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Glossary

Table 1. Glossary

OCV:

Open circuit voltage of a battery.

Passed/Charge:

Coulomb counter integrated charge during battery charge or discharge.

Battery Impedance:

Battery internal impedance when load is applied, defined as:
(OCV - Battery Voltage Under Load) / Average Load Current

DOD: Depth of discharge, DOD =1 — SOC
DODy: Last DOD reading before charge or discharge.
DODcharge: DOD at a fully charged pack.
Q: Passed charge from full charge state.
Qmax: Maximum battery chemical capacity.
Qstart: Charge that would have passed to make DOD = DOD,
RM: Remaining capacity
FCC: Full Charge Capacity, the amount of charge passed from the fully charged state to the
Terminate Voltage, defined as: FCC = Qg + PassedCharge + RM.
SOC: State of charge at any moment, defined as: SOC = Q / Qmax-
RSOC: Relative State of Charge, defined as: RSOC = RM / FCC.
FET: Field-Effect transistor

FET opened/closed:

A common phrase is that the FET is opened or closed. Used throughout the document, this
term means that the FET is turned on or off, respectively.

A host system that is consuming current from the battery pack that includes fuel gauge

System: device.
The data flash contents, after chemistry is identified and programmed and the learning
Golen Image: cycling is completed, so that all the flash contents are updated correctly for the desired
battery pack.
EMI: Electromagnetic interference
ESD: Electrostatic discharge
Flag: This word usually represents a read-only status bit that indicates some action has occurred

or is occurring. This bit typically cannot be modified by the user.

Learning Cycle:

A battery charge and discharge cycle with battery resistance and Qax Updated during the
cycling

DFI:

Data Flash Image file. Binary image of the fuel gauge data flash with modified value based
on the application.
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Single-Cell Impedance Track™ Gas Gauge for Novices
Michael Vega PMP Portable Power

ABSTRACT
This application report introduces the bgq27350 Impedance Track™ gas gauge solution.
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2.1 Introduction

This application report provides an introductory overview of the following bq27350 Impedance Track™ gas
gauge topics:
» The Basics
— The bg27350 Impedance Track™ Gas Gauge Overview
— Impedance Track™ Technology Operation Principle
— Gas Gauge Hardware
— bqg27350EVM-001 Evaluation Module
— bqEVSW Software for Use with bq27350
* Next Steps
— Developing a PCB for bq27350
— Solution Development Process
— Mass Production Setup
* Glossary
» Appendix — Reference Schematic

Impedance Track, bqEASY are trademarks of Texas Instruments.
Arbin Instruments is a trademark of Arbin Instruments.

Windows, Microsoft are trademarks of Microsoft Corporation.

All trademarks are the property of their respective owners.
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2.2

The Basics

bq27350 Impedance Track™ Gas Gauge Overview

2.2.1.1 Key Features:

« Patented Impedance Track™ technology accurately measures available charge in Li-ion and
Li-polymer batteries.

» Better than 1% capacity estimate error over the lifetime of the battery
» Instant capacity estimate accuracy — no learning cycle required

» Based on a powerful low-power reduced instruction-set (RISC) CPU core with high-performance
peripherals

» Integrated, field-programmable FLASH memory eliminates the need for external configuration memory
» Measures charge flow using a high-resolution, 16-bit integrating delta-sigma converter

» Uses 16-bit delta-sigma converter for accurate voltage and temperature measurements

» Extensive data reporting options for improved system interaction

The bg27350 is an advanced, feature-rich battery gas gauge IC, designed for accurate reporting of
available charge of Li-ion or Li-polymer batteries in single-cell applications. The bq27350 incorporates the
patented Impedance Track™ technology, whose unique algorithm allows for real-time tracking of battery
capacity change, battery impedance, voltage, current, temperature, and other critical information of the
battery pack. Unlike the current integration- or voltage correlation-based gas gauge algorithms, the
Impedance Track™ algorithm takes full advantage of battery response to electronic and thermal stimuli
and therefore maintains the best capacity estimate accuracy over the lifetime of the battery. The bg27350
automatically accounts for charge and discharge rate, self-discharge, and cell aging, resulting in excellent
gas-gauging accuracy even when the battery ages. The IC also provides a variety of battery performance
parameters to a system host over a standard serial communication bus (1°C).

The heart of the bg27350 programmable battery management IC is a high-performance, low-power, RISC
CPU, which offers powerful information processing capability that is crucial to battery management
functional calculation and decision-making. The IC also integrates plenty of program and data flash
memory and an array of peripheral and communication ports, facilitating rapid development of custom
implementations and eliminating the need for external configuration memory.

The bg27350 is equipped with two high-resolution, analog-to-digital converters (ADC) dedicated for
accurate coulomb counting and voltage/temperature measurements. These low-power analog peripherals
improve accuracy beyond discrete implementations.

The bg27350 measures cell voltage, temperature, current, and integrated passed charge using the two
delta-sigma ADCs of the bg27350.

Impedance Track™ Technology Operation Principle

What makes the Impedance Track™ technology unique and much more accurate than existing solutions is
a self-learning mechanism that accounts for the change of (1) battery impedance and (2) the no-load
chemical full capacity (Qmax) due to battery aging. A fact that is often ignored is that battery impedance
increases when the battery ages. As an example, typical Li-ion batteries double the impedance after
approximately 100 cycles of discharge. Furthermore, battery impedance also varies significantly between
cells and at different usage conditions, such as temperature and state-of-charge. Therefore, to achieve
sufficient accuracy, a large, multidimension impedance matrix must be maintained in the IC flash memory,
making the implementation difficult. Acquiring such a database is also time-consuming. The Impedance
Track™ technology significantly simplifies gas-gauging implementation by continuously updating the
battery impedance during the usage lifetime of the battery, and thus only needs a simple, initial impedance
data base. Temperature and load effects are automatically accounted for when calculating the full-charge
capacity (FCC) and the remaining capacity (RM). On the other hand, the Qmax is calculated also and
updated during the usage of the battery — only in more strict conditions as mentioned later in this section.

The full-fledged monitoring mechanisms of the bq27350 allow for accurate measurement of the following
key properties:

e OCV: Open-circuit voltage of a battery, usually assuming the battery is already in relaxation mode

12
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OCV — BatteryVoltageUnder Load
- Battery impedance: Averageload Current

» PassedCharge: Coulomb counter integrated charge during battery charge or discharge

e SOC: State-of-charge at any moment, defined as SOC=Q/Qmax, where Q is the PassedCharge from
the full-charge state

» DOD: Depth of discharge; DOD= 1-SOC

» DOD,: Last DOD reading before charge or discharge

» DODcharge: DOD for a fully charged pack

» Qstart: Charge that would have passed to make DOD = DOD,

e Qmax: Maximum battery chemical capacity

 RM: Remaining capacity

» FCC: Full-charge capacity, the amount of charge passed from the fully charged state to the terminate
voltage

illustrates charge, discharge, and relaxation modes of the battery. The times and current
thresholds that are noted in the graph are values that are programmed by the user in Flash memory. As
seen in Figure 7], relaxation starts after Chg Relax Time or Dsg Relax Time has elapsed after the pack
current measured by the ADC is within £Quit Current. The relaxation ends after Quit Relax Time elapses
following a pack current detected that exceeds either Charge Current Threshold or Discharge Current
Threshold.

Charge Relaxation Discharge Relaxation Charge
Cuit Relax Tune
Charge Current \ "_'/,/—'
Threshold [ :
+Quit Current \ : 144
N\ B
; Disg Eelax Time i !
] ; . 2
) : ¢ 8
= T— —
5 Y 1 ; >
o ] £ i Time
Chg Relax Time ¥ 1 p
- Quit Current i ;
- Discharge Current :
Threshold A
4+
Quit Belax Time

Figure 1. Algorithm Operation Mode Changes With Varying Battery Current

The SOC is estimated based on the OCV of the battery because of a strong correlation of SOC to OCV
for a particular battery chemistry, shown in as an example. In the relaxation mode, where no load
current is present and the current is below a user-chosen quit current level, the SOC is determined using
the measured cell voltage (must meet certain voltage settling criteria; see the Fuel Gauging section in the
bg27350 data sheet, BLUS754, for details) and the predefined OCV versus SOC relationship.

During charging and discharging, the SOC is continuously calculated using the relationship of present
Qmax to the integrated passed charge measured by the coulomb counter ADC:

SLUA458—July 2008 13
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Q _ Passedcharge
max = |soC1 — SOC2| )
The derivation of this equation is discussed in the following paragraphs. graphically illustrates
some of the Impedance Track™ terminology.
4.5
[ I
>
>
O
o
2.5 | | | |
0 20 40 60 80 100
SOC - %
Figure 2. SOC Dependency on OCV
DOD Charge
4.5 /
o7 .
> -
P I P A
> V Under Load .
S 350 =
A
[
[
Terminate L. | . 1l
Voltage < < >
Qg¢at | Passed Charge Remaining Capacity (RM) "Qmax
2.5 I I l |
0 500 1000 1500 2000 2500

Discharge Capacity - mAh

Figure 3. OCV Characteristics (Dotted Curve) and Battery Discharge Curve Under Load (Solid Curve)

Qmax is calculated with two OCV readings (leading to calculation of two SOC values, SOC1 and SOC?2)
taken at fully relaxed state (dV/dt < 4 uV/s) before and after charge or discharge activity and when the

passed charge is more than 37% of battery design capacity, using Equation 2
- Ql Q2
SOC1 = , SOC2
Oom ~ Omax #)
subtracting these two equations yields
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_ Passedcharge _
Qmax = ISOCI — SOC2|’ where Passedcharge = |Q1—-Q2|. -

This equation demonstrates that it is unnecessary to have a complete discharge cycle to learn the battery
chemical capacity.

When an external load is applied, the impedance of the cell is measured by finding the difference between
the measured voltage under load and the open-circuit voltage (OCV) specific to the cell chemistry at the
present state-of-charge (SOC). This difference, divided by the applied load current, yields the impedance.
In addition, the impedance is correlated with the temperature at time of measurement to fit in a model that
accounts for temperature effects.

With the impedance information, the remaining capacity (RM) can be calculated using a voltage simulation
method implemented in the firmware. The simulation starts from the present DOD, i.e., DODg;,; and
calculates a future voltage profile under the same load with a 4% DOD increment consecutively:

V(DOD,,T) = OCV (DOD,,T) + | x R(DOD,,T),

where DOD, = DODyg;,; + | x 4% and | represents the number of increments, and R(DOD,,T) is the battery
impedance under DOD, and temperature T. Once the future voltage profile is calculated, the Impedance
Track™ algorithm predicts the value of DOD that corresponds to the system termination voltage and
captures this as DODy;,5. The remaining capacity then is calculated using:

RM = (DODfinaI - DODstart) x Qmax

FCC (Full-charge capacity) is the amount of charge passed from the fully charged state to the termination
voltage, and can be calculated using:

FCC = Qstart + PassedCharge + RM
The following section presents a more detailed description of the gas gauge hardware.

Gas Gauge Hardware

To perform the Impedance Track algorithm the gas gauge must be able to obtain cell voltage, temperature
and pack current measurements. This section briefly discusses the hardware blocks that make the
necessary measurements.

2.2.3.2 TPS77025 LDO Regulator The TPS77025 serves an important role for the bq27350 1-cell lithium-ion
battery pack gas gauge chipset solution. The TPS77025 powers the bg27350 directly from its 2.5-V,
50-mA low-dropout (LDO) regulating output, which is powered by the battery voltage. This LDO has an
enable low pin that is used such that if the Dsg FET from the protector circuit opens and the bg27350
enters SHUTDOWN mode (see bg27350 datasheet) then the LDO is shut off to prevent any loading to
the cell from the LDO and gas gauge.

2.2.3.3 Cell Voltage Measurement The maximum input voltage for the CELL+ pin is 1 V. Given that a cell under
normal conditions can have a voltage as high as 4.2 V, there's a voltage divider network (R5 and R7)
that is configured to translate the cell voltage into ground-referenced voltage, which can be measured
by the bg27350 gas gauge IC. The voltage divider is only active enough time to allow the signal at the
CELL+ pin to stabilize and for the ADC to take several samples to determine a battery voltage
measurement.

2.2.3.4 Temperature Measurement The ADC that is used for the battery voltage measurement is shared with
the temperature measurement function. The TS pin is the input used when measuring the voltage
across a thermistor to determine temperature. The reference design demonstrates the necessary
components needed along with an NTC103AT thermistor so that the bq27350 can correlate the voltage
at TS pin with a temperature reported in °C. The bg27350 has the option to use either the external or
internal temperature sensing. This is selected with the [TEMPS] bit in Pack Configuration flash register.

SLUA458—July 2008 15
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2.2.3.5 Pack Current Measurement The SRP and SRN pins are the high impedance inputs to the integrating

ADC (coulomb counter). A very low value sense resistor is placed in series with the cell on the ground
side to convert the pack current to a voltage that the ADC can measure. The ADC differential input is
limited to £200 mV. The low-pass filter that feeds the sense resistor voltage to the bq27350 SRP and
SRN inputs filters out system noise and does not affect the coulometric measurement accuracy,
because the low-pass filter does not change the integrated value of the waveform.

