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Due to the nature of wireless communications, transmission and reception of data
can never be guaranteed. Data may be delayed, corrupted (i.e., have errors) or be
totally lost. Although significant delays or losses of data are rare when wireless
devices such as the Sierra Wireless modem are used in a normal manner with a
well-constructed network, the Sierra Wireless modem should not be used in
situations where failure to transmit or receive data could result in damage of any
kind to the user or any other party, including but not limited to personal injury,
death, or loss of property. Sierra Wireless accepts no responsibility for damages
of any kind resulting from delays or errors in data transmitted or received using
the Sierra Wireless modem, or for failure of the Sierra Wireless modem to
transmit or receive such data.

Do not operate the Sierra Wireless modem in areas where blasting is in progress,
where explosive atmospheres may be present, near medical equipment, near life
support equipment, or any equipment which may be susceptible to any form of
radio interference. In such areas, the Sierra Wireless modem MUST BE
POWERED OFF. The Sierra Wireless modem can transmit signals that could
interfere with this equipment.

Do not operate the Sierra Wireless modem in any aircraft, whether the aircraft is
on the ground or in flight. In aircraft, the Sierra Wireless modem MUST BE
POWERED OFF. When operating, the Sierra Wireless modem can transmit
signals that could interfere with various onboard systems.

Note: Some airlines may permit the use of cellular phones while the aircraft is on the
ground and the door is open. Sierra Wireless modems may be used at this time.

The driver or operator of any vehicle should not operate the Sierra Wireless
modem while in control of a vehicle. Doing so will detract from the driver or
operator's control and operation of that vehicle. In some states and provinces,
operating such communications devices while in control of a vehicle is an offence.

The information in this manual is subject to change without notice and does not
represent a commitment on the part of Sierra Wireless. SIERRA WIRELESS AND
ITS AFFILIATES SPECIFICALLY DISCLAIM LIABILITY FOR ANY AND ALL
DIRECT, INDIRECT, SPECIAL, GENERAL, INCIDENTAL, CONSEQUENTIAL,
PUNITIVE OR EXEMPLARY DAMAGES INCLUDING, BUT NOT LIMITED TO,
LOSS OF PROFITS OR REVENUE OR ANTICIPATED PROFITS OR REVENUE
ARISING OUT OF THE USE OR INABILITY TO USE ANY SIERRA WIRELESS
PRODUCT, EVEN IF SIERRA WIRELESS AND/OR ITS AFFILIATES HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES OR THEY ARE
FORESEEABLE OR FOR CLAIMS BY ANY THIRD PARTY.

Notwithstanding the foregoing, in no event shall Sierra Wireless and/or its
affiliates aggregate liability arising under or in connection with the Sierra Wireless
product, regardless of the number of events, occurrences, or claims giving rise to
liability, be in excess of the price paid by the purchaser for the Sierra Wireless
product.
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Preface

Patents This product may contain technology developed by or for Sierra Wireless Inc. This
product includes technology licensed from QUALCOMM®. This product is
manufactured or sold by Sierra Wireless Inc. or its affiliates under one or more
patents licensed from InterDigital Group and MMP Portfolio Licensing.

Copyright © 2017 Sierra Wireless. All rights reserved.

Trademarks Sierra Wireless®, AirPrime®, AirLink®, AirVantage® and the Sierra Wireless logo
are registered trademarks of Sierra Wireless.

Windows® and Windows Vista® are registered trademarks of Microsoft
Corporation.
Macintosh® and Mac OS X® are registered trademarks of Apple Inc., registered in
the U.S. and other countries.
QUALCOMM® is a registered trademark of QUALCOMM Incorporated. Used
under license.
Other trademarks are the property of their respective owners.
Contact
Information
Sales information and technical Web: sierrawireless.com/company/contact-us/
support, including warranty and returns | Giobal toll-free number: 1-877-687-7795
6:00 am to 6:00 pm PST
Corporate and product information Web: sierrawireless.com
Revision
History
Revision | Release date Changes

number

1 March 22, 2017

Initial revision in SWI template.

Rev 1 Mar.17
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1: Introduction

The BC127 and Melody Audio support a configurable and 12S specification compliant
digital audio interface.

Melody exposes a wide range of configuration parameters for the I2S interface that
allow customers to re-configure the bus to work with their existing hardware and with
non-I2S standard configurations.

This document aims to give a quick overview of the 12S standard. The full
specification can be found on the Internet.

This document also aims at explaining the relevant audio interface settings for Melody
and well as the full set of 12S configuration parameters.

