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1   Introduction

1.1  Background
USB is suited for audio (voice and sound) transport, and PC-based voice telephony is one of the major drivers
of USB technology. In addition, high-speed USB has more than enough bandwidth for sound, even high-quality
audio. Many applications related to voice telephony, audio playback, and recording can take advantage of the
USB.

Figure 1. USB headphone

The LPC5500 MCU series use the most recent Cortex-M33 technology of Arm, combining significant product
architecture enhancements and greater integration over previous generations of microcontrollers. Most
members of the LPC5500 family have both Full Speed (FS) and High Speed (HS) USB and flexible serial
interfaces, Flexcomm. Flexcomm interfaces include various serial interface capabilities, including I2S and I2C.
As some of them have DSP accelerators, LPC5500 devices are suitable for USB audio applications.

1.2  Surround sound
5.1 surround sound, also known as five-point-one, is the common name for six-channel surround sound audio
systems. It is the most commonly used layout in home theaters. It uses five full-bandwidth channels and one
low-frequency effects channel.

All 5.1 systems use the same speaker channels and configurations: one front left and right, one center channel,
two surround channels (left and right), and the low-frequency effects channel designed for a subwoofer.
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Figure 2. 5.1 surround sound

2   Mechanism and implementation

This application note introduces how to use the LPC55S69-EVK/LPC55S28-EVK/LPC55S16-EVK to implement
5.1 multichannel USB audio applications. This document references an example that is already integrated in
MCUXpresso SDK, named usb_device_audio_speaker. See MCUXpresso SDK for the source code.

2.1  Mechanism

USB LPC5500 Audio Codec

I2S DATA

I2S BCLK

I2S WS

PC

LPC5500 EVK

(UAC) WM8904

Figure 3. Block diagram
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Figure 3 shows the block diagram. The PC is used as the USB host, which is also used as an audio source, and
also outputs audio data. LPC55S69-EVK/LPC55S28-EVK/LPC55S16-EVK board connects to the PC with USB
cable and counts as a USB device.

In USB devices, there is a special class for audio applications, called USB Audio Class (UAC).

UAC is a digital audio connection used to send digital music from your computer to a Digital-to-Analogue
Converter (DAC). The reason why many people choose an external UAC device is the poor quality built-in
DAC in a computer. Computer manufacturers spend most of the overall budget on the processors and screens,
leaving minimal budget for the built-in DAC and audio outputs.

There are two versions of UAC, UAC 1.0 and UAC 2.0. They can both handle high-resolution music. However,
there is a clear distinction between the two and the difference is in the resolution of music they can deliver.
Compared to the headphone output of the computer, UAC 1.0 devices give a significant improvement in sound.
However, UAC 2.0 takes one step further. UAC 1.0 can send up to a maximum of 24- bit/96 kHz data. To play
studio master quality files, a step up to Class 2 is required. It supports up to 24 bit/192 kHz resolution data.

The PC sends the audio data over USB to the LPC5500. In turn, it passes the data to the audio codec on the
evaluation board.

Six-channel data are interlaced in the below format.

Left Front (L) Right Front (R) Center Front (C) Low Frequency
Enhancement (LFE)

Left Surround (LS) Right Surround
(RS)

Bit resolution Bit resolution Bit resolution Bit resolution Bit resolution Bit resolution

For example, if the bit resolution is 16, each channel has 2 bytes (16 bits) in one subframe.

Left Front (L) Right Front (R) Center Front (C) Low Frequency
Enhancement (LFE)

Left Surround (LS) Right Surround
(RS)

2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes

LPC5500 family has eight Flexcomms. Each Flexcomm can be configured as I2S. With sys_ctrl, I2S signal
sharing, it can output data of six channels.

Note:

Since the LPC55S69-EVK, LPC55S28-EVK, and LPC55S16-EVK are not designed for audio applications, they
cannot output five channels of audio at the same time. This is the board limitation. In practical applications,
choose the appropriate codec and PCB layout according to the situation.

To evaluate LPC5500 devices in this type of application, the MCUXpresso SDK examples enable two of the
possible six output channels to be routed to the stereo audio codec provided on these evaluation boards.

2.2  Implementation
The content of this chapter is based on SDK 2.14.0. Other versions are slightly different.

usb_device_audio_speaker in MCUXpresso SDK supports USB Audio Class 5.1 channels, so only
configuration modification is required to match the test environment and requirements.

The following two macros in usb_device_config.h can decide whether to use USB HS or USB FS.
The default value is USB FS. In most audio applications, USB FS can meet the requirements of audio data
throughput. For high-resolution, high-quality, and multichannel audio applications, such as, 96 k, 32 bit, 5.1
channels, USB HS is required.

/*! @brief LPC USB IP3511 FS instance count */
#ifndef USB_DEVICE_CONFIG_LPCIP3511FS
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#define USB_DEVICE_CONFIG_LPCIP3511FS (1U)
#endif

/*! @brief LPC USB IP3511 HS instance count */
#ifndef USB_DEVICE_CONFIG_LPCIP3511HS
#define USB_DEVICE_CONFIG_LPCIP3511HS (0U)
#endif

USB_DEVICE_CONFIG_AUDIO_CLASS_2_0 in usb_device_config.h decides whether the device supports
UAC 1.0 or 2.0. By default, UAC 2.0 is used.

