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Overview

This manual describes the DSP56367 24-bit digital signal processor (DSP), its memory, operating modes,
and peripheral modules. The DSP56367 is a member of the DSP56300 family of programmable CMOS
DSPs. Changes in core functionality specific to the DSP56367 are also described in this manual.

Note: This document contains information on a new product.
Specifications and information herein are subject to change without notice.

The DSP56367 is targeted to applications that require digital audio compression and decompression,
sound field processing, acoustic equalization, and other digital audio algorithms.

This manual is intended to be used with the following publication:

« The DSP56300 Family Manual (DSP56300FM/AD), which describes the CPU, core
programming models, and instruction set details.

This document, as well as Motorola’s DSP development tools, can be obtained through a local Motorola
Semiconductor Sales Office or authorized distributor.

To receive the latest information on this DSP, access the Motorola DSP home page at the address given
on the front cover of this document.

This manual contains the following sections and appendices.

SECTION 1—DSP56367 OVERVIEW

— Provides a brief description of the DSP56367, including a features list and block diagram. Lists
related documentation needed to use this chip and describes the organization of this manual.

SECTION 2—SIGNAL/CONNECTION DESCRIPTIONS

— Describes the signals on the DSP56367 pins and how these signals are grouped into
interfaces.

SECTION 3—SPECIFICATIONS

— Describes the DSP56367 maximum ratings, AC specifications, DC specifications, thermal
specifications, clock operational specifications and timings.

SECTION 4—DESIGN CONSIDERATIONS

— Describes thermal, electrical, and power consumption issues, as wells PLL performance
issues and input jitter requirements for the DSP56367.

SECTION 5—MEMORY CONFIGURATION
— Describes data and program and memory maps for the DSP56367.
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SECTION 6—CORE CONFIGURATION

— Describes the registers used to configure the DSP56300 core when programming the
DSP56367, in particular the interrupt vector locations and the operation of the interrupt priority
registers. Explains the operating modes and how they affect the processor’s program and data
memories.

SECTION 7—GENERAL PURPOSE INPUT/OUTPUT (GPIO)

— Describes the DSP56367 GPIO capability and the programming model for the GPIO signals
(operation, registers, and control).

SECTION 8— HOST INTERFACE (HDIO08)

— Describes the HDIOS8 parallel host interface.

SECTION 9—SERIAL HOST INTERFACE (SHI)

— Describes the serial input/output interface providing a path for communication and program/
coefficient data transfers between the DSP and an external host processor. The SHI can also
communicate with other serial peripheral devices.

SECTION 10—ENHANCED SERIAL AUDIO INTERFACE (ESAI)

— Describes one of the full-duplex serial port for serial communication with a variety of serial
devices.

SECTION 11—ENHANCED SERIAL AUDIO INTERFACE 1 (ESAI_1)

— Describes the second full-duplex serial port for serial communication with a variety of serial
devices.

SECTION 12—DIGITAL AUDIO TRANSMITTER (DAX)

— Describes the full-duplex serial port for serial communication with a variety of serial devices.

SECTION 13—TRIPLE TIMER MODULE (TEC)

— Describes the internal timer/event counter in the DSP56367.

SECTION 14—PACKAGE DESCRIPTION

— Describes the available package for the DSP56367, including diagrams of the package
pinouts and tables describing how the signals are allocated for the package.

APPENDIX A—BOOTSTRAP PROGRAM
— Lists the bootstrap code used for the DSP56367.
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APPENDIX B—EQUATES
— Lists equates for the DSP56367.

APPENDIX C—JTAG/BSDL LISTING
— Provides the BSDL listing for the DSP56367.

APPENDIX D—PROGRAMMING REFERENCE

— Lists peripheral addresses, interrupt addresses, and interrupt priorities for the DSP56367.
Contains programming sheets listing the contents of the major DSP56367 registers for
programmer reference.

APPENDIX E—POWER CONSUMPTION BENCHMARK

— Describes the benchmark program that permits evaluation of DSP power usage in a test
situation.

APPENDIX F—IBIS MODEL
— Describes the IBIS model used for the DSP56367.
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Manual Conventions

The following conventions are used in this manual:

Bits within registers are always listed from most significant bit (MSB) to least significant bit (LSB).

When several related bits are discussed, they are referenced as AA[n:m], where n>m. For
purposes of description, the bits are presented as if they are contiguous within a register.
However, this is not always the case. Refer to the programming model diagrams or to the
programmer’s sheets to see the exact location of bits within a register.

When a bit is described as “set”, its value is 1. When a bit is described as “cleared”, its value is 0.

The word “assert” means that a high true (active high) signal is pulled high to V¢ or that a low true
(active low) signal is pulled low to ground. The word “deassert” means that a high true signal is
pulled low to ground or that a low true signal is pulled high to V. Table Anchor.

Table 1 High True/Low True Signal Conventions

Signal/Symbol Logic State Signal State Voltage
PIN' True Asserted Ground?

PIN False Deasserted Ve

PIN True Asserted Vee
PIN False Deasserted Ground

Note: 1. PIN is a generic term for any pin on the chip.
2. Ground is an acceptable low voltage level. See the appropriate data sheet for the
range of acceptable low voltage levels (typically a TTL logic low).

3. Vg is an acceptable high voltage level. See the appropriate data sheet for the
range of acceptable high voltage levels (typically a TTL logic high).

Pins or signals that are asserted low (made active when pulled to ground)
— Intext, have an overbar (e.g., RESET is asserted low).

— In code examples, have a tilde in front of their names. In example below, line 3 refers to the
SS0 pin (shown as ~SS0).

Sets of pins or signals are indicated by the first and last pins or signals in the set (e.g., HA1-HAS).