Finally, this document provides a set of example configurations that aim to explain
how the configurations work for different pre-defined scenarios.
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2: The I12S Standard
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The I12S standard in short:

Time multiplexed serial protocol

There are two main types of device roles

- Transmitter - sends audio data

- Receiver - receives audio data

- A device can be both by sharing clock lines and having separate serial lines or
by implementing them on different busses

There are two types of bus roles

- Master - supplies SCL and WCL

- Slave - receives SCL and WCL

- No implication regarding data transfer direction

- A device that is both transmitter and receiver by using shared clock lines, may
not have different bus roles for the two device roles.

Requires three signals for one directional transfer

- SCL (or Bit clock) the serial clock - supplied by master at the rate bits are trans-
ferred over the data line

- WCL (or LRCLK) the word clock, supplied by master, indicating if the left or
right channel data is currently being sent - this is set to the sampling rate of the
signal

- SDA - the serial data line

SDA requirements

- MSbit transmitted first

- MSbit transmitted 1 SCL after WCL transition

- Word length independent, line must be low when no data is transmitted. All
received bits after the receiver word length should be ignored.

- Data must be valid on rising edge of SCL

- SDA data during WS Low (0) is Channel 1 (Left)

- Data is 2's complement



3: Melody 12S Configurations Overview

The Melody Audio interface is configured via several separate configurations
commands.

AUD I0=mode -> used to select Master 12S bus mode (3) or Slave 12S mode (4)

CODEC=X Fs stereo X X ->used to set the sample rate and mono/stereo mode
for audio output/input

BPS=bps -> used to set the bits per sample for audio.

Please note that the BC127 native word size is 16 and values larger than that will
result in the extra bits (on the leas significant side) being padded with 0 at the output.

For 12S receiver (input) resolution, please look at Justify Resolution of Data in the 12S
configuration below, to set appropriate input resolution. Also, for resolutions higher
than 16 bps, please look at the receiver crop and attenuation configurations and the
section below that explains the difference and goes through what needs to be
considered to ensure the best audio quality.

12S=12S_CONFIG -> this is used to set 12S specific settings, described in more detalil
below.
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4: Melody I12S configuration Overview

The I2S configuration is an 11-bit value represented by the 11 LSB of a 4-digit
hexadecimal number with the following bit positions setting the following 12S driver
specific settings:

Rev 1 Mar.17
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Bit [0]: Justification Format with respect to WCL transition:

- 0 — Left justified (MSbit of data occurs after WCL transition as specified In Left
Justify Delay, if more than 16 SCL per word slot are issued, remaining LS bits
are padded with 0);

- 1 —Right justified (the LSbit of data is sent in SCL immediately before WCL
transition, MSbits are padded with Os if more than 16 SCL per word slot are
issued). For the bus to be I12S compliant, this needs to be 0.

Bit [1]: Left Justify Delay:

- 0 — MSbit of SD data occurs in the first SCLK period following WS transition;

- 1 — MSbit of SD data occurs in the second SCLK period. For the bus to be 12S
compliant, this needs to be 1.

Bit [2]: Channel polarity:

- 0— SD data is left channel when WS is high;

- 1 - SD data is right channel. For the bus to be 12S compliant, this needs to be
1.

Bit [3]: Audio attenuation enable (On SD_IN):

0 — 17-bit SD data is rounded down to 16 bits;

- 1 —The audio attenuation defined in bits [7:4] is applied over 24 bits with
saturated rounding. This setting requires Bit [10] to be 0. This is used when the
I12S bus is used at input BPS larger than 16 and crop is disabled.

Bits [7:4]: Audio attenuation: in 6dB steps:

If the crop enable bit is set to 0, and Audio attenuation is set to 1, then this
aud|o attenuation is applied to the received data word (on 24bits with saturated
rounding) before it is passed internally as a 16-bit values. This scales down any
input larger than 16 bits so that it fits the native word size. This feature is useful
when the input word size does not use the full dynamic range of a 24-bit word
and therefore cropping the LSB would result in very poor performance.

Bits [9:8]: Justify resolution of data on SD_IN:

- This is used to set the input resolution and is a mandatory configuration for right
justified mode or if the input SCL will provide more clocks per WCL that the
sample bit depth transmitted.

- 00 — 16-bit
- 01 —20-bit
- 10 — 24-bit

11 — Reserved.

B|t [10]: 16 bit crop enable:

- 0—17-bit SD_IN data is rounded down to 16bits;

- 1 - Only the most significant 16bits of data are received. The simplest way to
convert input data larger than 16-bit into 16-bit input for the module. This results
in loss of precision and detail, and may result in the softer parts of received
audio being interpreted as silence. (Lowest 8 bits from 24-bit input word will be
discarded).



5: 12S Receiver Crop and Attenuation

The Melody audio sub-system operates natively at 16-bit resolution.

