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PREFACE

Thank you for purchasing and developing systems using ADSP-21362,
ADSP-21363, ADSP-21364, ADSP-21365, ADSP-21366, SHARC® pro-

cessors from Analog Devices.

Purpose of This Manual

ADSP-2136x SHARC Processor Hardware Reference for the
ADSP-21362/3/4/5/6 Processors contains information about the peripheral
set and I/O properties for these products. These are 32-bit, fixed- and
floating-point digital signal processors from Analog Devices for use in
computing, communications, and consumer applications.

The manual provides information on the processor’s I/O architecture and
the operation of the peripherals associated with each model.

Infended Audience

The primary audience for this manual is a programmer who is familiar
with Analog Devices processors. The manual assumes the audience has a
working knowledge of the appropriate processor architecture and instruc-
tion set. Programmers who are unfamiliar with Analog Devices processors
can use this manual, but should supplement it with other texts, such as
hardware and programming reference manuals that describe their target
architecture.
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Manual Contents

Manual Contents

This manual provides detailed information about the ADSP-2136x pro-
cessors in the following chapters:

Chapter 1, “Introduction”
Provides an architectural overview of the ADSP-2136x SHARC
processors.

Chapter 2, “I/O Processor”
Describes input/output processor architecture, and provides direct
memory access (DMA) procedures for the processor peripherals.

Chapter 2, “Memory-to-Memory Port DMA”
The memory-to-memory DMA controller is capable of transferring
64-bit bursts of data between internal memories.

Chapter 4, “Parallel Port”
Describes how the processor’s on-chip DMA controller acts as a
machine for transferring data without core interruption.

Chapter 5, “Digital Application Interface”

Provides information about the digital application interface (DAI)
which allows you to attach an arbitrary number and variety of
peripherals to the processor while retaining high levels of
compatibility.

Chapter 6, “Serial Ports”

Describes the six dual data line serial ports. Each SPORT contains
a clock, a frame sync, and two data lines that can be configured as
either a receiver or transmitter pair.

Chapter 7, “Serial Peripheral Interface Ports”

Describes the operation of the serial peripheral interface (SPI) port.
SPI devices communicate using a master-slave relationship and can
achieve high data transfer rate because they can operate in

full-duplex mode.

XXXIV
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* Chapter 8, “Input Data Port”
Discusses the function of the input data port (IDP) which provides
a low overhead method of routing signal routing unit (SRU) sig-
nals back to the core’s memory.

* Chapter 9, “Peripheral Timers”
The processor processors contain three identical 32-bit timers that
can be used to interface with external devices.

e Chapter 10, “Pulse Width Modulation”
Describes the implementation and use of the pulse width modula-
tion module which provides a technique for controlling analog
circuits with the microprocessor’s digital outputs.

e Chapter 11, “Sony/Philips Digital Interface”
Provides information on the use of the Sony/Philips Digital Inter-
face which is a standard audio file transfer format that allows the
transfer of digital audio signals from one device to another without
having to be converted to an analog signal.

e Chapter 12, “Asynchronous Sample Rate Converter”
Provides information on the sample rate converter (SRC) module.
This module performs synchronous or asynchronous sample rate
conversion across independent stereo channels, without using any
internal processor resources.

e Chapter 13, “Precision Clock Generator”
Details the precision clock generators (PCG), each of which gener-
ates a pair of signals derived from a clock input signal.

* Chapter 14, “System Design”
Describes system design features of the ADSP-2136x processor.
These include power, reset, clock, JTAG, and booting, as well as
pin multiplexing schemes and other system-level information.
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What's New in This Manual

Appendix A, “Registers Reference”
Provides a graphical presentation of all registers and describes the
bit usage in each register.

Appendix B “Interrupts”

Provides information on the programmable interrupt control regis-
ters (PICRx). These registers allow programs to substitute the
default interrupts for some other interrupt source.

Appendix C “Audio Frame Formats”

Provides an overview of the formats available to designers of audio
applications through the various peripherals of the SHARC
processors.

This hardware reference is a companion document to SHARC Pro-
cessor Programming Reference.

What's New in This Manual

This manual is Revision 2.1 of ADSP-2136x SHARC Processor Hardware
Reference for the ADSP-21362/3/4/5/6 Processors. This revision corrects

minor typographical errors and the following issues:

Multiplexing of parallel port pins (AD15-0) in Chapter 4, “Parallel
Port”.

Removed programming examples available elsewhere from
Chapter 7, “Serial Peripheral Interface Ports”.

Synchronization register bits in Appendix A, “Registers Reference”.

XXXV
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Technical Support

You can reach Analog Devices processors and DSP technical support in
the following ways:

Post your questions in the processors and DSP support community
at EngineerZone™:
http://ez.analog.com/community/dsp

Submit your questions to technical support directly at:
http://www.analog.com/support

E-mail your questions about processors, DSPs, and tools develop-
ment software from CrossCore® Embedded Studio or
VisualDSP++®:

Choose Help > Email Support. This creates an e-mail to
processor.tools.support@analog.com and automatically attaches
your CrossCore Embedded Studio or Visual DSP++ version infor-
mation and Ticense.dat file.

E-mail your questions about processors and processor applications
to:

processor.support@analog.com or

processor.china@analog.com (Greater China support)

In the USA only, call 1-800-ANALOGD (1-800-262-5643)

Contact your Analog Devices sales office or authorized distributor.
Locate one at:
www.analog.com/adi-sales
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Supported Processors

* Send questions by mail to:
Processors and DSP Technical Support
Analog Devices, Inc.
Three Technology Way
P.O. Box 9106
Norwood, MA 02062-9106
USA

Supported Processors

The name “SHARC” refers to a family of high-performance, floating-point
embedded processors. Refer to the CCES or VisualDSP++ online help for

a complete list of supported processors.

Product Information

Product information can be obtained from the Analog Devices Web site

and the CCES or VisualDSP++ online help.
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Analog Devices Web Site

The Analog Devices Web site, www.analog.com, provides information
about a broad range of products—analog integrated circuits, amplifiers,
converters, and digital signal processors.

To access a complete technical library for each processor family, go to
http://www.analog.com/processors/technical_library. The manuals
selection opens a list of current manuals related to the product as well as a
link to the previous revisions of the manuals. When locating your manual
title, note a possible errata check mark next to the title that leads to the
current correction report against the manual.

Also note, myAnalog is a free feature of the Analog Devices Web site that
allows customization of a Web page to display only the latest information
about products you are interested in. You can choose to receive weekly
e-mail notifications containing updates to the Web pages that meet your
interests, including documentation errata against all manuals. myAnalog
provides access to books, application notes, data sheets, code examples,
and more.

Visit myAnalog to sign up. If you are a registered user, just log on. Your
user name is your e-mail address.

EngineerZone

EngineerZone is a technical support forum from Analog Devices, Inc. It
allows you direct access to ADI technical support engineers. You can
search FAQs and technical information to get quick answers to your
embedded processing and DSP design questions.

Use EngineerZone to connect with other DSP developers who face similar
design challenges. You can also use this open forum to share knowledge
and collaborate with the ADI support team and your peers. Visit
http://ez.analog.com to sign up.
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Notation Conventions

Notation Conventions

Text conventions in this manual are identified and described as follows.

Example

Description

File > Close

Titles in reference sections indicate the location of an item within the
IDE environment’s menu system (for example, the Close command
appears on the File menu).

{this | that}

Alternative required items in syntax descriptions appear within curly
brackets and separated by vertical bars; read the example as this or
that. One or the other is required.

[this | that]

Optional items in syntax descriptions appear within brackets and sepa-
rated by vertical bars; read the example as an optional this or that.

[this,..] Optional item lists in syntax descriptions appear within brackets delim-
ited by commas and terminated with an ellipsis; read the example as an
optional comma-separated list of this.

.SECTION Commands, directives, keywords, and feature names are in text with
letter gothic font.

filename Non-keyword placeholders appear in text with italic style format.

Note: For correct operation, ...
A Note provides supplementary information on a related topic. In the
online version of this book, the word Note appears instead of this

symbol.

®
N

Caution: Incorrect device operation may result if ...

Caution: Device damage may result if ...

A Caution identifies conditions or inappropriate usage of the product

that could lead to undesirable results or product damage. In the online
version of this book, the word Caution appears instead of this symbol.

N

Warning: Injury to device users may result if ...

A Warning identifies conditions or inappropriate usage of the product
that could lead to conditions that are potentially hazardous for devices
users. In the online version of this book, the word Warning appears
instead of this symbol.

x|
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Register Diagram Conventions

Register diagrams use the following conventions:

The descriptive name of the register appears at the top, followed by
the short form of the name in parentheses.

If the register is read-only (RO), write-1-to-set (W1S), or
write-1-to-clear (W1C), this information appears under the name.
Read/write is the default and is not noted. Additional descriptive
text may follow.

If any bits in the register do not follow the overall read/write con-
vention, this is noted in the bit description after the bit name.

If a bit has a short name, the short name appears first in the bit
description, followed by the long name in parentheses.

The reset value appears in binary in the individual bits and in hexa-
decimal to the right of the register.

Bits marked x have an unknown reset value. Consequently, the
reset value of registers that contain such bits is undefined or depen-
dent on pin values at reset.

Shaded bits are reserved.

To ensure upward compatibility with future implementations,
write back the value that is read for reserved bits in a register,
unless otherwise specified.
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The following figure shows an example of these conventions.

Timer Configuration Registers (TIMERx_CONFIG)

15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0
|o|0|o|o|o|o|o|o|o|o|o|o|0|o|0|0|Reset=0x0000

ERR_TYP[1:0] (Error Type) - RO TMODE[1:0] (Timer Mode)

00 - No error. 00 - Reset state - unused.

01 - Counter overflow error. 01 - PWM_OUT mode.

10 - Period register programming error. 10 - WDTH_CAP mode.

11 - Pulse width register programming error. 11 - EXT_CLK mode.
PULSE_HI

EMU_RUN (Emulation Behavior Select) 0 - Negative action pulse.

0 - Timer counter stops during emulation. 1 - Positive action pulse.

1 - Timer counter runs during emulation. L PERIOD_CNT (Period

TOGGLE_HI (PWM_OUT PULSE_HI Toggle Mode)— Count)

0 - The effective state of PULSE_HI 0 - Count to end of width.

is the programmed state. 1 - Count to end of period.

1 - The effective state of PULSE_HI IRQ_ENA (Interrupt

alternates each period. Request Enable)

CLK_SEL (Timer Clock Select) 0 - Interrupt request

This bit must be set to 1, when operat- disable.

ing the PPl in GP Output modes. 1 - Interrupt request enable

0 - Use system clock SCLK for counter. TIN_SEL (Timer Input

1 - Use PWM_CLK to clock counter. L Select)

OUT_DIS (Output Pad Disable) 0 - Sample TMRx pin or

0 - Enable pad in PWM_OUT mode. PF1 pin. )

1 - Disable pad in PWM_OUT mode. 1 - Sample UART RX pin

or PPI_CLK pin.

Figure 1. Register Diagram Example
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1 INTRODUCTION

The ADSP-2136x SHARC processors are high performance 32-bit proces-
sors used for high quality audio, medical imaging, communications,
military, test equipment, 3D graphics, speech recognition, motor control,
imaging, and other applications. By adding on-chip SRAM, integrated
I/O peripherals, and an additional processing element for single-instruc-
tion, multiple-data (SIMD) support, this processor builds on the
ADSP-21000 family DSP core to form a complete system-on-a-chip.

ADSP-2136x SHARC Design Advantages

A digital signal processor’s data format determines its ability to handle sig-
nals of differing precision, dynamic range, and signal-to-noise ratios.
Because floating-point DSP math reduces the need for scaling and the
probability of overflow, using a floating-point processor can simplify algo-
rithm and software development. The extent to which this is true depends
on the floating-point processor’s architecture. Consistency with IEEE
workstation simulations and the elimination of scaling are clearly two
ease-of-use advantages. High level language programmability, large
address spaces, and wide dynamic range allow system development time to
be spent on algorithms and signal processing concerns, rather than assem-
bly language coding, code paging, and error handling. The ADSP-2136x
processor is a highly integrated, 32-bit floating-point processor which pro-
vides all of these design advantages.

The SHARC processor architecture balances a high performance processor
core with high performance program memory (PM), data memory (DM)
and input/output (I/O) buses. In the core, every instruction can execute in

ADSP-2136x SHARC Processor Hardware Reference 1-1
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a single cycle. The buses and instruction cache provide rapid, unimpeded
data flow to the core, thereby maintaining the execution rate.

The ADSP-2136x processors contain the following architectural features:

Two processing elements (PEx and PEy), each containing 32-bit
IEEE floating-point computation units—multiplier, arithmetic
logic unit (ALU), shifter, and data register file.

Program sequencer with related instruction cache, timer, core

timer, and data address generators (DAG1 and DAG2).
3M bits of SRAM.
Parallel port for interfacing to off-chip memory and peripherals.

IOP with integrated direct memory access (DMA) controllers for
each DMA channel, serial peripheral interface (SPI) compatible
port, and serial ports (SPORTs) for point-to-point multiprocessor
communications.

A variety of audio-centric peripheral modules including a
Sony/Philips Digital Interface (S/PDIF), sample rate converter
(SRC) and pulse width modulation (PWM). The Digital Trans-
mission Content Protection protocol (DTCP) is available on the
ADSP-21365 and ADSP-21362 processors. Table 1-1 on page 1-6
provides details on these as well as other features for the current
members of the ADSP-2136x processor family.

JTAG test access port (TAP) for emulation.

The ADSP-2136x processor also contains three on-chip buses: PM bus,
DM bus, and I/O bus. The PM bus provides access to either instructions
or data. During a single cycle, these buses let the processor access two data
operands from memory, access an instruction (from the cache), and per-

form a DMA transfer.

1-2
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Figure 1-1 illustrates a typical single processor system.
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The ADSP-2136x processors address the five central requirements for sig-
nal processing:

1. Fast, Flexible Arithmetic. The ADSP-21000 family processors exe-
cute all instructions in a single cycle. They provide fast cycle times
and a complete set of arithmetic operations. The processor is IEEE
floating-point compatible and allows either interrupt on arithmetic

exception or latched status exception handling.

Unconstrained Data Flow. The processor has a Super Harvard

Architecture combined with a ten-port data register file. In every
cycle, the processor can write or read two operands to or from the

ADSP-2136x SHARC Processor Hardware Reference
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register file, supply two operands to the ALU, supply two operands
to the multiplier, and receive three results from the ALU and mul-
tiplier. The processor’s 48-bit orthogonal instruction word
supports parallel data transfers and arithmetic operations in the
same instruction.

Computation Precision. The processor handles 32-bit IEEE single
precision or 40-bit IEEE extended precision floating-point for-
mats. The processors can carry 32-bit integer and fractional
formats (twos-complement and unsigned), throughout their com-
putation units, limiting intermediate data truncation errors (up to
80 bits of precision are maintained during multiply-accumulate
operations).

Dual Address Generators. The processor has two data address gen-
erators (DAGs) that provide immediate or indirect (pre- and

post-modify) addressing. Modulus, bit-reverse, and broadcast oper-
ations are supported with no constraints on data buffer placement.

Efficient Program Sequencing. In addition to zero-overhead loops,
the processor supports single-cycle setup and exit for loops. Loops
are both nestable (six levels in hardware) and interruptable. The
processors support both delayed and non-delayed branches.

The ADSP-2136x processors also provide the following features, increas-
ing the variety of applications that these processors can be used for.

High bandwidth I/O. The processors contain a dedicated, 4M bits
on-chip ROM, a parallel port, an SPI port, serial ports, digital
application interface (DAI), and JTAG.

Serial ports. Provides an inexpensive interface to a wide variety of
digital and mixed-signal peripheral devices.

digital application interface (DAI). The DAI includes a precision
clock generator, an input data port, SPORT, and SPIL.

1-4
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* Input data port (IDP). The IDP provides an additional input path
to the processor core, configurable as eight channels of serial data
or seven channels of serial data and a single channel of up to 20-bit
wide parallel data.

* Signal routing unit (SRU). The SRU is part of the DAI and pro-
vides configuration flexibility by allowing software-programmable
connections to be made between the DAI components.

* Two serial peripheral interfaces (SPI). The primary SPI has dedi-
cated pins and the secondary is controlled through the DAI. The
SPI provides master or slave serial boot through the SPI,
full-duplex operation, master-slave mode, multi-master support,
open drain outputs, programmable baud rates, clock polarities, and

phases.

e 1/0O processor (IOP). The IOP manages the SHARC processor’s
off-chip data I/O to alleviate the core of this burden. This unit
manages the other processor peripherals as well as direct memory

accesses (DMA).

SHARC Family Product Offerings

Table 1-1 provides information on the products covered in this manual.
Note that each model is available for automotive applications with con-
trolled manufacturing. Note that these special models may have
specifications that differ from the general release models. For information
on which models are available as automotive, see ADSP-21362/3/4/5/6
SHARC Processor Data Sheet.

ADSP-2136x SHARC Processor Hardware Reference 1-5
for the ADSP-21362/3/4/5/6 Processors



Processor Architectural Overview

Table 1-1. SHARC Processor Family Features

Feature N o - Iy )
N N o ) O
< sy b b =
R N R R R
~ ~ ~ ~ ~
1% 17 17 17 7
a a a a a
< < < < <

RAM 3M bit

ROM 4M bit

Audio Decoders | No No No Yes Yes

in ROM?

S/PDIF Yes No Yes Yes Yes

SRC 128db No SRC 140dB 128dB 128dB

Performance

Package Option® 136-ball BGA
144-lead LQFP, exposed pad

Processor Speed | 333 MHz

1 The ADSP-21362 and ADSP-21365 processors provide the Digital Transmission Content Pro-
tection protocol, a proprietary security protocol. Contact your Analog Devices sales office for
more information.

2 Audio decoding algorithms include PCM, Dolby Digital EX, Dolby Prologic IIx, DTS 96/24,
Neo:6, DTS ES, MPEG2 AAC, MP3, and functions like Bass management, Delay, Speaker
equalization, Graphic equalization, and more. Decoder/post-processor algorithm combination
support varies depending upon the chip version and the system configurations. Please visit
www.analog.com/SHARC for complete
information.

3 Analog Devices offers these packages in RoHS compliant versions.

Processor Architectural Overview

The ADSP-2136x processor forms a complete system-on-a-chip, integrat-
ing a large, high speed SRAM and 1/O peripherals supported by a
dedicated I/0O bus. The following sections summarize the features of each
functional block.

1-6 ADSP-2136x SHARC Processor Hardware Reference
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Processor Core

The processor core of the processor consists of two processing elements
(each with three computation units and data register file), a program
sequencer, two data address generators, a timer, and an instruction cache.
All digital signal processing occurs in the processor core. For complete
information, see SHARC Processor Programming Reference.

Processor Peripherals

The term processor peripherals refers to the multiple on-chip functional
blocks used to communicate with off-chip devices. The ADSP-2136x
peripherals include the JTAG, parallel, serial, SPI ports, DAI components
(PCG, timers, and IDP), and any external devices that connect to the
processor.

I/O Processor

The input/output processor (IOP) manages the processor’s off-chip data
I/0O to alleviate the core of this burden. Up to 25 simultaneous DMA
transfers (25 DMA channels) are supported for transfers between
ADSP-2136x processor internal memory and serial ports (12), the input
data port (IDP) (8), SPI port (2), and the parallel port. The I/O processor
can perform DMA transfers between the peripherals and internal memory
at the core/2 clock speed. The architecture of the internal memory allows
the IOP and the core to access internal memory simultaneously (assuming
no block conflicts) with no reduction in throughput.

