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Introduction

This document has proposes helping the stakeholders to understand how the McBSP interact with the external devices and with the computer system (CPU or DMA). It will show all types of interaction between McBSP and some hardware that can communicate with it. This document is based in the use case schemas and also based on the requirement already caught at the McBSP requirement specification.
1.1 Document Overview

This document is composed by the following sections:

· Section 2 – Actors: this section lists all actors of the project.

· Section 3 - Use Cases: this section lists all use cases of the project.
· Section 4 – References: this section provides a complete list of all documents referenced elsewhere in this document.

2. Actors

1. System – It can be the CPU or the DMA. It is the module that controls the McBSP, the memory allocation and the configuration of the McBSP. The difference between the DMA and the CPU is only the interruption signal sent by the CPU and the event signal sent by the DMA.
2. Devices – The devices are external modules that are responsible to catch analogical signals from the environment and transmit them to the CPU, passing by the McBSP, or catch digital signals from the CPU, using the McBSP, and convert them to analogical signal to the environment. So it makes the communication between the CPU and the environment, making the conversion Analogical/Digital.
3. Use Cases
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3.1 [UC 001] Receive
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Description

The receive operation is a basic operation of the McBSP. In this operation the McBSP receives data from the device and transmits this data to the bus.
Actors

· System – Receives the data from the McBSP according to the configurations of the receive operation set on the initialization.

· Device – Sends the data through the McBSP.
Preconditions

The receive portion must be out of reset state, it means that the RRST field in SPCR register is set high.
Postconditions

The data in DRR register must be ready to be read and a synchronization signal is sent to the system.
Main flow of events

3. A frame sync pulse occurs (FSR), warning the beginning of data reception and frame.

4. The serial data is shifted into the RSR register with the delay configured in RDATDLY field in RCR. If the RCOMPAND is set 0 or 1h, the transfer starts with MSB or LSB first, respectively. After the shifting of serial data, any exception can occur and take the main flow to a secondary flow.

5. In the end of each element, if the RBR register is not full, the data is copied from RSR to RBR.

6. If the DRR has been read (it occurs when RRDY field in SPCR register is low), the RBR is copied into DRR and the RRDY field is set high (if the RCOMPAND field is set 0 or 1h, otherwise the flow goes to the FS001 secondary flow). A signal of interrupt is sent to the System (RINT or REVT) by tracking the RRDY.
7. After the interrupt to the system, the data is sent to the bus to be read.

Secondary Flows (Alternatives and Exception)

[FS 001] Receive with Expansion
8. The data goes from RBR to the companding hardware.

9. <<Include UC 017>>

10. The expanded data goes from the companding hardware to DRR register and the main flow of reception continues.
[FS 002] Unexpected Receive Frame Synchronization

1. During a receive operation, if an unexpected frame sync pulse occurs and the RFIG field in RCR register is set low, an exception occurs: the current data is lost and a new data is received.

2. The RSYNCERR field in RCR register is set high and a new reception is started.

[FS 003] Receive Overrun

1. If the DRR has not been read since the last RBR-to-DRR transfer.

2. If RBR register is full and an RBR-to-DRR copy has not occurred.

3. If RSR is full and an RSR-to-RBR transfer has not occurred and a new packet of data is arriving on DR.

4. The data in RSR is overwritten and RFULL field in SPCR register is set high.

5. To avoid receive overrun the DRR must be read no later than two and half CLKR cycles before the end of the RSR writing.

[FS 004] Data Packing Using Frame Sync Ignore Bits

1. The reception is in Maximum Frame Frequency.

2. The field RFIG in RCR is set to 1.

3. This configuration allows the data packing of elements through RFIG that is used to ignore subsequent frames pulses, not generating the RBR-to-DRR signal for each single element. All elements are put together with the maximum frequency, simulating a big element reducing bus bandwidth.

[FS 005] Data Packing Using Frame Length and Element Length

1. The frame length, element length and element phase are manipulated to pack the data into a unique element through the RCR. Putting together various elements into one, reduces the RBR-to-DRR copy signals to warn the system, consequently requiring less bus time.

