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1 Introduction
The economical UCC28880 and UCC28881 high voltage switcher/controllers were designed for offline
buck converters for low power applications to meet size and cost constraints. These devices use an
On/Off control scheme, like many others available today, that could potentially allow the effective switching
frequency to drop into the audible band and generate noise. By following the recommended design
techniques in this application note for UCC28880 and UCC28881 the problem can be avoided by staying
quite over the entire operating range.

2 Functional Schematic

Figure 1. Offline High-Side Buck Converter with On and Off Control

http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA821
http://www.ti.com/lit/pdf/slusc05
http://www.ti.com/lit/pdf/slusc36
http://www.ti.com/lit/pdf/slusc05
http://www.ti.com/lit/pdf/slusc36


� �

OUT
OUT

IN
1

LIMIT OUT

V
V 1

V
L

2 I I 62kHz

§ ·
u �¨ ¸
© ¹ 

u � u

OUT LIMITI 0.9 I� u

FB

1.02 V

MOSFET
Gate

MOSFET
Current

On Off
On

62 kHz 62 kHz

Circuit Operation www.ti.com

2 SLUA821–March 2017
Submit Documentation Feedback

Copyright © 2017, Texas Instruments Incorporated

UCC28880, UCC28881 Audible Noise Reduction Techniques

3 Circuit Operation
The UCC28880 and UCC28881 uses what is known as On/Off control. This control scheme samples the
output during the freewheeling period through the RFB1 and RFB1 resistor dividers and when the voltage at
the feedback pin is less than 1.02 V it delivers 62-kHz of pulse width modulated (PWM) packets to
maintain the output voltage. The PWM packets are controlled by peak current mode control.

Figure 2. On/Off Control Diagram

The output inductor (L1) is sized based on internal peak current limit (ILIMIT), output current (IOUT) and PWM
switching frequency of typically 62 kHz. The inductor selected should as close to the calculated value as
possible.

Table 1. UCC28880 ILIMIT Specification

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

ILIMIT Current limit
Static, –40°C 300 mA
Static, 25°C 170 210 260 mA
Static, 125°C 140 mA

Table 2. UCC28881 ILIMIT Specification

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

ILIMIT Current limit
Static, –40°C 630 mA
Static, 25°C 330 440 570 mA
Static, 125°C 315 mA

NOTE: VHVIN = 30 V, TA = TJ = –40 °C to 125°C in Table 1 and Table 2.

(1)

(2)
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Resistors RFB1 and RFB1 are also used to adjust the output voltage and capacitor CFB is used to set PWM
packet timing (tFB). The initial tFB is set to 1/10th the product of the output capacitance (CL) and load
impedance (RL) and then will be fine-tuned based on actual circuit performance.

(3)

Control Methodology will operate in the Audible Range (<20 kHz).

Due to variations in peak current (ILIMIT) at maximum load the effective switching frequency will vary from
62 kHz down to 31 kHz. As the load decreases below 80% the converter can and will enter the audible
range (<20 kHz) The output ripple voltage and inductor ripple current will look similar to Figure 3 as the
load decreases.

Figure 3. Output Ripple Voltage (VOUT = CH1) and Inductor Ripple Current (IL1 = CH4)
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4 Sources of Audible Noise
Any components in the design that have energy packets being delivered through them at 20 kHz or less
can vibrate. This can include capacitors, diodes, inductor’s wires, connectors.

5 Determining the Source of Audible Noise

CAUTION
Follow high-voltage safety practices.

1. A sheet of paper can be rolled up into a tube and used like a hearing aid. Put one side of the paper
tube to your ear and point the other end of the tube toward the power supply circuit board in operation.
This can help you find the audible component.

2. A non-conductive stick can be used to determine which device is vibrating and creating the audible
noise. A number 2 wooden pencil with an eraser can be used for this. Touch the suspected component
that is contributing to the audible noise. If the sound dulls this may be the source of the audible noise.

6 Things the Designer Can Do to Reduce Audible Noise
1. Select the output inductor (L1) as close to the recommended value as possible. This will ensure at full

load the effective switching frequency is as close to the maximum as possible. This calculation was
covered earlier in this application note.

2. Set the tFB time constant as small as possible to get the converter to operate at the maximum
frequency possible. This may affect load regulation of the power converter and may require pre-load
resistor (RL) as shown in Figure 1. A Zener clamp or a series pass regulator on the output may be
required to regulate the output voltage at light loads. Please refer to Figure 4 for the circuit
configuration.

Figure 4. Zener Shunt or Series Pass Regulator to Improve Load Regulation
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3. Select a buck inductor (L1) that is varnished and/or encased in magnetic potting material. TDK and
Wurth have a family of inductors that are encased in potting material. Avoid inductors that are not
varnished and/or encased in magnetic potting material. Examples of these types of inductors can be
found in Figure 5.

Figure 5. Potted and Varnished Inductor, Inductor without Varnishing and Potting.

4. Use electrolytic input and output capacitors because they are less likely to create audible noise over
ceramic capacitors that have piezoelectric characteristics. Please note that some electrolytic capacitors
can vibrate and create audible noise as well. They may have to be attached to the board in rubber
silicon or encased in potting material to reduce vibrations and make the design less audible.

5. Glue down any possible components that could vibrate with epoxy, rubber silicon or other like
adhesive.

6. In rare cases it may be necessary to varnish/encase the entire power supply in potting material to
reduce audible noise. There are many companies that make these electronics insulation resins and
polymers for these applications such as Elantas Electrical Insulation, Epic Resins and ITW Engineered
Polymers.

Figure 6. Potted Power Supply

7. After the initial design is complete and the audible noise is removed. It is recommended to do
temperature, production and verification testing. This process should involve multiple boards and
devices to verify the design.
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7 Summary
The UCC28880 and UCC28881 economic offline buck converters use an On/Off control technique that
can make the design susceptible to audible noise (<20 kHz) As this application note discussed the audible
noise can be reduced by properly selecting input and output capacitors; as well as, inductors that are
vanished and encased in magnetic potting materials. In some cases it may require varnishing and/or
encasing the design in potting material.

8 Recap of Recommendations
1. Select the output inductor (L1) as close to the recommended value as possible.
2. Set the tFB time constant as small as possible to get the converter to operate at the maximum

frequency possible.
(a) Preloading, Zener and/or series pass regulator may be needed to improve load regulation.

3. Select a buck inductor (L1) that is varnished and or encased in magnetic potting material.
4. Avoid using ceramic capacitor for input and output capacitors, electrolytic capacitors are a better

choice.
5. Glue down components that can vibrate.
6. Encapsulate the power supply in potting material.
7. Conduct temperature, production and verification testing to account for variations in component and

device tolerances.

9 Reference Material
1. UCC28880 Data Sheet, High Voltage Switch for Non-isolated AC/DC Conversion
2. UCC28881 Data Sheet, 700-V, 225-mA Low Quiescent Current Off-Line Switcher

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUA821
http://www.ti.com/lit/pdf/slusc05
http://www.ti.com/lit/pdf/slusc36
http://www.ti.com/lit/pdf/slusc05
http://www.ti.com/lit/pdf/slusc36


IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources 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.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated

http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	UCC28880, UCC28881 Audible Noise Reduction Techniques
	1 Introduction
	2 Functional Schematic
	3 Circuit Operation
	4 Sources of Audible Noise
	5 Determining the Source of Audible Noise
	6 Things the Designer Can Do to Reduce Audible Noise
	7 Summary
	8 Recap of Recommendations
	9 Reference Material

	Important Notice

