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1 System Overview

1.1 System Description

This system is designed as a reference for smart watch and all other wearable applications that require up
to 1.5-A charge current for a single-cell Li-lon battery. This TIDA-03042 design requires a host controller
to set the target pre-charge current, fast charge current, charge termination current, charge voltage limit,
and the applicable charging profile parameters for the specific single-cell Li-lon battery in use through 1°C
control. The TIDA-03042 design can be used as a standard charger module for various single-cell Li-lon
battery designs.

1.2 Key System Specifications

Table 1. Key System Specifications

PARAMETER DESCRIPTION MIN TYP MAX | UNIT
VBUS Input voltage from AC adaptor 3.9 — 14 \%
VBAT Voltage applied to BAT pin 0 — 4.5 \%
ICHG Fast charge current 0 — 2 A
IINDPM Input current limit 0 — 15 A

1.3 Block Diagram
Figure 1 shows the block diagram of the TIDA-03042.
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Figure 1. TIDA-03042 Block Diagram
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1.4 Highlighted Products

141 BQ25898

The BQ25898 is a highly-integrated switch-mode battery charge management and system power path
management device for a single-cell Li-lon and Li-polymer battery for power banks, tablets, and other
portable device applications. Its low-impedance power path optimizes switch-mode operation efficiency,

red

uces battery charging time, and extends battery life during discharging phase. The I1?C serial interface

with charging and system settings makes the device a truly flexible solution. The device has the following
key features:

High-efficiency, 1.5-MHz switch mode buck charge

— Pulse-frequency modulation (PFM) at light load to boost low-power efficiency
Single input to support USB input and adjustable high-voltage adapters

— Supports 3.9-V to 14-V input voltage range

— Input current limit (100 mA to 3.25 A with 50-mA resolution) to support USB2.0, USB3.0 standard,
and high-voltage adapters

Narrow VDC (NVDC) power-path management

— Instant-on works with no battery or deeply-discharged battery

— Ideal diode operation in battery supplement mode

BATFET control to support ship mode, wakeup, and full-system reset
Remote battery sensing

High regulation accuracy

— +0.5% charge voltage regulation

— 15% charge current regulation

— 17.5% input current regulation
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2 System Design Theory
2.1 Charger With Remote Battery Sensing
The bg25898 charger integrated circuit (IC) is used in this Tl Design with remote battery sensing to
improve the charge voltage accuracy and reduce the charge time.
2.2 Default Power-On Reset Setting
All registers reset to the default values when the device has been powered up on reset. Table 2 lists the
device default charging parameters.
Table 2. bg25898 Charging Parameter Default Setting
DEFAULT MODE bq25898
Charging voltage 4.208 V
Charging current 2.048 A
Pre-charge current 128 mA
Termination current 256 mA
Temperature profile JEITA
Safety timer 12 hours
2.3 Host Control
The host can access all the registers after power-on reset (POR) and control the charging operations and
optimize the charging parameters by writing to the corresponding registers through I1°C.
The input current limit set by the ILIM pin is 1.5 A. The actual input current limit is the lower limit set by the
ILIM pin (when the EN_ILIM bit REGO0OQ[6] is high) or IINLIM register bits (REG00[5:0]).
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3 Getting Started Hardware and Software
3.1 Hardware

3.1.1 Power Supplies
For testing purposes, this reference design requires a power supply capable of supplying at least 2 A.

3.1.2 Battery Simulator

For testing purposes, a battery simulator capable of sinking and sourcing current with constant voltage
mode is required to test the charging function of the reference design.

3.1.3 EV2300/EV2400 I°C Adapter for PC Connection

The EV2300/EV2400 is a USB-based interface board for the PC that can be used to evaluate battery
charger circuits designed with ICs from Texas Instruments. The EV2300/EV2400 board has connections

on it for a USB cable and also accepts inputs from the communication port of a battery charger circuit. The

EV2300/EV2400 interface board allows the user to evaluate the battery charger circuit by running the
appropriate PC software for the corresponding charger IC.

NOTE: The driver on this page is for the 32-bit version of the Windows® operating system. See the
post for the 64-bit driver on the E2E™ online community for the 64-bit Microsoft Windows® 7
driver information.

3.2 bqgStudio Software

Battery Management Studio (bgStudio) offers a full suite of robust tools to assist with the process of
evaluating, designing with, configuring, testing, or otherwise using Tl battery-management products. This
software includes the following features:

* Full access to registers and data memory including support for real-time watching, graphing, and
logging an easy interface to send commands, direct low-level communication, and 1/0

» Automated and guided support for configuration, calibration, performing a learning cycle, and
generating useful files for taking the device to production

NOTE: Older products such as bg2419x and bg2429x are not supported in bqStudio. Download the
specific evaluation software from the appropriate product page.