Additional Pack Circuit Components

2.2.4.6 R5402-Series Pack Protector ICAIl Li-ion battery packs should include safety provisions due to the

danger present of allowing the cells to operate in extreme conditions such as overcharging. Some IC
circuits are dedicated to monitor the voltage and current of a battery pack exclusively to control the flow
of current into or out of the Li-ion cell that makes up the pack. The reference design used in this
document shows the R5402-series protector IC manufactured by Ricoh. This device independently
controls two N-channel MOSFETSs which are dedicated to restrict charge or discharge paths.

The pin that controls the discharge MOSFET turns off if the voltage detected by the IC's VDD is under a
specific voltage threshold (typically 2.3 V) that is defined within the IC, or if the voltage detected at the
high input impedance V-pin is greater than the discharge overcurrent threshold (typically 100 mV). The
voltage at the V-pin is a representation of current measurement due to voltage drop across MOSFETs. To
recover from an undervoltage condition the Protection IC must detect a voltage above the discharge
recovery threshold (typically 3 V).

The charge MOSFET is turned off if the voltage detected at the VDD pin is greater than an overcharge
threshold (typically 4.275 V) or if the V- pin detects a voltage less than the charge overcurrent threshold
(typically -100 mV). To recover from this condition, it is expected that the cell is discharged until it reaches
a recovery threshold which is typically 200 mV less than the overcharge threshold.

Many IC manufacturers can provide products similar to the R5402 series. It is up to designers to select
which protector IC to include in their pack circuit design.

2.2.4.7 bq26100 Authentication ICMany counterfeit batteries are being manufactured and lack the necessary

safety features so that cost can be reduced. Many OEMSs are opting to add some means of
authentication to their authorized battery packs to ensure that they are not liable for any accidents that
could occur due to the use of these unauthorized packs.

The bg26100 IC provides a method to allow a microcontroller that is embedded in the main system to
query the IC that is contained in the authorized pack and to verify that it responds with an expected result
based on a challenge and a secret key. The bg26100 uses the well-known SHA-1 algorithm to process the
challenge given by the system and return a digest that the system considers valid or unacceptable.

The reference design presented in this document uses the bq26100 with the bq27350. The system
accesses the bg26100 through 1°C commands given to the bg27350. The bg27350 handles the SDQ
communication with the bg26100 and then retrieves the response so that the system can read it from the
bg27350.

bq27350EVM-001 Evaluation Module

The bg27350EVM-001 evaluation module (EVM) is a complete evaluation system for the bg27350 battery
pack electronics system. The EVM includes:

One bg27350 circuit module

A current sense resistor

An NTC103AT thermistor

An EV2300 PC interface board for gas gauge interface
A PC USB cable

Windows™-based PC software

The circuit module includes one bq27350 IC, one TPS77025 IC, and all other onboard components

S
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necessary to monitor and predict capacity, in single-cell Li-ion or Li-polymer battery packs. The circuit
module connects directly across the cell in a battery. With the EV2300 interface board and software, the
user can read the bg27350 data registers, program the chipset for different pack configurations, log
cycling data for further evaluation, and evaluate the overall functionality of the bq27350 solution under
different charge and discharge conditions.

The bg27350 EVM is simpler than the reference design presented in this document. The EVM board does
not include a pack protector circuit and an optional shutdown circuit. The purpose for the EVM is for
customers to evaluate specifically the gas gauge operation.

bgEVSW Software for Use With bg27350

2.3

The bgEVSW is a Windows™-based evaluation software program provided by TI for functional evaluation
of the bg27350/TPS77025 chipset. On opening the software, it automatically detects the presence of
EV2300 USB module and the chipset. Once the device type and version of firmware are identified, the
software displays the I°C interface. The users may also toggle between DataRAM, Data Flash, 12C Pro,
Calibrate, and Auth screens for a variety of information about the battery pack and the chipset settings.
The bgEVSW can also be used for battery cycle data logging. See the bq27350EVM user's guide and
application reports for more information.

Next Steps

Developing a PCB for bq27350 and TPS77025 Chipset

Using the 1-cell reference design schematic in the Appendix as a guide, a battery pack schematic should
be designed to meet the individual requirements. A single-cell protector circuit IC must be selected by the
pack module designer. The one used in this reference design is similar in functionality to many pack
protector IC from other manufacturers. The pack protector IC controls a pair of FETs that are opened in
case of overvoltage, undervoltage, overcurrent and short-circuit conditions.

Next, the current-sense resistor should be selected. As a general guideline, 20 mQ is appropriate for a
single (1P) 18650 cell, whereas 10 mQ is recommended for a 2P pack.

Printed-circuit board layout requires careful consideration when developing a smart battery application.
The high currents developed during a battery short-circuit event can be incompatible with the micropower
design of the semiconductor devices. It is important to realize that battery transients can be capacitively or
magnetically coupled into low-level circuits resulting in unwanted behavior. Success with a first-pass
design can depend on realizing that parallel circuit board traces are indeed small capacitors and current
transformers. The ideal board layout would have the entire high-current path physically located away from
the low-current electronics. Because this is not often possible, the coupling principle must be taken into
account. Short-circuit, ESD, and EMI testing should be part of the initial checkout of a new design.

With regard to component placement, several components surrounding the bq27350 need special
attention. Most important are the power-supply decoupling capacitor C11 and the low pass filters for the
differential input of the coulomb counter ADC (C7, C8, R9, and R10). The C11 capacitor must be close to
the gas gauge device and have low-resistance / low-inductance connections that do not form large loops.
The low pass filter components should be as close as possible to the SRP and SRN pins. Components of
lesser priority but still a concern are the master reset network C9, R11. These should all be placed in the
general vicinity of the IC.

Proper sensing of voltage and current requires the use of Kelvin connections at the sense resistor and at
the top and bottom battery terminals. If top and bottom connections to the cells allow too much voltage
drop, then the resulting error in cell voltage measurement has an effect on the measurement accuracy of
battery capacity and therefore the remaining run time.

It Is important to have correct grounding. There should be high and low current ground paths. These
should be kept separate, only joining together at the sense resistor.

Solution Development Process

Browsing the data flash screens of the bq27350 evaluation software can be a challenging experience.
However, the default value for most of them can be easily used. The first step is to set up the data flash
value for the coulomb capacity for a specific application (Design Capacity).
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With different types of cells and number of parallel cells, capacity settings are different. To determine the
values for Qmax Cell 0, Qmax Pack, and Design Capacity multiply the corresponding value for a single
cell by the number of cells in parallel.

With the preceding changes in place, the evaluation module should function normally with the target cell
configuration. The next step is to review all of the selectable features in the Pack Configuration register .
Use the data sheet to review each configuration bit in this register and configure them for a specific
application. See the EVM user's guide (SLUUZ53) schematic for implementation details.

Mass Production Setup

One of the main benefits of Impedance Track™ technology is the significant reduction in the complexity of
battery pack mass production. Because many data flash values are adaptively derived with use, it is
possible to simply transfer the knowledge gained from a single golden pack to each individual pack as it
leaves the assembly line. Charging and discharging each pack in order to force it to learn its capacity is
unnecessary.

A good strategy for production is a 7-step process flow:
1. Write the data flash image to each device. This image was read from a golden pack

2. Calibrate the device.

3. Update any individual flash locations, such as serial number, lot code, and date that could be entered
in Manufacturer Info registers.

Perform any desired protection tests.

Connect the cell.

Initiate the Impedance Track™ algorithm.

7. Seal the pack.

The TI application report Data Flash Programming and Calibrating the bq27350 Gas Gauge (SCUAZTH)
discusses the first two steps in detail. Description of steps 6 and 7 can be found in the bq27350 data
sheet (BLUS754). Calibration is presented as sample VB6 code for those who wish to develop their own
calibrator. However, Texas Instruments has higher-level support for high-speed programming and
calibration steps. A single channel test and calibration program is available, with open-source code. Also,
a multistation test system is available.

o g &

For additional application reports covering various aspect of bq27350 Impedance Track solution, see the
Texas Instruments bg27350 online product folder.

2.4 Glossary
» OCV: Open-circuit voltage of a battery
» Passed Charge: Coulomb counter integrated charge during battery discharge or battery charge
e Qmax: Maximum battery chemical capacity
» Design Capacity: Cell chemical capacity specified by cell manufacturer times number of paralleled cells
» SOC: State-of-charge at any moment, defined as SOC=Q/Qmax (usually in %), where Q is the Passed
Charge from full charge state
» DOD: Depth of discharge; DOD= 1-SOC (usually in %)
» DOD,: Last DOD reading before charge or discharge
» DODcharge: DOD for a fully charged pack
o Qstart: Charge that would have passed from fully charged state to make DOD = DOD,
* RM: Remaining capacity, in mAh or mWh
» FCC: Full-charge capacity, the amount of charge passed from the fully charged state to the terminate
voltage, in mAh or mWh
* Quit current: user-defined current levels for both charge and discharge, usually about ~10 mA
» Relaxation mode: the state of the battery when the current is below user-defined quit current levels and
after a user-defined minimum charge relax time (see
18 Single-Cell Impedance Track™ Gas Gauge for Novices SLUA458—July 2008
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Reference Documents

The following documents should also serve as reference when researching the bq27350 and Single Cell
Impedance Track products:

* bg27350, Single Cell Li-lon Battery Manager With Impedance Track Fuel Gauge Technology data
sheet (BLUS754]

» bg27350EVM Single Cell Impedance Track Technology Evaluation Module user's guide [SCUU253)

» Configuring the bq27350 Data Flash application report (SCUAZI9]

« Data Flash Programming and Calibrating the bq27350 Gas Gauge application report (SCUAZ15]
Reference Design Schematic

The reference design schematic is affixed to this page.
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Chapter 3

Configuring the bq27500 Data Flash

Ming Yu and Michael Vega

3.1

PMP - Portable Power

ABSTRACT

The bg27500 has many data flash constants that can configure the device with various,
different options for most features. The data flash of the bg27500 is split into sections,
which are described in detail in this document.

Glossary

FCC:
FET:
FET opened/closed:

Flag:
RCA:

RM:
SOC:

System:

Italics:
Bold ltalics:

[brackets]:

-

Full charge capacity
Field-effect transistor

It is common to say that the FET is opened or closed. Used throughout the
document, this term means that the FET is turned on or off, respectively.

This word usually represents a read-only status bit that indicates some
action has occurred or is occurring. This bit typically cannot be modified by
the user.

Remaining capacity alarm
Remaining capacity

This generic acronym means state-of-charge. It can also mean RSOC or
percentage of actual chemical capacity.

The word system is sometimes used in this document. When used, it
always means a host system that is consuming current from the battery
pack that includes the bg27500.

All words in this document that are in italics represent names of data flash
locations exactly as they are shown in the EV software.

All words that are bold italic represent SBS-compliant registers exactly as
they are shown in the EV software.

All words or letters in brackets represent bit/flag names exactly as they are
shown in the SBS and data flash in the EV software.

This is commonly used in this document to represent a minus sign. It is
written this way to ensure that the sign is not lost in the translation of
formulas in the text of this document.

22
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3.2 Configuration

! Texas Instruments bq Gas Gauge Evaluation Software - bg27500 v1.00 - [Data Flash Constants] ={ofx|
& Fle Options DataFlash View Window Help -8 x
™
*3 Texas INSTRUMENTS REAL WoRLD SIaNAL PANCESSING
Beaddl | witedl | witedl P |
[ Fla Tables T Callbration ]
[ Contiguration: I System Data T Gias Giauging T Delaul Ra Tables T Fib Tables T
Name | vake | umit Hame. | wvalue Unit Hame | wale | Umit
- safety 7 7 Suspend Low Temp -5.0 i bizcharge - 2
aT chg 550 oz Suspend High Temp 55.0 3 5061 Set Threshold 150 mah
OT ¢hg Time 2 Sec Charge Termination E 5 5021 Clear Threshald 160 mah
OT chg Recavery 500 e Taper Current 132 A 50CF Set Threshald 50 mAh
Data OT bsg 600 9% #hin Taper Capacity 25 mah 500F Claar Threshold 120 mAh
OT bsg Time z Sec Toper Valtage 100 m
Flash
OT bsg Recavery 55.0 % Current Taper Window 40 See Registers - 7
Charge Inhibit Cfg - < bata - . Op Canfig 0932 flg
Chg Trhibit Terp Low oo o Tnitial Standby -10 A Power x g
m Chg Irhibit Temp High 450 % Initial MaxLoad -500 i Flash Update OK Woltage 2800 i
Terp Hys 10.0 o & Threshald 1188 mah Slesp current 15 A
Charge % % Design Capacity 1320 mah Hiberhate T 8 mA
Charging Woltage 4200 mi Device hame bqz7500 Hibemate W 2550 mii
T Delta Temp 50 e
bqEASY
100%
%
Fual Gauge
Commurication DK DF Task Progress: 100% | Task Completed 12:57.35PM

When the pack temperature measured by Temperature rises to or above the Over Temperature
Charge (OT Chg) threshold while charging (Current > Chg Current Threshold), then the Over
Temperature in charge direction [OTC] is set in Flags after OT Chg Time. If the OTC condition clears
prior to the expiration of the OT Chg Time timer, then no [OTC] is set in Flags. If the condition does
not clear, then [OTC] is set in Flags.

