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Ceramic Capacitors Replace Tantalum Capacitors in LDOs
Jeff Falin PMP Portable Power

ABSTRACT

With the proper considerations, ceramic output capacitors can be used with low
dropout linear regulators (LDO) and DC/DC switching converters that require tantalum

output capacitors.

Many internally compensated linear regulators and switching converters require some equivalent series
resistance (ESR) in the output capacitor, Cy1. The control loop for these tantalum Cgr-only converters
relies on the zero that is created by the product of the output capacitance, Co1, and the ESR for stability.
Converter data sheets typically provide a minimum (and possibly maximum ESR) value for a given output
capacitance or the required frequency of the zero. For example, the data sheet for the TPS769xx family of
linear regulators provides a curve of ESR versus output current for different output voltages(Eigure 1)).
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Figure 1. Typical Region of Stability ESR Versus Output Current

For various reasons including lower cost, smaller size, and/or reliability, some system engineers prefer to
use ceramic capacitors instead of tantalum capacitors in their applications. A low-ESR ceramic output
capacitor with a discrete series resistor can be used to replace a tantalum output capacitor. The schematic
in Eigure 7 shows such an implementation, using a 0.060-Q series resistor and 4.7-pF ceramic output
capacitor. This series combination of parts meets the TPS76933 ESR requirements shown in Figure 1);
therefore, the linear regulator will be stable over the load range. No further testing is required. While a
1/4-watt resistor is acceptable for simulating the output capacitor ESR of most linear regulators, a resistor
with larger power rating may be necessary for switching converters because the inductor ripple current, Al,
flows through the resistor, dissipating AI**R watts of power in the resistor.
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Figure 2. TPS76933 Implementation using R1 to provide ESR

To minimize load transient dips caused by ESR, use only the smallest required ESR. In this example,
even though the minimum ESR was 0.050 Q, a 0.060-Q resistor was selected to allow some margin for
resistor tolerance over temperature. Because it is the ESR and Cqyr product that is important, choosing a
larger Coy allows a smaller ESR to be chosen.
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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.

TI 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 Tl 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 Tl 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:
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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
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