Serial ports. The ADSP-2136x processor features six synchronous serial
ports that provide an inexpensive interface to a wide variety of digital and
mixed-signal peripheral devices. The serial ports can operate at up to
one-fourth (0.25) of the processor peripheral clock rate with maximum of
41.625M bits per second. Each serial port features two data pins that
function as a pair based on the same serial clock and frame sync. Accord-
ingly, each serial port has two DMA channels and serial data buffers
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associated with it to service the dual serial data pins. Programmable data
direction provides greater flexibility for serial communications. Serial port
data can automatically transfer to and from on-chip memory using DMA.
Each of the serial ports offers a TDM multichannel mode (up to 128

channels) and supports pi-law or A-law companding. I°S support is also

provided.

The serial ports can operate with least significant bit first (LSBF) or most
significant bit first (MSBF) transmission order, with word lengths from
three to 32 bits. The serial ports offer selectable synchronization and
transmit modes. Serial port clocks and frame syncs can be internally or
externally generated.

Parallel port. The parallel port provides the processor interface to asyn-
chronous 8-bit memory. The parallel port supports a 56M bytes per
second transfer rate (PCLK/3) and 256 word page boundaries. The on-chip
DMA controller automatically packs external data into the appropriate
word width during transfers.

The parallel port supports packing of 32-bit words into 8-bit or 16-bit
external memory and programmable external data access duration from 3
to 32 clock cycles.

Serial peripheral (compatible) interface (SPI). The SPI is an indus-
try-standard synchronous serial link that enables the SPI-compatible port
to communicate with other SPI-compatible devices. SPI is an interface
consisting of two data pins, one device select pin, and one clock pin. Itis a
full-duplex synchronous serial interface, supporting both master and slave
modes. It can operate in a multi-master environment by interfacing with
up to four other SPI-compatible devices, either acting as a master or slave
device.

The SPI-compatible peripheral implementation also supports programma-
ble baud rate and clock phase/polarities, as well as the use of open drain
drivers to support the multi-master scenario to avoid data contention.

1-8 ADSP-2136x SHARC Processor Hardware Reference
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ROM-based security. For those processors with application code in the
on-chip ROM, an optional ROM security feature is included. This feature
provides hardware support for securing user software code by preventing
unauthorized reading from the enabled code. The processor does not
boot-load any external code, executing exclusively from internal ROM.
The processor also is not freely accessible via the JTAG port. Instead, a
64-bit key is assigned to the user. This key must be scanned in through the
JTAG or test access port (TAP). The device ignores a wrong key. Emula-
tion features and external boot modes are only available after the correct
key is scanned.

Digital Applications Interface (DAI)

The digital application interface (DAI) unit is an addition to the SHARC
processor peripherals. This set of audio peripherals consists of an interrupt
controller, an interface data port, a signal routing unit, two precision
clock generators (PCGs), and three timers. Some family members have an
S/PDIF receiver/transmitter, an asynchronous sample rate converter

(SRC), and DTCP encryption.

Interrupt controller. The DAI contains its own interrupt controller that
indicates to the core when DAI audio events have occurred. This interrupt
controller offer 32 independently configurable channels.

Input data port (IDP). The input data port provides the DAI with a way
to transmit data from within the DAI to the core. The IDP provides a
means for up to eight additional DMA paths from the DAI into on-chip
memory. All eight channels support 32-bit wide data and share a 8-deep
FIFO.

Signal routing unit (SRU). Conceptually similar to a “patch-bay” or mul-
tiplexer, the SRU provides a group of registers that define the
interconnection of the serial ports, the input data port, the DAI pins, and
the precision clock generators.

ADSP-2136x SHARC Processor Hardware Reference 1-9
for the ADSP-21362/3/4/5/6 Processors



Development Tools

Development Tools

The processor is supported by a complete set of software and hardware
development tools, including Analog Devices” emulators and the Cross-
Core Embedded Studio or VisualDSP++ development environment. (The
emulator hardware that supports other Analog Devices processors also
emulates the processor.)

The development environments support advanced application code devel-
opment and debug with features such as:

* Create, compile, assemble, and link application programs written
in C++, C, and assembly

* Load, run, step, halt, and set breakpoints in application programs
* Read and write data and program memory

* Read and write core and peripheral registers

* Plot memory

Analog Devices DSP emulators use the IEEE 1149.1 JTAG test access
port to monitor and control the target board processor during emulation.
The emulator provides full speed emulation, allowing inspection and
modification of memory, registers, and processor stacks. Nonintrusive
in-circuit emulation is assured by the use of the processor JTAG inter-
face—the emulator does not affect target system loading or timing.

Software tools also include Board Support Packages (BSPs). Hardware
tools also include standalone evaluation systems (boards and extenders). In
addition to the software and hardware development tools available from
Analog Devices, third parties provide a wide range of tools supporting the
Blackfin processors. Third party software tools include DSP libraries,
real-time operating systems, and block diagram design tools.
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Architecture Enhancements

This section identifies differences between the ADSP-2136x processors
and previous SHARC processors: ADSP-2116x, ADSP-2106x, and
ADSP-21065L. Like the ADSP-2116x family, the ADSP-2136x processor
family is based on the original ADSP-2106x SHARC family. The
ADSP-2136x processor preserves much of the ADSP-2106x architecture
and is code compatible to the ADSP-2116x, while extending performance
and functionality. For background information on SHARC processors
and the ADSP-2106x family processors, see ADSP-2106x SHARC User’s
Manual or ADSP-21065L SHARC DSP Technical Reference.

Parallel Port Enhancements

The parallel port includes a new packing mode which allows DMA for
instructions and data to and from 8-bit external memory. The parallel
port supports SRAM, EPROM, and flash memory. There are two modes
supported for transfers. In one mode, 8-bit data and an 8-bit address can
be transferred. In another mode, data and address lines are multiplexed to
transfer 16 bits of address/data.

I/O Architecture Enhancements

The I/0 processor provides greater throughput than the ADSP-2106x

processors.
The DMA controller supports 25 channels compared to 14 channels on

the ADSP-2116x processor.

Instruction Set Enhancements

The ADSP-2136x processor provides source code compatibility with the
previous SHARC processor family members, to the assembly source code
level. All instructions, control registers, and system resources available in
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the ADSP-2106x core programming model are also available with the
ADSP-2136x processor. Instructions, control registers, or other facilities
required to support the new peripherals of the ADSP-2136x core include:

* Code compatibility to the ADSP-21160 SIMD core

* Supersets of the ADSP-2106x programming model

* Reserved facilities in the ADSP-2106x programming model

e Symbol name changes from the ADSP-2106x and ADSP-2136x

processor programming models

These name changes can be managed through reassembly by using the
ADSP-2136x processor development tools to apply the ADSP-2136x pro-
cessor symbol definitions header file and linker description file. While
these changes have no direct impact on existing core applications, system
and I/O processor initialization code and control code do require
modifications.

Although the porting of source code written for the ADSP-2106x family
to the ADSP-2136x processor has been simplified, code changes are
required to take full advantage of the new ADSP-2136x processor features.
For more information, see SHARC Processor Programming Reference.
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2 1/0O PROCESSOR

In applications that use extensive off-chip data I/O, programs may find it
beneficial to use a processor resource other than the processor core to per-
form data transfers. The ADSP-2136x processor contains an I/O processor
(IOP) that supports a variety of DMA (direct memory access) operations.
Each DMA operation transfers an entire block of data. These operations

include the transfer types shown in Table 2-1 and the list that follows the

table.

Table 2-1. I/O Processor Feature Summary

Feature Availability
Total DMA channels 25
Rotating DMA channel priority Yes

DMA channel interrupts 25

SPORT DMA channels 12

IDP DMA channel 8

SPI DMA channel 2

MTM DMA channel 2

PDAP DMA channel

Parallel Port DMA channel

1

Clock Operation

Peripheral clock (PCLK)
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DMA Controller Operation

@ The I/O processor runs at CCLK + 2 clock speed.
* Internal memory <> SPORT (DAI)
* Internal memory <— IDP (DAI) unidirectional
* Internal memory <> SPI
* Internal memory <> Internal memory (MTM)

By managing DMA, the I/O processor frees the processor core, allowing it
to perform other operations while off-chip data I/O occurs as a back-
ground task. The multi-bank architecture of the ADSP-2136x internal
memory allows the core and IOP to simultaneously access the internal
memory if the accesses are to different memory banks. This means that
DMA transfers to internal memory do not impact core performance. The
processor core continues to perform computations without penalty.

To further increase off-chip I/0, multiple DMAs can occur at the same
time. The IOP accomplishes this by managing multiple DMAs of proces-
sor memory through the different peripherals. Each DMA is referred to as
a channel and each channel is configured independently. The IOP block
diagram is shown in Figure 2-1 on page 2-16.

DMA Contiroller Operation

There are several methods used to run direct memory accesses on the

SHARC processor.
Standard DMA. A standard DMA (once it is configured) transfers data

from location A to location B. An interrupt can be used to indicate the
end of the transfer. To start a new DMA sequence after the current one is
finished, a program must first clear the DMA enable bit (control register),
write new parameters to the index, modify, and count registers (parameter
registers), then set the DMA enable bit to re-enable DMA (control
register).

2-2
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An instance where standard DMA can be used is to copy data from a
peripheral to internal memory for processor booting. With the help of the
loader tool, the tag (header information) of the boot stream is decoded to
get the storage information which includes the index, modify, and count
of a specific array to start another standard DMA.

Chained DMA. Chained DMA sequences are a set of multiple DMA
operations, each autoinitializing the next in line. To start a new DMA
sequence after the current one is finished, the IOP automatically loads
new index, modify, and count values from an internal memory location
(or external memory location for DMA to external ports) pointed to by
that channel’s chain pointer register. Using chaining, programs can set up
consecutive DMA operations and each operation can have different
attributes.

@ The IDP port does not support DMA chaining.

Ping-pong DMA (IDP). In ping-pong DMA, the parameters have two
memory index values (index A and index B), one count value and one
modifier value. The DMA starts the transfer with the memory indexed by
A. When the transfer is completed as per the value in the count register,
the DMA restarts with the memory location indexed by B. The DMA
restarts with index A after the transfer to memory with index B is com-
pleted as per the count value. This repeats until the DMA is stopped by
resetting the DMA enable bit.

DMA Transfers Between Internal Memory

The ADSP-2136x processors can use memory-to-memory DMA to trans-
fer 64-bit blocks of data between internal memory locations.
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General Procedure for Configuring DMA

To configure the processors to use DMA, use the following general
procedure.

1. Configure the peripheral(s):
e Parallel port (PPCTL)
* Serial ports (SPORTs)
 Serial peripheral interface ports (SPI)
* Input data port (IDP)
2. Determine which DMA options you want to use:
* DMA transfer method — chained or non chained

* Select DMA channels (for example, the SPORT has 12

channels
3. Determine the DMA channel priority
* Channel priority scheme — fixed or rotating

4. Determine the address region in which you want the DMA to
operate

* Set up the data’s source/destination addresses (INDEX)
* Set up the word COUNT (data buffer size)
* Configure the MODIFY values (step size)
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5. Set the DMA interaction method

* IOP/core interaction method — interrupt-driven or status-

driven (polling)
6. Start the DMA

* Set the applicable bits in the appropriate registers.

The following sections provide more detailed DMA information for spe-

cific peripherals.

Summary

Because the IOP registers are memory-mapped, the processors have access
to program DMA operations. A program sets up a DMA channel by writ-
ing the transfer's parameters to the DMA parameter registers. After the
index, modify, and count registers (among others) are loaded with a start-
ing source or destination address, an address modifier, and a word count,
the processor is ready to start the DMA.

The peripherals each have a DMA enable (xDEN) bits in their channel con-
trol registers. Setting this bit for a DMA channel with configured DMA
parameters starts the DMA on that channel. If the parameters configure
the channel to receive, the I/O processor transfers data words received at
the buffer to the destination in internal memory. If the parameters config-
ure the channel to transmit, the I/O processor transfers a word
automatically from the source memory to the channel's buffer register.
These transfers continue until the I/O processor transfers the selected
number of words as determined by the count parameter. DMA through
the IDP ports occurs in internal memory only.
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IOP Registers

The IOP registers are memory mapped and can be accessed through an
address by the core. For the list of parameter registers refer to “Registers
Reference” in Appendix A, Registers Reference.

Standard DMA Parameter Registers

The parameter registers described below control the source and destina-
tion of the data, the size of the data buffer, and the step size used.

Index registers. Shown in Table 2-2, provide an internal memory address,
acting as a pointer to the next internal memory DMA read or write loca-
tion. All internal index addresses are based on an internal memory offset

of 0x80000.

Table 2-2. Index Registers

Register Name Width (Bits) |Description

IISPO-5A 19 SPORTA

IISP0-5B 19 SPORTB

1ISPI 19 SPI

1ISPIB 19 SPIB

IDP_DMA_I0-7 19 IDP

IDP_DMA_I0-7A 19 IDP index A (ping pong)

IDP_DMA_I0-7B 19 IDP index B (ping pong)

IIMTMW 19 MTM Write

IIMTMR 19 MTM Read

PP 19 Parallel Port

EIPP 24 Parallel Port (external address)
2-6 ADSP-2136x SHARC Processor Hardware Reference

for the ADSP-21362/3/4/5/6 Processors
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Modify registers. Shown in Table 2-3, provide the signed increment by
which the DMA controller post-modifies the corresponding memory
index register after the DMA read or write.

Table 2-3. Modify Registers

Register Name Width (Bits) |Description

IMSP0O-5A 16 SPORTA

IMSP0-5B 16 SPORTB

IMSPI 16 SPI

IMSPIB 16 SPIB

IDP_DMA_MO0-7 6 IDP

IDP_DMA_M0-7A 6 IDP modify A (ping pong)
IDP_DMA_MO0-7B 6 IDP modify B (ping pong)
IMMTMW 16 MTM Write

IMMTMR 16 MTM Read

IMPP 16 Parallel Port

EMPP 2 Parallel Port (external address)

Count registers. Shown in Table 2-4, indicate the number of words
remaining to be transferred to or from memory on the corresponding

DMA channel.

Table 2-4. Count Registers

Register Name Width (Bits) |Description
ICSP0-5A 16 SPORTA
ICSP0-5B 16 SPORTB
ICSPI 16 SPI
ICSPIB 16 SPIB
IDP_DMA_CO0-7 16 IDP
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Table 2-4. Count Registers (Cont’d)

Register Name Width (Bits) |Description

ICMTMW 16 MTM Write

ICMTMR 16 MTM Read

ICPP 16 Parallel Port

ECPP 16 Parallel Port (external address)

Chain pointer registers. Shown in Table 2-5, hold the starting address of
the TCB (parameter register values) for the next DMA operation on the
corresponding channel. These registers also control whether the I/O pro-
cessor generates an interrupt when the current DMA process ends.

Table 2-5. Chain Pointer Registers

Register Name Width (Bits) |Description
CPSP0O-5A 29 SPORTA
CPSP0-5B 29 SPORTB
CPSPI 20 SPI
CPSPIB 20 SPIB

CPPP 20 Parallel Port
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1/O Processor

The registers shown in Table 2-6 provide information on the standard

DMA status registers.

Table 2-6. Standard DMA Status Registers

Register Name Width (Bits) |Description

PPCTL 32 Parallel port control register
SPMCTLxy 32 SPORT Multichannel Control Registers
SPIDMAC 32 SPI DMA control

SPIDMACB 32 SPIB DMA control

Chaining DMA Status Registers

In the registers shown in Table 2-7 Two status bits are available: one for
DMA status and one for chain loading DMA status.

Table 2-7. Chaining DMA Status Registers

Register Name Width (Bits) |Description

PPCTL 32 Parallel port control
SPMCTLxy 32 SPORT Multichannel control
SPIDMAC 32 SPI DMA control
SPIDMACB 32 SPIB DMA control
MTMCTL 32 MTM DMA control
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Data Buffers

The data buffers or FIFOs are used by each DMA channel to store data
during the priority arbitration time period (shown in Table 2-8). The buf-
fers (depending on the peripheral) are accessed by both DMA and the
core. The data buffers are described in the following list.

Table 2-8. Data Buffers

Buffer Name FIFO Depth Description
TXSP0-5A 2 SPORTA Transmit
TXSP0-5B 2 SPORTB Transmit
RXSP0-5A 2 SPORTA Receive
RXSP0-5B 2 SPORTB Receive
TXSPI 2 SPI Transmit
TXSPIB 2 SPIB Transmit
RXSPI 2 SPI Receive
RXSPIB 2 SPIB Receive

SPI DMA 4 (DMA only)

SPIB DMA 4 (DMA only)
IDP_FIFO 8 IDP FIFO Receive
MTM read/write 2 DMA only

TXPP 2 Parallel Port Transmit
RXPP 2 Parallel Port Receive

Some data buffers provide debug support to enable the buffer hang disable
(BHD) bit. This feature can be enabled in the dedicated peripheral control
register for the IDP and SPORT.
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DMA Channel Allocation

There are 25 channels of DMA available on the ADSP-2136x processors
depending on the processor model. The DMA channels are configured as
follows.

* 12 via the serial ports (channels 0-5/A and B)
e 8 via the input data port IDP (channels 0-7)
e 2 via SPI/B (one each)

e 2 via MTM (one each for read and write)

* 1 via parallel port

Each channel has a set of parameter registers which are used to set up
DMA transfers. Table 2-9 shows the DMA channel allocation and param-
eter register assignments for the ADSP-2136x processors.

DMA channels vary by processor model. For a breakdown of DMA
channels for a particular model, see ADSP-2136x SHARC Processor
Data Sheet. Also note that each DMA channel has a specific periph-
eral assigned to it.
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DMA Channel Priority

Table 2-9 shows the paths for internal DMA requests within the I/O

processor.