The 128 receiver interface can be configured to operate at 16, 20, and 24 BPS
through the 12S_CONFIG configuration.

When operating at bit resolutions higher than 16 bits, the receiver behaviour can be
configured.

By default, the receiver operates in compliance with the I12S specification, and crops
(truncates) values to the native audio interface bit resolution by taking the most
significant 16 bits of the signal.

Additionally, the user can configure attenuation which operates on 24 bits.

Which of the two approaches produces better results depends entirely on the input
signal characteristic. Details and considerations are discussed below:

Attenuation is going to take the 24-bit number and perform attenuation in 6dB steps
(amplitude division by 2) with saturated rounding to a 16-bit value on the result.

e.g. For a maximum amplitude sent over I12S of Ox7FFFFF attenuated by 6dB
would be Ox3FFFFF, which would then be saturation rounded to 0x7FFF (max
positive for the 16bit word); This means that if you are sending values as high as
0x7FFFFF (max positive for 24bit word) you will be introducing a lot of saturation,
which would lead to severely degraded audio quality.

If your source signal is strong and the topmost 16 bits are used, | would suggest using
truncation. That will discard the lowest 8 bits, so you will lose some precision from
your 24-bit source but that is unfortunately inevitable, but no saturations would occur.

e.g. For a maximum value sent over 12S of Ox7FFFFF, truncation results in a value of
0x7FFF and no saturation artifacts.

If your input signal, while in 24 bits is not using some of the higher bits, because
signal amplitude is low, it is worthwhile using attention to extract as much precision as
you can from your signal.

e.g. For a maximum signal amplitude sent over 12S of 0x01FFFF attenuated by
12dB would give 0x7FFF which would be saturation rounded to 0x7FFF; If trunca-
tion was used the value would be 0x01FF, thus removing 7 bits of precision.
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6: Example Configurations

The configurations are provided as explain to illustrate how the different settings are
applied to the Melody audio interface.

The configurations below need to be supplied to Melody as per the Melody manual
using the SET command. All configurations can be then permanently stored as per
Melody Manual using the WRITE command and applied on next boot by typing
RESET command.

Regardless of permanent status, the changes will take effect on next audio interface
activation.

Please note that for the digital audio interface to be operational on the BC127 board,
the SPI/PCM# pin on the module or switch on the Development/Discovery Kit has to
be de-asserted/in PCM# mode. Otherwise, the SPI lines will be multiplexed on the
PCM header and no digital audio output will be possible.

1. 16-bit, 48000Hz, stereo, as 12S Master, SBC only, I12S compliant
AUDIO=3 // 12S master
BPS=16 // 16 bits per sample
CODEC=0 48000 1 // SBC 48kHz Stereo
125=0406 // Crop input to 16 bit, WS low for L channel,
// 1 clock delay
2. 16-bit, 44100Hz, stereo, as 12S Slave, SBC only, I12S compliant
AUDIO=4 // 12S slave
BPS=16 // 16 bits per sample
CODEC=0 44100 1 // SBC 44.1kHz Stereo
125=0406 // Crop input to 16 bit, WS low for L channel,
// 1 clock delay

3. 16-bit, 48000Hz, stereo audio, as 12S Master, SBC only, reversed channel
polarity, no MSB delay

AUDIO=3 // 12S master

BPS=16 // 16 bits per sample

CODEC=0 48000 1 // SBC 48kHz Stereo

12S=0400 // Crop input to 16 bit, WS high for L channel,
// no left justify delay

4. 16-bit, 48000Hz, stereo audio, as 12S Master, SBC only, reversed channel
polarity, no MSB delay, right justified

AUDIO=3 // 12S master

BPS=16 // 16 bits per sample

CODEC=0 48000 1 // SBC 48kHz Stereo

125=0401 // Crop input to 16 bit, right justify resolution,
// 16 bit, reverse channel polarity, right justify

5. 24-bit, 48000, stereo audio, as 12S Master, SBC only, I12S compliant, 12dB attenu-
ation

Rev 1 Mar.17 10
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Example Configurations

AUDIO=3 // 12S master

BPS=24 // 24 bits per sample

CODEC=0 48000 1 // SBC 48kHz Stereo

12S=022E // justify resolution 24bit, 12dB attenuation,
// attenuation enabled, WS low for L channel,

// 1 clock delay

Rev 1 Mar.17 11 41110794



7: Change Log

Rev 1 Mar.17
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R40
- Added clarifications on I2S receiver truncation and attenuation concepts

- Added description of number representation format used by the interface
R30

- Updated examples for 12S WS polarity compliance

- Added Change Log and TOC

- Expanded introduction

- Minor layout changes

R20

- Clarified how settings are stored and applied on Melody
- Added note about SPI/#PCM select switch

R10

- Initial release
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