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Introduction
This document explains how to use the Quad PDM microphones and the SPDIF transmitter and receiver in the
SAMA7G54-EK evaluation kit with Linux.

Figure 1. SAMA7G54-EK Board

This guide helps the user to configure, build, and test audio interfaces like the Quad PDM microphones and
SPDIF transmitter/receiver available on the SAMA7G54-EK evaluation kit in a Linux buildroot environment. It
includes instructions for configuring buildroot to support audio functionalities, capturing sound through the
built-in microphone, and using the SPDIF interface for both transmitting and receiving audio data.

www.microchip.com
Product Page Links

 Getting Started with the SAMA7G54-EK Audio System
under Linux™

 TB3372

https://microchip.com
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1. Prerequisites
• Hardware:

– SAMA7G54-EK evaluation kit
– USB audio adapter external sound card with SPDIF digital audio
– TOSLINK plug fiber optic cable
– Headphones with microphone
– 3.5 mm headphone splitter for computer, 2 male to 1 female 3.5 mm headphone mic audio Y

splitter cable
– FTDI cable
– SD card

• Software:
– Buildroot for audio functionality

• Buildroot version: linux4microchip-2023.10
• Buildroot external Microchip (buildroot-external-microchip-) version:

linux4microchip-2023.10
– Xear audio center
– WinSCP

https://www.microchip.com/en-us/development-tool/ev21h18a
https://www.startech.com/en-fr/cards-adapters/icusbaudio7d
https://en.wikipedia.org/wiki/TOSLINK
https://en.wikipedia.org/wiki/FTDI
https://en.wikipedia.org/wiki/SD_card
https://sgcdn.startech.com/005329/media/sets/C-Media-CM6206_Drivers/%5bCMedia%20CM6206%5d%20Windows%20USB%207.1%20Audio%20Adapter.zip
https://winscp.net/download/WinSCP-6.3.3-Setup.exe/download
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2. Hardware Setup
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Follow these instructions:
1. Close the J3 jumper to enable the 4-microphone PDMIC interface.
2. Connect the Toslink cable between the SPDIF TX connector (J19 ) of the SAMA7G54-EK and the

S/PDIF IN of the USB audio extender.

Front

3. Connect the Toslink cable between the SPDIF RX connector (J18 ) of the SAMA7G54-EK and the
S/PDIF OUT of the USB audio extender.

4. Connect the USB-TTL cable to J20 for console serial communication. The baud rate is 115200.
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5. Power up the USB audio extender by connecting the USB B cable to the USB B port of the USB
audio extender.

6. Power up the board by connecting the USB 2.0 micro-AB cable to the USB port J7 on the
SAMA7G54-EK development board.

7. Connect the headphones to the headphone jack located on the front of the USB audio extender.
8. Use the audio splitter cable to split the audio and mic. Connect the audio splitter mic cable to the

mono MIC 1 In port of the USB audio extender.
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3. Custom Linux Build Procedure For Audio System
If the user intends to use the pre-build img, skip these steps.

3.1 Get Buildroot for MCHP
To get the source code, the buildroot-mchp and buildroot-external-microchip repositories should be
cloned. The buildroot-mchp repository is a fork of Buildroot with a few specific patches. The external
tree provides additional defconfigs and packages dedicated to our demos.

To clone buildroot-mchp from the repository:

$ git clone https://github.com/linux4microchip/buildroot-mchp.git
To clone buildroot-external-microchip from the repository:

$ git clone https://github.com/linux4microchip/buildroot-external-
microchip.git
The source code should be pointing to the latest version of the buildroot-mchp and buildroot-
external-microchip repositories.

Tip: We recommend using the same linux4microchip tag for both repositories.

Note: This document is verified with the tag “linux4microchip-2024.04”.

3.2 Configure buildroot-mchp
1. Navigate to the buildroot-mchp directory:

$ cd buildroot-mchp
2. Enter the following command to export the additional defconfigs and packages from the

external tree (buildroot-external-microchip):
$ export BR2_EXTERNAL=../buildroot-external-microchip/

3. To find the SAMA7G54-EK defconfig files, go to the configs directory located inside the buildroot-
external-microchip directory:

https://files.linux4sam.org/pub/demo/linux4sam-2023.10/linux4sam-buildroot-sama7g5ek-headless-2023.10.img.bz2
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4. Make the configuration files using the following command from the buildroot-mchp directory:
$ make sama7g5ek_headless_defconfig

3.3 Configure Buildroot for the Audio System
1. Enter the following command to modify the configurations:

$ make menuconfig
The Buildroot Configuration window opens.