Table 2-9. DMA Channel Priorities

DMA Peripheral |Control/Status Parameter Data Buffer |Description

Channel Group Registers Registers

Number

0 (Highest | A SPCTLO, IISPOA, IMSPOA, | RXSPOA or | Serial Port 0A

Priority SPMCTLO1 CSPOA, CPSPOA | TXSPOA Data

1 SPCTLO, 1ISPOB, IMSPOB, | RXSPOB or | Serial Port 0B
SPMCTLO1 CSPOB, CPSPOB | TXSPOB Data

2 SPCTLI1, IISP1A, IMSP1A, | RXSP1A or | Serial Port 1A
SPMCTLO1 CSP1A, CPSP1A | TXSP1A Data

3 SPCTLI1, IISP1B, IMSP1B, | RXSP1B or | Serial Port 1B
SPMCTLO1 CSP1B, CPSP1B TXSP1B Data

4 B SPCTL2, 1ISP2A, IMSP2A, | RXSP2A or | Serial Port 2A
SPMCTL23 CSP2A, CPSP2A | TXSP2A Data

5 SPCTL2, IISP2B, IMSP2B, | RXSP2B or | Serial Port 2B
SPMCTL23 CSP2B, CPSP2B TXSP2B Data

6 SPCTL3, IISP3A, IMSP3A, | RXSP3A or | Serial Port 3A
SPMCTL23 CSP3A, CPSP3A | TXSP3A Data

7 SPCTLS3, IISP3B, IMSP3B, | RXSP3B or | Serial Port 3B
SPMCTL23 CSP3B, CPSP3B | TXSP3B Data

8 C SPCTL4, 1ISP4A, IMSP4A, | RXSP4A or | Serial Port 4A
SPMCTL45 CSP4A, CPSP4A | TXSP4A Data

9 SPCTLA4, 1ISP4B, IMSP4B, | RXSP4B or | Serial Port 4B
SPMCTL45 CSP4B, CPSP4B TXSP4B Data

10 SPCTLS5, IISP5A, IMSP5A, | RXSPSA or | Serial Port 5A
SPMCTL45 CSP5A, CPSP5A | TXSP5A Data

11 SPCTLS5, IISP5B, IMSP5B, | RXSP5B or | Serial Port 5B
SPMCTL45 CSP5B, CPSP5B | TXSP5B Data
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Table 2-9. DMA Channel Priorities (Contd)

1/O Processor

DMA Peripheral |Control/Status Parameter Data Buffer |Description
Channel Group Registers Registers
Number
12 D IDP_CTLO, IDP_DMA_IO, IDP_FIFO | DAI IDP or
IDP_CTL1, IDP_DMA_MO, PDAP
IDP_FIFO, IDP_DMA_CO, (only channel
IDP_PP_CTL, IDP_DMA_IOA, 0 supports
DAI_STAT IDP_DMA_IOB, both
IDP_DMA_PCO
13 IDP_CTLO, IDP_DMA_I1, IDP_FIFO | DAI IDP
IDP_CTL1, IDP_DMA_M1, Channel 1
IDP_FIFO, IDP_DMA_Cl1,
DAI_STAT IDP_DMA_I1A,
IDP_DMA_I1B,
IDP_DMA_PC1
14 IDP_CTLO, IDP_DMA_I2, IDP_FIFO | DAI IDP
IDP_CTL1, IDP_DMA_M2, Channel 2
IDP_FIFO, IDP_DMA_C2,
DAI_STAT IDP_DMA_I2A,
IDP_DMA_I2B,
IDP_DMA_PC2
15 IDP_CTLO, IDP_DMA_I3, IDP_FIFO | DAI IDP
IDP_CTL1, IDP_DMA_M3, Channel 3
IDP_FIFO, IDP_DMA_C3,
DAI_STAT IDP_DMA_I3A,
IDP_DMA_I3B,
IDP_DMA_PC3
16 D IDP_CTLO, IDP_DMA_I4, IDP_FIFO | DAI IDP
IDP_CTL1, IDP_DMA_M4, Channel 4
IDP_FIFO, IDP_DMA_C4,
DAI_STAT IDP_DMA_I4A,
IDP_DMA_I4B,
IDP_DMA_PC4
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Table 2-9. DMA Channel Priorities (Cont'd)

DMA Peripheral |Control/Status Parameter Data Buffer |Description
Channel Group Registers Registers
Number
17 IDP_CTLO, IDP_DMA_I5, IDP_FIFO | DAI IDP
IDP_CTL1, IDP_DMA_MS5, Channel 5
IDP_FIFO, IDP_DMA_C5,
DAI_STAT IDP_DMA_I5A,
IDP_DMA_ISB,
IDP_DMA_PC5
18 IDP_CTLO, IDP_DMA_IG, IDP_FIFO | DAI IDP
IDP_CTL1, IDP_DMA_MG6, Channel 6
IDP_FIFO, IDP_DMA_CG6,
DAI_STAT IDP_DMA_IGA,
IDP_DMA_IGB,
IDP_DMA_PC6
19 IDP_CTLO, IDP_DMA_I7, IDP_FIFO | DAI IDP
IDP_CTL1, IDP_DMA_M7, Channel 7
IDP_FIFO, IDP_DMA_C7,
DAI_STAT IDP_DMA_I7A,
IDP_DMA_I7B,
IDP_DMA_PC7
20 E SPICTL, IISPI, IMSPI, RXSPI or SPI Data
SPIDMAC, CSPI, CPSPI TXSPI
SPIBAUD
SPISTAT
21 F PPCTL IIPP, IMPP, ICPP, | RXPP or Parallel Port
EIPP, ECPP, TXPP Data
EMPP, CPPP
22 G SPICTLB, IISPIB, IMSPIB, RXSPIB or | SPI B Data
SPIDMACSB, CSPIB, CPSPIB TXSPIB
SPIBAUDB,
SPISTATB
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Table 2-9. DMA Channel Priorities (Cont’d)

1/O Processor

DMA

Peripheral |Control/Status Parameter Data Buffer |Description

Channel Group Registers Registers

Number

23 H MTMCTL IIMTMW, MTM FIFO | Memory-to-
IMMTMW, memory write
CMTMW data

24 I MTMCTL IIMTMR, MTM FIFO | Memory-to-
IMMTMR, memory read
CMTMR data

DMA Channel Arbitration Modes

DMA channel arbitration is the method that the arbiter uses to determine

how groups rotate priority with other channels. The default DMA channel
priority is fixed prioritization by DMA channel group.

Peripheral DMA Bus

DMA-capable peripherals execute DMA data transfers to and from inter-
nal memory over the IOD bus (Figure 2-1). When more than one of these
peripherals requests access to the IOD bus in a clock cycle, the bus arbiter,
which is attached to the IOD bus, determines which master should have
access to the bus and grants the bus to that master.

The core user breakpoint unit allows monitoring of the IOD bus
activities. For more information, refer to the JTAG chapter in the
SHARC Processor Programming Reference.

IOP channel arbitration can be set to use either a fixed or rotating algo-
rithm by setting or clearing DCPR bit in the SYSCTL register as follows.

e (=0) fixed arbitration (default)

* (=1) rotating arbitration
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In the fixed priority scheme, the lower indexed peripheral (Table 2-9) has
the highest priority.

10D BUS
PERIPHERAL
ARBITER
10D
SPORTO | | SPORT1 SPI P;’::e' IDP SPIB

Figure 2-1. I/O Processor Bus Structure

Rotating Priority by Group

In the rotating priority scheme, the default priorities at reset are the same
as that of the fixed priority. However, the peripheral priority is deter-
mined by group, not individually by DMA channel. Peripheral groups are
shown in Table 2-9 on page 2-12.

Initially, group A has the highest priority and group I the lowest. As one
group completes its DMA operation, it is assigned the lowest priority
(moves to the back of the line) and the next group is given the highest
priority.
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When none of the peripherals request bus access, the highest priority
peripheral, for example, peripheral 0, is granted the bus. However, this
does not change the currently assigned priorities to various peripherals.

Within a peripheral group, the priority is highest for the higher indexed
peripheral (see Table 2-9). For example, the SPORT pair SP01 (which is
in group A), SP1 has the highest priority. Changes of DMA arbitration
modes between fixed and rotate can be done on the fly which has effect
latency of 2 PCLK cycles.

DMA Channel Interrupts

The next two sections describe the types of DMA interrupts based on the
peripheral that is used.

Internal Transfer Completion

This mode of interrupt generation resembles the traditional SHARC
DMA interrupt generation. The interrupt is generated once the DMA
internal transfers are done independent of whether it is transmit or receive
DMA, hence for external transmit DMA case when the completion inter-
rupt is generated there may be still external access pending at the external

DMA interface.

DMA Channel Interrupt Priorities

Interrupts are generated at the end of a DMA transfer. This happens when
the count register for a particular channel decrements to zero. The default
interrupt vector locations for each of the channels are listed in “Inter-
rupts” in Appendix B, Interrupts and “DAI Interrupt Controller
Registers” on page A-78.

The digital applications interface (DAI) has two interrupts—a lower pri-
ority option (DAILI) and a higher priority option (DAIHI). This allows
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two interrupts to have priorities that are higher and lower than the serial
ports.

For more information, see the Program Sequencer “Interrupts and
Sequencing” in the SHARC Processor Programming Reference.

Interrupt Versus Channel Priorities

At default, the DMA interrupt priorities do not match the DMA channel
priorities (Table 2-10). However, if both priorities schemes should match
or should change, the DMA interrupt priorities can be re-assigned by ded-
icated settings of the PICRx registers.

Table 2-10. Default DMA Channel versus Interrupt Priorities

Programmable |DefaultInterrupt |Priorities |DMA Channel Priority
Interrupt Priority
POl DAIHI Highest
Il SPII SPORT[5-0] — 12 channels
P31 SP11
IDP[7-0] — 8 channels
P41 SP31
PsI SP5I
SPI - 1 channel
P6l SPoI
P71 SP21
PP — 1 channel
P8I SP41
PoI PPI
SPI B — 1 channel
P121 DAILI
P15sI MTMI
5 MTM [WR/RD] — 2 channels
P18I SPIBI Lowest

The PICRx (peripheral interrupt priority control registers) allow a
change of the default interrupt priorities. For more information,
see “Programmable Interrupt Control Registers” on page B-1.
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DMA Controller Addressing

Figure 2-2 shows a block diagram of the I/O processor’s address generator
(DMA controller). “Standard DMA Parameter Registers” on page 2-6 lists
the parameter registers for each DMA channel. The parameter registers are
uninitialized following a processor reset.

DMA ADDRESS GENERATOR (INTERNAL ADDRESSES)

- LOCAL BUS _
A [ o
' / \
INTERNAL IMX
MEMORY INDEX (ADDRESS) MODIFIER

ADDRESS

-

\

POST-MODIFY

DMA WORD COUNTER

LOCAL BUS
e >
A A
; Y T 4
cX CPX
-1 COUNT CHAIN POINTER
!
A\
— MUX
DMA ADDRESS GENERATOR (EXTERNAL ADDRESSES)
LOCAL BUS
- L
A Y
‘ A A \i
EXTERNAL ’ EIPP ’ EMPP ‘ ECPP
MEMORY EXT. INDEX (ADDRESS) EXT. MODIFIER EXT. COUNT ‘
ADDRESS
Y -1
(D
POST-MODIFY

Figure 2-2. DMA Address Generator
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The I/O processor generates addresses for DMA channels much the same
way that the Data Address Generators (DAGs) generate addresses for data
memory accesses. Each channel has a set of parameter registers including
an index register and modify register that the I/O processor uses to address
a data buffer in internal memory. The index register must be initialized
with a starting address for the data buffer. As part of the DMA operation,
the I/O processor outputs the address in the index register onto the pro-
cessor’s 1/0O address bus and applies the address to internal memory
during each DMA cycle—a clock cycle in which a DMA transfer is taking
place.

Internal Index Register Addressing

All addresses in the index registers are offset by a value matching the pro-
cessor’s first internal normal word addressed RAM location, before the
I/O processor uses the addresses. For the ADSP-2136x processors, this off-
set value is 0x0008 0000.

The following rules for data transfers must be followed.
* DMA index addresses must always be normal word space (32-bit).

* The I/O processor can transfer short word data (16-bit or 8-bit)
using the packing capability of the peripherals (serial port or SPI).
The data are packed in the peripheral’s shift register to form 32-bit
words for the internal transfers over the IOD bus.

After transferring each data word to or from internal memory, the I/O
processor adds the modify value to the index register to generate the
address for the next DMA transfer and writes the modified index value to
the index register. The modify value in the modify register is a signed inte-
ger, which allows both increment and decrement modifies. The modify
value can have any positive or negative integer value. Note that:
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e If the I/O processor modifies the internal index register past the
maximum 19-bit value to indicate an address out of internal mem-
ory, the index wraps around to zero. With the offset for the
SHARC processor, the wraparound address is 0x80000.

e Ifa DMA channel is disabled, the I/O processor does not service
requests for that channel, whether or not the channel has data to
transfer.

® If a program loads the count register with zero, the I/O processor

does not disable DMA transfers on that channel. The I/O proces-
sor interprets the zero as a request for 2'° transfers. This count
occurs because the I/O processor starts the first transfer before test-

ing the count value. The only way to disable a DMA channel is to
clear its DMA enable bit.

DMA Chaining

In many systems, some types of data transfers are continuous or periodic.
In order to implement these data transfers without any core intervention,
automation can be used. The chained DMA mode helps to accomplish
this automation. With chained DMA, the attributes of a specific DMA are
stored in internal memory and are referred to as a Transfer Control Block
or TCB. The DMA controller loads these attributes in chains for execu-
tion. This allows for multiple chains that are an finite or infinite.

If chaining is enabled on a DMA channel, programs should not use poll-
ing to determine channel status as this gives inaccurate information where

the DMA appears inactive if it is sampled while the next TCB is loading.
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TCB Memory Storage

The location of the DMA parameters for the next sequence comes from
the chain pointer register. In chained DMA operations, the processor
automatically initializes and then begins another DMA transfer when the
current DMA transfer is complete. In addition to the standard DMA
parameter registers, each DMA channel also has a chain pointer register
that points to the next set of DMA parameters stored in the processor’s
internal memory. Each new set of parameters is stored in a user-initialized
memory buffer (Table 2-11) known as a transfer control block (TCB)

Table 2-11. Principal TCB Allocation for a Serial Peripheral

Address Register Description

CPx - 0x3 (IIx) Internal index register Internal memory buffer

CPx — 0x2 (IMx) | Internal modify register Stride for internal buffer

CPx - 0x1 (ICx) Internal count register Length of internal buffer

CPx Chain pointer register Chain pointer for DMA chaining

@ The size of TCB varies and is based on the peripheral to be used:
the SPORTS, and SPI require 4 locations. Different TCB sizes are

advantageous since only the required TCBs are allocated in internal
memory, which reduces the memory load.

Chain Pointer Register

The chain pointer register, described in Table 2-12 is 20 bits wide. The
lower 19 bits are the memory address field. Like other I/O processor
address registers, the chain pointer register’s value is offset to match the
starting address of the processor’s internal memory before it is used by the
I/O processor. On the SHARC processor, this offset value is 0x80000.
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Table 2-12. Chain Pointer Register for SPORTs, SPI, Parallel Port (xCPx)

Bit Name Description

18-0 IIx address Next chain pointer address

19 PCI Program controlled interrupt
0 = no interrupt after current TCB
1 = interrupt after current TCB

Bit 19 of the chain pointer register is the program controlled interrupt
(pCI) bit. This bit controls whether an interrupt is latched after every
DMA in the chain (when set = 1), or whether the interrupt is latched after
the entire DMA sequence completes (if cleared = 0).

The PCI bit only effects DMA channels that have chaining enabled.

Also, interrupt requests enabled by the PCI bit are maskable with
the IMASK register.

Chain Assignment

The structure of a TCB is conceptually the same as that of a traditional
linked list. Each TCB has several data values and a pointer to the next
TCB. Further, the chain pointer of a TCB may point to itself to continu-
ously re run the same DMA. The I/O processor reads each word of the
TCB and loads it into the corresponding register.

Programs must assign the TCB in memory in the order shown in

Figure 2-3, placing the index parameter at the address pointed to by the
chain pointer register of the previous DMA operation of the chain. The
end of the chain (no further TCBs are loaded) is indicated by a TCB with

a chain pointer register value of zero.
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! TCB 1 TCB 2
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L-o— P 11x > 11x |
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IMx IMx I
I
Cx Cx !
: If pointing to zero,
CPx CPx - — = — ¥ chain operation ends

Figure 2-3. Chaining in the SPI and Serial Ports

The address field of the chain pointer registers is only 19 bits wide. If a
program writes a symbolic address to bit 19 of the chain pointer there may
be a conflict with the PCI bit. Programs should clear the upper bits of the
address then AND the PCI bit separately, if needed, as shown below.

@ Clear the chain pointer register before chaining is enabled.

Chain Assignment (according to Figure 2-3):
R0=0;
dm(CPx)=R0; /* clear CPx register */

/* init DMA control registers */

R2=(TCB1+3) & Ox7FFFF; /* 1oad IIx address of next TCB
and mask address */

R2=bset R2 by 19; /* set PCI bit */

dm(TCB2)=R2; /* write address to CPx location of

current TCB */
R2=(TCB2+3) & Ox/7FFFF; /* load IIx address of next TCB and
mask address*/

R2=bclr R2 by 19; /* clear PCI bit */

dm(TCB1)=R2; /* write address to CPx Tocation of
current TCB */

dm(CPx)=R2; /* write IIx address of TCB1 to CPx
register to start chaining*/
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Chained DMA operations may only occur within the same chan-
nel. The processor does not support cross-channel chaining.

Starting Chain Loading

A DMA sequence is defined as the sum of the DMA transfers for a single
channel, from when the parameter registers initialize to when the count
register decrements to zero. Each DMA channel has a chaining enable bit
(CHEN) in the corresponding control register.

To start the chain, write the internal index address of the first TCB to the
chain pointer register. When chaining is enabled, DMA transfers are initi-
ated by writing a memory address to the chain pointer register. This is also
an easy way to start a single DMA sequence, with no subsequent chained

DMA:s.
During TCB chain loading, the I/O processor loads the DMA channel

parameter registers with values retrieved from internal memory. Note that
the SPI Port is one exception. To execute the first DMA in a chain for this
peripheral, the DMA parameter registers also need to be explicitly pro-
grammed. For more information, see “Serial Peripheral Interface Ports” in
Chapter 7, Serial Peripheral Interface Ports.

The address in the chain pointer register points to the highest address of
the TCB (containing the index parameter). This means that if a program
declares an array to hold the TCB, the chain pointer register should point
to the last location of the array and not to the first TCB location.

The chain pointer register can be loaded at any time during the DMA
sequence. This allows a DMA channel to have chaining disabled (chain
pointer register address field = 0x0) until some event occurs that loads the
chain pointer register with a non zero value. Writing all zeros to the
address field of the chain pointer register also disables chaining.
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TCB Chain Loading Priority

A TCB chain load request is prioritized like all DMA channels. Therefore,
the TCB chain loading request has the same priority level as the DMA
channel itself. The I/O processor latches a TCB loading request and holds
it until the load request has the highest priority. If multiple chaining
requests are present, the I/O processor services the TCB block for the
highest priority DMA channel first.

A channel that is in the process of chain loading cannot be inter-
rupted by any other request (TCB, DMA channel). The chain
loading sequence is atomic and the I/O bus is locked until all the
DMA parameter registers are loaded. For a list of DMA channels in
priority order, see Table 2-9.

Chain Insert Mode (SPORTs Only)

It is possible to insert a single SPORT DMA operation or another DMA
chain within an active SPORT DMA chain. Programs may need to per-
form insertion when a high priority DMA requires service and cannot wait
for the current chain to finish. This is supported only for SPORT DMA
channels only. For more information, see “Serial Ports” in Chapter 6,
Serial Ports.

DMA Start and Stop Conditions

The difference between single DMA and chained DMA is based on the
auto-linkage process where the DMA’s attributes are stored in internal
memory and automatically loaded by the IOP if requested.
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A DMA sequence starts when one of the following occurs.

* Chaining is disabled, and the DMA enable bit transitions from low
to high.

* Chaining is enabled, DMA is enabled, and the chain pointer regis-
ter address field is written with a non zero value. In this case, TCB
chain loading of the channel parameter registers occurs first.

* Chaining is enabled, the chain pointer register address field is non-
zero, and the current DMA sequence finishes. Again, TCB chain
loading occurs.

A DMA sequence ends when one of the following occurs.

* The count register decrements to zero, and the chain pointer regis-
ter is zero.

* Chaining is disabled and the channel’s DMA enable bit transitions
from high to low. If the DMA enable bit goes low (=0) and chain-
ing is enabled, the channel enters chain insertion mode (SPORT
only) and the DMA sequence continues.

Once a program starts a DMA process, the process is influenced by two
external controls—DMA channel priority and DMA chaining.

Configuring IOP/Core Interaction

There are two methods the processor uses to monitor the progress of
DMA operations—interrupts, which are the primary method, and status
polling. The same program can use either method for each DMA channel.
The following sections describe both methods in detail.
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Interrupt-Driven I/O

Programs can check the appropriate status register (for example SPCTL for
the serial ports) to determine which channels are performing a DMA or

chained DMA.

All DMA channels can be active or inactive. If a channel is active, a DMA
is in progress on that channel. The I/O processor indicates the active sta-
tus by setting the channel’s bit in the status register. The only exception to
this is the IDP_DMAx_STAT bits of the DAI_STAT register can become active

even if DMA, through some IDP channel, is not intended.

The following are some other I/O processor interrupt attributes.

When an unchained (single block) DMA process reaches comple-
tion (as the count decrements to zero) on any DMA channel, the
I/O processor latches that DMA channel’s interrupt. It does this by
setting the DMA channel’s interrupt latch bit in the IRPTL, LIRPTL,
DAT_IRPTL_H, or DAT_IRPTL_L registers.

For chained DMA, the I/O processor generates interrupts in one of
two ways:

If pcT =1, (bit 19 of the chain pointer register is the program con-
trolled interrupts (PCI) bit) an interrupt occurs for each DMA in
the chain.

If PCI =0, an interrupt occurs at the end of a complete chain. (For
more information on DMA chaining, see “DMA Controller Oper-
ation” on page 2-2).

