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‘C6x McBSP Initialization

Abstract

The ‘C6x Multi-channel Buffered Serial Port (McBSP) can be
programmed to operate in different modes as per application
requirements. For proper operation, the serial port has to be
initialized in a certain order after device power up.

This document describes the initialization steps necessary when
either the DMA or the CPU is used to service the McBSP data.
Typically the DMA is used to perform read/write transfers from/to
the McBSP. The DMA transfers are read/write synchronized and
the McBSP provides these sync events. In cases where the CPU
is used to read from DRR and write to DXR, either the polled or
interrupt method can be used. The McBSP transmit and receive
interrupts can be programmed to trigger on any one of the four
conditions that are allowed.
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Product Support

Related Documentation

The following list specifies product names, part numbers, and
literature numbers of relevant TI documentation.

Q TMS320C6201 Digital Signal Processor data sheet, March
1998, Literature number SPRS051C

O TMS320C6201/C6701 Peripherals Reference Guide, March
1998, Literature number SPRU190B

World Wide Web

Our World Wide Web site at www.ti.com contains the most up to
date product information, revisions, and additions. Users
registering with TI&ME can build custom information pages and
receive new product updates automatically via email.

Email
For technical issues or clarification on switching products, please

send a detailed email to dsph@ti.com . Questions receive prompt
attention and are usually answered within one business day.
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Design Problem

How do I initialize the McBSP for correct frame sync generation
and data exchange? What are the important initialization steps
and their order of execution?

McBSP Introduction

The main functional blocks of the McBSP are shown in Figure 1.
They are:

e Transmitter: The transmitter section is responsible for the
serial transmission of data that is written in DXR. The transfer
starts as soon as the transmit frame sync (FSX) is detected.
One bit of data is transmitted on every transmit clock CLKX.

* Receiver: The data received on the DR pin is shifted into the
Receive Shift Register (RSR) on every receive clock (CLKR).
Again, the actual shifting in of data begins after detection of a
receive frame sync (FSR).

 Sample Rate Generator: As the name implies, this module
generates control signals such as the transmit/receive clocks
and frame sync signals necessary for data transfer to and from
the McBSP. Clock generation circuitry allows user to choose
either the CPU clock or an external source via CLKS to
generate CLKR/X. Frame sync signal properties such as
frame period and frame width are also programmable. FSR/X,
CLKR/X are bi-directional pins, and therefore can be inputs or
outputs.

* Events/Interrupt Generation:  The McBSP generates sync
events to the DMA to indicate that data is ready in DRR or that
DXR is ready for new data. They are read sync event REVT,
and write sync event XEVT. Similarly the CPU can read/write
to the McBSP based on interrupts (RINT and XINT) generated
by the McBSP.

‘C6x McBSP Initialization 9
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Figure 1. McBSP Functional Block Diagram

'C6201 McBSPO/1

<« CLKX > T

ransmitter

DX
FSX

-t

Y

P —

<« CLKR

L

Receiver

< DR

FSR

g

CPUclk »

CLKS

L

Sample
Rate Gen.

FSG

CLKG

XEVT

REVT

Events/
Interrupts

XINT,

RINT,

To DMA

To CPU

Servicing the McBSP

10

The McBSP data has to be read/written as and when required.
The ‘C6x can service the McBSP via the CPU or the DMA. All
control registers have to be programmed via the CPU. But, the
data registers, DXR and DRR can be accessed either by the CPU
or the DMA. Typically, DMA channel(s) is used to read/write to the
data registers, thus relieving the CPU from servicing a slow
peripheral. For more details of DMA servicing a peripheral, please
refer TMS320C6201 DMA Applications application note.
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* Via DMA: DMA write accesses to DXR require write
synchronization event, XEVT, which is provided by the
McBSP. Similarly a DMA read of DRR is synchronized by the
internal REVT signal from the McBSP. Therefore, the DMA
will read from or write to the McBSP for every serial element in
the frame. Once the DMA completes the required number of
element transfers, it can be programmed to generate a
channel complete interrupt to the CPU if required.

* Via CPU: For cases where the CPU is used to service the
McBSP, it can be done in either interrupt-driven mode or the
polled method. Polled method ties up the CPU while waiting
for data to be transmitted or received. The (R/X)RDY bits are
polled for receive/transmit ready condition of the McBSP.

In the interrupt-driven case, the CPU can do useful work while
the interrupts from the McBSP signal the CPU when it needs
to be served. The default value of (R/X)INTM = 00b causes
the McBSP to interrupt the CPU via (R/X)INT on every
element transfer (if the CPU interrupts are enabled). The XINT
is generated when DXR is ready to accept new data, and
RINT is generated when a new serial element has been
received in DRR. Other interrupt modes are not meant for
servicing the McBSP for data reads/writes, but for diagnostic,
and tracking purposes.

Initialization Requirements

Generation of control signals such as the clock, frame sync, clock
source in the McBSP is programmable. The order in which the
respective modules are activated is important for correct operation
of the McBSP.

For example, consider the case when the transmitter is the clock
and frame master meaning it is responsible for generation of
clocks and frames for itself and to the device (receiver) it is
communicating to. The first step is to ensure that the slave (in this
case the receiver) is awake (taken out of reset) and is ready to
receive frame and data from the transmitter. This is followed by
taking the transmitter out of reset, and then activating the frame
sync generator in the transmitter. This ensures that the receiver
does not lose the first frame and its data.