Code examples are displayed in a monospaced font, as shown below:

Example Sample Code Listing

BFSET  #$0007, X: PCC, Confi gure: line 1
;. M SO0, MOSIO, SCKO for SPlI mmster line 2
: ~SS0 as PC3 for GPIO line 3
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Hex values are indicated with a dollar sign ($) preceding the hex value, as follows: $FFFFFF is the
X memory address for the core interrupt priority register (IPR-C).

The word “reset” is used in four different contexts in this manual:

the reset signal, written as “RESET,”
the reset instruction, written as “RESET,”
the reset operating state, written as “Reset,” and

the reset function, written as “reset.”

Vi
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1.1 INTRODUCTION

This manual describes the DSP56367 24-bit digital signal processor (DSP), its memory, operating modes,
and peripheral modules. The DSP56367 is a member of the DSP56300 family of programmable CMOS
DSPs. The DSP56367 is targeted to applications that require digital audio compression/decompression,
sound field processing, acoustic equalization and other digital audio algorithms. The DSP56367 offers 150
million instructions per second (MIPS) using an internal 150 MHz clock at 1.8 V and 100 million instructions
per second (MIPS) using an internal 100 MHz clock at 1.5 V.

Changes in core functionality specific to the DSP56367 are also described in this manual. See Figure 1-1
for the block diagram of the DSP56367.

MEMORY EXPANSION AREA
DAX HOST SHI PROGRA | X Y
TRIPLE ESAI
TIMER (SPDIF : M RAM MEMOR | IMEMOR
Tx) INTER || MeR | | INTER |f/iNSTR. | [Y Y
CACHE RAM RAM
I I | ESALT I 3K x 24 13K X | |7k X 24
B semprena | Ll I lg Tl
E' EXPANSION AREA ;l ; ;
ADDRESS || B - ;@% X o EXTERNAL 18
GENERATI A5 »| ADDRESS -
SIX A DAB ~| swicn_||ADDRESS
CHANNEL 24-BIT SRAM &
DSP563 SRAM | 10
BUS CONTROL
DDB
YDB
EXTERN
NAL PDB 31 DATA DATA
B A 1 GDB _
A
 / A 4  / POWE
PLL ) y A
DATA ALU
PROGR | iPROGR ::PROGR
cLOCK | Iam “*AM AM 24X24+56->56-BIT JTAG 4 -
OnCE 1
A A AA A A
EXTAL MODARQA —— 24 BITS BUS
RESET— MODB/IRQB
PINIT/ANMI MODC/IRQC
MODD/IRQD

Figure 1-1 DSP56367 Block Diagram
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1.2 DSP56300 CORE DESCRIPTION

The DSP56367 uses the DSP56300 core, a high-performance, single clock cycle per instruction engine
that provides up to twice the performance of Motorola's popular DSP56000 core family while retaining
code compatibility with it.

The DSP56300 core family offers a new level of performance in speed and power, provided by its rich
instruction set and low power dissipation, thus enabling a new generation of wireless, telecommunications,
and multimedia products. For a description of the DSP56300 core, see Section 1.4, DSP56300 Core
Functional Blocks. Significant architectural enhancements to the DSP56300 core family include a barrel
shifter, 24-bit addressing, an instruction cache, and direct memory access (DMA).

The DSP56300 core family members contain the DSP56300 core and additional modules. The modules
are chosen from a library of standard predesigned elements such as memories and peripherals. New
modules may be added to the library to meet customer specifications. A standard interface between the
DSP56300 core and the on-chip memory and peripherals supports a wide variety of memory and
peripheral configurations. Refer to Chapter 5, DSP56367 Overview.

Core features are described fully in the DSP56300 Family Manual. Pinout, memory, and peripheral features
are described in this manual.
+ DSP56300 modular chassis

150 Million Instructions Per Second (MIPS) with a 150 MHz clock at internal logic supply
(QVCCL) of 1.8V.

100 Million Instructions Per Second (MIPS) with a 100 MHz clock at internal logic supply
(QVCCL) of 1.5V.

Object Code Compatible with the 56K core.

Data ALU with a 24 x 24 bit multiplier-accumulator and a 56-bit barrel shifter. 16-bit arithmetic
support.

Program Control with position independent code support and instruction cache support.

Six-channel DMA controller.

PLL based clocking with a wide range of frequency multiplications (1 to 4096), predivider
factors (1 to 16) and power saving clock divider (2" i=0 to 7). Reduces clock noise.

Internal address tracing support and OnCE™ for Hardware/Software debugging.

JTAG port.

Very low-power CMOS design, fully static design with operating frequencies down to DC.
STOP and WAIT low-power standby modes.

*  On-chip Memory Configuration

7Kx24 Bit Y-Data RAM and 8Kx24 Bit Y-Data ROM.
13Kx24 Bit X-Data RAM and 32Kx24 Bit X-Data ROM.
40Kx24 Bit Program ROM.

3Kx24 Bit Program RAM and 192x24 Bit Bootstrap ROM. 1K of Program RAM may be used as
Instruction Cache or for Program ROM patching.

2Kx24 Bit from Y Data RAM and 5Kx24 Bit from X Data RAM can be switched to Program
RAM resulting in up to 10Kx24 Bit of Program RAM.
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+  Off-chip memory expansion

External Memory Expansion Port.

Off-chip expansion up to two 16M x 24-bit word of Data memory.
Off-chip expansion up to 16M x 24-bit word of Program memory.
Simultaneous glueless interface to SRAM and DRAM.

* Peripheral modules

Serial Audio Interface (ESAI): up to 4 receivers and up to 6 transmitters, master or slave. 12s,
Sony, AC97, network and other programmable protocols.