When a DMA channel’s buffer is not being used for a DMA pro-
cess, the I/O processor can generate an interrupt on single word
writes or reads of the buffer. This interrupt service differs slightly
for each port.
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During interrupt-driven DMA, programs use the interrupt mask bits in
the IMASK, LIRPTL, DAI_IRPTL_PRI, DAI_IRPTL_RE, and DAI_IRPTL_FE
registers to selectively mask DMA channel interrupts that the I/0
processor latches into the IRPTL, LIRPTL, DAI_IRPTL_H, and DAI_IRPTL_L
registers.

The I/O processor only generates a DMA complete interrupt when
the channel’s count register decrements to zero as a result of actual
DMA transfers. Writing zero to a count register does not generate
the interrupt. To stop a DMA preemptively, write a one to the
count register. This causes one additional word to be transferred or
received, and an interrupt is then generated.

A channel interrupt mask in the IMASK, LIRPTL, DAI_IRPTL_PRI,
DAI_IRPTL_RE, and DAI_IRPTL_FE registers determines whether a latched
interrupt is serviced or not. When an interrupt is masked, it is latched but
not serviced. For more information, see the “Registers” section in SHARC
Processor Programming Reference.

By clearing a channel’s PCI bit during chained DMA, programs
mask the DMA complete interrupt for a DMA process within a
chained DMA sequence.

The I/0 processor can also generate interrupts for I/O port operations
that do not use DMA. In this case, the I/O processor generates an inter-
rupt when data becomes available at the receive buffer or when the
transmit buffer is not full (when there is room for the core to write to the
buffer). Generating interrupts in this manner lets programs implement
interrupt-driven I/O under control of the processor core. Care is needed
because multiple interrupts can occur if several I/O ports transmit or
receive data in the same cycle.
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Polling DMA Channel Status

The second method of controlling I/O is through status polling. The
DMA controllers in the ADSP-2136x processor maintain the status infor-
mation of each channel in each of the peripherals registers.

®

Because polling uses processor core resources, it is not as efficient
as an interrupt-driven system. Also note that polling the DMA sta-
tus registers reduces I/O bandwidth (core higher priority like I/O,
see “IOP Performance” on page 2-30).

The DMA controllers in the ADSP-2136x processor maintain the status
information of each channel for the different DMA modes in each of the
peripherals registers:

PPCTL (Standard and chaining)

SPMCTLxy (Standard and chaining)

SPIDMAC, SPIDMACSB (Standard and chaining)
DAI_STAT (Standard, Ping-pong)

MTMCTL (Standard)

Note that there is a one cycle latency between a change in DMA channel
status and the status update in the corresponding register.

Standard DMA Status

By starting DMA, the related DMA status bit is set and cleared at the end
of the DMA.
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Chaining DMA Status

Two status bits are available for chaining status—one bit for DMA status
and one bit for chain loading DMA status. When a program starts a
chained DMA, chain loading is triggered, and the related chain loading
status bit is set. After the TCB loading completes, its status bit is cleared
and the DMA status bit is set. This scenario is repeated until the chain
pointer reaches zero. Note that there is a one cycle latency between a

change in DMA channel status and the status update in the corresponding
register.

TCB Storage

This section lists all the different TCB memory allocations used for DMA

chaining on the peripherals. Note that all TCBs must be located in inter-
nal memory.

Serial Port TCB

The serial ports support single and chained DMA. Table 2-13 shows the
required TCB for chained DMA

Table 2-13. SPORT TCBs

Address Register
CP[18:0] IISPx Internal/External Index
CP[18:0] — 0x1 IMSPx Internal Modifier
CP[18:0] — 0x2 ICSPx Internal Count
CP[18:0] — 0x3 CPSPx Chain Pointer
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Parallel Port TCB

The parallel port interface supports both single and chained DMA. How-
ever, unlike the serial ports, programs cannot insert a TCB in an active

chain. Table 2-14 shows the required TCB for chained DMA.

Table 2-14. Parallel Port TCBs

Address Register

CP[18:0] IIPP Internal Index
CP[18:0] — 0x1 IMPP Internal Modifier
CP[18:0] — 0x2 ICPP Internal Count
CP[18:0] — 0x3 CPPP Chain Pointer
CP[18:0] — 0x4 EIPP External Index
CP[18:0] — 0x5 EMPP External Modifier
CP[18:0] — 0x6 ECPP External Count

For more information on programming DMA, refer to the specific periph-
eral chapters.

For the parallel port chain pointer, the TCB location is not at the
beginning of the TCB list.

SPITCB

The serial peripheral interfaces supports both single and chained DMA.
However, unlike the serial ports, programs cannot insert a TCB in an

active chain. Table 2-15 shows the required TCB for chained DMA.
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Table 2-15. SPI/SPIB TCBs

Address Register

CP[18:0] IISPI/B Internal Index
CP[18:0] — 0x1 IMSPI/B Internal Modifier
CP[18:0] — 0x2 ICSPI/B Internal Count
CP[18:0] — 0x3 CPSPI/B Chain Pointer

/O Processor Register Access

All of the I/O processor’s registers are memory-mapped, ranging from
address 0x0000 0000 to 0x0003 FFFF.

IOP Access Conditions

The IOP registers are physically located in two clock domains.

1.

N
®

Core domain (CCLK)—SYSCTL and all user breakpoint registers. For
more information, see “Registers Reference” in Chapter A, Regis-
ters Reference.

Peripheral domain (PCLK)—AIll other IOP registers are located in
the peripheral domain (core/2 clock). This means that there are
different access conditions which are explained in this section.

Accesses to IOP registers (from the processor core) should not use
Type 1 (dual access) or LW instructions.

I/O processor registers have an effect latency range from one to six
cycles (changes take minimum effect on the second cycle or maxi-
mum effect after seven cycles).
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Table 2-16. I/O Processor Access Conditions

Type Of Access Core Domain (Core |Peripheral Domain
Cycles) (Core Cycles)

IOP register write/read 1/2 1/8

IOP register back to back write/read 1/2 2/8

Conditional IOP register write/read 1/2 3/10

Aborted IOP register write/read 2/3 4/4

The following situations also incur additional stall cycles.

1. Attempting to write to (or read from) a full (or empty) DMA buf-
fer (IDP and SPORT) causes the core to hang indefinitely, unless

the BHD (buffer hang disable) bit for that peripheral is set (SPCTLx,
PPCTL, IDP_CTL).

2. In case of a full write data FIFO, the held-off I/O processor register

read or write access incurs one extra core-clock cycle.

3. Interrupted IOP register reads and writes, if preceded by another
write creates one additional core stall cycle.

Interrupt Latency

During an interrupt-driven I/O transfer from any peripheral that uses an
IOP interrupt service routine, a write into an IOP register to clear the

interrupt causes a certain amount of latency. If the program comes out of
the interrupt service routine during that period of latency, the interrupt is

generated again.
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To avoid the interrupt from being regenerated, use one of the following
solutions.

1. Read an IOP register from the same peripheral block before the
return from interrupt (RTI). The read forces the write to occur as
shown in the example code below.

ISR_Routine:
RO = 0x0;
dm(SPICTL) = RO; /* disable SPI */
RO = dm(SPICTL); /* dummy read, occurs only after
write */
rti;

2. Add sufficient NOP instructions after a write. In the worst case pro-
grams need to add ten NOP instructions after a write as shown in the
example code below.

ISR_Routine:
RO = 0x0;
dm(SPICTL) = RO; /* disable SPI */
lTentr=10, do (pc,1) until lce;

nop;
rti;

TCB Chain Loading Access

Table 2-17 lists the time required to load a specific TCB from the internal
memory into the DMA controller. During this time, the IOD bus is
locked and cannot be interrupted.
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IOP Register Access Arbitration

Since the I/O processor’s registers are part of the processor’s memory map,
buses access these registers as locations in memory. While these registers
act as memory-mapped locations, they are separate from the processor’s
internal memory and have different bus access. One bus can access one
I/O processor register at a time. When there is contention among the
buses for access to the same I/O processor register, the processor arbitrates
register access as follows.

1. DMD bus accesses (highest priority)
2. PMD bus accesses
3. 10D bus accesses (lowest priority)

Note that internal memory block access arbitration is different—the high-
est priority is in favor of the IOD followed by the DMD and finally the
PMD buses.

IOP Performance

Since the I/O processor controls the I/O bus, the maximum bandwidth is
achieved with PCLK x 32-bit as shown in Table 2-17.

Table 2-17. I/O Processor TCB Chain Loading Access

Chained TCB Type TCB Size Number of Core
Cycles
SPI DMA, SPORT DMA 4 26
Parallel Port DMA 7 40
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3 MEMORY-TO-MEMORY
PORT DMA

Table 3-1 and the following list describe the MTM features.

Table 3-1. MTM Port Feature Summary

Feature ‘Availability
Connectivity

Multiplexed Pinout No

SRU DAI Required No

SRU DAI Default Routing N/A
Interrupt Default Routing Yes (P15I)
Protocol

Master Capable Yes

Slave Capable No
Transmission Simplex Yes
Transmission Half Duplex No
Transmission Full Duplex No

Access Type

Data Buffer Yes
Core Data Access No
DMA Data Access Yes
DMA Channels 2
DMA Chaining No
Interrupt Source DMA
Boot Capable No
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Table 3-1. MTM Port Feature Summary (Cont'd)

Feature Availability

Local Memory No

Clock Operation PCLK
Features

The memory-to-memory port incorporates:
e 2 DMA channels (read and write)

¢ Internal to internal transfers

e Data engine for DTCP applications (only for special part numbers)

Functional Description

The memory-to-memory DMA controller is capable of transferring 64-bit
bursts of data between internal memories.

The MTM controller supports data in normal word address space
only (32-bit). External DMA transfers are not supported.

DMA Channels

Two DMA channels are used for memory-to-memory DMA transfers. The
write DMA channel has higher priority over the read channel. The trans-
fer is started by a write DMA to fill up the MTM buffer with a 2 x 32-bit
word. Next, the buffer is read back over the same IOD bus to the new des-
tination. With a two position deep buffer and alternate write and read
access over the same bus, throughput is limited. The memory-to-memory
DMA control register (MTMCTL) allows programs to transfer blocks of
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64-bit data from one internal memory location to another. This register
also allows verification of current DMA status during writes and reads.

Buffer

The MTMFLUSH bit in the MTMCTL register can be set to flush the FIFO and
reset the read/write pointers. Setting and resetting the MTMDEN bit only
starts and stops the DMA transfer, so it is always better to flush the FIFO
along with MTMDEN reset.

Note that the MTMFLUSH bit should not be set along with the MTMDEN bit set.
Otherwise the FIFO is continuously flushed leading to DMA data

corruption.

Interrupts

There are two DMA channels; one write channel and one read channel.
However since both DMA channels are not data independent, only one
interrupt is triggered at the DMA transfer end (P15]) if the MTMI bit in the
IMASK register is enabled.

Data Throughput

Data throughput for internal to internal transfers is 12 PCLK cycles for

64-bit data.
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Programming Model

This data transfer can be set up using the following procedure.
1. Program the DMA registers for both channels.

2. Set (=1) the MTMFLUSH bit (bit 1) in the MTMCTL register to flush the
FIFO and reset the read/write pointers.

3. Set (=1) the MTMEN bit in the MTMCTL register.

A two-deep, 32-bit FIFO regulates the data transfer through the
DMA channels

Programming Example

Listing 3-1. Memory-to-Memory DMA

#include <def21364.h>
Hinclude <sru2l1364.h>
#include <SRU.h>

/* Buffer Declarations */
.section/dm seg_dmda;
.align 2;

.var dest[100];

.align 2;

.var sourcel[100];

/* Main code section */
.global _main;
.section/pm seg_pmco;

_main:

ro=0x11111111;
i0=source;

3-4
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/* Fill the source buffer */
Tecntr=LENGTH(source), do fill until Tce;
dm(i0,1)=r0;

fill: rO=rot r0 by 1;

/* Set the interrupt mask for MTMDMA */

bit set imask MTMI;

bit set model IRPTEN;

/* Flush the MTMDMA FIFQ */

rO=MTMFLUSH;

dm(MTMCTL)=r0;

/* Set up the source address to read */
rO=source;

dm(IIMTMR)=r0;

/* Set up the destination address to write */
rO=dest;

dm(IIMTMW)=r0;

/* Read and write sequentially with a step of 1 */
ro=1;

dm(IMMTMW)=r0;

dm(IMMTMR)=r0;

/* Read the number of words in source */
rO=Tength(source);

dm(CMTMR)=r0;

/* Write the number of words in destination */
rO=Tength(dest);

dm(CMTMW)=r0;

/* Enable MTMDMA */

rO=MTMEN;

dm(MTMCTL)=r0;

_main.end: jump(pc,0);
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4 PARALLEL PORT

The ADSP-2136x processor has a parallel port that allows bidirectional
transfers between it and external parallel devices. Using the parallel port
bus and control lines, the processor can interface to 8-bit or 16-bit wide
external memory devices. The parallel port provides a DMA interface
between internal and external memory and has the ability to support core
driven data transfer modes (see Table 4-1).

Table 4-1. Parallel Port Feature Summary

Feature ‘ Availability

Connectivity

Multiplexed Pinout Yes

SRU DAI Required No

SRU DAI Default Routing N/A

Interrupt Default Routing Yes (P9I)

Protocol

Master Capable Yes

Slave Capable No

Transmission Simplex Yes

Transmission Half Duplex Yes

Transmission Full Duplex No

Access Type

Data Buffer Yes

Core Data Access Yes
ADSP-2136x SHARC Processor Hardware Reference 4-1
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Table 4-1. Parallel Port Feature Summary (Contd)

Feature Availability
DMA Data Access Yes
DMA Channels 1
DMA Chaining Yes
Interrupt Source Core/DMA
Boot Capable No
Local Memory No
Clock Operation PCLK/3

Features

* Support for standard SRAMs

* Interface requires only 16 Pins for address and data
* Total pin count of 19

e Programmable wait and hold cycles

The processor provides two data packing modes for the parallel port, 8/32
and 16/32. For reads, data packing involves shifting multiple successive 8-
or 16-bit elements from the parallel port to the ADSP-2136x processor’s

receive register to form each 32-bit word, transferring multiple successive
8-bit or 16-bit elements. For writes, packing involves shifting each 32-bit

word out into 8- or 16-bit elements that are placed into the memory
device.

The parallel port on the ADSP-2136x processors may only move 32-bit
data to and from internal memory (normal word addressing).

This chapter describes, in order, the hardware (pins), the basic function of
the peripheral, registers, basic operation including DMA and core data

4-2 ADSP-2136x SHARC Processor Hardware Reference
for the ADSP-21362/3/4/5/6 Processors



Parallel Port

transfers, and the programming model, with a programming example.
Figure 4-1 shows a block diagram of the parallel port.

DMD, PMD BUS
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PORT

DATA_RX
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<
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AD15-0

DATA_TX
TXPP —| PPSO —

R

ADDR

Z
T

\ ALE, WR, R

Figure 4-1. Parallel Port Block Diagram

Pin Descriptions

For a complete list of pin descriptions and package pinouts, see the

ADSP-21362/3/4/5/6 SHARC Processor Data Sheet.

Unlike previous SHARC processors with an external port, the
ADSP-2136x processors do not have a memory select (MS) pin. The
boot prom’s chip select (CS) should be generated from an address
decoder, or otherwise derived from the parallel port signals.
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Multiplexed Pin Functions

The parallel port pins (AD15-0) can function as flag pins and as parallel
data acquisition port (PDAP) pins. For complete information on the pin
multiplexing scheme used with these processors, see “Parallel Port Pin

Multiplexing” on page 14-21.

Functional Description

This section describes how the parallel port transfers data. The SYSCTL and
PPCTL registers control the parallel port operating mode. The bits in the
SYSCTL register are listed in Table A-1 on page A-4. Table A-3 on

page A-13 lists all the bits in the PPCTL register.

Multiplexed Operation

A parallel port multiplexed external transaction consists of a combination
of an address cycle (ALE cycle) and a data cycle (a read or write cycle). This
section describes the parallel port operation as it relates to processor tim-

ing. Refer to ADSP-21362/3/4/5/6 SHARC Processor Data Sheet for

detailed timing specifications.

Address Cycles

An ALE cycle is an address latch cycle. It is activated one cycle prior to the
address. In this cycle the RD and WR signals are inactive and ALE is strobed.
The upper 16 bits of the address are driven onto the AD15-0 lines for two
PCLK cycles, and shortly thereafter the ALE pin is strobed, with AD15-0
remaining valid slightly after deassertion to ensure a sufficient hold time
for the external latch. The ALE pin always remains high for 2 x PCLK,
(peripheral clock cycles) irrespective of the data cycle duration values that
are set in the PPCTL register. The parallel port runs at 1/3 the PCLK rate,
and so the ALE cycle is 3 x PCLK. An ALE cycle is inserted whenever the
upper 16 bits of address differs from a previous access, as well as after the
parallel port is enabled.
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The ALE pin is active high by default, but can be set active low via the
PPALEPL bit (bit 13) in the parallel port control (PPCTL) register.

Since ALE polarity is active high by default, systems using parallel
port boot mode must use address latching hardware that can pro-
cess this active high signal. For complete information on using the
parallel port for booting, see “Parallel Port Booting” on

page 14-36.

Data Cycles

In a read cycle, the WR and ALE signals are inactive and the RD signal is
strobed. If the upper 16 bits of the external address have changed, this
cycle is always preceded by an ALE cycle. In 8-bit mode, the lower 8 bits of
the address, A7-0, are driven on the AD15-8 pins, and data is latched from
the AD7-0 pins with the rising edge of RD. In 16-bit mode, address bits are
not driven in the read cycle, the external address is provided entirely by
the external latch, and data is latched from the AD15-0 pins with the rising
edge of RD. Read cycles can be lengthened by configuring the parallel port
data cycle duration bits in the PPCTL register.

In a write cycle, the RD and ALE signals are inactive and the WR signal is
strobed. If the upper 16 bits of the external address have changed, this
cycle is always preceded by an ALE cycle. In 8-bit mode, the lower 8 bits of
the address are driven on the AD15-8 pins and data is driven on the AD7-0
pins. In 16-bit mode, address bits are not driven in the write cycle. The
external address is provided entirely by the external latch, 16-bit data is
driven onto the AD15-0 pins, and data is written to the external device
with the rising edge of the WR signal. Address and data are driven before
the falling edge of WR and deasserted after the rising edge to ensure enough
setup and hold time with respect to the WR signal. Write cycles can be
lengthened by configuring the parallel port data cycle duration bits in the
PPCTL register.

ADSP-2136x SHARC Processor Hardware Reference 4-5
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Data Buffers

The parallel port has two data buffers or FIFOs, one each for reads and
writes. These are explained the following sections.

Read Path

The parallel port has a two stage data FIFO for receiving data (RXPP). In
the first stage, a 32-bit register (PPSI) provides an interface to the external
data pins and packs the 8- or 16-bit input data into 32 bits. Once the
32-bit data is received in PPSI, the data is transferred into the second
32-bit register (RXPP). Once the receive FIFO is full, the chip cannot initi-
ate any more external data transfers. The RXPP register acts as the interface
to the core or I/O processor (for DMA).

Note that the PPTRAN bit must be zero in order to perform an external
read.

The order of 8- to 32-bit data packing is shown in Table 4-2. The first
byte received is 7-0, the second 15-8, and so on. The 16- to 32-bit pack-
ing scheme is shown in the third column of the table.

Table 4-2 does not show ALE cycles; it shows only the order of the data
reads and writes.

Table 4-2. Packing Sequence for 32-bit Data

Transfer AD7-0, 8-bit to 32-bit AD15-0, 16-bit to 32-bit
(8-bit bus, LSW first) (16-bit bus, LSW first)
First Word 1; bits 7-0 Word 1; bits 15-0
Second Word 1; bits 15-8 Word 1; bits 31-16
Third Word 1; bits 23-16
Fourth Word 1; bits 31-24
4-6 ADSP-2136x SHARC Processor Hardware Reference
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Write Path

The parallel port has a two stage data FIFO for transmitting data (TXPP).
The first stage (TXPP) is a 32-bit register that receives data from the inter-
nal memory via the DMA controller or a core write. The data in TXPP is
moved to the second 32-bit register, PPS0. The PPSO register provides an
interface to the external pins. Once a full word is transferred out of PPSO,
TXPP data is moved to PPSO, if TXPP is not empty.

