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1.Introduction

This document explains the features and usage of the
USB Speakers reference design. It does not contain
software or hardware descriptions. Refer to the
Reference Manual or Design Guide for software and
hardware descriptions.

The content of this document is oriented to any person
interested in understanding the functionality of the USB
Speakers reference design.
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Product Brief

2. Product Brief

The USB Speakers reference design demonstrates the implementation of an audio application whose
audio input is via USB and its output is via a headphone amplifier. It also has the capability to control
the audio volume. It features the NXP KL46Z MCU which includes an ARM® Cortex® MO+ processor
and a Dialog Semiconductor DA7212 ultra low-power audio codec.

The audio is obtained via USB from a PC host. After the device is connected, the user will be able to
listen to the audio with headphones and control the audio volume using the board switches.

2.1. Getto know the KL46Z

FROM-KL467

Figure 1. FRDM-KL46Z

The FRDM-KL46Z is an ultra-low-cost development platform enabled by the Kinetis L series KL4x
MCU family, built on the ARM Cortex MO+ processor. This device has a maximum operation frequency
of 48 MHz, 256 KB of flash, 32 KB RAM, a full-speed USB controller, segment LCD controller, and
many analog and digital peripherals.

The FRDM-KL46Z features the NXP open standard embedded serial and debug adapter known as
OpenSDA. This circuit offers several options for serial communications, flash programming, and
run-control debugging.
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Product Brief

2.2. Getto know the Dialog Semiconductor DA7212

Figure 2. ARD-AUDIO-7212

The Dialog Semiconductor DA7212 ultra low-power audio codec is an audio shield that features a
two-channel audio codec with capless headphone driver (DA7212), and 3.5 mm stereo AUX input jack
socket. Interchangeable GND and MIC routing to the smartphone jack allows multiple headsets to be
supported, compatible with the NXP Freedom Development Platform.

DAT7212 is ideal for standalone audio/video digital processors, controlled via the MCU platform

processor over the 1°C serial communication interface. Digital audio is transmitted and received over the
12S interface.
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Build and Load the Application

3. Application Description

3.1. Keyboard functionality

The following table shows the switches functionality in the application.
Table 1. Keyboard functionality

Switch Indicated Action
SW1 Volume up
SW3 Volume down

3.2. Supported frequencies, sample size and audio channels

The default configuration is: two audio channel (stereo), a sample size of two bytes, and an audio
sampling rate of 48 KHz.

If required, the sampling frequency can be changed. Refer to section 5 Using the Application for further
information.

4.Build and Load the Application

4.1. Prerequisites

Hardware and tools:

e FRDM-KL46Z

e ARD-AUDIO-DAT7212

e 3.5 mm headphones

e Two USB mini cables

e PC with Windows 7 or above, Mac or Linux
Required Software:

e Kinetis Design Studio 3.0.0 IDE

e Kinetis Software Development Kit 1.3.0
The following list enumerates the required elements to get the USB Speakers reference design working:

1. Download and install J-Link software v5.02 or higher from www.segger.com.

2. J-Link or J-Link Pro debugger.

3. Download the USB Speakers software and unzip the file.

4

. Connect the ARD-AUDIO-DA7212 shield into the KL46Z pins.
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4.2.

Figure 3. Dialog shield connected to the FRDM-KL46Z

Change USB device stack and Kinetis SDK files

To get the application working, it is necessary to do the following changes:

4.3.