Non Functional Requirements

11. [NFR 101] Number of bits per element.
12. [NFR 102] Number of elements per phase.
13. [NFR 103] Dual-phase frame.
Special Requirements

14. [FR 101] Full duplex communication.

3.2 [UC 002] Transmit
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Description

This use case consists on the transmission of data sent by the system to external devices.
Actors

· System – Sends the data through the bus to the McBSP.
· Device – Receives serially the data from the McBSP.
Preconditions

The transmit portion of the McBSP must be out of reset state (XRST field in SPCR register is high).
Postconditions

The external device must receive the sent data.
Main flow of events

15. If data packing is configured, the flow goes to FS 011 or FS 012, depending if it will be done with the frame sync ignore or the frame and element lengths.

16. The input data from the system is written in DXR register. Here, a transmit empty exception or a transmit old data exception can occur and the flow goes to FS 007 or FS 008, respectively.
17. If the XSR register is empty and the companding in not activated, the data is copied from DXR to XSR. The status of the XRDY field in XCR register is set high. Otherwise, the flow goes to FS 010.

18. After transmit frame sync (FSX), the data from XSR is sent to the external device bit-to-bit through the DX.
Secondary Flows (Alternatives and Exception)

[FS 006] Transmit with Data Overwrite

19. In case that new data is written in DXR before the old data in DXR is copied to XSR, this data is overwritten and consequently not transmitted.

20. The CPU can avoid overwriting data by polling XRDY(field that indicates if the data in DXR is copied to XSR) before writing to DXR or by waiting the XINT signal (also indicates the copy of data from DXR to XSR).

21. The DMA can avoid overwriting by synchronizing data writes with XEVT signal.

22. If this exception is not avoided, the transmission does not return back to the main flow.
[FS 007] Transmit Empty

23. If the transmitter is reset, and then restarted, the XRDY field is set 1 and the XEMPTY is set 0 (activated). If a transmit frame-sync pulse is detected before DXR is loaded by the system, 0s are output on DX until a new element is loaded into DXR by the system.

24. Otherwise, if DXR is loaded by the system before FSX goes active, the transmission occurs normally.

25. The main flow continues on the step 3.

[FS 008] Transmit Old Data

26. If during a transmission, DXR has not been loaded since the last DXR-to-XSR copy and all bits of the data element in XSR have been shifted out on DX, the transmitter continues to transmit old data in DXR for every new frame sync signal (generated by an external device or by the internal sample rate generator).

27. The transmission of old data occurs until a new element is loaded into DXR by the system. Then, the main flow continues on the step 3 and the XEMPTY is set 1.

28. In the case when FSX pulse is generated by a DXR-to-XSR copy, the McBSP does not generate any new frame sync until new data is written to the DXR and DXR-to-XSR copy occurs, then this exception does not occur.

[FS 009] Unexpected Transmit Frame Synchronization

29. Can occur right after a device reset, when the transmitter is enabled (XRST = 1).

30. To avoid this exception, after the enabling of the transmitter, the McBSP must wait for two CLKG cycles (in this period an unexpected frame sync error can occur), then disable the transmitter (XRST = 0) and re-enable it (XRST = 1).

31. If an unexpected frame sync occurs:

a. If XFIG field on XCR is set 1, the pulse is ignored and the transmission continues normally.

b. If XFIG field on XCR is set 0, the McBSP aborts the transmission, sets XSYNCERR bit in SPCR to 1 and restart the current transmission, resending the same data package.  

[FS 010] Transmit with Compression

32. The data in DXR goes to the companding hardware.

33. <<Include UC 017>>
34. The compressed data goes to the XSR and the status of the XRDY field in XCR register is set high.

35. The main flow continues on the step 4.

[FS 011] Data Packing Using Frame Sync Ignore

36. The transmission is in Maximum Frame Frequency.

37. The field XFIG in XCR is set to 1.

38. This configuration allows the data packing of elements through XFIG that is used to ignore subsequent frames pulses, not generating the DXR-to-XSR signal for each single element. All elements are put together with the maximum frequency, simulating a big element reducing bus bandwidth.