Normal Setting: This setting depends on the environment temperature and the battery specification.
Verify that the battery specification allows temperatures up to this setting while charging, and verify
that these setting are sufficient for the application temperature. The default is 55°C, which should be
sufficient for most Li-ion applications.

OT Chg Time

See OT Chg. This is a buffer time allotted for Over Temperature in the charge direction condition. The
timer starts every time that Temperature measured is greater than OT Chg and while charging. When
the timer expires, the bq27500 forces an [OTC] in Flags. Setting the OT Chg Time to 0 disables this
function.

Normal Setting: This is normally set to 2 seconds which should be sufficient for most applications.
Temperature is normally a slow-acting condition that does not need high-speed triggering. It must be
set long enough to prevent false triggering of the [OTC] in Flags, but short enough to prevent damage
to the battery pack.

OT Chg Recovery

OT Chg Recovery is the temperature at which the battery recovers from an OT Chg fault. This is the
only recovery method for an OT Chg fault.
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Normal Setting: The default is 50°C which is a 5-degree difference from the OT Chg.

OT Dsg

When the pack temperature measured by Temperature rises to or above this threshold while
discharging (Current < (-)(Dsg Current Threshold)), then the Over Temperature in discharge direction
[OTD] is set in Flags after OT Dsg Time. If the OTD condition clears prior to the expiration of the OT
Dsg Time timer, then no [OTD] is set in Flags. If the condition does not clear, then [OTD] is set in
Flags.

Normal Setting: This setting depends on the environment temperature and the battery specification.
Verify that the battery specification allows temperatures up to this setting while charging, and verify
that these setting are sufficient for the application temperature. The default is 60°C which is sufficient
for most Li-ion applications. The default OT Dsg setting is higher than the default OT Chg because
Li-ion can handle a higher temperature in the discharge direction than in the charge direction.

OT Dsg Time

See OT Dsg. This is a buffer time allotted for Over Temperature in the discharge direction condition.
The timer starts every time that Temperature measured is greater than OT Dsg and while discharging.
When the timer expires, then the bq27500 forces an [OTD] in Flags. Setting the OT Dsg Time to 0
disables this function.

Normal Setting: This is normally set to 2 seconds which is sufficient for most applications.
Temperature is normally a slow-acting condition that does not need high-speed triggering. It should be
set long enough to prevent false triggering of the [OTD] in Flags, but short enough to prevent damage
to the battery pack.

OT Dsg Recovery

OT Dsg Recovery is the temperature at which the battery recovers from an OT Dsg fault. This is the
only recovery method for an OT Dsg fault.

Normal Setting: The default is 55°C which is a 5-degree difference from the OT Dsg.

Charge Inhibit Configuration

Chg Inhibit Temp Low

When the [PFC] is set to 1, if pack temperature measured by Temperature falls to or below the charge
inhibit temperature low (Chg Inhibit Temp Low) threshold while charging (Current > Chg Current
Threshold), then the Charge Inhibit [CHG_INH] is set in Flags. In this mode, the /BAT_GD line used to
disable battery charging when battery temperatures is outside the range defined by [Chg Inhibit Temp
Low , Chg Inhibit Temp High]. The /BAT_GD line is returned to its "low" state, once battery
temperature returns to the range [Chg Inhibit Temp Low + Temp Hys, Chg Inhibit Temp High -
Temp Hys].

Normal Setting: This setting depends on the environment temperature and the battery specification.
Verify that the battery specification allows temperatures up to this setting while charging, and verify
that these setting are sufficient for the application temperature. The default is 0°C, which should be
sufficient for most Li-ion applications.

Chg Inhibit Temp High
When the [PFC] is set to 1, if the pack temperature measured by Temperature rises to or above the
charge inhibit temperature high (Chg Inhibit Temp high) threshold while charging (Current > Chg
Current Threshold), then the Charge Inhibit [CHG_INH] is set in Flags. In this mode, the /BAT_GD line
used to disable battery charging when battery temperatures is outside the range defined by [Chg
Inhibit Temp Low , Chg Inhibit Temp High]. The /BAT_GD line is returned to its "low" state, once
battery temperature returns to the range [Chg Inhibit Temp Low + Temp Hys, Chg Inhibit Temp
High - Temp Hys].
Normal Setting: This setting depends on the environment temperature and the battery specification.
Verify that the battery specification allows temperatures up to this setting while charging, and verify
that these setting are sufficient for the application temperature. The default is 45°C, which should be
sufficient for most Li-ion applications.

Temp Hys
When pack temperature is measured by Temperature, the temperature hysteresis (Temp Hys) is
defined to prevent false temperature measurement.
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Normal Setting: This setting depends on the environment temperature and the battery specification.
Verify that the battery specification allows temperatures up to this setting while charging, and verify
that these setting are sufficient for the application temperature. The default is 10°C, which should be
sufficient for most Li-ion applications.

Charge

Charging Voltage
The bg27500 uses this value along with Taper Voltage to detect charge termination.

Normal Setting: This value depends on the charger that is expected to be used for the battery pack
containing the bg27500. The default is 4.2 V.

Delta Temp
If the pack temperature measured by Temperature is outside the suspend temperature range
[Suspend Low Temp, Suspend High Temp]) threshold while charging (Current > Chg Current
Threshold), then the Charge Suspend Alert [XCHG] is set in Flags. The Charge Suspend Alert [XCHG]
is reset to "0" once battery temperature returns to the range [Suspend Low Temp + Delta Temp,
Suspend High Temp - Delta Temp].
Normal Setting: This value depends on the charger that is expected to be used for the battery pack
containing the bg27500. The default is 5 °C.

Suspend Low Temp
When the pack temperature measured by Temperature falls to or below the suspend low temperature
(Suspend Low Temp) threshold while charging (Current > Chg Current Threshold), then the Charge
Suspend Alert [XCHG] is set in Flags.
Normal Setting: This value depends on the charger that is expected to be used for the battery pack
containing the bg27500. The default is (-)5 °C.

Suspend High Temp
When the pack temperature measured by Temperature rises to or above the suspend high
temperature (Suspend HighTemp) threshold while charging (Current > Chg Current Threshold), then
the Charge Suspend Alert [XCHG] is set in Flags.
Normal Setting: This value depends on the charger that is expected to be used for the battery pack
containing the bg27500. The default is 55 °C.

Charge Termination

Taper Current
Taper Current is used in the Primary Charge Termination algorithm. Average Current is integrated
over each of the two Current Taper Window periods separately, and then they are averaged separately
to give two averages. Both of these averages must be below the Taper Current to qualify for a Primary
Charge Termination. In total, a primary charge termination has the following requirements:

1. During two consecutive periods of Current Taper Window, the Average Current is < Taper
Current.

2. During the same periods, the accumulated change in capacity > 0.25 mAh/Current Taper
Window.

3. Voltage > Charging Voltage - Taper Voltage.

When this occurs, the [FC] bit of Flags() is set and [CHG] bit is cleared. Also, if the [RMFCC] bit of
Operation Config is set, then Remaining Capacity is set equal to Full Charge Capacity.

Normal Setting: This register depends on battery cell characteristics and charger specifications, but
typical values are C/10 to C/20. Average Current is not used for this qualification because its time
constant is not the same as the Current Taper Window. The reason for making two Current Taper
qualifications is to prevent false current taper qualifications. False primary terminations happen with
pulse charging and with random starting and stopping of the charge current. This is particularly critical
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at the beginning or end of the qualification period. It is important to note that as the Current Taper
Window value is increased, the current range in the second requirement for primary charge termination
is lowered. If you increase the Current Taper Window, then the current used to integrate to the 0.25
mAh is decreased; so, this threshold becomes more sensitive. Therefore, take care when modifying
the Current Taper Window. The default is 100 mA.

Taper Voltage

During Primary Charge Termination detection, one of the three requirements is that Voltage must be
above (Charging Voltage — Taper Voltage) for the bg27500 to start trying to qualify a termination. It
must be above this voltage before bq27500 starts trying to detect a primary charge termination.

Normal Setting: This value depends on charger characteristics. It needs to be set so that ripple
voltage, noise, and charger tolerances are taken into account. A high value selected can cause early
termination. If the value selected is too low, then it can cause no termination or late termination
detection. An example value is 100 mV (see Taper Current).

Current Taper Window

During Primary Charge Termination detection, all three requirements as described in Taper Current
must be valid for two periods of this Current Taper Window for the bg27500 to detect a primary charge
termination.

Normal Setting: This register does not need to be modified for most applications. It is important to
note that as the Current Taper Window value is increased, the current range in the second requirement
for primary charge termination is lowered. If the user increases the Current Taper Window, then the
current used to integrate to the 0.25 mAh is decreased; so, this threshold becomes more sensitive.
Therefore, take care when modifying the Current Taper Window. The default value is 40 seconds.

Data

Initial Standby Current
This is the first value that is reported in Standby Current. The Standby Current value is updated
every 1 second when the measured current is above the Deadband and is less than or equal to 2 x
Initial Standby Current.
Normal Setting: This value depends on the system. The initial standby current is the current load
drawn by the system when in low-power mode. The default value is (-)10 mA.

Initial MaxLoad
This is the first value that is reported in MaxLoad Current. If the measured current is ever greater than
Initial MaxLoad Current, then MaxLoad Current updates to the new current. MaxLoad Current is
reduced to the average of the previous value and Initial MaxLoad Current whenever the battery is
charged to full after a previous discharge to an SOC less than 50%. This prevents the reported value
from maintaining an unusually high value.
Normal Setting: This value depends on the system. The default value is (-)500 mA.

CC Threshold
This value is always used to increment Cycle Count. When the bg27500 accumulates enough
discharge capacity equal to the CC Threshold, then it increments Cycle Count by 1. This discharge
capacity does not have to be consecutive. The internal register that accumulates the discharge is not
cleared at any time except when the internal accumulating register equals the CC Threshold, and
increments Cycle Count.
Normal Setting: This is normally set to about 90% of the Design Capacity. The default is 900 mAh.

Design Capacity
This value is used for the compensated battery capacity remaining and capacity when fully charged
calculations that are done by the bq27500.
Normal Setting: This value should be set based on the application battery specification. See the
battery manufacturer's data sheet. The default is 1000 mAh.

Device Name
This is string data that can be a maximum of 7 characters. This field does not affect the operation, nor
is it used by the part in any way. It is returned by reading addresses 0x63 through 0x69. The default is
the ASCII values for "bgq27500".
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Discharge

The bg27500 has two flags accessed by the Flags that warns when the battery’s SOC has fallen to critical
levels.
SOC1 Set Threshold

When Remaining Capacity falls below the first capacity threshold, specified in SOC1 Set Threshold,
the [SOC1] (State of Charge Initial) bit is set in Flags. This bit is cleared once Remaining Capacity
rises above SOCL1 Clear Threshold. The bg27500's BAT _LOW pin automatically reflects the status of
the [SOC1] bit in Flags.

Normal Setting: This is a user preference. It is normally set around 150 mAh.

SOC1 Clear Threshold

When Remaining Capacity rises to or above this value set by SOC1 Clear Threshold, then [SOC1] in
Flags is cleared.

Normal Setting: This is a user preference. If used, it is normally set around 10mAh higher than SOC1
Set Threshold. In this case, it is set to 160 mAh.
SOCF Set Threshold

When Remaining Capacity falls below the first capacity threshold, specified in SOCF Set Threshold,
the [SOCF] (State of Charge Final) bit is set in Flags serving as a final discharge warning. If SOCF Set
Threshold = (-)1, the flag is inoperative during discharge. This bit is cleared once Remaining Capacity
rises above SOCF Clear Threshold.

Normal Setting: This is a user preference. It is normally set around 90 mAh.

SOCF Clear Threshold

When Remaining Capacity rises to or above this value set by SOCF Clear Threshold, then [SOCF] in
Flags is cleared.

Normal Setting: This is a user preference. If used, it is normally set around 30 mAh higher than SOC1
Set Threshold. In this case, it is set to 120 mAh.

Registers

Op Config (Operation Config)
This register is used to enable or disable various functions of the bq27500.

RESCAP RSVD RSVD PFC_CFG1 PFC_CFGO IWAKE RSNS1 RSNSO
RSVD IDSELEN SLEEP RMFCC BATL_POL BATG_POL RSVD TEMPS

 RESCAP [15]: If set, a no-load rate of compensation is applied to the reserve capacity.
Normal Setting: This bit defaults to O.
e RSVD [14, 13]: These bits are reserved (RSVD).

e PFC_CFG1, PFC_CFGO0 [12, 11]: Pin function code (PFC) mode selection: PFC 0, 1, or 2 selected by
2 bits: 0/0, 0/1, or 1/0, respectively. When the PFC is set to 0, bg27500 only measures battery
temperature under discharge and relaxation conditions. The charger does not receive any information
from the bg27500 about the temperature readings, and therefore operates open-loop with respect to
battery temperature. A PFC of 1 is like a PFC of 0, except temperature is also monitored during battery
charging. If charging temperature falls outside of the preset range defined in data flash, a charger can
be disabled via the BAT_GD pin, until cell temperature recovers. Finally when the PFC is set to 2, the
battery thermistor can be shared between the fuel gauge and the charger. The charger has full usage
of the thermistor during battery charging, while the fuel gauge uses the thermistor exclusively during
discharge and battery relaxation.

Normal Setting: This bit defaults to a 1.

