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Performing Accurate PFM Mode Efficiency Measurements
Jatan Naik PPM - Portable Power

ABSTRACT

When performing measurements on DC-DC converters using pulse frequency
modulation (PFM), proper care must be taken to ensure that the measurements are
accurate. Due to the nature of a converter operating in PFM mode, the test setup
required to obtain correct measurements differs from the test setup that is normally
used to acquire measurements of the device operating in PWM mode. An improper test
setup can result in incorrect efficiency measurement data that varies considerably from
the data-sheet specifications provided by Texas Instruments.

This application report contains guidelines that can assist the user in acquiring accurate
efficiency measurements. An example of measurements taken on the TPS61020 is

provided.
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Introduction

Pulse frequency modulation (PFM) is a switching method commonly used in many DC-DC voltage
converters to improve efficiency at light loads. PFM mode is also referred to as power save mode in Tl
data sheets. A converter operating in power save mode uses PFM at light load currents and pulse width
modulation (PWM) at heavier load currents. This type of operation allows the converter to maintain high
efficiency over a wide range of output current. Figure 1] and Figure 3 display two graphs comparing the
efficiency of the TPS61020 in PWM and PFM/power save mode.
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Figure 1. PWM Efficiency Figure 2. Power Save Mode Efficiency

While in PFM mode, the converter only operates when the output voltage is below the nominal output
voltage. When this happens, the converter begins switching until the output voltage is regulated to a
typical value between the nominal output voltage and 0.8% above the nominal output voltage. During the
period where the converter is powered down, all unnecessary internal circuitry is turned off to reduce the
IC’s quiescent current. This control method significantly reduces the quiescent current to a typical value of
20 pA, which results in a higher efficiency at light loads.

In contrast to PWM mode, in which the converter is continuously switching, PFM mode allows the
converter to switch in short bursts. Figure 3 and Eigure 4 show the switch node waveforms when the
converter is operating in PWM and PFM mode, respectively
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Efficiency Measurements
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Figure 3. PWM Switching Node Waveform
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Figure 4. PFM Switching Node Waveform

Note: The time scale in is 2 ps/div, whereas the time scale in is 20 ps/div

2 Efficiency Measurements

2.1 PWM Efficiency Measurements

When measuring the efficiency of DC-DC converters, it is important that the voltage and current meters
are sensing their values at the proper locations. For example, the setup shown in can be used to
perform efficiency measurements of a boost converter operating in PWM mode.
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Figure 5. PWM Measurements

Most laboratory power supplies display their voltage output setting, but it is important that the voltage
displayed on the power supply is not used in efficiency calculations. Instead, a separate voltmeter should
be connected directly across the input of the converter, as shown in Eigure 3. This ensures that the
measured voltage is the true voltage at the input of the converter and does not include additional voltage
drops across the current meter or any cabling. Similarly, a separate voltmeter should be connected
directly across the output of the converter to acquire the output voltage values.
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Efficiency Measurements

2.2 PFM Efficiency Measurements

In order to accurately measure the efficiency of a converter operating in PFM mode, the test setup shown
in must be slightly modified to the setup shown in Eigure .
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Figure 6. PFM Measurements

is exactly the same as Figure 5, with the exception of a capacitor added across the input. This
capacitor must be added to ensure that the efficiency measurements are correct. Typically, the
capacitance of the added input capacitor should be much larger than the capacitance of C1. To
understand why an additional capacitor is needed, consider the waveforms shown in Figure 7.
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Figure 7. Input Current Waveform
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Conclusion
In Eigure 7, the triangular waveform represents the input current of a converter operating in PFM mode

without the additional input capacitor (i.e., when the test setup is as shown in Figure 5). The straight
waveform represents the input current when a capacitor is added across the input (i.e., when the test
setup is as shown in Figure G). If no capacitor is added, then the input current meter cannot accurately
determine the amperage of the input current, because the input current has a large sinusoidal component.
In contrast, adding a large capacitance across the input produces a steady current waveform, allowing the
input current meter to accurately sense the amperage of the input current. Although the current sensed by
the meter is purely DC, the current provided by the added capacitor will be similar to the saw tooth
waveform in Eigure 7, except it will not have a DC offset. Thus, the role of the capacitor can be viewed as
separating the input current into DC and AC. A current meter monitoring the current provided by the added
capacitor would sense a saw tooth waveform with no DC offset.

Using the test setup shown in to measure PFM efficiency may result in incorrect data that varies
by as much as 15% from the actual efficiency. This disparity is most evident at low input voltage and
current load. displays efficiency measurements taken with and without an additional input
capacitor for various input voltages. At approximately 65-mA output current, all three curves converge.
This is because the converter switches from PFM to PWM mode at 65-mA output current. Furthermore,
adding the additional input capacitor has no effect on PWM measurements; the efficiency measured is the
same whether the capacitor is added or not.
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Figure 8. Efficiency Comparison

3 Conclusion

Care must be taken when measuring the efficiency of DC-DC voltage converters. The voltmeters being
used should be connected directly across the input and output of the converter, regardless of whether it is
operating in PFM or PWM mode. Additionally, a large capacitor should be added across the input of the
converter to ensure that PFM mode efficiency measurements are properly taken.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) 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.

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 Tl 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 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 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.

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.ticom  Security www.ti.com/security
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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