MICROCHIP

AN2645

Bluetooth® Multi-Speaker Audio Application

INTRODUCTION

Microchip’s Multi-Speaker Bluetooth Audio solution
utilizes Microchip proprietary technology to connect a
master speaker to one or multiple slave speakers
through a modified Bluetooth protocol. Multi-speaker
functionality is implemented using Microchip’s BM6x
family of modules. One (master) speaker can either be
connected to an audio streaming Bluetooth device
(smartphone, tablet, laptop, etc.) or its own auxiliary
input (AUX/LINE-In jack), and re-transmit either of the
two audio sources to one or more speakers acting as a
slave.

Multi-speaker solutions can be used with Class 1 BM64
modules, which allow for extended range. This is a
practical technology for applications such as PA
conference systems or wireless audio throughout
indoor or outdoor.

Multi-speaker can be provisioned to Concert mode
(three or more speakers) or in Stereo mode (two
speakers). For more details, refer to “Demo Setup”
and “Firmware Capabilities/Features”.

Figure 1 illustrates a typical Concert mode application
where the master speaker is connected to an audio
streaming device through Bluetooth.

FIGURE 1: CONCERT MODE: MASTER IS CONNECTED TO BLUETOOTH-ENABLED DEVICE
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Figure 2 illustrates a typical Concert mode application
where the master is connected to an audio streaming

device through AUX-In.

FIGURE 2:

CONCERT MODE: MASTER IS CONNECTED TO AUDIO STREAMING DEVICE
THROUGH AUX-IN
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Figure 3 illustrates a typical Stereo mode application
where the master is connected to an audio streaming
device through Bluetooth.

STEREO MODE: MASTER IS CONNECTED TO AUDIO STREAMING DEVICE
THROUGH BLUETOOTH
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Figure 4 illustrates a typical Stereo mode application
where the master is connected to an audio streaming
device through AUX-In.

FIGURE 4:
THROUGH AUX-IN
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There is no limit for the number of slave speakers
which can connect to the master in Concert mode.

REQUIREMENTS

Documentation

* “BM64 EVB User’s Guide” (DS50002514)

« “BM62/64 Bluetooth® 4.2 Stereo Audio Module
Data Sheet” (DS60001403)

Software

¢ Firmware: MSPK V1. xx

« MCU: PI C18 MSPK V1. x. x

 EEPROM Table: Customized EEPROM table
(*.ipf)

* Microchip Bluetooth Audio (MBA) App v1.xx

Hardware

BM64 EVB

MCU Programmer: MPLAB REAL ICE™/ICD 3/
PICKkit™ 3

15V power supply
Micro-USB cable

Bluetooth-enabled audio device such as
smartphone, tablet etc.

AUX-In enabled audio streaming device

» Speakers which accepts L+/- and R+/- as input
» Android device 6.0 and higher

Tools

MSPK V1. xx package contains all the required tools.

DEMO SETUP

It is mandatory to program BM64 EVB with MSPK
V1. xx software. If the BM64 EVB is not programmed
with MSPK V1. xx software before the demo, follow the
procedure from step 1 through step 5 to set up the
demo. If EVB has previously been programmed with
MSPK V1. xx then skip step 1.

1. Software Update

Update the firmware and MCU code from the MSPK
V1. xx software package. For more information on
firmware and MCU update procedure, refer to “BM64
EVB User's Guide” (DS50002514), Section 3.6 and
Section 3.7 respectively. To program the EEPROM,
refer to Section 3.5 of “BM64 EVB User’'s Guide”
(DS50002514). Four EEPROM tables are provided in
the package. If a customer has more than four devices
or needs to customize the setting, then refer to
Appendix B: “Customizing Ul and DSP
Parameters”.
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2. Connection

Connect a speaker to R/L+/- on the BM64 EVB. Only
one speaker needs to be connected per EVB.

3. Power-up

Connect all the BM64 EVBs to 15 V supply and short
press MFB on all the EVBs.

4. Installation

Install the Microchip Bluetooth Audio App on Android
6.0 or higher device. Refer to the procedure in
Appendix A: “Android App Installation” to install the
Android application.

Note: The Android version of the Microchip
Bluetooth Audio App is available in the
Google Play™ Store and the iOS version
of the app is available in the Apple
iTunes® store.

5. Provisioning

To provision multi-speaker into Concert/Stereo mode, a
set of commands needs to be sent from MCU. These
commands are sent either through pressing the button

on the BM64 EVB or through Microchip Bluetooth
Audio App utilizing BLE UART Transparent mode
command.

FUNCTIONALITY OF BUTTONS ON BM64 EVB
The BM64 EVB provides various button functionality:

» Short press MFB: To power-on/off BM64 EVB

* Long press MFB: To enter into Pairing mode

* Long press SW22: To enter into Master/Slave
mode in Concert mode

» Short double press SW22: To add a new slave to
the master

* Long press SW39: To enter into Master/Slave
mode in Stereo mode

» Short press SW40: To toggle audio source
between AUX-In and Bluetooth audio

Note: Long press is longer than 3 seconds andI

short press is shorter than 3 seconds.

Figure 5 illustrates the functionality of all the buttons
available on the BM64 EVB.

FIGURE 5: BM64 EVB WITH VARIOUS BUTTON FUNCTIONALITY
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Concert Mode

Short press MFB on all the BM64 EVBs. This will
power-on the EVB and initialization will be done. A
flashing LED indicates that the BM64 EVB is powered
up. A “power-on” voice prompt will also be played out.
Long press SW22 on all EVBs. The EVB will have
either solid red or blue LED flashing after a short time
period. The EVB with solid red LED is connected as a
slave to the EVB with a flashing blue LED as master.
The EVB on which SW22 is pressed first is provisioned
as master and others are provisioned as slave.

To connect the master with a Bluetooth streaming
device, long press MFB on master (flashing blue LED
on the EVB) to enter into Pairing mode. A “ready to
pair” voice prompt is played out. Pair with Bluetooth-
enabled audio streaming device. The “pairing
completed” voice prompt will be played out after the
pairing is completed with a Bluetooth-enabled device
such as smartphone, tablet etc., and flashing blue LED
will become solid blue on the EVB. Now play music on
the audio streaming device. Music will be heard on
master and slave speakers.