* IWAKE, RSNS1, RSNSO [10, 9, 8]: The wake-up comparator is used to indicate a change in cell
current while the bg27500 is in either Sleep or Hibernate modes. Op Config uses bits [RSNS1-RSNSOQ]
to set the sense resistor selection. Op Config uses the [IWAKE] bit to select one of two possible
voltage threshold ranges for the given sense resistor selection. An internal interrupt is generated when
the threshold is breached in either charge or discharge directions. A setting of 0x00 of RSNS1..0
disables this feature. See for values.
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Power
Flash Update OK Voltage

Normal Setting: The default setting for these bits is 001.

RSVD [7]: This bit is reserved.

IDSELEN [6]: If set, the gas gauge enables cell profile selection feature.
Normal Setting: This bit defaults to a 1.

SLEEP [5]: If set, the gas gauge can enter sleep if operating conditions allow. The bg27500 enters
SLEEP if Average Current < Sleep Current.

Normal Setting: This bit defaults to a 1, which should be used in most applications. Only a few
reasons require this bit to be set to 0.

RMFCC [4]:If set, on valid charge termination, Remaining Capacity is updated with the value from
Full Charge Capacity on valid charge termination.

Normal Setting: The default setting for this bit is 1.

BATL_POL [3]: BAT_LOW pin polarity setting. If set, BAT_LOW pin is active-high.
Normal Setting:The default setting is 1.

BATG_POL [2]: BAT_GD pin polarity setting. If cleared, BAT_GD pin is active low.
Normal Setting:The default setting is 0.

RSVD [1]: This bit is reserved.

TEMPS [0]: This bit is used to tell the bg27500 the temperature sensor configuration. The bg27500 can
use an external sensor, and an internal sensor is also available, if needed. These sensors are able to
use two configurations to report temperature in the Temperature register.

— 1 = Temperature sensor TS1 is used to generate Temperature.

— 0 = Internal temperature sensor is used to generate Temperature.

Normal Setting: The default setting for this bit is 1. The bq27500 default configuration is for a Semitec
103AT thermistor. The internal temperature sensor is slightly less accurate than using a Semitec
103AT and is not recommended. It also is not as accurate because it cannot be placed as close to the
battery cells in the application as can an external thermistor.

Table 2. lyake Threshold Settings®

RSNS1 RSNSO IWAKE Vth(SRP-SRN)
0 0 0 Disabled
0 0 1 Disabled
0 1 0 +1.25 mV or -1.25 mV
0 1 1 +2.5mV or -2.5 mV
1 0 0 +2.5mV or -2.5 mV
1 0 1 +5mV or -5 mVv
1 1 0 +5mV or -5 mVv
1 1 1 +10 mV or =10 mV

(1) The actual resistance value versus the setting of the sense resistor is not important; just the actual voltage threshold when

calculating the configuration.

This register controls one of several data flash protection features. It is critical that data flash is not
updated when the battery voltage is too low. Data flash programming takes much more current than
normal operation of the bg27500, and with a depleted battery, this current can cause the battery
voltage to drop dramatically, forcing the bg27500 into reset before completing a data flash write. The
effects of an incomplete data flash write can corrupt the memory, resulting in unpredictable and
extremely undesirable results. The voltage setting in Flash Update OK Voltage is used to prevent any
writes to the data flash below this value. If a charger is detected, then this register is ignored.

Normal Setting: The default for this register is 2800 mV. Ensure that this register is set to a voltage
where the battery has plenty of capacity to support data flash writes but below any normal battery
operation conditions.
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Sleep Current

When Average Current is less than Sleep Current or greater than (—)Sleep Current in mA, the
bg27500 enters SLEEP mode if the feature is enabled (Op Config [SLEEP] = 1) .

The bg27500 does an analog-to-digital converter (ADC) calibration and then goes to sleep.
Normal Setting: This setting should be below any normal application currents. The default is 15 mA,
which should be sufficient for most applications.

Hibernate |

When Average Current is less than Hibernate | or greater than (-)Hibernate | in mA, the bq27500
enters Hibernate mode if Control Status [HIBERNATE] = 1.

Normal Setting:This setting should be below any normal application currents. The default is 8 mA,
which should be sufficient for most applications.

Hibernate V

When Voltage is less than Hibernate V or greater than (-)Hibernate V in mV, the bg27500 enters
Hibernate mode if Control Status [HIBERNATE] = 1.

Normal Setting:This setting should be below any normal application currents. The default is 2550
mV, which should be sufficient for most applications.

3.3 System Data

! Texas Instruments bq Gas Gauge Evaluation Software - bg27500 v1.00 - [Data Flash Constants] =loix|
& Fle Options DataFlash View Window Help =18 x|
*P Texas INSTRUMENTS SIuNAL PRANCES
Beaddl | wiesl | witedl Pesere . |
[ Fla Tables T Callbration ]
[ Corfiguration T Sysiem Data T Gias Gauging T Default R Tables T Rib Tables r
Mame | Walue | Unit Marme. | alue Unit Mame | Walue ‘ Unit
ttanufacturer Info - - Black B0 o Elock ¢ 0 0o
Block A 0 00 Elock B 1 00 Block € 1 0o
Block A 1 a0 Elock B 2 oo Block ¢ 2 0o
Block 4 2 [il Elock B 3 oo Elock C 3 o
Block 4 3 a0 Elock B 4 o0 Block ¢ 4 0o
Block 4 4 00 Elock B'5 o0 Block C 5 0o
Block A 5 a0 Elock B & o Block C 6 0o
Block 4 & il Elock B 7 o Elock C 7 oo
Block A 7 i Elock B 8 o Elock ¢ & 0o
m Black A4 & 0o Elock B 9 o0 Elack C 9 oo
Block 4 9 a0 Elock B 10 oo Block C 10 0o
Black 4 10 [il Elock B 11 oo Black € 11 o
Block 4 11 a0 Elock B 12 o0 Elock C 12 0o
Block A 12 00 Elock B 13 o0 Block €13 a0
Block A 13 a0 Elock B 14 o Block C 14 0o
Block 4 14 il Elock B 15 oo Elock ¢ 15 i
Block 4 15 0o Elock B 16 o0 Block ¢ 16 oo
Black A 16 0o Elock B 17 o0 Elock ¢ 17 oo
Block A 17 a0 Elock B 18 o0 Block € 18 0o
Block 4 18 (il Elock B 19 o0 Elock C 19 oo
Black A 19 i Elock B 20 o Elock ¢ 20 0o
Block A 20 i Elock B 21 00 Block ¢ 21 i
Block 4 21 a0 Elock B 22 on Block C 22 0o
Block 4 22 [il Elock B 23 oo Block C 23 i
Block 4 23 0o Elock B 24 on Block ¢ 24 oo
Block A 24 00 Elock B 25 00 Elock € 25 0o
Block A 25 a0 Elock B 26 o Block € 26 0o
Block 4 26 (il Elock B 27 o0 Elock ¢ 27 o
100% (g Block 4 27 a0 Elock B 28 o0 Block ¢ 28 0o
Block 4 28 00 Elock B 29 00 Block € 29 0o
Block 4 23 a0 Elock B 30 on Block C 30 0o
Block 4 30 (il Elock B 31 o Elock C 31 oo
Block A 31 0o
0% |m
Fuel Gauge
100%
Commuriication OF, |SBS Task Progress: 100% | Task Completed. 04:4514 PM

Figure 5. System Data Screen

Manufacturer Info

Block A
This is string data that can be any user data. It can be a maximum of 8 characters.
Normal Setting: Can be used for any user data. The default is all data 0.

Block B
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This is string data that can be any user data. It can be a maximum of 8 characters.
Normal Setting: Can be used for any user data. The default is all data 0.
Block C
This is string data that can be any user data. It can be a maximum of 8 characters.
Normal Setting: Can be used for any user data. The default is all data 0.
3.4 Gas Gauging
!| Texas Instruments bq Gas Gauge Evaluation Software - bq27500 ¥1.00 - [Data Flash Constants] =l0ix|
& Fle Options DataFlash View Window Help =18 x|
*3 Texas INSTRUMENTS REAL WBRLD SIUNAL PANCESSING
Beadd | witeal | wite & Preserve . |
[ Pl Tables i Calibration ]
[ Corfiguration T System Data T fias Gauging T Default R Tables T Rib Tables &
Mae [ vawe [ unit hlame | vale Unit Name [ valie | unit
IT cfg - Chg Current Threshold 75 A Eyele Count 0 1 s
Load Select 4 num Quit Current 20 mA Update Status 0 oo hex
Load #ode o num Dsg Relax Time 1500 Sec Qmax Cell 1 1320 mah
Terminate \lultagz 3000 mi Chg Relax Time &0 Sec Cycl»z Counf 1 o num
- User Rate-mA o mA Quit Relax Time 1 Sec Update: Status 1 oo hex
User Rate-mil! o A State - - Cell 0 Chg dod at EaC 0 hilm
Reserve Cap-mAh o mah IT Enable on hex Cell 1 Cha dod at Eac o fum
Reserve Cop-mwh 0 mitvh App Status oo fla Ava I Last Run -z99 ma
Curvent Thresholds - - Qmax cell 0 1320 mAh Avg P Last Run -1131 i
Dsg Current Threshold 60 mA
100%
F::nl :auql
100%
Communication OF. |SBS Task Progress: 100% | Task Completed. 04:48.05 PM
Figure 6. Gas Gauging Screen
IT Cfg
Load Select

Load Select defines the type of power or current model to be used for Remaining Capacity

computati

on in the Impedance Track™ algorithm. If Load Mode = Constant Current, then the following

options are available:

0=

Average discharge current from previous cycle: An internal register records the average
discharge current through each entire discharge cycle. The previous average is stored in
this register.

Present average discharge current (default): This is the average discharge current from the
beginning of this discharge cycle until present time.

Current: Based off of Current

Average Current : Based off of Average Current

Design Capacity/5: C Rate based off of Design Capacity/5 or a C/5 rate in mA.
At Rate (mA): Use whatever current is in At Rate register.
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6 = User Rate-mA: Use the value in User Rate-mA. This gives a completely user-configurable
method.

If Load Mode = Constant Power, then the following options are available:

0 = Average discharge power from previous cycle: An internal register records the average
discharge power through each entire discharge cycle. The previous average is stored in
this register.

1 = Present average discharge power (default): This is the average discharge power from the
beginning of this discharge cycle until present time.

2 = Current x Voltage: Based off of Current and Voltage

3 = Average Current x Voltage : Based off of Average Current and Voltage

4 = Design Energy/5: C Rate based off of Design Energy/5 or a C/5 rate in mA
5 = At Rate (10 mW): Use whatever value is in At Rate register.

6 = User Rate-mW: Use the value in User Rate-mW. This gives a completely user-configurable
method.

Normal Setting: The default for this register is 1. This is application dependent.

Load Mode

Load Mode is used to select either the constant current or constant power model for the Impedance
Track™ algorithm as used in Load Select. (See Load Select.)

¢ 0: Constant Current Mode

¢ 1: Constant Power Mode

Normal Setting: This is normally set to 0 (Constant Current Mode) but it is application specific. If the
application load profile more closely matches a constant power mode, then set to 1. This provides a
better estimation of remaining run time, especially close to the end of discharge where current
increases to compensate for decreasing battery voltage.

Terminate Voltage

Terminate Voltage is used in the Impedance Track™ algorithm to help compute Remaining Capacity.
This is the absolute minimum voltage for end of discharge, where the remaining chemical capacity is
assumed to be zero.

Normal Setting: This register is application dependent. It should be set based on battery cell
specifications to prevent damage to the cells or the absolute minimum system input voltage, taking into
account impedance drop from the PCB traces, FETs, and wires. The default is 3000 mV.

User Rate-mA

User Rate-mA is only used if Load Select is set to 6 and Load Mode = 0. If these criteria are met, then
the current stored in this register is used for the Remaining Capacity computation in the Impedance
Track™ algorithm. This is the only function that uses this register.

Normal Setting: It is unlikely that this register is used. An example application that would require this
register is one that has increased predefined current at the end of discharge. With this type of
discharge, it is logical to adjust the rate compensation to this period because the IR drop during this
end period is affected the moment Terminate Voltage is reached. The default is 0 mA.

User Rate-mW

User Rate-mW is only used if Load Select is set to 6 and Load Mode = 1. If these criteria are met, then
the power stored in this register is used for the Remaining Capacity computation in the Impedance
Track™ algorithm. This is the only function that uses this register.

Normal Setting: It is unlikely that this register is used. An example application that would require this
register is one that has increased predefined power at the end of discharge. With this application, it is
logical to adjust the rate compensation to this period because the IR drop during this end period is
affected the moment Terminate Voltage is reached. The default is 0 to 10-mW units.

Reserve Cap-mAh
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Reserve Cap-mAh determines how much actual remaining capacity exists after reaching 0 Remaining
Capacity before Terminate Voltage is reached. This register is only used if Load Mode is set to 0.
Normal Setting: This register defaults to 0, which disables this function. This is the most common
setting for this register. This register is application dependent. This is a specialized function for
allowing time for a controlled shutdown after 0 Remaining Capacity is reached.

Reserve Cap-mWh

Reserve Cap-10mWh determines how much actual remaining capacity exists after reaching 0
Remaining Capacity before Terminate Voltage is reached. This register is only used if Load Mode is
setto 1.

