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About This Manual

Preface

Read This First

The TMS320C54x is a fixed-point digital signal processor (DSP) in the Texas
Instruments (TI™) TMS320 family. These devices are characterized by a low-
power, enhanced architecture core. This book, the fifth volume of a 5-volume
set, provides information about the enhanced peripherals available on some
of these devices.

Many device references are shown with an apostrophe (') replacing the usual
alphanumeric prefix (ex. '5420 instead of TMS320VC5420). Unless otherwise
specified, all references to the '54x in this book apply to the TMS320VC54x.

This user’s guide describes the enhanced peripherals available on the '5402,
'5410, and '5420 devices, and explains their operations.

The main topics discussed are:

Host port interface (HPI)

Multi-channel buffered serial ports (McBSPs)

Programmable clock generator with a multiple phase-locked loop (PLL)
DMA controller (DMA)

Enhanced external input/output interface (EnhXIO)

Interprocessor FIFO

I Iy O Oy

For all non-enhanced peripheral information related to '54x devices, see
TMS320C54x DSP, CPU and Peripherals, Volume 1, referenced in the section
titted Related Documents from Texas Instruments.



Notational Conventions / Information About Cautions

Notational Conventions

This book uses the following conventions.

4

The TMS320C54x DSP can use either of two forms of the instruction set:
a mnemonic form or an algebraic form. This book uses the mnemonic form
of the instruction set. For information about the mnemonic form of the in-
struction set, see TMS320C54x DSP Reference Set, Volume 2: Mnemon-
ic Instruction Set. For information about the algebraic form of the instruc-
tion set, see TMS320C54x DSP Reference Set, Volume 3: Algebraic
Instruction Set.

Program listings and program examples are shown in a special type-
face.

Here is a segment of a program listing:

STL A, *AR1+ ;Int RAM(I)=0
RSBX INTM ;Globally enable interrupts
B MAIN PG ;jReturn to foreground program

Square brackets, [ and ], identify an optional parameter. If you use an op-
tional parameter, specify the information within the brackets; do not type
the brackets themselves.

Information About Cautions

This book contains cautions.

This is an example of a caution statement.

A caution statement describes a situation that could potentially
damage your software or equipment.

The information in a caution is provided for your protection. Please read each
caution carefully.



Related Documentation From Texas Instruments

Related Documentation from Texas Instruments

The following books provide related documentation for the TM320C54x. To
obtain a copy of any of these Tl documents, call the Texas Instruments Litera-
ture Response Center at (800) 477-8924. When ordering, please identify the
book by its title and literature number.

Many of these documents are located on the internet at http://www.ti.com.

TMS320C54x DSP Reference Set, Volume 1: CPU and Peripherals
(literature number [SPRU131) describes the TMS320C54x 16-bit
fixed-point general-purpose digital signal processors. Covered are
its architecture, internal register structure, data and program
addressing, the instruction pipeline, and on-chip peripherals. Also
includes development support information, parts lists, and design
considerations for using the XDS510 emulator.

TMS320C54x DSP Reference Set, Volume 2: Mnemonic Instruction
Set (literature number [SPRUI72] describes the TMS320C54x
digital signal processor mnemonic instructions individually. Also
includes a summary of instruction set classes and cycles.

TMS320C54x DSP Reference Set, Volume 3: Algebraic Instruction
Set (literature number|SPRU179) describes the TMS320C54x
digital signal processor algebraic instructions individually. Also
includes a summary of instruction set classes and cycles.

TMS320C54x DSP Reference Set, Volume 4: Applications Guide
(literature number[SPRU173) describes software and hardware
applications for the TMS320C54x digital signal processor. Also
includes development support information, parts lists, and design
considerations for using the XDS510 emulator.

TMS320C54x DSP Reference Set, Volume 5: Enhanced Peripherals
(literature number describes the enhanced peripherals
available on the TMS320C54x digital signal processors. Includes
the multichannel buffered serial ports (McBSPs), direct memory
access (DMA) controller, the HPI-8 and HPI-16 host port inter-
faces, and the interprocessor.

TMS320C54x, TMS320LC54x, TMS320VC54x Fixed-Point Digital Signal
Processors (literature number data sheet contains the
electrical and timing specifications for these devices, as well as signal
descriptions and pinouts for all of the available packages.

Read This First \Y;
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http://www-s.ti.com/sc/techlit/spru173
http://www-s.ti.com/sc/techlit/spru302
http://www-s.ti.com/sc/techlit/sprs039

Related Documents From Texas Instruments

vi

TMS320C54x DSKplus User’s Guide (literature number | SPRU191)
describes the TMS320C54x digital signal processor starter kit (DSK),

which allows you to execute custom 'C54x code in real time and debug it
line by line. Covered are installation procedures, a description of the
debugger and the assembler, customized applications, and initialization
routines.

TMS320C54x Assembly Language Tools User’s Guide (literature number
describes the assembly language tools (assembler, linker,
and other tools used to develop assembly language code), assembler di-
rectives, macros, common object file format, and symbolic debugging di-
rectives for the 'C54x generation of devices.

TMS320C5xx C Source Debugger User’'s Guide (literature number
tells you how to invoke the 'C54x emulator, evaluation
module, and simulator versions of the C source debugger interface. This
book discusses various aspects of the debugger interface, including
window management, command entry, code execution, data
management, and breakpoints. It also includes a tutorial that introduces
basic debugger functionality.

TMS320C54x Code Generation Tools Getting Started Guide (literature
number describes how to install the TMS320C54x assembly
language tools and the C compiler for the 'C54x devices. The installation
for MS-DOS™, OS/2™, SunOS™, Solaris™, and HP-UX™ 9.0x systems
is covered.

TMS320C54x Evaluation Module Technical Reference (literature number
SPRU135) describes the 'C54x evaluation module, its features, design
details and external interfaces.

TMS320C54x Optimizing C Compiler User’s Guide (literature number
describes the 'C54x C compiler. This C compiler accepts
ANSI standard C source code and produces TMS320 assembly lan-
guage source code for the 'C54x generation of devices.

TMS320C54x Simulator Getting Started (literature number|[SPRU137) de-
scribes how to install the TMS320C54x simulator and the C source
debugger for the 'C54x. The installation for MS-DOS™, PC-DOS™,
SunOS™, Solaris™, and HP-UX™ systems is covered.

TMS320 Third-Party Support Reference Guide (literature number
alphabetically lists over 100 third parties that provide various
products that serve the family of TMS320 digital signal processors. A
myriad of products and applications are offered—software and hardware
development tools, speech recognition, image processing, noise can-
cellation, modems, etc.
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Technical Articles

Related Documentation from Texas Instruments / Technical Articles

TMS320C548/C549 Bootloader Technical Reference (literature number
describes the process the bootloader uses to transfer user
code from an external source to the program memory at power up. (Pres-
ently available only on the internet.)

TMS320 DSP Development Support Reference Guide (literature number

describes the TMS320 family of digital signal processors and

the tools that support these devices. Included are code-generation tools

(compilers, assemblers, linkers, etc.) and system integration and debug

tools (simulators, emulators, evaluation modules, etc.). Also covered are

available documentation, seminars, the university program, and factory
repair and exchange.

A wide variety of related documentation is available on digital signal processing.
These references fall into one of the following application categories:

General-Purpose DSP
Graphics/Imagery
Speech/Voice

Control

Multimedia

Military
Telecommunications
Automotive
Consumer

Medical

Development Support
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In the following list, references appear in alphabetical order according to
author. The documents contain beneficial information regarding designs, op-
erations, and applications for signal-processing systems; all of the documents
provide additional references. Texas Instruments strongly suggests that you
refer to these publications.

General-Purpose DSP:

1) Chassaing, R., Horning, D.W., “Digital Signal Processing with Fixed and
Floating-Point Processors”, CoED, USA, Volume 1, Number 1, pages 1-4,
March 1991.

2) Defatta, David J., Joseph G. Lucas, and William S. Hodgkiss, Digital Sig-
nal Processing: A System Design Approach, New York: John Wiley, 1988.

Read This First Vii
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Technical Articles

viii

3) Erskine, C., and S. Magar, “Architecture and Applications of a Second-
Generation Digital Signal Processor,” Proceedings of IEEE International
Conference on Acoustics, Speech, and Signal Processing, USA, 1985.

4) Essig, D., C. Erskine, E. Caudel, and S. Magar, “A Second-Generation
Digital Signal Processor,” IEEE Journal of Solid-State Circuits, USA, Vol-
ume SC-21, Number 1, pages 86-91, February 1986.

5) Frantz, G., K. Lin, J. Reimer, and J. Bradley, “The Texas Instruments
TMS320C25 Digital Signal Microcomputer,” IEEE Microelectronics, USA,
Volume 6, Number 6, pages 10-28, December 1986.

6) Gass, W., R. Tarrant, T. Richard, B. Pawate, M. Gammel, P. Rajasekaran,
R. Wiggins, and C. Covington, “Multiple Digital Signal Processor Environ-
ment for Intelligent Signal Processing,” Proceedings of the IEEE, USA,
Volume 75, Number 9, pages 1246-1259, September 1987.

7) Jackson, Leland B., Digital Filters and Signal Processing, Hingham, MA:
Kluwer Academic Publishers, 1986.

8) Jones, D.L., and T.W. Parks, A Digital Signal Processing Laboratory Using
the TMS32010, Englewood Cliffs, NJ: Prentice-Hall, Inc., 1987.

9) Lim, Jae, and Alan V. Oppenheim, Advanced Topics in Signal Processing,
Englewood Cliffs, NJ: Prentice- Hall, Inc., 1988.

10) Lin, K., G. Frantz, and R. Simar, Jr., “The TMS320 Family of Digital Signal
Processors,” Proceedings of the IEEE, USA, Volume 75, Number 9, pages
1143-1159, September 1987.

11) Lovrich, A., Reimer, J., “An Advanced Audio Signal Processor” , Digest of
Technical Papers for 1991 International Conference on Consumer Elec-
tronics, June 1991.

12) Magar, S., D. Essig, E. Caudel, S. Marshall and R. Peters, “An NMOS Digi-
tal Signal Processor with Multiprocessing Capability,” Digest of IEEE Inter-
national Solid-State Circuits Conference, USA, February 1985.

13) Oppenheim, Alan V., and R.W. Schafer, Digital Signal Processing, Engle-
wood Cliffs, NJ: Prentice-Hall, Inc., 1975 and 1988.

14) Papamichalis, P.E., and C.S. Burrus, “Conversion of Digit-Reversed to Bit-
Reversed Order in FFT Algorithms,” Proceedings of ICASSP 89, USA,
pages 984-987, May 1989.

15) Papamichalis, P., and R. Simar, Jr., “The TMS320C30 Floating-Point Digi-
tal Signal Processor,” IEEE Micro Magazine, USA, pages 13-29, Decem-
ber 1988.