To add a new slave, short double press SW22 on the
master and then long press SW22 on the new slave.
The new slave will have solid red LED indicating that it
is added in the group. Music will be heard on the newly
added slave along with master and slave speakers.

To play the audio through AUX-In, connect the master
(flashing/solid blue LED) with the audio streaming
device through the AUX-In cable. Play music on the
audio streaming device and the audio will be heard on
both master and slave speakers. If Bluetooth audio was
playing before inserting the AUX-In, it will pause the
Bluetooth audio and AUX-In audio will start playing.
Press SW40 on the EVB to toggle the audio source
between AUX-In and Bluetooth. When the AUX-In
cable is removed, the Bluetooth audio will resume in
previous state.

A short press MFB on the master device will power-off
master and connected slave devices.

Stereo Mode

Short press MFB on all BM64 EVBs. This will power-on
the EVB and initialization will be done. A flashing LED
indicates that the BM64 EVB is powered-up. A “power-
on” voice prompt will also be played out. Long press
SW39 on all EVBs. Initially red LED will flash on all
EVBs. The EVB will have either solid red or flashing
blue LED after some time period. The EVB with solid
red LED is connected as a slave to the EVB with
flashing blue LED as master. The EVB on which SW39
is pressed first is provisioned as master and the
remaining are provisioned as slave.

To connect the master with Bluetooth streaming device,
long press MFB on master (flashing blue LED) to enter
into pairing mode. A “ready to pair” voice prompt will be
played out. Pair with Bluetooth-enabled streaming

device, and a “pairing completed” voice prompt will be
played out. In addition, a flashing blue LED will become
solid blue on the EVB. Now play music on the audio
streaming device. Music will be heard on master and
slave speakers.

To play the audio through AUX-In, connect the master
(flashing/solid blue LED) with the audio streaming
device through AUX-In cable. Play music on audio
streaming device, the audio will be heard on both
master and slave speakers. If Bluetooth audio is
playing before inserting the AUX-In, it will pause the
Bluetooth audio and AUX-In audio will start playing.
Press SW40 on the EVB to toggle the audio source
between AUX-In and Bluetooth. When the AUX-In
cable is removed, the Bluetooth audio will resume in its
previous state.

A short press MFB on the master device will power-off
the master and connected slave device.

CONCERT MODE PROVISIONING USING
MICROCHIP BLUETOOTH AUDIO APP

1. Press MFB on all the BM64 EVBs. The Android
app can also be used to power on individual
BM64 EVB. For more details, refer to Appendix
D: “Android App Power Mode”.

2. Open Mcrochip Bl uet oot h Audi o
Androi d App on an Android phone. The fol-
lowing screen is displayed, see Figure 6.

© 2018 Microchip Technology Inc.
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FIGURE 6: MICROCHIP BLUETOOTH AUDIO ANDROID APP
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3. Alist of connectable BLE devices is displayed. Concert mode, assign one as master and other
Select any one device MCHP_Multi_x (see as slaves. Select Concert Slave to assign one
Figure 6) and assign the role of master/slave. In of the BM64 EVB as a slave, see Figure 7.

FIGURE 7: SELECTING OPERATIONAL MODE
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4. When the device is selected as a slave/master, the BM64 EVB. Repeat this step for the other
“grouping” is displayed as Group Status, see slave EVBs.
Figure 8. Then the red LED will start flashing on

FIGURE 8: GROUPING SLAVE/MASTER
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5. Select Concert Master to assign one of the BM64 EVB as a master, see Figure 9.
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FIGURE 9: SELECTING CONCERT MASTER
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6. The red LED will flash on slave and will be con-
nected to the master with the flashing blue LED.
From the app select Concert Master, see

FIGURE 10: STATUS CONCERT MASTER

Figure 9. The “Concert Master” is assigned to a
BM64 EVB, see Figure 10.
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7. From the app, click Audio, select Pairing Mode
Enter to enter Pairing mode, see Figure 11. A
“ready to pair” voice prompt is played out on
master BM64 EVB. Select Speaker Connec-
tion Connect and a list of discoverable Blue-

FIGURE 11: AUDIO CONNECTION

tooth devices will be displayed on the Android
phone; select the device with name MCHP_-
Multi_x to pair and connect. A “device con-
nected” voice prompt is played out the and
flashing blue LED becomes solid blue.
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8. Control the music from the app through Music
Control, see Figure 11. Click Play, and music
will play on both master and slave speakers.

9. For AUX-In mode, connect an audio streaming
device with the master (solid/flashing blue LED)
through audio AUX-In cable and play music.
Music will play on both master and slave speak-
ers.

10. To toggle the audio source, click the Toggle
button on the app, as illustrated in Figure 12.
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FIGURE 12: TOGGLE AUDIO SOURCE
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ADDING ANEW SLAVE

1. From the app pause the music play. Click the
Setting tab, select Concert Master. A small
window will pop up, select Add new slave to
add a new slave, see Figure 13.
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FIGURE 13: ADDING A NEW SLAVE
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3. New slave is added to the master. Click Scan
and select Concert Master. Play music from the
Audio tab (see Figure 11). Music will be heard
on master and slave including newly added
slave.

STEREO MODE PROVISIONING USING
MICROCHIP BLUETOOTH AUDIO ANDROID
APP

1. In Stereo mode two speakers are used, one as
master and another as slave. Stereo mode pro-
visioning through the M cr ochi p Bl uet oot h
Audi o Android App is similar to Concert
mode provisioning. Select Stereo Master and
Stereo Slave from the app, see Figure 15, in
place of Concert mode master and Concert
mode slave in step 1 through step 8 (“Concert

FIGURE 15: PROVISIONING STEREO MODE

Mode Provisioning Using Microchip Blue-
tooth Audio App”). Slave will have a solid red
LED and master will have flashing/solid blue
LED.

For AUX-In audio, connect master (solid/flash-
ing blue LED) with audio streaming device
through AUX-In cable.

The AUX-In and the Bluetooth source can be
toggled from the app toggle button, as illustrated
in Figure 11.

Note: It is not mandatory that the Bluetooth

streaming device and provisioning device
be the same. Instead, one Android/iOS
device can be used for provisioning and
another Bluetooth audio device for music
play. Provisioning is done through BLE.
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QUICK MASTER/SLAVE SETUP

The Microchip Bluetooth Audio App has added a new
feature to establish quick master and slave speakers.

