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Implementation of microprocessorcontrolled, wide-input-voltage, SMBus
smart battery charger
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Analog Field Applications/Power Management
With the increasing popularity of lithium-ion chemistries
in all types of electronics designs, innovative solutions for
charging these batteries are becoming essential. For the
utmost in system flexibility, a microprocessor can be used
to control all aspects of battery charging, including unique
charging algorithms to increase the charging rate and lifetime of the cells. This method also allows for higher-voltage
battery-pack implementations.
This article describes using a microprocessor to control
the power-stage board of a wide-input-voltage DC/DC controller. This solution can support an input voltage of up to
55 V; a battery-charging voltage ranging from 5 to 51 V; and
up to 10 A of output current in most cases. Both the hardware and software discussed in this article have been devel
oped and tested by Texas Instruments (TI) applications
staff to allow customers to quickly prototype the solution.
For ease of development, the battery charger is split
into two separate boards: the microprocessor controller
board and the DC/DC-converter power-stage board (see
Figure 1). The positive and negative battery terminals are
connected to the power-stage board, while the systemmanagement bus (SMBus) communication lines are connected to the microprocessor board. The smart battery
sends the desired charging voltage and current information
to the microprocessor, which then sends two pulse-widthmodulated (PWM) signals to the DC/DC-converter powerstage board to set the actual output voltage and current.
To permit the use of a standard wide-input-voltage DC/
DC converter, the power-stage board is designed with a

special feedback circuit (see Figure 2) to properly control
the charging of the battery. The charging sequence that the
microprocessor follows is to first limit the charge current
until the battery voltage approaches its specified maximum
voltage. When the maximum voltage is reached, the charge
voltage is held constant, allowing the charge current to
taper down until the battery is deemed fully charged. At
this point the PWM output signals are shut off.
The initial current-limiting charge rate could have two
current levels. When a battery has been overly discharged,
a fractional charge rate is used until the battery voltage is
at a safe enough level to accept the normal charge rate.
In the feedback circuit shown in Figure 2, U3:B compares the PWM-current reference voltage (I_PWM1) to the
measured current (ISNS1) being delivered to the battery.
If the PWM reference voltage is higher than the measured
current, the output of the amplifier is high. If the reference voltage is lower, the output of the amplifier is low.
A resistor divider (R30 and R34) is used to measure the
output voltage at the VBATT1 input to U3:A. This voltage
is compared to the PWM-output reference voltage
(V_PWM1). If this reference voltage is higher, the output
of the amplifier is high. If the reference voltage is lower,
the output of the amplifier is low. The maximum output
voltage is dictated by
VOUT(max) =

VBATT1
.
R34 × (R34 + R30)

Figure 1. High-level system block diagram of wide-input-voltage smart battery charger
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Figure 2. Constant-current/voltage-feedback circuitry to properly charge a battery
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Figure 3. Overvoltage and reverse-polarity protection circuitry
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The D1 diodes combine the outputs of the two
Figure 4. Abbreviated overview of software flowchart
amplifiers with a logical OR. The voltage that is
lowest is fed into an inverting amplifier (U3:D)
that makes the error signal’s polarity correct for
Initialize MSP430™
the DC/DC controller (in this case TI’s TPS40170).
Start
(SMBus master mode)
The basic operation is that the controller tries to
send a set current; and, if the load can accept this
current, the controller regulates to that current
Interrogate battery for
level. If the load cannot accept the full amount of
charging voltage,
Wait a few
charging current, state
current, the voltage begins to rise and eventually
seconds
of charge (0 to 100%),
reaches VOUT(max). When this happens, the voltage
and battery status
(SMBus slave mode)
loop takes over and regulates the output voltage.
To enhance the safety of the solution, also
included on the power-stage board is protection
circuitry both for overvoltage conditions (up to
100 V) and for reverse-voltage connections
Battery status:
Yes
Is there an error
(where the positive and negative leads are
condition?
swapped). This circuitry is shown in Figure 3.
Reverse-voltage protection is provided by
Adjust PWM to
deliver power
No
MOSFETs Q7 and Q9 along with D2 in case the
requested
input voltage is connected backwards. This does
Halt PWM outputs
Yes
to stop charging
not allow a negative voltage to be applied to the
No
Is battery
system. Input-overvoltage protection is provided
fully charged?
by MOSFETs Q8 and Q10. Zener diode D4 sets
the voltage that the circuit starts to clamp. Once
Stop
the Zener voltage is exceeded, the gate-to-source
voltage of the FETs starts to drop. This causes
the FETs to operate in the linear region and
allows the microprocessor to continue to be powered. At
has presented a solution that uses TI’s low-power
the same time, the DC/DC converters are turned off, with
MSP430F5510 microprocessor together with the
signals SD1 and SD2 being pulled to ground.
TPS40170 DC/DC controller, a configuration that can
The software implementation is equally as important as
support an input voltage of up to 55 V. The special feedthe hardware. The abbreviated software flowchart is shown
back network developed by TI applications staff for proper
in Figure 4. The microprocessor interrogates the battery
battery charging has been described. Additionally, a novel
via SMBus for its desired charging voltage and current.
solution was shown for overvoltage protection, and
After confirming the values, it sets two PWM outputs
reverse-voltage protection was discussed. The software
accordingly to regulate the output voltage and current
required to communicate to a smart battery via SMBus
going to the battery. If at any time the battery issues a
communications protocol can be downloaded from a link
charging alarm, the PWM outputs will shut off. Addition
in Reference 1, which is an application report. Detailed
ally, the PWM outputs will shut off as soon as the battery’s
information on the SMBus smart battery charger is also
state of charge reaches 100% or the fully charged bit is set.
available in Reference 1.
Safety is of utmost concern during battery charging. Any
Reference
solution should allow for several levels of protection. The
For more information related to this article, you can down
first level of protection is the smart battery itself with its
load an Acrobat® Reader® file at www.ti.com/lit/litnumber
internal protection MOSFETs. During charging, the microand replace “litnumber” with the TI Lit. # for the
processor should communicate with the battery on a regumaterials listed below.
lar basis (every 2 seconds is good) and monitor for any
safety flags in the “Battery Status” register. The flag bits
Document Title
TI Lit. #
that require action are the overcharge alarm (OCA),
1. Abhishek A. Joshi and Keith J. Keller, “Wideterminate-charge alarm (TCA), overtemperature alarm
Vin battery charger using SMBus communica(OTA), and fully charged (FC) condition. The microproces
tion interface between MSP430™ MCUs and
sor’s onboard analog-to-digital converter can be used as a
bq fuel gauges,” Application Report . . . . . . . . . . slaa476
secondary check for an overvoltage or overcurrent event.

