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Using the bg2954 to Charge the LiFePO, Battery

Mao Ye PMP - Portable Power

ABSTRACT
This application report describes how to use the bg2954 charge controller device to
provide a high-efficiency switching-mode charging solution for multi-cell LiFePO,
battery.

1 Introduction

The bg2954 was designed to charge Li-ion and Li-polymer battery packs. Its regulation voltage set point
can be easily adjusted by two external resistors, which give an opportunity to support new developed
LiFePO, battery. This application report shows how to use the bq2954 to provide a high-efficiency
switching-mode charging solution for the multi-cell LiFePO, battery.

The LiFePO, battery has many unique features such as very high thermal runaway temperature, very high
discharge current capability and high charge current. These special features make it very attractive in
many applications such as power tools. shows a typical open circuit voltage (OCV) curve versus
depth of discharge (DOD) of ANR26650M1 LiFePO, from A123Systems. shows the typical
discharge characteristics at 25°Cl* and it is able to support very high discharge rate. The recommended
charge voltage is 3.6 V and termination current is 50 mA.
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Step-By-Step Design Procedure

2.1

2.2

This bq2954 prototype for a 6-cell application was developed to evaluate the performance for charging the
LiFePO, battery and demonstrating its multi-cell application capability. The maximum charge voltage for
each cell is 3.6 V, therefore 6-cells yield 21.6 V of maximum output voltage. Given the maximum 80% duty
cycle limit of bq2954 and estimating 90% power conversion efficiency, the input voltage should be 30 V.
To fast charge the LiFePO, battery, the prototype was designed to provide 5 A (for a 30-minute charge)
charge current. The power stage design is straightforward. shows the schematic.

The output inductor (L1) is a key component. It's value is determined by the specified charge current
ripple. 20% of ripple current is typically selected in a practical design. To reduce the size of the output
inductor, a 200-kHz frequency (the maximum frequency of bq2954) is selected . Below is the design
procedure.

Step-By-Step Design Procedure

System Design Specification
b VlN: 30V
*  Vpat=21.6 V (6-cell, 3.6-V per cell)

* lcHarce= 5 A
» Inductor ripple current Al = 20% of fast charge current

» Frequency f = 200 kHz

Inductor Design
The inductance is given by Equation 1l.

L. - VBar *(Vin — VBaT)
1 \/IN XfXAIL

@

The highest inductor ripple current occurs when the battery voltage equals half of the input voltage. Here
Vear=15 V (6-Cell, 2.5-V per cell) generates highest inductor ripple current.

L 15x (30 —15)
\=
30%(200x10%)x5x0.2

(2
L1 = 37.5 uH.
Select 33-pH standard value for output inductor.

Calculate the total ripple current with the 33-pH inductor.

~ VeaT *(ViN — VBAT)
Al =

Vi xfxL
INXT>Lg @)
15x(30-15)
Al = 3 5
30x(200x10°)x(33x107°) @
Al =114 A
Calculate the maximum output current.
Al
lpk =lout +7L
®)
lpk =5+ %
(6)
ILPK =557A

A 33-pH, 7-A inductor SER2817H-333KL from Coilcraft is selected.
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Figure 3. bg2954 Schematic For a 6-Cell, 5-A LiFePO, Battery Application
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Step-By-Step Design Procedure

2.3

2.4

2.5

Input and Output Capacitor Design

The input capacitor voltage ripple should be small enough to maintain a DC voltage at the input stage.
Assume the input current is DC and ignore output current ripple and power loss. calculates the
input voltage ripple.

AV = lchg * (Vin — VBaT) % VBAT

2
VlN ><f><C|N (7)

The highest input ripple voltage occurs when the battery voltage equals half of the input voltage. Here
Vear=15 V (6-cell, 2.5-V per cell) generates highest input ripple voltage. Select two 10-uF ceramic
capacitors in parallel as the input capacitor.

5x(30-15)x15
302 x(200x10%)x (20x1079)

AVIN =
®
AVy = 0.3125 V, which is approximately 1% of input voltage.

Also select two 10-pF ceramic capacitors in parallel as output capacitor. The output voltage ripple is given
by Equation 9.
Al

AV, =
ouT 8 X f X COUT

9
1.14
8x(200x10%)x(20x107%)

AVour =
(10)
AVgyr= 35.625 mV, which is very small compared to output voltage.

Voltage Divider Design

R9 and R10 voltage divider determine the final voltage regulation point. According to the datasheet
is used for calculation.

Ro _ NxVeeL

Rio VRec (11)

where
e Number of cells in series N = 6
e Charging cell voltage Vg = 3.6 V
* Internal reference Vggg = 2.05V
Rg 6x3.6
Ry 205

-1=9.5366

12

select
e R10=100kQ
* R9=953.66 kQ
* R9=953 kQ standard value

Current Sense Resistor

R13 is the current sensing resistor. A 5-A charge current should generate a 250-mV voltage drop
according to datasheet. Therefore, a 50-mQ, 2-W current sensing resistor is selected.
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Step-By-Step Design Procedure

2.6 Control Circuit Design

The control circuit is similar to the datasheet typical application circuit in the evaluation module (EVM)
schematic. bg2954 was configured as Mode 3 so that BTST pin can be used to drive Q6 and Q7 for
pre-charge battery. The maximum pre-charge current is limited to 100 mA by R14. The ITERM pin is left
floating so that the termination current is 250 mA with a 5-A fast charge current.

This controller requires a 5-V bias power supply which can be easily generatred by a wide-input-range,
step-down SWIFT™ converter such as the TPS5410.

2.7 Gate Drive Circuit and Power Stage Design

Q1 to Q4 are two inverter buffers that provide correct logic and drive an isolation transformer. These four
MOSFETSs can be replaced by one single-channel high-speed MOSFET driver such as the TPS2829. A
DA2317 1:2 turns ratio gate drive transformer from Coilcraft is used. D6 is used to clamp the gate voltage
to a safe level for the 55-V top-switch P-channel MOSFET Q5. A 40-V Schottky diode (D7) is selected as
the bottom switch of the buck converter. The D5 diode prevents battery leakage current when the input
voltage is removed and provides short circuit protection when the voltage input is shorted to ground.

2.8 Test Results

The P-channel MOSFET gate, drain and inductor current waveforms are shown in Eigure 4. Figure §
shows the measured power stage efficiency with battery voltage. The efficiency is between 92.5% and
93.5% when the battery voltage changes from 15 V to 21.6 V with a 5.28-A fast charge current. This
represents a power stage loss between 6.4 W and 7.7 W. The test shows that this design is practical. It is
easy to configure this circuit for charging any number of cells with different chemistries by selecting the
external resistor divider R9 and R10.
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Figure 4. Figure 5.

2.9 References
1. ANR26650M1 LiFePO4 battery cell datasheet.
(http://al23systems.textdriven.com/product/pdf/1/ANR26650M1_Datasheet NOV_2007.pdf)
2. bg2954 datasheet (http://focus.ti.com/lit/ds/symlink/bq2954.pdf)
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
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Clocks and Timers www.ti.com/clocks Digital Control www.ti.com/digitalcontrol
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Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
RFID www.ti-rfid.com Telephony www.ti.com/telephony
RF/IF and ZigBee® Solutions www.ti.com/Iprf Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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