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ABSTRACT

The bg2000 charger can be used to charge Li-lon, NiCd, or NiIMH batteries. It uses three charging modes,
the pre-charge, fast charge, and termination mode. It detects the battery chemistry type during the fast
charge mode by monitoring the battery voltage profile. Once the chemistry is determined, the part
completes the fast charge algorithm for the appropriate chemistry type. For Li-lon batteries, after the
constant current phase, the IC moves into a constant voltage phase. In this phase, the voltage is kept
constant and the current switches ON and OFF until termination. This application report explores the
charging algorithm for Li-lon batteries.

Theory

The bg2000 is a multi-chemistry battery charger. It uses the pre-charge mode to revive deeply discharged
cells by applying a small amount of current as shown in Figure 1. It inhibits the fast charge mode until the
battery voltage and the temperature are within desired levels. As soon as the BAT pin voltage crosses
above the minimum pre-charge qualification voltage (Vg1 ) threshold, the IC enters a fast charge mode.

During the fast charge mode, a programmed maximum charging current is applied to the battery terminals
allowing the battery to charge faster. If the BAT pin voltage rises to V,,., before fast-charge MTO
(Maximum Time Out) is over, the device identifies the cell as Li-lon and changes the termination criterion
from PVD (Peak Voltage Detection) to minimum current detection.

Once the battery is identified as a Li-lon battery chemistry type, the bgq2000 moves into a constant voltage
phase. In this phase, it regulates the battery with a constant voltage of V., (Maximum Cell Voltage) at the
BAT pin, and terminates when the average charging current falls below the I, threshold or the timer
expires, whichever happens first. The entire charging cycle for Li-lon batteries can be seen in Figure 1.
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Figure 1. Lithium-lon Battery Charging Algorithm
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The pre-charge mode and the constant current phase are captured in Figure 1. However, the constant
voltage phase needs more explanation. According to Figure 1, the bg2000 appears to implement the
constant voltage phase by gradually tapering down the output current. In actuality, the output current is
turned ON and OFF rapidly, between 0 Amps and I, The duty cycle is adjusted so that the average
current gradually tapers off as shown in Phase 2 in Figure 1.

Test Results

Figure 2 shows the actual battery voltage, charging current, and BAT pin voltage of an emulated battery
when charged with the bg2000. In this figure, the voltage of the emulated battery gradually increases until
it reaches the V,,., threshold. Notice that once the V,,., voltage is reached at the BAT pin, the charging
current starts turning ON and OFF with varying duty cycles.
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Figure 2. 2-Cell Li-lon battery Charging Cycle

In Figure 3, the battery charging current is shown in the fast charge and termination modes. During the
fast charge mode, the battery charges with a constant current of about 1A during the constant current
phase. Then in the constant voltage phase, the current switches ON and OFF as expected and the duty
cycle decreases as the battery charges. When the average charging current decreases to about 14% of
luax, the IC terminates the charging.
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Figure 3. Emulated Li-lon Battery Charging Cycle

Figure 4 shows a zoomed in view of the constant voltage phase. Notice that the duty cycle of the output
current is changing. As the duty cycle decreases, the average current decreases.
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Figure 4. Zoomed In of Charging Current at CV Phase

Conclusion

In addition to the constant current phase, the bg2000 uses the constant voltage phase during the fast
charge mode for the Li-lon chemistry battery type. During the constant voltage phase, the voltage is
regulated to V,,., at the BAT pin and the average current decays as the battery charges up with time. The
current turns ON and OFF with decreasing duty cycles until the average current reaches the minimum
current level, which is where the IC terminates the charging.
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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.
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