1.  From the Microchip Bluetooth Audio App, click
Settings, as illustrated in Figure 16.
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FIGURE 16: QUICK MASTER/SLAVE SETUP
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2. Select Create Personal Group, as illustrated in Figure 17.

FIGURE 17: CREATING PERSONAL GROUP
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3. Select Stereo/Concert mode from the pop-up window, as illustrated in Figure 18.

FIGURE 18: SELECTING STEREO/CONCERT MODE
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4. After selecting the mode, the Personal Audio
group page is displayed. Enter name (any user-
defined) and select master and slave speakers,
as illustrated in Figure 19.
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FIGURE 19: PERSONAL AUDIO GROUP SETTINGS
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5. Master and slave speakers will be created. To
play music, follow step 7 through step 10 from
“Concert Mode Provisioning Using Micro-
chip Bluetooth Audio App”.

RENAMING SPEAKER

The speaker name can be changed through the app, as
illustrated in Figure 20. The change in speaker name is

permanent, i.e. upon power cycle the new speaker
name is retained.

© 2018 Microchip Technology Inc.

DS00002645A-Page 15



AN2645

FIGURE 20: RENAMING SPEAKER
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EQUALIZER SETTING 1. Select Equalizer Settings > Edit to edit the
The equalizer parameters can be set/changed from the ﬁ?guuarlézgq parameters, as illustrated in

Microchip Bluetooth Audio App.

FIGURE 21: EDITING EQUALIZER SETTINGS
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2. Select the standard equalizer parameters from the list, as illustrated in Figure 22.
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FIGURE 22: STANDARD EQUALIZER PARAMETERS LIST
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3. Select Manual Settings to set the equalizer parameters manually, as illustrated in Figure 23.

FIGURE 23: MANUAL SETTINGS OF EQUALIZER PARAMETERS
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COMMAND PROMPT FEATURE

The  Microchip Bluetooth Audio App provides a
command prompt feature. Any command can be sent
from this command prompt to a connected BM64

FIGURE 24: COMMAND PROMPT

device as illustrated in Figure 24. This feature is used
to test the customized command such as lighting
control, volume control of particular speaker, zone
information extraction and reprogramming, etc.
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FIRMWARE CAPABILITIES/
FEATURES

The following features are supported in the multi-
speaker V1.xx firmware:

Concert Mode

In Concert mode three or more speakers are used. One
speaker works as master and rest as slaves,
connected to the master through Bluetooth. The master
is connected to a Bluetooth-enabled streaming device
through Bluetooth (such as smartphone) or to an AUX-
In cable. Figure 1 and Figure 2 illustrate a typical
Concert mode application. The audio packets are SBC
encoded with medium quality setting and audio packet
is not ACKed by slave. There is no feedback
mechanism between slaves and the master. The
button press on the master is communicated to the
slave, but the button press on the slave affects only the
slave speaker on which the button is pressed. The
AUX-In audio is SBC-encoded with medium quality
settings by the master. It follows the same procedure of
transmission as a Bluetooth packet received by the
master. The AUX-In audio to a slave speaker plays on
the slave speaker only. It is not transmitted to the
master speaker.

Stereo Mode

In Stereo mode two speakers are used. One speaker
works as a master and another as a slave connected to
the master through Bluetooth. The master speaker is
connected to a Bluetooth-enabled streaming device
through Bluetooth or through AUX-In cable to an audio
streaming device. Figure 3 and Figure 4 illustrate a
typical Stereo mode application. The audio packets are
SBC-encoded with a high quality setting and every
packet is ACKed by slave. The lost packet or NACKed
packet is re-transmitted by the master. The button
press is synchronized on both the master and slave i.e.
play, pause, volume, up/down button press on master
and slave speaker has similar effect. The AUX-In audio
is SBC-encoded with high quality settings by master. It
follows the same procedure of transmission as the
Bluetooth packet received by the master. The AUX-In
audio on slave speaker plays on the slave speaker and
is not transmitted to the master speaker. The auto-
reconnect feature has been enabled in stereo mode;
i.e., upon the power cycle of master and slave, they
reconnect.

Zone/Group

The concept of a zone or group applies when one
group of speakers cannot connect with another group
of speakers in a multi-speaker system. There is one
master speaker and multiple slave speakers in a group.
Each group is identified by 2 bytes unique ID. This

unique ID can be programmed into a set of speakers to
make them into a group. Many such groups can co-
exist without interfering with one another.

Note 1: EEPROM address 0x87 and O0x88 is
reserved for storing unique ID. A new
UART command has been added to pro-

gram group ID.

Simultaneous Bluetooth and AUX-In
Audio

Both Concert mode and Stereo mode support
simultaneous Bluetooth audio and AUX-In audio. The
audio source can be toggled by short pressing SW40
on the EVB. This functionality is also available on the
Microchip Bluetooth Audio App, see Figure 12.

Programmable AVRCP Version

Audio/Video Remote Control Profile (AVRCP) version
can be programmed to v1.6/v1.3. For more details,
refer to Appendix E: “AVRCP Version”.

AAC Codec

AAC codec has been enabled. To enable Advanced
Audio Coding (AAC) codec, refer to Appendix F:
“AAC Codec”. The AAC codec is preferred for iOS
devices.

Programmable AUX-In Latency

The AUX-In latency can be programmed from 20 ms to
80 ms. For more details, refer to Appendix G:
“Programming AUX-In Latency”.

Auto Reconnect

The Concert/Stereo modes support the auto-reconnect
feature i.e. upon power cycle master and slave
reconnects.

Voice Prompt and Hands Free Profile

Voice prompt and HFP are mono by default and can be
enabled in Stereo mode (L and R channel). Refer to
C.1 “Selecting Ul Parameters”.

© 2018 Microchip Technology Inc.
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MCU AND CODEC

The MSPK V1. xx code is developed and tested on the
BM64 EVB. The BM64 EVB contains the BM64
module, PIC18 MCU and a Yamaha DSP. However,
PIC18 and Yamaha DSP can be replaced by another
MCU and codec, but the BM6x module is mandatory.

