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Introduction

ing, transmitting, command mode and transparent mode.

CompactRISC is a trademark of Texas Instruments.
Bluetooth is a trademark of Bluetooth SIG, Inc. and is used under license by Texas Instruments.
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This document explains the UART Buffer management of the SimplyBlue module in the different possible cases as receiv-
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Buetooth Module - UART Buffer Application Note

1.0 Transmitting data through SimplyBlue (LMX UART Receiving buffers)

1.1 RTS HANDLING

The receiving buffers are in place to hold the data coming from the host. In this configuration the host sends to the module,
the data to be sent on the Bluetooth level.

HOST ‘ > SimplyBlue | __ g )
Module

UART Receive

The module uses 3 buffers of 128 Bytes each, called RX Buffers, where the receiving data are copied to through DMA, and
2 buffers of 340 Bytes each, called RX Application Buffers, for holding the received commands and data.

The internal baseband of the module includes a UART RX register to receive the UART data. As the UART RX register can
hold only 1 byte, a DMA channel is configured to copy the content from the UART RX register to the RX Buffers. Using
DMA gives more resources to the CPU for other tasks.

At start-up, the DMA channel is configured to point to RX Buffer 0. Once all 128 Bytes of RX Buffer 0 have been filled, a
“Terminal Count Interrupt” is generated to set up the next RX Buffer to be filled. This interrupt will configure the DMA chan-
nel to point to RX Buffer 1. Once all 128 Bytes of RX Buffer 1 have been filled, the “Terminal Count Interrupt” will configure
the DMA channel to point to RX Buffer 2. When the buffer RX Buffer 2 is full, the DMA will be configured back to RX Buffer
0.

RX Buffer 0 RX Buffer O
DMA 128 Bytes 128 Bytes
DMA
RX REG RX Buffer 1 RXREG +————Pp RX Buffer 1
1 Byte 128 Bytes 1 Byte 128 Bytes
RX Buffer 2 RX Buffer 2
128 Bytes 128 Bytes
RX Buffers Empty RX Buffer 0 Full
RX Buffer O RX Buffer O
128 Bytes DMA 128 Bytes
RX REG RX Buffer 1 RX REG RX Buffer 1
DMA
1 Byte 128 Bytes 1 Byte 128 Bytes
RX Buffer 2 RX Buffer 2
128 Bytes 128 Bytes
RX Buffer 1 Full RX Buffer 2 Full

The flow control RTS is cleared when two buffers are full and a new spare buffer is setup to receive the data via DMA. This
will stop the host and avoid an overrun when the last buffer is full as there would not be any buffer left available to switch to.
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RX Buffer 0,1 Full RX Buffer 0
128 Bytes
RX REG RX Buffer 1 === RIS
DMA
1 Byte 128 Bytes
RX Buffer 2
128 Bytes

Spare RX Buffer 2 Setup

Note: In case RTS is ignored by the Host, an “Overrun Interrupt” is generated if the DMA has copied 128 Bytes to a
buffer before a new spare buffer has been setup. Data will be lost in this case, and the module might run into a dead lock.

Every 10" ms the internal OS calls the TIKick function, managing the copy of the RX Buffers to the RX Application Buffers.

RX Buffer 0
128 Bytes RX Application Buffer 0
340 Bytes
RX Buffer 1
128 Bytes
RX Application Buffer 1
RX Buifer 2 TIKick Interrupt after 10 ms 340 Bytes
128 Bytes

Once the data have been copied into the Application buffers, they can be treated depending on the module operation
mode.

1.2 USING SEND DATA COMMAND
In Command mode the RX Application Buffers will get a complete command before being analyzed by the firmware.

The application parses on the way the first bytes of the command coming in to determine the command size. It then reads
the complete command and stores it into one of the application buffer. There is no timeout to check whether a command is
complete or not. If a command sent is not ended, the device will not be locked, but will not be able to recognize and inter-
pret the following sent command. For example, the host wants to send 300 Bytes of data using the SPP_SEND_DATA
command:

* The host first sends the command header and 250 bytes. At this point the SimplyBlue module expects another 50 bytes
and the End Of Frame (0x03).

¢ The host sends the RESET command to put the module back to idle.

« The module expecting 50 data bytes and 0x03 will throw away both commands (SPP_SEND_DATA and RESET) as
both will be unrecognized.

« At this stage the module should be able to accept new command even if the RESET has not been detected.

Once the first allocated RX Application Buffer has received one complete command, the Application buffer will be marked
as Full, and the function will switch the copy and point to the second buffer. This allows the main task application to handle
the packet just received while the TIKick task copy the next command to the second buffer.

Note: RX Application Buffers can hold only 1 command at a time, even if it is smaller than 340 Bytes. The application will
switch to the second buffer as soon as the first buffer holds 1 complete command.
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RX Application Buffer O contains 1 complete command

128 Bytes
340 Bytes
RX Buffer 1 Switch to Application Buffer 1
128 Bytes
RX Application Buffer 1
RX Buffer 2
340 Bytes
128 Bytes

If the command requires sending data over the air, the buffer marked as Full will be passed to the Bluetooth stack for send-
ing. The stack allocates one of the four 339 Bytes ACL buffers and copies the data payload from the command to the allo-
cated ACL buffer.