Serial Audio Interface I(ESAI_1): up to 4 receivers and up to 6 transmitters, master or slave.
128, Sony, AC97, network and other programmable protocols

The ESAI_1 shares four of the data pins with ESAI, and ESAI_1 does NOT support HCKR and
HCKT (high frequency clocks)

Serial Host Interface (SHI): SPI and 1°C protocols, multi master capability, 10-word receive
FIFO, support for 8, 16 and 24-bit words.

Byte-wide parallel Host Interface (HDI08) with DMA support.
Triple Timer module (TEC).

Digital Audio Transmitter (DAX): 1 serial transmitter capable of supporting the SPDIF, IEC958,
CP-340 and AES/EBU digital audio formats.

Pins of unused peripherals (except SHI) may be programmed as GPIO lines.

* 144-pin plastic LQFP package.

1.3

DSP56367 AUDIO PROCESSOR ARCHITECTURE

This section defines the DSP56367 audio processor architecture. The audio processor is composed of the
following units:

+  The DSP56300 core is composed of the Data ALU, Address Generation Unit, Program Controller,
Instruction-Cache Controller, DMA Controller, PLL-based clock oscillator, Memory Module
Interface, Peripheral Module Interface and the On-Chip Emulator (OnCE). The DSP56300 core is
described in the document DSP56300 24-Bit Digital Signal Processor Family Manual, Motorola
publication DSP56300FM/AD.

*  Memory modules.

+ Peripheral modules. The peripheral modules are defined in the following sections.

Memory sizes in the block diagram are defaults. Memory may be differently partitioned, according to the
memory mode of the chip. See Section 1.4.8, On-Chip Memory for more details about memory size.
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1.4 DSP56300 CORE FUNCTIONAL BLOCKS

The DSP56300 core provides the following functional blocks:

» Data arithmetic logic unit (Data ALU)
» Address generation unit (AGU)

*  Program control unit (PCU)

» Bus interface unit (BIU)

»  DMA controller (with six channels)

* Instruction cache controller

* PLL-based clock oscillator

*+  OnCE module

« JTAG TAP

*+  Memory

In addition, the DSP56367 provides a set of on-chip peripherals, described in Section 1.5, Peripheral
Overview.

1.4.1 Data ALU

The Data ALU performs all the arithmetic and logical operations on data operands in the DSP56300 core.
The components of the Data ALU are as follows:
*  Fully pipelined 24-bit x 24-bit parallel multiplier-accumulator (MAC)

» Bit field unit, comprising a 56-bit parallel barrel shifter (fast shift and normalization; bit stream
generation and parsing)

» Conditional ALU instructions
»  24-bit or 16-bit arithmetic support under software control
»  Four 24-bit input general purpose registers: X1, X0, Y1, and YO

» Six Data ALU registers (A2, A1, A0, B2, B1, and BO0) that are concatenated into two general
purpose, 56-bit accumulators (A and B), accumulator shifters

» Two data bus shifter/limiter circuits

1411 Data ALU Registers

The Data ALU registers can be read or written over the X memory data bus (XDB) and the Y memory data
bus (YDB) as 24- or 48-bit operands (or as 16- or 32-bit operands in 16-bit arithmetic mode). The source
operands for the Data ALU, which can be 24, 48, or 56 bits (16, 32, or 40 bits in 16-bit arithmetic mode),
always originate from Data ALU registers. The results of all Data ALU operations are stored in an
accumulator.

All the Data ALU operations are performed in two clock cycles in pipeline fashion so that a new instruction
can be initiated in every clock, yielding an effective execution rate of one instruction per clock cycle. The
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destination of every arithmetic operation can be used as a source operand for the immediately following
arithmetic operation without a time penalty (i.e., without a pipeline stall).

1.4.1.2 Multiplier-Accumulator (MAC)

The MAC unit comprises the main arithmetic processing unit of the DSP56300 core and performs all of the
calculations on data operands. In the case of arithmetic instructions, the unit accepts as many as three
input operands and outputs one 56-bit result of the following form- Extension:Most Significant
Product:Least Significant Product (EXT:MSP:LSP).

The multiplier executes 24-bit x 24-bit, parallel, fractional multiplies, between two’s-complement signed,
unsigned, or mixed operands. The 48-bit product is right-justified and added to the 56-bit contents of either
the A or B accumulator. A 56-bit result can be stored as a 24-bit operand. The LSP can either be truncated
or rounded into the MSP. Rounding is performed if specified.

1.4.2 Address Generation Unit (AGU)

The AGU performs the effective address calculations using integer arithmetic necessary to address data
operands in memory and contains the registers used to generate the addresses. It implements four types
of arithmetic: linear, modulo, multiple wrap-around modulo, and reverse-carry. The AGU operates in
parallel with other chip resources to minimize address-generation overhead.

The AGU is divided into two halves, each with its own Address ALU. Each Address ALU has four sets of
register triplets, and each register triplet is composed of an address register, an offset register, and a
modifier register. The two Address ALUs are identical. Each contains a 24-bit full adder (called an offset
adder).

A second full adder (called a modulo adder) adds the summed result of the first full adder to a modulo
value that is stored in its respective modifier register. A third full adder (called a reverse-carry adder) is
also provided.

The offset adder and the reverse-carry adder are in parallel and share common inputs. The only difference
between them is that the carry propagates in opposite directions. Test logic determines which of the three
summed results of the full adders is output.

Each Address ALU can update one address register from its respective address register file during one
instruction cycle. The contents of the associated modifier register specifies the type of arithmetic to be
used in the address register update calculation. The modifier value is decoded in the Address ALU.

1.4.3 Program Control Unit (PCU)

The PCU performs instruction prefetch, instruction decoding, hardware DO loop control, and exception
processing. The PCU implements a seven-stage pipeline and controls the different processing states of
the DSP56300 core. The PCU consists of the following three hardware blocks:

*  Program decode controller (PDC)

* Program address generator (PAG)

*  Program interrupt controller (PIC)
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The PDC decodes the 24-bit instruction loaded into the instruction latch and generates all signals
necessary for pipeline control. The PAG contains all the hardware needed for program address
generation, system stack, and loop control. The PIC arbitrates among all interrupt requests (internal
interrupts, as well as the five external requests: IRQA, IRQB, IRQC, IRQD, and NMI), and generates the
appropriate interrupt vector address.