Note: 44.1K to 48K Audio SRC(ASRC) and 8/
16K to 48K Voice SRC(VSRC) are sup-
ported in MSPK v1.1. Therefore, any
Codec/Class D amplifier can be used.
ASRC and VSRC can be selected in Ul,

refer to C.1 “Selecting Ul Parameters”.

MCU and BM64 communication

The MCU communicates with the BM64 module
through UART. A minimum set of hardware
connections is required to interface MCU to the BM64
module. Figure 25 illustrates the minimum connections
required by the relevant hardware pins on the BM64
module.

FIGURE 25: MCU AND BM64 EVB INTERFACE
MCU BM64
MCU_WAKE UP | P3_7
UART_Rx |, UART Interface HCI_TXD
UART_TX el inerdce | AELRND
BT_WAKE UP » MFB

MCU Commands

MCU communicates with the BM64 module through
UART commands. A summary of the commands is
provided in “AudioUARTCommandSet_Summary_tabl
e V2.0x.xlsx” and details of the commands are
provided in “AudioUARTCommandSet_v2 Ox.docx”.
Both the documents are part of the MSPK V1. xx
software package.

PACKAGE CONTENTS

The MSPK V1. xx package contains the following:

1. MSPK Firmware V1.xx(. hex file only)

2. Sample EEPROM table (*.i pf files), Ul file
(. txt ) and DSP file (. t xt )

3. PIC18 MCU code (binary and source code)

4. Mcrochip Bluetooth Audio Android/
i OS App and their source code

5. Documentation

- Application Note
- AudioUARTCommandSet_v2 Ox.docx

- AudioUARTCommandSet_Summary_table_
V2.0x.xIsx

- Release Note
6. Tools
- Ul Tool
- DSP Tool
- isupdate
- EEPROM Tool
- UART Command Set Tool
- MP Tool

MULTI-SPEAKER USER
APPLICATION

* Museum guided tour
* Restaurant
¢ Qutdoor entertainment

© 2018 Microchip Technology Inc.
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* In-home entertainment
+ Retail shops

PERFORMANCE METRICS

Latency

+ Latency between master and slave speakers is in
sub millisecond (<0.3 ms) range

+ Latency between Bluetooth streaming device and
master is up to 240 ms

+ Latency between audio device connected through
AUX-In to the master is programmable between
20 ms to 80 ms

Range

The customer can choose Class 1 or Class 2 based
upon the end application. Table 1 provides the BM64
module Class 1 and Class 2 part numbers.

TABLE 1: BM64 MODULE CLASS 1 AND CLASS 2 PART NUMBERS

Part No Description

BM64SPKA1TMC1-0001AA Bluetooth 4.2 Stereo Audio module with BLE, I2S, Flash, Class 1 without RF
shield, built-in antenna

BM64SPKS1MC1-0001AA Bluetooth 4.2 Stereo Audio module with BLE, 12S, Flash, Class 1 with RF shield,
built-in antenna

BM64SPKS1MC2-0001AA Bluetooth 4.2 Stereo Audio module with BLE, 12S, Flash, Class 2 with RF shield,
built-in antenna

BM64SPKA1TMC2-0001AA Bluetooth 4.2 Stereo Audio module with BLE, IZS, Flash, Class 2 without RF
shield, built-in antenna

Power Consumption

The Advanced Audio Distribution Profile (A2DP)
streaming consumes up to 13 mA. Since the master is
re-transmitting and SBC encoding for AUX-In audio,
power consumption is doubled; i.e., up to 25 mA. The
BLE Beacon consumes between 1.6 mA to 1.99 mA
depending upon transmission interval and packet size.
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APPENDIX A: ANDROID APP
INSTALLATION

To install the application, perform the following steps:
1. Connect the Android phone to the computer

FIGURE 26:

USB TRANSFER

using a mini-B USB connector.

Note: The latest Android version (Android 6.0
and higher) does not show any directory in
the phone. Enable “Transfer files” from the
phone to access phone memory, as illus-
trated in Figure 26.

30 WA 109

Use USB for

O Charging only

Transfer files (MTP)
Transfer photos (PTP)

MIDI

2. It is recommended to copy the M crochip
Bl uetooth Audio Android App to the

FIGURE 27:

Download folder of the Android mobile device,

see Figure 27.

DOWNLOAD FOLDER OF THE ANDROID DEVICE

-

@vvl_ v Computer » Galaxy A5 » Phone »

Organize =

- Favorites
Bl Desktop
4. Downloads

| Recent Places
. Libraries

M Computer
&, Local Disk (C:)
cu Mew Yelume (E:)

= Mew Volume (F:)

Android
File folder

Download
File folder

Pictures
File folder

Ringtones
File folder

DiCIM
File folder

photo_collage
File folder

Playlists
File folder

SHAREIt
File folder
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3. From the File Manager of the mobile device,
select My Files > All Files > Download >
MBA1_x_Android.apk.

FIGURE 28:

After selecting the file, a warning message indi-
cating the installation is blocked is displayed,

see Figure 28.

WARNING MESSAGE: INSTALL BLOCKED

[~

all B 11:06 AM

For security, your phone is set to
block installation of apps obtained
from unknown sources.

CANCEL

4. Go to Settings to open the Security screen and
enable installations from Unknown sources,

FIGURE 29:

and then click OK to confirm the change, see

Figure 29.

ENABLE INSTALLATION FROM UNKNOWN SOURCES

5 G $ Tl 100% W 17:06 AM
< LOCK SCREEN AND SECURITY

Locate

Samsu

i device remaotely using your

Unknown sources

Secure Folder

Keep your personal files and apps safe and secure,

< LOCK SCREEN AND SECURITY

Locate and control your device remotely using your
Samsung account,

Unknown sources —

{
i

Unknown sources

Installing from unknown sources
may be harmful to your device and
personal data. By tapping OK, you

Secure startup

creen lock when

Encrypt SD card

Mo 5D card insertad

Other security settings
hal ing

= those for

LOOKING FOR SOMETHING ELSE?
BACKUP AND RESTORE

LOCATION

> | agree that you are solely responsi-
,  ble for any damage to your device

or loss of data that may result from
| using these applications,

) Allow this installation only

!' CANCEL

LOOKING FOR SOMETHING ELSE?
BACKUP AND RESTORE
LOCATION
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5. A message is displayed requesting whether to
install an update to the existing application. Click
Install. A confirmation screen displays when the

FIGURE 30:

UPDATE AND INSTALL THE APP

application is installed, and then click Open to
run the application, see Figure 30.

