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ABSTRACT
This application report provides instructions for battery monitoring using the bq34z110.

A power back-up DC-AC Inverter is an example of a widespread application that at present doesn’t have
an easy, accurate and automated method of monitoring and reporting battery condition. How long will the
battery retain its life? When will we need to replace the battery? Such questions remain unanswered.

A battery monitor with an ability to report battery status accurately will definitely enhance the end-user
experience. An understanding of the following battery monitoring terms is necessary:
• State of Charge (SoC) in % = Remaining Battery Capacity / Full Charge Capacity
• State of Health (SoH) in % = Full Charge Capacity / Battery Design Capacity

Remaining Battery Capacity changes when the battery is charged or discharged. By comparing remaining
capacity to Full Charge Capacity (FCC), SoC monitors the current state of the battery. As the battery
ages, chemical degradation causes reduction in the battery’s maximum chemical capacity. By comparing
FCC at 25° C to the battery design capacity, SoH monitors the effect of battery aging.

The bq34z110 uses the impedance track technique to accurately predict a battery’s SoC and SoH. Using
this device helps extend battery lifetime by giving us relevant information that compensates for the battery
temperature, aging, self-discharge, discharge rate, and their effect on the battery impedance. For more
details, visit http://www.ti.com/product/bq34z110.

Usage of bq34z110 in an Inverter System
Any inverter system can be described as done in the following five conditions. Note that the current values
may vary with the system. These are listed with respect to a standard configuration (850-VA system with a
150-Ah battery):
(A) Inverter ON, discharging with 2-A internal load
(B) Inverter ON, discharging with 20-A external load
(C) Inverter ON, in cut off stage (when battery voltage falls below a certain threshold). Load current is

minimal at approximately 100 mA.
(D) Inverter OFF, manually turned OFF completely. Almost no load current flows.
(E) Inverter ON, charging with 10-A charging current

Step-By-Step Optimization Process Instructions
1. Battery characterization phase: Go to bqChem inside bq Gas Gauge Evaluation Software and select

the closest ChemID. This ChemID is used as a starting point and the gauge automatically corrects
itself to actual values as it learns from the battery. If you don't see a close match, contact your nearest
TI Technical Support team. The team will help take down the readings of OCV1 and OCV2.

2. OCV1 means Depth of Discharge (DOD) of 0%, OCV2 means DOD of 100%. The gas gauge doesn’t
know how the battery behaves below OCV2 and above OCV1, therefore, it is important to take these
two readings accurately. Figure 1 demonstrates what these terms mean.
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Figure 1. Illustration of OCV1 and OCV2

3. Subsequent to the characterization process, we get an OCV table versus DOD and construct a Ra
table.

Next, go to the bqEvaluation software connected with the bq34z110 device through EV2300.
1. Under I2C Pro → Write I2C Data Block, input the I2C command as 00 and Data Block as 000f, and

click on Write Data.
2. Select the Senc file under programming, and click on Program.

• Charge current is nearly 12 A. We can enter 300 mA. (Design scale of 10, “3 A” can be safely
assumed to be the point when devices enter the charging phase).

• Discharge current of –500 mA is entered, discharge occurs at > 20 A.
• Quit Current = 100 mA. Normally the inverter is in the A state but the inverter is in the C state

when the battery voltage falls below 10.8 V.

The previous parameters can be entered directly into the GUI, or the Senc file can be requested from the
BU with any modifications.

The above threshold values ensure the device knows when it has entering the charging, discharging, or
relaxation phase.

Calibration Process
1. Calibrate the battery pack before proceeding further. (Voltage, Current, Coulomb Counter)

• Go to Calibrate → Calibrate Coulomb Counter (Inverter in D/A state).
• Calibrate voltage and temperature. Use a multimeter to check and note readings.
• Calibrate board offset – Not required.
• Calibrate pack current – Inverter in B stage. Enter “–2000mA” as measured current.

2. Fully charge and relax the battery. Check the voltage after resting, it should be ≥ OCV1.
3. Go to Data RAM, read DOD0, then divide by 163.84. The calculated value should be as low as

possible, ideally 0, since the battery hasn’t discharged yet.
4. Enter 21 in the Control. IT is enabled. VOK and QEN flag becomes red.
5. Inverter reaches C point. Determine if DOD has changed by > 50% (ideally it should be near 100%). If

not, turn the inverter OFF and turn it back ON. The inverter goes to the A stage and let it go back to C
state. After multiple such attempts, the voltage will quit recovering to a higher voltage. Allow the pack
to rest until the OCVTAKEN flag is set.

6. Update Status should change to 5
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7. Charge the battery until full (again pack voltage should be ≥ OCV1). The VOK and QEN flags are set
during the charging operation.

8. Allow the battery to relax. The VOK flag remains set.
9. Discharge the battery at C/10 until the battery is empty. Inverter goes from B to C state.
10. Allow the battery to relax. Wait for The OCV reading to be taken and the VOK flag to clear. The

update status should now be set to 6.

Note 1: If the pack voltage rests above OCV2 reading (taken during characterization), discharge pulses
must be applied to reduce the rested voltage.

Note 2: The Update Status value only changes after the pack has updated Qmax and then updated the
Ra-table. It will not change if the conditions are not met to update these parameters.

Useful Links
• Going to Production with the bq34z1xx (SLUA665)
• Configuring the bq34z100 Data Flash (SLUA664)
• bq34z110 datasheet Wide Range Fuel Gauge with Impedance Track™ for Lead-Acid

Batteries:SLUSB55B
• bq34z110EVM Impedance TrackTM Enabled Fuel Gauge for Lead Acid Batteries (SLUUA15)
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IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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 Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	Lead Acid Battery Monitoring Implementation for Inverters Using bq34z110