39. The main flow continues on the step 2.

[FS 012] Data Packing Using Frame Length and Element Length

40. The frame length, element length and element phase are manipulated to pack the data into a unique element through the XCR. Putting together various elements into one, reduces the DXR-to-XSR signals to warn the system, consequently requiring less bus time.

41. The main flow continues on the step 2.

Non Functional Requirements

42. [NFR 101] Number of bits per element.
43. [NFR 102] Number of elements per phase.
44. [NFR 103] Dual-phase frame.
Special Requirements

45. [FR 101] Full duplex communication.

3.3 [UC 003] Multichannel Receive
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Description

With the multichannel operation, the McBSP can receive data from several devices (not simultaneously), and select up to 32 channels in the incoming frame.
Actors

· System - Receives the data from the McBSP according to the configurations of the multichannel selection mode on receive operation.
· Device - Sends the data to be repassed to the system.
Preconditions

The RMCM bit in the MCR must be high. The frame must be single-phase (RPHASE = 0). The frame length must be at least the number of the last channel to be received.
Postconditions

Only the selected channels will be sent to the system.
Main flow of events

46. Depending on the RMCME, the multichannel operation can use 2 (RMCME = 0) or 8 partitions (RMCME = 1).
[SB 001] 2 Partition Multichannel Receive Mode
47. An even-numbered channel block (0, 2, 4 or 6) is assigned to receive partition A, according to the RPABLK field in MCR. Only the channels enabled by the RCER (or RCERE0) can be received.
48. An odd-numbered channel block (1, 3, 5 or 7) is assigned to receive partition B, according to the RPBBLK field in MCR. The channels are also enabled by the RCER (or RCERE0) bits.
49. If the channels are not enabled, the receiver does not copy the content of RBR to DRR and does not set the RRDY bit. Thus, no signal (RINT or REVT) is sent to the system.
50. <<Include UC 001>>
51. In response to a frame-sync pulse, the receiver begins with the channels in partition A and then alternates between partitions B and A until the complete frame has been transferred.
52. The multichannel operation can select more than 32 channels by changing which channel blocks are assigned to partitions A and B during the course of a data transfer (this changes must be carefully timed; while a partition is being transferred, its associated block assignment bits and channel enable register cannot be modified).
[SB 002] 8 Partition Multichannel Receive Mode

53. The RPABLK and RPBBLK bits are ignored and the 16-channel blocks are assigned to the 8 partitions (A to H). The channels can be enabled or not by the RCERE0-RCERE3.
54. If the channels are not enabled, the receiver does not copy the content of RBR to DRR and does not set the RRDY bit. Thus, no signal (RINT or REVT) is sent to the system.
55. <<Include UC 001>>
56. In response to a frame-sync pulse, the receiver begins with the channels in partition A and then continues with the other partitions in order (A to H) until the complete frame has been transferred.
Non Functional Requirements

57. [NFR 301] Enhanced Multichannel Selection Mode
58. [NFR 302] 32 channels selection
Special Requirements

59. [FR 101] Full duplex communication.

3.4 [UC 004] Multichannel Transmit
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Description

This use case shows how the McBSP transmits with the multichannel mode enabled. When in transmit Multichannel selection mode, the McBSP can choose some channels to transmit. The data will be selected through the configurations of the multichannel control registers.
Actors

· System - The system is responsible to put the data into the bus to be caught by the McBSP.
· Device - It will be connected to the McBSP to receive the data repassed from it.
Preconditions

The McBSP must be initialized with the multichannel mode enabled for transmit, setting the XMCM field to a nonzero value in the MCR. The transmit frame must be single-phase (XPHASE = 0).
Postconditions

The McBSP will transmit according with the multichannel selection mode, where only the selected channels will be sent to the device.
Main flow of events