PCU features include the following:

Position independent code support

Addressing modes optimized for DSP applications (including immediate offsets)
On-chip instruction cache controller

On-chip memory-expandable hardware stack

Nested hardware DO loops

Fast auto-return interrupts

The PCU implements its functions using the following registers:

PC—program counter register
SR—Status register

LA—Ioop address register
LC—loop counter register
VBA—vector base address register
SZ—stack size register

SP—stack pointer
OMR—operating mode register
SC—stack counter register

The PCU also includes a hardware system stack (SS).

1.4.4

Internal Buses

To provide data exchange between blocks, the following buses are implemented:

Peripheral input/output expansion bus (PIO_EB) to peripherals
Program memory expansion bus (PM_EB) to program memory
X memory expansion bus (XM_EB) to X memory
Y memory expansion bus (YM_EB) to Y memory

Global data bus (GDB) between registers in the DMA, AGU, OnCE, PLL, BIU, and PCU as well as
the memory-mapped registers in the peripherals

DMA data bus (DDB) for carrying DMA data between memories and/or peripherals
DMA address bus (DAB) for carrying DMA addresses to memories and peripherals
Program Data Bus (PDB) for carrying program data throughout the core

X memory Data Bus (XDB) for carrying X data throughout the core
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* Y memory Data Bus (YDB) for carrying Y data throughout the core

*  Program address bus (PAB) for carrying program memory addresses throughout the core
« X memory address bus (XAB) for carrying X memory addresses throughout the core

* Y memory address bus (YAB) for carrying Y memory addresses throughout the core

All internal buses on the DSP56300 family members are 24-bit buses. See Figure 1-1.

1.4.5 Direct Memory Access (DMA)

The DMA block has the following features:

+ Six DMA channels supporting internal and external accesses

*  One-, two-, and three-dimensional transfers (including circular buffering)
» End-of-block-transfer interrupts

» Triggering from interrupt lines and all peripherals

1.4.6 PLL-based Clock Oscillator

The clock generator in the DSP56300 core is composed of two main blocks: the PLL, which performs clock
input division, frequency multiplication, and skew elimination; and the clock generator (CLKGEN), which
performs low-power division and clock pulse generation. PLL-based clocking:

« Allows change of low-power divide factor (DF) without loss of lock
*  Provides output clock with skew elimination

* Provides a wide range of frequency multiplications (1 to 4096), predivider factors (1 to 16), and a
power-saving clock divider (2‘: i = 0to 7) to reduce clock noise

The PLL allows the processor to operate at a high internal clock frequency using a low frequency clock
input. This feature offers two immediate benefits:

* Alower frequency clock input reduces the overall electromagnetic interference generated by a
system.

« The ability to oscillate at different frequencies reduces costs by eliminating the need to add
additional oscillators to a system.

1.4.7 JTAG TAP and OnCE Module

The DSP56300 core provides a dedicated user-accessible TAP fully compatible with the IEEE 1149.1
Standard Test Access Port and Boundary Scan Architecture. Problems associated with testing
high-density circuit boards led to developing this standard under the sponsorship of the Test Technology
Committee of IEEE and JTAG. The DSP56300 core implementation supports circuit-board test strategies
based on this standard.
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The test logic includes a TAP consisting of four dedicated signals, a 16-state controller, and three test data
registers. A boundary scan register links all device signals into a single shift register. The test logic,
implemented utilizing static logic design, is independent of the device system logic. More information on
the JTAG port is provided in DSP56300 Family Manual, JTAG Port.

The OnCE module provides a nonintrusive means of interacting with the DSP56300 core and its
peripherals so a user can examine registers, memory, or on-chip peripherals. This facilitates hardware and
software development on the DSP56300 core processor. OnCE module functions are provided through the
JTAG TAP signals. More information on the OnCE module is provided in DSP56300 Family Manual,
On-Chip Emulation Module.

1.4.8 On-Chip Memory

The memory space of the DSP56300 core is partitioned into program memory space, X data memory
space, and Y data memory space. The data memory space is divided into X and Y data memory in order to
work with the two Address ALUs and to feed two operands simultaneously to the Data ALU. Memory space
includes internal RAM and ROM and can be expanded off-chip under software control.

There is an instruction cache, made using program RAM. The patch mode (which uses instruction cache
space) is used to patch program ROM. The memory switch mode is used to increase the size of program
RAM as needed (switch from X data RAM and/or Y data RAM).

There are on-chip ROMs for program memory (40K x 24-bit), bootstrap memory (192 words x 24-bit), X
ROM (32K x 24-bit), and Y ROM(8K x 24-bit).

More information on the internal memory is provided in Chapter 5, Memory Configuration.

1.4.9 Off-Chip Memory Expansion

Memory can be expanded off-chip as follows:

+ Data memory can be expanded to two 16 M x 24-bit word memory spaces in 24-bit address mode
(64K in 16-bit address mode).

» Program memory can be expanded to one 16 M x 24-bit word memory space in 24-bit address
mode (64K in 16-bit address mode).

