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Introduction 
This document demonstrates how to use the EK-RA2L1 MCU as the core of a basic media player platform which 
plays audio files loaded in a Micro SD card, and with voice-activated commands using the Cyberon Dspotter and 
QCIOT-DA7212EVZ Click board. 
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1. Hardware 
1.1 RA2L1 MCU 
The project is centered around the RA2L1 MCU. This device demonstrates the capabilities of lower-end RA 
devices, including voice command recognition. With its 32k of RAM, the RA2L1 has the minimum amount of 
memory available to run the DSpotter engine and other components. The EK-RA2L1 serves as the base 
platform for this project. 

1.2 Audio Codec 
For audio input/output handling, the QCIOT-DA7212EVZ Click board™ is connected to the mikroBUS™ socket 
on the EK-RA2L1. The on-board microphone provides the voice input to the DSpotter engine, and audio is 
played back through the on-board speaker and/or audio output jack. 

For audio data exchange, the audio codec is configured as the master (controller) device while the RA2’s SPI0 
channel is configured as the slave (target) device. The DA7212 is configured via I2C and channel IIC0 of the RA2 
is used for this purpose. 

The mikroBUS specification allows for SPI and I2C connections which can be used to transmit PCM data and 
configure the codec, respectively. The SPI connection is intended to be used as an I2S interface, with the Chip 
Select line functioning as the L/R clock. The I2S interface makes it possible for the host board to exchange PCM 
data with the audio codec. 

The input and output jacks, along with the speaker and microphone, are configured by the audio codec to enable 
and route the necessary channels. The board is powered by the +5V and +3.3V inputs of the mikroBUS 
connection. The 5V input is used by an LDO regulator to provide regulated 3.3V and 1.8V outputs used by the 
codec. The 3.3V input is used to drive indicator LEDs. 

The codec requires a reference clock signal to function and this is provided by an on-board crystal oscillator. 
Alternatively, a PWM input on the mikroBUS interface can provide the necessary clock. 

The complete list of connectors and headers and their functions are listed in Table 1. 
 

Table 1. Connector and Header Functions 

Connection Designator Function 

J1 Header to open or close + output to SP1 (speaker). 

J2 Header to open or close – output to SP1 (speaker). 

J3 AUX input. 

J4 Headphone/Audio output. 

J5 
mikroBUS connection. 

J6 

J7 Header to select the on-board 12.288MHz crystal oscillator or external PWM input for the codec 
MCLK signal. 
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1.3 Media Storage 
The audio files are stored in a Micro SD card inserted in an external adapter Pmod board; connected to PMOD2 
on EK-RA2L1. The RA2 uses the SCI9 channel to communicate with the Micro SD card. 
 

 

Figure 1. QCIOT-DA7212EVZ Click Board and Micro SD with EK-RA2L1 MCU 

2. Software 
2.1 DSpotter Voice User Interface (VUI) 
The DSpotter voice command recognition engine is used to process and execute the audio player’s control 
commands. The VUI uses a single-stage command recognition format and listening is activated by a user button 
press. When DSpotter is running, the application periodically feeds audio samples to the engine, and when a 
command is recognized, it executes the appropriate functions. 

2.2 Codec Configuration 
At startup, the DA7212 is configured for use by enabling the appropriate inputs/outputs and configuring settings 
for channel gain, mixing, etc. 

2.3 FatFs 
The project uses FatFs to access the Micro SD card contents and read file data for audio playback. When the 
playback is activated, the appropriate file is opened and file data is read periodically until playback is halted. 
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2.4 Audio Playback 
Audio playback uses .WAV file format, reading PCM data from the file system and sending it to the audio codec 
while playback is enabled. 

Playback is controlled via voice command, which includes commands to start, stop, pause, and skip audio 
tracks. To format the Audio Files as .WAV files, refer to the QCIOT-DA7212EVZ manual.  

See Figure 2 for a high-level algorithm flowchart. 
 

 

Figure 2. High-Level Algorithm Flowchart 
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3. Functional Description 
During firmware startup, the application initializes the DSpotter instance, audio codec, file system, and the 
necessary communication interfaces (SPI, I2C, etc.). 

3.1 Voice Commands 
This project functions as a music player and the supported voice commands are focused on controlling audio 
playback. The following commands are supported: 
■ Play Music 

Starts playback of the current file. 
 

■ Stop Music 
Stops playback and closes the current file. 

 

■ Pause Music 
Stops playback but does not close the file. 

 

■ Next Track 
Stops playback, increments file index, and opens the new file. 