Technical Articles

16) Papamichalis, P.E., “FFT Implementation on the TMS320C30,” Proceed-
ings of ICASSP 88, USA, Volume D, page 1399, April 1988.

17) Parks, TW.,, and C.S. Burrus, Digital Filter Design, New York, NY: John Wiley
and Sons, Inc., 1987.

18) Peterson, C., Zervakis, M., Shehadeh, N., “Adaptive Filter Design and
Implementation Using the TMS320C25 Microprocessor” , Computers in
Education Journal, USA, Volume 3, Number 3, pages 12-16, July-Sep-
tember 1993.

19) Prado, J., and R. Alcantara, “A Fast Square-Rooting Algorithm Using a
Digital Signal Processor,” Proceedings of IEEE, USA, Volume 75, Number
2, pages 262-264, February 1987.

20) Rabiner, L.R. and B. Gold, Theory and Applications of Digital Signal Pro-
cessing, Englewood Cliffs, NJ: Prentice-Hall, Inc., 1975.

21) Simar, Jr., R., and A. Davis, “The Application of High-Level Languages to
Single-Chip Digital Signal Processors,” Proceedings of ICASSP 88, USA,
Volume D, page 1678, April 1988.

22) Simar, Jr., R., T. Leigh, P. Koeppen, J. Leach, J. Potts, and D. Blalock, “A
40 MFLOPS Digital Signal Processor: the First Supercomputer on a Chip,”
Proceedings of ICASSP 87, USA, Catalog Number 87CH2396-0, Volume 1,
pages 535-538, April 1987.

23) Simar, Jr., R., and J. Reimer, “The TMS320C25: a 100 ns CMOS VLSI Digi-
tal Signal Processor,” 1986 Workshop on Applications of Signal Processing
to Audio and Acoustics, September 1986.

24) Texas Instruments, Digital Signal Processing Applications with the TMS320
Family, 1986; Englewood Cliffs, NJ: Prentice-Hall, Inc., 1987.

25) Treichler, J.R., C.R. Johnson, Jr., and M.G. Larimore, A Practical Guide
to Adaptive Filter Design, New York, NY: John Wiley and Sons, Inc., 1987.

Graphics/imagery:

1) Reimer, J., and A. Lovrich, “Graphics with the TMS32020,” WESCON/85
Conference Record, USA, 1985.
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Speech/Voice:

1)

2)

3)

4)

5)

6)

7)

8)

9)

DellaMorte, J., and P. Papamichalis, “Full-Duplex Real-Time Implementa-
tion of the FED-STD-1015 LPC-10e Standard V.52 on the TMS320C25,”
Proceedings of SPEECH TECH 89, pages 218-221, May 1989.

Gray, A.H., and J.D. Markel, Linear Prediction of Speech, New York, NY:
Springer-Verlag, 1976.

Frantz, G.A., and K.S. Lin, “A Low-Cost Speech System Using the
TMS320C17,” Proceedings of SPEECH TECH '87, pages 25-29, April
1987.

Papamichalis, P., and D. Lively, “Implementation of the DOD Standard
LPC-10/52E on the TMS320C25,” Proceedings of SPEECH TECH '87,
pages 201-204, April 1987.

Papamichalis, Panos, Practical Approaches to Speech Coding, Engle-
wood Cliffs, NJ: Prentice-Hall, Inc., 1987.

Pawate, B.l., and G.R. Doddington, “Implementation of a Hidden Markov
Model-Based Layered Grammar Recognizer,” Proceedings of ICASSP
89, USA, pages 801-804, May 1989.

Rabiner, L.R., and R.W. Schafer, Digital Processing of Speech Signals,
Englewood Cliffs, NJ: Prentice-Hall, Inc., 1978.

Reimer, J.B. and K.S. Lin, “TMS320 Digital Signal Processors in Speech
Applications,” Proceedings of SPEECH TECH '88, April 1988.

Reimer, J.B., M.L. McMahan, and W.W. Anderson, “Speech Recognition
for a Low-Cost System Using a DSP,” Digest of Technical Papers for 1987
International Conference on Consumer Electronics, June 1987.

Control:

1)

2)

3)

4)

Ahmed, 1., “16-Bit DSP Microcontroller Fits Motion Control System Applica-
tion,” PCIM, October 1988.

Ahmed, I., “Implementation of Self Tuning Regulators with TMS320 Family
of Digital Signal Processors,” MOTORCON 88, pages 248-262, Septem-
ber 1988.

Ahmed, I, and S. Lindquist, “Digital Signal Processors: Simplifying High-
Performance Control,” Machine Design, September 1987.

Ahmed, I., and S. Meshkat, “Using DSPs in Control,” Control Engineering,
February 1988.
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8)
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Technical Articles

Allen, C. and P. Pillay, “TMS320 Design for Vector and Current Control of
AC Motor Drives” , Electronics Letters, UK, Volume 28, Number 23, pages
2188-2190, November 1992.

Bose, B.K., and P.M. Szczesny, “A Microcomputer-Based Control and
Simulation of an Advanced IPM Synchronous Machine Drive System for
Electric Vehicle Propulsion,” Proceedings of IECON '87, Volume 1, pages
454-463, November 1987.

Hanselman, H., “LQG-Control of a Highly Resonant Disc Drive Head Posi-
tioning Actuator,” IEEE Transactions on Industrial Electronics, USA, Vol-
ume 35, Number 1, pages 100-104, February 1988.

Lovrich, A., G. Troullinos, and R. Chirayil, “An All-Digital Automatic Gain
Control,” Proceedings of ICASSP 88, USA, Volume D, page 1734, April
1988.

Matsui, N. and M. Shigyo, “Brushless DC Motor Control Without Position
and Speed Sensors” , IEEE Transactions on Industry Applications, USA,
Volume 28, Number 1, Part 1, pages 120-127, January-February 1992.

10) Meshkat, S., and I. Ahmed, “Using DSPs in AC Induction Motor Drives,”

Control Engineering, February 1988.

11) Panabhi, I. and R. Restle, “DSPs Redefine Motion Control” , Motion Control

Magazine, December 1993.

Multimedia:

1)

2)

Reimer, J., “DSP-Based Multimedia Solutions Lead Way Enhancing
Audio Compression Performance” , Dr. Dobbs Journal, December 1993.

Reimer, J., G. Benbassat, and W. Bonneau Jr., “Application Processors:
Making PC Multimedia Happen” , Silicon Valley PC Design Conference,
July 1991.

Military:

1)

Papamichalis, P., and J. Reimer, “Implementation of the Data Encryption
Standard Using the TMS32010,” Digital Signal Processing Applications,
1986.
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TMS320C25,” Conference Records of Northcon/86, USA, 14/3/1-10,
September/October 1986.

Casale, S., R. Russo, and G. Bellina, “Optimal Architectural Solution Us-
ing DSP Processors for the Implementation of an ADPCM Transcoder,”
Proceedings of GLOBECOM '89, pages 1267-1273, November 1989.
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Echo Canceller on a SINGLE TMS32020,” Proceedings of ICASSP 86,
USA, Catalog Number 86CH2243-4, Volume 1, pages 429-432, April
1986.
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Chapter 1

Introduction

The '54x device is a fixed-point digital signal processor (DSP) in the TMS320
family. The central processing unit (CPU), with its modified Harvard architec-
ture, minimizes power consumption and adds a high degree of parallelism.
System performance is further enhanced by versatile addressing modes and
instruction sets. These and other characteristics allow the '54x to meet the
specific needs of real-time embedded applications such as telecommunica-
tions.

All '54x devices have general-purpose I/0 pins (XF and BIO), a timer (two on
the '5402), a clock generator, a software-programmable wait-state generator,
and a programmable bank-switching module. Different types and quantities of
serial ports, host-port interfaces, and clock generators are specific to the vari-
ous '54x devices.

This chapter discusses the enhanced peripherals available on the '5402,
'5410, and '5420 devices.

Topic Page
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1.1 Overview of the '54x Enhanced Peripherals

The sections that follow provide an overview of the enhanced peripherals
available on the '54x.

1.1.1 Multi-channel Buffered Serial Ports (McBSPSs)

The’54x family provides high-speed, full-duplex multi-channel buffered serial
ports (McBSPs) that allow direct interface to other '54x devices, codecs, and
other devices in a system. The MCBSPs are an enhanced version of the stan-
dard serial port interface found on other '54x devices. Some features of the
McBSP include:

(1 Double-buffered transmit and triple-buffered receive operation to allow a
continuous data stream.

Independent framing and clocking for receive and transmit.
Multi-channel transmit and receive up to 128 channels.
Data sizes including 8, 12, 16, 20, 24, and 32 bits.

p-law and A-law companding.

Programmable polarity for both frame synchronization and clocks.

U U o d o g

Programmable internal clocks and frame synchronization.

For more information on the McBSPs, see Chapter 2.

1.1.2 Direct Memory Access (DMA) Controller

The 6-channel '54x direct memory access (DMA) controller transfers data be-
tween points in the memory map without intervention by the CPU. The DMA
allows the following movements of data to occur in the background of CPU op-
eration: data to and from internal program/data memory; internal peripherals
such as the McBSP'’s; and external memory devices. The DMA has six inde-
pendent programmable channels allowing six different contexts for DMA op-
eration. For more information on the DMA, see Chapter 3.

1.1.3 Host Port Interfaces (HPI-8 and HPI-16)

1-2

There are two enhanced host port interfaces on the '54x, the HPI-8 and the
HPI-16. These are 8-bit and 16-bit parallel ports that provide an interface to
a host processor. Information is exchanged between the '54x and the host pro-
cessor through '54x on-chip memory that is accessible to both the host proces-
sor and the '54x. For more details about the operation of the HPI-8 and HPI-16,
see Chapters 4 and 5, respectively.



Chapter 2

Multichannel Buffered Serial Port (MicBSP)

Depending on the specific device, the 54x digital signal processor provides
multiple high-speed, full-duplex, multichannel buffered serial ports (McBSPs)
that allow direct interface to other '54x devices, codecs, and other devices in
a system. The '5402 provides two, the '5410 three, and the '5420 six McBSPs.
They are based on the standard serial port interface found on other '54x de-
vices.

This chapter describes the operation of the McBSPs, and includes register
definitions and timing diagrams.
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2.1 McBSP Features

The McBSP is based on the standard serial port interface found on the
TMS320C2x, 'C20x, 'C5x, and 'C54x devices. The McBSP provides:

[ Full-duplex communication

(1 Double-buffered transmit and triple-buffered receive data registers, which
allow a continuous data stream

L

Independent framing and clocking for receive and transmit

(]

Direct interface to industry-standard codecs, analog interface chips (AICs),
and other serially connected A/D and D/A devices

(1 External shift clock generation, or an internal, programmable-frequency
shift clock

In addition, the McBSP has the following capabilities:

(] Direct interface to:
W T1/E1 framers
B MVIP switching compatible and ST-BUS compliant devices including:
® MVIP framers
m  H.100 framers
m  SCSA framers
B |IOM-2 compliant devices

B AC97 compliant devices (The necessary multi-phase frame-synchro-
nization capability is provided.)