Copy the usb_device_config.h from the zip file to:
{KSDK 1.3 path}\usb\usb_core\device\include\MKL46Z4

Copy the usb_framework.c from the zip file to:
{KSDK 1.3 path}\usb\usb_core\device\sources\controller

Copy the usb_audio_config.h from the zip file to:
{KSDK 1.3 path}\usb\usb_core\device\sources\classes\include\config

Copy the usb_device_stack_interface.h from the zip file to:
{KSDK 1.3 path}\usb\usb_core\device\include

Copy the fsl_sai_hal.c from the zip file to:
{KSDK 1.3 path}\platform\hal\src\sai

Copy the fsl_sai_driver.c fron the zip file to:
{KSDK 1.3 path} \platform\drivers\src\sai

Compile the libraries

1. Open the Kinetis Design Studio 3.0.0 IDE.

Click on file tab and then click on import.
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Build and Load the Application

MNew Alt+Shift+M »
Open File...
Close Ctrl+W
Close All Ctrl+Shift+W
Save Ctrl+5
E] Save As...
Save All Ctrl+Shift+5
Revert
Move...
Rename... F2
| Refresh F5
Convert Line Delimiters Te 4
= Print.. Ctrl+P
Switch Workspace »
Restart
fsy Import...
iy Export..
Properties Alt+Enter

Figure 4. Import option

3. Select “Existing Projects into Workspace™ and click next.

|| Select

| Create new projects from an archive file or directory.

Select an import source:

ype filter text]

4 = General
[T archive Fi

= Existing Projects into Workspace

—y

[T Preferences
o= GG+

I = Component Developrment Environment
B = CVS

b= Git

[ = Install

[» [ Processor Expert

I (= Project of Projects

[ = Remote Systems

I (= RPM
= Run/Mehin

| »

mn

@ | <Back | Nea> ]| Fnisn ||

Figure 5. Existing projects into Workspace
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Build and Load the Application

4. Click on browse and search for the platform library for baremetal, found at:
{KSDK 1.3 path}\lib\ksdk_platform\kds\KL46Z4.

5. Click on finish.
6. Repeat these steps but now import the USB device stack found at:
{KSDK 1.3 path}usb\usb_core\device\lib\om\kds\KL46Z4.

o1g

7. Click on the build all button.

4.4. Build and load the project
1. Import the frdmkl46z_usbspeaker_ksdk project from the zip file.

2. Click on the build button. %

Figure 6. Mini USB connection to SDA

4. Click on debug. ks

5. Once the debugger finishes loading, click on the run icon. =¥

USB Speakers User's Guide, Rev. 0, 03/2016
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Using the Application

5. Using the Application

5.1. Running the application
1. Connect the headphones in the headset connector in the ARD-AUDIO-DA7212.

Figure 7. Headphones connection

2. Connect the other USB mini cable into the J10 USB connector on FRDM-KL46Z and the other
end to the PC.

Figure 8. Speaker’s connection to the audio codec shield
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Using the Application

3. Start playback of an audio file in the PC. The audio can be listened on the headphones connected
to ARD-AUDIO-DA7212 headphones or speakers connected.

4. To control the volume, use SW1 and SW3 of the FRDM-KL46Z.

If the PC does not change the audio output automatically, select the FSL AUDIO HID KL46Z
from the OS audio settings. Section 5.3 Change system output shows how to do this on different
operating systems.

5.2. Modifying the sample rate

If a change on sampling rate is desired, the following changes in the code must be performed:
1. Open the usb_descriptor.h file, search for the macro AUDIO_FORMAT_SAMPLE_RATE and
select one of the following macros to match the desired sampling rate:
a) AUDIO_FORMAT_SAMPLE_RATE_48K
b) AUDIO_FORMAT_SAMPLE_RATE_44K1
c) AUDIO_FORMAT_SAMPLE_RATE_32K
d) AUDIO_FORMAT_SAMPLE_RATE_16K
e) AUDIO_FORMAT_SAMPLE_RATE_8K
2. - Open the SL/Audio_Buffer_Handler.h file, search for the macro

AUDIO_BUFFER_HANDLER_SYSTEM_SAMPLING_RATE and select one of the following
macros to match the desired sampling rate:

a) AUDIO_BUFFER_HANDLER_SAMPLING_RATE_48
b) AUDIO_BUFFER_HANDLER_SAMPLING_RATE 44 1
c) AUDIO_BUFFER_HANDLER_SAMPLING_RATE_32
d) AUDIO_BUFFER_HANDLER_SAMPLING_RATE_16
e) AUDIO_BUFFER_HANDLER_SAMPLING_RATE_8