 

■ Previous Track 
Stops playback, decrements file index, and opens the new file. 

When the Stop or Pause command is processed, playback can be restarted with the Play command. If playback 
was stopped, then the track that was playing will restart from the beginning. If playback was paused, then the 
track will resume from the current point. 

If the Next Track or Previous Track command is issued, the next file is opened, but the new track will only start 
playing if playback is not stopped or paused. 

While playing audio, the green LED (LED2) blinks slowly. If the playback is paused, the LED turns solid green, 
and if stopped it is turned off completely. When skipping tracks, the LED flashes quickly several times. 

3.2 DA7212 Digital Audio Interface (DAI) 
The DA7212’s Digital Audio Interface (DAI) is used in conjunction with the RA2’s SPI peripheral to exchange 
audio input and output data. The DAI is a four-wire serial interface with bit clock (BCLK), word clock (WCLK), 
data-in, and data-out lines. Most commonly, this would be used in I2S format; however, because a standard SPI 
channel is used on the MCU, the data clocking will not line up properly. Thus, the DAI is configured to use the 
left-justified format. For more details on the format differences, see the DA7212 Datasheet. 

The sample rate is configured to be 16kHz with 32 bits per WCLK period and a word length of 16 bits. 

The DA7212 serves as the master (controller) in this configuration and the RA2 serves as the slave (target) 
device. 

3.3 Audio Format 
To simplify this example project, the audio formats for both input and output data are the same. Since the 
DSpotter requires 16kHz PCM data, the audio files stored in the file system are also formatted as 16kHz PCM 
mono-channel. 

The audio files being mono-channel further simplifies the data transfer because the SPI peripheral’s 
configuration only clocks data out when the WCLK (used as Chip Select) is low. Thus, only right-channel data is 
sent to the codec. 
  

https://www.renesas.com/en/document/dst/da7212-datasheet?r=1563326
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3.4 File System 
As previously stated, FatFs is used to access the files on the Micro SD card. At startup, the file system is 
initialized and the application reads the contents of the root directory and any subdirectories. For project 
simplicity, the names of the found files are stored in a char-array with a configurable maximum length. FatFs is 
configured to use shortened file names, so only 13 characters maximum is allowed for each file name entry. 

During development, note that not all SD cards work with FatFs. It is recommended to use one produced by one 
of the major manufacturers. For this project, a Sandisk Micro SD card is used. 

Only .WAV format or other files containing raw PCM data are intended to be stored on the Micro SD card. When 
opening and sending file data, the file system implementation does not distinguish the file type, so it is important 
that any files on the SD card are formatted properly for audio playback. 

3.5 Playing Audio 
When audio tracks are being played, a constant stream of data from the Micro SD card to the audio codec is 
required. To accomplish this, a 1kB buffer is used to hold audio data. Data reads from the SD card are 
performed in 512-byte blocks, using one read to fill the lower buffer and another for the upper buffer. 

Data is sent to the codec from this same 1kB buffer in 128-byte increments. When new data needs to be read 
from the Micro SD card, the application ensures that it is not overwriting the buffer that contains data currently 
being transmitted. 

To simplify the project, the entire contents of the .WAV file (including the header) are sent to the codec. Though 
this technically results in audio noise, any perceived noise is brief enough to ignore for the purposes of this 
example. 

3.6 External Hardware Connections 
A Micro SD card reader is required for this example project. The application uses SCI9 to communicate with the 
external hardware. A Diligent Micro SD card reader is connected to PMOD2 on the EK-RA2L1 MCU. 

A valid UART connection to the MCU should be made for loading the DSpotter license. Details on how to load 
the license is provided in the QCIOT-DA7212EVZ manual. 

4. Project Code Contents 
4.1 Voice Processing 
The primary execution loop is in voice_main.c and this file also contains the application’s calls to the DSpotter 
engine for voice processing. When voice command recognition is active, each main loop iteration checks for a 
full voice data buffer, and if it is full, calls the DSpotter engine to process the samples. If a voice command is 
recognized, the application acts based on which command was detected. 

4.2 Audio Record 
AudioRecord.c controls the acquisition of voice samples and adds them to the voice data buffer. It also contains 
the SPI callback function for the digital interface with the DA7212 codec. In this callback function, new voice data 
is read in and added to the DSpotter buffer, while any audio output data is written to the codec. 
  

https://digilent.com/reference/pmod/pmodmicrosd/start?redirect=1
https://www.renesas.com/en/document/mah/qciot-da7212evz-evaluation-board-manual
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4.3 DA7212 
The DA7212.c/.h files are the hardware-agnostic driver files to handle configuration of and communication 
with the DA7212 audio codec. It defines the data type da7212_codec_t, which contains a list of the 
configuration registers of the DA7212. These virtual registers can be manipulated directly, or the various 
dedicated function calls can be used to modify their contents based on certain input parameters. These values 
can then be written to the codec to update its configuration. 