Normal Setting: This register defaults to 0, which basically disables this function. This is the most
common setting for this register. This register is application dependent. This is a specialized function
for allowing time for a controlled shutdown after 0 Remaining Capacity is reached.

Current Thresholds

Dsg Current Threshold

This register is used as a threshold by many functions in the bq27500 to determine if actual discharge
current is flowing out of the battery. This is independent from [DSG] in Flags, which indicates whether
the bg27500 is in discharge mode or charge mode.

Normal Setting: The [DSG] flag in Flags is the method for determining charging or discharging. If the
bg27500 is charging, then [DSG] is 0 and any other time (Average Current less than or equal to 0) the
[DSG] flag is equal to 1. Many algorithms in the bq27500 require more definitive information about
whether current is flowing in either the charge or discharge direction. Dsg Current Threshold is used
for this purpose. The default for this register is 60 mA which should be sufficient for most applications.
This threshold should be set low enough to be below any normal application load current but high
enough to prevent noise or drift from affecting the measurement.

Chg Current Threshold

This register is used as a threshold by many functions in the bq27500 to determine if actual charge
current is flowing into the battery. This is independent from [DSG] in Battery Status which indicates
whether the bg27500 is in discharge mode or charge mode.

Normal Setting: Many algorithms in the bg27500 require more definitive information about whether
current is flowing in either the charge or discharge direction. This is what Chg Current Threshold is
used for. The default for this register is 75 mA which should be sufficient for most applications. This
threshold should be set low enough to be below any normal application load current but high enough to
prevent noise or drift from affecting the measurement.

Quit Current

The Quit Current is used as part of the Impedance Track™ algorithm to determine when the bq27500
goes into relaxation mode from a current-flowing mode in either the charge direction or the discharge
direction. Either of the following criteria must be met to enter relaxation mode:

1. Average Current is greater than (-)Quit Current and then goes within (£)Quit Current for Dsg
Relax Time.

2. Average Current is less than Quit Current and then goes within (£)Quit Current for Chg Relax
Time.

After 30 minutes in relaxation mode, bg27500 starts checking if the dV/dt < 4 uV/s requirement for

OCV readings is satisfied. When the battery relaxes sufficiently to satisfy this criteria, bq27500 takes

OCV reading for updating Qmax and for accounting for self-discharge. These updates are used in the

Impedance Track™ algorithms.

Normal Setting: It is critical that the battery voltage be relaxed during OCV readings to get the most
accurate results. This current must not be higher than C/20 when attempting to go into relaxation
mode; however, it should not be so low as to prevent going into relaxation mode due to noise. This
should always be less than Chg Current Threshold or Dsg Current Threshold. Default is 40 mA.

Dsg Relax Time
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State

The Dsg Relax Time is used in the function to determine when to go into relaxation mode. When
Current is greater than (-)Quit Current and then goes within (x)Quit Current the Dsg Relax Time, the
timer is initiated. If the current stays within (£)Quit Current until the Dsg Relax Time timer expires, then
the bg27500 goes into relaxation mode. After 30 minutes in relaxation mode, the bg27500 starts
checking if the dVv/dt < 4 pV/s requirement for OCV readings is satisfied. When the battery relaxes
sufficiently to satisfy these criteria, the bq27500 takes OCV reading for updating Qmax and for
accounting for self-discharge. These updates are used in the Impedance Track™ algorithms.

Normal Setting: Care should be taken when interpreting discharge descriptions in this document while
determining the direction and magnitude of the currents because they are in the negative direction.
This is application specific. Default is 1800 seconds.

Chg Relax Time

The Chg Relax Time is used in the function to determine when to go into relaxation mode. When
Current is greater than Quit Current and then goes within (x)Quit Current the Chg Relax Time, the
timer is initiated. If the current stays within (£)Quit Current until the Chg Relax Time timer expires, then
the bg27500 goes into relaxation mode. After approximately 30 minutes in relaxation mode, the
bg27500 attempts to take accurate OCV readings. An additional requirement of dVv/dt < 4uV/s (delta
voltage over delta time) is required for the bq27500 to perform Qmax updates. These updates are
used in the Impedance Track™ algorithms.

Normal Setting: This is application specific. Default is 60 seconds.

Quit Relax Time

The Quit Relax Time is a delay time to exit relaxation. If current is greater than Chg Current Threshold
or less than Dsg Current Threshold and this condition is maintained during Quit Relax Time, then
exiting relaxation is permitted.

Normal Setting: This is particular to handheld applications in which low duty cycle dynamic loads are
possible. Default is 1 second.

IT Enable

This shows if the Impedance Track™ algorithm is active. When the Impedance Track™ algorithm is
enabled, it is set to 1. The bq27500 also sets the Update Status to 0x01 and sets the flags [VOK] =1
and flags [QEN]=1

Normal Setting: This is set to 0 by default and has to be set manually to 1 after calibration and the
golden image file is loaded.

App Status
This is for the cell profile status information.

| RswD | RswD | RsvD | RSYD | RSWD | RSVD | UNSUPBAT | LU_PROF |

* RSVD [7, 2]: These bits are reserved (RSVD).
« UNSUPBAT [1]: Indicating inserted battery is not supported in the current cell profiles. True when set.
Normal Setting: Default is 0.

* LU_PROF [0]: last profile used by bg27500. When it is cleared, Cell O is last used. When it is set, Cell
1 is last used.

Normal Setting: Default is 0.

Qmax Cell 0, Qmax Cell 1

These are the maximum chemical capacity of the battery cell 0 and battery cell 1. The bg27500 can
have two cell profiles stored. It also corresponds to capacity at a low rate of discharge such as a C/20
rate. This value is updated continuously by the bq27500 during use to keep capacity measuring as
accurate as possible.

Normal Setting: Initially should be set to the battery cell data-sheet capacity. Default is 1000 mAh.

Cycle Count 0, Cycle Count 1

These are the numbers of cycles the battery has experienced with a range of 0 to 65.535. One cycle
occurs when accumulated discharge = CC Threshold.

SLUA458—July 2008 33
Bubmit Documentafion Feedbacl



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA432A&partnum=

SLUA432A—-DECEMBER 2007-REVISED FEBRUARY 2008

*L‘ TEXAS
INSTRUMENTS

www.ti.com

Normal Setting: Initially should be set to O for fresh battery cell. The default is 0.

Update Status 0, Update Status 1
Two bits in this register are important:
» Bit 0 (0x01) of Update Status 0 or Update Status 1 register indicates that the bg27500 has learned

new Qmax parameters and is accurate for cell 0 or cell 1, respectively.
The remaining bits are reserved.

Normal Setting: Bit O is user configurable; however, it is also a status flag that can be set by the
bg27500. This bit should never be modified except when creating a golden image file. Bit 0 is updated

as needed by the bgq27500.

Avg | Last Run

The bg27500 logs the Average Current averaged from the beginning to the end of each discharge

cycle. It stores this average current from the previous discharge cycle in this register.

Normal Setting: This register should never need to be modified. It is only updated by the bq27500

when required.
Avg P Last Run

The bg27500 logs the power averaged from the beginning to the end of each discharge cycle. It stores
this average power from the previous discharge cycle in this register. To get a correct average power
reading, the bq27500 continuously multiplies instantaneous Current to Voltage to get power. It then
logs this data to derive the average power.

Normal Setting: This register should never need to be modified. It is only updated by the bq27500

when required.

3.5 RaTables
!| Texas Instruments bq Gas Gauge Evaluation Software - bg2 7500 v1.00 - [Data Flash Constants] =lol x|
& File Options DataFlash View ‘indow Help =18l x]
#3 Texas INSTRUMENTS ReEAL Wontp Sranar PROCESSING
Beadal | witedl | Wit Al Peserve .
[ Configuration System Data 1 Gias Gauging Defaul Fia Tables | Rb Tables |
[ Tia Tables T Callration T :
Name [ Wake | unit Hame | talue Unit Name [ Wake | unit
Packd Ra - - Packl fa 3 i num packp Rax 9 8 num
PackD Ra status FF Packl Ra 4 z num PackD Rex 10 15 rm
packD Ra flag 55 Packl Ra § z num PackD Rex11 30 num
PackD Ra Base R 41 Packl Ra & é num PackO Rax 12 54 rum
PackD Ra Gain 00 Rackl ka7 = fum PackD Rex 13 a7 num
PackO Ral 2 i Packl Ra 8 5 Farm Pack0 Rax 14 s ridm
PackD Ra 2 4 rum Packl Ra 9 & num Packl Rax - -
PackD Ra 3 0 nurn Packl Ra 10 15 num Pack1 Rax status FF
packD Ra 4 2 furm Packl Ra 11 30 num pack1 Rax flag FF
PackD Ra 5 2 nur Packl Ra 12 54 i Packl Rax Base R 41
PackD Ra & 6 i Packl Ra 13 87 hum Packl Rax Gain il
PackD Ra T 7 num Packl Ra 14 115 num Packl Rax 1 z rumn
Packd Ra & 5 num Pack Rax 3 Packl Rax 2 -4 num
Pack0 Ra @ 8 num Pack0 Rax stafus FF Pack! Rax 3 0 num
PackD Ra 10 15 rum Packd Rax flag FF Pack] Rax 4 -2 num
PackD Ra 11 30 nun Pack Rax Base R 41 Pack1 Rax 5 H num
PackD Ra 12 54 i Rack Rax Galn 00 Pack1 Rax 6 6 num
PackD Ra 13 lixg nur Pack( Rax 1 z furm Packl Rax 7 7 i
PackD Ra 14 15 rum Pack( Rax 2 -4 num Pack1 Rax 8 5 i
Packi Ra - - Pack0 Rax 3 (i num Pack1 Rax 9 8 num
pack1 Ra status FF Pack Rax 4 z num pack Rax 10 15 num
pack1 Ra flag 55 Pack Rax 5 z num Pack1 Rax 11 30 rum
backi Ra Base R 41 Packi Rax & 4 num Pack1 Rax 12 54 i
Pack Ra Gain 00 Pack Rax 7 T num Pack1 Rax 13 a7 num
Packl Ral 2 i Pack0 Rax & 5 rumm Packl Rax 14 15 Pt
Packl Ra 2 -4 i
100%
0%
Fuzl Gauge
Communication DK, DF Task Progress: 100% | Task Completed. O1:57.41 PM
Figure 7. Ra Table Screen
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This data is automatically updated during device operation. No user changes should be made except for
reading the values from another pre-learned pack for creating “Golden Image Files”. See the application
report Going to Production With the bq2750x (ELUAZ449). Profiles have format PackO Ra M or Packl Ra
M where M is the number indicating state of charge to which the value corresponds.

Each subclass pair (PackO Ra — PackO Rax or Packl Ra — Packl Rax) in the Ra Table class is a
separate profile of resistance values normalized at O degrees for the pack in a design. PackO (or Packl)
has two profiles. They are denoted by the x or absence of the x at the end of the subclass Title: Ra, or
Rax. The purpose for two profiles for the pack is to ensure that at any given time at least one profile is
enabled and is being used while attempts can be made to update the alternate profile without interference.
Having two profiles also helps reduce stress on the flash memory.

PackO Ra

PackO Ra status

At the beginning of each of the two subclasses (profiles) is a status flag called PackO Ra status. This
status flag indicates the validity of the table data associated with this flag and whether this particular
table is enabled/disabled. Each status has one byte. It indicates whether the table is currently enabled
or disabled. It has the following options:

1. Ox00: The data associated with this flag has had a resistance update and the QMax Cell 0 has
been updated

2. 0x05: The resistance data associated with this flag has been updated and the pack is no longer
discharging (this is prior to a Qmax Cell 0 update).

3. 0x55: The resistance data associated with this flag has been updated, and the pack is still
discharging. (Qmax update attempt is not possible until discharging stops.)

4. Oxff: The resistance data associated with this flag is all default data.

PackO Ra flag

The next flag of each of the two subclasses (profiles) is a flag called PackO Ra flag. This flag indicates
the validity of the table data associated with this flag and whether this particular table is
enabled/disabled. Each status has one byte. It indicates whether the table is currently enabled or
disabled. It has the following options:

1. 0x00 : This means that the table has had a resistance update in the past; however, it is not the
currently enabled table for the pack. (The alternate table for the cell must be enabled at this time.)

2. Oxff: This means that the values in this table are default values. These table resistance values have
never been updated, and this table is not the currently enabled table for the pack. (The alternate
table for the indicated cell must be enabled at this time.)

3. 0x55: This means that this table is enabled for the indicated pack. (The alternate table must be
disabled at this time.)

This data is used by the bg27500 to determine which tables need updating and which tables are being

used for the Impedance Track™ algorithm.

Normal Setting:This data is used by the bg27500 Impedance Track™ algorithm. The only reason this

data is displayed and accessible is to give the user the ability to update the resistance data on golden

image files. This description of the Pack0 Rax flags are intended for information purposes only. It is not
intended to give a detailed functional description for the bg27500 resistance algorithms.

Pack0 Ra Base R
Base R is the first data point in the normalized resistance table. It is used with Ra Gain and normalized
Ra M (M is from 1-14) data to get the actual Ra value.

Pack0 Ra Gain
Gain is the data that is being used with Base R and normalized Ra M (M is from 1-14) data to get the
actual Ra value.