ACL Buffer 0
339 Bytes

Data Payload

PETETTTT T

340 Bytes

ACL Buffer 1
339 Bytes

ACL Buffer 2 —») )
339 Bytes

Copy data payoad

ACL Buffer 3
339 Bytes

RX Application Buffer 0 contains 1 complete command

Once the L2CAP layer has finished copying the data to the ACL buffer, the Bluetooth stack will send the data over the air.
The time needed to successfully send the data can not be predictable as it depends on the transmission states, the air
interface, and the remote device.

The main task takes the control of the execution again, and analyses the eventual commands received, and forward the
data to the Bluetooth stack depending on the event.

1.3 USING TRANSPARENT MODE

In Transparent mode the RX Application Buffers will hold the transparent data while it is being transmitted by the Bluetooth
stack.

As soon as the SimplyBlue device gets 339 Bytes in one of the RX Application buffers, an Application Buffer Full flag will be
raised to indicate the firmware that data are ready to be sent via Bluetooth. The function will as well switch the copy and
point to the second buffer allowing the main task application to forward the bytes just received to the Bluetooth stack while
the TIKick task copy the next data to the second buffer. In the Transparent mode case, there will be a buffer switch only
when the active buffer is full.
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RX Application Buffer 0 Full
2l [ ovulaicibe |
128 Bytes

340 Bytes

RX Buffer 1 Switch to Application Buffer 1
128 Bytes
RX Application Buffer 1
RX Buffer 2 340 Bytes
128 Bytes

| |
1
ﬁ Application Buffer Full Flag set

To include the case where the number of data to be sent over Bluetooth is less than 339 Bytes, a timeout is set up at every
beginning of RX Application buffer copy. If after 2 TIKick execution (this correspond to 20ms delay) the active RX Applica-
tion Buffer is not full, the data will still be forwarded to the Bluetooth stack for sending on the next TIKick execution. The
latency due to timeout can be up to 30ms in that case. Below is an example to illustrate this timeout case.

TIKick TIKick TIKick

10 ms ! 10 ms ! 10 ms -
v \ "
Copy few data to Copy few data to .
RX Application Buffer 0 RX Application Buffer 0 i
|
|
Total data copied < 339 Bytes |

Buffer 0

340 Bytes

Forward data to Bluetooth stack ) )
for sending

In both cases, RX Application Buffer is full or timeout, as for command mode, the stack allocates one of the four 339 Bytes
ACL buffers and copies the transparent data to be sent to the allocated ACL buffer.
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339 Bytes

Copy data 339 Bytes

ACL Buffer 2 —») )
339 Bytes

340 Bytes

ACL Buffer 3
339 Bytes

RX Application Buffer 0 Full or Timeout reached

Once the L2CAP layer has finished copying the data to the ACL buffer, the Bluetooth stack will send the data over the air.
The time needed to successfully send the data can not be predictable as it depends on the transmission states, the air
interface, and the remote device.

The main task takes the control of the execution again to continue an eventual data transfer.
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2.0 Incoming data on SimplyBlue (LMX UART Transmitting buffers)

The transmitting buffers are in place to send the data received from the Bluetooth link to the host device. In this configura-
tion the host receives the information from the Bluetooth module.

-— > SimplyBlue »
) ) Module b

UART Transmit
The module uses 1 buffer of 680 Bytes, called TX Application Buffer, where the incoming data are copied by the main task.

Incoming air data will be received by the 4 ACL buffers then copied into the TX Application Buffer. As soon as some data
are ready, it will copy and send them immediately.

ACL Buffer 0

ACL Buffer 1 Copy and send data

Application Buffer

680 Bytes
Receive data from 339 Bytes
Bluetooth stack

ACL Buffer 2

339 Bytes

ACL Buffer 3

339 Bytes

As soon as the TX Application Buffer contains a data packet to be sent, it will be copied directly to the internal UART TX
Register by the DMA channel. The transfer is started immediately without any delay when a packet is queued in the TX
buffer and the UART Transmit is not busy.

DMA
-pplication Buffer —— | TXREG

680 Bytes 1 Byte

Receive data from ACL Buffers

2.1 USING COMMAND MODE

If the module operates in Command Mode the TX Application Buffer will hold complete events to send to the host device
depending on the receiving frame from the Bluetooth stack.

2.2 USING TRANSPARENT MODE
If the module operates in Transparent Mode the TX Application Buffer will hold transparent data.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	1.0 Transmitting data through SimplyBlue (LMX UART Receiving buffers)
	1.1 RTS Handling
	1.2 Using send data command
	1.3 using Transparent mode

	2.0 Incoming data on SimplyBlue (LMX UART Transmitting buffers)
	2.1 using Command mode
	2.2 using transparent mode



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


