Suggested resale price in U.S. dollars in quantities of 1,000. New devices are listed in bold red. Preview devices are bold blue.

Battery Fuel Gauges Family of Products

>15 -
g bq78412
> bq20z40 bq2013H bq2019
S 10 bq20245 bq2060A bq2023
g bq2013H bq20260 bg26200
8 bg2016 bq20265 bg26220
5 bq202655
S 5- bq28550 bq27410 bq2060A
bq28400 bqg27505
5 bg27000 bqg27510
1- bg27010 bq27541
<1 - bg27200
NiCd Li-lon Lead Chemistry
Acid Independent

*Pack capacity ratings provide an approximate range for each gas gauge.

For a complete list of Resources, visit: www.ti.com/battery
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Q Multi-Cell Solutions — Lithium-lon Protection

Design Factors

Number of Series Cells — A battery
pack is constructed from a string of series
and parallel cells. Each series cell, or
group of parallel cells, requires protec-
tion from overcharge, overdischarge and
short-circuit conditions.

Threshold Voltage — Li-lon and Li-
Polymer cells are produced by many
manufacturers. Some manufacturers’
technologies create cells of different maxi-
mum stress voltages, otherwise known
as the “overvoltage threshold.” This data
is available from the cell supplier.

Threshold Tolerance — The over-
voltage threshold has a tolerance that
needs to be accounted for in the design
for safety reasons.

Shutdown Current — In battery pack
applications, constant current draw needs
to be very low to preserve battery life.

Charge/Discharge Current — The
pass element associated with each pro-
tection IC is rated for maximum current
whether it be an internal or external FET.

Features

¢ BiCMOS process results in low current
consumption.

e Different overvoltage thresholds allow
one design to work with several cell
suppliers.

e Sleep current consumption of less than
3.5 pA enables extended battery life.

® 50 mV precision internally trimmed
thresholds maximize safety.

e Short-circuit protection eliminates the
need for an external fuse.

Selection Guide

Stand-Alone Multi-Cell Precision Protector

for Li-lon Chemistries
bq77910A

Get datasheets at: www.ti.com/product/bq77910A

The bq77910A precision protector is a
complete stand-alone, self-contained
battery-protection and cell-balancing
device intended for Li-lon/Li-Polymer
battery packs.

The bq77910A monitors 4 to 10 series
individual cell voltages and provides fast-
acting outputs that can be used to drive
n-channel MOSFETs to interrupt the
power path. Activation delays and recov-
ery methods for each safety condition are
fully programmable in nonvolatile memory.

Key Features

® 4-,5-,6-, 7-, 8-, 9- or 10-series cell
protection

¢ Individual cell-voltage monitoring

e Low-side NMOS FET drive for charge
and discharge control

e Compatible with 1-mQ current-sense
resistor

¢ Supply-voltage range: 5.6 V to 50 V

e Integrated 3.3-V micropower LDO
regulator

Number Charge/Discharge

of Series Current
Device Cells (A)
bg2920x 2 —
b29330 2,30r4 External FET
bq2941x 2,30r4 —
b2944x 2,30r4 —
bq2945x 20r3 —
bq76925 3t06 —
bq77PL900 5t010 External PFET
bq77910A 41010 External NFET
bq77PL157A4225 3t06 External NFET

*Suggested resale price in U.S. dollars in quantities of 1,000.

