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Avoiding Audible Noise at Light Loads
When Using Leading Edge Triggered PFC Converters

John Bottrill

ABSTRACT
This application note applies to the Tl average current mode, leading edge modulation PFC controllers.
See Applicable Device Table for part numbers.

When using a leading edge triggered PFC the designer may find that the converter, under extremely
light-load conditions, will encounter an audible low noise.

The unit under these conditions can go into the Over Voltage Protection (OVP) state because of the
extremely light load. When this happens, the output of the current error amplifier can fall to ground
because of the input offset voltage variations and the residual current from MOUT.

When the unit comes out of the OVP state, the pulse width of the converter is going to start at a
maximum. Because of the integrating nature of the error amplifier, these pulses will continue for a few
milliseconds. This can cause the windings of the PFC inductor to physically oscillate resulting in a periodic
burst of audible noise.

A single resistor from VREF to the positive input of the current error amplifier added to the circuit is
sufficient to remove this problem.

The input offset voltage of the error amplifier and the multiplier zero current (IMOUT, zero current) are
given in the data sheet. Divide the offset voltage by the value of the resistor connecting the positive input
of the current error amplifier to ground and add to this the multiplier zero current.

This gives the current needed through the resistor to bias the positive input high under OVP conditions.
Now divide the VREF voltage by this current to get the resistor needed to connect from VREF to the
positive input of the current error amplifier.

The new resistor will bias the positive input high enough to keep the current error amplifier output high
during OVP and because of the integrating nature of the current error amplifier, when OVP is released the
unit will gradually increase the pulse width of the pulses as the current error amplifier output falls.
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Figure 1. Schematic
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Where Ry is the existing resistor from the positive input of the current error amplifier to ground,
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where ly,our iS at zero current
Select the nearest standard value lower than this for Rgs.

This additional resistor does add distortion at the zero crossing of the converter which might cause some
problems in meeting the THD of certain designs.

With the addition of three resistors and a transistor it is possible to limit this distortion to extreme light load
conditions. The schematic to accomplish this is shown below in Figure 2.

Voltage Amplifier
VSENSE [:I_ﬂ'>9 P

VAOUT

[ ]
|

|

Current Error
Amplifier

Multiplier

Figure 2. Circuit to Remove Chirp
(without adding crossover distortion at nominal loads)
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The operation of the circuit is best described with the help of the above schematic and a review of the
multiplier equation.

| _ (lac X (Myaour = 1)
MOUT (V 2 > K)

VFF

©)

During operation as the output voltage increases the voltage on the VAOUT pin will decrease until at no
load the voltage of VAOUT drops below 1 V as per the multiplier equation. At that point, from the multiplier
equation, the circuit should be requiring no current.

By setting R1 and R2 so that their junction is slightly lower than the base-emitter junction voltage of Q1
with VAOUT equal to slightly greater than the 1-V level, the Q1 transistor is turned off and the collector
voltage rises. This allows the application of the bias voltage to the CAI pin through the Rg,g resistor.

When VAOUT goes higher as it will under any kind of significant load conditions, the Q1 transistor is
turned on and the collector pulls the junction of Ry, and the 10-kQ resistor to ground.

This removes the crossover distortion at any significant load that is present with the single resistor solution
shown in Figure 1.

Table 1. Applicable Devices

BiCMOS Power Factor Preregulators BiCMOS PFC/PWM Combination Controllers
uccasl7 UCC2817A UCC28500 UCC28510
uUCC2818 UCC2818A UCC28501 UCC28511
UCC2819 UCC2819A UCC28502 UCC28512
UCC3817 UCC3817A UCC28503 UCC28513
UCC3818 UCC3818A UCC38500 UCC28514
UCC3819 UCC3819A UCC38501 UCC28515

UCC38502 UCC28516

UCC38503 ucCC28517
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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 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 TI 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 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 TI for that product or service voids all
express and any implied warranties for the associated Tl 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 TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI 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

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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