W IS compliant devices
B SPI™ devices

[

Multichannel transmit and receive up to 128 channels

(1 A wide selection of data sizes including 8, 12, 16, 20, 24, and 32 bits

Note: Data sizes are referred to as word or serial word throughout this document and
can be 8, 12, 16, 20, 24, or 32 bits, in contrast to the true definition of word which is
32 bits.

u-Law and A-Law companding
8-bit data transfers with option of LSB or MSB first

Programmable polarity for both frame synchronization and data clocks

(I W A I

Highly programmable internal clock and frame generation
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2.2 McBSP General Description

Figure 2-1. McBSP Internal Block Diagram

DR — > RSR [»{ RBR |-

DX €4—

CLKX €4
CLKR €
FSX €
FSR <€
CLKS —»

XSR

McBSP
Compand PN
|
Expand > l DRR |
Compress ¢ I DXR I| <
| SPCR I <
| RCR I: )
Clock and 16-bit
frame-sync XCR |« peripheral
generation : bus
and control | SRGR I <
| PCR I:
| MCR I:
Multichannel <
selection RCER <
XCER |«
N
RINT ——»
Interrupts to CPU
XINT ——»
REVT —1—»
XEVT ——»
Synchronization
events to DMA
REVTA ——»
XEVTA ——1—»

The McBSP consists of a data path and a control path connected to external
devices by seven pins as shown in Figure 2-1.
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Data is communicated to devices interfacing the McBSP via the data transmit
(DX) pin for transmit and the data receive (DR) pin for receive. Control informa-
tion in the form of clocking and frame synchronization is communicated via
CLKX, CLKR, FSX, and FSR. The '54x communicates with the McBSP through
16-bit-wide control registers accessible via the internal peripheral bus.

The CPU or the DMA controller reads the received data from the data receive
register (DRR[1,2]) and writes the data to be transmitted to the data transmit
register (DXR[1,2]). Data written to DXR[1,2] is shifted out to DX via the trans-
mit shift register (XSR[1,2]). Similarly, receive data on the DR pin is shifted into
the receive shift register (RSR[1,2]) and copied into the receive buffer register
(RBR[1,2]). RBR[1,2] is then copied to DRR[1,2], which can be read by the CPU
or the DMA controller. This allows simultaneous movement of internal and exter-
nal data communications.

DRR2, RBR2, RSR2, DXR2, and XSR2 registers are not utilized (written, read,
or shifted) if the receive/transmit word length, R/’XWDLEN[1,2], is specified for
8-, 12-, or 16-bit mode.

The remaining registers accessible to the CPU configure the control mechanism
of the McBSP. These registers are listed in Table 2-2, McBSP Registers, on
page 2-5. The control block consists of internal clock generation, frame-syn-
chronization signal generation, and their control and multichannel selection.
This control block sends notification of important events to the CPU and DMA
controller via the two interrupt and four event signals shown in Table 2-3,
McBSP CPU Interrupts and DMA Event Synchronization, on page 2-6.

Table 2-1. McBSP Interface Signals

2-4

Pin 1/o/zt Description

CLKR 1/10/Z Receive clock

CLKX I/10/Z Transmit clock

CLKS | External clock

DR | Received serial data

DX O/z Transmitted serial data

FSR I/10/Z Receive frame synchronization
FSX I/0/Z Transmit frame synchronization

HE Input, O = Output, Z = High-impedance



Table 2-2. McBSP Registers

Hex Address

McBSPO McBSP1 McBSP 2 Ads(;ere-ss Acronym Register NameT Section
— — — RBR[1,2] McBSP receive buffer register 1 and 2 2.2
— — — RSR[1,2] McBSP receive shift register 1 and 2 2.2
— — — XSR[1,2] McBSP transmit shift register 1 and 2 2.2

0020 0040 0030 — DRR2x  McBSP data receive register 2 2.2
0021 0041 0031 — DRR1x McBSP data receive register 1 2.2
0022 0042 0032 — DXR2x  McBSP data transmit register 2 2.2
0023 0043 0033 — DXR1x  McBSP data transmit register 1 2.2
0038 0048 0034 — SPSAXx  McBSP sub-address register
0039 0049 0035 0x0000 SPCR1x McBSP serial port control register 1 221
0039 0049 0035 0x0001  SPCR2x McBSP serial port control register 2 221
0039 0049 0035 0x0002 RCR1x  McBSP receive control register 1 222
0039 0049 0035 0x0003 RCR2x  McBSP receive control register 2 222
0039 0049 0035 0x0004 XCR1x  McBSP transmit control register 1 222
0039 0049 0035 0x0005 XCR2x  McBSP transmit control register 2 222
0039 0049 0035 0x0006 SRGR1x McBSP sample rate generator register 2511
1
0039 0049 0035 0x0007 SRGR2x McBSP sample rate generator register 2511
2
0039 0049 0035 0x0008 MCR1x McBSP multichannel register 1 2.6.1
0039 0049 0035 0x0009 MCR2x  McBSP multichannel register 2 2.6.1
0039 0049 0035 O0xX000A RCERAXx McBSP receive channel enable register 2.6.31
partition A
0039 0049 0035 0x000B  RCERBx McBSP receive channel enable register 2.6.31

partition B

T RBR[1,2], RSR[1,2], and XSR[1,2] are not directly accessible via the CPU or DMA.
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Table 2-2. McBSP Registers (Continued)

Hex Address

McBSPO McBSP1 McBSP 2 A(fc?r?a-ss Acronym Register NameT Section
0039 0049 0035 0x000C  XCERAXx McBSP transmit channel enable 26.3.1
register partition A
0039 0049 0035 0x000D  XCERBx McBSP transmit channel enable 26.3.1
register partition B
0039 0049 0035 0x000E PCRx McBSP pin control register 221&
2.9
t RBR[1,2], RSR[1,2], and XSRJ[1,2] are not directly accessible via the CPU or DMA.
Table 2-3. McBSP CPU Interrupts and DMA Event Synchronization
Interrupt
Name Description Section
RINT Receive interrupt to CPU 2.3.3
XINT Transmit interrupt to CPU 2.3.3
REVT Receive synchronization event to DMA 2321
XEVT Transmit synchronization event to DMA 2322
REVTA Receive synchronization eventA to DMA 2.6.4
XEVTA Transmit synchronization eventA to DMA 2.6.4

2.2.1 Serial Port Configuration

The serial port is configured via the two 16-bit serial port control registers 1 and
2 (SPCRJ1,2]) and the Pin Control Register (PCR). These registers are shown
in Figure 2-2, Figure 2—-3 and Figure 2—-4, respectively. SPCR[1, 2] and the
PCR contain McBSP status information and also bits that can be configured
for desired operation. The operation of each bit-field is discussed in the sec-
tions listed in Table 2—-4, Serial Port Control Register 1 (SPCR1) Bit-Field Des-
cription, on page 2-7; Table 2-5, Serial Port Control Register 2 (SPCR?2) Bit-
Field Description, on page 2-10; and Table 2-6, Pin Control Register (PCR)
Bit-field Description, on page 2-12.

2-6



In addition to the PCR being used to configure the McBSP pins as inputs or
outputs during normal serial port operation, it is used to configure the serial
port pins as general purpose inputs or outputs during receiver and/or transmit-
ter reset. This is described in section 2.9, McBSP Pins as General Purpose I/O,
on page 2-97.

Figure 2-2. Serial Port Control Register 1 (SPCR1)

15 14 13 12 1 10 8
| b8 | RJUST | CLKSTP | reserved
RW,+0 RW,+0 RW,+0 RW,+0 R,+0
7 6 5 4 3 2 1 0
DXENA ABIS RINTM RSYNCERR | RFULL RRDY RRST
RW,+0 RW,+0 RW,+0 RW,+0 R,+0 R,+0 RW,+0T

Note: R =Read, W = Write, +0 = Value at reset

TR, +0 means read-only, reset value is 0. RW, +0 means read and write allowed, reset value is 0.

Table 2-4. Serial Port Control Register 1 (SPCR1) Bit-Field Descriptions

Bit  Name Function Section

15 DLB Digital Loop Back Mode 2525
DLB =0 Digital loop back mode disabled
DLB=1 Digital loop back mode enabled

14-13 RJUST Receive Sign-Extension and Justification Mode 2.3.8

RJUST =00 Right-justify and zero-fill MSBs in DRR[1,2]
RJUST =01 Right-justify and sign-extend MSBs in DRR[1,2]
RJUST =10 Left-justify and zero-fill LSBs in DRR[1,2]
RJUST =11 Reserved
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Table 2-4. Serial Port Control Register 1 (SPCR1) Bit-Field Descriptions (Continued)

Bit Name Function Section
12-11 CLKSTP Clock Stop Mode 2.7
CLKSTP = 0X Clock stop mode disabled. Normal clocking for
non-SPI mode.
Various SPI modes when:
CLKSTP =10 and Clock starts with rising edge without delay
CLKXP =0
CLKSTP =10 and Clock starts with falling edge without delay
CLKXP =1
CLKSTP = 11 and Clock starts with rising edge with delay
CLKXP =0
CLKSTP = 11 and Clock starts with falling edge with delay
CLKXP =1
10-8 reserved Reserved
7 DXENA DX Enabler. 2.3.4.8
DXENA =0 DX enabler is off
DXENA =1 DX enabler is on
6 ABIS ABIS Mode 26.4
ABIS =0 A-bis mode is disabled
ABIS =1 A-bis mode is enabled
5-4 RINTM Receive Interrupt Mode 2.3.3
RINTM = 00 RINT driven by RRDY (i.e. end of word) and end of
frame in A-bis mode.
RINTM = 01 RINT generated by end-of-block or end-of-frame in
multichannel operation
RINTM = 10 RINT generated by a new frame synchronization
RINTM=11 RINT generated by RSYNCERR
3 RSYNCERR Receive Synchronization Error 2.3.7.2

RSYNCERR =0

No synchronization error
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Table 2-4. Serial Port Control Register 1 (SPCR1) Bit-Field Descriptions (Continued)

Bit Name Function Section
RSYNCERR =1 Synchronization error detected by McBSP.
2 RFULL Receive Shift Register (RSR[1,2]) Full 23.7.1
RFULL =0 RBRJ[1,2] is not in overrun condition
RFULL =1 DRR[1,2] is not read, RBR[1,2] is full and RSR[1,2]
is also full with new word
1 RRDY Receiver Ready 2.3.2
RRDY =0 Receiver is not ready.
RRDY =1 Receiver is ready with data to be read from
DRRI[1,2].
0 RRST Receiver reset. This resets and enables the receiver. 231

RRST =0 The serial port receiver is disabled and in reset state.

