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1 Introduction

The USB audio class groups all functions that can
interact with USB audio streams. All functions that
convert between analog and digital audio domains can be
part of this class, such as USB speakers that receive
digital audio data from the host through the audio class,
then reproduce it through an analog interface.

The Freescale ColdFire+ MCF51Jx portfolio offers
integrated USB 2.0 Full-Speed OTG controller, 12-bit
digital-to-analog Converter (DAC) to provide flexible
and powerful mixed signal capabilities, and various
timers that support general purpose control functions.

To fully understand this document, it is best to first read
Universal Serial Bus Device Class Definition for Audio
Devices, Release 1.0, at usb.org.
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Functional description

2 Functional description

Pulse-code modulation (PCM) is a standard method for digital audio used in computers to digitally
represent sampled analog signals. PCM streams have two basic properties that determine their fidelity to
the original analog signal:

1. Sampling rate: number of times per second that samples are taken (in other words, 8 kHz,
44.1 kHz, 48 kHz).

2. Bit depth: number of possible digital values that each sample can take (8, 16, 24 bits). 8-bit PCM
uses unsigned data, whereas 16—24-bit PCM uses signed values.

To produce output from the digital audio sample data, after each sampling period has passed, the next
digital value is read and the output signal is shifted to the recently obtained value. Digital-to-analog
converters can be used to convert the digital audio into an accurate analog signal.

3 Firmware design

The software contained in this application note uses the Freescale USB stack, which supports audio class.
This source code solution is downloadable from www.freescale.com/usb. The stack provides
standardization, connectivity, and portability to the existing 8-bit and 32-bit Freescale microcontroller
portfolio, and speeds up general purpose and medical product development.

3.1 Synchronization scheme

This application note configures the ColdFire+ MCF51JF to work like an audio streaming interface
enabling PCM8 (8-bit depth at 8 kHz sample rate). This means that digital audio sample data needs to be
converted to audible analog output through the DAC every 125 us = 1/8 kHz.

The Modulo Timer (MTIM) module is a simple 16-bit timer with a programmable interrupt used to
generate the 125 ps timely delay. Because isochronous transfers are used, it is necessary to synchronize
the 125 ps delays with the USB SOF interrupt.

v v

( ms 4

125
us

) T

A vTMISR W Start of Frame (SOF)

(g%}
B
a
[a)]
-.J
as]
)
B
o]
-
e}

Figure 1. SOF and MTIM ratio
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Firmware design

3.2 Main function

The main function flow chart is shown in Figure 2. At first the firmware initializes the system. The MTIM
is configured to generate 125 ps interrupts and the counter is stopped for a moment. The DAC is enabled
to work with software triggers, and the USB stack runs the software to enumerate the device as audio class.

DAC init
MTIM init

|

Enumerate as
USB audio

Figure 2. Main function flow chart

3.3 USBISR

Inside the USB interrupt service routine (usb_dci.c), the start of frame flag is checked, in case an SOF
event occurs. The MTIM counter, which is stopped from the initialization code, starts counting.

Start MTIM
counter

Figure 3. USB ISR flow chart

3.4 USB application callback

Whenever a reset occurs or the enumeration process is complete, the USB_App Callback
(audio_speakers.c) function is called from the class layer. This function sets a variable so that the
application can start. It also receives data send/receive events.

The software is written in such a way that whenever data has been received, the USB application callback
stores the samples in a global buffer. Because PCMS format is used, this means that 8-byte samples are
received at this moment.
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Firmware design

Figure 4 shows that the first sample needs to be sent at the same time that it arrives in order to be
synchronized with the sampling rate. Therefore, as soon as the global buffer finishes storing the samples,
the first sample is sent to the DAC.

Storereceive data
inside a buffer

Outputthe first value
through the DAC

Figure 4. Application callback flow chart

3.5 MTIMISR

The MTIM interrupt (audio_mtim.c) provides timely delays to play the received digital audio data through
the DAC. Inside the MTIM ISR the software needs to:
1. Check if there is new data to be sent.
2. Convert the current digital audio data into an analog output.
3. Check if the current sample equals bit depth (8 samples); if it does then the MTIM counter is
stopped.
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Figure 5. MTIM ISR

4 Running the software

This section explains how to use the USB audio speaker software which receives audio streams data from
a host and plays it through the DAC. Such software also supports specific requests from the audio control
interface (from host) such as mute control, volume control, and many more.

4.1 Setting up the demo

The TWR-MCF51JF is connected to a PC (host) using two USB cables and one speaker through an audio
jack output. The PC uses one USB cable to supply power to the board and to flash the software to the
ColdFire+ device. The second USB cable connects the PC host and the TWR-MCF51JF device.
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4.2

Host system running
CodeWarrior

USB cables

Jackto Jack cable

TWR-MCF51JF

Figure 6. Audio speaker demo setup

Running the demo

After the system has been set and flashed, use these steps to run the demo.

1.

Plug USB audio device into the PC. As soon as you turn on the device, it is recognized by the host
and installed automatically. Callout shown in Figure 9 should appear on the right bottom corner of
your screen.

.,i/ Found New Hardware *
USE Audio Device

Figure 7. Find new hardware callout

After successful installation, the host indicates that the device is ready to use as shown in Figure 8.

i) Found New Hardware x

Your new hardware is installed and ready to use.

Figure 8. Installation of USB audio device

To verify whether the USB audio device has been installed properly, look at the device manager
dialog.
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Figure 9. Device manager dialog

Running the software

4. Double-click on the USB Audio Device icon, and the device properties dialog appears as shown in

Figure 10.

Figure 10. USB Audio Device properties dialog

USB Audio Device Properties

General | Properties | Driver | Detais|

USB Audio Device
L)

Device type: Sound, video and game cortrollers

Manufacturer: {Generic USB Audio)

Location: Location 0 {USB AUDIO DEMO)
Device status

This device is working property.

If you are having problems with this device, click Troubleshoot ta
start the troubleshoater.

Dievice usage:

Troubleshoot...

|se this device {enable)

v

5. To verify whether the USB Audio Device has been selected as the default device or not, you must
right-click on master volume icon.

Options  Help
Speaker Wave SW Syrth CD Player
Balance Balance: Balance Balance
Volume: Volume Volume Volume
- S B
[ Mute al [ Mute [ Mute [ Mute
USE AUDIO DEMO

Figure 11. Master volume
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6.

After installation, the device works as a sound driver and the PC is able to control it. To show that
the control functions are received by the device, the software sends command control echoes
through the UART.

a) Open a HyperTerminal with the following properties (baud rate: 11520, parity: none, stop
bits: 1, flow control: none).

comt propertes TP

Port Settings I

Bits per second: m
patabis [5 7]
Parity: INO“E—EI
Swebts [T =]

Flow controt -

Restore Defaults |

oK I Cancel I Apply I
Figure 12. HyperTerminal properties

b) With the PC, send audio control interface commands such as adjusting the volume (volume,
on/off mute). The changed values are displayed on the HyperTerminal screen.

& USB_AUDIO_DEM - HyperTerminal 3 =lolx|
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Volume: -7 dB
Volume: -11 dB

Volume: -39 dB
Hute: 1

Hute: @
Volume: -43 dB
Yolume: -48 dg

Volume: -68 dB

Connected 0:01:29 [auko detect  [19200 841 [SCROLL  [CAPS [NM [Captre  [Prink =cho

Figure 13. Volume and mute control
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c) Open the Windows Media Player and then select and listen to your favorite audio.
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