To download the bgStudio software, see the file "Battery Management Studio (bgStudio) Software Suite"
at http://www.ti.com/tool/bgstudio.
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4 Testing and Results
4.1 Test Equipment
The following subsections describe the test equipment and their purpose when testing this Tl Design.
4.1.1 Laptop PC
A laptop PC with a Windows 7 operating system is used to run the bqStuido software with an
EV2300/EV2400 adapter.
41.2 EV2300/EV2400 Adapter
The EV2300/EV2400 adapter is used between the PC and the reference design board for I°C
communication to control the test.
4.1.3 Agilent Multimeters
Multimeters are used to measure the currents and voltages during the related tests.
41.4 Kepco Bipolar Operational Power Supply
A Kepco power supply is used to simulate a battery that can be charged and discharged.
4.1.5 Hewlett Packard System DC Power Supply
A power supply is used to supply the VBUS power to charge during the charger test.
4.1.6 TIDA-03042 Board
The TIDA-03042 board is a printed-circuit board (PCB) with all the devices in this design.
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4.2 Test Bench Setup

Figure 2 shows the test bench setup.

Ibat

Four-pin EV2300/2400 To
cable to computer
EVM . USB port
<«—{ 10 USB [¢——
Texas
Instruments
Figure 2. Test Setup
4.3 Test Results
4.3.1 Major Outputs Test
Table 3. Major Outputs Test Results
PARAMETER TEST CONDITION TYP UNIT
SYS voltage VBUS =5V, ICHG = 0 mA (charge disabled), MIN SYS SETTING =3.5V 3.74 \%
Precharge current VBUS =5V, VBAT = 2.8V, IPRECHG SETTING =128 mA 149 mA
Fast charge current VBUS =5V, VBAT =3.8V, ICHG SETTING =2 A 1.937 A
Charge voltage limit VBUS =5V, VBAT SETTING =4.208 V 4.208 \Y
OTG output voltage VBAT =4V, IOTG =0 A, VOTG SETTING =4.998 V 5.028 \Y
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4.3.2 Charging Efficiency at VBUS =5V

Figure 3 shows the efficiency values for common charge-current thresholds using the TIDA-03042 with a
bg25898 device. In this example, users can see that the efficiency peaks around ICHG = 0.7 A @ about
92.5% efficiency.

95%
—_— —_—
85% /
3 /
Q
f=
g s0%
2
L
75%
70%
—— VBAT =38V
—— VBAT =4.2V
65%

00 02 04 06 08 10 12 14 16 18 20

Charge Current (A) D001

Figure 3. Charging Efficiency at VBUS =5V

4.3.3 Thermal Performance at VBUS =5V and ICHG =05 A

Figure 4, Figure 5, and Figure 6 show the thermal performances of the TIDA-03042 design. The IC
temperature only rises to approximately 37°C when ICHG = 0.5 A on such a tiny board.

Figure 4. Thermal Performance at VBUS =5V and ICHG = 0.5 A
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43.4 Thermal Performance at VBUS =5V and ICHG = 1.0 A
Figure 5 shows the IC temperature rises to approximately 42°C when ICHG =1 A.

Figure 5. Thermal Performance at VBUS =5V and ICHG =1 A

4.35 Thermal Performance at VBUS =5V and ICHG=15A
Figure 6 shows the IC temperature rises to approximately 50°C when ICHG = 1.5 A.

Figure 6. Thermal Performance at VBUS =5V and ICHG =15 A
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5 Design Files
5.1 Schematics

5.2

5.3

54

5.5

5.6

To download the schematics, see the design files at TIDA-03042.

Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-03042.

Altium Project
To download the Altium project files, see the design files at TIDA-03042.

Gerber Files
To download the Gerber files, see the design files at TIDA-03042.

Assembly Drawings
To download the assembly drawings, see the design files at TIDA-03042.

Trademarks

E2E is a trademark of Texas Instruments.
Windows is a registered trademark of Microsoft Corporation.
All other trademarks are the property of their respective owners.

About the Author

NING TANG is an applications engineer at Texas Instruments supporting switching converter solutions in
battery charging applications. She is responsible for providing technical support and developing EVMs and
design notes for single-cell chargers. Ning brings to this role her more than 10 years of extensive

experiences in the switching power supply design field.
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(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
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enhancements, improvements and other changes to its TI Resources.
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applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

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

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

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

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

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