RRST =1 The serial port receiver is enabled.
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Figure 2-3. Serial Port Control Register 2 (SPCR2)

15 14 13 12 11 10 9 8
| reservedt FREE SOFT
R,+0 RW,+0 RW,+0

7 6 5 4 3 2 1 0
FRST GRST XINTM XSYNCERRY | XEMPTY | XRDY XRST
RW,+0 RW,+0 RW,+0 RW,+0 R,+0 R,+0 RW,+0

Note: R =Read, W = Write, +0 = Value at reset

T Note: This and all reserved bit-fields have NO storage associated with them; however, they are always read as 0.
¥ CAUTION: Writing a 1 to this bit sets the error condition; thus, it is mainly used for testing purposes or if this operation is desired.

Table 2-5. Serial Port Control Register 2 (SPCR2) Bit-Field Descriptions

Bit Name Function Section
15-10 rsvd Reserved
9 FREE Free Running Mode 2.8
FREE =0 Free running mode is disabled
FREE =1 Free running mode is enabled
8 SOFT Soft Bit 2.8
SOFT =0 SOFT mode is disabled
SOFT =1 SOFT mode is enabled
7 FRST Frame-Sync Generator Reset 231
FRST=0 Frame-synchronization logic is reset. Frame-sync
signal FSG is not generated by the sample-rate
generator.
FRST=1 Frame-sync signal FSG is generated after

(FPER+1) number of CLKG clocks; i.e., all frame
counters are loaded with their programmed values.

6 GRST Sample-Rate Generator Reset 2.3.1
GRST =0 Sample rate generator is reset
GRST =1 Sample rate generator is pulled out of reset. CLKG

is driven as per programmed value in sample rate
generator registers (SRGR[1,2]).
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Table 2-5. Serial Port Control Register 2 (SPCRZ2) Bit-Field Descriptions (Continued)

Bit  Name Function Section
5-4  XINTM Transmit Interrupt Mode 2.3.3
XINTM = 00 XINT driven by XRDY (i.e., end of word) and end of
frame in A-bis mode.
XINTM = 01 XINT generated by end-of-block or end-of-frame in
multichannel operation
XINTM = 10 XINT generated by a new frame synchronization
XINTM=11 XINT generated by XSYNCERR
3 XSYNCERR Transmit Synchronization Error 2.3.7.2
XSYNCERR =0 No synchronization error
XSYNCERR =1 Synchronization error detected by McBSP.
2 XEMPTY Transmit Shift Register (XSR[1,2]) Empty 23.7.4
XEMPTY =0 XSR[1,2] is empty
XEMPTY =1 XSR[1,2] is not empty
1 XRDY Transmitter Ready 2.3.2
XRDY =0 Transmitter is not ready.
XRDY =1 Transmitter is ready for new data in DXR[1,2].
0 XRST Transmitter reset. This resets and enables the transmitter. 23.1
XRST =0 The serial port transmitter is disabled and in reset
state.
XRST =1 The serial port transmitter is enabled.
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Figure 2-4. Pin Control Register (PCR)

15

14

13

12 11 10 9 8
| reserved | XIOEN | RIOEN | Fsxm FSRM CLKXM CLKRM
R,+0 RW,+0 RW,+0 RW,+0 RW,+0 RW,+0 RW,+0
7 6 5 4 3 2 1 0
reserved | CLKS_STAT | DX_STAT | DR_STAT FSXP FSRP CLKXP CLKRP
R,+0 R,+0 R,+0 R,+0 RW,+0 RW,+0 RW,+0 RW,+0
Note: R =Read, W = Write, +0 = Value at reset
Table 2-6. Pin Control Register (PCR) Bit-Field Descriptions
Bit Name Function Section
15-14 reserved Reserved
13 XIOEN Transmit general purpose 1/0 mode only when XRST = 0 in SPCR[1,2] 29
XIOEN =0 DX, FSX and CLKX are configured as serial port pins and
do not function as general-purpose 1/Os.
XIOEN =1 DX pin is a general purpose output. FSX and CLKX are
general purpose 1/0Os. These serial port pins do not
perform serial port operation.
12 RICEN Receive general purpose 1/0 mode only when RRST =0 in SPCR[1,2] 29

RIOCEN =0

RIOCEN =1

DR, FSR, CLKR and CLKS are configured as serial port
pins and do not function as general-purpose |/Os.

DR and CLKS pins are general purpose inputs; FSR and
CLKR are general purpose I/Os. These serial port pins do
not perform serial port operation. The CLKS pin is affected
by a combination of RRST and RIOEN signals of the
receiver.
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Table 2-6. Pin Control Register (PCR) Bit-Field Descriptions (Continued)

Bit Name Function Section
11 FSXM Transmit Frame-Synchronization Mode 2.5.3.3
and 2.9
FSXM =0 Frame-synchronization signal derived from an external
source
FSXM =1 Frame synchronization is determined by the sample rate
generator frame-synchronization mode bhit FSGM in
SRGR2.
10 FSRM Receive Frame-Synchronization Mode 2532
and 2.9
FSRM =0 Frame-synchronization pulses generated by an external
device. FSR is an input pin
FSRM =1 Frame synchronization generated internally by sample
rate generator. FSR is an output pin except when
GSYNC=1 in SRGR (see section 2.5.1.1).
9 CLKXM Transmitter Clock Mode 25.2.7
and 2.9

CLKXM =0

CLKXM =1

Transmitter clock is driven by an external clock with CLKX
as an input pin.

CLKX is an output pin and is driven by the internal sample
rate generator.

During SPI mode (when CLKSTP is a non-zero value):

CLKXM =0

CLKXM =1

McBSP is a slave and clock (CLKX) is driven by the SPI
master in the system. CLKR is internally driven by CLKX.

McBSP is a master and generates the clock (CLKX) to
drive its receive clock (CLKR) and the shift clock of the
SPI-compliant slaves in the system.
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Table 2-6. Pin Control Register (PCR) Bit-Field Descriptions (Continued)

Bit

Name

Function

Section

8

CLKRM

rsvd

CLKS_ STAT

DX_STAT

DR_STAT

FSXP

FSRP

Receiver Clock Mode
Case 1: Digital loop back mode not set (DLB = 0) in SPCR1

CLKRM =0 Receive clock (CLKR) is an input driven by an external
clock.

CLKRM =1  CLKR is an output pin and is driven by the internal sample
rate generator.

Case 2: Digital loop back mode set (DLB=1) in SPCR1

CLKRM =0 Receive clock (not the CLKR pin) is driven by transmit
clock (CLKX) which is based on the CLKXM bit in the PCR.
CLKR pin is in high-impedance.

CLKRM =1  CLKR is an output pin and is driven by the transmit clock.
The transmit clock is derived based on the CLKXM bit in
the the PCR.

Reserved

CLKS pin status. Reflects value on CLKS pin when selected as a general
purpose input.

DX pin status. Reflects value driven on to DX pin when selected as a
general purpose output.

DR pin status. Reflects value on DR pin when selected as a general
purpose input.

Transmit Frame-Synchronization Polarity

FSXP =0 Frame-synchronization pulse FSX is active high
FSXP =1 Frame-synchronization pulse FSX is active low

Receive Frame-Synchronization Polarity

FSRP =0 Frame-synchronization pulse FSR is active high

FSRP =1 Frame-synchronization pulse FSR is active low

25.2.6
and 2.9

2.9

2.9

2.34.1
and 2.9

2.34.1
and 2.9
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Table 2-6. Pin Control Register (PCR) Bit-Field Descriptions (Continued)

Bit Name Function Section
1 CLKXP Transmit Clock Polarity 2.3.4.1
and 2.9

CLKXP =0 Transmit data sampled on rising edge of CLKX
CLKXP =1 Transmit data sampled on falling edge of CLKX

0 CLKRP Receive Clock Polarity 2341
and 2.9

CLKRP =0 Receive data sampled on falling edge of CLKR

CLKRP =1 Receive data sampled on rising edge of CLKR

2.2.2 Receive and Transmit Control Registers: RCR[1,2] and XCR[1,2]

The receive and transmit control registers (RCR[1,2] and XCR[1,2]) configure
various parameters of the receive and transmit operations, respectively. They
are shown in Figure 2-5, Receive Control Register 1 (RCR1), on page 2-16;
Figure 2-6, Receive Control Register 2 (RCR2), on page 2-17; Figure 2-7,
Transmit Control Register 1 (XCR1), on page 2-19; and Figure 2—-8, Transmit
Control Register 2 (XCR2), on page 2-20.

The operation of each bit-field is discussed in the sections listed in Table 2-7,
Receive Control Register 1 (RCR1) Bit-Field Description, on page 2-16;
Table 2-8, Receive Control Register 2 (RCR2) Bit-Field Description, on page
2-17; Table 2-9, Transmit Control Register 1 (XCR1) Bit-Field Description, on
page 2-19; and Table 2-10, Transmit Control Register 2 (XCR2) Bit-Field De-
scription, on page 2-20.
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Figure 2-5. Receive Control Register 1 (RCR1)

15 14 7 5 0
[ rsvd | RFRLEN1 |  RWDLENL reserved
R,+0 RW,+0 RW,+0 R,+0
Note: R =Read, W = Write, +0 = Value at reset
Table 2-7. Receive Control Register 1 (RCR1) Bit-Field Descriptions
Bit  Name Function Section
15 rsvd Reserved
14-8 RFRLEN1 Receive Frame Length 1 2343
RFRLEN1 = 000 0000 1 word per frame
RFRLEN1 =000 0001 2 words per frame
|
|
RFRLEN1 =111 1111 128 words per frame
7-5 RWDLEN1 Receive Word Length 1 2344

4-0 rsvd

RWDLEN1 = 000

RWDLEN1 = 001

RWDLEN1 = 010

RWDLEN1 = 011

RWDLEN1 =100

RWDLEN1 =101

RWDLEN1 = 11X

Reserved

8 bits

12 bits

16 bits

20 bits

24 bits

32 hits

Reserved
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Figure 2-6. Receive Control Register 2 (RCR2)

15 14 8 7 5 4 3 2 1 0
| RPHASE | RFRLEN2 | RWDLEN2 RCOMPAND | RFIG | RDATDLY
RW,+0 RW,+0 RW,+0 RW,+0 RW,+0  RW,+0

Note: R =Read, W = Write, +0 = Value at reset

Table 2-8. Receive Control Register 2 (RCR2) Bit-Field Descriptions

Bit  Name Function Section
15 RPHASE Receive Phases 2.3.4.2
RPHASE =0 Single-phase frame
RPHASE =1 Dual-phase frame
14-8 RFRLEN2 Receive Frame Length 2 2.3.4.3

RFRLEN2 = 000 0000 1 word per frame
RFRLEN2 = 000 0001 2 words per frame
I
I

RFRLEN1 = 111 1111 128 words per frame

7-5 RWDLEN2 Receive Word Length 2 2344

RWDLENZ2 = 000 8 bits

RWDLENZ2 = 001 12 bits

RWDLENZ2 = 010 16 bits

RWDLEN2 = 011 20 bits

RWDLEN2 = 100 24 bits

RWDLEN2 = 101 32 bits

RWDLEN2 = 11X Reserved
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Table 2-8. Receive Control Register 2 (RCR2) Bit-Field Descriptions (Continued)

Bit Name Function Section

4-3 RCOMPAND Receive companding mode. Modes other than 00b are only enabled 2.4
when the appropriate RWDLEN is 000b, indicating 8-bit data.