Other features of external memory expansion include the following:

» External memory expansion port

»  Chip-select logic glueless interface to static random access memory (SRAM)
*  On-chip dynamic RAM (DRAM) controller for glueless interface to DRAM

» Eighteen external address lines
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1.5 PERIPHERAL OVERVIEW

The DSP56367 is designed to perform a wide variety of fixed-point digital signal processing functions. In
addition to the core features previously discussed, the DSP56367 provides the following peripherals:
»  8-bit parallel host interface (HDIO8, with DMA support) to external hosts
* As many as 37 user-configurable general purpose input/output (GPIO) signals
+ Timer/event counter (TEC) module, containing three independent timers
*  Memory switch mode in on-chip memory
* Four external interrupt/mode control lines and one external non-maskable interrupt line
+ Enbhanced serial audio interface (ESAI) with up to four receivers and up to six transmitters, master
or slave, using the 128, Sony, AC97, network, and other programmable protocols
+ A second enhanced serial audio interface (ESAI_1) with 6 dedicated pins.
»  Serial host interface (SHI) using SPI and 12c protocols, with multi-master capability, 10-word
receive FIFO, and support for 8-, 16-, and 24-bit words

» Digital audio transmitter (DAX): a serial transmitter capable of supporting the SPDIF, IEC958,
CP-340, and AES/EBU digital audio formats

1.5.1 Host Interface (HDI08)

The host interface (HDI08) is a byte-wide, full-duplex, double-buffered, parallel port that can be connected
directly to the data bus of a host processor. The HDIO8 supports a variety of buses and provides glueless
connection with a number of industry-standard DSPs, microcomputers, microprocessors, and DMA
hardware.

The DSP core treats the HDIO8 as a memory-mapped peripheral, using either standard polled or interrupt
programming techniques. Separate transmit and receive data registers are double-buffered to allow the
DSP and host processor to efficiently transfer data at high speed. Memory mapping allows DSP core
communication with the HDIO8 registers to be accomplished using standard instructions and addressing
modes.

Since the host bus may operate asynchronously with the DSP core clock, the HDIOS8 registers are divided
into 2 banks. The “host side” bank is accessible to the external host, and the “DSP side” bank is accessible
to the DSP core.

The HDIO8 supports the following three classes of interfaces:

*  Host processor/MCU connection
*  DMA controller
+  GPIO port

Host port pins not in use may be configured as GPIO pins. The host interface provides up to 16 GPIO pins.
These pins can be programmed to function as either GPIO or host interface.

For more information on the HDIO8, see Chapter 8, Host Interface (HDI08).
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1.5.2 General Purpose Input/Output (GPIO)

The GPIO port consists of as many as 37 programmable signals, all of which are also used by the
peripherals (HDI08, ESAI, ESAI_1, DAX, and TEC). There are no dedicated GPIO signals. The signals are
configured as GPIO after hardware reset. Register programming techniques for all GPIO functionality
among these interfaces are very similar.

1.5.3 Triple Timer (TEC)

This section describes a peripheral module composed of a common 21-bit prescaler and three
independent and identical general purpose 24-bit timer/event counters, each one having its own register
set.

Each timer can use internal or external clocking and can interrupt the DSP after a specified number of
events (clocks). Timer 0 can signal an external device after counting internal events. Each timer can also
be used to trigger DMA transfers after a specified number of events (clocks) occurred. One timer (Timer 0)
connects to the external world through one bidirectional pin TIO0. When TIOQO is configured as input, the
timer functions as an external event counter or can measure external pulse width/signal period. When
TIOO0 is used as output the timer is functioning as either a timer, a watchdog or a Pulse Width Modulator.
When the TIOO pin is not used by the timer it can be used as a General Purpose Input/Output Pin. Refer to
Chapter 13, Timer/Event Counter.

1.54 Enhanced Serial Audio Interface (ESAI)

The ESAI provides a full-duplex serial port for serial communication with a variety of serial devices
including one or more industry-standard codecs, other DSPs, microprocessors, and peripherals that
implement the Motorola SPI serial protocol. The ESAI consists of independent transmitter and receiver
sections, each with its own clock generator. It is a superset of the DSP56300 family ESSI peripheral and of
the DSP56000 family SAI peripheral. For more information on the ESAI, refer to Chapter 10, Enhanced
Serial Audio Interface (ESAI).

1.5.5 Enhanced Serial Audio Interface 1 (ESAI_1)

The ESAI_1 is a second ESAI interface with just 6 dedicated pins instead of the 12 pins of the full ESAI.
Four data pins are shared with the ESAI, while the two high frequency clock pins are not available. Other
than the available pins, ESAI_1 is functionally identical to ESAI. For more information on the ESAI_1, refer
to Chapter 11, Enhanced Serial Audio Interface 1 (ESAI_1).
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Peripheral Overview

1.5.6 Serial Host Interface (SHI)

The SHI is a serial input/output interface providing a path for communication and program/coefficient data
transfers between the DSP and an external host processor. The SHI can also communicate with other
serial peripheral devices. The SHI can interface directly to either of two well-known and widely used
synchronous serial buses: the Motorola serial peripheral interface (SPI) bus and the Philips
inter-integrated-circuit control (I2C) bus. The SHI supports either the SPI or 1°C bus protocol, as required,
from a slave or a single-master device. To minimize DSP overhead, the SHI supports single-, double-, and
triple-byte data transfers. The SHI has a 10-word receive FIFO that permits receiving up to 30 bytes before
generating a receive interrupt, reducing the overhead for data reception. For more information on the SHiI,
refer to Chapter 9, Serial Host Interface.

1.5.7 Digital Audio Transmitter (DAX)

The DAX is a serial audio interface module that outputs digital audio data in the AES/EBU, CP-340 and
IEC958 formats. For more information on the DAX, refer to Chapter 12, Digital Audio Transmitter.
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Signal Groupings

2.1  SIGNAL GROUPINGS

The input and output signals of the DSP56367 are organized into functional groups, which are listed in

Table 2-1 and illustrated in Figure 2-1.

The DSP56367 is operated from a 1.8V supply; however, some of the inputs can tolerate 3.3V. A special

notice for this feature is added to the signal descriptions of those inputs.

