
1SLUA843–November 2017
Submit Documentation Feedback

Copyright © 2017, Texas Instruments Incorporated

Charging NiMH Battery Using bq24105-Q1 in Automotive Applications

Application Report
SLUA843–November 2017

Charging NiMH Battery Using bq24105-Q1 in Automotive
Applications

JingZou

ABSTRACT
NiMH batteries are often used in automotive applications due to its stable chemical characteristics. This
application report is mainly focused on charging topology for NiMH batteries in eCall application and using
bq24105-Q1 to charge the battery following the charge profile.
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1 Introduction
NiMH battery is often used in automotive application such as eCall/telematics system as backup battery
due to its stable chemistry characteristics. However, NiMH battery voltage changes with battery cell
temperature. With same amount of capacity, the NiMH battery cell voltage can be much higher at 0°C
comparing to at 25°C illustrated in Figure 1.

Figure 1. Charge Temperature Characteristics of HR-AAULT (1000 mAh) (Provided by FDK)

Thus environmental effect such as temperature plays an important role in automotive application. Thus
environmental effect and the characteristics of NiMH battery should be take into consideration when
designing eCall system. Using the termination method such as negative delta V, dv/dt, or dT/dt, has
potential risk. For example, when the environment temperature is cold, heat generation from the engine
can cause the temperature surround the battery raises fast and cell voltage would drop respectively. The
rising of the environment temperature can potentially cause false termination by dT/dt or –ΔV and lead to
under charge the battery. Therefore, it is recommended to use timer control for charging termination for in-
vehicle application.

2 Charging Procedure for in Vehicle Application
Figure 2 is a charging procedure recommended by FDK for in-vehicle application. Basically, this charging
method is intended to maintain the back-up battery fully charged. When the back-up battery is not fully
charged, timer charge is performed; and when there is enough charge in the battery, maintenance charge
is performed. The charge current is recommended to set below 0.1C of the battery. The timer is set based
on 80% of the battery capacity. For 0.1C charge current, the safety timer can be set to 8 hours for
charging termination; while for 0.05C rate, the safety timer can be set to 16 hours for charging termination.
There are three different charging procedures based on cell voltage. The first case is when the battery
open circuit voltage is below 1.24 V/cell, charge is enabled along with safety timer. Once safety timer is
expired, the charging is terminated. Then battery open circuit voltage is checked again, if at this time the
voltage is below 1.34 V/cell, then the charge is re-enabled and timer reset. If the battery voltage rise
above 1.34 V/cell, charge current should be pulsed at rate of 1.2s off and 58.8s on. The second case is
when battery open circuit voltage is between 1.24 V/cell and 1.34 V/cell. Charge is enabled along with
safety timer. The only difference from the first case is that after timer expires, the pulse charging starts
right away. The third case is when the battery open circuit voltage is greater than 1.34 V/cell, the NiMH
battery should be pulse charging. Battery temperature should be monitored at any time. Once the battery
temperature falls below 0˚C or rises above 60˚C, charging should be suspend.
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Figure 2. Recommended Charging Procedure for backup batteries for In-vehicle Applications (Provided
by FDK)

3 Application Example Using bq24105-Q1
Even though the bq200x series can support this charging method, the operating ambient temperature
rating for the bq200x is from –20°C to 70°C. Automotive applications typically require operating
temperature rating from –40°C to 125°C. The bq24105-Q1 is an automotive qualified switch mode charger
which has adjustable battery regulation voltage and safety timer. The device was original design for Li-ion
based battery charging. However, with external MCU, the charging circuit can be modified such that the
charging profile meets the FDK recommended procedure above.
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Figure 3. Example Block Diagram Using bq24105-Q1 with MCU forNiMH Battery Charge

The block diagram above shows an example of the configuration to use bq24105-Q1 to charge NiMH
batteries. Since the cell voltage of NiMH batteries varies with temperature with the same capacity, the
regulation voltage should be set to higher than 1.34 V/cell. The battery regulation voltage can be set by
resistor divider from BAT to FB and FB to VSS. The VOREG can be set to 5.1 V and 6.8 V for a 3-cell pack
and 4-cell pack respectively using Equation 1. VIBAT is 2.1 V (typical), which can be found from the
datasheet specification table.

(1)

In order to set the current, first choose RSNS based on the regulation threshold VIREG across this resistor.
The best accuracy is achieved when the VIREG is between 100 mV and 200 mV. If the result is not a
standard sense resistor value, choose the next larger value. Using the selected standard value, solve for
VIREG. Once the sense resistor is selected, the ISET1 resistor can be calculated using Equation 3 where
KISET1 is 1000 V/A (typical), VISET1 is 1 V (typical), and RSNS is the charge current sense resistor.