/*! @brief Whether device supports USB Audio class 2.0. 1U supported, 0U not
 supported */
#if USB_DEVICE_CONFIG_AUDIO
#ifndef USB_DEVICE_CONFIG_AUDIO_CLASS_2_0
#define USB_DEVICE_CONFIG_AUDIO_CLASS_2_0 (1U)
#endif
#endi

USB_AUDIO_UAC5_1 in usb_device_descriptor.h decides whether the UAC supports 5.1 channels or
two-channel stereo.

/*! @brief Whether UAC 5.1 is enabled or not. Note that this macro may be also
 defined in usb_audio_config.h in some
 * cases, make sure the consistent change. */
#define USB_AUDIO_CHANNEL5_1 (0)

The default value, (0), supports two-channel stereo. Therefore, modify it to 1U.

/*! @brief Whether UAC 5.1 is enabled or not. Note that this macro may be also
 defined in usb_audio_config.h in some
 * cases, make sure the consistent change. */
#define USB_AUDIO_CHANNEL5_1 (1)

Finally, if the USB host meets three conditions in the following code snippet, enable the following macro in
usb_device_descriptor.h and modify it to 1U. For Linux or Mac operating systems, disable this macro.

/*! @brief Workaround for USB audio 2.0 supported by Windows OS. Please set 1
 when meets the following conditions:
    1. device is full speed running audio 2.0
    2. usb host is Windows OS that supports USB audio 2.0, like Win 10
    3. use feedback endpoint
*/
#ifndef USB_DEVICE_WORKAROUND_AUDIO_20_WINDOWS
#define USB_DEVICE_WORKAROUND_AUDIO_20_WINDOWS (0U)
#endif

After completing these modifications, compile and download to the EVK board. Connect the HS or FS port
(based on the settings shown above) to the computer via a USB cable. The function can be tested on the
computer, as shown in Figure 4.
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Figure 4. Windows operating system

3   Summary

As mentioned above, LPC5500 is suitable for USB audio applications. These devices include high-speed and
full-speed USB and flexible serial communication peripherals (which can be configured as the I2S interface).
Some of them have the PowerQuad DSP accelerators, which can be used for audio processing. Actually, due to
the excellent design, the LPC5500 can handle more than 5.1-channel audio applications.

I2S sys_ctrl signal sharing
Flexcomm interface
number LPC55S6x/LPC55S2x/LPC552x LPC55S3x/LPC553x/

LPC55S1x/LPC551x
All LPC5500

Flexcomm 0 One channel pair (Two channels) One channel pair (Two
channels)

I2S signal sharing

Flexcomm 1 One channel pair One channel pair I2S signal sharing

Flexcomm 2 One channel pair One channel pair I2S signal sharing

Flexcomm 3 One channel pair One channel pair Excluded from I2S sharing

Flexcomm 4 One channel pair One channel pair I2S signal sharing

Table 1. Flexcomm interfaces

AN12939 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Application note Rev. 2 — 5 September 2023
6 / 10



NXP Semiconductors AN12939
Implementation of 5.1-channel Audio Solution on LPC55xx

I2S sys_ctrl signal sharing
Flexcomm interface
number LPC55S6x/LPC55S2x/LPC552x LPC55S3x/LPC553x/

LPC55S1x/LPC551x
All LPC5500

Flexcomm 5 One channel pair One channel pair I2S signal sharing

Flexcomm 6 One channel pair Four channel pairs I2S signal sharing

Flexcomm 7 One channel pair Four channel pairs I2S signal sharing

Maximum channels can
be used together

Seven channel pairs (14 channels) 13 channel pairs (26
channels)

Note:  Flexcomm 3 is
excluded from I2S sharing.

Table 1. Flexcomm interfaces...continued

As shown in Table 1, with the I2S pin sharing feature, sys_ctr module, combine multiple FlexComm to drive a
single I2S interface with different channels served by separate FlexComm. LPC55S6x/LPC55S2x/LPC552x can
support up to 13 channels, and LPC55S3x/LPC553x/LPC55S1x/LPC551x can support up to 26 channels.

4   Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2023 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.

5   Revision history

Table 2 summarizes the revisions to this document.

Revision number Release date Description

2 05 September 2023 Updated Section 2.2

1 5 January 2022 Add LPC55S3x/LPC553x in Table 1

0 September 2020 Initial release

Table 2. Revision history
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6   Legal information

6.1  Definitions
Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

6.2  Disclaimers
Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.
In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.
Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to
make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.
Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.
NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default
in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Suitability for use in non-automotive qualified products — Unless
this data sheet expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.
In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles
to reduce the effect of these vulnerabilities on customer’s applications
and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.
NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. - NXP B.V. is not an operating company and it does not distribute
or sell products.

6.3  Trademarks
Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.

AN12939 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Application note Rev. 2 — 5 September 2023
8 / 10

mailto:PSIRT@nxp.com


NXP Semiconductors AN12939
Implementation of 5.1-channel Audio Solution on LPC55xx

AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE,
Cordio, CoreLink, CoreSight, Cortex, DesignStart, DynamIQ, Jazelle,
Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-
PLUS, ULINKpro, μVision, Versatile — are trademarks and/or registered
trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or
elsewhere. The related technology may be protected by any or all of patents,
copyrights, designs and trade secrets. All rights reserved.
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