RCOMPAND = 00 No companding, data transfer starts with
MSB first.
RCOMPAND =01 No companding, 8-bit data, transfer starts
with LSB first.
RCOMPAND =10 Compand using p-law for receive data.
RCOMPAND = 11 Compand using A-law for receive data.
2 RFIG Receive Frame Ignore 2.3.6.2
RFIG=0 Receive frame-synchronization pulses

after the first restarts the transfer.

RFIG=1 Receive frame-synchronization pulses
after the first are ignored.

1-0 RDATDLY Receive data delay 2.3.4.6
RDATDLY = 00 0-bit data delay
RDATDLY =01 1-bit data delay
RDATDLY = 10 2-bit data delay
RDATDLY = 11 Reserved

2-18



Figure 2-7. Transmit Control Register 1 (XCR1)

15 14 8 7 5 4 0
| rsvd | XFRLEN1 | XWDLEN1 rsvd
R,+0 RW,+0 RW,+0 R,+0

Note: R =Read, W = Write, +0 = Value at reset

Table 2-9. Transmit Control Register 1 (XCR1) Bit-Field Descriptions

Bit Name Function Section
15 rsvd Reserved
14-8 XFRLEN1 Transmit Frame Length 1 2343

XFRLEN1 =000 0000 1 word per frame
XFRLEN1 = 000 0001 2 words per frame
I
I

RFRLEN1 = 111 1111 128 words per frame

7-5 XWDLEN1 Transmit Word Length 1 2.3.4.4
XWDLEN1 = 000 8 bits
XWDLEN1 = 001 12 bits
XWDLEN1 = 010 16 bits
XWDLEN1 = 011 20 bits
XWDLEN1 = 100 24 bits
XWDLEN1 = 101 32 bits
XWDLEN1 = 11X Reserved
4-0 rsvd Reserved
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Figure 2-8. Transmit Control Register 2 (XCR2)

15 14 8 7 5 4 3 2 1 0
[ XxPHASE | XFRLEN2 | XWDLEN2 | XCOMPAND | XFIG | XDATDLY
RW,+0 RW,+0 RW,+0 RW,+0 RW+0  RW,+0

Note: R =Read, W = Write, +0 = Value at reset

Table 2-10. Transmit Control Register 2 (XCR2) Bit-Field Descriptions

Bit Name Function Section
15 XPHASE Transmit Phases 2.3.4.2
XPHASE =0 Single-phase frame
XPHASE = 1 Dual-phase frame
14-8 XFRLEN2 Transmit Frame Length 2 2.3.4.3

XFRLEN2 = 000 0000 1 word per frame

XFRLEN2 =000 0001 2 words per frame

I
XFRLEN1 =111 1111 128 words per frame

7-5 XWDLEN2 Transmit Word Length 2 2344

XWDLENZ2 = 000 8 bits

XWDLEN2 = 001 12 bits

XWDLEN2 = 010 16 bits

XWDLEN2 = 011 20 bits

XWDLENZ2 =100 24 bits

XWDLENZ2 =101 32 bits

XWDLEN2 = 11X Reserved
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Table 2-10. Transmit Control Register 2 (XCR2) Bit-Field Descriptions (Continued)

Bit Name Function Section
4-3  XCOMPAND Transmit companding mode. Modes other than 00b are only enabled 2.4
when the appropriate XWDLEN is 000b, indicating 8-bit data.
XCOMPAND = 00 No companding, data transfer starts with
MSB first.
XCOMPAND =01 No companding, 8-bit data, transfer starts
with LSB first.
XCOMPAND = 10 Compand using p-law for transmit data.
XCOMPAND = 11 Compand using A-law for transmit data.
2 XFIG Transmit Frame Ignore 2.3.6.2
XFIG=0 Transmit frame-synchronization pulses
after the first restarts the transfer.
XFIG=1 Transmit frame-synchronization pulses
after the first are ignored.
1-0 XDATDLY Transmit Data Delay 2.3.4.6

XDATDLY = 00

XDATDLY =01

XDATDLY =10

XDATDLY = 11

0-bit data delay
1-bit data delay
2-bit data delay

Reserved
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2.3 Data Transmission and Reception Flow

As shown in Figure 2-1, McBSP Internal Block Diagram, on page 2-3, the re-
ceive operation is triple buffered and the transmit operation is double buffered.
Receive data arrives on DR and is shifted into RSR[1,2]. Once a full word (8-,
12-, 16-, 20-, 24-, or 32-bit) is received, RSR[1,2] is copied to the receive buffer
register, RBR[1,2], only if RBR[1,2] is not full. RBR[1,2] is then copied to
DRRJ[1,2], unless DRR[1,2] is not read by the CPU or DMA.

Transmit data is written by the CPU or DMA to DXR[1,2]. If there is no data in
XSRJ[1,2], the value in DXRJ[1,2] is copied to XSR[1,2]; otherwise, DXR[1,2] is
copied to XSR[1,2] when the last bit of data is shifted out from DX. After trans-
mit frame synchronization, XSR[1,2] begins shifting out the transmit data from
DX.

2.3.1 Resetting the Serial Port: (R/X)RST, and RESET

2-22

The serial port can be reset in the following two ways:

1) Device reset (RS = 0) places the receiver, transmitter and the sample rate
generator in reset. When the device reset is removed (RS = 1),
GRST = FRST = RRST = XRST = 0, keeping the entire serial port in the
reset state.

2) The serial port transmitter and receiver can be independently reset by the
RRST and XRST bits in the serial port control registers. The sample rate
generator is reset by the GRST bit in SPCR2.

Table 2-11, Reset State of McBSP Pins, on page 2-23 shows the state of
McBSP pins when the serial port is reset due to device reset and receiver/
transmitter reset (XRST = RRST = FRST =0).




Table 2-11. Reset State of McBSP Pins

McBSP Device Reset
Pins Direction (RESET =0) McBSP Reset
Receiver Reset (WST =0and GRST = 1)
DR | Input Input
CLKR 1/0/Z Input Known state if Input; CLKR running if output
FSR 1/10/Z Input Known state if Input; FSRP inactive state if output
CLKS 1/0/z Input Input
Transmitter Reset (m =0and GRST = 1)
DX (0] Hi-lmpedance Hi-Impedance
CLKX 1/0/z Input Known state if Input; CLKX running if output
FSX 1/0/z Input Known state if Input; FSXP inactive state if output
CLKS I Input Input

a

a

Device reset or McBSP reset: When the McBSP is reset in any of the
above two ways, the state machine is reset to its initial state. This initial
state includes resetting all counters and status bits. The receive status bits
include RFULL, RRDY, and RSYNCERR. The transmit status bits include
XEMPTY, XRDY, and XSYNCERR.

Device reset: When McBSP is reset due to device reset (device pin
RS = 0), the entire serial port including the transmitter, receiver, and the
sample rate generator is reset. All input-only pins and three-state pins
should be in a known state. The output-only pin, DX, is in the high-imped-
ance state. Since the sample rate generator is also reset (GRST = 0), the
sample rate generator clock, CLKG, is driven by the divide-by-2 CPU
clock, whereas the frame-sync signal, FSG, is not generated. For more in-
formation on sample rate generator reset, see section 2.5.1.2, Sample
Rate Generator Reset Procedure, on page 2-61. When the device is
pulled out of reset, the serial port remains in reset condition ([R/XJRST = 0
and FRST = 0) and in this condition the DR and DX pins may be used as
general purpose I/O as described in section 2.9, McBSP Pins as General
Purpose 1/O, on page 2-97.

McBSP reset: When the receive and transmitter reset bits, RRST and
XRST, are written with a zero, the respective portions of the McBSP are
reset and activity in the corresponding section of the serial port stops. All
input-only pins, such as DR and CLKS, and all other pins that are

2-23



2-24

configured as inputs, are in a known state. FS(R/X) is driven to its inactive
state (same as its polarity bit FS[R/X]) if it is an output. If CLK(R/X) is pro-
grammed as an output, it will be driven by CLKG, provided that GRST = 1.
Lastly, the DX pin will be in the high-impedance state when the transmitter
and/or the device is reset. During normal operation, the sample rate gen-
erator can be reset by writing a zero to GRST. GRST should be low only
when neither the transmitter nor the receiver is using the sample rate gen-
erator. In this case, the internal sample rate generator clock (CLKG) and
its frame-sync signal (FSG) are driven inactive low. When the sample rate
generator is not in the reset state (GRST = 1), pins FSR and FSX are in
an inactive state when RRST = 0 and XRST = 0, respectively, even if they
are outputs driven by FSG. This ensures that when only one portion of the
McBSP is in reset, the other portion can continue operation when
FRST = 1 and its frame sync is driven by FSG. For more information on
sample rate generator reset, see section 2.5.1.2, Sample Rate Generator
Reset Procedure, on page 2-61.

Sample rate generator reset: As noted earlier, the sample rate generator
is reset when the device or its reset bit, GRST, is written with a zero. In the
case of device reset, the sample rate generator clock, CLKG, is driven by
a divide-by-2 CPU clock, whereas the frame-sync pulse, FSG, is driven
inactive low. If you want to reset the sample rate generator when neither
the transmitter nor the receiver is fed by CLKG and FSG, you can program
GRST in SRGR2 to zero. Here, CLKG and FSG are driven inactive-low.
When GRST =1, CLKG comes up running as programmed in SRGR1.
Later, if FRST = 1, FSG is driven active-high after the programmed frame
period (FPER + 1) number of CLKG cycles has elapsed.

After device reset is complete (RS = 1), the serial port initialization procedure
is as follows:

1)

2)

3)

4)

5)

Set XRST = RRST = FRST = 0 in SPCRJ[1,2]. If coming out of device re-
set, this step is not required.

Program only the McBSP configuration registers (and not the data regis-
ters) listed in Table 2-2, McBSP Registers, on page 2-5, as required
when the serial port is in reset state (XRST = RRST = FRST = 0).

Wait for two bit clocks. This is to ensure proper synchronization internally.
Set up data acquisition as required such as writing to DXR.

Set XRST = RRST= 1 to enable the serial port. Note that the value written
to SPCRJ[1,2] at this time should have only the reset bits changed to 1, and
the remaining bit-fields should have the same value as in step 2 above.



6) Set FRST =1, if internally generated frame sync is required.
7) Wait two bit clocks for the receiver and transmitter to become active.

Alternatively, on either write (steps 1 and 5), the transmitter and receiver may
be placed in or taken out of reset individually by modifying the desired bit. Note
that the necessary duration of the active-low period of XRST or RRST is at
least two bit-clocks (CLKR/CLKX) wide.