60. Depending on the XMCME, the multichannel operation can use 2 (XMCME = 0) or 8 partitions (XMCME = 1).
[SB 003] 2 Partition Multichannel Transmit Mode
61. An even-numbered channel block (0, 2, 4 or 6) is assigned to transmit partition A, according to the XPABLK field in MCR. Only the channels enabled by the XCER (or XCERE0) can be transmitted.
62. An odd-numbered channel block (1, 3, 5 or 7) is assigned to transmit partition B, according to the XPBBLK field in MCR. The channels are also enabled by the XCER (or XCERE0) bits.
63. <<Include UC 002>>
64. There are three ways to select the channels:
a. If XMCM = 1h, all channels are disabled unless they are previously selected through the enhanced transmit registers (XCEREn). If enabled, a channel in this mode is also unmasked. Otherwise, it is not copied from DXR to XSR and the DX pin is set to the high-impedance state.
b. If XMCM = 2h, all channels are enabled, but they are masked unless they are previously selected through the enhanced transmit registers (XCEREn). If masked, the channel is copied from DXR to XSR register, and consequently the XINT or XEVT signal is sent to system, but the data cannot be shifted out on the DX pin, because it is set to the high-impedance state.
c. If XMCM = 3h, the transmission and reception are symmetric (the frame and the element configuration for the transmit and the receive must be equal) and all channels are disabled for transmission unless the channels are previously selected for reception through the enhanced receive registers (RCEREn). Once enabled, they are masked unless they are also selected through the enhanced transmit registers (XCEREn). Again, the disabled channel is not copied from DXR to XSR register; the masked channel is copied from DXR to XSR register, the XINT or XEVT signal is sent to system and the DX pin is set to the high-impedance state.
65. In response to a frame-sync pulse, the transmit begins with the channels in partition A and then alternates between partitions B and A until the complete frame has been transferred.
66. The multichannel operation can select more than 32 channels by changing which channel blocks are assigned to partitions A and B during the course of a data transfer (this changes must be carefully timed; while a partition is being transferred, its associated block assignment bits and channel enable register cannot be modified).
[SB 004] 8 Partition Multichannel Transmit Mode

67. The XPABLK and XPBBLK bits are ignored and the 16-channel blocks are assigned to the 8 partitions (A to H). The channels can be enabled or not by the XCERE0-XCERE3.
68. <<Include UC 002>>
69. There are three ways to select the channels:
a. If XMCM = 1h, all channels are disabled unless they are previously selected through the enhanced transmit registers (XCEREn). If enabled, a channel in this mode is also unmasked. Otherwise, it is not copied from DXR to XSR and the DX pin is set to the high-impedance state.
b. If XMCM = 2h, all channels are enabled, but they are masked unless they are previously selected through the enhanced transmit registers (XCEREn). If masked, the channel is copied from DXR to XSR register, and consequently the XINT or XEVT signal is sent to system, but the data cannot be shifted out on the DX pin, because it is set to the high-impedance state.
c. If XMCM = 3h, the transmission and reception are symmetric (the frame and the element configuration for the transmit and the receive must be equal) and all channels are disabled for transmission unless the channels are previously selected for reception through the enhanced receive registers (RECEREn). Once enabled, they are masked unless they are also selected through the enhanced transmit registers (XCEREn). Again, the disabled channel is not copied from DXR to XSR register; the masked channel is copied from DXR to XSR register, the XINT or XEVT signal is sent to system and the DX pin is set to the high-impedance state.
70. In response to a frame-sync pulse, the transmit begins with the channels in partition A and then continues with the other partitions in order (A to H) until the complete frame has been transferred.
Non Functional Requirements

71. [NFR 301] Enhanced Multichannel Selection Mode
72. [NFR 302] 32 channels selection
Special Requirements

73. [FR 101] Full duplex communication.

3.5 [UC 005] SPI Master Connect
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Description

When the McBSP is configured as a master, it will drive the other devices, enabling or not its slaves, the transmit output signal (DX) is used as the master out-slave in (MOSI) signal of the SPI protocol and the receive input signal (DR) is used as the master in-slave out (MISO) signal. The CLKX is used as the clock source (SCK) signal and the FSX, as the slave enable ([image: image9.png]53



).
Actors

· System - It will receive data from the McBSP to store in the memory on reception or release data to the McBSP to be transmitted to the device on transmission.
· Slave Device - It will receive data from the McBSP on transmission or transmit data to McBSP on reception.
Preconditions