Note that the PPTRAN bit in the PPCTL register must be set to one in order
to enable external writes.

The order of 32- to 8-bit data unpacking is shown in Table 4-3. The first
byte transferred from PPSO is 7-0, the second 15-8, and so on. The 32-bit
to 16-bit unpacking scheme is shown in column three of the table.

Table 4-3 does not show ALE cycles; it shows only the order of the data
reads and writes.

Table 4-3. Unpacking Sequence for 32-bit Data

Transfer AD7-0, 32-bit to 8-bit AD15-0, 32-bit to 16-bit
(8-bit bus, LSW first) (16-bit bus, LSW first)

First Word 1; bits 7-0 Word 1; bits 15-0

Second Word 1; bits 15-8 Word 1; bits 31-16

Third Word 1; bits 23—-16

Fourth Word 1; bits 31-24

Parallel port DMAs may only be performed to 32-bit (normal
word) internal memory.

Operation Modes

The external interface follows the standard asynchronous SRAM access
protocol. The programmable data cycle duration bit (PPDUR) and optional
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bus hold cycle bit (BHC) are provided to interface with memories having
different access time requirements. The data cycle duration is pro-
grammed via the PPDUR bit in the PPCTL register. The hold cycle at the end
of the data cycle is programmed via the PPBHC bit in the PPCTL register.

Disabling the parallel port (PPEN bit is cleared) flushes both parallel
port FIFOs, RXPP, and TXPP.

For standard asynchronous SRAM there are two transfer modes—8-bit
and 16-bit mode. In 8-bit mode, the address range is 0x0 to OxFFFFFF
which is 16M bytes (4M 32-bit words). In 16-bit mode, the address range
is 0x0 to OxFFFF which is a 128K bytes (32K 32-bit words). Although
programs can initiate reads or writes on one and two byte boundaries, the
parallel port always transfers 4 bytes (two 16-bit or four 8-bit words).

8-Bit Mode

An ALE cycle always precedes the first transfer of data after the parallel port
is enabled. During ALE cycles for 8-bit mode, the upper 16 bits of the
external address (A23-8) are driven on the 16-bit parallel port bus (pins
AD15-0). In data cycles (reads and writes), the processor drives the lower 8
bits of address A7-0 on the AD15-8 pins. The 8 bits of external data, 07-0,
that are provided by AD7-0 are sampled/driven on the rising edge of the
RD/WR signal. The processor continues to receive and or send data with the
same ALE cycle until the upper 16 bits of external address differ from the
previous access. For consecutive accesses (parallel port DMA external
address modifier register, EMPP = 1), this address change occurs once every
256 cycles. Figure 4-3 shows the connection diagram for the 8-bit mode.

In 8-bit mode, a maximum of 24 bits of external address are facilitated
through latching the upper 16 bits, A23-8, from AD15-0 into the external
latch during the ALE phase of the cycle. The remaining 8 bits of address
A7-0 are provided through AD15-8 during the second half of the cycle
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when the RD or WR signal is asserted. The AD7-0 bits provides the data
during the same cycle when RD or WR is asserted.

@ Eight-bit mode enables a larger external address range.

ADSP-2136x SRAM
16M X 8
AD[7-0] | > D[7-0]
AD[15-8] | > A[7-0]
LATCH
>(D[7-0
L IR
> | D[15-8] A 75
ALE »|ALE
RD > RD
WR > WR

Figure 4-2. External Transfer—8-bit Mode

16-Bit Mode

In 16-bit mode, the external address range is A15-0 (64K addressable
16-bit words). For a nonzero stride value (EMPP # 0), the transfer of data
occurs in two cycles. In cycle one, the processor performs an ALE cycle,
driving the 16 bits of external address, A15-0, onto the 16-bit parallel port
bus (pins AD15-0), allowing the external latch to hold this address. In the
second cycle, the processor either drives or receives (on a read/write cycle)
the 16 bits of external data (015-0) through the 16-bit parallel port bus
(pins AD15-0). This pattern repeats until the transfer completes.

However, a special case occurs when the external address modifier is zero,
(EMPP = 0). In this case, the external address is latched only once, using the
ALE cycle before the first data transfer. After the address has been latched
externally, the processor continues receiving and sending 16-bit data on
AD15-0 until the transfer completes. This mode can be used with external
FIFOs and high speed A/D and D/A converters and offers the maximum
throughput available on the parallel port (111M byte/sec).
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In 16-bit mode, 16 bits (maximum) of external address are available
through latching the 16 bits of A15-0 from AD15-0 into the external latch
during the ALE phase of the cycle. The AD15-0 bits represent the external
16 bits of data during the second half of the cycle when the RD or UR signal
is asserted.

@ The ALE signal is deasserted one peripheral clock cycle (PCLK) after

the address is driven and one peripheral clock cycle before the
address is received. This provides enough setup and hold time for
the 16-bit address with respect to ALE.

Figure 4-3 shows the connection diagram in 16-bit mode.

ADSP-2136x SRAM
64K X 16
AD[15-0] [ »| D[15-0]
16
| LATCH
a|-A% | Ap5-0]
ALE »|ALE
RD »| RD
WR »| WR

Figure 4-3. External Transfer—16-bit Mode

Parallel Port Registers

The ADSP-2136x processor’s parallel port contains several user-accessible
registers. The parallel port control register, PPCTL, contains control and
status bits and is described below.
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Control Register (PPCTL)

The parallel port control (PPCTL) register is a memory-mapped register and
is used to configure and enable the parallel port system. This register also
contains status information for the Tx/Rx FIFO, the state of DMA, and
for external bus availability. This read/write register is also used to pro-
gram the data cycle duration and to determine the data transfer format.

Table A-3 on page A-13 provides the bit descriptions for the PPCTL

register.

Data Buffer Register (RXPP/TXPP)

Two additional registers, RXPP and TXPP, are used for buffering receive and
transmit data during DMA operations and can be accessed by the core.

Data Transfer Types

There are a number of considerations to make when interfacing to parallel
external devices. This section describes the different ways that the parallel
port can be used to access external devices. Considerations for choosing
between an 8-bit or a 16-bit wide interface are discussed in “8-Bit Versus
16-Bit SRAM Modes” on page 4-22.

External parallel devices can be accessed in two ways, either using
DMA-driven transfers or core-driven transfers. DMA transfers are per-
formed in the background by the I/O processor and are generally used to
move blocks of data. To perform DMA transfers, the address, word-count,
and address modifier are specified for both the source and destination buf-
fers (one internal, one external). Once initiated, (by setting PPEN=1 and
PPDEN=1), the IOP performs the specified transfer in the background with-
out further core interaction. This is the main advantage of DMA transfers
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over core-driven transfers is they allow the core to continue executing code
while sequential data is imported/exported in the background.

Unlike the external port on previous SHARC processors, the
ADSP-2136x core cannot directly access the external parallel bus.
Instead, the core initializes two registers to indicate the external
address and address modifier and then accesses data through inter-
mediate registers.

DMA Transfers

To use the parallel port for DMA programs, start by setting up values in
the DMA parameter registers. The program then writes to the PPCTL regis-
ter to enable PPDEN with all of the necessary settings like cycle duration
value, transfer direction, and so on. While a parallel port DMA is active,
the DMA parameter registers are not writeable. Furthermore, only the
PPEN and DMAEN bits (in the PPCTL register) can be changed. If any other bit
is changed, the parallel port malfunctions. It is recommended that both
the PPDEN and PPEN bits be set and reset together to ensure proper DMA
operation.

DMA Internal Word Count Register (ICPP)

This 16-bit register contains the number of words in internal memory to
be transferred via DMA. There should be a correlation between the ECPP

and ICPP values. In 16-bit mode, the ECPP value should be double that of
1CPP and for 8-bit mode the ECPP value should be four times that of 1CPP.
Also, a DMA chain pointer descriptor where 1CPP = 0 and/or ECPP = 0 is

not allowed. Both of these cases cause the DMA engine to hang.

External Word Count Register (ECPP)

This 24-bit register contains the number of words in external memory to
be transferred via DMA. There should be a correlation between the ECPP
and 1CPP values. In 16-bit mode the ECPP value should be double that of
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1CPP and for 8-bit mode the ECPP value should be four times that of 1CPP.
Also, a DMA chain pointer descriptor where 1CPP = 0 and/or ECPP = 0 is
not allowed. Both of these cases cause the DMA engine to hang.

Before initializing a chain pointer DMA, it is important that
ECPP and ICPP are set to zero.

Chained DMA Transfers

DMA chaining is enabled by setting the PPCHEN (bit 30 in PPCTL register).
When chaining is enabled, the next set of DMA parameters are loaded
from internal memory after the current DMA cycle and new DMA starts.
The index of the start of the memory block is stored in the CPPP register.
DMA parameter values reside in consecutive memory locations as
explained in Table 2-14 on page 2-32. Chaining ends when the CPPP reg-
ister contains address 0x00000 for the next parameter block.

DMA Chain Pointer Register (PPCP)

This 20-bit register contains the internal memory index for the next trans-
fer control block containing the set of DMA parameters (bits 18-0) and
the PCI bit (bit 19). When PCI bit is set, interrupts are generated whenever
the current DMA ends. When this bit is not set, an interrupt is generated
only at the end of a DMA chain. The DMA chain ends when PPCP18-0 are
all zeros.

For more information, see “I'CB Memory Storage” on page 2-22.

Unlike the ADSP-2126x SHARC processors, the ADSP-2136x
does support DMA chaining for parallel port. Before initializing a
chain pointer DMA, it is important that ECPP and ICPP are set to
Zero.
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DMA Transfer Rules

The following are rules that should be followed when using the parallel
port to perform DMA transfers. Note that in all cases, failure to adhere to
these restrictions causes the DMA engine to hang, a loss of data, or other
unpredictable behavior.

A DMA transfer can be interrupted by resetting the PPDEN bit, but
none of the other control settings (except for the PPEN bit) should
be changed. If the parallel port remains enabled, then interrupted
DMA can be resumed by setting the PPDEN bit again.

Resetting the parallel port during a DMA operation is prohibited.
If the parallel port is disabled by resetting the PPEN bit, data in
FIFO is flushed.

Before initializing DMA chaining, it is important that the ECPP and
ICPP registers are zero.

There should be a correlation between the values in the ECPP and
ICPP registers. For example, in 16-bit mode, the value in the ECPP
register should be double that of the value in the 1CPP register. In
8-bit mode, the value in the ECPP register should be four times that
of the value in the ICPP register.

A DMA descriptor where 1CPP = 0 and/or ECPP = 0 is not allowed
and causes the DMA engine to hang.

Do not disable chaining when a chained DMA transfer is in prog-
ress (the PPCHEN bit in the PPCTL register = 0). If attempted, then
programmers should be aware of the consequences and should not
expect a DMA completion interrupt in case of PCI = 0.

Core-Driven Transfers

The following registers must be initialized for core-driven transfers
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DMA external index address register (EIPP). This 24-bit register con-
tains the external memory byte address used for core-driven transfers.

DMA external address modifier register (EMPP). This 2-bit register con-
tains the external memory address modifier. It supports only +1, 0, 1.
After each data cycle, the EIPP register is modified by this value.

When the core accesses either the TXPP or RXPP registers, the parallel port
writes/fetches data to/from the specified external address. The details of
this functionality and the four main techniques to manage each transfer
are detailed in the following sections. In general, core-driven transfers are
most advantageous when performing single-word accesses and/or accesses
to non-sequential addresses.

Non sequential core transfers require the following procedure.
1. Disable the parallel port
2. Check the interface status to ensure the port is idle
3. Write new values to both parameter registers (EIPP and ECPP)
4. Re-enable the parallel port
Core-driven transfers can be managed using four transfer techniques.
1. Interrupt driven
2. Status driven
3. Known duration
4. Core stall

For all four of these methods, the core uses the same basic steps to initiate
the transfer. However, each method uses a different technique to complete
the transfer.
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Interrupt Driven Accesses

With interrupt-driven accesses, parallel port interrupts are generated on a
word-by-word basis, rather than on a block transfer basis, as is the case
with DMA. In this non-DMA mode, the interrupt indicates to the core
that it is now safe to read a word from the RXPP buffer or to write a word
to the TXPP buffer (depending on the value of the PPTRAN bit).

To facilitate this, the PPI (latch) bit of the LIRPTL register is set to one in
every core cycle where the TXPP buffer is not full or, in receive mode, in
every core cycle in which the RXPP buffer has valid data. When fast 16-bit
wide parallel devices are accessed, there may be as few as ten core cycles
between each transfer. Because of this, interrupt-driven transfers are usu-
ally the least efficient method to use for core-driven accesses.
Interrupt-driven transfers are most valuable when parallel port data cycle
durations are very long (allowing the core to do some work between
accesses). Generally, interrupts are the best choice for DMA-driven paral-
lel port transfers rather than core-driven transfers.

Status-Driven Transfers (Polling)

The second method that the core may use to manage parallel port transfers
involves the status bits in PPCTL register, specifically the parallel port bus
status (PPBS) bit. This bit reflects the status of the external address pins
ADO-AD15 and is used to determine when it is safe to disable and modify
the parallel port. The PPBS bit is set to 1 at the start of each transfer and is
cleared once the entire 32-bit word has been transmitted/received.

Known-Duration Accesses

Of the four core-driven data transfer methods, known duration accesses
are the most efficient because they allow the core to execute code while the
transfer to/from the RXPP or TXPP occurs on the external bus. For example,
after the core reads the PPTX register, it takes some number N core cycles
for the parallel port to shift out that data to the memory. During that
time, the core can go on doing other tasks. After N core cycles have
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passed, the parallel port may be disabled and the external address register
updated for another access.

To determine the duration for each access, the designer simply adds the
number of data cycles and the duration of each (measured in CCLK cycles)
along with the number of ALE cycles (which are fixed at three PCLK cycles).
This duration is deterministic and based on two settings in the PPCTL
register—parallel port data cycle duration (PPDUR) and bus hold cycle
enable (PPBHC).

Please refer to “Functional Description” on page 4-4 for further explana-
tion of the parallel port bus cycles, but in summary, programs can use the
following values.

* Each ALE cycle is fixed at three PCLK cycles, regardless of the PPDUR
or PPBHC settings.

* Each data cycle is the setting in the PPDUR register (+1 if PPBHC = 1)

For example, in 8-bit mode, a single word transfer is comprised of one ALE
cycle and four data cycles. If PPDUR3 is used (the fastest case) and

PPBHC = 0, this transfer completes in:

(1 ALE cycle x 3 PCLK) + (4 data cycles x 3 PCLK) = 15 PCLK cycles = 30 CCLK
cycles per 32-bit word. This means that 30 instructions after data is writ-
ten to TXPP or read from RXPP, the parallel port has finished
writing/fetching that data externally, and the parallel port may be dis-
abled. This case is shown in Listing 4-1 on page 4-26.

Core-Stall Driven Transfers

The final method of managing parallel port transfers simply relies on the
fact that the core stalls execution when reading from an empty receive buf-
fer and when writing to a full transmit buffer. This technique can only be
used for accesses to sequential addresses in external memory. For sequen-
tial external addresses, the parallel port does not need to be disabled after
each word in order to manually update the EIPP register. Instead, the
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external address that is automatically incremented by the modifier (EMPP)
register on each access is used.

The following are guidelines that programs must follow when the proces-
sor core accesses parallel port registers.

While a DMA transfer is active, the core may only write the PPEN
and PPDEN bits of PPCTL. Accessing any of the DMA parameter reg-
isters or other bits in PPCTL during an active transfer will cause the
parallel port to malfunction.

Core reads of the FIFO register during a DMA operation are
allowed but do not affect the status of the FIFO.

If PPEN is cleared while a transfer is underway (whether core or
DMA driven), the current external bus cycle (ALE cycle or data
cycle) completes but no further external bus cycles occur. Disabling
the parallel port clears the data in the RXPP and TXPP registers.

Core reads and writes to the TXPP and RXPP registers update the sta-
tus of the FIFO when DMA is not active. This happens even when
the parallel port is disabled.

For core-driven transfers over the parallel port, the ITPP, IMPP,
ICPP, and ECPP registers are not used. Only the EIPP and EMPP regis-
ters need to be initialized before accessing the TXPP or RXPP buffers.

To change any access related control bits in the PPCTL register, first
disable the parallel port by clearing the PPEN bit in the PPCTL regis-
ter, then read the PPBS bit in the PPCTL register to check if the
external interface of parallel port is an idle state, and finally write
to the PPCTL register with the new control settings.
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Interrupts

The parallel port has one interrupt signal (PPI) which is generated for all
core or DMA related operations.

DMA Interrupts

When DMA is enabled, the maskable interrupt PPT occurs when the DMA
block transfer has completed (when the DMA internal word count register
ICPP decrements to zero).

When DMA chaining is enabled and the PCI bit is set in the CPPP register,
interrupts are generated whenever the current DMA ends. If this bit is not
set, then the interrupt is generated only at the end of the DMA chain. The
DMA chain ends when CPPP18-0 are all zeros.

Core Interrupts

When DMA is disabled, the maskable interrupt is latched in every cycle
the receive buffer is not empty or the transmit buffer is not full.

Throughput

As described in “Functional Description”, each 32-bit word transferred
through the parallel port takes a specific period of time to complete. This
throughput depends on a number of factors, namely parallel port speed,
memory width (8 bits or 16 bits), and memory access constraints (occur-
rence of ALE cycles at page boundaries, duration of data cycles, and/or
addition of hold time cycles).

The maximum parallel port speed is one-third (1/3) of the peripheral
clock. The relationship between core clock and parallel port speed is static.
For a 333 MHz core clock, the peripheral clock is 166.5 MHz, and the
parallel port runs at 55 MHz. Since there is no parallel port clock signal, it

ADSP-2136x SHARC Processor Hardware Reference 4-19
for the ADSP-21362/3/4/5/6 Processors



Throughput

is easiest to think of parallel port throughput in terms of peripheral clock
cycles:

(333 MHz/2)/3 = 55.5 MBytes/sec

As described in “Functional Description” on page 4-4, parallel port
accesses require both ALE cycles to latch the external address and addi-
tional data cycles to transmit or receive data. Therefore, the throughput
on the parallel port is determined by the duration and number of these
cycles per word. The duration of each type of cycle is shown below and the
frequency is determined by the external memory width.

There is one case where the frequency is also determined by the
external address modifier register (EMPP).

e All ALE cycles are fixed at three peripheral clock cycles (PCLK) and
are not affected by the PPDUR or BHC bit settings. In this case, the
ALE signal is high for two peripheral clock cycles. The address for
the ALE is set up one-half (1/2) peripheral clock cycle before ALE
goes HIGH (active) and remains on the bus one-half (1/2) cycle
after ALE goes LOW (inactive). Therefore, the total ALE cycles on
the bus are 1/2 + 2 + 1/2 = 3 PCLK cycles. Please refer to
ADSP-21362/3/4/5/6 SHARC Processor Data Sheet for more precise

timing characteristics.

* Data cycle duration is programmable with a range of 3 to 32 PCLK
cycles. They may range from 4 to 33 cycles if the BHC bit is set (=1)

The following sections show examples of transfers that demonstrate the
expected throughput for a given set of parameters. Each word transfer
sequence is made up of a number of data cycles and potentially one addi-
tional ALE cycle.
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8-Bit Access

In 8-bit mode, the first data-access (whether a read or a write) always con-
sists of one ALE cycle followed by four data cycles. As long as the upper 16
bits of address do not change, each subsequent transfer consists of four
data cycles. The ALE cycle is inserted only when the parallel port address
crosses an 8-bit boundary page, in other words, after every 256 bytes that
are transferred.