PACK (+)
bq77910A
BAT |
VREG
' 3.3-V
%i T e “vrse)
-
M &1 pA
= NTC/
M Cell Monitoring | [ T Thermistor
+ and Contol Disable Check CHG _DET
- Subsystens -
L VVV {
et
1kQ  |SENSE (+)
AR
§>1 mQ I
,—\N\/\—IT SENSE () DSG FET CHG FET
NMOS Driver NMOS Driver
’% VsS
—W——1—¢ | J :
V33 3
PACK (-)
THT o
5-cell, series FET configuration schematic using the bq77910A.
Shutdown
Current
(uA) Other Features Package(s) Price*
3 Overvoltage safety with cell balancing 8-pin SON 0.30
1 Integrated LDO, works directly with bg20z90 gas gauge 20-pin TSSOP 1.00
3 Overvoltage safety for chemical fuse activation; PTC 8-pin TSSOP 0.45
3 Overvoltage safety for chemical fuse activation 8-pin SON 0.45
4 Overvoltage safety for chemical fuse activation 6-pin SON 0.40
1 Host-controlled protector with cell balancing 20-pin TSSOP, 24-pin QFN 1.50
— Stand-alone or host-controlled protector with cell balancing 48-pin SSOP 2.95
5 Stand-alone protector with cell balancing 38-pin TSSOP 2.70
3 Stackable overvoltage protector; stack 3 for 18 series cells 16-pin TSSOP 0.65

New devices are listed in bold red.
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Overview

The market demand for the convenience
and safety of wireless power systems

is growing rapidly. Portable devices like
smart phones, music/video players,
cameras, and game controllers are just a
few of the battery-powered products that
can be upgraded to a wireless power
system to keep their batteries charged.

While near-field inductive power coupling
has been around for some time, applica-
tions have been limited to very low power
levels. Since today’s portable devices
require increasing amounts of power, and
higher-power batteries require more
advanced control systems, a number of
safety risks in the design of wireless
power systems must be considered.
Compliance with Wireless Power
Consortium (WPC) specifications helps
designers avoid safety problems and
ensures interoperability between systems.

The basic wireless power system con-
sists of a power transmitter that is

Transmitter

typically located in a base station pow-
ered by an AC line or other stable power
source. The power receiver is located in
the battery-powered device that uses the
power received to charge a battery. Both
the transmitter and receiver contain wire
coils, and power is transferred between
them without electrical contact via induc-
tive coupling. Since power is inductively
transferred from the transmitter to the
receiver via coils, the transmitter must
power the coil with a switching current
that has sufficient frequency to optimize
coupling between coils. The receiver coil
then picks up the near-field inductive
energy and uses rectifiers and voltage-
conditioning circuitry to produce a DC
output. To control the power transfer, it

is important for the receiver to constantly
communicate with the transmitter to indi-
cate when power is required, how much
power to send and when to stop send-
ing power. This communications data is
exchanged through the same coils that
couple the power.

Receiver

AC to DC

Drivers

1
: Rectification
1
7

Tx Controller Solutions
bg500210 (Gen 2)
bg500211 (Gen 2)

1
1

Controller

Voltage
Conditioning

1

1

, Rx Solutions

, bg51013 (Gen 2)
H bg51011 (Gen 2)
1

1

Tl offers a growing family of wireless
power transmitters and receivers that
support the WPC Qi specification. The
bg500210 is a new Qi-compliant trans-
mitter manager that offers intelligent
control of the power transfer between a
base station and a mobile device. The
bg5101x Qi-compliant integrated receiv-
ers provide a regulated DC output and
digital-control feedback to the transmit-
ter. The following pages provide more
details about these devices. For more
information, visit:
www.ti.com/wirelesspower

Receiver-Side Solutions

TI's Qi-compliant receivers integrate a
low-impedance, full synchronous recti-
fier, a low-dropout regulator (LDO), digital
control and accurate voltage and current
loops. The entire power stage (rectifier
and LDO) utilize low-impedance NMOS
FETs to ensure high efficiency and low
power dissipation.