The file also includes #define statements for INIT, READ, and WRITE that can be redefined to call the proper 
functions for the associated I2C peripheral. 

4.4 Audio Codec 
The audio_codec.c/.h files act as the interface between the main application and the DA7212 driver code. It 
is intended that any calls directly to the DA7212 driver functions go in functions here, and the application calls 
the functions from audio_codec.c. 

5. Board Test 
5.1 Run the Code in Standalone Mode 
1. Before loading the sample project to the MCU, ensure that music files are loaded to the SD card.  

■ The music files should be formatted as .wav files, channels should be Mono, and the sample rate should 
be 16KHz. The Audacity tool is used to export audio. 

■ There are multiple sample projects located on the QCIOT-DA7212EVZ web page. Import the sample 
project named MediaPlayer_dspotter. 

 

 

Figure 3. Audio File Format 

  

https://www.audacityteam.org/
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2. Build the sample code in e2 studio to generate the .srec file under the Debug folder. 
 

 

Figure 4. Generate the .srec File 
 

 

3. Load the .srec file to the EK-RA2L1 MCU using SEGGER J-Flash Lite tool. 
 

 

Figure 5. SEGGER J-Flash Lite Tool 

https://kb.segger.com/J-Flash_Lite
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4. Connect the USB to TTL. On the EK-RA2L1, connect RXD to P302, TXD to P301, and GND to GND. 
5. Open PuTTY and select the appropriate correct COM port. Change the baud rate to 115200. 
 

 

Figure 6. PuTTY Configuration Settings 
 

 

6. Connect the 5V power supply to TP7. Connect GND to TP9 on the EK-RA2L1. Switch on power supply. 
Ensure the following message is displayed on PuTTY. 

 

 

Figure 7. PuTTY UART Output (1) 

  

https://www.putty.org/
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7. Press switch S1 on the EK-RA2L1 to run Cyberon-Dspotter. Say “Play music” to start playing music using 
the on-board speaker. 

8. Press switch S1 on the EK-RA2L1 and say “Next track” to switch to the next track. 
 

 

Figure 8. PuTTY UART Output (2) 
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6. Adding the Cyberon DSpotter License on EK-RA2L1 
1. Run the sample code in Debug Mode with the USB to TTL connection on the MCU. The USB to TTL 

connection is provided in section 4.  
2. Ensure the QCIOT-DA7212EVZ is connected to the EK-RA2L1 via the mikroBUS connector, and the Micro 

SD card reader is connected to PMOD2 on the EK-RA2L1. 
Note: The Micro SD card reader connection can be ignored if the file_initFileSystem() routine is 
commented out in hal_entry.c  

3. Download the files from Voice User Interface - Renesas Cyberon VUI Installation Package - All Documents. 
4. Run DSpotterLicenseTool.exe file. Load the CybServer_RenesasDevelopBoard.bin file and ensure you 

have the correct UART COM port setting selected with 115200 bps Speed, 8 bits Data and 1 stop bit. Click 
on Start. 

 

 

Figure 9. DSpotter License Tool 

  

https://renesasgroup.sharepoint.com/sites/VoiceUserInterface/Shared%20Documents/Forms/AllItems.aspx?id=%2Fsites%2FVoiceUserInterface%2FShared%20Documents%2FCyberon%2FRenesas%20Cyberon%20VUI%20Installation%20Package&viewid=f5f11716%2D6f5e%2D4f98%2D9c37%2D0fefdf0cb332&xsdata=%3D%3D&sdata=M2hEVWNYQlZZczc0SEtFV0Q2QjExSFNpbFdJOXFHdHhIVmgyMHlBQnJtRT0%3D&ovuser=53d82571-da19-47e4-9cb4-625a166a4a2a%2Crahul.radhakrishna.kc%40renesas.com
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5. The DSpotter license should now be downloaded on the MCU. 

 
 

 

Figure 10. Successful License Load 

 

7. Revision History 
 

Revision Date Description 

1.01 Jun 17, 2025 

 Changed document title from “QCIOT-DA7212EVZ Click Board” to “QCIOT-DA7212EVZ Basic 
Media Player”. 

 Updated Introduction on page 1. 
 Added new section 5.  

1.00 Jun 9, 2025 Initial release.  
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