For example, assume PPDUR3, BHC = 0, and the parallel port is in 8-bit
mode. The first byte on a new page takes six peripheral clock cycles (three
for the ALE cycle and three for the data cycle), and the next sequential 255
bytes consume three peripheral clock cycles each. Therefore, the average
data rate for a 256 byte page is:

(3 PCLK x 255 + 6 PCLK x 1)/256 = 3 PLCK/byte
For a 333 MHz core, this results in:

(166 MHz PcLK) x (1 byte/3 PCLK) = 55.3M Bytes/sec

There should be a correlation between the ECPP and ICPP register values.
In 8-bit mode, the ECPP value should be four times that of 1CPP.

16-Bit Access

In 16-bit mode, every word transfer consists of two ALE cycles and two
data cycles. Therefore, for every 32-bit word transferred, at least six PCLK
cycles are needed to transfer the data plus an additional six PCLK cycles for
the two ALE cycles, for a total of 12 PCLK cycles per 32-bit transfer (four
bytes). For a 333 MHz core clock, this results in a maximum sustained
data rate device of:

166 MHz/3 = 55.5M Bytes/sec
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There is a specific case which allows this maximum rate to be exceeded. If
the external address modifier (EMPP) is set to a stride of zero, then only one
ALE cycle is needed at the very start of the transfer. Subsequent words,
essentially written to the same address, do not require any ALE cycles, and
every parallel port cycle may be a 16-bit data cycle. In this case, the
throughput is nearly doubled (except for the very first ALE cycle) to over
111M bytes per second. This mode is particularly useful for interfacing to
FPGA’s or other memory-mapped peripherals such as DAC/ADC

converters.

There should be a correlation between the ECPP and ICPP register values.
In 16-bit mode, the ECPP value should be double that of 1CPP.

8-Bit Versus 16-Bit SRAM Modes

When considering whether to employ the 16- or 8-bit mode in a particu-
lar design, a few key points should be considered.

* The 8-bit mode provides a 24-bit address, and therefore can access
16M bytes of external memory. By contrast, the 16-bit mode can
only address 64K x 16 bit words, which is equivalent to 128K
bytes. Therefore, the 8-bit mode provides 128 times more storage
capacity then the 16-bit mode.

* For sequential accesses, the 8-bit mode requires only one ALE cycle
per 256 bytes. With minimum wait states selected, this represents a
worst case overhead of:

(1 ALE cycle)/(256 accesses + 1 ALE) x 100% = 0.39% overhead for
ALE cycles. In contrast, the 16-bit mode requires one ALE cycle per
external sequential access. Regardless of length (N), this represents
a worst case overhead of:

(N ALE cycles)/(N accesses + N ALE cycles) x 100% = 50% overhead
for ALE cycles. However, the 16-bit mode delivers two bytes per
cycle. Therefore, the total data transfer speed for sequential
accesses is nearly identical for both 8-bit and 16-bit modes.
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It seems that since the total transfer rates are the same for both 8-bit and
16-bit modes, and the 8-bit mode can also address 128 times as much
external memory, 8-bit mode would always be preferred. However, the
following should be considered.

* Some external devices are only capable of interfacing to a 16-bit
bus.

*  When the DMA external modifier is set to zero, (EMPP = 0), the
address does not change after the first cycle, therefore an ALE cycle
is only inserted on the first cycle. In this case, the 16-bit port can
run twice as fast as the 8-bit port, as the overhead for ALE cycles is
zero. This is convenient when interfacing to high speed 16-bit
FIFO-based devices, including A/D and D/A converters.

* In situations where a majority of address accesses are non-sequen-
tial and cross 256 byte boundaries, the overhead of the ALE cycles
in the 8-bit mode approaches 20%!. In this particular situation,
the 16-bit memory can provide a 40% speed advantage over the
8-bit mode.

Parallel Port Effect Latency

The PPCTL register has a two-cycle effect latency. This means that if pro-
grams write to this register in cycle N, the new settings are not in effect

until cycle N + 2. Avoid sampling PPBS until at least two cycles after the
PPEN bit in PPCTL is set.

For read operations (PPTRAN=0), two core clock cycles after PPEN is set
(=1), the parallel port fetches two 32-bit data words from the external byte
address indicated by EIPP. Subsequently, additional data is fetched only
when the core reads (empties) RXPP.

! This can be realized by recalling that four bytes must be packed/unpacked into a single 32-bit word.
For example when a 32-bit word is written/read, there is a single ALE cycle inserted per four consecu-
tive addresses. This results in: (N/4 ALE cycles)/(N accesses + N/4 ALE cycles) x 100% = 20%.
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Programming Model

The following sections provide information for setting up and using the

parallel port.

Configuring the Parallel Port for DMA

Use the following steps to configure the parallel port for a standard DMA

transfer.

1. Set (or reset) the PPTRAN bit in the PPCTL register. Depending on
whether the operation is write or read, ensure that FIFO is empty
and the external interface is idle by reading the status of the PPS
and PPBS bits respectively.

2. Initialize the 11PP, IMPP, ICPP, EIPP, EMPP and ECPP registers with
the appropriate values, keeping PPDEN and PPEN disabled.

3. With all other controls set in the PPCTL register, enable the PPEN
and PPDEN bits.

Configuring a Chained DMA

Use the following steps to configure the parallel port for a chained DMA

transfer.

1. Before initializing DMA chaining, clear the ECPP and ICPP registers
to zero

2. Set (or reset) the PPTRAN bit. Depending on whether the operation
is write or read, ensure that the FIFO is empty and that the exter-
nal interface is idle by reading the status of the PPS and PPBS bits
respectively.
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3. Initialize the CPPP register with the address of the next transfer con-
trol block. Set the PCI bit if the interrupt is needed at the end of
each DMA block transfer.

4. Set the PPCTL register with all the required controls and enable the
PPEN, PPDEN and PPCHEN bits. Once DMA chaining is enabled, the
DMA engine fetches the 11PP, IMPP, ICPP, EIPP, EMPP and ECPP
register values from the memory address specified in the CPPP
register. Once the DMA descriptors are fetched, normal DMA exe-
cution starts and continues until the CPPP register contains all
zeros.

Configuring the Parallel Port for Core Access

The following steps provide the basic procedure for setting up and initiat-
ing a data transfer using the core.

1. Before initializing or modifying any of the parallel port parameter
registers such as EIPP and EMPP, the parallel port must first be dis-
abled (bit 0, PPEN, of the PPCTL register must be cleared). Only
when PPEN=0, may those registers be modified and the port then
re-enabled. This sequence is most often used to perform
non-sequential, external transfers, such as when accessing taps in a
delay line.

2. Write the external byte address to the EIPP register and the external
address modifier to the EMPP register. For core-driven transfers, the
ECPP, IIPP, IMPP, and ICPP registers are not used. Although these
registers are automatically updated by the parallel port (the ECPP
register decrements for example), they may be left un initialized
without consequence.

3. Initialize the PPCTL register with the appropriate settings. These
include the parallel port data cycle duration (PPDUR) and whether
the transfer is a receive or transmit operation (PPTRAN). For
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core-driven transfers, be sure to clear the DMA enable bit, PPDEN.
In this same write to PPCTL, the port may also be enabled by setting
bit 0, PPEN, to 1.

When enabling the parallel port (setting PPEN=1), the external bus activity
varies, depending on the direction of data transfer (receive or transmit).
For transmit operations (PPTRAN=1), the parallel port does not perform
any external accesses until valid data is written to the TXPP register by the
core.

Programming Examples

The program shown in Listing 4-1 performs a chained DMA.
Listing 4-1. Parallel Port Chained DMA

#finclude <def21364.h>
#finclude <sru21364.h>
f#include <SRU.h>
ffdefine N 5

.section/pm seg_rth;
nop; nop; nop; nop;
nop; jump start; rti; rti;

/* PP interrupt service routine at Tocation 0x00090050 */
.section/pm seg_pp;

jump disr; rti; rti; rti;

/* Enable PP interrupt - By default PPI interrupt is mapped to
P9 interrupt */

bit clr Tirptl P9I;

bit set model IRPTEN;

bit set Tirptl P9IMSK;
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/* Register used for comparison with the flag value in the ISR*/
rl5 = 0x1;

ro = 0x0;
dm(PPCTL) = r0;
ro = 0x0;
dm(ECPP) = r0;
dm(ICPP) = roO;

r0 = tx_tchb + 6;

dm(CPPP) = r0;

rO = PPEN | PPDUR20 | PPDEN | PPTRAN | PPCHEN | PPBHC;
dm(PPCTL) = rO0;

nop;
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5 DIGITAL APPLICATION
INTERFACE

The digital application interface (DAI) is comprised of a groups of periph-
erals and its respective signal routing unit (SRU). The inputs and outputs
of the peripherals are not directly connected to external pins. Rather, the
SRUs connect the peripherals to a set of pins and to each other, based on a
set of configuration registers. This allows the peripherals to be intercon-
nected to suit a wide variety of systems. It also allows the ADSP-2136x
SHARC processors to include an arbitrary number and variety of periph-

erals while retaining high levels of compatibility without increasing pin
count.

Features

The DAI incorporates a set of peripherals and a very flexible routing (con-
nection) system permitting a large combination of signal flows as shown in
Figure 5-1 on page 5-4. A set of DAI-specific registers make such design,
connectivity, and functionality variations possible. All routing related to
peripheral states for the DAI interface is specified using DAI registers. For
more information on pin states, refer to “I/O Pin Buffers” on page 5-7.

Table 5-1. Routing Unit Feature Summary

Feature DAI
Pin Buffers
Number 20
Input Yes
Output Yes
ADSP-2136x SHARC Processor Hardware Reference 5-1
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Table 5-1. Routing Unit Feature Summary (Cont’d)

Feature DAI
Open-drain Yes
Three-state Yes
High Impedance Yes
Programmable Pull-up Yes

1/0 Level Status Register Yes
Interrupts

Interrupt Source Core (DAILI or DAIHI)
Total Channels 32
Miscellaneous I/O channels 10
Peripheral Channels 22
Clock Operation PCLK/2

The DAI may be used to connect combinations of inputs to combinations

of outputs. This function is performed by the SRU via memory-mapped
control registers.

This virtual connectivity design offers a number of distinct advantages:
e Flexibility
* Increased numbers and kinds of configurations
* Connections can be made via software—no hard wiring is required

@ Inputs may only be connected to outputs.

Functional Description

Figure 5-1 shows how the DAI pin buffers are connected via the SRU.
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The DAI is comprised of four primary blocks:
* DPeripherals (A/B/C) associated with the DAI
* A Signal Routing Unit (SRU)
e DAI I/O pin buffers
* Miscellaneous buffers

The peripherals shown in Figure 5-1 can have up to three connections (if
master or slave capable); one acts as signal input, one as signal output and
the third as an output enable. The SRUs are based on a group of multi-
plexers which are controlled by registers to establish the desired
interconnects.

The miscellaneous buffers have an input and output and are used for
group interconnection.
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SRU
PERIPHERAL ]
A ] T -
-t ——
; OFF
INTERNAL ) DAI CHIP
NODE b PINBUFFER +———»

ROUTING

ON
CHIP

MISCELLANEOUS

BUFFER
—

Figure 5-1. DAI Functional Block Diagram

Note that Figure 5-1 is a simplified representation of a DAI system. In a
real representation, the SRU and DAI would show several types of data
being routed from several sources including the following.

e Serial ports (SPORTS)
* DPrecision clock generators (PCG)

* Input data port (IDP)
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* Asynchronous sample rate converters (SRC)
e S/PDIF transmitter
e S/PDIF receiver

e DAI Interrupts (miscellaneous)

Signal Naming Conventions

Each peripheral associated with the DAI does not have any dedicated 1/0
pins for off-chip communication. Instead, the I/O pin is only accessible in
the chip internally and is known as an internal node. Every internal node
of a DAI peripheral (input or output) is given a unique mnemonic. The
convention is to begin the name with an identifier for the peripheral that
the signal is coming to/from followed by the signal’s function. A number
is included if the DAI contains more than one peripheral type (for exam-
ple, serial ports), or if the peripheral has more than one signal that
performs this function (for example, IDP channels). The mnemonic
always ends with _I if the signal is an input, or with _O if the signal is an
output (Figure 5-2).

SIGNAL’S
FUNCTION

\
SPORTO0_CLK_O

} }

PERIPHERAL DIRECTION
RELATIVE

TO SIGNAL’S

PERIPHERAL

Figure 5-2. Example SRU Mnemonic
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DAI Peripherals

All peripherals within the DAI that have bidirectional pins that generate a
corresponding pin enable signal. Typically, the settings within a periph-
eral’s control registers determine if a bidirectional pin is an input or an
output, and is then driven accordingly. Both the peripheral control regis-
ters and the configuration of the SRU can effect the direction of signal
flow in a pin buffer.

For example, from an external perspective, when a SPORT is completely
routed off-chip, it uses four pins—clock, frame sync, data channel A, and
data channel B. Because all four of these pins comprise the interface that
the SPORT presents to the SRU, there are a total of 12 connections as
shown in Figure 5-3.

SPORT0_CLK | Q) <«—
SPORT0_CLK_0 Q —»
SPORTO0_CLK_PBEN_O0 Q —»
SPORTO_FS_I Q) «—
SPORT0_FS_0 Q —»
SPORTO_FS_PBEN_O Q —» Interface
SPORT0_DA_IQ <-— o SRY
SPORT0_DA_O0 Q —»
SPORT0_DA_PBEN_O Q —»
SPORT0_DB_IQ <«—
SPORT0_DB_0 O —»
—

SPORTO0_DB_PBEN_O

J

Figure 5-3. SRU Connections for SPORT0

5-6
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For each bidirectional line, the SPORT provides three separate signals.
For example, a SPORT clock has three separate SRU connections (instead
of one physical pin):

* input clock to the SPORT (SPORTx_CLK_I)
* output clock of the SPORT (SPORTx_CLK_0)
* output enable clock of the SPORT (SPORTx_CLK_PBEN_0)

For example, if a SPORT’s MSTR bit is set in the SPCTLx register, the
SPORTX_CLK_0 and SPORTx_CLK_PBEN signals are automatically driven. If
the MSTR bit is cleared in the SPCTLx register (slave operation), the SPORTx-
_CLK_0 and SPORTx_CLK_PBEN signals are automatically disabled and the
SPORTx_CLK_I signal expects an external clock.

Note that the input and output signal pair is never used
simultaneously.

The pin enable signal dictates which of the two SPORT lines appear at the
DAI pin at any given time. By connecting all three signals through the
SRU, the standard SPORT configuration registers behave as documented
in “Serial Ports” in Chapter 6, Serial Ports. The SRU then becomes trans-
parent to the peripheral. Figure 5-3 demonstrates SPORTO properly
routed to DAI pins one through four; although it can be equally well
routed to any of the 20 DAI pins.

I/O Pin Buffers

Within the context of the SRU, physical connections to the DAI pins are
replaced by a logical interface known as a pin buffer. This is a three termi-
nal active device capable of sourcing/sinking output current when its
driver is enabled, and passing external input signals when disabled. Each
pin has a pin input, output, and enable as shown in Figure 5-4. The
inputs and the outputs are defined with respect to the pin, similar to a
peripheral device. This is consistent with the SRU naming convention.
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The notation for pin input and output connections can be quite confusing
at first because, in a typical system, a pin is simply a wire that connects to
a device. The manner in which the pins are routed within the SRU
requires additional nomenclature. The pin interface’s input may be
thought of as the input to a buffer amplifier that can drive a load on the
physical external lead. The pin interface enable is the input signal that
enables the output of the buffer by turning it on when its value is logic
high, and turning it off when its value is logic low.

When the pin enable is asserted, the pin output is logically equal to pin
input, and the pin is driven. When the pin enable is deasserted, the output
of the buffer amplifier becomes high impedance. In this situation, an
external device may drive a level onto the line, and the pin is used as an
input to the ADSP-2136x processor.

l DAI_PBxx_O
[ <-—

External DAI

PIN
DAI_PB 1
Interface < C _PBXX ——O pin buffer

to SRU — N BUFFER our

ENABLE

§ PBENxx_I
—>

Figure 5-4. Pin Buffer Example

Pin Buffers as Signal Output

In a typical embedded system, most pins are designated as either inputs or
outputs when the circuit is designed, even though they may have the abil-
ity to be used in either direction. Each of the DAI pins can be used as
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either an output or an input. Although the direction of a DAI pin is set
simply by writing to a memory-mapped register, most often the pin’s
direction is dictated by the designated use of that pin. For example, if the
DAI pin were to be hard wired to only the input of another intercon-
nected circuit, it would not make sense for the corresponding pin buffer to
be configured as an input. Input pins are commonly tied to logic high or
logic low to set the input to a fixed value. Similarly, setting the direction
of a DAI pin at system startup by tying the pin buffer enable to a fixed
value (either logic high or logic low) is often the simplest and cleanest way

to configure the SRU.

When the DAI pin is to be used only as an output, connect the corre-
sponding pin buffer enable to logic high as shown in Figure 5-5. This
enables the buffer amplifier to operate as a current source and to drive the
value present at the pin buffer input onto the DAI pin and off-chip. When
the pin buffer enable (PBENxx_1) is set (= 1), the pin buffer output
(PBxx_0) is the same signal as the pin buffer input (PBxx_I), and this signal
is driven as an output.

PIN BUFFER

OUTPUT l DAI_PBxx_O
=
PIN BUFFER PIN BN BUFFER
INTERFACE INPUT DAL PBxx_| BUFFER
TO SRU O P IN out C _
PIN
ENABLI
VppExT
T L PBENxx_I
PIN BUFFER T
ENABLE
(= HIGH)
Figure 5-5. Pin Buffer as Output
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Pin Buffers as Signal Input

INTERFACE ~ (NOTUSED) | 1y ppyy ~ BUFFER
4

When the DAI pin is to be used only as an input, connect the correspond-
ing pin buffer enable to logic low as shown in Figure 5-6. This disables the
buffer amplifier and allows an off-chip source to drive the value present on
the DAI pin and at the pin buffer output. When the pin buffer enable
(PBENxx_I) is cleared (= 0), the pin buffer output (PBxx_0) is the signal
driven onto the DAI pin by an external source, and the pin buffer input
(PBxx_1I) is not used.

Although not strictly necessary, it is reccommended programming
practice to tie the pin buffer input to logic low whenever the pin

buffer enable is tied to logic low (Figure 5-6 and Figure 5-7).

By default, some pin buffer enables are connected to SPORT pin enable
signals that may change value. Tying the pin buffer input low decouples
the line from irrelevant signals and can make code simpler to debug. It
also ensures that no voltage is driven by the pin if a bug in your code acci-
dentally asserts the pin enable.

PIN BUFFER
OUTPUT

¢

l DAI_PBxx_O

PIN BUFFER
INPUT PIN EXTERNAL DAI

PIN BUFFER

TO SRU C out >
PIN
ENABL

PIN BUFFER
ENABLE

=Low) | peENxx_I

Figure 5-6. Pin Buffer as Input
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Programmable Pull-Up Resistors

The pin buffer allows systems to attach a pull-up connected to the pad
(high impedance) or disconnected (three state). This is controlled through
the DAT_PULLUP register.

Pin Buffers as Open Drain

For peripherals like the SPI (multi processing), the bus protocol requires

the pin drivers to work in open drain mode (Figure 5-7) for transmit and
receive operation where the signal input of the assigned pin buffer is tied
low. The peripheral’s data output signal is connected to the PBEN signal. In
open drain mode, if PBEN = low, the level on the pin depends on the bus

activities. If PBEN = high, the driver is conducting (input always low level)
and ties the bus to low level.

PIN BUFFER

OUTPUT l DAI_PBxx_O
PN T ER PIN EXTERNAL DA
INTERFACE (TIED LOW) DAl PBxx | BUFFER ' PIN BUFFER
TO SRU O—— = IN ouT O
PIN
ENABLE
PIN BUFFER
ENABLE PBENXxx_|
SPIB_MOSI_PBEN_O T
Figure 5-7. Pin Buffer as Open Drain
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Miscellaneous Buffers

The miscellaneous buffers are used to interconnect signals from different
routing groups. These buffers are similar to the DAI pin buffers with three
basic differences.