The McBSP must be in the clock stop mode (CLKSTP = 2h or 3h), and, this way, the frame must have only one phase and only one element ((R/X)PHASE = 0 and (R/X)FRLEN1 = 0). The CLKX and FSX pins must be configured as outputs (CLKXM = 1 and FSXM = 1). The FSX pin must be in the low active state (FSXP = 1). The transmitter must drive the frame-sync pulse on the FSX pin every time data is transferred from DXR to XSR (FSGM = 0). The delay configured on the (R/X)DATDLY must be 1 (1-bit data delay), providing the correct setup time on the FSX signal.
Postconditions

The McBSP will actuate as a master device, sending the clock and frame sync signals to the device connected.
Main flow of events

74. The master clock and the frame sync signal is generated by the sample rate generator.
i. <<Include UC 016>>

75. The McBSP is full duplex, hence, it can transmit and receive, depending on a transmission or reception:
a. Transmit:

i. <<Include UC 002>>
b. Receive:

i. Enable the slave device to start a transmission, using the FSX signal, and keep this signal active until the end of the data reception.
ii. <<Include UC 001>>
Special Requirements

76. [FR 101] Full duplex communication.

3.6  [UC 006] SPI Slave Connect
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Description

When the McBSP is configured as a slave, it only operates when the slave enable signal is high. The transmit output signal (DX) is used as the master in-slave out (MISO) signal of the SPI protocol and the receive input signal (DR) is used as the master out-slave in (MOSI) signal. The CLKX receives the clock source (SCK) signal and the FSX, the slave enable [image: image12.png]53



 from the device.
Actors

· System - It will receive data from the McBSP to store in the memory on reception or release data to the McBSP to be transmitted to the device on transmission.
· Master Device - It will receive data from the McBSP on transmission or transmit data to McBSP on reception.
Preconditions

The McBSP must be in the clock stop mode (CLKSTP = 2h or 3h), and, this way, the frame must have only one phase and only one element ((R/X)PHASE = 0 and (R/X)FRLEN1 = 0). The CLKX and FSX pins must be configured as inputs (CLKXM = 0 and FSXM = 0). The FSX pin must be in the low active state (FSXP = 1). The data delay mustn't exist, configuring on the (R/X)DATDLY = 0.
Postconditions

The McBSP will actuate as a slave device, receiving the clock and frame sync signals from the device connected.
Main flow of events

77. The clock signal is received from the master device by the SCK signal.
78. The frame-sync signal is received from the master device by the slave enable signal, enabling the McBSP to transmit and receive data.
79. The sample rate generator is enabled to synchronize the input clock (CLKX) and frame sync (FSX) from the master to the CPU clock.
80. The McBSP is full duplex, hence, it can transmit and receive, depending on a transmit or receive operation:

a. Transmit:

i. <<Include UC 002>>
b. Receive:

i. <<Include UC 001>>
Special Requirements

81. [FR 101] Full duplex communication.

3.7 [UC 007] Receive Reset
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Description

Resets the portion of McBSP that is responsible for the receive operation through the registers.
Actors

· System – Activates the receive reset of McBSP.
Preconditions

None.
Postconditions

The reception of McBSP must be inactive.
Main flow of events

82. The system sets the RRST bit in SPCR to 0, disabling the serial port receiver and resetting the reception.
83. If the FSR pin is set as output, it is driven to its inactive state and the same happens to its polarity bit (FSRP).
84. If the CLKR is programmed as output, it is driven by CLKG.

3.8 [UC 008] Transmit Reset
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Description

Resets the portion of the McBSP that is responsible for the transmit operation through the registers.
Actors

· System – Activates the transmit reset of McBSP.
Preconditions

None.
Postconditions

The transmission of the McBSP must be inactive.
Main flow of events

85. The system sets the XRST bit in SPCR to 0, disabling the serial port transmitter and resetting the transmission.
86. Configure the pins according to their state:
a. Set DX as high-impedance.

b. CLKS continues as an input.

c. If the CLKX is programmed as an output, it is driven by CLKG ensuring that GRST = 1, otherwise is in a known state.

d. If the FSX pin is set as output, it is driven to its inactive state, otherwise, is in a known state. The same occurs to its polarity bit (FSXP).