Load
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Integrated, Qi-Compliant, Wireless Power-Supply Receivers
bgq51011, bq51013

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/bq51013

Together with the bg500210 transmitter Applications Example 5 x 15-mm
controller, the bg5101x family of receivers e Cell and smart phones PCB with all receiver-
enables a complete contactless power- * Headsets side circuitry.
transfer system for a wireless power- e Digital cameras

supply solution. ¢ Portable media players

Key Features ¢ Handheld devices

¢ Integrated wireless power receiver with

a 5-V regulated supply B USBm—L

® 93% overall peak AC-to-DC efficiency Adapter

e Full synchronous rectifier Input

e WPC v1.0-compliant communication bg5101x
control c5 AD-EN

¢ Output-voltage conditioning AD

¢ Only IC required between Rx coil and
5-V DC output voltage

I
I
I
I
I
I
I
I
I
I
I
¢ Internal dynamic rectifier control for 4#Y D1 |
improved load-transient response C1 RECT :
e Supports 20-V maximum input - VTSB R4 :
¢ Low-power dissipative rectifier over- Coil |
voltage clam =15 '
9 P Vove =15V) AC2 TS/CTRL !
¢ Thermal shutdown I
¢ Single NTC/control pin BOOT2 :
¢ 1.9 x 3-mm WCSP package COMM2 Host :
3. I
CLAMP2 !3-State |
| Bi-State |
CLAMP1 , Bi-State |
I
1
ILIM  PGND | )
Selection Guide (Device parameters continued below)
Number of ViyMax Vi Absolute Viy OVP Charge Charge Control Integrated
Device Cells Viy Type Operating (V) Max (V) ()] Current (A) = Voltage (V) Interface Topology Power FET
ba51013 | RegVoyr | CoillUSB/Adapter = 10 | 20 | 15 1 | 5 | StndAone |  Linear | Yes
ba51011 | RegVoyr | CoillUSB/Adapter | 10 | 20 | 15 .1 | 5 | StndAone |  Linear | Yes
(Device parameters continued from above)
Primary Charge =~ Charge = Temperature ‘ Packaging ‘
Device Termination Timer Monitor \ WCSP \ QFN/MLP \ EVM Comments Price*
bg51013 | EPTCmdtoTx No \ Yes | 28 | | v Receiver, regulated voltage output, compliant to WPC specification 1.0 | 3.50
bg51011 | EPTCmdtoTx \ No Ys | 28 | | Receiver, current Limited 350

*Suggested resale price in U.S. dollars in quantities of 1,000.
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Transmitter-Side Solutions

Tl offers dedicated digital controllers that
integrate the logic functions required to
control wireless power transfer in a single-
channel, WPC-compliant, contactless-
charging base station. These intelligent
controllers periodically ping the

surrounding environment for available
devices to be powered, monitor all com-
munication from the device being wire-
lessly powered, and adjust power applied
to the transmitter coil per feedback
received from the powered device. They
also monitor transfer efficiency with

Qi-Compliant, Wireless Power-Transmitter Manager

bq500210

real-time analysis, which protects the
controllers and power receivers from
excessive power loss and heat associ-
ated with parasitic metal objects placed
in the power-transfer path.

Get samples, datasheets, evaluation modules and app reports at: www.ti.com/product/hgq500210

Together with the bg5101x receivers, the
bg500210 transmitter controller enables
a complete, contactless power-transfer
system for a wireless power-supply
solution.

Key Features

e Intelligent control of the power trans-
fer between base station and mobile
device

e Conforms to WPC v1.0.2 specification

¢ Demodulates and decodes WPC-
compliant message packets from the
power-receiving device over the
same wireless link that transfers
electrical power

¢ Implements closed-loop communica-
tions to control power transfer by vary-
ing frequency of the voltage on the
transmitting coil

¢ Parasitic metal-object detection
(PMOD)

¢ Operating-mode status indicators
o Standby
o Power transfer
o Charge complete
o Fault

e Overload and overtemperature
protection

e 7 x 7-mm, 48-pin QFN package

Selection Guide

Device Description
Generation 1 wireless power

bg500110 transmitter manager ‘
Generation 2 Qi-compliant wireless

bq500210 power transmitter manager ‘

*Suggested resale price in U.S. dollars in quantities of 1,000.