B Tl 100% M 17:06 AM
E]  Microchip Bluetooth Audio

Do you want to install this application? It
does not require any special access.

£ ol 100% W 11:06 AM

B} Microchip Bluetooth Audio

CANCEL

App installed.

DONE

6. The app starts scanning and the timeout is for 30
seconds. A notification is displayed as “This app

FIGURE 31: LOCATION ACCESS

needs location access”, click OK and then select
Allow, as illustrated in Figure 31.

11:06 AM

This app needs location access

Please grant location access so this
app can detect beacons.

cers found, Please check
Location services Settings

g=R=g B Tl 1 11:06 AM

Microchip Bluetooth Aud... scan

9 Allow Microchip Blue-
tooth Audio to access
this device's location?

DENY
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7. Click SCAN to see the list of discoverable devices nearby, as illustrated in Figure 32.

FIGURE 32: UPDATE AND INSTALL THE

[R=4h A =Ll 100% M 2:30 PM

Microchip Bluetooth Aud... scan

MCHP_Multi_0x g il

Ungroupe:

MCHP_Multi_03 g all
Ungraupe:

MCHP_Muli_01 g il
Ingroupe
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APPENDIX B: CUSTOMIZING Ul 1. Open the Ul tool, Ul Tool _I S206xGV1 002_
nSPK_v1. x. x. exe from Tool s\U  Tool .

AND DSP Click Load to load Ul Tool _| S206XGV 002
PARAMETERS _BMB4_EVB. t xt from the same folder path and

then click Open, see Figure 33.
B.1 Customizing Ul Parameters

Perform the following steps to customize the Ul
parameters:

FIGURE 33: LOADING UI FILE

" [S206XGM_002_nSPK v1.0.4 P l
r - * - h |
™ Open —r
Version & Device e |
AT |l « MSPKVIORTP Package » Tooks » UlTool v | 49 || Secrch Ul'Too pel
P :
e Organze v New folder Eew 1 @
P - 1S2067 - Name = ey ) BEPR [
IC Package: & Favortes Name Date mi oy i
2 2 s Setta
Customer Version = 8ox Syne | UlTool JS206XGM_002_BM64_EVB | Y2/ ng
B Desktop | UlTool_IS206XGM_002_nSPKDS_Default_T... 1/23/20 Value
4 Recent Places EProj
@ Downloads :'fl!:e
152
91 < E O6xGM
—4| & Libraries 002
‘- Documents B?SPK
< fnnd @' Music V.1
—— &= Pictures ;RON
- Subversion Infor
matio
B Videos n .
5506
_NSPK
/2017 1:57 PM % Computer 03
. ; ROM
& 05Dk (C2) = g y Versi -
| —— —
File nsme: UlToal_IS206XGM_002_BM64_EVE - |[amEenm ~|
(o 3)) [ oo |
N "
| & 4

2. From the Ul tool, click Edit, see Figure 34.

FIGURE 34: EDIT Ul PARAMETERS

- | Tool JS206XGM_002_BME4_EVE.txt - IS206XGM_002_nSPK v1.0.4 NES

Version & Device

Projedt: |IS206XGM_002_nSFKOS,_~ |

IC Package: |BMB4CLST ~

Customer Version: |

| |
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3. Awindow is displayed, click Next, see Figure 35.

FIGURE 35: MAIN FEATURE SETTINGS

-
| UlTool_IS206XGM_002_BM64_EVE.txt - IS206XGM_002_nSPK v1.04

| Supported Profile

Function GPIO Assignment

Slide SW r ~
NFC IS I
ind.1 r r
ind 2

Buzzer

Tx IND -

CHG/AUX-N ind &
Switch Control r

Back |

allz

(S

| ¥ HFP/HSP V¥ A20P ¥ AVRCP ¥ SPP ™ AP
| ¥ AVRCP Controller F
| ¥ AVRCP Target !
[l - Button
| s I Btn1(F02) ™ Btn2(P27) I~ Bin3(P05)
I~ Btnd(P3_3) I~ BinS(P3_1)
Function Enable
I~ Shde Switch M AUX Line In [~ Buzzer
I~ NFC Detect ~
-
~

POO P04 P15 P03 P20 P24 P37

4. Click the Sys. Setup2 tab to change the
speaker name, as illustrated in Figure 36 and
then click Finish.
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FIGURE 36:

CHANGING SPEAKER NAME

UlTacd JSH0AXGM 002 EMES EVE bt - FEMGNEM 002 ntPK vLOA0 B s e

| CODEC Setup | iAP/SPP Setwp | BLE Setup | nSPK Setup |

Button Setup B
Sys. Satup

Hama Frag Segman

Sys. Setupd | LED Setp! | LED Setup2 | LED Setupd | Tone Setup |

= Mame Fragment I| MCHF_Muiti_00

Security
— Enable Simple Painng

— PIN Code

Misc Option

— Enable Paring as Standby Mode

— Enter Pairing Mode VWhen Fower On

— Suspend Stream When SCO Established

2 (32 Char) EI
e e

[0 onan

Dusabla -
Dusabla -
Diisabla -

— Circulas Volume Contrel Disable bt
— Class of Device Speaker -
— Phone NR and EC Function Dusabla -
— Repon Batery Stsus ta Smart Phons Enabée bt
— Link Application Sangle-Link -
— Abwarys Answer Incomang Call Dnsable *
Man Feature Presvious | | Hexd I &
R
5. Click Exit, a window is displayed. From the then click Save, see Figure 37.
Save As window, select the file location, and
FIGURE 37: SAVING Ul PARAMETERS
’ [ Save e | i
OQ ‘ . « MSPKv10RTPPackage » Tools » UlTeol - 4,' Search p'
- Organize v New folder = v e
™ UlTool_IS206XGM_002_BM64_EVB.txt - IS206XGM_002_nSPK o 5 R = 1
3 2L RecentPlaces *  Name Date modified
Version & Device W Boialoncs L UlTool_IS206XGM_002_BM64_EVE 1/27/2017 3:08 PM
e - ] UTool_15206XGM _002_nSPKOS_Default_T... 1/23/2017 3:06 PM
9 Libraries
Project IISL‘DS&GRI_UGE_-ISPZ\‘Uﬁ__ l | Documents
| o' Music
IC Packaga: IBM54CLS1 b | = p
- =] Pictures |
Customer Version: I (=1 Subversion 1
B videos
™ Computer
PICS ’ —
Save Export. Gereata) &, osDisk (C)
P €M Network il L L
Load Edit @ File name: ool IS206XGM 002 _BMG4_EVB 2 -
~— I Save as type: | TXT FILE(.TXT) L -
3 N
o | = Hide Folders [ swve J) Cancel |
S—
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B.2 Customizing DSP Parameters _nSPKO5_V1. 1_DSP_V1. xx. exe from

) ) t ool s\ DSP Tool . Click Load to load MSPK_
Perform the following steps to customize the DSP BVB4 | 2S Mast er . t xt from the same folder
parameters: path, as illustrated in Figure 38.