3.9 [UC 009] Sample Rate Generator Reset
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Description

Used to reset the sample rate generator portion of the McBSP through the registers.
Actors

· System – Activates the reset state of the sample rate generator.
Preconditions

SRG must only be in reset when not being used by the transmitter or receiver.
Postconditions

The sample rate generator of the McBSP must be inactive. Hence, no clock or frame sync signal (CLKG and FSG, respectively) are generated in receive and transmit operations.
Main flow of events

87. The system sets the field GRST in SPCR to 0.

88. Sets the FSG to inactive state (low).

89. Sets the CLKG to inactive state (low).
3.10 [UC 010] Companding Internal Data Using DLB
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Description

The companding internal data is used by the system to codify data synchronously. External devices are not needed in this functionality.
Actors

· System - Sends the data to be compressed and/or expanded and receives it back.
Preconditions

The transmit and receive sections must not be in reset state. The DLB bit in the SPCR must be set.
The clock stop mode must be disable (CLKSTP = 0, in SPCR) to DLB mode work properly. 

Postconditions

Data is available to be read in DRR when the interrupt signal is sent to the system (RINT = 1 or REVT = 1).
Main flow of events

1. The system places the data into DXR.

2. <<Include UC 017>> for transmission (compression), setting the XCOMPAND as required.

3. The data is sent to XSR register.

4. The data is copied to the RSR register through the DLB path (DX is connected to DR).

5. The data is copied from the RSR to RBR.

6. <<Include UC 017>> for reception (expansion), setting the RCOMPAND as required. The result is copied to DRR. When the RBR-to-DRR copy occurs the RRDY field is set 1 and an interrupt signal is sent do the system (RINT = 1 or REVT = 1).

90. The data arrives in DRR, where it is available to be read by the system.
Non Functional Requirements

1. [NFR 201] Data Compression Format for Transmission

2. [NFR 202] Data Expansion Format for Reception

91. [NFR 203] Configurable Expansion
3.11 [UC 011] Companding Internal Data Using Non-DLB
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Description

The companding internal data is used by the system to codify data asynchronously. External devices are not needed in this functionality.
Actors

· System - Sends the data to be compressed and/or expanded and receives it back.
Preconditions

The transmit and receive portions must be in reset state. DXR and DRR must be connected through the companding logic. The DLB bit in SPCR must be cleared.
Postconditions

Data is available in DRR after four CPU clocks.
Main flow of events

1. The system places the data into DXR.

2. <<Include UC 017>> for transmission (compression), setting the XCOMPAND as required.

3. The data leaving the compand box will reenter to be expanded.

4. <<Include UC 017>> for reception (expansion), setting the RCOMPAND as required.
5. The result is sent back to the DRR, which is read by the system.
Non Functional Requirements

1. [NFR 201] Data Compression Format for Transmission

2. [NFR 202] Data Expansion Format for Reception

92. [NFR 203] Configurable Expansion
3.12 [UC 012] Using General Purpose in Receive Portion
[image: image18.jpg]ssssss




Description

Configure the receive portion pins CLKS, FSR, DR, CLKR to general purpose mode through the PCR and SPCR bits.
Actors

· System – Sends the configuration values and reads the fields that contain the data.
· Device – Receives and transmits the data through the output or input pins.
Preconditions

The field RRST = 0 in SPCR and RIOEN = 1 in PCR set all the reception pins (CLKR, DR, FSR) to general purpose mode. The first bit represents reset state of the reception and the second represents that the reception pins are in general purpose.  

When the XRST = RRST = 0 and XIOEN = RIOEN = 1, the pin CLKS, is in general purpose mode and is always an input.
Postconditions

The receive pins will be properly configured to general purpose.
Main flow of events

93. System sends bits to the fields (CLK(X/R)M, FS(X/R)M) in the PCR to configure the appropriate pins to be input or outputs. 

a. If the field CLKRM = 1 the CLKR is an output, otherwise is an input.

b. If the field FSRM = 1 the FSR is an output, otherwise is an input.

c. DR is always an input.

d. CLKS is always an input.

94. The system will write (2.a) or read (2.b) in the fields CLKRP, FSRP, DR_STAT(r):
a. The pins (CLKR, FSR, and DR) that are as outputs will be for transmission of data coming from the fields CLKRP, FSRP, and DR_STAT.

b. The pins that are as inputs will be for data reception and will be sent to the fields CLKRP, FSRP, and DR_STAT.
3.13 [UC 013] Using General Purpose in Transmit Portion
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Description

Configure the transmit portion pins CLKS, FSX, DX, CLKX to general purpose mode through the PCR and SPCR bits.
Actors

· System – Sends the configuration values and reads the fields that contain the data.

· Device – Receives and transmit the data through the output or input pins.
Preconditions

The field XRST = 0 in SPCR and XIOEN = 1 in PCR set all the transmission pins (CLKX, DX, FSX) to general purpose mode. The first bit represents reset state of the transmission and the second represents that the transmission pins are in general purpose.
Postconditions

The transmit pins will be properly configured to general purpose.
Main flow of events

95. System sends bits to the fields (CLK(X/R)M, FS(X/R)M) of the PCR to configure the appropriate pins to be input or outputs. 

a. If the field CLKXM = 1 the CLKX is an output, otherwise is an input.

b. If the field FSXM = 1 the FSX is an output, otherwise is an input.

c. DX is always an output.

96. The system will write (2.a) or read (2.b) in the fields CLKXP, FSXP, DX_STAT:
a. The pins (CLKX, FSX, and DX) that are as outputs will be for transmission of data coming from the fields CLKXP, FSXP, and DX_STAT.
97. The pins that are as inputs will be for data reception and will be sent to the fields CLKXP, FSXP, and DX_STAT.
3.14 [UC 014] Frame Synchronization Source Selection
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Description

This use case shows how the frame synchronization is selected, either internally or externally.
Actors

· System: It will select whether the frame sync source is internal or external, through the FS(R/X)M bit in the PCR.
Preconditions

The McBSP must be initialized. The FSG signal must be available for internal frame sync generation. The external device should be connected to the FS(R/X) pin.
Postconditions

The frame synchronization signal will be sent to transmit and receive operations.
Main flow of events

98. The FS(R/X)M bits in PCR will choose if the frame sync generated (FS(R/X)_int) to the receive and transmit portions will come from inside (FS(R/X)M = 1) or from the FS(R/X) pin (FS(R/X)M = 0). If the frame comes from the FS(R/X) pin, it is needed to verify the polarity in FS(R/X)P to set the correct edge of the clock.
99. Then, for the receiver, it is verified if the McBSP is in the DLB mode or not.

a. If (DLB = 1), the receive internal frame sync sent (FSR_int) is the signal coming from the transmit internal frame sync (FSX_int).

b. Otherwise, the internal frame sync signals are the ones coming from step 1. 

100. For the transmitter, the DLB has no effect (don't care), and only in the case of an internally generated frame sync, the FSGM bit will choose whether the signal is derived from an DXR to XSR copy (FSGM = 0) or from the FSG signal (FSGM = 1).
101. If the FS(R/X) are configured as output pins, the FS(R/X)_int is shifted out to them. In the reception case, the GSYNC bit is also analyzed.

3.15 [UC 015] Clock Source Selection
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Description

This use case shows how the clock is selected, either internally or externally.
Actors

· System: It will select whether the clock source is internal or external, through the CLK(R/X)M bit in the PCR.
Preconditions

The McBSP must be initialized. The CLKG signal must be available for internal clock generation. The external device should be connected to the CLK(R/X) pin.
Postconditions

The clock will be sent to the transmit and receive sections.
Main flow of events

102. The CLK(R/X)M bits in PCR will choose if the clock generated (CLK(R/X)_int) to the receive and transmit portions will come from inside (CLK(R/X)M = 1) or from the CLK(R/X) pin (CLK(R/X)M = 0). If the clock comes from the CLK(R/X) pin, it is needed to verify the polarity in CLK(R/X)P to set the correct edge of the clock.
103. Then, for the receiver, it is verified if the McBSP is in the DLB mode or not.
a. If so (DLB = 1), the receive internal clock sent (CLK_int) is the signal coming from the transmit internal clock (CLK_int).