Remember, the DSP56367 offers 150 million instructions per second (MIPS) using an internal 150 MHz
clock at 1.8 V and 100 million instructions per second (MIPS) using an internal 100 MHz clock at 1.3.3V.

Table 2-1 DSP56367 Functional Signal Groupings

. Number of Detailed
Functional Group . e
Signals Description
Power (V¢e) 20 Table 2-2
Ground (GND) 18 Table 2-3
Clock and PLL 3 Table 2-4
Address bus 18 Table 2-5
1
Data bus Port A 24 Table 2-6
Bus control 10 Table 2-7
Interrupt and mode control 5 Table 2-8
HDI08 Port B2 16 Table 2-9
SHI 5 Table 2-10
ESAI Port C3 12 Table 2-11
ESAI_1 Port E® 6 Table 2-12
Digital audio transmitter (DAX) Port D* 2 Table 2-13
Timer 1 Table 2-14
JTAG/OnCE Port 4 Table 2-15
Note: 1. Port A is the external memory interface port, including the external address bus, data bus, and
control signals.

2. Port B signals are the GPIO port signals which are multiplexed with the HDIO08 signals.

3. Port C signals are the GPIO port signals which are multiplexed with the ESAI signals.

4. Port D signals are the GPIO port signals which are multiplexed with the DAX signals.

5. Port E signals are the GPIO port signals which are multiplexed with the ESAI_1 signals.
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211 Power Requirements

To prevent high current conditions due to possible improper sequencing of the power supplies, the
connection shown below is recommended to be made between the DSP56367 10_VDD and CORE_VDD
power pins.

IO VDD
External
|-—1 Schottky
CORE VDD * Diode

To prevent a high current condition upon power up, the IOVDD must be applied ahead of the CORE VDD
as shown below if the external Schottcky is not used.

CORE VDD

IO VDD
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PORT A ADDRESS BUS

OnCE™ ON-CHIP EMULATION/

JTAG PORT

AO-A17 <m— DSP56367 ¢ DI
VCCA (3) —————pp — T1CK
GNDA (4) ———p —» TDbo
+“—— TMS
PORT A DATA BUS PARALLEL HOST PORT (HDI08)
Vgnga?; —> Port B | === HAD(7:0) [PBO-PB7]
GNDD (4) > <4——— HAS/HAO [PBS]
’ <4——— HA8/HA1 [PBY]
PORT A BUS CONTROL <4————— HAQ/HA2 [PB10]
AAO0-AA2/RASO-RAS2 4— <4— HRW/HRD [PB11]
CAS¢——— <4——— HDS/HWR [PB12]
RD¢— 4——— HCS/HA10 [PB13]
WReE——— <4———— HOREQ/HTRQ [PB14]
TA———» <4——— HACK/HRRQ [PB15]
BRe— <«—— VCCH
BG—» <«——— GNDH
BB¢———» SERIAL AUDIO INTERFACE (ESAI)
VCCC (2) — P <4———» SCKT[PC3]
GNDC (2) —P PortC [€ > FSTIPC4]
<4——» HCKT [PC5]
INTERRUPT AND «——> SCKR [PCO]
MODE CONTROL «——> FSR[PCI]
MODAIRQA <4—» HCKR[PC2]
MODB/RQB —» SDOO[PC11]/ SDOO_1[PE11]
MODC/RQC —» SDO1[PC10]/ SDO1_1[PE10]
MODD/RQD <+—» SDO2/SDI3[PCY] / SDO2_1/SDI3_1[PE9]
RESET <4——» SDO3/SDI2[PC8] / SDO3_1/SDI2_1[PES8]
PLL AND CLOCK <4—» SDO04/SDI1 [PC7]
<+—» SDO5/SDIO [PCH]
EXTAL ———»
PINIT/NMI — SERIAL AUDIO INTERFACE(ESAI_1)
PCAP 4+——» SCKT_1[PE3]
VCCP > PortE | € > FST_1[PE4]
GNDP 4+——» SCKR_1[PEQ]
QUIET POWER <4—» FSR_1[PE1]
VCCQH (3) =——p <+—» SDO4_1/SDI_1[PET7]
VCCaL (4) ——> <+—» SDO5_1/SDI0_1[PE6]
GNDQ (4) ——eeoop <4——— vces (2)
SPDIF TRANSMITTER (DAX) 4—— GNDS (2)
ADO[PD1] | PortD SERIAL HOST INTERFACE (SHI)
ACI [PDO] > <4+——» MOSI/HAO
TIMER 0 «———— SSHA2
TIOO [TIO0] ¢ > <«——» MISO/SDA
4+——» SCK/SCL
<+——» HREQ
Figure 2-1 Signals Identified by Functional Group
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Power

2.2 POWER
Table 2-2 Power Inputs

Power i

Name Description

Veep PLL Power—V¢p is V¢ dedicated for PLL use. The voltage should be
well-regulated and the input should be provided with an extremely low impedance
path to the V¢ power rail. There is one Vcp input.

Vceal (4) | Quiet Core (Low) Power—V ¢ is an isolated power for the internal processing
logic. This input must be tied externally to all other VcqL power pins and the Vgep
power pin only. Do not tie with other power pins. The user must provide adequate
external decoupling capacitors. There are four Vocq inputs.

Vcean (3) | Quiet External (High) Power—Vcqy is a quiet power source for /O lines. This input
must be tied externally to all other chip power inputs.The user must provide adequate
decoupling capacitors. There are three Vccqp inputs.

Veea (3) | Address Bus Power—V 4 is an isolated power for sections of the address bus I/O
drivers. This input must be tied externally to all other chip power inputs. The user must
provide adequate external decoupling capacitors. There are three V¢p inputs.

Veep (4) | Data Bus Power—V¢p is an isolated power for sections of the data bus I/O drivers.
This input must be tied externally to all other chip power inputs. The user must provide
adequate external decoupling capacitors. There are four V¢p inputs.

