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ABSTRACT

By changing standard 4.2-V charge voltage to 4.1 V or lower, rechargeable lithium-ion
(Li-lon) battery cycle life can be extended at low temperature. New chemistry batteries
such as the LiFePO, rechargeable battery requires a 3.6-V charge voltage. All these
new applications need a nonstandard charge voltage. This application report gives
examples of using the 4.2-V bq24085 charger to achieve different charge voltage.

The bg24085/6/7/8 series are highly integrated Li-ion and Li-polymer linear chargers, targeted at
space-limited portable applications. The bq2408x series offers a variety of safety features and functional
options, while still implementing a complete charging system is a small package. Multiple versions of this
device family enable easy design in cradle chargers or in end equipment, while using low-cost or high-end
ac adapters.

However, these linear chargers can only provide a standard 4.2-V charge voltage, while many of the new
applications need a nonstandard charge voltage. For example, at low temperature, users prefer to reduce
charge voltage to 4.1 V or lower to extend battery cycle life. The new chemistry battery, like the recently
developed LiFePO, battery, needs 3.6 V instead of a 4.2-V charge voltage. This application report gives
examples of using the 4.2-V bg24085 charger to achieve different charge voltage.

shows the circuit implementation to change charge voltage to 4.1 V when temperature is low. The
bg24085 has an internal voltage reference of 4.2 V. This internal voltage reference is used for voltage loop
control so that output voltage is regulated to 4.2 V. To change the output voltage, two resistors, R1 and
R2, are used. The R1 and R2 values are selected so that the BAT pin is 4.2 V, whereas the OUT pin is
4.1 V. This requires a voltage source higher than 4.2 V connected to R2. R4 and the 4.7-V Zener diode Z1
are used for this higher voltage source. T1 is a PNP transistor used to control the voltage level switch from
4.2 V at normal temperature to 4.1 V at low temperature. R3 is the base bias resistor for T1. R3 and Z1
are connected to a host OC gate.

At normal temperature, the host OC gate is off. As a result, T1 is off so that R2 does not have an impact
on regular charger operation. When temperature is low, the host turns on the OC gate to pull down R3
and Z1, so that R1 and R2 together provide feedback voltage to the BAT pin.

Assume that the input is 5 V and Z1 gives approximately 4.6 V, using the superposition principle gives the
following equation.
R2 + VZ X R1

V, =V, X —_— _
O(REG) = YouT R, + R, R, * R,

Where VO(REG) =4.2 V, VOUT =41 V, and VZ =46 V.

Solving the equation gives the following answer:
_46-42
42 - 41

R = Vz = Vo(ree)
, =
Voree) — Vour

x Ry x Ry = 4R,

Select R1 = 390, then R2 is 1.54 kQ. Select R4 = 124 to provide approximately a 3-mA bias current for
Z1 at a 5-V input voltage. R3 can be a large resistor such as 133 kQ to minimize bias current but not large
enough to let T1 exit from the saturation state. Select the Z1 4.7-V Zener diode BZX84C4V7. Select the
T1 15-V PNP transistor ZXTP25015 which has very high gain so that the saturation voltage drop is only in
the several mV range which can be ignored.
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Figure 1. Circuit Implementation to Change Charge Voltage to 4.1 V by Using Zener Diode

summarizes the test result. When input is changed from 4.5 V to 6.5 V, the output voltage is
reduced from 4.163 V to 4.026 V, which is due to the Zener diode breakdown voltage change when bias
current changes. If a very accurate voltage source (must be higher than 4.2 V) is available in the system,
then connect this voltage source to the T1 emitter, and R4 and Z1 can be saved.

Table 1. Test Result of Zener Diode Circuit

Vin (V) Vo (V) vz (V) 1z (mA)
45 4.163 4.34 1.3
5 4.096 4.62 31
5.5 4.059 4.77 5.9
6 4.039 4.85 9.3
6.5 4.026 4.90 12.9

To improve the voltage regulation accuracy, an operational amplifier can be used to adjust the output
voltage. shows the circuit implementation to change the charge voltage to 4.1 V when
temperature is low. At normal temperature, the host OC gate is off. As a result, Ul is a voltage follower
that does not impact regulation voltage at 4.2 V. When temperature is low, the host turns on the OC gate
to pull R1 down to ground; U1 is a noninverting amplifier. The output voltage regulation changes according
to the following equation.

- R4

Vour = VoReg) * R, +R,

Where VO(REG) =472 V, VOUT =41V

Solving the equation gives the following result.
Vour 4.1

R, = ————— x R, =41R
2T 4o a4 T2 2

R1 =
Voree) — Yout

Select R1 = 10 kQ, then R2 is 410 kQ. Select standard 412 kQ. Select U1 for low-power supply current

with an extremely low input bias current operational amplifier such as TLV2241. summarizes the
test result. When input is changed from 4.5 V to 6.5 V, the output voltage only changes 16 mV, which is
much smaller than the Zener diode circuit.

Achieving Different Charge Voltage for bq2408x SLUAS508—April 2009
ubmit Documentation Feedbac



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA508

i3 TEXAS
INSTRUMENTS

www.ti.com

"IN

X i % Vin
v

' OUT‘ _

| l _l_ Battery
: g % Pack
[ BAT

|

R1

R2
|— = ————- 10 kQ 412 kQ

|
|
|
| Low
|
|
|

Figure 2. Circuit Implementation to Change Charge Voltage to 4.1 V by Using an Operation Amplifier

Table 2. Test Result of Operational Amplifier Circuit

Vin (V) Vo (V)
4.5 4.117
5 4.101
55 4.102
6 4.102
6.5 4.103

A new chemistry battery, like the recently developed LiFePO, battery, needs 3.6 V instead of a 4.2-V
charge voltage. A Zener diode solution is unsuitable because the voltage regulation variation is much
higher than the 4.1-V case. As a result, the operational amplifier solution is used. The voltage regulation
needs to be changed to 3.6 V at normal temperature by connecting R1 directly to ground. shows
the circuit implementation to change the charge voltage to 3.6 V.
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Figure 3. Circuit Implementation to Change Charge Voltage to 3.6 V by Using an Operational Amplifier
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The output voltage regulation changes according to the following equation:

R4

V, =V X —
ouT O(REG) R1 + R2

Where VO(REG) =472 V, VOUT =36V

Solving the equation gives the following result.

V,
Ry = OuT ><R2=L><R2=6R2
VO(REG) - VOUT 42 - 36

Select R1 = 10 kQ, then R2 is 60 kQ. Select the standard 60.4 kQ. summarizes the test result.
When the input is changed from 4.5 V to 6.5 V, the output voltage only changes 3 mV.

Table 3. Test Result of Operational Amplifier Circuit

for 3.6-V Output

Vin (V) Vo (V)
4.5 3.604

5 3.605
5.5 3.606

6 3.606
6.5 3.607

The two modification circuits both have a drawback. When a battery is removed, the output follows input,
and Charge Done status is indicated. However, it is acceptable for those applications where the battery

pack is unremovable.
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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 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 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 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 Tl 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 pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy
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