Pack0 Ra 1 — PackO Ra 14

The Ra Table class has 15 values for each Ra subclass. Each of these values represent a resistance
value normalized at 0°C for the associated Qmax Cell 0 -based SOC gridpoint as found by the
following rules:

For PackO Ra M where:
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1. If0 <M < 7: The data is the resistance normalized at 0° for: SOC = 100% — (M x 11.1%)

2. If 8 <M < 14 : The data is the resistance normalized at 0° for: SOC = 100% — [77.7% + (M — 7)
x 3.3%]

This gives a profile of resistance throughout the entire SOC profile of the battery cells concentrating

more on the values closer to 0%.

Normal Setting: SOC as stated in this description is based on Qmax Cell 0 or Qmax Cell 1. It is
not derived as a function of SOC. These resistance profiles are used by the bg27500 for the
Impedance Track™ algorithm. The only reason this data is displayed and accessible is to give the
user the ability to update the resistance data on golden image files. This resistance profile
description is for information purposes only. It is not intended to give a detailed functional
description for the bg27500 resistance algorithms. It is important to note that this data is in mQ
units and is normalized to 0°C. The following are useful observations to note with this data
throughout the application development cycle:

1. Watch for negative values in the Ra Table class. Negative numbers in profiles should never be
anywhere in this class.
2. Watch for smooth consistent transitions from one profile gridpoint value to the next throughout

each profile. As the bg27500 does resistance profile updates, these values should be roughly
consistent from one learned update to another without huge jumps in consecutive gridpoints.

Packl Ra
Similar to PackO Ra section, this section is for Packl. See PackO Ra section for all the definitions.

Pack0O Rax

This is the mirror profile of PackO Ra profile. The purpose is to ensure that at any given time at least one
profile is enabled and is being used while attempts can be made to update the alternate profile without
interference. Having two profiles also helps reduce stress on the flash memory. See PackO Ra section for
all the definitions.

Packl Rax

This is the mirror profile of Packl Ra profile. The purpose is to ensure that at any given time at least one
profile is enabled and is being used while attempts can be made to update the alternate profile without
interference. Having two profiles also helps reduce stress on the flash memory. See PackO Ra section for
all the definitions.
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3.6 Default Ra Tables

!} Tenas Instruments bq Gas Gauge Evaluation Software - bg27500 ¥1.00 - [Data Flash Constants] (=
& File Options DataFlash View ‘indow Help =18 x]
™
#3 Texas INSTRUMENTS REAL WoALD St1a6NAL PROCESSING
Beaddl | wiedl | witedl Pesere . |
[ Fla Tables 1 Callbration ]
[ Configuration T System Dala T Gias Gauging T {Dafaull Ha Tabies T Rb Tables T
Name [ Wake | unit Hame | alue Unit Name [ Wake | unit
DataRAM befd Ra - - DefdRa® 8 num Defl Ra 3 0 num
Def0 Ra status FF Defl Ra 10 15 num Defl Ra4 -2 num
Def0 Ra flag 55 Defl Ra 11 30 num Defl Ra 5 2 num
befl Ra Base R 41 befl Ra 12 54 i Defl Raé ] num
bef0 Ra Gain ]} befo Ra 13 87 num Defl RaT T nurm
befORal 2 i bef0 Ra 14 1us Farm DeflRa g g i
DeflRa2 -4 num befl Re - - Defl Ra? 8 num
DefORa3 o num Defl Rastatus FF Defl Ra 10 15 num
DefO Ra4 2 num bef1 ra flag 53 Defl Ra 11 30 num
befO Ra 5 2 nurm befl Ra Base R 41 Defl Ra 12 54 nurm
I12C Pro
befl Ra 6 é nurm befl Ra Gain oo Defl Ra 13 87 nurm
befl RaT T nurm befl Ral 2 i Defl Ra 14 15 nium
DefORa @ 5 num beflRa 2 -4 num
Calibrate
bqEASY
100%
0%
Fuzl Gauge
Communication 0K, DF Task Pragress: 100% | Task Completed. 020026 FM

Figure 8. Default Ra Table Screen

This data is automatically updated when “Golden Image Files” from another pre-learned pack is
programmed into the current pack. No user change should be made. This data is kept in the data flash
through the life of the 27500 unless another manual data flash updated is executed.

Def0 Ra, Defl Ra

Each subclass (Def0 Ra — Defl Ra) in the Default Ra Table class is a separate profile of resistance
values normalized at O degrees for the two packs in a design. Similar to the Ra Table, each of the
subclasses has Ra Status, Ra flag, Ra Base R, Ra Gain, and Ral-Ral4. Impedance Track™ only
updates one set of Ra tables in an initial learning cycle. Then the Def0 Ra, Defl Ra, Pack0 Rax,
Packl Ra, and PacklRax are all the same as the PackO Ra after the learning cycle that makes Update
Status = 02.
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3.7 Calibration
!| Tenas Instruments bq Gas Gauge Evaluation Software - bg27500 ¥1.00 - [Data Flash Constants] = =lol x|
& File Options DataFlash View ‘indow Help =18l x]
Beadal | witeal | wite Al Preserve .. |
[ Configuation 1 System Data 1 Gias Gauging | Default Fia Tables | Rb T ables |
[ Fa Tobles Calibratiory ] '
hame [ Wake | unit Hame | talue Unit Name [ Wake | unit
o e e T 1l ~ e -
CC Delta 10.001 mohm Ext Temp Offset 0.0 s Deodband 8 mA
- CEC Offset -0.088 i
Flf:ul Gauge
Communication OK. DF Task Progress: 100%  Task Completed. 02:01:17 PM
Figure 9. Calibration Screen
Data
Most of these values should never require modification by the user. They should only be modified by the
Calibration commands in Calibration mode as explained in the application report Going to Production With
the bq2750x (BLUAZ49).
CC Gain
This is the gain factor for calibrating Sense Resistor, Trace, and internal Coulomb Counter (integrating
ADC delta sigma) errors. It is used in the algorithm that reports Average Current. The difference
between CC Gain and CC Delta is that the algorithm that reports Current cancels out the time base
because Average Current does not have a time component (it reports in mA) and CC Delta requires a
time base for reporting Remaining Capacity (it reports in mAh).
Normal Setting: CC Gain should never need to be modified directly by the user. It is modified by the
current calibration function from Calibration mode. See the application report Going to Production With
the bg2750x (GLUAZ49) for more information.
CC Delta
This is the gain factor for calibrating Sense Resistor, Trace, and internal Coulomb Counter (integrating
ADC delta sigma) errors. It is used in the algorithm that reports charge and discharge in and out of the
battery through the Remaining Capacity register. The difference between CC Gain and CC Delta is
that the algorithm that reports Average Current cancels out the time base because Average Current
does not have a time component (it reports in mA) and CC Delta requires a time base for reporting
Remaining Capacity (it reports in mAh).
Normal Setting: CC Delta should never need to be modified directly by the user. It is modified by the
current calibration function from Calibration mode. See the application report Going to Production With
the bq2750x (GBLUAZ49) for more information.
38 Configuring the bgq27500 Data Flash SLUA458—-July 2008

pubmit Documentation Feedbacl



http://www-s.ti.com/sc/techlit/SLUA449
http://www-s.ti.com/sc/techlit/SLUA449
http://www-s.ti.com/sc/techlit/SLUA449
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA432A&partnum=

{'f TEXAS
INSTRUMENTS

www.ti.com

SLUA432A—-DECEMBER 2007 -REVISED FEBRUARY 2008

CC Offset

Two offsets are used for calibrating the offset of the internal Coulomb Counter, board layout, sense
resistor, copper traces, and other offsets from the Coulomb Counter readings. CC Offset is the
calibration value that primarily corrects for the offset error of the bq27500 Coulomb Counter circuitry.
The other offset calibration is Board Offset and is described next. To minimize external influences
when doing CC Offset calibration either by automatic CC Offset calibration or by the CC Offset
calibration function in Calibration Mode, an internal short is placed across the SRP and SRN pins
inside the bg27500. CC Offset is a correction for small noise/errors; therefore, to maximize accuracy, it
takes about 20 seconds to calibrate the offset. Because it is impractical to do a 20-s offset during
production, two different methods for calibrating CC Offset were developed.

1. The first method is to calibrate CC Offset by the putting the bg27500 in Calibration mode and
initiating the CC Offset function as part of the entire bq27500 calibration suite. See the application
report Going to Production With the bq2750x (EBLUAZ49) for more information on the Calibration
mode. This is a short calibration that is not as accurate as the second method, Board Offset. Its
primary purpose is to calibrate CC Offset enough so that it does not affect any other Coulomb
Counter calibrations. This is only intended as a temporary calibration because the automatic
calibration, Board Offset, is done the first time the 12C Data and Clock is low for more than 20
seconds, which is a much more accurate calibration.

2. During normal Gas Gauge Operation when the 12C clock and data lines are low for more than 5
seconds and Average Current is less than Sleep Current in mA, then an automatic CC Offset
calibration is performed. This takes approximately 16 seconds and is much more accurate than the
method in Calibration mode.

Normal Setting: CC Offset should never be modified directly by the user. It is modified by the current
calibration function from Calibration mode or by Automatic Calibration. See the application report
Going to Production With the bq2750x (SLUAZ49) for more information on calibration.

Board Offset

Board Offset is the second offset register. Its primary purpose is to calibrate all that the CC Offset does
not calibrate out. This includes board layout, sense resistor and copper trace, and other offsets that are
external to the bg27500 integrated circuit (IC). The simplified ground circuit design in the bq27500
requires a separate board offset for each tested device.

Normal Setting: This value should only be set one time when all the other data flash constants are
modified during the pack production process.

Int Temp Offset

The bg27500 has a temperature sensor built into the IC. The Int Temp Offset is used for calibrating
offset errors in the measurement of the reported Temperature if the internal temperature sensor is
used. The gain of the internal temperature sensor is accurate enough that a calibration for gain is not
required.

Normal Setting: Int Temp Offset should never need to be modified by the user. It is modified by the
internal temperature sensor calibration command in Calibration mode. Int Temp Offset should only be
calibrated if the internal temperature sensor is used. See the application report Going to Production
With the bg2750x (ELUAZZ9) for more information on calibration.

Ext Temp Offset

Ext Temp Offset is for calibrating the offset of the thermistor connected to the TS1 pin of the bg27500
as reported by Temperature. The gain of the thermistor is accurate enough that a calibration for gain
is not required.

Normal Setting: Ext Temp Offset should never need to be modified by the user. It is modified by the
external temperature sensor calibration command in Calibration Mode. Ext Temp Offset should only be
calibrated if a thermistor is connected to the TS pin of the bg27500. See the application report Going to
Production With the bgq2750x (E8LUAZ449) for more information on calibration.

Pack V Offset

This is the offset to calibrate the bg27500 analog-to-digital converter for cell voltage measurement.

Normal Setting: Pack V Offset should never be modified directly by the user. It is modified by the
Voltage Calibration function from Calibration mode. This value should only be set one time when all the
other data flash constants are modified during the pack production process.
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Current

Deadband

The purpose of the Deadband is to create a filter window to the reported Average Current register
where the current is reported as 0. Any negative current above this value or any positive current below
this value is displayed as 0.

Normal Setting: This defaults to 3 mA. Only a few reasons may require changing this value:

1.
2.
3.
4. An extra noisy environment along with reason 3.

If the bq27500 is not calibrated.
Board Offset has not been characterized.
If the PCB layout has issues that cause inconsistent board offsets from board to board.

40

Configuring the bq27500 Data Flash SLUA458—July 2008

pubmit Documentation Feedbacl



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA432A&partnum=

J@ TEXAS

INSTRUMENTS
INEFOAUCTION........oiiiiiee e ot 9
Data FIash GIOSSAIY ..ot et 21
EValUALION ..o e 47
Design and DeVvelopmeNt............ccooiiiciiiiiiiiins e 113
MasSS Production.............ccccoeeiinieiiniciiiiiieies s 139

SLUA458—July 2008 41
Bubmit Documentafion Feedbacl



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA461&partnum=

1 Chapter 4
J@ TEXAS P
INSTRUMENTS

Feature Set Comparison of bg27x00, bg27x10, bg27500
and bg27510

Ming Yu

Provides a side-by-side comparison of the devices.
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bq27000 bq27200 bq27010 bq27210 bq27500 bq27510
package designator| SON-DRK SON-DRK SON-DRK SON-DRK SON-DRZ SON-DRZ
package size 4x3mm 4x3mm 4x3mm 4x3mm 4x2.5mm 4x2.5mm
device pin 10 10 10 10 12 12
BAT pin Voltage Divider No No No No Internal Internal
HARDWARE Register backup through RBI pin through RBI pin through RBI pin through RBI pin No No
Thermistor| internal internal internal internal internal or external internal or external
GPIO count 1 1 1 1 0 0
internal LDO| No No No No No Yes
COMMUNICATION interface HDQ 12C HDQ 12C 12C 12C
FIRMWARE ROM code ROM code enhanced ROM code enhance ROM code Flash with ROM Flash with ROM
method EDV EDV compfgzelijts/c)i EDV compensated EDV (CEDV) Impedance Track Impedance Track
NOT compute the NOT compute the
. maximum load current, maximum load current, . .
OCV look up table OCV'table loacted in OCV table loacted in hostjmaximum load time-to- maximum load time-to- OC\./ table located in OC\./ table located in
host . ) device device
empty, available energy, |empty, available energy,
and average power and average power
improved remaining improved remaining
GAUGING capacity compensation at Jcapacity compensation at
ALGORITHM cold temperature, age cold temperature, age
. . compensation of compensation of remaining .
compute the maximum jcompute the maximum L . . . accurately measuring the
. ) remaining capacity, and Jcapacity, and rate and accurately measuring the . .
load current, maximum }load current, maximum - . remaining capacity and
) . rate and temperature temperature remaining capacity and ) .
load time-to-empty, load time-to-empty, ) ) ; . predict run time based on]
; . compensation. NOT compensation, NOT predict run time based on |.
available energy, and available energy, and ) ) : . impedance track
compute the maximum compute the maximum impedance track algorithm .
average power average power ) . algorithm
load current, maximum load current, maximum
load time-to-empty, load time-to-empty,
available energy, and available energy, and
average power. average power.
system or pack system or pack
Application system side or pack side pack pack special memory location - Ispecial memory location system system

assigned for multiple cell
tracking

assigned for multiple cell
tracking
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Theory and Implementation of Impedance Track™ Battery

Fuel-Gauging Algorithm in bg2750x Family

Ming Yu, Yevgen Barsukov, and Michael Vega Battery Management

5.1

5.2

ABSTRACT
This application report outlines the theory of Impedance Track™® (IT) technology used
in the bg2750x series of fuel gauge ICs for single-cell Li-ion application (e.g., smart
phones, media players, and PDAs). The implementation of the IT algorithm in the
bg2750x family is reviewed, and the setting of data flash constants associated with the
fuel-gauging algorithm is described in detail.