Applications

¢ Transmitter pad for contactless charg-
ing with WPC compliance

e | ow-power (<5-W) end equipment:
Cell phones, digital cameras, portable
media players, remote/gaming control-
lers, Bluetooth® headsets and other
portable devices

bg500210
COMM_A+
COMM_A- Digital LED Control/
COMM_B+ Demodulation Low-Power MSP430 CNTL
COMM_B- Supervisor | LED Drive
Interface
PWM-A
Microcontroller PWM-B (EN)
Buzzer BUZ_AC
VN Control BUZ_DC
I_OUT |
TEMP_EXT |
Debug/
Programming
TRST
TMS
Temp_Int JTAG TDI
TDO
TCK
Low-Power 2
Control I*c PMB_DATA
(PMBus™) PMB_CLK
Sleep Reset
Supported Transmitter =~ Transmitter
Number of Communication WPC-Standard Power Class  Input Voltage
Channels Modulation Compliance (W) (Typ) (V) Package Price*
Resistive and q
1 ‘ Capacitive ‘ Yes ‘ ‘ 19 ‘ 48-pin VQFN ‘ 5.00
Resistive and f
1 ‘ Capacitive ‘ Yes ‘ ‘ 19 ‘ 48-pin VQFN 4.50

New devices are listed in bold red.
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bgqTESLA™ Development Modules

bq500210EVM-689 (Tx) and bg51013EVM-725 (Rx)

Get more information at: www.ti.com/wirelesspower

TI’s combined bgTESLA evaluation mod-
ules provide a high-performance, easy-
to-use development kit for the design of
low-power wireless solutions. The kit
features the bg500210 single-channel
transmitter and the bg51013 5-V power-
supply receiver, enabling designers to
speed development of their end
applications.

Key Features

* bg500210 single-channel transmitter

* bg51013 5-V power-supply receiver

¢ No additional software development
required

e Allows for true plug-and-play
functionality

e Compatible with WPC Qi specifications

Tl Worldwide Technical Support

Development kit includes bg500210 and bg51013 evaluation modules.

Internet

Tl Semiconductor Product Information Genter Home Page
support.ti.com

TI E2E™ Community Home Page

g2e.ti.com
Product Information Centers
Americas Phone +1(972) 644-5580
Brazil Phone 0800-891-2616
Mexico Phone 0800-670-7544

Fax +1(972) 927-6377

Internet/Email support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa
Phone

00800-ASK-TEXAS
(00800 275 83927)

+49 (0) 8161 80 2121
+7(4)9598 10 701

European Free Call

International
Russian Support

Note: The European Free Call (Toll Free) number is not active in all countries.
If you have technical difficulty calling the free call number, please use the

international number above.

Fax +(49) (0) 8161 80 2045

Internet support.ti.com/sc/pic/euro.htm

Direct Email asktexas@ti.com

Japan

Phone Domestic 0120-92-3326

Fax International +81-3-3344-5317
Domestic 0120-81-0036

Internet/Email International support.ti.com/sc/pic/japan.htm

Domestic www.ij.co.jp/pic

© 2011 Texas Instruments Incorporated
Printed in U.S.A. by (Printer, City, State)

I

Asia
Phone
International +91-80-41381665
Domestic Toll-Free Number
Note: Toll-free numbers do not support
mobile and IP phones.

Australia 1-800-999-084
China 800-820-8682
Hong Kong 800-96-5941
India 1-800-425-7888
Indonesia 001-803-8861-1006
Korea 080-551-2804
Malaysia 1-800-80-3973
New Zealand 0800-446-934
Philippines 1-800-765-7404
Singapore 800-886-1028
Taiwan 0800-006800
Thailand 001-800-886-0010

Fax +8621-23073686

Email tiasia@ti.com or ti-china@ti.com

Internet support.ti.com/sc/pic/asia.htm
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered 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 TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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