3. - Open the HIL/DA7212/Dialog7212.h file, search for the macro

DIALOG7212_INITIAL_SAMPLING_RATE and select one of the following macros to match the
desired sampling rate:

a) DIALOG7212_SAMPLING_RATE_48
b) DIALOG7212_SAMPLING RATE 44 1
¢) DIALOG7212_SAMPLING_RATE_32
d) DIALOG7212_SAMPLING_RATE_16
e) DIALOG7212_ SAMPLING_RATE_8

USB Speakers User's Guide, Rev. 0, 03/2016
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Using the Application

After the changes are performed, build the application, and run it again.

NOTE

If Windows OS is used to test the USB Speakers reference design and any
of the audio settings are modified, the PC will not be able to playback the
audio. To solve this problem, go to the Device Manager of the PC and
erase the USB Composite Device that represents the USB Speakers, then
disconnect and connect the board. After the device is connected again, the
PC will be able to playback audio.

5.3. Change system output

If the OS do not change the audio output automatically, follow the steps below for the relevant
supported OS.

5.3.1. MAC OS

1. Go to system preferences.

System Preferences Edit View Window Help

About This Mac
Software Update...
App Store...

System Preferences...
Dock

Recent Items

Force Quit...

Sleep
Restart...
Shut Down...

Log Out Freescale...

Figure 9. System preferences

USB Speakers User's Guide, Rev. 0, 03/2016
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Using the Application

2. Select Sound preferences.

800 System Preferences
[« > ][ showal
. i i i o
Personal
RN ... B = - R Q
General Desktop & Dock Mission Language Security Spotlight Universal
Screen Saver Control & Text & Privacy Access
Hardware

0 @ = A

i =1 w L
CDs & DVDs Displays Energy Keyboard Mouse Trackpad Print & Scan Sound
Saver

Internet & Wireless

g4 @ B & Qg @

iCloud Mail, Contacts  MobileMe MNetwork Bluetooth Sharing
& Calendars
System
R o o @ =
18 i =
Users & Parental Date & Time Software Speech Time Machine Startup Disk

Groups Controls Update

Figure 10. Sound preferences

3. Select Output and then choose the NXP AUDIO HID KL46.

e 0 <

Sound Q, Search

. Sound Effects mm. Input |

Select a device for sound output:

Name

Type
Internal Speakers Built-in
NXP AUDIO HID KL46

Settings for the selected device:

The selected device has no output controls

Use audio port for: | Sound Output

Output volume: o ) ‘))) [ | Mute

v
| | | |

Show volume in menu bar

Figure 11. NXP AUDIO HID KL46 option in Sound menu
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Using the Application

5.3.2. Ubuntu OS

1. Select System menu, then Preferences and Sound.

43 Applications Places [System| ) @

28
& About Me

Administration
Help and Support
About GNOME

About Ubuntu

* [i¥ Appearance
 Assistive Technologies
® Bluetooth
Q Broadcast Preferences
¥ 1Bus Preferences
=8 Keyboard

L5l Keyboard Shortcuts

!" Main Menu

Messaging and VoIP Accounts

] Monitors
9 Mouse

[-? Network Connections

” Network Proxy

m' Personal File Sharing
$ Power Management
6 Preferred Applications
[58] Remote Desktop

Screensaver

Startup Applications
{a Ubuntu One

8 Windows

Figure 12. Sound option in preferences menu

2. Select Output from the Sound preferences window and choose NXP AUDIO HID KL46 as the

default output.

