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ABSTRACT

In this application note, the state of charge (SOC) accuracy of the bg27426 Impedance Track™ fuel
gauge is demonstrated under dynamic loading typically found in audio applications.

Audio signals, especially in music, contain non-uniform signals with frequency components typically
ranging from 20 Hz to 20 kHz. In portable mid-power audio applications, amplifiers are capable of driving
low impedance speakers with power levels above 1 W to 2 W. Therefore, fluctuation levels of the battery
current draw can be significant and the battery voltage will not be steady throughout the discharge; this
makes predicting the battery life or state of charge (SOC) via the traditional voltage-based ADC method,
unreliable.

The bq27426 battery fuel gauge uses the patented (IT) Impedance Track™ algorithm designed for battery
gauging and allows the device to report information such as remaining capacity (mAh), SOC (%), and
battery voltage (mV). In this document, it is shown how the gauge would perform in portable audio
speakers where the battery voltage and current fluctuate under dynamic loading.

Trademarks

Impedance Track is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

1 Experiment Setup

Most portable audio speakers utilize a class D amplifier in their output power stage. Its major advantage
over the traditional class AB topology is its high efficiency and low power dissipation. In this experiment
the EVM of the TPA3140D2 inductor-less 10-W stereo class D audio amplifier is used. A single cell
lithium-ion battery with a capacity of 3080 mAh and nominal voltage of 3.85 V is used as the power
source. The amplifier IC operating supply voltage is ranged between 4.5 V to 14.4 V; because the battery
voltage falls below this range a TPS61178EVM-792 boost converter is used and configured to step up the
battery voltage to a fixed 10.25 V. The battery (+) and (-) terminals are connected to the Pack(+) and
Pack(-) terminals of the bq27426EVM and its Load(+) and Load(-) terminals are connected to the input
terminals of the TPS61178EVM-792 boost converter. Prior to the setup, the bg27426 had been configured
to the appropriate chemID and a successful learning cycle was performed. Also, an EV2400 is used to
communicate between the PC and bq27426EVM. The PC runs bqStudios, a software used to interact with
the gauge and log information stored in its register. A smartphone is used as the audio input source and is
connected to the LIN and RIN ports of the TPA3140D2-EVM through a AUX-to-RCA cable. The
experiment setup is shown in Figure 1.
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Figure 1. Setup Block Diagram

2 Experiment Run

Once everything is wired up, the music playlist is played from the smartphone and the gauge’s registers
are logged using bgStudio. Starting from a fully charged battery, the playlist is run until SOC hits 0%,
indicating the battery has no useable capacity left.

3 Experimental Data

Once the cell is discharged to empty, the logging is stopped. A plot depicting the logged register of battery
voltage (mV) versus elapsed time (seconds) is shown in Figure 2.
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Figure 2. Reported Battery Voltage (mV) vs Elapsed Time (Seconds)

From the plot, it can be observed that the battery voltage is highly dynamic; therefore, gauging this
performance using the traditional voltage-based ADC method would prove itself to be inconsistent and
fallible. But despite the large fluctuations, the bg27426, using the IT algorithm, does a robust job in
reporting accurate SOC or state of charge levels. Using the other registers, such as elapsed time and
average current, the true SOC values can be calculated. In Figure 3, the gauge reported SOC is
compared with true SOC values.
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Figure 3. Reported SOC vs. True SOC Under Highly Dynamic Battery Voltage and Current

4 Summary

From the logged data, it is evident that the bq27426 does a robust job in maintaining a steady and
accurate SOC reporting despite the high variations in battery voltage. The traditional voltage-based ADC
technique would not work with such fluctuating and dynamic battery voltage. The bg27426 as well as other
IT fuel gauges are highly suitable for low, mid or high power portable audio applications.

5 References

For more information about the bq27426, refer to the device product page:
» http://www.ti.com/product/BQ27426
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developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

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

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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