The above procedure for reset initialization can be applied in general when the
receiver or transmitter has to be reset during its normal operation, and also
when the sample rate generator is not used for either operation.

Notes:

(@) The appropriate bit-fields in the serial port configuration registers,
SPCRI[1,2], PCR, RCR[1,2], XCR[1,2], and SRGR][1,2], should only be modi-
fied by the user when the affected portion of the serial port is in reset.

(b) Data Transmit Register, DXR[1,2], should be loaded by the CPU or DMA
only when the transmitter is not in reset (XRST = 1). An exception to this rule
is during digital loop back mode described in section 2.4.1, Companding In-
ternal Data, on page 2-55.

(c) The multichannel selection registers, MCR, XCER[A/B], and RCER[A/B],
can be modified at any time as long as they are not being used by the current
block in the multichannel selection. See section 2.6.3.2 on page 2-82 for fur-
ther details in this case.

Example 2-1 shows values in the control registers that reset and configure the
transmitter while the receiver is running.
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Example 2-1. Resetting and Configuring the Transmitter While Receiver is Running

SPCR1 = 0x0001 Transmitter reset, transmit interrupt (XINT to CPU) generated
SPCR2 = 0x0030 by XSYNCERR; receiver is running with RINT driven by
RRDY.

PCR = 0x0A00 FSX determined by FSGM in SRGR, transmit clock driven by
external source, receive clock continues to be driven by
sample rate generator.

SRGR1 = 0x0001 CPU clock drives the sample rate generator clock (CLKG)
SRGR2 = 0x2000 after a divide-by-2. A DXR[1,2]-to-XSR[1,2] copy generates
the transmit frame-sync signal.

XCR1 = 0x0840 Dual-phase frame; phase 1 has eight 16-bit words; phase 2
XCR2=0x8421 has four 12-bit words, and 1-bit data delay

SPCR2 = 0x0031 Transmitter taken out of reset

2.3.2 Determining Ready Status

RRDY and XRDY indicate the ready state of the McBSP receiver and transmit-
ter, respectively. Serial port writes and reads may be synchronized by polling
RRDY and XRDY, or by using the events to DMA (REVT and XEVT in normal
mode, and REVTA and XEVTA in A-bis mode), or by interrupts to CPU (RINT
and XINT), which the events generate. Note that reading DRR[1,2] and writing
to DXR[1,2] affects RRDY and XRDY.

2.3.2.1 Receive Ready Status: REVT, RINT, and RRDY

RRDY = 1 indicates that the RBR[1,2] contents have been copied to DRR[1,2]
and that the data can be read by the CPU or DMA. Once that data has been
read by either the CPU or DMA, RRDY is cleared to 0. Also, at device reset
or serial port receiver reset (RRST = 0), RRDY is cleared to O to indicate no
data has yet been received and loaded into DRR[1,2]. RRDY directly drives
the McBSP receive event to the DMA (REVT). Also, the McBSP receive inter-
rupt (RINT) to the CPU may be driven by RRDY, if RINTM = 00b in SPCR1.

2.3.2.2 Transmit Ready Status: XEVT, XINT, and XRDY

2-26

XRDY = 1 indicates that the DXR[1,2] contents have been copied to XSR[1,2]
and that DXRJ[1,2] is ready to be loaded with a new data word. When the trans-
mitter transitions from reset to non-reset (XRST transitions from 0 to 1), XRDY
also transitions from 0 to 1 indicating that DXR[1,2] is ready for new data. Once
new data is loaded by the CPU or DMA, XRDY is cleared to 0. However, once
this data is copied from DXR[1,2] to XSR[1,2], XRDY transitions again from O
to 1. Now once again, the CPU or DMA can write to DXR[1,2] although




XSRJ[1,2] has not been shifted out on DX yet. XRDY directly drives the transmit
synchronization event to the DMA (XEVT or XEVTA). In addition, the transmit
interrupt (XINT) to the CPU may also be driven by XRDY, if XINTM = 00b in
SPCR2.

2.3.3 CPU Interrupts: (R/X)INT

The receive interrupt (RINT) and transmit interrupt (XINT) signals the CPU of
changes to the serial port status. Four options exist for configuring these inter-
rupts. The options are set by the receive/transmit interrupt mode bit-field,
(R/X)INTM, in SPCRI[1,2].

1) (R/X)INTM=00b. Interrupt on every serial word by tracking the (R/X)RDY
bits in SPCR[1,2]. Sections 2.3.2.1 and 2.3.2.2 describe the RRDY and
XRDY bits.

2) (R/X)INTM=01b. Interrupt after every 16-channel block boundary (in mul-
tichannel selection mode) has been crossed within a frame. In any other
serial transfer case, this setting is not applicable; and therefore, no inter-
rupts are generated. For details, see section 2.6.3.3, Update Interrupt, on
page 2-83.

3) (R/X)INTM=10b. Interrupt on detection of frame-synchronization pulses.
This generates an interrupt even when the transmitter/receiver is in reset.
This is done by synchronizing the incoming frame-sync pulse to the CPU
clock and sending it to the CPU via (R/X)INT. This is described in section
2.5.3.4, Frame Detection for Initialization, on page 2-68.

4) (R/X)INTM = 11b. Interrupt on frame-synchronization error. Note that if
any of the other interrupt modes are selected, (R/’X)SYNCERR may be
read when servicing the interrupts to detect this condition. See sections
2.3.7.2 and 2.3.7.5 for more detail on synchronization error.

Note that the last three options listed above are applicable as interrupts to
the CPU, and not as events to the DMA.

2.3.4 Frame and Clock Configuration

Figure 2—-9 shows the typical operation of McBSP clock and frame-sync sig-
nals. Serial clocks CLKR, and CLKX define the boundaries between bits for
receive and transmit, respectively. Similarly, frame-sync signals FSR and FSX
define the beginning of a serial word.
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The McBSP allows configuration of various parameters for data frame syn-
chronization. This can be done independently for receive and transmit, which
includes the following items:

[ Polarities of FSR, FSX, CLKX, and CLKR
A choice of single- or dual-phase frames
For each phase, the number of words per frame

For each phase, the number of bits per word

U U oo

Subsequent frame synchronization may restart the serial data stream or
be ignored.

The data bit delay from frame synchronization to first data bit can be 0-,
1-, or 2-bit delays.

L

(1 Right- or left-justification as well as sign-extension or zero-filling can be
chosen for receive data.

Figure 2-9. Frame and Clock Operation
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2.3.4.1 Frame and Clock Operation
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Receive and transmit frame-sync pulses can be generated either internally by
the sample rate generator (see section 2.5.1, Sample Rate Generator Clock-
ing and Framing, on page 2-58) or driven by an external source. The source
of frame sync is selected by programming the mode bit, FS(R/X)M, in the PCR.
FSR is also affected by the GSYNC bit in SRGR2 (for details, see section
2.5.3.2, Receive Frame-Sync Selection: DLB, FSRM, GSYNC, on page 2-67).
Similarly, receive and transmit clocks can be selected to be inputs or outputs
by programming the mode bit, CLK(R/X)M, in the PCR.

When FSR and FSX are inputs (FSXM=FSRM=0, external frame-sync
pulses), the McBSP detects them on the internal falling edge of clock, internal
CLKR, and internal CLKX, respectively (see Figure 2-41, Clock and Frame
Generation, on page 2-57). The receive data arriving at the DR pin is also
sampled on the falling edge of internal CLKR. Note that these internal clock
signals are either derived from external source via CLK(R/X) pins or driven by
the sample rate generator clock (CLKG) internal to the McBSP.



When FSR and FSX are outputs, implying that they are driven by the sample
rate generator, they are generated (transition to their active state) on the rising
edge of internal clock, CLK(R/X). Similarly, data on the DX pin is output on the
rising edge of internal CLKX. See section 2.3.4.6, on page 2-34, for further de-
tails.

FSRP, FSXP, CLKRP, and CLKXP configure the polarities of FSR, FSX, CLKR,
and CLKX signals as shown in Table 2—-6, Pin Control Register (PCR) Bit-Field
Description, on page 2-12. All frame-sync signals (internal FSR, internal FSX)
that are internal to the serial port are active high. If the serial port is configured
for external frame synchronization (FSR/FSX are inputs to McBSP), and
FSRP = FSXP = 1, the external active-low frame-sync signals are inverted
before being sent to the receiver (internal FSR) and transmitter (internal FSX).
Similarly, if internal synchronization (FSR/FSX are output pins and
GSYNC = 0) is selected, the internal active-high sync signals are inverted, if
the polarity bit FS(R/X)P =1, before being sent to the FS(R/X) pin.
Figure 2-41, on page 2-57 shows this inversion using XOR gates.

On the transmit side, the transmit clock polarity bit, CLKXP, sets the edge used
to shift and clock out transmit data. Note that data is always transmitted on the
rising edge of internal CLKX. If CLKXP=1, and external clocking is selected
(CLKXM = 0 and CLKX is an input), the external falling-edge triggered input
clock on CLKX is inverted to a rising-edge triggered clock before being sent
to the transmitter. If CLKXP = 1, and internal clocking selected (CLKXM =1
and CLKX is an output pin), the internal (rising-edge triggered) clock, internal
CLKX, is inverted before being sent out on the CLKX pin.

Similarly, the receiver can reliably sample data that is clocked with a rising
edge clock (by the transmitter). The receive clock polarity bit, CLKRP, sets the
edge used to sample received data. Note that the receive data is always
sampled on the falling edge of internal CLKR. Therefore, if CLKRP = 1 and ex-
ternal clocking is selected (CLKRM = 0 and CLKR is an input pin), the external
rising edge triggered input clock on CLKR is inverted to a falling-edge before
being sent to the receiver. If CLKRP =1, and internal clocking is selected
(CLKRM = 1), the internal falling edge triggered clock is inverted to a rising
edge before being sent out on the CLKR pin.

Note that CLKRP = CLKXP in a system where the same clock (internal or ex-
ternal) is used to clock the receiver and transmitter. The receiver uses the op-
posite edge as the transmitter to ensure valid setup and hold of data around
this edge. Figure 2-10 shows how data, clocked by an external serial device
using a rising edge, may be sampled by the McBSP receiver with the falling
edge of the same clock.
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Figure 2-10. Receive Data Clocking
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2.3.4.2 Frame-Synchronization Phases

Frame synchronization indicates the beginning of a transfer on the McBSP.
The data stream following frame synchronization may have two phases,
phase 1 and phase 2. The number of phases can be selected by the phase bit,
(R/X)PHASE, in RCR2 and XCR2. The number of words per frame and bits
per word can be independently selected for each phase via (R/X)FRLEN[1,2]
and (R/X)WDLENI[1,2] respectively. Figure 2-11 shows an example of a frame
where the first phase consists of 2 words of 12 bits each followed by a second
phase of three words of 8 bits each. Note that the entire bit stream in the frame
is contiguous. There are no gaps either between words or between phases.
Table 2-12 shows the bit-fields in the receive/transmit control register
(RCR[1,2]/XCR[1,2]) that control the number of words per frame and bits per
word for each phase, for both the receiver and transmitter. The maximum num-
ber of words per frame is 128 for a single-phase frame and 256 for a dual-
phase frame. The number of bits per word can be 8, 12, 16, 20, 24, or 32 bits.

