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Using the bgSWITCHER™ bq24115 as a Nickel Charger

Charles Mauney PMP Portable Power

ABSTRACT

This application report describes the combination of the bqSWITCHER™ bq24115
charge management device and the bg2002 battery charge controller to provide a
high-efficiency-switching charging solution for nickel battery packs.

The bgSWITCHER™ was designed to properly charge 1-to-3 Li-ion cells; it does not have the features to
properly terminate a charge on a nickel chemistry pack. This corresponds to ~3-to-10 nickel cells. The
bg2002 is designed as a control chip to monitor the voltage on a nickel pack and provide a signal to
enable or disable the charge. This charge-control (CC) signal typically interfaces with a current source that
has an enable input, which turns on or off according to the bq2002’s enable signal. This application report
describes the combination of the bg24115 and the bg2002 ICs to provide a high-efficiency-switching
charging solution for a nickel battery pack.

is the schematic for a completed 5-nickel-cell design. The top portion of the schematic is the
bg24115 design which is operated in the constant-current mode for fast charge. The lower portion of the
schematic is the bg2002 circuit which is the controller IC and determines whether to charge or terminate.
The two circuits interface via Q1 between the CC and CE pins. When the CC pin is high impedance, Q1
turns on and pulls CE low and enables the charge. A low on the CC pin, turns off Q1 and pulls CE high,
disabling the charge.

Design Example:
System Design Specification:

e Vin: 10+1 VvDC

* Vbat: 5 nickel cell

» Cell capacity: 3000 mAHTr

 Fast-charge: Cl2orl15A

* Precharge: 0.3A

» Safety timer: 80 minutes per C-rate or 160 minutes for a C/2-rate
* Inductor ripple current: <30% of fast-charge

» Temperature charge window: 0°- 45°C

1. Determine the inductor value, Ly, for the specified current ripple:
Alp = Icharce X lcHarceRiPPIE

L= Vear X (VINMAX - VBAT)
ouT =
Vinmax X < Al

(1)
Al, =1.5A%x03=045A

Loyt=5%13Vx(11V-5x13V)/[(11V x 1.1 MHz x 0.45 A) > 5.4 pH

Choose between 5 pH and 10 pH (10 pH works well with the desired compensation).

bgSWITCHER is a trademark of Texas Instruments.
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Calculate the peak inductor current.
Using a 10-uH value, the estimated ripple current is a ratio of the two inductances:
5.4/10 x 0.45 A = 0.24 App.
The peak current is fast-charge current plus one-half the ripple current or 1.62 A.
Choose a 10-pH inductor with a saturation current over 1.62 A, e.g., Sumida CDRH74-100.
2. Pick the output capacitor.
The internal compensation for the bgSWITCHER is optimized for an LC break frequency of 16 kHz.
The break frequency is given by the f, equation and is solved for C ;.
_ 1

fo=
21t /Loyt X Cour

Coirr = 1
OUT = 277 % fo 2 X Loyt

1
42 x (16 x 10%)° x (10 x 10-¥)

Cour =

Cour = 9:89 UF @

3. Choose a current sense resistor: Calculate the current sense resistor by the following equation, and
then select a standard value that is equal to or greater than the calculated value.

VRsNs

lcHARGE (3)
Vgrsns Should be between 100 mV and 200 mV, and a lower value results in better efficiency.
Rgns = 100 mV/1.5 A = 66.7 mQ
A standard value is 68 mQ.
Estimate the power dissipation during fast charge: P = I?R = 1.52(0.068) = 153 mW.
Choose a Panasonic 1206 (250 mW, 1%,).

4. Calculate the ISET1 resistor:

Kisets X Viser1

Rsns X lcharce )
Riset1 = 1000 x 1 V/(0.068 x 1.5 A) = 9804 Q. Choose the closest standard 1% value which is 9.76 kQ.

5. Calculate the ISET2 resistor which sets the precharge current level.

Rens =

Risems =

Kiset2 X ViseT2
Rsns % lprRECHARGE (5)
Riser: = 1000 x 0.1 V/(0.068 x 0.3 A) = 4902 Q. Choose the closest standard 1% value which is
4.87 kQ.
The bg24115 charge is controlled by the CE and CMODE pins.

CMODE sets the charger in precharge or fast-charge mode. Tying this pin high puts the part in
fast-charge mode when enabled with the CE pin. The bg2002 controls when and how long the charge
lasts. To use the precharge feature, a control signal is needed to determine when the cells are
depleted and to set the CMODE low.

6. Setthe TS to 50% of the VTSB pin value to disable this feature. The bgq2002 monitors the pack
temperature.

Designing the bg2002:
See the bg2002 data sheet (EBLUSI3]]) to assist in designing the bg2002 portion of this circuit.

The TM pin is set high to select the 160-minute safety time for charging at the C/2-level (half the capacity
of the battery).

Riser2 =
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The nickel battery is charged in constant-current mode, and if the voltage ever reaches the maximum cell
voltage (Vmcv), the charging should terminate. New cells typically terminate around 1.45 V/cell. As the
battery ages, the cell impedance goes up, and this termination voltage increases slightly. Usually, one
wants to end the charge if the cell voltage is between 1.7 V and 1.8 V per cell because this indicates a
bad cell. To calculate the BAT feedback divider, the MCV of the battery should be calculated and divided
down to the BAT pin reference voltage of 2 V.

The MCV is 5 cells x 1.75 V/cell = 8.75 V. Let RB2 equal 100 kQ, which will have 2 V across it when it
reaches MCV. The remaining voltage, 8.75V — 2 = 6.75 V, will be across RB1. The same current goes
through each resistor, so RB1 has to be the same ratio of ohms to volts or 6.75 V/2 V x 100 kQ =
337.5 kQ. The closest standard value is 340 kQ.

The TS divider was set up for use of the D- or T-version of the bg2002. The following equation calculates
the RT1 and RT2 values for the valid temperature window. The hot and cold TS voltage trip limits and the
thermistor value at these hot and cold thresholds are needed to calculate RT1 and RT2. The product
folder has TS solver software to do this calculation automatically.

Ve
RT1
V1s
RT2 R Re =27.28 kQ at 0°C
THERM {RH =4.912 kQ at 45°C
Solve for RT2 first:
1.944 R~ R
RT2 = c Ry _ 1.944 (27.28 k)(4.912 k) — 10.85 k
15R. — 3444 Ry, 15(27.28k) — 3.444 (4.912 k) ©)
1.4 R~ RT2
RT1 = c _ 1.5(27.28 k) 10.85 k _ 1164k
RT2 + R¢ 10.85k + 27.28 k )

Use the closet values RT1 = 11.5 kQ and RT2 = 10.7 kQ.

These calculations are done for the bg2002D IC but are also valid for the T version, where the cold
threshold is disabled.
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Figure 1. Five-Nickel-Cell Schematic
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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.

Tl 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 Tl components. To minimize the risks associated with customer
products and applications, customers should provide adequate design and operating safeguards.

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

Reproduction of 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.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI 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.

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
DSP dsp.ti.com Broadband www.ti.com/broadband
Interface interface.ti.com Digital Control www.ti.com/digitalcontrol
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
Low Power Wireless www.ti.com/lpw Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265
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