Veee (2) | Bus Control Power—V ¢ is an isolated power for the bus control I/O drivers. This
input must be tied externally to all other chip power inputs. The user must provide
adequate external decoupling capacitors. There are two Ve inputs.

VeeH Host Power—V ¢y is an isolated power for the HDIO8 I/O drivers. This input must be
tied externally to all other chip power inputs. The user must provide adequate external
decoupling capacitors. There is one Vcp input.

Vees (2) | SHI, ESAL ESAI_1, DAX and Timer Power —V g is an isolated power for the SHI,
ESAI, ESAI_1, DAX and Timer. This input must be tied externally to all other chip
power inputs. The user must provide adequate external decoupling capacitors. There
are two Vg inputs.
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2.3 GROUND

Table 2-3 Grounds

Ground

Name Description

GNDp PLL Ground—GNDg is a ground dedicated for PLL use. The connection should be
provided with an extremely low-impedance path to ground. V¢p should be bypassed
to GNDp by a 0.47 pF capacitor located as close as possible to the chip package.
There is one GNDp connection.

GNDq (4) | Quiet Ground—GNDq, is an isolated ground for the internal processing logic. This
connection must be tied externally to all other chip ground connections. The user
must provide adequate external decoupling capacitors. There are four GNDq
connections.

GNDj (4) | Address Bus Ground—GND,, is an isolated ground for sections of the address bus
I/O drivers. This connection must be tied externally to all other chip ground
connections. The user must provide adequate external decoupling capacitors. There
are four GND, connections.

GNDp (4) | Data Bus Ground—GNDp is an isolated ground for sections of the data bus 1/0
drivers. This connection must be tied externally to all other chip ground connections.
The user must provide adequate external decoupling capacitors. There are four
GNDp connections.

GND¢ (2) | Bus Control Ground—GND¢ is an isolated ground for the bus control I/O drivers.
This connection must be tied externally to all other chip ground connections. The user
must provide adequate external decoupling capacitors. There are two GND¢
connections.

GNDy Host Ground—GNDy, is an isolated ground for the HD08 /O drivers. This connection
must be tied externally to all other chip ground connections. The user must provide
adequate external decoupling capacitors. There is one GND connection.

GNDg (2) | SHI, ESAI, ESAI_1, DAX and Timer Ground—GNDg is an isolated ground for the
SHI, ESAI, ESAI_1, DAX and Timer. This connection must be tied externally to all
other chip ground connections. The user must provide adequate external decoupling
capacitors. There are two GNDg connections.
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Clock and PLL

24 CLOCKAND PLL

Table 2-4 Clock and PLL Signals

Signal
Name

Type

State
during
Reset

Signal Description

EXTAL

Input

Input

External Clock Input—An external clock source must be connected to
EXTAL in order to supply the clock to the internal clock generator and
PLL.

PCAP

Input

Input

PLL Capacitor—PCAP is an input connecting an off-chip capacitor to
the PLL filter. Connect one capacitor terminal to PCAP and the other
terminal to Vep.

If the PLL is not used, PCAP may be tied to V¢, GND, or left floating.

PINIT/NMI

Input

Input

PLL Initial/Nonmaskable Interrupt—During assertion of RESET, the
value of PINIT/NMI is written into the PLL Enable (PEN) bit of the PLL
control register, determining whether the PLL is enabled or disabled.
After RESET de assertion and during normal instruction processing, the
PINIT/NMI Schmitt-trigger input is a negative-edge-triggered
nonmaskable interrupt (NMI) request internally synchronized to internal
system clock.

2.5 EXTERNAL MEMORY EXPANSION PORT (PORT A)

When the DSP56367 enters a low-power standby mode (stop or wait), it releases bus mastership and
tri-states the relevant port A signals: A0O—A17, D0-D23, AAO/RAS0-AA2/RAS2, RD, WR, BB, CAS.

2.51

External Address Bus

Table 2-5 External Address Bus Signals

State
Signal Name Type during Signal Description
Reset
A0-A17 Output Tri-stated | Address Bus—\When the DSP is the bus master, AO-A17 are
active-high outputs that specify the address for external
program and data memory accesses. Otherwise, the signals
are tri-stated. To minimize power dissipation, AO—A17 do not
change state when external memory spaces are not being
accessed.
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2.5.2

External Data Bus

Table 2-6 External Data Bus Signals

Signal Name

Type

State during

Signal Description

Reset
D0-D23 Input/Output Tri-stated Data Bus—When the DSP is the bus master, D0-D23
are active-high, bidirectional input/outputs that provide
the bidirectional data bus for external program and data
memory accesses. Otherwise, D0-D23 are tri-stated.
253 External Bus Control

Table 2-7 External Bus Control Signals

Signal State during . ...

Name Type Reset Signal Description
AAO0-AA2 | Output Tri-stated | Address Attribute or Row Address Strobe—\When defined as
/RASO—-R AA, these signals can be used as chip selects or additional

AS2 address lines. When defined as RAS, these signals can be used
as RAS for DRAM interface. These signals are tri-statable outputs
with programmable polarity.

CAS Output Tri-stated | Column Address Strobe— When the DSP is the bus master,
CAS is an active-low output used by DRAM to strobe the column
address. Otherwise, if the bus mastership enable (BME) bit in the
DRAM control register is cleared, the signal is tri-stated.

RD Output Tri-stated | Read Enable—When the DSP is the bus master, RD is an
active-low output that is asserted to read external memory on the
data bus (D0-D23). Otherwise, RD is tri-stated.