(2)

(3)

The charge time is programmed by the value of a capacitor connected between the TTC pin and GND
using Equation 4 where K(TTC) is 2.6 min/nF (typical). It is verified on the bench that the timer can be up to
20 hours. Note that the precharge timer is fixed at 30 minutes.

(4)

Temperature is monitored through TS function in the charger at all time. To initiate a charge cycle, the
battery temperature must be within the V(LTF)-to-V(HTF) thresholds. If battery temperature is outside of this
range, the bqSWITCHER™ suspends charge and waits until the battery temperature is within the V(LTF)-to-
V(HTF) range. During the charge cycle (both precharge and fast charge), the battery temperature must be
within the V(LTF)-to-V(TCO) thresholds. If battery temperature is outside of this range, the bqSWITCHER™
suspends charge and waits until the battery temperature is within the V(LTF)-to-V(HTF) range. The
bqSWITCHER™ suspends charge by turning off the PWM and holding the timer value (that is, timers are
not reset during a suspend condition). Note that the bias for the external resistor divider is provided from
the VTSB output. Applying a constant voltage between the V(LTF)-to-V(HTF) thresholds to the TS pin disables
the temperature-sensing feature.
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(5)

(6)

Where:
• V(LTF) = VO(VTSB) x % LTF-100 / 100
• V(HTF) = VO(VTSB) x % LTF-100 / 100

3.1 Charging Flow Control Logic
Open circuit battery voltage should be measured after pulling CE pin high. The battery voltage is
measured by the ADC in the MCU. the following is an example of the charging flow for MCU
programming. Timing parameter can be adjusted accordingly.
• Case 1. Battery voltage < 1.24 V/cell
pull /CE pin low to initiate charge, let it charge until STAT1 and STAT2 turns high, high
then pull /CE high to measure the battery voltage

if VBAT < 1.24V/cell, go back to case 1
if 1.24V/cell < VBAT < 1.34V/cell, go to case 2
if VBAT > 1.34V/cell, then go to case 3

• Case 2. 1.24V/cell < battery voltage < 1.34 V/cell
pull /CE pin low to initiate charge, let it charge until STAT1 and STAT2 turns high,
then pulse /CE pin at a rate of 2s LOW and 58s HIGH
check the battery voltage at the end of every 58s when /CE is high

if VBAT < 1.24V/cell, go back to case 1
if 1.24V/cell < VBAT < 1.34V/cell, go to case 2
if VBAT > 1.34V/cell, then go to case 3

• Case 3. Battery voltage higher than > 1.34V/cell
pulse /CE pin at a rate of 2s LOW and 58s HIGH
check the battery voltage at the end of every 58s when /CE is high

if VBAT < 1.24V/cell, go back to case 1
if 1.24V/cell < VBAT < 1.34V/cell, go to case 2
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3.2 Test Result
The following is the result tested using bq24105EVM and MSP430 Launchpad (MSP-EXP430F5529LP)
and FDK HR-AAULT battery in 3s configuration. The output regulation voltage on the bq24105-Q1 is set
to 4.5 V, charge current is set to 100 mA, the charging timer is set to 8 hours. The limitation on using the
bq24105 is the STAT1 and STAT2 pins only has three statuses. It does not have a unique status for timer
fault. Once the STAT1 and STAT2 is OFF and OFF, the CE pin is toggled by the MCU according to the
above flow. However, for overvoltage, sleep mode, and battery absent, charge will not resume until those
faults are clear regardless of the status of CE pin

Table 1. STAT1 and STAT2 Status Indication

Charge State STAT1 STAT2
Charge-in-progress ON OFF
Charge complete OFF ON
Charge suspend, timer fault, overvoltage, sleep mode, battery absent OFF OFF

SPACER

Figure 4. bq24105 Charge Cycle with FDK HR-AAULT at
Room Temperature

Figure 5. bq24105 Charge Cycle with FDK HR-AAULT
VBAT at Different Temperatures

4 References

• Datasheet: Synchronous Switch-Mode, Li-Ion, and Li-Pol Charge Management IC (bqSwitcher),
SLUS953

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA843
http://www.ti.com/lit/pdf/SLUS953
http://www.ti.com/lit/pdf/SLUS953


IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(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
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
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 TI products as used in such applications. TI 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 TI 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 TI 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 IS” 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 TI 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, TI 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).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated

http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	Charging NiMH Battery Using bq24105-Q1 in Automotive Applications
	1 Introduction
	2 Charging Procedure for in Vehicle Application
	3 Application Example Using bq24105-Q1
	3.1 Charging Flow Control Logic
	3.2 Test Result

	4 References

	Important Notice