Sound

AllSettings Sound

Output volume: ¥

Output | Input Sound Effects Applications

"] Mute () Allow louder than 100%

W)

Play sound through Settings for Analog Output
ﬁSpeakers Balance:
Built-in Audio Left Right
iDlgltal Output (S/PDIF) Fade
NXP AUDIO HID KL46 | |
-1 Analog Output e e
I NXP AUDIO HID KL46 Subwoofer | |
Minimum Maximum

"] show sound volume in the menu bar

Figure 13. Select NXP AUDIO HID KL46

Test Sound

USB Speakers User's Guide, Rev. 0, 03/2016
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Using the Application

5.3.3. Windows OS

1. Open the control panel and select Hardware and Sound.

S
‘ - @ » Control Panel »

Adjust your computer’s settings View by: Category ¥

System and Security
Review your computer's status
Back up your computer

Find and fix problems

User Accounts
f\':j‘ Change account type

Appearance and Personalization
Change the theme

Change desktop background

Adjust screen resolution

Network and Internet

View network status and tasks

Choose homegroup and sharing options
Clock, Language, and Region
Change keyboards or other input methods
Change display language

Hardware and Sound

View devices and printers

Add a device

Connect to a projector

Adjust commonly used mobility settings

E_? Programs
h “J Uninstall a program

Get programs

e §&E

Ease of Access
Let Windows suggest settings
Optimize visual display

Figure 14. Hardware and Sound

2. Select Manage audio devices.

Control Panel H . )
antrel Fanci oS .7 Devices and Printers

=07 - X
System and Security #l Add adevice | Addaprinter | Mouse f@ Device Manager
Network and Internet

# Hardware and Sound

AutoPlay
Change default settings for media or devices | Play CDs or other media automatically

Sound
Adjust system volume | Change system sounds | Manage audio devices

Programs
User Accounts
Power Options

Change battery settings | Change what the power buttons do

Require a password when the computer wakes | Change when the computer sleeps
Adjust screen brightness

Appearance and
Personalization

Clock, Language, and Regicn
Ease of Access

Display

Make text and other items larger or smaller | Adjust screen resolution Connect to a projector
Connect to an external display

Windows Mobility Center
Adjust commenly used mobility settings | Adjust settings before giving a presentation

10T Audio Control Panel

Dell Touchpad

Figure 15. Manage audio devices
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Revision History

3. Select NXP AUDIO HID KL46 and click on Set Default.

Playback |Recording | Sounds | Communications |

Select a playback device below to modify its settings:
Speakers / Headphones
L IDT High Definition Audio CODEC
o Default Device

™, Speakers
\ ! MNP AUDIO HID KL46
|/ Ready

[ Set Default |V] [ Properties ]

[ o ][Came' ]| Apply |

Figure 16. NXP AUDIO HID KL46 on playback tab

6. Revision History

Table 2. Revision history

Revision number Date Substantive changes

0 03/2016 Initial release
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Information in this document is provided solely to enable system and software
implementers to use Freescale products. There are no express or implied copyright
licenses granted hereunder to design or fabricate any integrated circuits based on the
information in this document.

Freescale reserves the right to make changes without further notice to any products
herein. Freescale makes no warranty, representation, or guarantee regarding the
suitability of its products for any particular purpose, nor does Freescale assume any
liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation consequential or incidental
damages. “Typical” parameters that may be provided in Freescale data sheets and/or
specifications can and do vary in different applications, and actual performance may
vary over time. All operating parameters, including “typicals,” must be validated for each
customer application by customer's technical experts. Freescale does not convey any
license under its patent rights nor the rights of others. Freescale sells products pursuant
to standard terms and conditions of sale, which can be found at the following address:
freescale.com/SalesTermsandConditions.

Freescale, the Freescale logo, and Kinetis are trademarks of Freescale Semiconductor,
Inc., Reg. U.S. Pat. & Tm. Off.

ARM, the ARM Powered logo, and Cortex are registered trademarks of ARM Limited (or
its subsidiaries) in the EU and/or elsewhere. All other product or service names are the
property of their respective owners. All rights reserved.
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