Figure 2—-11.Dual-Phase Frame Example

2-30

Phase 2 Phase 2 -

r— Phase 1word 1 — _J“— word 1 —Wr_ Phase 2 s word 3

CLK(R/X)

FS(RIX) _}‘\

[~ Phase 1 word 2 word 2

0 A 4 s s e



Table 2-12. RCRJ[1,2]/XCRJ[1,2] Bit-Fields Controlling Words per Frame and Bits per

Word
) RCRJ[1,2]/XCR[1,2] Bit-Field Control
Serial Port Frame
McBSPO0/1 Phase Words per Frame Bits per Word
Receive 1 RFRLEN1 RWDLEN1
Receive 2 RFRLEN2 RWDLEN2
Transmit 1 XFRLEN1 XWDLEN1
Transmit 2 XFRLEN2 XWDLEN2

2.3.4.3 Frame Length: (R/X)FRLENI1,2]

Frame length can be defined as the number of serial words (8-, 12-, 16-, 20-,
24-, or 32-hit) transferred per frame. The length corresponds to the number of
words or logical time slots or channels per frame-synchronization signal. The
7-bit (R/X)FRLENT[1,2] field in (R/X)CR[1,2] supports up to 128 words per
frame as shown in Table 2-13. (R/X)PHASE = 0 represents a single-phase
data frame and (R/X)PHASE = 1 selects a dual phase for the data stream.
Note that for a single-phase frame, FRLEN2 is a don't care. The user is
cautioned to program the frame length fields with [w minus 1], where w repre-
sents the number of words per frame. For the example in Figure 2-11,
(R/X)FRLEN1 =1 or 0000001b, and (R/X)FRLEN2 = 2 or 0000010b.

Table 2-13. McBSP Receive/Transmit Frame Length (1,2) Configuration

(R/X)
PHASE (R/X)FRLEN1 (R/X)FRLEN2 Frame Length
0 0<n<127 X Single-phase frame; (n+1) words per
frame
1 0<n<127 0<m <127 Dual-phase frame; (n+1) plus (m+1)

words per frame

2.3.4.4 Word Length: (RIX)WDLEN][1,2]

The 3-bit (RIX)WDLEN][1,2] fields in the receive/transmit control register deter-
mine the word length in bits-per-word for the receiver and transmitter for each
phase of the frame, as shown in Table 2-12. Table 2-14 shows how the value
of these fields selects particular word lengths in bits.

For the example in Figure 2-11 on page 2-30, (R/X)WDLEN1 = 001b, and
(R/X)WDLEN2 = 000b.
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Notes:

(a) If (RIX)PHASE = 0 indicating a single-phase frame, (R/X)WDLEN2 is not
used by the McBSP, and its value is a don't care.

(b) If the specified word length is larger than 16 bits, D(X/R)R2 must be writ-
ten or read before D(X/R)R1.

Table 2-14. McBSP Receive/Transmit Word Length Configuration

(RIX)WDLEN[1,2] McBSP Word Length (bits)
000 8
001 12
010 16
011 20
100 24
101 32
110 reserved
111 reserved

2.3.4.5 Data Packing Using Frame Length and Word Length
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The frame length and word length can be manipulated to effectively pack data.
For example, consider a situation where four 8-bit words are transferred in a
single-phase frame as shown in Figure 2-12. In this case:

0 (R/X)FRLEN1 = 0000011b, 4-word frame

1 (R/X)PHASE = 0, single-phase frame

O (R/X)FRLEN2 =X

O (R/X)WDLEN21 = 000b, 8-bit word

In this case, four 8-bit data elements are transferred to and from the McBSP

by the CPU or DMA. Thus, four reads from DRR1 and four writes to DXR1 are
necessary for each frame.



Figure 2-12. Single-Phase Frame of Four 8-Bit Words
[ Word 1 —, Word 2 i Word3 1, Word 4

—
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RSR1 to RBR1 copy “| RSR1 to RBR1 copy “| RSR1 to RBR1 copy | RSR1 to RBR1 copy

CLKX
VA | | | |
ox —— 0000
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DXR1 to XSR1 copy ~ DXR1to XSR1 copy “~ DXRL1 to XSR1 copy ~ DXR1 to XSR1 copy

The example in Figure 2—12 can also be treated as a data stream of a single-
phase frame consisting of one 32-bit data word, as shown in Figure 2-13. In
this case:

1 (R/X)FRLENL1 = Ob, 1-word frame

1 (R/X)PHASE = 0, single-phase frame
0 (R/X)FRLEN2 = X

O (R/X)WDLEN1 = 101b, 32-bit word

In this case, two 16-bit data words are transferred to and from the McBSP by
the CPU or DMA. Thus, two reads from DRR2 and DRR1 and two writes to
DXR2 and DXR1 are necessary for each frame. This results in only one-half
the number of transfers compared to the previous case. This manipulation re-
duces the percentage of bus time required for serial port data movement.

Note:
In this case, D(X/R)R2 must be written or read before D(X/R)R1.
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Figure 2-13. Single-Phase Frame of One 32-Bit Word
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2.3.4.6 Data Delay: (R/X)DATDLY

The start of a frame is defined by the first clock cycle in which frame synchro-
nization is found to be active. The beginning of actual data reception or trans-
mission with respect to the start of the frame can be delayed if required. This
delay is called data delay. RDATDLY and XDATDLY specify the data delay for
reception and transmission, respectively. The range of programmable data
delay is zero to two bit-clocks ([R/X]DATDLY = 00b —-10b), as described in
Table 2-7, Receive Control Register 1 (RCR1) Bit-Field Description, on page
2-16, and Table 2-8, Receive Control Register 2 (RCR2) Bit-Field Description,
on page 2-17, and shown in Figure 2-14, Data Delay. Typically a 1-bit delay
is selected, since data often follows a one-cycle active frame-sync pulse.

Figure 2-14. Data Delay
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Normally, frame-sync pulse is detected or sampled with respect to an edge of
serial clock internal CLK(R/X) (see section 2.3.4.1, Frame and Clock Opera-
tion, on page 2-28). Thus, on the following cycle or later (depending on data
delay value), data may be received or transmitted. However, in the case of
zero-bit data delay, the data must be ready for reception and/or transmission
on the same serial clock cycle. For reception, this problem is solved, since re-
ceive data is sampled on the first falling edge of CLKR where an active-high
internal FSR is detected. However, data transmission must begin on the rising
edge of the internal CLKX clock that generated the frame synchronization.
Therefore, the first data bit is assumed to be present in XSR1, and thus DX.
The transmitter then asynchronously detects the frame synchronization, FSX,
going active high, and immediately starts driving the first bit to be transmitted
on the DX pin.

Another common mode is a data delay of two. This configuration allows the
serial port to interface to different types of T1 framing devices where the data
stream is preceded by a framing bit. During reception of such a stream with
data delay of two bits (framing bit appears after one-bit delay and data appears
after 2-bit delay), the serial port essentially discards the framing bit from the
data stream as shown in Figure 2—-15. In transmission, by delaying the first
transfer bit, the serial port essentially inserts a blank period (high-impedance
period) in place of the framing bit. Here, it is expected that the framing device
inserts its own framing bit or that the framing bit is generated by another de-
vice. Alternatively, you can pull up or pull down DX to achieve the desired
value.

Figure 2-15. Two-Bit Data Delay Used to Discard Framing Bit
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2.3.4.7 Multi-Phase Frame Example: AC97

Figure 2-16 shows an example of the Audio Codec ‘97 (AC97) standard which
uses the dual-phase frame feature. The first phase consists of a single 16-bit
word. The second phase consists of twelve 20-bit words. The phases are con-
figured as follows:

1 (R/X)PHASE = 1b, dual-phase frame
1 (R/X)FRLENL1 = 0b, 1 word per frame in phase 1
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(R/X)WDLENZ1 = 010b, 16 bits per word in phase 1

(R/X)FRLEN2 = 0001011b, 12 words per frame in phase 2
(R/IX)WDLENZ2 = 011b, 20 bits per word in phase 2

CLK(R/X)P = 0, receive data sampled on falling edge of internal CLKR;
transmit data clocked on rising edge of internal CLKX.

FS(R/X)P = 0, active-high frame-sync signals

(R/IX)DATDLY = 01b, data delay of one bit-clock

U0 oUood

Figure 2-16. AC97 Dual-Phase Frame Format
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PxWy = Phase x Word y

Figure 2-16 shows the timing of AC97 near frame synchronization. First, no-
tice that the frame-sync pulse itself overlaps the first word. In McBSP opera-
tion, the inactive to active transition of the frame-synchronization signal actual-
ly indicates frame synchronization. For this reason, frame synchronization
may be high for an arbitrary number of bit-clocks. Only after the frame synchro-
nization is recognized to have gone inactive, and then active again, is the next
frame synchronization recognized.

Also, notice that there is a one-bit data delay in Figure 2-17. Regardless of the
data delay, transmission can occur without gaps. The last bit of the previous
(last) word in phase 2 is immediately followed by the first data bit of the first
word in phase 1 of the next data frame.

Figure 2-17. AC97 Bit Timing Near Frame-Synchronization Example
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2.3.4.8 Delay Enable/Disable on the DX Pin

Figure 2-18 and Figure 2—19 show the timing of the DX pin when DXENA bit
is set to 1 to enable extra delay for turn-on time. This bit controls the high-im-
pedance (hi-Z) enable on the DX pin, not the data itself; so only the first bit will
be delayed in the normal mode. In the A-bis mode, any bit can be delayed since
any bit can go from hi-Z to valid. This bit should be set to avoid conflict when
tying the DX pins together.

Figure 2-18. DX Enabler in Normal Mode
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Note: 1g = extra delay for turn on time with DXENA = 1.

Figure 2-19. DX Enabler in A-bis mode
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Note: g = extra delay for turn on time with DXENA = 1.
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2.3.5 McBSP Standard Operation

During a serial transfer, there are typically periods of serial port inactivity be-
tween packets or transfers. The receive and transmit frame-synchronization
pulse occurs for every serial transfer. When the McBSP is not in reset state and
has been configured for the desired operation, a serial transfer can be initiated
by programming (R/X)PHASE = 0, for a single-phase frame with required
number of words programmed in (R/X)FRLEN1. The number of words can
range from 1 to 128 ([R/X]JFRLEN1 = 0x0 to 0x7F). The required serial word
length is set in the (R/’X)WDLENL1 field in (R/X)CR1. If dual-phase is required
for the transfer, RPHASE = 1, (R/X)FRLEN]1,2] can be set to any value be-
tween 0x0 to Ox7F, which represents 1 to 128 words.