2. In the menu, click Target packages.

3. In the Target packages window, select Audio and video applications and press Enter.
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4. In the Audio and video application window, select alsa-utils and press Enter.

5. In the alsa-utils window, ensure the alsaconf, aconnect, alsactl, alsamixer, amixer, aplay/arecord,
and speaker-test check boxes are selected. If not, select them and press Enter.
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6. Move to <Exit> with the arrows and press the Enter key to exit from this screen, and click Yes to
save the configuration.

3.4 Build the Linux Image
After all the required changes are made, the building can be performed.

1. Navigate to the buildroot-at91 directory:
$ cd buildroot-at91

2. Build the Linux image with the following command:
Note: Before building the buildroot-at91, setup the cross-compile toolchain. Refer to the cross
compiler section for additional instructions.

$ make
The building process will take a few hours to complete.

3. Once the build is complete, navigate to buildroot-at91/output/Images.
4. Verify that the sdcard.img file is generated.

https://www.linux4sam.org/bin/view/Linux4SAM/Sama7g5EKMainPage#Setup_ARM_Cross_Compiler
https://www.linux4sam.org/bin/view/Linux4SAM/Sama7g5EKMainPage#Setup_ARM_Cross_Compiler
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4. Flash the Linux Image in the SD Card
1. Follow the steps listed here to flash the generated sdcard.img in the SD card.
2. Insert the SD card into the board and press the reset button.
3. Open any console serial communication and observe Linux booting from SD card.

https://www.linux4sam.org/bin/view/Linux4SAM/Sama7g5EKMainPage#Create_a_SD_card_with_the_demo
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5. Apply the Device Tree Overlay to Enable PDM Microphones
Pulse Digital Modulation (PDM) for microphones is a method used to convert an analog signal into
a digital signal. The SAMA7G54-EK features four PDM microphones. For more information, refer to
the Quad MEMS Microphones section in the SAMA7G54-EK User´s Guide (DS50003273), available on
www.microchip.com.

Follow the steps below to use the device tree overlay to enable the PDM microphones:

1. During booting, press ENTER to stop at U-Boot level and apply the device tree overlay to enable
the Quad PDM microphones.

2. a. Edit the bootcmd environment variable using the edit bootcmd command and apply the
PDMC0 overlay by updating the string bootcmd from
bootcmd=fatload mmc 1:1 0x63000000 sama7g5ek.itb; bootm
0x63000000#kernel_dtb
to
bootcmd=fatload mmc 1:1 0x63000000 sama7g5ek.itb; bootm
0x63000000#kernel_dtb#pdmc0

b. Use the saveenv command to save the bootcmd variables previously set in the environment
permanent storage space.

3. Enter the boot command to boot the kernel and dtb.

https://www.microchip.com/
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4. To log in as the root user, enter root.

This completes enabling PDM microphones with the pdmc0 device tree overlay.
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6. Testing Methods
6.1 Test 1: Testing the PDM Microphones using ALSA

This test is intended to record the user’s audio input using the quad PDM microphones and to save
it as a .wav file to the SD card using the ALSA (Advanced Linux Sound Architecture) utility.

Follow these instructions:

1. To check the PDMC audio device card number and device number, use the command below:
$ arecord -l | grep pdmc
In the following figure, the PDMC card number is 0 and the device number is 4.

This command verifies that the pdmc0 device tree overlay has been applied successfully.
2. To capture the sound from the PDM microphones, use the command below:

$ arecord -Dplughw:0,4 -r 48000 -c 2 -f S16_LE pdmc.wav

To stop recording, press Ctrl + C.
The .wav file is saved to the SD card in the /root directory.

3. To play the recorded audio, either use the SPDIF Transmitter on the SAMA7G54-EK or transfer
the audio file from the SAMA7G54-EK to the host PC using the Secure Copy Protocol (SCP) and
listen to it on the host PC.

6.2 Test 2: Testing the SPDIF Transmitter using ALSA and a USB Audio Extender
The SPDIF transmitter converts the audio signal from the source (.wav file) internal format (which
can be PCM or compressed audio) into a format suitable for SPDIF transmission.

In this test, the audio file (.wav file) is transmitted through the SPDIF TX peripheral on the board.
It is received as an SPDIF input on the USB audio extender and can be heard through headphones
connected to the USB audio extender.