1. Open the DSP Tool, DSPTool _| S206 XGM 002

FIGURE 38: LOADING DSP PARAMETERS

f B8 05PTool_IS206XGM_002_nSPKOS_V1.1 DSP Configuration Tool 1.03 =) =
Main Function |Voice Function | Audio Function | 125/PCM
DSPTool_IS206XGM_002_nSPK05_V1.1 DSP Configuration Tool 1.03
IC Version  |IS206XGM_002_nSPKO5_V1.1 -
. . I
[ 54 £20R0M Table File: et
@\' )/l « MSPKVLORTP Package » Tooks » DSPTool v |épll ScochDPTol 9|
MICHDCHIP Organize * New folder = i &
X Favorites = Name Date modified Type
w7 [ Box Sync l | MSPK_BMGA_2S_ Master 2 I 1/26/2017 11:11 AM  Text Doc|
B Desktop
=, Recent Places
# Downloads E
BIERERGERAT —
ISSC Technologies Corp. N oo
o' Music
=/ Pictures
-} Subversion
a Videos
e ey gl LLL} L
1 ;
( File name:  MSPK_BMG_LIS_Master - "LX] Fllcs('.ui) =)
‘ Save ] Default.txt ‘,:,.n“,l |
| — e e e
= D J s
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2. Click the 12S/PCM tab and perform the I%S related selection, as illustrated in Figure 39.

FIGURE 39: 12S/PCM SETTINGS

[ 158 15206XGM_002_nSPKOS. V1.1 DSP Configuration Tool 103 | ’ = )
| Main Function | Yoice Function l Audio Fum:tinn
Master Mode Slave Mode
CODEC DSP CODEC DSP
B SCLK 1 SCLK
RFS » RFS
DT - ]
» DR » DR
Slave Master Master Slave
125 Mode :Mlﬂltl mode - | 2 I
Data Bitwidth 24bit -l 3
ADC Selection :Embedded ADC N
RFS Setting RFS low level -> Left channel |
Notice: Please Press "Save" Button to export 125 parameters. Do not press "DSP Parameter”
Button.
| DSP Parameter |
Load .
. ~ DSP Default |
MSPK_BM64_I25_Master.bdt Bat |
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3. Click Save to save the settings as a . t xt file, as illustrated in Figure 40.

FIGURE 40: SAVING DSP PARAMETERS

B 1S206XGM_002_nSPKDS V1.1 DSP Configuration Tool 1.03 = 3
Main Function | Veice Function | Audio Function 12S/PCM
Master Mode Slave Mode
CODEC DSP CODEC DSP
—
- SCLK { SCLK |
F —
) L %TS 58 E2PROM Table File: - - l ——
» DR C [J0 s« MSPKVIORTP Package » T |
j ? ge » Took » DSP Teel = )
/ AP AR i :
Slave Master Oopacicn, Zamn Mo folde: - @ |
U Favorites Name ~ Datem ype 5
1 B3 Box Syme MSPE_BMB4 125 Master
12S Mode Master mode | B Deskiop
4 1 RecentPlaces |5
Data Bitwidth 24bh x & Downioads
ADC Selection Embedded ADC _] "4 Ubraries
§ E * Documents
RFE Setting RFS low level -> Left g @ Music
= Pictures
Notice: Please Press "Save™ Button to expor <l Subverson g "
Button. LR
File neme: | MSPK 8M64 DS Masterst | 2 -
|
Save astype | TXT Fies (".bt) -
Load ) . Hide Folders | Cancel
@ MSPK_BME4_I2S_Master. S - — VJ m—
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B.3 Creating *. i pf file select Ul Patch Only and then click Next, as

] illustrated in Figure 41.
Perform the following steps to create *. i pf file:

1. Open MPET tool, MPET. exe from
Tool s\ MP_Tool s_V2. 1. XX. XXXX folder,

FIGURE 41: SELECTING .ipf OUTPUT FORMAT

[ Y
MPET Ver2.1304882 a =i
Type of Merged Output
Select EEPROM oulput aganst the item in MPET, ISSC

Phease choose the file format of merge tool output, then dick on Next.

Default (Ful EEPROM, *.bin)

Select Default to generate full EEPROM binary image for MPBT =500 Write EEPROM.
The oplion is recommended while preparing production of a whole new model.
Customers create a completed EEPROM content by merging the 1SSC default and ol
refated customized UL, RF, PMU, (or Audio) parameters.

| © utPatch Oy ( Customized UL Updates, *.pf) | 1

Select UL Patch Only, only the customized Ul updates are outputted for MPET =550
EEPROM Patch, This oplon is used while customer modify UL behanior aganst the
samples which have passed mass-production PC3A test.
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2. Click Browse and select | S206XGV_002_ bin into IPF” check box and then click Next, as
nSPKO5_V1. 1_E1. X. X. X_XxXxX. bin  from illustrated in Figure 42.
Tool s\ MP_Tool s_V2. 1. xx. xxxx\i ssc_
def aul t _bi n folder. Select the “Load default

FIGURE 42: LOADING DEFAULT BIN FILE

MPET Ver:2.1.30.4882 —
Select latest 15SC Default
Browse 1SSC default a5 a bass ISSC
fault b fie

C:\project_new\BME4YMSPK_RTPIS206XGM_002_nSPK0S_V1.1_E1.0.0.1_1083 I [

&7 Losd defaitbnnto I =y 2

BiN fle desaiption: .
Format Version : 4
Saolution Name : IS206XGM_002_nSPKOS5_V1.1_EETA
EEPROM Yersion : 1.0.0.0
Company Name : MOHP
Project Name : IS206XGM_002_nSPKOS5_V1.1
TXT Files :
IPF Fies :

| Back®) K Nexto) | cancel |
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3. Click “+” and select MSPK_BM64_1 2S Mast er. t xt and Ul Tool _I S206XGV 002_BMb4_EVB. t xt , as
illustrated in Figure 43 and then click Next.