Figure 2-20 shows an example of a single-phase data frame comprising one
8-bit word. Since the transfer is configured for one data bit delay, the data on
the DX and DR pins are available one bit-clock after FS(R/X) goes active. This
figure, as well as all others in this section, make the following assumptions:

0 (R/X)FRLENL1 = 0b, 1 word per frame
(R/IX)PHASE = 0, single-phase frame

|
O (R/IX)FRLEN2 = X, (RIX)WDLEN2 = X, don’t care
O (R/X)WDLEN1 = 000b, 8-bit word

|

CLK(X/R)P =0, receive data clocked on falling edge; transmit data
clocked on rising edge

1 FS(R/X)P =0, active-high frame-sync signals

1 (R/X)DATDLY = 01b, one-bit data delay

Figure 2-20. McBSP Standard Operation
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2.3.5.1 Receive Operation
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Figure 2-21 shows an example of serial reception. Once receive frame-syn-
chronization (FSR) transitions to its active state, it is detected on the first falling
edge of CLKR of the receiver. The data on the DR pin is then shifted into the
receive shift register (RSR[1,2]) after the appropriate data delay as set by
RDATDLY. The contents of RSR[1,2] is copied to RBR[1,2] at the end of every



word on the rising edge of clock, provided RBR[1,2] is not full with the previous
data. Then, an RBR[1,2]-to-DRR[1,2] copy activates the RRDY status bit to 1
on the following falling edge of CLKR. This indicates that the receive data reg-
ister (DRR[1,2]) is ready with the data to be read by the CPU or DMA. RRDY
is deactivated when DRR[1,2] is read by the CPU or DMA.

Figure 2-21. Receive Operation
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2.3.5.2 Transmit Operation

Once transmit frame synchronization occurs, the value in the transmit shift
register, XSR[1,2], is shifted out and driven on the DX pin after the appropriate
data delay as set by XDATDLY. XRDY is activated on every DXR[1,2]-to-
XSR[1,2] copy on the following falling edge of CLKX, indicating that the data
transmit register (DXR[1,2]) is written with the next data to be transmitted.
XRDY is deactivated when DXR[1,2] is written by the CPU or DMA.
Figure 2-22 shows an example of a serial transmission. See section 2.3.7.4,
Transmit Empty: XEMPTY, on page 2-48, for transmit operation when trans-
mitter is pulled out of reset (XRST = 1).

Figure 2-22. Transmit Operation
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2.3.5.3 Maximum Frame Frequency

The frame frequency is determined by the period between frame-synchroniza-
tion signals:

Bit—Clock Frequency

Frame Frequency =
Number of Bit—Clocks Between Frame Sync Signals
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The frame frequency may be increased by decreasing the time between
frame-synchronization signals in bit clocks (limited only by the number of bits
per frame). As the frame transmit frequency is increased, the inactivity period
between the data packets for adjacent transfers decreases to zero. The mini-
mum time between frame synchronization is the number of bits transferred per
frame. The maximum frame frequency is defined as follows:

: Bit-Clock Frequenc
Maximum Frame Frequency = ! quency

Number of Bits Per Frame

Figure 2-23 shows the McBSP operating at maximum packet frequency. At
maximum packet frequency, the data bits in consecutive packets are trans-
mitted contiguously with no inactivity between bits. If there is a one-bit data
delay as shown, the frame-synchronization pulse overlaps the last bit trans-
mitted in the previous frame.

Figure 2-23. Maximum Frame Frequency Receive/Transmit (R/X)DATDLY = 0)
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Effectively, this permits a continuous stream of data; and thus, the frame-syn-
chronization pulses are essentially redundant. Theoretically, only an initial
frame-synchronization pulse is required to initiate a multipacket transfer. The
McBSP supports operation of the serial port in this fashion by ignoring the
successive frame-sync pulses. Data is clocked in to the receiver, or clocked
out of the transmitter, on every clock®. The frame ignore bit, (R/X)FIG, in
(R/X)CR can be programmed to ignore the successive frame-sync pulses until
the desired frame length or number of words is reached. This is explained in
section 2.3.6.1, Data Packing using Frame-Sync Ignore Bits, on page 2-41 .

2.3.6 Frame-Synchronization Ignore
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The McBSP can be configured to ignore transmit and receive frame-synchro-
nization pulses. The (R/X)FIG bit in (R/X)CR2 can be programmed to zero to
recognize frame-sync pulses, or set to one to ignore frame-sync pulses. The
user can use (R/X)FIG bit to either pack data or ignore unexpected frame-sync
pulses. Section 2.3.6.1 explains data packing and McBSP operation on unex-
pected frame-sync pulses.

t For (R/IX)DATDLY=0, the first bit of data transmitted is asynchronous to internal CLKX.



2.3.6.1 Data Packing Using Frame-Sync Ignore Bits

Section 2.3.4.5, Data Packing using Frame Length and Word Length, on page
2-32, describes one method of changing the word length and frame length to
simulate 32-bit serial word transfers, thus requiring much less bus bandwidth.
This example works when there are multiple words per frame. Now consider
the case of the McBSP operating at maximum packet frequency as shown in
Figure 2-24. Here, each frame only has a single 8-bit word. This stream takes
one read and one write transfer for each 8-bit word. Figure 2-25 shows the
McBSP configured to treat this stream as a continuous 32-bit word. In this ex-
ample, (R/X)FIG is set to 1 to ignore subsequent frames after the first. Only
two read- or two write-transfers are needed every 32 bits. This configuration
effectively reduces the required bus bandwidth to one-half of the bandwidth
needed to transfer four 8-bit words.

Figure 2-24. Maximum Packet Frequency Operation With 8-bit Data
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Figure 2-25. Data Packing at Maximum Packet Frequency With (R/X)FIG=1
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2.3.6.2 Frame-Sync Ignore and Unexpected Frame-Sync Pulses
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The previous section explained how frame ignore bits can be used to pack data
and efficiently use the bus bandwidth. (R/X)FIG bit can also be used to ignore
unexpected frame-sync pulses. Thus, any frame-sync pulse that occurs one
bit-clock earlier than the programmed data delay ([R/X]DATDLY) is considered
unexpected. Setting the frame ignore bits to one causes the serial port to ig-
nore these unexpected frame-sync signals.

In reception, if not ignored (RFIG = 0), an unexpected FSR pulse will discard
the contents of RSR[1,2] in favor of the new incoming data. Therefore, if
RFIG = 0, an unexpected frame-synchronization pulse aborts the current data
transfer, sets RSYNCERR in SPCRL1 to 1, and begins the transfer of a new
data word. For further details, see section 2.3.7.2, Unexpected Receive Frame
Synchronization: RSYNCERR, on page 2-46. When RFIG = 1, reception con-
tinues, ignoring the unexpected frame-sync pulses.

In transmission (if not ignored [XFIG = 0]), an unexpected FSX pulse aborts
the present transmission, sets XSYNCERR to 1 in SPCR2 , and re-initiates
transmission of the current word that was aborted. For further details, see sec-
tion 2.3.7.5, Unexpected Transmit Frame Synchronization: XSYNCERR, on
page 2-50. When XFIG = 1, normal transmission continues with unexpected
frame-sync signals ignored.



Figure 2-26. Unexpected Frame Synchronization With (R/X)FIG=0
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Figure 2-26 shows an example wherein word B is interrupted by an unex-
pected frame-sync pulse when (R/X)FIG = 0. In the case of reception, the re-
ception of B is aborted (B is lost), and a new data word (C in this example) is
received after the appropriate data delay. This condition is a receive synchro-
nization error, and thus sets the RSYNCERR bit. However, for transmission,
the transmission of B is aborted, and the same data (B) is retransmitted after
the appropriate data delay. This condition is a transmit synchronization error
and thus sets the XSYNCERR bit. Synchronization errors are discussed in
sections 2.3.7.2 and 2.3.7.5. In contrast, Figure 2-27 shows McBSP operation
when unexpected frame-synchronization signals are ignored by setting
(R/IX)FIG = 1. Here, the transfer of word B is not affected by an unexpected
frame synchronization.

Figure 2-27. Unexpected Frame Synchronization With (R/X)FIG =1
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2.3.7 Serial Port Exception Conditions
There are five serial port events that may constitute a system error:

1) Receive Overrun (RFULL = 1). This occurs when DRR[1,2] has not been
read since the last RBR[1,2]-to-DRR[1,2] copy. Consequently, a new word
in RBR[1,2] will not be transferred to DRR[1,2], and RSR[1,2] is now full
with another new word shifted in from DR. Therefore, RFULL indicates an
error condition wherein any new data that may arrive at this time on DR
will replace the contents in RSR[1,2], and thus, the previous word is lost.
RSRJ[1,2] continues to be overwritten as long as new data arrives on DR
and DRR[1,2] is not read.
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2) Unexpected Receive Frame Synchronization (RSYNCERR=1). This
can occur during reception when RFIG = 0 and an unexpected frame-
sync pulse occurs. An unexpected frame-sync pulse is defined as that
which occurs RDATDLY minus 1 bit-clock earlier than the first bit of the
next associated word. This causes the current data reception to abort and
restart. If new data has been copied into RBR[1,2] from RSR[1,2] since the
last RBR[1,2]-to-DRR[1,2] copy, this new data in RBR[1,2] will be lost. This
is because no RBR[1,2]-to-DRR][1,2] copy occurs as the reception has
been restarted.

3) Transmit Data Overwrite. Here the user overwrites data in DXR[1,2] be-
fore it is copied to XSR[1,2]. The data previously in DXR[1,2] is never
transferred on DX, since it never got copied to XSR[1,2].

4) Transmit Empty (XEMPTY = 0). If a new frame-synchronization signal
arrives before new data is loaded into DXR[1,2], the old data in DXR[1,2]
will be sent again. This will continue for every new frame-sync signal that
arrives on the FSX pin until DXR[1,2] is loaded with new data.

5) Unexpected Transmit Frame Synchronization (XSYNCERR = 1). This
can occur during transmission when XFIG = 0 and an unexpected frame-
sync pulse occurs. Again, an unexpected frame-sync pulse is defined as
that which occurs XDATDLY minus 1 bit-clock earlier than the first bit of
the next associated word. This causes the current data transmission to
abort and restart the current transfer. If new data had been written to
DXRJ[1,2] since the last DXR[1,2]-to-XSR[1,2] copy, the current value in
XSR[1,2] will be lost.

These events are described in more detail in the sections that follow.

2.3.7.1 Reception With Overrun: RFULL
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RFULL =1 in SPCR1 indicates that the receiver has experienced overrun and
is in an error condition. RFULL is set when all of the following conditions are
met:

1) DRR[1,2] has not been read since the last RBR[1,2]-to-DRR[1,2] transfer
(RRDY =1).

2) RBR[1,2]is full and an RBR[1,2]-to-DRR[1,2] copy has not occurred.