1
) Impedance Track algorithm is protected by US Patents US6832171, US6789026, and US6892148.

Summary of the Algorithm Operation

The gas gauge algorithm uses three types of information to calculate remaining capacity
(DataRAM.Remaining Capacity( )) and full-charge capacity (DataRAM.Full Charge Capacity( )).

1. Chemical: depth of discharge (DOD) and total chemical capacity Qpax

2. Electrical: internal battery resistance dependence on DOD

3. External: load and temperature

DataRAM.Full Charge Capacity( ) is defined as the amount of charge passed from a fully charged state

until the voltage defined in DF.Terminate Voltage flash constant is reached at a given rate of discharge,
after subtracting the reserve capacity (DF.Reserve Capacity).

Note that DataRAM.Full Charge Capacity( ) depends on the rate of discharge and is lower at higher rates
and low temperatures because the cell I*R drop causes the Terminate Voltage threshold to be reached
earlier.

Parameters Updated by the Gas Gauge in More Detail

Modes of Algorithm Operation

The algorithm differentiates between charge, discharge, and relaxation modes of operation. During charge
mode, the DataRAM.Flags( ) [DSG] bit is cleared, and during discharge and relaxation mode, it is set.
Entry and exit of each mode is controlled by Data Flash (DF) parameters in the subclass Gas Gauging:
Current Thresholds section as illustrated in Figure 10. Charge mode is exited, and relaxation mode is
entered when DataRAM.Average Current( ) goes below DF.Quit Current after DF.Chg Relax Time period.
Discharge mode is entered when DataRAM.Average Current( ) goes below DF.Dsg Current Threshold and
after DF. Quit Relax Time period. Discharge mode is exited, and relaxation mode is entered when
DataRAM.Average Current( ) goes above negative DF.Quit Current threshold and after DF.Dsg Relax
Time period. Charge mode is entered when DataRAM.Average Current( ) goes above DF.Chg Current
Threshold and after DF.Quit Relax Time period.

Update of Chemical Depth of Discharge (DOD)

The gas gauge updates information on chemical depth of discharge (DOD,) based on open-circuit voltage
(OCV) readings when in a relaxed state. DOD is found by correlating DOD with OCV using a predefined
table DOD(OCV,T) stored as reserved data flash parameters. The table is specific for a particular

Impedance Track, bqEASY are trademarks of Texas Instruments.
Arbin Instruments is a trademark of Arbin Instruments.

Windows, Microsoft are trademarks of Microsoft Corporation.

All trademarks are the property of their respective owners.
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chemistry such as LiCoO,/carbon, LiMn,O,/carbon etc., and can be identified by reading the chemistry 1D
through sending ChemID() command 0x0008, then reading ChemID(). The gas gauge can be set up for a
particular chemistry by using a specific firmware file (*.senc) that can be downloaded from bg2750x
production folder on power.fi.com. The chemistry profile also can be programmed into bg2750x using the

bgEASY wizard.
Charge Relaxation Discharge Relaxation Charge
Cutt Relaz Time
+Chg Current ‘—'/———-
Threshold /‘. '
+Quit Current ; ;
Dsg Relax Time i ;
*g — -
¢ b Time
L Chg Relaz Time E E 4 -
-Quit Current i
-Dsg Current i
Threshold s
Cutt Relax Time

Figure 10. Example of Algorithm Operation Mode Changes With Varying DataRAM.Average Current()

shows the timing of parameter updates during relaxation mode. After a 30-minute relaxation
period is passed, the dV/dt <4 uV/s condition is checked. Once it is satisfied, OCV readings are taken.
After that, OCV readings continue to be taken every 100 seconds. DOD is calculated based on each
measured OCV reading using linear interpolation DOD = f(OCV,T). Integrated PassedCharge is set to
zero at each DOD, update.
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Figure 11. Timing of DODy and Q. Updates During Relaxation Mode

If the current during the OCV reading is non-zero, then an IR correction is done. The first iteration of DOD
is found from the uncorrected OCV reading; then the resistance value is found from the R(DOD) table and
used to correct the OCV value as OCV'=OCV-I*R. Then, the corrected DOD is found from OCV". This
method achieves the best accuracy if the current during relaxation mode is below a C/20 rate. This is why
it is recommended that the DF.Quit Current not exceed C/20.

If no DOD, has been measured until the relaxation state is exited, the previous DODy is used along with
the PassedCharge integrated since the last DOD reading.

During charge and discharge modes, the present DOD is recalculated every second as DOD = DOD, +
PassedCharge/Q,.x.- DOD is used for determining when a resistance update needs to occur, as well as
the starting point for a Remaining Capacity (and FCC) calculation. Remaining capacity calculations occur
immediately after discharge onset, at every resistance update, and after entering relaxation mode

Update of Q.

Maximal chemical capacity Q.. for a battery cell is stored in Data Flash as DF.Qmax Cell x, where
x = 0,1, the cell number. The GG updates Q.,,x based on two DOD readings made before and after
charge, or discharge. For example, DOD; is taken during relaxation, then a discharge mode starts, and
PassedCharge is integrated. Following this, another relaxation mode is entered, and DOD, is taken;

DOD, and DOD, are calculated from OCV readings in a well-relaxed state, as exemplified in for
subsequent DODy measurement. A well-relaxed state is detected if dV/dt<4 pV/s or maximal waiting time
of 5 hours is exceeded. The first condition is satisfied in typical batteries after approximately 1 hour if DOD
is between 0 and 80%, and 3—4 hours if DOD is above 80%. At low temperature relaxation takes a longer
time.

In order to ensure high accuracy of the DOD measurement, the Q. calculation does not occur if the
temperature is above 40°C, or below 10°C. It also does not occur if at least one of voltage measurements
for DOD; or DOD, was taken in the cell voltage range between 3737 mV and 3800 mV because of very
flat OCV(DOD) dependence in this range. These limits are chemistry dependent and are specified for
different chemistries separately.

Qmax is calculated as Q. = PassedCharge / (DOD, — DOD,)
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The data flash constant DF.Update Status increments by 1 when the first Q,,x Update takes place (e.g.,
from 0 to 1 if no resistance update were made or from 1 to 2 if a resistance update was made).

PassedCharge has to be more than 37% of DF.Design Capacity for an update to occur. For the first cycle
(with DF.Update Status = 0), 90% of DF.Design Capacity is required because this cycle takes place in the
factory settings and Q. iS learned for the first time.

In order to prevent Q,,ax fluctuations, a first-order smoothing filter is applied to all Q. readings except in
the first cycle. Readings with lower PassedCharge are assigned lower weights in the smoothing.

Update of Resistance

Resistance is updated during discharge, as summarized in Figure 17. The first resistance update happens
after a certain waiting time to prevent distortion from transients after a load onset. The waiting time is 500
seconds by default, but later the update waiting time decreases if the maximal discharge duration (DF.Max
Dsg Duration) is less than 500 seconds. The waiting time is defined as DF.Max Dsg Duration —200.
Waiting time can decrease to as short as 100 seconds.

The calculation is performed by comparing the measured voltage with the OCV value at the same DOD,
that is taken from the OCV(DOD,T) table:

dv =V - OCV(DOD,T)

R(DOD) = dVv/i

Resistance measurements are taken continuously and stored in RAM.

Resistance is updated in the Data Flash (in DF.Ra Table) after each 11.1% of DOD charge is exceeded
(DOD charge is PassedCharge/Q,.x). When DOD reaches 77.7%, resistance is updated after each 3.3%.
The final resistance update is made after discharge is terminated. .

The constant DF.Update Status increments by 1 when the first grid-point resistance update takes place
(e.g., from 0 to 1 if no Qo Update were made before, or from 1 to 2 if a Q. Update was made before).

Before storage to Data Flash, the resistance values are normalized to 0°C as Ra[dod] =
R[dod]/exp(Rb[dod]*T) where R is the measured resistance value at a given DOD. Rb[DOD] is the value
of temperature coefficient of impedance change at a given DOD stored as a reserved data-flash table, and
T is temperature in °C. Note that values of resistance normalized to 0°C are somewhat larger than values
at room temperature and so cannot be directly compared with R=dV/I values.
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Figure 12. Impedance Updates

Resistance values for the grid points with a higher DOD than presently updated are scaled by the same
factor as the present grid-point change, e.g., by factor Ra_new/Ra_old. In this way, faster convergence of
the resistance profile is achieved.

Values in DF.Ra Table are stored in milliohm units, in the format DF.PackX Ra N where X is pack number
from 0 to 1, and N is grid-point number from O to 14 that corresponds to 11.1% increments of DOD until
77.7%, and then 3.3% increments of DOD. In bg27500, there are two Ra tables (Ra and Rax) for each of
the supported two battery packs. To save data-flash space, tables are compressed. Two additional
parameters (Base R and Gain) are used in compression. The decompression formula for 1=1..14 is

R[i] = Base R + sum(R_compressed[k], k = 1 .. 1)x2%3" and R[0]=Base R.

The DF.PackX Ra flag and DF.PackX Rax flag are used for interchanging data-flash column usage for
reducing the number of DF writes. A flag value of 55 indicates the presently used data column, whereas
FF indicates the presently unused data column.

Before DF.Update Status is set to 2, if during resistance update DOD exceeds 100%, or resistance
appears negative, which are both indications of a too-small DF.Q,,,, Cellx initial guess, DF.Qmax Cell x
will increment by 11.1%, and all resistances will be recalculated. This is normal behavior during the first
learning cycle. However, if the initial guess of DF.Qmax Cell x was too far from the correct value, a
second cycle might be needed to achieve full resistance accuracy. To avoid this, set DF.Qmax Cell x to a
value specified by the cell manufacturer, multiplied by number of parallel cells.

After DF.Update Status is set to 2, resistance change is limited to below 5 times and above 0.2 times of its
original value, and to positive values.

Update of Temperature Model

Because temperature changes significantly during the course of a discharge, the algorithm needs to be
able to predict the future temperature. This is needed for temperature correction of battery impedance (R
= Ra x exp(Rb x T)) during voltage simulation near the end of discharge. To achieve this, the algorithm
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collects T(t) dependence data during discharge. It is used to update parameters of a simple thermal model
including a heat exchange coefficient and a thermal time constant. These parameters are updated at the
same time as resistances. The algorithm also records the outside temperature (T_out) during relaxation
periods. These parameters are used to define a function T(t, T_start) that calculates a temperature profile
starting from present temperature, T_start, and continuing until the end of discharge.

Update of DataRAM.Remaining Capacity (RM) and DataRAM.Full Charge Capacity (FCC)

Update of RM and FCC takes place after each resistance grid-point update, at the end of discharge, and
at the exit of relaxation mode.

FCC consists of three parts:
DataRAM.Full Charge Capacity( ) = Qgtai+ PassedCharge + RM

Components of FCC are indicated in an example in Figure 13.

DODcharge

RM and FCC calculation at
ta grid-pont

..
4 H Wy, -
\"-u__ ———-
A YV under load Tt
2 350 rin -
= e
=
Termmate, | | | N ]
Voltage T
Q.. PassedCharg Remamumg capacity (RM) ‘
2 g : )
5.4 | | | |

1000 1300 2000 2500

Discharge capacity, mAh

0 500

Figure 13. Components of DataRAM.Full Charge Capacity() Value

1. Qgart is the charge that would have passed to make DOD = DOD, from a fully charged state
(DODcharge). For a fully charged battery Qg = 0. Qqtat IS recalculated at the exit of relaxation mode.
In the case of constant current, it is simply Qgiat = Qmax X (DODy — DODcharge), but for the constant
power case a voltage simulation is run. DODcharge is assigned equal to DODj, at first DODy update
after charge termination by taper current. Note that DODcharge is somewhat higher than 0 because
chargers typically do not charge a battery to full.