McBSP Initialization Cases

This section describes the step-by-step procedure for McBSP
initialization based on CPU or DMA data transfers. The following
three methods and the initialization procedure is summarized in a
flowchart shown in Figure 2.

‘C6x McBSP Initialization 11
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Figure 2. McBSP Initialization Flowchart
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‘C6x McBSP Initialization

DMA Transfers: The following steps describe the setup of
interrupts, DMA, and the McBSP in the required order.

Set /GRST=/XRST=/RRST=/FRST=0. If coming out of device
reset, this is not required.

Program the Sample Rate Generator Register (SRGR), Serial
Port Control Register (SPCR), Pin Control Register (PCR),
and Receive Control Register (RCR) to the required values.

Caution : Do not set the bits described in Step 1 while setting
up registers.

Take the sample rate generator out of reset by setting
/GRST=1 in the SPCR. Internal clock CLKG is now driven by
the chosen clock source and as per programmed clock divide-
down.

Note: If frame syncs and clocks are inputs to both transmit and
receive sections of the McBSP, this step is not required.

Wait 2 bit clocks (CLKR/X). A simple formula to arrive at this
number in terms of CPU clock cycles is:

(a) For CPU clock as source: Let P=(1/CPUclock).
The number of CPU clocks equal to 2 data bit-clocks is,
N = (1+CLKGDV) * 2, where min. value of CLKGDV=1

(b) For CLKS as clock source: Let Ps=(1/CLKS frequency) and
P=(1/CPUclock).

The number of CPU clocks equal to 2 data bit-clocks is,

N = (1+CLKGDV) * 2 * (Ps /P), where min. value of
CLKGDV=0 and CLKS is not greater than (CPUclock/2)

In general, the following formula can be used depending on
the clock source:

N = ((1+CLKGDV) * 2 * CLKSM) +
(1+CLKGDV) * 2 * (Ps /P) * (ICLKSM))

Enabling Interrupts: To use interrupts, you have to set the
Global Interrupt Enable (GIE), and Non-Maskable Interrupt
Enable (NMIE) bits in the IER.

Select the DMA channel you want to use. Enable CPU
interrupts that correspond to the DMA channel that will be
used to service the McBSP. The default mapping of DMA
channel-complete interrupts to CPU is as follows:

13
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10.

11.

DMA channel0 = CPU interrupt 8
DMA channell =» CPU interrupt 9
DMA channel2 =» CPU interrupt 11
DMA channel3 = CPU interrupt 12

Put the DMA in a stop condition. Clear any previous RIWSTAT
bits so that unwanted transfers do not occur.

DMA initialization: Program the DMA channel for required
operation. Following would be a typical set up:

Source address = DRR for reads OR memory location for writes.

Destination address = memory location for reads OR DXR for
writes.

Transfer counter = number of elements to be transferred.

Receive synchronization eveR/WSYNG: REVT from McBSP for
reads.

Transmit synchronization eve®R/WSYNG: XEVT from McBSP
for writes.

DMA channel complete interrupt bECINT = enabled

Priority bit, PRI = 1; optional, but recommended.

Instruct the DMA to run. For example, set START=01b in the
DMA channel’s primary control register to start the DMA
without auto-initialization.

Take the section (transmitter/receiver) that is not a frame
master (frame sync is an input) out of reset by setting /XRST
or /RRST=1. Now the slave is ready to accept a frame sync
and start data transfer.

Alternatively, a new frame sync interrupt ((R/X)INTM=10b) can
be used to wake up the transmitter/receiver. This case is
discussed in another application note titled, ‘C6x McBSP
Interface to a Single rate ST bus Device.

Pull the frame master (transmitter or receiver) out of reset
(/XRST or /RRST = 1).

If FSGM=1 (frame sync generated by sample rate generator),
enable frame sync generator by setting /FRST=1. The first
frame sync will be output after 8 CLKG clocks. If FSGM=0,
frames are generated on every DXR to XSR copy and
therefore /FRST is not used. In any case, the master now
starts data transfer.

Interrupt-driven CPU Transfers:  Setting (R/X)INTM=00b in
the SPCR allows the McBSP to interrupt the CPU whenever
data is ready in DRR or when data can be written to DXR.

‘C6x McBSP Initialization
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The initialization steps are similar to DMA driven transfers
except that DMA is not used. Therefore, replace steps 5
through 8 under DMA Transfers with the following:

¢ Map the required XINTO/1 and/or RINTO/1 interrupts to the
CPU via the Interrupt Multiplexer Registers.

¢ Enable the mapped interrupts.

Once the McBSP is initialized (after step 11 above), each
element in the transfer will cause the execution of an ISR that
writes to DXR or reads from DRR.

Polled CPU Transfers: The transmit and receive ready,
(R/X)RDY bits in SPCR is polled to determine the readiness
of the transmitter and receiver. Here, the CPU has to
constantly check for this condition thus preventing it from
doing any useful work. The McBSP initialization process has
some differences compared to the previous two methods of
McBSP service.

Since neither DMA nor interrupt-driven transfer is applicable
for this case, steps 5 through 8 are not required. The steps
are therefore 1 to 4, 9 to 11 followed by the polling loop.
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