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Abstract

The TPS54331 is a non-synchronous buck converter that integrates a low Rbps(n) high side MOSFET and is
designed to provide up to a 3A output from an input voltage source of 3.5 V to 28 V. This application note explains
the procedure of converting a simple buck converter into a CC/CV charger with low component count for charging a
SMF Lead Acid Battery. This concept can be extended to multiple parts in the same family.

Specifications

Vin Input Voltage Range 16.5V to 21V
Battery .

Specifications Capacity 12V, 7.2Ah
Output Charging Current 0.3C
Specifications | \/gitage during CV Mode Charging 14.2V

Fsw Switch Frequency 570KHz

Design Notes

Shown below is the generic schematic of the implementation.
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Circuit Explanation

Assuming that we connect an uncharged battery to the output terminals, when the circuit is enabled, the Zener
diode Z1 is reverse biased and will not conduct. Since the battery can consume all the current given to it, limiting
the current is mandatory. During this stage, the current sensing resistor will provide the necessary closed loop
feedback to the chip to maintain a constant current (CC) based charging. As the battery starts charging the voltage
starts building on the battery and reaches the value of the zener voltage breakdown limit. Once it exceeds this
value, the zener will now maintain a constant voltage (CV) of Vz + Vref on the battery. The resistors R4 and R5 are
added to have better control of voltage during the CV mode of charging rather than depending only the breakdown
tolerance between different zener diodes. The constant voltage output with these resistors is governed by the
equation:

R4 + R5

Vout =V |4
ou z+ (Vref x RS

)

Effect of different values of the R4 and R5 in CV Mode

1. If R4 is 0, then Vout = Vz + Vref

2. If R4 >> R5, then Vout will rise abnormally resulting in damage to the life of the battery and the device.
3. If R5 is 0, then Vout will rise abnormally resulting in damage to the life of the battery and the device.

4. If R5 >> R4, then will be Vout ~ Vz + Vref.

All these effects can be visualized in the simulation. The results are shown in the last section.
Selection of Power Stage Components (Inductor, Capacitors, Freewheeling Diode and Protection Diode)

The power stage components are designed using the standard equations given the datasheet of this device
(http://www.ti.com/lit/ds/symlink/tps54331.pdf). Based on the above specifications

e Lout (min) = 13.55pH, Selected Lout — 15uH

e Diode D1 needs to carry a maximum current of lout x (1-D) and must have a voltage rating of > Vinmax +
0.7, Selected D1 - MBR340

e Selected Coutl and 2 — 47uF, 5m ESR

e Since the battery can discharge into the resistors R4 and R5 if the power supply is turned off, a battery
current leakage prevention diode is added at the output. SD1 — MBRS340

Connecting the battery

Connect the battery positive to the Output terminal and the battery negative to the Current Sense Resistor. In the
schematic above the battery is modeled as a large capacitor (battery capacitance) with a series resistor (battery
impedance) to produce the required charging characteristics.

Selection of Sense Resistor (RSNS)

The sense resistors are chosen according to the required charging current and buck converter feedback sense

voltage available on the VSEN pin. For TPS54331 it is 0.8V. For a charging current of 2A, the sense resistor value
will be:

The power rating of the resistor needs to be

Prsns = lout?x Rsns = 1.6 W
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To thermally size the resistor correctly we chose two resistors in parallel. Rsns_1 = 800mQ and Rsns_2 = 800mQ
Selection of Z1

Depending the desired battery voltage required, select either a 13V or 12V Zener.

Selection of R4 and R5

For producing a 14.2V Output, using a 12V Zener and a diode drop of 0.3V on SD1, we can make R4 = 85Q and
R5 = 40Q.

Selection of Compensation Components (R3, C6 and C7)

The TPS54331 follows current mode compensation and has a transconductance amplifier for the error amplifier.
The error amplifier compares the VSENSE voltage to the internal effective voltage reference presented at the input
of the error amplifier. Since the reference feedback is coming from the voltage developed across the sense resistor,
the compensation will be similar to that of a normal voltage feedback based output and can be calculated as per the
standard equations in the datasheet and the components R3, C6 and C7 can be connected as shown in the
schematic on the first page. So we can use R3 = 29.4KQ, C6 = 1nF, C7 = 47pF.

Enable Circuit

Enable can be adjusted to either work from a external controller or in a self enabled mode. Care should be taken to
ensure that the enable signal should not exceed 6V. By using Ren1 = 332kQ and Ren2 = 68.1kQ, the enable is
between 2.7V to 3.5V.

Final Circuit

The final circuit after the adding the designed values are:
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Simulation Results
Complete CC/CV Charging Profile Waveform
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The initial condition assumed it that the battery is in a discharged mode. As observed, the CC Mode lasts till the
12V zener breaks down. At 12V, the CV Mode beings and the current begins to reduce. The voltage builds to
Vz = 12V + 2.5V due to the resistor network of R4 and R5.

CC Mode Current Waveform
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The current ripple during the CC Mode is found to be around 8mA. The ripple frequency noticed is that of the
switching frequency.
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Conclusion

Although it may not be the most accurate way to do a CC/CV charger due to the regulation of the zener, a simple
low cost solution can still be realized. Depending on charging current requirements we can have discrete
implementation of the converter.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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