Related Web sites

Conclusion
A fully programmable, wide-input-voltage battery charger
can be designed by using a microprocessor in conjunction
with a wide-input-voltage DC/DC controller. This article

power.ti.com
www.ti.com/sc/device/MSP430F5510
www.ti.com/sc/device/TPS40170
13

Analog Applications Journal

2Q 2011

www.ti.com/aaj

High-Performance Analog Products

TI Worldwide Technical Support
Internet
TI Semiconductor Product Information Center
Home Page
support.ti.com

TI E2E™ Community Home Page
e2e.ti.com

Product Information Centers
Americas Phone

+1(972) 644-5580

Brazil

Phone

0800-891-2616

Mexico

Phone

0800-670-7544

Fax
Internet/Email

+1(972) 927-6377
support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa
Phone
European Free Call
		
International
Russian Support

00800-ASK-TEXAS
(00800 275 83927)
+49 (0) 8161 80 2121
+7 (4) 95 98 10 701

	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
Internet
Direct Email

+(49) (0) 8161 80 2045
support.ti.com/sc/pic/euro.htm
asktexas@ti.com

Japan
Phone
Fax

Domestic
International
Domestic

0120-92-3326
+81-3-3344-5317
0120-81-0036

Internet/Email

International
Domestic

support.ti.com/sc/pic/japan.htm
www.tij.co.jp/pic

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
Important Notice: The products and services of Texas Instruments Incorporated and
its subsidiaries described herein are sold subject to TI’s standard terms and conditions
of sale. Customers are advised to obtain the most current and complete information
about TI products and services before placing orders. TI assumes no liability for
applications assistance, customer’s applications or product designs, software
performance, or infringement of patents. The publication of information regarding any
other company’s products or services does not constitute TI’s approval, warranty or
endorsement thereof.
A122010
E2E and MSP430 are trademarks of Texas Instruments. Acrobat and Reader are registered
trademarks of Adobe Systems Incorporated. All other trademarks are the property of their
respective owners.

© 2011 Texas Instruments Incorporated

SLYT410

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.
TI 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 TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.
TI 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 TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 TI under the patents or other intellectual property of TI.
Reproduction of TI information in TI 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. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.
Resale of TI 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 TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI 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 TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI 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.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI 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

Communications and Telecom www.ti.com/communications

Amplifiers

amplifier.ti.com

Computers and Peripherals

www.ti.com/computers

Data Converters

dataconverter.ti.com

Consumer Electronics

www.ti.com/consumer-apps

DLP® Products

www.dlp.com

Energy and Lighting

www.ti.com/energy

DSP

dsp.ti.com

Industrial

www.ti.com/industrial

Clocks and Timers

www.ti.com/clocks

Medical

www.ti.com/medical

Interface

interface.ti.com

Security

www.ti.com/security

Logic

logic.ti.com

Space, Avionics and Defense

www.ti.com/space-avionics-defense

Power Mgmt

power.ti.com

Transportation and
Automotive

www.ti.com/automotive

Microcontrollers

microcontroller.ti.com

Video and Imaging

www.ti.com/video

RFID

www.ti-rfid.com

Wireless

www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions

www.ti.com/lprf
TI E2E Community Home Page

e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated

