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1. Introduction

The objective of this document is to group all requirements, functional and non functional, of the McBSP project. This document will replace the datasheet, so it will be the guide to developers and testers. 

1.1 Document Overview
· Section 2 – Functional Requirements: this section lists all functional requirements of the project and their description.
· Section 3 – Non Functional Requirements: this section lists all non functional requirements of the project and their description.
· Section 4 – References: this section provides a complete list of all documents referenced elsewhere in this document.

1.2 Requirements Priority

To help managing the project scope and development priorities, the requirements presented in this document are categorized by their priorities that are:

· Essential – this type of requirement must be implemented to the system working. 
· Important – without this requirement the system can work, but not in the expected way.

· Desirable – this type of requirement doesn’t compromise the system working.

2. Functional Requirements

This subsection lists all functional requirements identified in the McBSP datasheet, giving their description. This subsection also groups the requirements by their type.

2.1 McBSP Overview
This subsection groups all functional requirements concerning about the main features of the McBSP.

[FR 101] Full-duplex communication

The transmission operation works independently of the reception. It means that the McBSP can transmit and receive data at the same time.

Priority: Essential

[FR 102] General reset

The McBSP can be all reset at the same time, placing the receiver, the transmitter and the sample rate generator in the reset state.

Priority: Essential
[FR 103] Individually reset
Each McBSP part can be independently reset: the transmitter, the receiver and the sample rate generator can be reset individually and independently.
Priority: Important
[FR 104] Synchronizing writing and reading
The McBSP can be synchronized for reading and writing using 3 methods:
· Polling using the XRDY and RRDY;

· Using events with the DMA;

· Using interrupts with the CPU.

Priority: Essential
[FR 105] FSR, FSX, CLKX, CLKR and CLKS polarities

The polarities of the transmission clock, reception clock, transmission frame sync and reception frame sync signals can be selected independently. The CLKS polarity can also be configured.
Priority: Desirable
[FR 106] The data delay (1 or 2 bit delay)

The data can arrive on the transmission or reception with some delay, which is configurable. The data delay from frame synchronization, to the first received or transmitted data bit can assume the values 1 or 2, that represents 1 or 2 cycles delay, respectively.
Priority: Desirable
2.2 Clock, frames and data

This subsection groups all functional requirements concerning about the clock, frames and data characteristics.

[FR 201] Frame generated internally
The frame used by the McBSP and the device can be generated internally by the Sample Rate Generator. The data framing synchronization is independently programmable for receive and transmit operations. The frame occurs on every DXR-to-XSR copy only when it is internally generated. The period that the frame sync pulse stays active (frame period) can be configurable in a register field. The active width of the frame sync pulse (frame width) can be configurable by a field in a register.
Priority: Essential
[FR 202] Clock generated internally

The clock used by the McBSP and the device can be generated internally by the Sample Rate Generator. This clock can be generated by an internal clock source or an internal clock derived by an external source clock. The CPU clock is used as the internal clock source. Depending on the DSP, different fractions of the CPU clock are used as the internal clock source. The generated clock (CLKG) has a frequency equal to 1/(CLKGDV + 1). CLKGDV is the number of input clocks per data bit clock in 0, 1, 2, ... until an appropriate value depending on the timing requirements of the device. So the CLKGDV will increase the CLKG period.
Priority: Essential
[FR 203] Frame and clock driven externally

The frame and clock used by the McBSP and the device can be driven by an external clock source. When the McBSP is driven by external source the Sample Rate Generator is not used.
Priority: Essential
[FR 204] The Digital Loopback Mode

If the McBSP is used in DLB mode, DR, FSR and CLKR are internally connected trough multiplexers to DX, FSX and CLKX.
Priority: Desirable
[FR 205] Stopping clock

There are two methods to stop serial clocks between data transfers. The first method is using the SPI CLKSTP mode, where clocks are stopped between single-element transfers. The second method is when the clocks are input to the McBSP and the McBSP operates in non-SPI mode, then the serial clock stops when data is not being transfer.
Priority: Important
[FR 206] Transmission or reception in reverse order

Usually all transfers are sent and received with the MSB first. However, it is possible to reverse the receive/transmit bit ordering of a 32-bit element (LSB first). The bit ordering of the 32-bit element is reversed before being received by or sent from the serial port. If the element size is not set to 32-bit, the operation is undefined.
Priority: Important 
2.3 McBSP Standard Operation

This subsection groups all functional requirements concerning about standard operations of the McBSP.

[FR 301] Receive operation (triple-buffered)

The receive operation is triple-buffered. It means the data is transferred from one register to another until the last register is reached. When the data is ready to be read (on the third register) it goes to the bus.
Priority: Essential
[FR 302] Transmit operation (double-buffered)

The transmit operation is double-buffered. It means the data is transfer from one register to another until the last register is reached. When the data is ready to be read (on the second register) it is sent to the device.
Priority: Essential
[FR 303] Work on maximum frame frequency

The data bits in consecutive frames are transmitted continuously with no inactivity between them. The maximum frame frequency is measured by calculating bit-clock frequency over the number of bits per frame instead of bit-clock frequency over the number of bits between frame sync signals (frame frequency).
Priority: Desirable
[FR 304] Frame synchronization ignore

If an unexpected internal or external frame pulse occurs during a transmit or receive operation, the serial port can ignore the frame synchronization pulse and continue to transmit/receive the data.
Priority: Important 
[FR 305] Data packing using frame sync ignore bits

This method is used to reduce the required bus bandwith by packing smaller elements into bigger elements, and the McBSP must be operating at maximum packet frequency. For example, when each frame has only a single 8-bit element, this stream takes one read transfer and one write transfer for each 8-bit element. So the McBSP can use the method of data packing treating four 8-bit transfer as one 32-bit transfer using the frame synchronization ignore. This configuration reduces the required bus bandwidth to one-fourth.
Priority: Important
[FR 306] Data packing using frame length and element length

The Data packing using frame length and element length is similar to the data packing using frame sync bits, except that the method used to pack manipulates the field values (R/X)PHASE, (R/X)FRLEN, (R/X)WDLEN  in the registers (R/X)CR instead of ignore the frame sync signal. In the example with four 8-bit elements, the register must be configured to one phase and a single 32-bit element, also reducing the required bandwith to one-fourth.
2.4 Exceptions

This subsection groups all functional requirements concerning about the exceptions that can be generated by system malfunctioning.

[FR 401] Receive Overrun

It occurs when received data in DRR has not been read by the CPU and new data is still coming (proper configuration is set to handle it).
Priority: Important
[FR 402] Unexpected receive frame synchronization
It happens when a frame sync pulse comes while a reception is not over yet.
Priority: Important
[FR 403] Transmit with data overwrite
The first income data is overwritten with new income data before copied to XSR. This way, the first data is never transmitted, just the newer.
Priority: Important
[FR 404] Transmit empty
Exception that happens when the transmit register is empty or the transmitter is reset and then restarted.
Priority: Important
[FR 405] Unexpected transmit frame synchronization
It happens when a frame sync pulse comes while a transmission is not over yet.
Priority: Important
2.5 µ-law and A-law companding hardware operation

This subsection groups all functional requirements concerning about companding operation.

[FR 501] Data compression

Compression from 32 to 8 bits occurs between the DXR and XSR in companding hardware and leaves XSR to the device, the compression only occurs in 8-bit transfer if the McBSP is properly configured.
Priority: Desirable
[FR 502] Data expansion

The data that comes with 8 bits, is expanded between RBR and DRR in companding hardware and leaves the DRR with 32 bits, ready to the bus. It only occurs in 8-bit transfer if the McBSP is properly configured.
Priority: Desirable
2.6 Multichannel

This subsection groups all functional requirements concerning about the multichannel mode used in the McBSP.