b. Otherwise, the internal clock signals are the ones coming from step 1.
104. For the transmitter, the DLB has no effect (don't care).
105. If the FS(R/X) are configured as output pins, the FS(R/X)_int is shifted out to them.
3.16 [UC 016] Clock and Frame Synchronization Generation
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Description

This use case will show how the sample rate generator operates to generate the internal clock and frame sync. It will be used in the clock selection and frame synchronization selection use case in case of internal clock and frame sync.
Actors

· System: It will select what clock source will feed the sample rate generator, through the CLKSM bit in the SRGR.
Preconditions

The sample rate generator must be initialized. The sample rate clock input sources (CLKS and the internal clock input) must be connected with the respective sources.
Postconditions

The CLKG and FSG signals will be ready to generate clock and frame sync.
Main flow of events

106. If the CLKSM bit in SRGR is set (CLKSM = 1), the input clock source will be the internal clock generated by the CPU. Otherwise (CLKSM = 0), the clock driven in the CLKS pin is selected. In the second case, it will be need to verify the clock polarity in the CLKSP bit in SRGR.
107. In the first stage, the clock passed will be divided down with the 8-bit value stored in the CLKGDV. The output will be the CLKG signal to the clock generation, which is also passed to the next stage on the frame sync generation. In this stage, the output of the module of frame pulse detection and clock synchronization (that is a logical AND between GSYNC, FSR, [image: image24.png]CIKSH



 and CLKS) is an enable signal to the CLKG used in the resynchronization.
108. Here, the result of the clock divide-down stage will be counted down with the value stored in the FPER field in SRGR (0 to FFFh). When the counter zeroes, the output signal (FSG) is (high) activated and the counter is reset to the default value and the output comes to low again, after the counter will be counted down until zero again. In this stage, the output of the frame detection and clock resynchronization module will be used to validate the FPER: if this output is 0 the FPER stage is applied, otherwise, this stage doesn´t matter.
109. The value stored in the FWID field in SRGR (0 to FFh) will determine the amount of time the pulse will be active. In this stage, when a low pulse comes, it is passed to the output (FSG); when the FWID receives a high pulse, it starts the count down until zero, keeping the output signal in a active state (high). When the counter zeroes, the output signal changes to a low state. The result from here is the FSG signal.
3.17 [UC 017] Companding
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Description

Compress or expand the received data according to the A-law and µ-law formats.
Actors

· System: Selects the companding operation by the RCOMPAND and XCOMPAND bits.
Preconditions

For reception, the data to be expanded must have 8 bits. For transmission, the data to be compressed must have 16 bits.
Postconditions

The data will be expanded to 16 bits in case of a receive operation or compressed to 8 bits in case of a transmit operation.
Main flow of events

110. Depending on the operation that will be executed (reception or transmission), the data can be expanded or compressed, respectively. Although, the CPU can choose no companding operation by setting the (R/X)COMPAND = 0 or (R/X)COMPAND = 1.
[SB 005] Expand Data
111. The 8-bit incoming data will be expanded according to the following algorithm:

a. µ-law in case of RCOMPAND = 2h;

b. A-law in case of RCOMPAND = 3h.
112. The 16-bit result is justified according to the RJUST field in the SPCR, resulting in a 32-bit word. If RJUST = 00b, it is right-justified and the MSBs are cleared. If RJUST = 01b, it is right-justified and the MSBs receive the extended signal. Finally, if RJUST = 10b, it is left-justified and the LSBs are cleared.
[SB 006] Compress Data
113. The 16-bit incoming data will be compressed according to the following algorithm:

a. µ-law in case of XCOMPAND = 2h;

b. A-law in case of XCOMPAND = 3h.
Non Functional Requirements

114. [NFR 201] Data Compression Format for Transmission.

115. [NFR 202] Data Expansion Format for Reception
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