1. Only for internal connections, no pin buffer enable required

2. MISCxx_0 output always feeds DAI interrupt latch register and
Group F (PBENX_I)

3. MISCxx_I input sources collected from different groups

The miscellaneous buffers act as intermediate buffer connections between
the peripheral’s source node and the pin buffer enable destination node.
This allows for routing that is not possible among a single group.

The miscellaneous buffer allows interconnects which are not sup-

ported within a single DAI routing group.

OUTPUT
PBEN_I

INPUT

MISCxx_O

MISCxx_I

IN

MISC.
BUFFER

Figure 5-8. Miscellaneous Buffer

Signal Routing Matrix by Groups

out

DAI
INTERRUPT LATCH

The SRU can be compared to a set of patch bays, which contains a bank of
inputs and a bank of outputs. For each input, there is a set of permissible
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output options. Outputs can feed to any number of inputs in parallel, but
every input must be patched to exactly one valid output source. Together,
the set of inputs and outputs are called a group. The signal’s inputs and
outputs that comprise each group all serve similar purposes. They are
compatible such that almost any output-to-input patch makes functional
sense. With the grouping, the multiplexing scheme becomes highly effi-
cient since it wouldn’t make sense to route a frame sync signal to a data

signal.

The SRU for the DAI contains six groups that are named sequentially A
through F. Each group routes a unique set of signals with a specific pur-
pose as shown below.

Group A routes clock signals

Group B routes serial data signals
Group C routes frame sync signals
Group D routes pin signals

Group E routes miscellaneous signals

Group F routes pin output enable signals

Together, the SRU’s six groups include all of the inputs and outputs of the
DALI peripherals, a number of additional signals from the core, and all of
the connections to the DAI pins.

DAI Group Routing

Each group has a unique encoding for its associated output signals and a
set of configuration registers. For example, DAI group A is used to route
clock signals. The memory-mapped registers, SRU_CLKx, contain bit fields
corresponding to the clock inputs of various peripherals. The values writ-
ten to these bit fields specify a signal source that is an output from another
peripheral. All of the possible encodings represent sources that are clock
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signals (or at least could be clock signals in some systems). Figure 5-9
shows the input signals that are controlled by the group A register, SRU_-
CLKx. All bit fields in the SRU configuration registers correspond to
inputs. The value written to the bit field specifies the signal source. This
value is also an output from some other component within the SRU.

The SRU is similar to a set of patch bays. Each bay routes a distinct set of
outputs to compatible inputs. These connections are implemented as a set
of memory-mapped registers with a bit field for each input. The outputs
are implemented as a set of bit encodings. Conceptually, a patch cord is
used to connect an output to an input. In the SRU, a bit pattern that is
associated with a signal output (shown as item 1 in Figure 5-9) is written
to a bit field corresponding to a signal input.

The same encoding can be written to any number of bit fields in the same
group. It is not possible to run out of patch points for an output signal.

Just as group A routes clock signals, each of the other groups route a col-
lection of compatible signals. Group B routes serial data streams while
group C routes frame sync signals. Group D routes signals to pins so that
they may be driven off-chip. Note that all of the groups have an encoding
that allows a signal to flow from a pin output to the input being specified
by the bit field, but group D is required to route a signal to the pin input.
Group F routes signals to the pin enables, and the value of these signals
determines if a DAI pin is used as an output or an input. These groups are
described in more detail in the following sections.
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Figure 5-
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Rules for SRU Connections

There are two rules which apply to all routing:
1. Each input must connect to exactly one output
2. An output can feed any number of inputs
As an example:
* SPORTO_CLK_O is routed to SPORT1_CLK_I
® SPORTO_CLK_O is routed to SPORT2_CLK_I
® SPORTO_CLK_O is routed to SPORT3_CLK_I

@ Inputs may only be connected to outputs.

Making SRU Connections

In this section, three types of SRU routing are demonstrated.

In the first example, the SRU interconnects peripheral nodes internally
(among a register group), as in SPORT1_CLK_0 is routed to SPORTO_CLK_I to
build an internal feedback. Note this junction does not affect the DAI pin
buffers.

The second example uses the DAI pin buffer for signaling the clock
off-chip, additionally a feedback to another SPORT peripheral is created
within a DAI pin buffer. In this case, the same above example can be
shown as:

SPORT1_CLK_O is routed to DAI_PB04_I
DAI_PBO4_0 is routed to SPORTO_CLK_I
SPORT1_CLK_PBEN_O is routed to PBEN04_1I
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This example requires three routs since the DAI pin buffer needs to be
enabled. If it is not, the feedback junction is not effective.

Note that it is not possible to connect a signal in one group directly
to a signal in a different group (analogous to wiring from one patch
bay to another). However, group D is largely devoted to routing in
this vein.

The third example routs a junction between 2 DAI pin buffers. Pin buffer
1 is an input and pin buffer 2 is an output. The routing is:

low level routed to DAI_PBO1_1I
low level routed to DAI_PBENQ1_I
DAI_PB01_0 routed to DAI_PB02_I
high level routed to DAT_PBEN02_I

This example can be enhanced with a condition with only a junction
between both buffers if, for example, peripheral timer 0 has expired. In
this case high level is routed to DAI_PBEN02_I changes to:

TIMERO_O routed to DAI_PBEN02_I
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Example 1

SPORTO_CLK_I
O=
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o

SPORT1_CLK_PBEN_O

Example 2
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Figure 5-10. SRU Connection to SPORTs (Example 1 and 2)
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Example 3
B *{ DAL_PB01_O
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Figure 5-11. SRU Connection to SPORTs (Example 3 and 4)
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Routing Capabilities

Table 5-1 provides an overview about the different routing capabilities for
the DAI unit. The DAI groups allow routing of specific signals like clocks,

data, frame syncs.

Table 5-2. DAI Routing Capabilities

DAI Group |Input (xxxx_I) Output (xxxx_0O)

A—Clocks SPORT5-0 SPORT5-0 DAI Pin Buffer
SRC3-0 PCG AB 20-1
IDP7-0 S/PDIF RX (CLK, TDM | Logic level high
PCG AB (Ext CLK, Ext. Sync) CLK) Logic level low

S/PDIF TX (HFCLK, Ext. Sync)
S/PDIF RX (Ext. CLK)

SPIB
B—Data SPORT5-0AB SPORT5-0AB
SRC5-0 SRC 3-0
1IDP5-0 S/PDIF RX
S/PDIF TX (data)
C—Frame SPORT5-0 SPORT5-0
Sync SRC3-0 PCG AB
IDP7-0 S/PDIF TX (data)
S/PDIF RX
D-Pin Buf- | DAI Pin Buffer Input SPORT5-0AB (data)
fer Inputs DAI Pin Buffer 19 Inversion SPORT5-0 (CLK, ES)
DAI Pin Buffer 20 Inversion TIMER2-0

S/PDIF RX (CLK, TDM
CLK, FS, data)

S/PDIF TX (data)
S/PDIF RX (Ext. CLK)
SPIB (CLK, data, CS)
PDAP output strobe
PCG AB (CLK, ES)
SRC3-0 (data)
FLAG15-10
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Table 5-2. DAI Routing Capabilities (Cont'd)

DAI Group |Input (xxxx_I) Output (xxxx_0O)

E- DAI Interrupt 31-22 TIMER2-0 DAI Pin Buffer

Miscella- FLAG15-10 PDAP output strobe 20-1

neous Sig- TIMER2-0 PCG AB (CLK, FS) Logic level high

nals SPIB (control, data) S/PDIF TX (block start) Logic level low
MISCA5-0

MISCA4 Input Inversion
MISCAS Input Inversion

F—Pin Buffer | DAI Pin Buffer Enable 20-1 SPORT5-0 AB (data) Logic level high
SPORT5-0 (CLK, ES) Logic level low
TIMER2-0
FLAG15-10

SPIB (control, data, CS)
MISCA5-0

Default Routing

When the processor comes out of reset, the SPORT junctions are bidirec-
tional to the DAI pin buffers (Figure 5-12). This allows systems to use the
SPORTS as either master or slave (without changing the routing scheme).
Therefore, programs only need to use the SPORT control register settings
to configure master or slave operation. Note that all DAI inputs which are
not routed by default are tied to signal low.

Note that the default routing for the ADSP-2136x processors is
different from previous SHARC families.
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Figure 5-12. DAI Default Routing
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SPORT2_DA | SPORT4_DA |
DAI DAI
SPORT2_DA_O > Pin09 SPORT4_DA_O > Pin15
PBEN_O PBEN_O
SPORT2_DB_| SPORT4_DB_|
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. . s
Figure 5-13. DAI Default Routing (con’t)
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Interrupt Controller

The DAI contains a dedicated interrupt controller that signals the core
when DAI peripheral events occur.

System versus Exception Interrupts

Generally, interrupts are classified as system or exception. Exception
events include any hardware interrupts (for example, resets) and emula-
tion interrupts, math exceptions, and illegal accesses to memory that does
not exist.

Programs can manage responses to signals by configuring registers. In a
sample audio application, for example, upon detection of a change of pro-
tocol, the output can be muted. This change of output and the resulting
behavior (causing the sound to be muted) results in an alert signal (an
interrupt) being introduced in response (if the detection of a protocol
change is a high priority interrupt).

Exception events are treated as high priority events. In comparison, system
interrupts are “deterministic’—specific events emanating from a source
(the causes), the result of which is the generation of an interrupt. The
expiration of a timer can generate an interrupt, a signal that a serial port
has received data that must be processed, a signal that an SPI has either
transmitted or received data, and other software interrupts like the inser-
tion of a trap that causes a breakpoint—all are conditions that tell the core
that an event has occurred.

Since DAI specific events generally occur infrequently, the DAI interrupt
controller classifies such interrupts as either high or low priority inter-
rupts. Within these broad categories, programs can indicate which
interrupts are high and which are classified as low.
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Functional Description

There are several registers in the DAI interrupt controller that can be con-
figured to control how the DAI interrupts are reported to and serviced by
the core’s interrupt controller.

The DAI contains its own interrupt controller that indicates to the core
when DAI audio peripheral related events have occurred. Since audio
events generally occur infrequently relative to the SHARC processor core,
the DAI interrupt controller reduces all of its interrupts onto two inter-
rupt signals within the core’s primary interrupt systems.

Among other options, each DAI interrupt can be mapped either as a high
or low priority interrupt in the primary interrupt controller. Certain DAI
interrupts can be triggered on either the rising or the falling edge of the
signals, and each DAI interrupt can also be independently masked.

Interrupt Channels
The DAI can handle up to 32 interrupts as shown below.
e 8 x IDP DMA channels (input data port)
e 2 xIDP FIFO status (input data port)
* 10 x miscellaneous interrupts (S/PDIF Tx, FLAGs)
* 8 x S/PDIF receiver status

* 4 x SRC (sample rate converter)

Interrupt Priorities

As described above, the DAI interrupt controller registers provide 32 inde-
pendently-configurable interrupts labeled DAT_INT31-0.
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Just as the core has its own interrupt latch registers (IRPTL and LIRPTL),
the DAI has its own latch registers (DAI_IRPTL_L and DAI_IRPTL_H). When
a DAI interrupt is configured to be high priority, it is latched in the
DAI_IRPTL_H register. When any bit in the DAI_IRPTL_H register is set

(= 1), bit 11 in the IRPTL register is also set and the core services that
interrupt with high priority. When a DAI interrupt is configured to be
low priority, it is latched in the DAI_IRPTL_L register. Similarly, when any
bit in the DAT_IRPTL_L register is set (= 1), bit 6 in the LIRPTL register is
also set and the core services that interrupt with low priority.

@ By default, interrupts are mapped onto a low priority interrupt.

Miscellaneous Interrupts

As described above, the DAI interrupt controller registers provide 10 inde-
pendently-configurable interrupts labeled as SRU_MISCx_INT. Any trigger
on the DAI inputs DAI_INTx_I can cause an interrupt latch event in SRU_-
MISCx_INT if enabled.

Signals from the SRU can also be used to generate interrupts. For exam-
ple, when SRU_EXTMISCA2_INT (bit 30) of DAI_IRPTL_H is set (= 1), any
signals from the external miscellaneous channel 2 generate an interrupt,
the DAI interrupts trigger an interrupt in the core and the interrupt latch
is set. A read of this bit does not reset it to zero. The bit is only set to zero
when the cause of the interrupt is cleared. A DAI interrupt indicates the
source (in this case, external miscellaneous A, channel 2), and checks the
IVT for an instruction (next operation) to perform.

Core versus DAI Interrupts

In the ADSP-2136x processor, a pair of registers (DAI_IRPTL_H and
DAI_IRPTL_L) replace functions normally performed by the IRPTL register.
A single register (DAI_IRPTL_PRI) specifies to which latch these interrupts
are mapped.
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Two registers (DAI_IRPTL_RE and DAI_IRPTL_FE) replace the DAI periph-
eral’s version of the IMASK register. As with the IMASK register, these DAI
registers provide a way to specify which interrupts to notice and handle,
and which interrupts to ignore. These dual registers function like the
IMASK register, but with a higher degree of granularity.

The DAI interrupt controller has the same 6 cycle latency to
respond to asynchronous interrupts as the core interrupt controller.

Note that the IRPTL and LIRPTL registers are system registers. All DAI
interrupt registers (DAI_IRPTL_x) are memory-mapped registers.

Interrupt Events

For interrupt sources that correspond to waveforms (as opposed to DAI
event signals such as DMA complete or buffer full), the edge of a wave-
form may be used as an interrupt source as well. Just as interrupts can be
generated by a source, interrupts can also be generated and latched on the

rising (or falling) edges of a signal.

Only the DAI interrupt controller latches interrupts on both edges.
This ability does not exist in the core interrupt controller.

Use of the DAT_IRPT_RE or DAI_IRPT_FE registers allows programs to notice
and respond to rising edges, falling edges, both rising and falling edges, or

neither rising nor falling edges so they can be masked separately.

When a signal comes in, the system needs to determine what kind of sig-
nal it is and what kind of protocol, as a result, to service. The preamble
indicates the signal type. When the protocol changes, output (signal) type
is noted.

For audio applications, the processor needs information about interrupt
sources that correspond to waveforms (not event signals). As a result, the
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falling edge of the waveform may be used as an interrupt source as well.
Programs may select any of these three conditions:

e Latch on the rising edge
* Latch on the falling edge
* Latch on both the rising and falling edge

Table 5-3 shows which interrupts are valid on rising and or falling edges.

Table 5-3. Interrupt Valid Edges

Interrupt Source DAI_IRPTL_RE DAI_IRPTL_FE
S/PDIF Rx Yes Yes
IDP_FIFO Yes No
IDP_DMA Yes No
SRC Mute Yes Yes
Miscellaneous Yes Yes

Enabling responses to changes in conditions of signals (including changes
in DMA state, introduction of error conditions, and so on) can only be
done using the DAI_IRPT_RE register.

Servicing Interrupts

Any asynchronous or synchronous interrupt causes has latency, since it
forces the core to stop processing an instruction in process, then vector to
the interrupt service routine (ISR, which is basically an interrupt vector
table lookup), then proceed to implement the instruction referenced in
the IVT. For more information, see “Interrupts” in Chapter B, Interrupts.

When an interrupt from the DAI must be serviced, one of the two core
ISRs must query the DAD’s interrupt controller to determine the source(s).
Sources can be any one or more of the interrupt controller’s 32
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configurable channels (DAT_INT[31:0]). When DAI_IRPTL_H is read, the
high priority latched interrupts are cleared. When DAI_IRPTL_L is read, the
low priority latched interrupts are cleared. For more information, see
“DAI Interrupt Controller Registers” on page A-78.

The DAI triggers two interrupts in the primary [IVT—one each for
low or high priority. When any interrupt from the DAI needs to be
serviced, one of the two core ISRs must interrogate the DAT’s inter-
rupt controller to determine the source(s).

@ Reading the DAI’s interrupt latches clears the interrupts. There-

fore, the ISR must service a// the interrupt sources it discovers.
That is, if multiple interrupts are latched in one of the DAT_IRPTL_x
registers, all of them must be serviced before executing an RT1
instruction. For more information, see “DAI Interrupt Controller
Registers” on page A-78.

Debug Features

The following sections describe features that can be used to help in debug-

ging the DAL

Shadow Registers

The interrupt service routine (ISR) must read the DAI_IRPTL_H or
DAI_IRPTL_L register to know all the interrupts currently latched. The
DAI_IRPTL_H register is for high priority interrupts and the DAI_IRPTL_L
register is for low priority interrupts. Reads of these registers clears the
latched interrupt bits.

The shadow registers DAI_IRPTL_L_SH and DAI_IRPTL_H_SH are provided
for registers DAI_IRPTL_L and DAI_IRPTL_H respectively. Reads of the
shadow registers returns the data in the DAT_IRPTL_L and DAI_IRPTL_H reg-
isters respectively without clearing the contents of these registers.
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Loop Back Routing

The serial peripherals (SPORT and SPI) support an internal loop back
mode. If the loop back bit for each peripheral is enabled, it connects the
transmitter with the receiver block internally (does not signal off-chip).
The SRU can be used for this propose. Table 5-4 describes the different
possible routings based on the peripheral.

The peripheral’s loop back mode for debug is independent from
both of the signal routing units.

Table 5-4. Loop Back Routing

Peripheral |Loopback [SRU Internal Routing for SRU External Routing for
Mode Loopback Loopback

1DP N/A N/A N/A

SPORT Yes

SPORTx_xx_O —> SPORTx_xx_I | SPORTx_xx_O —> DAI_PBxx_I
DAI_PBxx_O — SPORTx_xx_I

S/PDIF No DIT_O — DIR_I DIT_O —> DAI_PBxx_I
Tx/Rx DAI_PBxx_O —> DIR_I
Timer No TIMERx_O —> TIMERx_I TIMERx_O —> DAL PBxx_I

DAI_PBxx_O — TIMERx_I
SPI Yes No

SPIx_xx_O — DAI_PBxx_I
DAI_PBxx_O —> SPIx_xx_I

Programming Model

As discussed in the previous sections, the signal routing unit is controlled
by writing values that correspond to signal sources into bit fields that fur-
ther correspond to signal inputs. The SRU is arranged into functional

groups such that the registers that are made up of these bit fields accept a
common set of source signal values.
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In order to ease the coding process, the header file SRU.H is included with
the CrossCore or VisualDSP++ tools. This file implements a macro that
abstracts away most of the work of signal assignments and functions. The
macro has identical syntax in C/C++ and assembly, and makes a single
connection from an output to an input as shown below.

SRU(CQutput Signal, Input Signal);

The names passed to the macro are the names given in “DAI Signal Rout-
ing Unit Registers” on page A-81. To use this macro, add the following
line to your source code as shown in Listing 5-1:

#include <sru.h>;

Listing 5-1. DAI Macro Code

#include <sru.h>;

/* The following lines illustrate how the macro is used: */

/* Route SPORT 1 clock output to pin buffer 5 input */
SRU(SPORT1_CLK_O,DAI_PBO5_1);

/* Route pin buffer 14 out to IDP3 frame sync input */
SRU(DAT_PB14_0,IDP3_FS_I);

/* Connect pin buffer enable 19 to logic Tow */
SRUCLOW,PBEN1I9_1);
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Additional example code is available on the Analog Devices Web site.

There is a macro that has been created to connect peripherals used
in a DAI configuration. This code can be used in both assembly
and C code. See the INCLUDE file SRU.H.