[FR 601] Channel selection
In the multichannel selection mode, independent channels can be selected either for transmission or receive operations in a single-phase frame.
Priority: Essential
[FR 602] Mask the elements
The 32 elements chosen can be masked or transmitted, thus channels can be ignored.
Priority: Desirable

[FR 603] Multichannel mode operation
The reception can operate in the multichannel mode even independently of the transmission. The same occurs to the transmission.
Priority: Essential

[FR 604] Interrupt generation
At the end of every subframe (16 elements or less) boundary during multichannel operation, the receive interrupt (RINT) is generated to the CPU, which indicates that a new partition has been crossed.
Priority: Essential

2.7 SPI protocol

This subsection groups all functional requirements concerning about the SPI protocol.

[FR 701] McBSP can work on SPI protocol

The SPI protocol has a master and slave configuration. The master controls the slave with signals. The signals are serial data in, serial data out, shift click and slave enable. The McBSP can be configured to be the master or slave. If the McBSP is the master, it generates the clock and the slave enable signal is derived from FSX pulse to the device. If the McBSP is the slave, it receives the clock and the slave enables signals. On the master/slave mode the transmission and reception work together. In SPI protocol the frame can only be one serial element width.
Priority: Important
[FR 702] Clock stop mode

Provides the McBSP compatibility with the SPI protocol. If the McBSP is configured in clock stop mode the transmission and reception operations are internally synchronized.
Priority: Important
[FR 703] Initialization on SPI mode

Steps that must be followed to operate the McBSP as a master or slave.
Priority: Important
2.8 General-purpose I/O pins

This subsection groups all functional requirements concerning about the general-purpose operation of the McBSP.

[FR 801] The serial port pins can be used as general-purpose I/O pins

The McBSP can actuate as a generic serial port, compatible with other devices. This way, the pins CLKX, FSX, DX, CLKR, FSR, DR, CLKS are used as general-purpose pins.
Priority: Desirable
3. Non Functional Requirements
3.1 McBSP Overview
This subsection groups all functional requirements concerning about the main features of the McBSP.

[NFR 101] Number of bits per elements
The number of bits per element in each phase can be configured. This number can be 8,12,16,20,24,32.
[NFR 102] Number of elements per phase
The number of elements per phase can be configured; for each phase the McBSP can transmit/receive up to 128 elements. The maximum numbers of serial elements that are available for transfer per frame for each phase can be modified to receive the number of elements as desired, respecting the limit of the McBSP.
[NFR 103] Dual-phase frame
The McBSP can work with a dual-phase frame.
3.2 µ-law and A-law companding hardware operation

This subsection groups all functional requirements concerning about companding operation.

[NFR 201] Data compression format for transmission

All data that needs to be compressed must come from DXR with 16 bits left justified, since the companding operation works based on that.
[NFR 202] Data expansion format for receive
All received data must be expanded to LAW16 format. The dynamic range changes (13 for a-law, 14 for u-law) and the 13 or 14 bits are completed with 0's on the least significant positions to form 16 bits.
[NFR 203] Configurable expansion

Expansion from 16 to 32 bits occurs according to the given configuration. 2 bits define 3 possible configurations:

· The 16 most significant bits are 0´s and the 16 least are the income data;
· The 16 most significant bits are derived from signal extend and 16 least are the income data;
· The 16 most significant bits are the income data and the 16 least are 0´s.
3.3 Multichannel
This subsection groups all functional requirements concerning about the multichannel mode used in the McBSP.
[NFR 301] Enhanced multichannel selection mode
The enhanced multichannel selection mode allows up to 128 channels to be enabled at any given time, instead of only 32 elements in the normal mode.
[NFR 302] 32 channels selection
The McBSP can select up to 32 channels in frames with up to 128 elements. The 128 channels must be divided into 8 subframes with 16 elements each. 2 subframes are chosen to select the 32 channels, one of each partition (A e B).
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