FIGURE 43: LOADING CUSTOMIZED Ul AND DSP PARAMETERS

- J n
MPET Ver2.1.304882 ——
Load Customized Parameters From Files.
Browse and ndude the files stored austomzed sattings ISSC
Customized setings in sadected BIN
FiaNare Version Brief

P 1T » W

Merge List ¥ @ -

Fledlae
CHlpromct_new\BMSS\MSPK_RTPIBMS4_DSP_125_Master. txt |
2

Cilproject_new \BMS4MSPX_RTPUTTool_IS205XGM_002_EVEB.oxt

< m k

3
| —

d
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4. Select the output file name and path to create the *. i pf file as illustrated in Figure 44, and then click Next.

FIGURE 44: SELECTING OUTPUT FILE NAME AND PATH

MPET Ver2.1.30.4882 N -

Select Destination to Save Output
Asson outout name and path ISSC

I C:'project_new\BMEAWMSPK_RTPMSPK_MOP_Muiy_00.pf I 2
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5. Click Generate to generate the *. i pf file, as illustrated in Figure 45.

FIGURE 45: GENERATE IPF FILE

MPET Ver2.1.30.4882 ———

Ready to Generate Binary Output
Double check the selectons ISSC

Oick Generate 1o continue, of dick Back if you want o review o change s2tting.

ge Type:
Ul Patch Only ( Customized UI Update, *.ipf)
1 son (IC): l
1S206XGM_002_nSPKOS_V1.1_BETA
tput Fle:
Cilprofect_new \BMSSMSPK_RTP\MSPK_MCHP_Mult_00.ipf
Qe Fles:
C:\project_new \BMES\MSPK_RTP\BMES_DSP_125_Master, txt
C:lprojact_new BMES\MSPK_RTP\UITool_IS206XGM_002_EVE. txt

71N
geck®) |[fenerate ) | Cancel
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6. After generating the *ipf file, click Finish, see Figure 46. The generated *.ipf can be directly programmed into

BM64 modules.

FIGURE 46: IPF FILE GENERATED

MPET Ver2.1.30.4882

ISSC

ISSC Technologies Corp.

—

Complelini the MPET Wizard

Output Path:
Cilproject_new\BMESMSEK RTP

Chck Finigh to ewast generate.
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APPENDIX C: CONFIGURING BM64
IS MASTER/SLAVE
MODE AT 48 kHz

BM64 I2S can be configured into 1°S Master and 12S
Slave modes. Appendix B: “Customizing Ul and
DSP Parameters” describes BM64 configured into 12S
Master mode. This section describes BM64 configured
into 12S Slave mode.

FIGURE 47: CODEC SETUP

CA1 Selecting Ul Parameters

Perform all the steps from B.1 “Customizing Ul
Parameters”. The only difference is enabling Audio
SRC and Voice SRC, as illustrated in Figure 47. Click
the CODEC Setup tab, enable Audio SRC, Voice SRC
and then select “External CODEC” as External codec.

Voice Prompt and HFP can be enabled in Stereo mode.
Enable Tone Stereo and Voice Stereo, as illustrated in
Figure 47.

- UlTool_IS206XGM_002_nSPKO5_BM64_EVB1.txt - [S206XGM_002_nSPK v1.1.11

Sys. Setupl ] Sys. Setup? l Sys. Spiua D Setupl ] LED Setup2 l LED Setup3 l Tone Setup l

Button Setup | PMU Setup CODEC Setup ] IAP/SPP Setup | BLE Setup | nSPK Setup |
— Filter Type For Stereo Audio Quality ‘ |Fi|TBF Type 2 j I
— Enable LR Sound Channel Swap |UR Mormal j
- Enable LR Sound Mix |Disable j
- DSP CODEC Always On Enable |DiSEb|B j
— Close CODEC Time [4 (1-254 unit- 0.64s)
— SDM Order |3rd SDM -

L Extemal conec External codec - 3
— Audio SRC |Enable - 5
— Voice SRC Enable -|
- TONE Siereo |Enable ~]
— Voice Stereo |Enable v| 4
-— 125 Shutdown |Disable j
Line-In Setting
- Stereo Line in Loop Back |EnaL:-Ie J ﬂ
— Line In Priority |Line In = SBC J I
Main Feature Previous ‘ Next ‘ Finish

Note 1: If “External CODEC” is selected as
internal codec then audio will be routed to
analog speaker out.

2: For BM64 12S Master mode at 48 kHz,
refer to C.1 “Selecting Ul Parameters”,
B.2 “Customizing DSP Parameters”
and B.3 “Creating *.ipf file”.
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C.2  Selecting DSP Parameters

Perform all the steps from B.2 “Customizing DSP
Parameters”. The only difference is select 1°S mode
as Slave mode, as illustrated in Figure 48.

FIGURE 48: IS IN SLAVE MODE

15 1S206XGM_002_nSPKDS V11 DSP Configuntion Tool 1.03

| Main Function i\l’nitc Function ' Audio Function 12S/PCM

i Master Mode
CODEC DSP
| f I /
L 1 SCLK |
\ ————d RFS
\ le—————1 DT \".
I — » DR |
J I )
Slave Master
12S Mode Slave mode - 1
Data Bitwidth 24bit -
ADC Selection _Embedded ADC -
RFS Setting RFS high level -> Left channel

Nolice: Plesse Press "Save™ Button to export 125 parameters. Do nol press "DSP Parameter”

Slave Mode
CODEC DSP
/ 7
- ® SCLK
\ = RIS\
! - DT
\:r » DR '} I
Master Slave

Button,

l I Load

[ save MSPK_BMEGA4_I25_Master.txt

| DSP Parameter
DSP Default |

Exit

C.3  Creating *.ipf file

For the procedure to create the *. i pf file, refer to
B.3 “Creating *.ipf file”.
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APPENDIX D: ANDROID APP
POWER MODE
Microchip Bluetooth Audio App can also be used for

power-on/off for an individual BM64 speaker. Touch
Power to turn on/off the BM64 speaker, as illustrated in

FIGURE 49: POWER MODE ON/OFF

Figure 49. If power is turned off on the master speaker
then it will switch off master and all the connected slave
speakers, similar to the short press of MFB on the
master speaker.

m L s M

MCHP_Multi_00

FPowaer

Group Details
MCHP_Multi_00

Audio
Speaker Settings
Group Settings

R RO & N REE]

Ungrouped
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APPENDI

X E: AVRCP VERSION

The AVRCP version 1.6/1.3 can be programmed, as
illustrated in Figure 50.