There is also a software plug-in called the Expert DAI that greatly
simplifies the task of connecting the signals described in this chap-
ter. This plug-in is described in Engineer-to-Engineer Note
EE-243, “Using the Expert DAI for ADSP-2126x and
ADSP-2136x SHARC Processors”. This EE note is also found on
the Analog Devices Web site.
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6 SERIAL PORTS

The ADSP-2136x processors have six independent, synchronous serial
ports (SPORTS) that provide an I/O interface to a wide variety of periph-
eral devices. They are called SPORTO, SPORT1, SPORT2, SPORT3,
SPORT4, and SPORTS5. Each SPORT has its own set of control registers
and data buffers. With a range of clock and frame synchronization
options, the SPORTSs allow a variety of serial communication protocols
and provide a glueless hardware interface to many industry-standard data
converters and codecs.

Serial ports offer the additional features and capabilities shown in

Table 6-1, Figure 6-1, and described in the following list.

Table 6-1. Serial Port Feature Summary

Feature | SPORT5-0[AB]

Connectivity

Multiplexed Pinout No

SRU DAI Required Yes

SRU DAI Default Routing Yes

Interrupt Default Routing Yes (P3I-P8I)

Protocol

Master Capable Yes

Slave Capable Yes

Transmission Simplex Yes

Transmission Half Duplex Yes

Transmission Full Duplex No
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Table 6-1. Serial Port Feature Summary (Contd)

Feature | SPORT5-0(AB]
Access Type

Data Buffer Yes

Core Data Access Yes

DMA Data Access Yes

DMA Channels 2 per SPORT
DMA Chaining Yes

Interrupt Source Core/DMA
Boot Capable No

Local Memory No

Clock Operation PCLK/4

Bidirectional (transmit or receive) functions provide greater flexibility for
serial communications. Serial ports can operate at a maximum of
one-fourth the peripheral clock rate of the processor. If channels A and B
are active, each SPORT has a maximum throughput of 2 x PCLK/4 rate.

Serial port data can be automatically transferred to and from on-chip and
from off-chip memory using DMA block transfers. In addition to stan-
dard synchronous serial mode, each SPORT offers a time division

multiplexed (TDM) multichannel mode, left-justified mode, and 1°S

mode.
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Figure 6-1. Serial Port Block Diagram
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Features

Serial ports offer the following features and capabilities:

* Four operation modes (“Selecting Operating Modes” on
page 6-18):

1. Standard serial

2. Left-justified
3. 1%S
4. Multichannel

* Two bidirectional channels (A and B) per serial port, configurable
as either transmitters or receivers. Each serial port can also be con-
ﬁgured as two receivers or two transmitters, permitting two
unidirectional streams into or out of the same serial port. This
bidirectional functionality provides greater flexibility for serial
communications. Also, two SPORT's can be combined to enable
full-duplex, dual-stream communications.

e All serial data signals have programmable receive and transmit
functions and thus have one transmit and one receive data buffer
register (double-buffer) and a bidirectional shift register associated

with each serial data signal. Double-buffering provides additional
time to service the SPORT.

* An internally-generated serial clock and frame sync provide signals
in a wide range of frequencies. Alternately, the SPORT can accept
clock and frame sync input from an external source.

* Interrupt-driven, single word transfers to and from on-chip mem-
ory controlled by the processor core, described in “Single Word
Transfers” on page 6-48.
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* DMA transfers to and from on-chip and off-chip memory. Each
SPORT can automatically receive or transmit an entire block of

data both on- and off-chip.

e Chained DMA operations for multiple data blocks, see “DMA
Chaining” on page 2-21.

e  DMA Chain insertion mode allows the SPORTs to change DMA
priority during chaining, see “Enter DMA Chain Insertion Mode”
on page 6-58.

* Data words between 3 and 32 bits in length, either most significant
bit (MSB) first or least significant bit (LSB) first. Words must be
between 8 and 32 bits in length for 12S and left-justified mode.

e 128-channel TDM is supported in multichannel mode operation,
useful for H.100/H.110 and other telephony interfaces described
in “Multichannel Operation” on page 6-41.

e p-law and A-law compression/decompression hardware compand-
ing on transmitted and received words when the SPORT operates

in TDM mode.

® Receive comparison and 2-dimensional DMA are not supported in
the ADSP-2136x processor.

ADSP-2136x SHARC Processor Hardware Reference 6-5
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Pin Descriptions

Table 6-2 describes pin function.

Table 6-2. SPORT Pin Descriptions

Internal Nodes Direction |Description

SPORT5-0_DA_I/O 1I/0 Data Receive or Transmit Channel A. Bidirectional
data pin. This signal can be configured as an output
to transmit serial data, or as an input to receive
serial data.

SPORT5-0_DB_I/O /0 Data Receive or Transmit Channel B. Bidirectional
data pin. This signal can be configured as an output
to transmit serial data, or as an input to receive
serial data.

SPORT5-0_CLK_I/O I/0 Transmit/Receive Serial Clock. This signal can be
either internally or externally generated.

SPORT5-0_FES_I/O 1/0 Transmit/Receive Frame Sync. The frame sync
pulse initiates shifting of serial data. This signal is
either generated internally or externally. It can be
active high or low or an early or a late frame sync, in
reference to the shifting of serial data.

SPORT5-0_DA_PBEN_O (@] Only driven in master mode.

SPORT5-0_DB_PBEN_O o

SPORT5-0_CLK_PBEN_O | O

SPORT5-0_FS_PBEN_O O

SRU Configuration

Any of the serial port’s signals can be mapped to digital applications inter-
face (DAI_Px) pins through the signal routing unit (SRU) as shown in
Table 6-3. For more information, see “Digital Application Interface” in
Chapter 5, Digital Application Interface.

6-6
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Table 6-3. SPORT DAI/SRU Signal Connections

Serial Ports

Internal Node

DAI Connection

SRU Register

SPORT5-0_FS_PBEN_O

SPORT5-0_DA_PBEN_O

SPORT5-0_DB_PBEN_O

Inputs

SPORT5-0_CLK_I Group A SRU_CLK1-0
SPORT5-0_FS_I Group C SRU_ESO
SPORT5-0_DA_I Group B SRU_DAT2-0
SPORT5-0_DB_I

Outputs

SPORT5-0_CLK_O Group A, D

SPORT5-0_FS_O Group C, D

SPORT5-0_DA_O Group B, D

SPORT5-0_DB_O

SPORT5-0_CLK_PBEN_O Group F

SRU SPORT Receive Master

If the SPORT is operating as receive master, it must feed its master output
clock back to its input clock. This is required to trigger the SPORT’s state
machine. Using SPORT 4 as an example receive master, programs should
route SPORT4_CLK_0 to SPORT4_CLK_I. This is not required if the SPORT is
operating as a transmitter in master mode.

SRU SPORT Signal Integrity

There is some sensitivity to noise on the clock (SPORTx_CLK) and frame
sync (SPORTx_FS) signals when the SPORT is configured as a master
receiver. By correctly programming the signal routing unit (SRU) clock

ADSP-2136x SHARC Processor Hardware Reference
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and frame sync registers, the reflection sensitivity in these signals can be
avoided.

Figure 5-10 on page 5-18 shows the default routing of the serial port
where the SRU maps:

* the signal from the DAI pin (DAI_PBxx_0) back to the SPORT
clock input (SPORTx_CLK_I)

* the SPORT clock output (SPORTx_CLK_0) to the pin buffer input
(DAT_PBxx_I)

By redirecting the signals as shown in Figure 6-2 where the clock and
frame sync outputs are routed directly back to their respective inputs, the
signal sensitivity issue can be avoided.

é’ DAI_PB01_0
PIN DAI_PB01_O| EXTERNAL
>0 IN gnaBLE ©OUT ——O PACKAGE
DAI_PBO1_I CONNECTION

»()-
"] PBENOT_I

CL’ DAI_PB02_0O
A PIN DAI_PB02_0O EXTERNAL
=C[ PBEN02_|
Figure 6-2. SRU Configuration When SPORT is Master Receiver.
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Functional Description

A serial port receives serial data on one of its bidirectional serial data sig-
nals configured as inputs, or transmits serial data on the bidirectional
serial data signals configured as outputs. It can receive or transmit on both
channels simultaneously and unidirectionally, where the pair of data sig-
nals can both be configured as either transmitters or receivers.

The SPORTx_DA and SPORTx_DB channel data signals on each SPORT can-
not transmit and receive data simultaneously for full-duplex operation.
Two SPORTSs must be combined to achieve full-duplex operation. The
SPTRAN bit in the SPCTLx register controls the direction for both the A and
B channel signals.

The data direction of channel A and channel B on a particular

SPORT must be the same.

Serial communications are synchronized to a clock signal. Every data bit
must be accompanied by a clock pulse. Each serial port can generate or
receive its own clock signal (SPORTx_CLK). Internally-generated serial clock
frequencies are configured in the DIVx registers. The A and B channel data
signals shift data based on the rate of SPORTx_CLK.

In addition to the serial clock signal, data may be signaled by a frame syn-
chronization signal. The framing signal can occur at the beginning of an
individual word or at the beginning of a block of words. The configura-
tion of frame sync signals depends upon the type of serial device
connected to the processor. Each serial port can generate or receive its own
frame sync signal (SPORTx_FS) for transmitting or receiving data. Inter-
nally-generated frame sync frequencies are configured in the DIVx
registers. Both the A and B channel data signals shift data based on their
corresponding SPORTx_FS signal.

Figure 6-1 on page 6-3 shows a block diagram of a serial port. Setting the
SPTRAN bit enables the data buffer path, which, once activated, responds
by shifting data in response to a frame sync at the rate of SPORTx_CLK. An
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application program must use the correct serial port data buffers, accord-
ing to the value of SPTRAN bit. The SPTRAN bit enables either the transmit
data buffers for the transmission of A and B channel data, or it enables the
receive data buffers for the reception of A and B channel data. Inactive
data buffers are not used.

When programming the serial port channel (A or B) as a transmitter, only
the corresponding transmit buffers TXSPxA and TXSPxB become active,
while the receive buffers (RXSPxA and RXSPxB) remain inactive. Similarly,
when SPORT channels A and B are programmed to receive, only the cor-
responding RXSPxA and RXSPxB buffers are activated.

The processor’s SPORTs are not UART's and cannot communicate with
an RS-232 device or any other asynchronous communications protocol.
One way to implement RS-232 compatible communication with the pro-
cessor is to use two of the FLAG pins as asynchronous data receive and
transmit signals.

Registers

The ADSP-2136x processor has six serial ports. Each SPORT has two data

paths corresponding to channel A and channel B.

The registers used to control and configure the serial ports are part of the
IOP register set. Each SPORT has its own set of 32-bit control registers
and data buffers.

The main control register for each serial port is the serial port control reg-
ister, SPCTLx. These registers are described in “Serial Port Registers” on
page A-31.

@ When changing operating modes, clear the serial port control regis-

ter before the new mode is written to the register.

The SPCTLx registers control the operating modes of the serial ports for the
I/O processor. Table 6-4 lists all the bits in the SPCTLx register. Note that
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the shaded cells denote that the bits have same function in all operating

modes.

Table 6-4. SPCTLx Control Bit Comparison

Multichannel Mode
Bit Standard Serial Mode ;i::d Left-Justified |y, n5mit Control Bits R‘eceive Control
(SPORTO, 2, 4) Bits (SPORT1, 3, 5)
0 SPEN_A SPEN_A Reserved Reserved
1 DTYPE Reserved DTYPE DTYPE
2 DTYPE Reserved DTYPE DTYPE
3 LSBF Reserved LSBF LSBF
4 SLENO SLENO SLENO SLENO
5 SLEN1 SLEN1 SLEN1 SLEN1
6 SLEN2 SLEN2 SLEN2 SLEN2
7 SLEN3 SLEN3 SLEN3 SLEN3
8 SLEN4 SLEN4 SLEN4 SLEN4
9 PACK PACK PACK PACK
10 ICLK MSTR Reserved ICLK
11 OPMODE OPMODE OPMODE OPMODE
12 CKRE Reserved CKRE CKRE
13 ESR Reserved Reserved Reserved
14 IES Reserved Reserved IMES
15 DIFS DIFS Reserved Reserved
16 LFS L_FIRST LTDV LMFS
17 LAFS LAFS Reserved Reserved
18 SDEN_A SDEN_A SDEN_A SDEN_A
19 SCHEN_A SCHEN_A SCHEN_A SCHEN_A
20 SDEN_B SDEN_B SDEN_B SDEN_B

ADSP-2136x SHARC Processor Hardware Reference
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Table 6-4. SPCTLx Control Bit Comparison (Contd)

Multichannel Mode

Bit Standard Serial Mode Si:::d Left-Justified |y, n5mit Control Bits Rfeceive Control
(SPORTO, 2, 4) Bits (SPORT1, 3, 5)

21 SCHEN_B SCHEN_B SCHEN_B SCHEN_B

22 FS_BOTH Reserved Reserved Reserved

23 BHD BHD BHD BHD

24 SPEN_B SPEN_B Reserved Reserved

25 SPTRAN SPTRAN Reserved Reserved

26 DERR_B DERR_B TUVE_B ROVF_B

27 DXS_B DXS_B TXS_B RXS_B

28 DXS_B DXS_B TXS_B RXS_B

29 DERR_A DERR_A TUVF_A ROVEF_A

30 DXS_A DXS_A TXS_A RXS_A

31 DXS_A DXS_A TXS_A RXS_A

Control Registers (SPCTLx)

The SPCTLx registers control serial port modes and are part of the SPCTLx
(transmit and receive) control registers. Other bits in these registers set up
DMA and 1I/O processor-related serial port features. For information
about configuring a specific operation mode, refer to Table 6-5 on

page 6-19 and “Operating Modes” on page 6-35.

Multichannel Control Registers (SPMCTLxy)

There is one global control and status register for each SPORT pair (0 and
1, 2 and 3, 4 and 5) for multichannel operation. These registers define the
number of channels, provide the status of the current channel, enable
multichannel operation, and set the multichannel frame delay. These
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registers are described in “SPORT Multichannel Control Registers
(SPMCTLxy)” on page A-44.

Data Buffers

When programming the serial port channel (A or B) as a transmitter, only
the corresponding TXSPxA and TXSPxB buffers become active while the
receive buffers RXSPxA and RXSPxB remain inactive. Similarly, when the
SPORT channel A and B are programmed as receive-only the correspond-
ing RXSPxA and RXSPxB are activated. Do not attempt to read or write to
inactive data buffers. If the processor operates on the inactive transmit or
receive buffers while the SPORT is enabled, unpredictable results may
occur.

Word lengths of less than 32 bits are automatically right-justified
in the receive and transmit buffers.

Transmit Buffers (TXSPxA/B)

The transmit buffers (TXSP5-0A, TXSP5-08) are the 32-bit transmit data
buffers for SPORT5-0 respectively. These buffers must be loaded with the
data to be transmitted if the SPORT is configured to transmit on the A
and B channels. The data is loaded automatically by the DMA controller
or loaded manually by the program running on the processor core.

The transmit buffers act like a two-location FIFO because they have a data
register plus an output shift register. Two 32-bit words may both be
stored in the transmit queue at any one time. When the transmit register is
loaded and any previous word has been transmitted, the register contents
are automatically loaded into the output shifter. An interrupt occurs when
the output transmit shifter has been loaded, signifying that the transmit
buffer is ready to accept the next word (for example, the transmit buffer is
not full). This interrupt does not occur when serial port DMA is enabled
or when the corresponding mask bit in the LIRPTL/IRPTL register is set.
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Transmit Path

If the serial port is configured as a serial transmitter, the data transmitted
is written to the TXSPxA/TXSPxB buffer. The data is (optionally) com-
panded in hardware on the primary A channel (SPORT 0, 2, and 4 only),
then automatically transferred to the transmit shift register, because com-
panding is not supported on the secondary B channels. The data in the
shift register is then shifted out via the SPORT's SPORTx_DA or SPORTx_DB
signal, synchronous to the SPORTx_CLK clock. If framing signals are used,
the SPORTx_FS signal indicates the start of the serial word transmission.

The SPORTx_DA or SPORTx_DB signal is always driven if the serial
port is enabled as transmitter (SPEN_A or SPEN_B = 1 in the SPCTLx
control register), unless it is in multichannel mode and an inactive
time slot occurs.

When the SPORT is configured as a transmitter (SPTRAN = 1), the TXSPxA
and TXSPxB buffers, and the channel transmit shift registers respond to
SPORTx_CLK and SPORTx_FS to transmit data. The receive RXSPxA and
RXSPxB buffers, and the receive shift registers are inactive and do not
respond to SPORTx_CLK and SPORTX_FS signals. Since these registers are
inactive, reading from an empty buffer causes the core to hang
indefinitely.

If the SPORTSs are configured as transmitters (SPTRAN bit = 1 in
SPCTL), programs should not read from the inactive RXSPxA and
RXSPxB buffers. This causes the core to hang indefinitely since the
receive buffer status is always empty.

Receive Buffers (RXSPxA/B)

The receive buffers (RXSP5-0A, RXSP5-0B) are the 32-bit receive data buf-
fers SPORT5-0 respectively. These 32-bit buffers become active when the
SPORT is configured to receive data on the A and B channels. When a
SPORT is configured as a receiver, the RXSPxA and RXSPxB registers are
automatically loaded from the receive shifter when a complete word has
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been received. The data is then loaded to internal memory by the DMA
controller or read directly by the program running on the processor core.

Receive Path

If the serial data signal is configured as a serial receiver (SPTRAN = 0), the
receive portion of the SPORT shifts in data from the SPORTx_DA or
SPORTx_DB signal, synchronous to the SPORTx_CLK receive clock. If framing
signals are used, the SPORTx_FS signal indicates the beginning of the serial
word being received. When an entire word is shifted in on the primary A
channel, the data is (optionally) expanded (SPORTT1, 3, and 5 only), then
automatically transferred to the RXSPxA buffer. When an entire word is
shifted in on the secondary channel, it is automatically transferred to the
RXSPxB buffer.

When the SPORT is configured as a receiver (SPTRAN = 0), the RXSPxA and
RXSPxB buffers, and the channel receive shift registers respond to SPORTx_-
CLK and SPORTx_FS for reception of data. The transmit TXSPxA and TXSPxB
buffer registers and transmit A and B shift registers are inactive and do not
respond to the SPORTx_CLK and SPORTx_FS. Since the TXSPxA and TXSPxB
buffers are inactive, writing to a transmit data buffer causes the core to
hang indefinitely.

When the SPORT is configured as a receiver (SPTRAN = 0), the receive buf-
fers are activated. The receive buffers act like a three-location FIFO
because they have two data registers plus an input shift register.

Buffer Status

Serial ports provide status information about data buffers via the DXS_A
and DXS_B status bits and error status via the DERR_x bits in the SPCTL reg-
ister. Depending on the SPTRAN setting, these bits reflect the status of
either the TXSPxy or RXSPxy data buffers.
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Bits 31-30 (RXS_A) and bits 28-27 (RXS_B) in the SPCTLx registers indi-
cate the status of the channel’s receive buffer contents as follows: 00 =

buffer empty, 01 = reserved, 10 = buffer partially full, 11 = buffer full.

If your program causes the core processor to attempt to read from an
empty receive buffer or to write to a full transmit buffer, the access is
delayed until the buffer is accessed by the external I/O device. This delay
is called a core processor hang. If you do not know if the core processor
can access the receive or transmit buffer without a hang, the buffer’s status
should be read first (in SPCTLx) to determine if the access can be made.

The status bits in SPCTLx are updated during reads and writes from the
core processor even when the serial port is disabled. Programs should dis-
able the serial port when writing to the receive buffer or reading from the
transmit buffer.

When the SPORT is configured as a transmitter, the DERR_x bits provide
transmit underflow status. As a transmitter, if FSR = 1, the DERR_x bits
indicate whether the SPORTx_FS signal (from an internal or external
source) occurred while the DXS buffer was empty. If FSR = 0, DERR_x is set
whenever the SPORT is required to transmit and the transmit buffer is
empty. The SPORTSs transmit data whenever they detect a SPORTx_FS
signal.

* 0 =No SPORTx_FS signal occurred while TXSPxA/B buffer is empty.
e 1 =SPORTx_FS 