6.2.1 Host PC Setup
1. Open the Xear audio center application and select the input and output options to configure the

USB audio extender.
2. Select the S/PDIF-In as the input for the USB audio extender in the application, set the sample

rate to 48 kHz and select the HiFi mode as shown in the following figure.



 TB3372
Testing Methods

 Technical Brief
© 2025 Microchip Technology Inc. and its subsidiaries

90003372A - 13

3. Right click on Headphone and select Headphone Setting to configure the headphone as the output
for the USB audio extender.
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4. If the headphone is enabled by default, right-click on the S/PDIF-Out or Speakers icon, then
navigate to Settings and select Headphone.

5. Move to the lower-right corner of the Windows desktop and click on the upward-pointing arrow
to reveal the hidden software icons. Then, right-click on the Xear audio center icon and select
Multimedia Properties.
Note:  If the Xear audio center icon is not present, refer to the CM6206
Software_User_Manual_Xear_Audio_Center, available in the download folder.

6. In the Media Properties page on the Playback tab, ensure that Headphones is selected. In the
Recording tab, verify that SPDIF In is chosen. Then, double click SPDIF In to open the SPDIF In
Properties dialog box.
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7. In the SPDIF In Properties window, go to the Listen tab. Then, enable the Listen to this device
feature by checking the corresponding checkbox and click OK.

6.2.2 ALSA Testing Procedure
1. Ensure the TOSLINK optical cable is connected at one end to SAMA7G54-EK SPDIF TX and at the

other end to SPDIF-In on the USB audio extender, as explained in Hardware Setup.
2. To check the SPDIF TX audio device card number and device number, use the following

command:
$ aplay -l | grep spdiftx
In the capture below, the card number is 0 and the device is 6.
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3. To test the SPDIF TX using the speaker-test command:
$ speaker-test -Dplughw:0,6 -c 2 -t wave
Listen to the audio data, making sure it can be heard on the Front left and Front Right audio
channels.

4. Play the .wav file transmitted through the SPDIF TX interface using the following command:
$ aplay -Dplughw:0,6 -r 48000 -c 2 -f S16_LE pdmc.wav
In this capture, pdmc.wav is an input audio file.

6.3 Test 3: Testing the SPDIF Receiver using ALSA and a USB Audio Extender
In this test, record the audio input from the mono microphone connected to a USB audio extender,
transmit it through the S/PDIF-Out of the USB audio extender, and record an audio file received via
the SPDIF RX peripheral using the ALSA utility on SAMA7G54-EK.
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The SPDIF receiver is the component that receives the digital audio signal, and it decodes the SPDIF
signal back into an audio signal that the device can process.

1. Plug the audio splitter cable into the headphone jack.
2. Connect the microphone plug from the audio splitter to the MIC 1 In port (right channel).

Important: To split the audio and microphone signals, use a headphone
audio splitter. Connect the microphone cable from the splitter to the 3.5 mm
mono jack input on the USB audio extender.

6.3.1 Host PC Setup
1. Open the Xear audio center application and select the input and output options to configure the

USB audio extender.
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2. Select the MIC as the input for the USB audio extender in the application, set the sample rate to
48 kHz and select the HiFi mode as shown in the following figure.

3. Right click on S/PDIF-Out and select SPDIF-Out Setting to configure SPDIF Out as the output for the
USB audio extender.
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4. Move to the lower-right corner of the window and click on the upward-pointing arrow to reveal
the hidden software icons. Then, right-click on the Xear audio center icon and select Multimedia
Properties.
Note: If the Xear audio center icon is not present, refer to the CM6206
Software_User_Manual_Xear_Audio_Center, available in the download folder.

5. In the Media Properties page on the Recording tab, ensure that Microphone is selected. Then,
double click Microphone to open the Microphone Properties dialog box.

6. In the Microphone Properties window, go to the Listen tab. Then, enable the Listen to this device
feature by checking the corresponding checkbox and click OK.
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7. In the Media Properties page on the Playback tab, ensure that SPDIF Out is selected.

6.3.2 ALSA Testing Procedure
1. Connect one end of a TOSLINK optical cable to the SAMA7G54-EK SPDIF RX and the other end to the

SPDIF-Out on the USB audio extender.
2. To check the SPDIF RX audio device card number and device number, use the following

command:
$ arecord -l | grep spdifrx
In the capture below, the card number is 0 and the device is 8.

3. Receive audio through the SPDIF RX interface using the following command:
$ arecord -Dplughw:0,8 -r 48000 -c 2 -f S16_LE spdifrx.wav



 TB3372
Testing Methods

 Technical Brief
© 2025 Microchip Technology Inc. and its subsidiaries

90003372A - 21

To stop recording, press Ctrl + C.
The .wav file is saved to the SD card in the /root directory.