2. PassedCharge is the coulomb count integrated during the present discharge or charge and set to zero
at every DOD, update.

3. Remaining capacity is calculated after each resistance grid-point update and at the end of discharge

DataRAM.Remaining Capacity( ) (RM) is calculated using a voltage simulation. The GG starts a simulation
at the present DODstart = DOD, + PassedCharge/Q,,ax and continues calculating voltage V(DODx,T) =
OCV(DODx,T)+ IxR(DODx,T) by incrementing DOD with dDOD increment of 4%. DODJi]=DODstart +
dDODxI. This incrementing is continued until the simulated voltage V(DOD]i]) becomes less than
DF.Terminate Voltage. Once that happens, the final DOD is revealed. DataRAM.Remaining Capacity( ) =
(DODfin-DODstart)xQnax-

Current that is used in the simulation is the average current during the present discharge (several types of

averaging can be selected using DF.Load Select data flash constant). A simulation can run in constant
current mode (DF.Load Mode = 0) or constant power mode (DF.Load Mode = 1).
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Update of DataRAM.Remaining Capacity( ) and DataRAM.State Of Charge( ) Values

5.3

Whereas DataRAM.Full Charge Capacity( ) is only updated at a few points during a discharge as
previously described, the DataRAM.Remaining Capacity( ) is updated continuously (every 1 second)
based on the integrated charge. DataRAM.Remaining Capacity( ) = RM — Q_integrated where
Q_integrated is charge passed since the last RM calculation. The value of DataRAM.Remaining Capacity(
) is also used to update relative DataRAM.State Of Charge( ) every second as relative DataRAM.State Of
Charge(') = DataRAM.Remaining Capacity( ) x 100/ DataRAM.Full Charge Capacity( ).

The same value is used to calculate run time to empty as DataRAM.Time To Empty( ) =
DataRAM.Remaining Capacity( ) / DataRAM.Average Current( ).

Note that even if a simulation of RM is run in constant power mode (DF.Load Mode = 1), the reporting of
DataRAM.Remaining Capacity( ) and DataRAM.Time To Empty( ) can be done in both mAh or in 10-mWh
values. These values are always reported in mAh or are derived from mAh values:

» DataRAM.Remaining Capacity( )

» DataRAM.Full Charge Capacity( )

e DataRAM.Time To Empty()

« DataRAM.Nominal Avail. Capacity( )
» DataRAM.Full Available Capacity( )
» DataRAM.State of Charge()

These values are always reported in mWh or derived from mWh values:

» DataRAM.Available Energy()

« DataRAM.Average Power()

» DataRAM.TimeToEmpty Const. Power()

In case of constant power mode (DF.LoadMode = 1), the run time to empty is calculated as

DataRAM.TimeToEmpty( ) = DataRAM.AvailableEnergy( ) / DataRAM.AveragePower( ) and is generally
more accurate for most devices because of increased power consumption at low voltages.

Real Application Example

GSM Smart Phone Application

Unlike notebook battery applications with a relatively constant load profile, cell phone/smart phone or
PDA, depending on the actual communication protocol (GSM, CDMA, 3G GSM or 3G CDMA), has a
pulsating load profile. Questions for this type of application are always related to how the Impedance
Track™ can accurately predict the battery remaining capacity. What is the impact of the pulsating current?
In this example, a GSM smart phone is used to check out the Impedance Track™ accuracy.

As previously mentioned, both the Q,,,, and Resistance can be updated only when certain criteria are
met. Under a pulsating current, an accurate OCV reading may be difficult to achieve. A discussion of
careful examination of these criteria follows.

First of all, it has to be made clear that zero current is NOT needed for an OCV reading. Only a LOW
current (i.e., less than C/20 rate) is needed. This is common in cell phone/smart phone application when
the phone is in standby mode. During the relaxation, a short spike current pulse will not wake-up the
gauge from relaxation mode because the DF.Quit Relax Time = 1 by default. Current has to stay high
longer than 1 second to exit the relaxation mode.

Secondly, if a single voltage read point was taken exactly at the moment of the spike, it is ignored
because the IT checks if the current exceeded DF.Dsg Current Threshold. If it did, then the previous OCV
reading is used. As shown in Figure 17, these reading are stored in RAM.

The GSM phone used in this testing is a registered phone. During testing, actual phone calls along with
applications such as playing games, checking emails, as well as standby mode, are used. The battery
voltage and the discharge current are logged with time stamp. The reported RSOC by IT is also logged.
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As shown in Figure 19, the current reported by IT is being averaged by both a analog-to-digital converter
(ADC) in the device as well as by IT algorithm. Although the GSM phone is running on GSM protocol* but
the reported peak current is around 200 mA to 300 mA when the phone’s LCD screen is on and only

around 80 mA when the screen is off.

*GSM waveform: 1A for 0.48ms and 72mA for 4.76ms
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Figure 14. GSM Smart Phone: Relative State of Charge (RSOC) vs Battery Voltage
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Figure 15. GSM Smart Phone: Relative State of Charge (RSOC) vs Discharge Current

The RSOC accuracy for this particular test then is calculated from the data log file and shows
the RSOC accuracy during the whole discharge cycle. As the discharge starts, the error is around 4% but
as the phone goes into standby mode, which is around RSOC = 85%, the accurate OCV reading is taken
by IT regardless of the high-current spikes (with delay). From RSOC = 80% down to RSOC = 0%, the

accuracy is within 2%.
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Figure 16. GSM Smart Phone: RSOC Accuracy

This test has proved that the IT algorithm works as expected even for a pulsating load profile. The
high-current spike does not affect the IT accuracy.

After comparing the original data flash contents against the final data flash contents (see [Eigure 17), it is
clearly shown that Q.. has been updated during the real application test. It has proven that the gauge
can meet the Q,,.x Update conditions to complete Q,,.x Update as well as RSOC update.
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Figure 17. Flash Data Log Shown Q. Has Been Updated
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bg2750xEVM System Side Single-Cell Impedance Track™
Technology Evaluation Module

This evaluation module (EVM) is a complete evaluation system for the bgq2750x. The
EVM includes one bg2750x circuit module, a current sense resistor, one thermistor, an
EV2300 PC interface board for gas gauge interface, a PC USB cable, and
Windows™-based PC software. The circuit module includes one bg27500 or bg27501
integrated circuit (IC), one TPS71525 IC, and all other onboard components necessary
to monitor and predict capacity for a system side fuel gauge solution. The circuit
module connects directly across the battery pack. With the EV2300 interface board and
software, the user can read the bg2750x data registers, program the chipset for
different pack configurations, log cycling data for further evaluation, and evaluate the
overall functionality of the bg2750x solution under different charge and discharge
conditions.

Impedance Track, bqEASY are trademarks of Texas Instruments.
Arbin Instruments is a trademark of Arbin Instruments.

Windows, Microsoft are trademarks of Microsoft Corporation.

All trademarks are the property of their respective owners.
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6.1 Features

» Complete evaluation system for the bq2750x gas gauge with Impedance Track™ Technology
» Populated circuit module for quick setup

» PC software and interface board for easy evaluation

» Software that allows data logging for system analysis

Kit Contents

* bg2750x/TPS71525 circuit module (HPA291)
 EV2300 PC interface board

» Software CD with the evaluation software

» USB connection cable to interface board
 NTCI103AT Thermistor

» Set of support documentation

Ordering Information

Table 3. Ordering Information

EVM PART NUMBER CHEMISTRY CONFIGURATION CAPACITY
bg27500EVM Li-ion 1 cell Any
bg27501EVM Li-ion 1 cell Any

6.2 bg2750x-Based Circuit Module

The bg2750x-based circuit module is a complete and compact example solution of a bq2750x circuit for
battery management. The circuit module incorporates a bg2750x battery gas gauge IC, a TPS71525 LDO
regulator, and all other components necessary to accurately predict the capacity of 1-series Li-lon cell.

Circuit Module Connections

Contacts on the circuit module provide the following connections:

» Direct connection to the battery pack (J8 or J9): PACK+, PACK-, T and RID (bg27501 only)

» To the serial communications port (J4): SDA, SCL and VSS

e The system load and charger connect across charger and load (J6 and J7): CHARGER+/LOAD+ and
CHARGER-/LOAD-

» Access to signal outputs (J2): BAT_LOW and /BAT_GD

* Optional 2.5V input if powering IC from actual system power (J3): 2.5V INPUT and VSS

Impedance Track, bqEASY are trademarks of Texas Instruments.
Arbin Instruments is a trademark of Arbin Instruments.

Windows, Microsoft are trademarks of Microsoft Corporation.

All trademarks are the property of their respective owners.
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Pin Descriptions

PIN NAME
PACK+
PACK-

T
NC/RID
SDA
SCL
VSS

CHARGER+/LOAD+
CHARGER-/LOAD-

BAT_LOW

/BAT_GD

6.3 bQg2750x Circuit Module Schematic

Schematic

DESCRIPTION

Pack positive terminal

Pack negative terminal

Pack thermistor input

Pack resistor ID input (bg27501 only)
I2C communication data line

I°C communication clock line

Signal return for communication line, shared with
charger and ground

High potential of load or charger connection

Low potential of load or charger connection
(System VSS)

Access to push-pull output that signals low
State-of-charge

Access to open drain output that indicates that pack
is ready to be connected to system

The schematic follows the bill of materials in this user's guide.

6.4 Circuit Module Physical Layouts and Bill of Materials

This section contains the board layout, bill of materials, and assembly drawings for the bg2750x circuit

module.
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Board Layout
This section shows the PCB layers through Figure 27]), and assembly drawing for the bg2750x
module.
J3 J2 J1
J&8
PACK + 4
=z N O o = O
S 9 o 4 3 =
! R 2N spA
NC/RID h % % - %
EXT N oeb
PACK s
a J6
I LDO =
5 LOAD— (HOST)
PACK — VCC1 L]
NC/RID CHARGER—
T [7 TEXAS INSTRUMENTS CHARGER+
PACK + bq2/0500/ 1T EVM | (04 (HOST)
HPA291 REV. A
J7/
Figure 18. bg27500EVM-001 Layout (Silk Screen)
| | |
J3 J2 J1
— J8 S
| [c3]
5l 5 % U2
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Ut adcdd |
B CC1§§, [_bEFH o
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T

Figure 19. Top Assembly
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Figure 21. Bottom Layer

Bill of Materials and Schematic
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Table 4. Bill of Materials
'500 '501
Count | Count | Ref Des Description Size Manufactur | Part No.
er
7 7 C1, C3, C4, C5, C7, | Capacitor, Ceramic, 0.1uF, 10V, X5R 402 Murata GRM155R61A104KA01D
C8, C9
1 1 (67 Capacitor, Ceramic, 0.033uF, 10V, X7R, 402 Murata GRM155R71A333KA01D
+/-10%
1 1 C6 Capacitor, Ceramic, 0.47uF, 6.3V, X5R 402 Murata GRM155R60J474KE19D
1 1 D1 Diode, Dual, Zener, 5.6V, 300mW SOT23 Diodes AZ23C5V6
4 4 J2, 33, J6, J7 Terminal Block, 2-pin, 6-A, 3.5mm 0.27 x 0.25 inch OST ED555/2DS
0 1 J1 Terminal Block, 2-pin, 6-A, 3.5mm 0.27 x0.25inch | OST ED555/2DS
2 2 J4,39 Header, Friction Lock Assy, 4-pin Right 0.400 x 0.500 Molex 22-05-3041
Angle
1 1 J5 Header, Male 3-pin, 100mil spacing, (36-pin | 0.100 inch x 3 Sullins PTC36SAAN
strip)
1 1 J8 Terminal Block, 4-pin, 6-A, 3.5mm 0.55 x 0.25 inch OST ED555/4DS
2 2 R1, R2 Resistor, Chip, 10k-Ohms, 1/16-W, 5% 402 Std Std
0 1 R12 Resistor, Chip, 300-Ohms, 1/16-W, 5% 402 Std Std
1 1 R13 Resistor, Chip, 0.01-Ohms, 0.25W, 1% 1206 Vishay WSL1206R0100FEA
6 6 R3, R4, R8, R9, Resistor, Chip, 100-Ohms, 1/16-W, 5% 402 STD STD
R10, R11
1 1 R5 Resistor, Chip, 1.80-MOhms, 1/16-W, 5% 402 Std Std
1 1 R6 Resistor, Chip, 18.2-kOhms, 1/16-W, 5% 402 Std Std
1 1 R7 Resistor, Chip, 1-kOhms, 1/16-W, 5% 402 Std Std
1 0 Ul IC, Host-Side Impedance-Track Fuel Gauge | QFN12 TI BQ27500DRZ
0 1 U1l IC, Host-Side Impedance-Track Fuel Gauge | QFN12 TI BQ27501DRZ
1 1 u2 IC, High Input Voltage, Micropower, 3.2 pA SOP-5 (DCK) TI TPS71525DCKR
@ 50 mA LDO, 2.5V
1 1 VCC1 Test Point, Black, Thru Hole Color Keyed _0.1:])0 x 0.100 Keystone 5001
inc
1 1 RT1 (component not | Thermistor, 10k Ohms 0.095 x 0.150 Semitec NTC103AT
part of layout. It is inches

added to board at
PCB test