FIGURE 50:

SELECTING AVRCP VERSION

The volume control is performed on the source in
AVRCP v1.3. The absolute volume is sent to sink in

AVRCP v1.6.

UlTool_I5206XGM_002_nSPK05_Default_BMG4_EVB.bet - IS206XGM_002_nSPK v1.3.2

Sys_ Setupl
— Class of Device

- Phone MR and EC Function

- Report Battery Status to Smart Phone

— Link Application

- Always Answer Incoming Call

- Auto Answer Incoming Call When Link Back
- Hang Up a Call When Switch Off

-— Shut Down Power in Off State

- Enter Pairing when Power On Link Back Failed
— Wide Band Speech Enable (mSBC)

- Disable Link Back When Remoto No Link Key
— Only Accept Paired Device

- Disconnect All In Pairing
— Keep BLE In Power Off
- Playback Decide Linked Priority

| Speaker =]

Enable hd
Disable hd

— AVRCP Version Option

BT Version Setting

AVRCP v1.3

Button Setup | PMU Setup | CODEC Setup | iAP/SPP Setup | BLE Setup | nSPKSetup |
Sys. Setup2 l Sys. Setup3 ] LED Setupl ] LED Setup2 ] LED Setup3 ] Tone Setup ]

-

Main Feature Previous ‘

© 2018 Microchip Technology Inc.

DS00002645A-Page 42



AN2645

APPENDIX F: AAC CODEC

AAC codec can be enabled, as illustrated in Figure 51.

FIGURE 51: ENABLE AAC CODEC

UlTeol_I15206XGM_002_nSPKO5_Default_BM64_EVB.txt - IS206XGM_002_nSPK v1.3.2

Sys. Setup ] Sys. Setup2 Setup1 LED Setup?2 l LED Setup3 ] Tone Setup ]
Button Setup | PMU Setup CODEC Setup iAP/SPP Setup | BLE Setup | nSPK Setup |
— Line In Silence Detect |EI"IEb|9 j =
— Line-in Path | Digital Path |
— Line In Indicate Led(P37) |Disai:|e J
— Line In CSB |Enable j
— Line In Detect by GPIO |Disable j
-— Line In Latency 240 (0 - 255)

Amplifier Control Settings
— Cut OF Amplifier When Mute Disable ¥ T

— Off Amplifier TO {0 -3 unit : 1s)

— Off Amplifier T1 0 : Disable; 1 - 7 unit : 100ms)

I

— Off Amplifier T2 (0 : Disable; 1 -7 unit : 100ms)

CODEC Type Setting

i — CODEC Type Mask v —SBC B Help i

1 Main Feature Previous ‘ MNext Finish f
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APPENDIX G: PROGRAMMING
AUX-IN LATENCY

The AUX-In latency can be programmed from 20 ms to
80 ms, as illustrated in Figure 52.

FIGURE 52:

AUX-IN LATENCY

The value must be 3 times the intended latency value.
i.e. for 20 ms delay, Line In Latency = 20*3 = 60.

UlTool_IS206XGM_002_nSPKD5_BMB64_EVE.txt - IS206XGM_002_nSPK v1.3.4

Sys. Setupl ] Sys. Setup2 ]
Button Setup ] PMU Setup

— 125 Shutdown

Line-In Setting
— Stereo Line in Loop Back

— Line In / SBC Priority

— Line In Mute/Unmute

— Line In Silence Detect
—- Line In Path

— Line In Indicate Led(P37)
— Line In CSB

— Line In Detect by GPIO

— Line In Latency

Amplifier Control Settings

— Cut Of Amplifier When Mute

— Off Amplifier Time T0

etyp B
CODEC Setup L

Setupl ] LED Setup2 ] LED Setup3 I Tone Setup ]
iAP/SPP Setup | BLE Setup | nSPK Setup |
bt =

|Disable

=l

|Enab|e

Help

|Line In = SBC

|Disable

|Enable

|Digital Path

| Disable

|Enable

|Disable

Lef Led Lef Lef Lol Lef Lo Lo

(0 - 240 unit - 1/3ms)

Latency = Line In Latency/3 i.e. 60/3 =20 ms

Disable i

—
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
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 ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received 1ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company'’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR,
AVR logo, AVR Freaks, BeaconThings, BitCloud, CryptoMemory,
CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KEELOQ,
KEELOQ logo, Kleer, LANCheck, LINK MD, maXStylus,
maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip
Designer, QTouch, RightTouch, SAM-BA, SpyNIC, SST, SST
Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered
trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

ClockWorks, The Embedded Control Solutions Company,
EtherSynch, Hyper Speed Control, HyperLight Load, IntelliMOS,
mTouch, Precision Edge, and Quiet-Wire are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any
Capacitor, Anyln, AnyOut, BodyCom, chipKIT, chipKIT logo,
CodeGuard, CryptoAuthentication, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average
Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker,
KleerNet, KleerNet logo, Mindi, MiWi, motorBench, MPASM, MPF,
MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach,
Omniscient Code Generation, PICDEM, PICDEM.net, PICkit,
PICtail, PureSilicon, QMatrix, RightTouch logo, REAL ICE, Ripple
Blocker, SAM-ICE, Serial Quad 1/0, SMART-L.S., SQl,
SuperSwitcher, SuperSwitcher I, Total Endurance, TSHARC,
USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and
ZENA are trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in
the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip
Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology
Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2018, Microchip Technology Incorporated, All Rights Reserved.
ISBN: 978-1-5224-2682-0
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