4. To play the recorded audio, either use the SPDIF Transmitter on the SAMA7G54-EK or transfer
the audio file from the SAMA7G54-EK to the host PC using the Secure Copy Protocol (SCP) and
listen to it on the host PC.

6.4 Test 4: Loopback Testing of Microphone, SPDIF Transmitter and Receiver

1. To check the PDM microphones, SPDIF output (TX) and input (RX) without a USB audio extender,
perform a loopback test.

2. To find the card number and device ID of the PMD microphones, SPDIF transmitter and SPDIF
receiver, refer to the QUAD PMD Microphones, SPDIF Transmitter and SPDIF Receiver sections.

3. To perform the loopback test, use the following command:
$ arecord -Dplughw:0,4 -r 48000 -c 2 -f S16_LE | aplay -Dplughw:0,6 |
arecord -Dplughw:0,8 -c 2 -r 48000 -f S16_LE test_loop_back.wav

To stop recording, press Ctrl + C.
The .wav file is saved to the SD card in the /root directory.

4. To play the recorded audio, either use the SPDIF Transmitter on the SAMA7G54-EK or transfer
the audio file from the SAMA7G54-EK to the host PC using the Secure Copy Protocol (SCP) and
listen to it on the host PC.
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6.5 Test 5: Microphone Audio Live Streaming via SPDIF Transmitter

1. To apply the pdmc0 device-tree overlay at u-boot level, refer to the Apply the Device Tree
Overlay to Enable PDM Microphones section.

2. To find the card number and device ID of the PMD microphones, SPDIF transmitter and SPDIF
receiver, refer to the QUAD PMD Microphones, SPDIF Transmitter, and SPDIF Receiver sections.

3. To configure the Xear audio center application, refer to SPDIF Transmitter.
4. To stream capture sound from the PDM microphones through SPDIF TX to the headphones of

the USB audio extender, use the following command:
$ arecord -Dplughw:0,4 -r 48000 -c 2 -f S16_LE | aplay -Dplughw:0,6

To stop streaming, press Ctrl + C.
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7. FAQ
7.1 Secure Copy Protocol (SCP) for File Transfer to a Windows PC

1. Open the WinSCP software.
2. Connect the Ethernet cable to the 1 Gbps Ethernet (J5) port.
3. The PC and the Ethernet cable connected to SAMA7G54-EK should be on the same network.
4. Find the IP address of the SAMA5G54-EK board using the ifconfig command.
5. To initiate a new session and establish a connection to the SAMA7G54-EK, enter the board's host

name (i.e., the IP address of the SAMA7G54-EK board), the username for the SAMA7G54-EK board,
and the corresponding password. Once all the information is entered, click Login.

6. Transfer the file by dragging it from the left side window to the right side window, or
alternatively from the right side window to the left side window.
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7.2 Adding an espeak Tool
1. Enter the following command to modify the configurations:

$ make menuconfig
The Buildroot Configuration window opens.

2. In the Target packages window, select Audio and video application and press Enter.
3. In the Audio and video application window, select espeak and choose audio backend (alsa via

portaudio) and press Enter.
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4. Move to <Exit> with the arrows and press Enter to save the configuration and exit from this
screen.

5. To test the audio peripheral using espeak, use the following command:
$ espeak “Hello world” --stdout | aplay -Dplughw:0,6
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8. References
• Pre-built Buildroot image
• Alsa aplay/arecord commands

https://files.linux4sam.org/pub/demo/linux4sam-2023.10/linux4sam-buildroot-sama7g5ek-headless-2023.10.img.bz2
https://alsa.opensrc.org/Alsa-utils
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9. Revision History
9.1 Rev. A - 02/2025

First issue.
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only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
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Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

• Microchip products meet the specifications contained in their particular Microchip Data Sheet.
• Microchip believes that its family of products is secure when used in the intended manner, within

operating specifications, and under normal conditions.
• Microchip values and aggressively protects its intellectual property rights. Attempts to breach the

code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.

https://www.microchip.com/en-us/about/legal-information/microchip-trademarks
https://www.microchip.com/en-us/about/legal-information/microchip-trademarks
https://www.microchip.com/en-us/support/design-help/client-support-services
https://www.microchip.com/en-us/support/design-help/client-support-services
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https://www.microchip.com/en-us/product/SAMA7G54
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