WR Output Tri-stated | Write Enable—When the DSP is the bus master, WR is an
active-low output that is asserted to write external memory on the
data bus (D0-D23). Otherwise, WR is tri-stated.
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Table 2-7 External Bus Control Signals (Continued)

Signal
Name

Type

State during
Reset

Signal Description

Input

Ignored Input

Transfer Acknowledge—If the DSP is the bus master and there
is no external bus activity, or the DSP is not the bus master, the
TA input is ignored. The TA input is a data transfer acknowledge
(DTACK) function that can extend an external bus cycle
indefinitely. Any number of wait states (1, 2. . .infinity) may be
added to the wait states inserted by the BCR by keeping TA
deasserted. In typical operation, TA is deasserted at the start of a
bus cycle, is asserted to enable completion of the bus cycle, and
is deasserted before the next bus cycle. The current bus cycle
completes one clock period after TA is asserted synchronous to
the internal system clock. The number of wait states is determined
by the TA input or by the bus control register (BCR), whichever is
longer. The BCR can be used to set the minimum number of wait
states in external bus cycles.

In order to use the TA functionality, the BCR must be programmed
to at least one wait state. A zero wait state access cannot be
extended by TA deassertion, otherwise improper operation may
result. TA can operate synchronously or asynchronously,
depending on the setting of the TAS bit in the operating mode
register (OMR).

TA functionality may not be used while performing DRAM type
accesses, otherwise improper operation may result.

Output

Output
(deasserted)

Bus Request—BR is an active-low output, never tri-stated. BR is
asserted when the DSP requests bus mastership. BRis
deasserted when the DSP no longer needs the bus. BR may be
asserted or deasserted independent of whether the DSP56367 is
a bus master or a bus slave. Bus “parking” allows BR to be
deasserted even though the DSP56367 is the bus master. (See
the description of bus “parking” in the BB signal description.) The
bus request hold (BRH) bit in the BCR allows BR to be asserted
under software control even though the DSP does not need the
bus. BR is typically sent to an external bus arbitrator that controls
the priority, parking, and tenure of each master on the same
external bus. BR is only affected by DSP requests for the external
bus, never for the internal bus. During hardware reset, BRis
deasserted and the arbitration is reset to the bus slave state.
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Table 2-7 External Bus Control Signals (Continued)

Signal
Name

Type

State during
Reset

Signal Description

Input

Ignored Input

Bus Grant—BG is an active-low input. BG is asserted by an
external bus arbitration circuit when the DSP56367 becomes the
next bus master. When BG is asserted, the DSP56367 must wait
until BB is deasserted before taking bus mastership. When BG is
deasserted, bus mastership is typically given up at the end of the
current bus cycle. This may occur in the middle of an instruction
that requires more than one external bus cycle for execution.

For proper BG operation, the asynchronous bus arbitration enable
bit (ABE) in the OMR register must be set.

Input/
Output

Input

Bus Busy—ﬁ is a bidirectional active-low input/output. BB
indicates that the bus is active. Only after BB is deasserted can
the pending bus master become the bus master (and then assert
the signal again). The bus master may keep BB asserted after
ceasing bus activity regardless of whether BR is asserted or
deasserted. This is called “bus parking” and allows the current bus
master to reuse the bus without rearbitration until another device
requires the bus. The deassertion of BB is done by an “active
pull-up” method (i.e., BB s driven high and then released and held
high by an external pull-up resistor).

For proper BB operation, the asynchronous bus arbitration enable
bit (ABE) in the OMR register must be set.

BB requires an external pull-up resistor.

2.6

INTERRUPT AND MODE CONTROL

The interrupt and mode control signals select the chip’s operating mode as it comes out of hardware reset.

After RESET is deasserted, these inputs are hardware interrupt request lines.
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Table 2-8 Interrupt and Mode Control

State
Signal Name | Type | during Signal Description
Reset

MODA/IRQA Input Input | Mode Select A/External Interrupt Request A—MODA/IRQA is an
active-low Schmitt-trigger input, internally synchronized to the DSP
clock. MODA/IRQA selects the initial chip operating mode during
hardware reset and becomes a level-sensitive or
negative-edge-triggered, maskable interrupt request input during
normal instruction processing. MODA, MODB, MODC, and MODD
select one of 16 initial chip operating modes, latched into the OMR
when the RESET signal is deasserted. If the processor is in the stop
standby state and the MODA/IRQA pin is pulled to GND, the
processor will exit the stop state.

This input is 3.3V tolerant.

MODB/IRQB Input Input | Mode Select B/External Interrupt Request B—MODB/IRQB is an
active-low Schmitt-trigger input, internally synchronized to the DSP
clock. MODB/IRQB selects the initial chip operating mode during
hardware reset and becomes a level-sensitive or
negative-edge-triggered, maskable interrupt request input during
normal instruction processing. MODA, MODB, MODC, and MODD
select one of 16 initial chip operating modes, latched into OMR
when the RESET signal is deasserted.

This input is 3.3V tolerant.

MODC/IRQC Input Input | Mode Select C/External Interrupt Request C—MODC/IRQC is an
active-low Schmitt-trigger input, internally synchronized to the DSP
clock. MODC/IRQC selects the initial chip operating mode during
hardware reset and becomes a level-sensitive or
negative-edge-triggered, maskable interrupt request input during
normal instruction processing. MODA, MODB, MODC, and MODD
select one of 16 initial chip operating modes, latched into OMR
when the RESET signal is deasserted.

This input is 3.3V tolerant.
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Table 2-8 Interrupt and Mode Control (Continued)

State
Signal Name | Type | during Signal Description
Reset

MODD/IRQD Input Input | Mode Select D/External Interrupt Request D—MODD/IRQD is an
active-low Schmitt-trigger input, internally synchronized to the DSP
clock. MODD/IRQD selects the initial chip operating mode during
hardware reset and becomes a level-sensitive or
negative-edge-triggered, maskable interrupt request input during
normal instruction processing. MODA, MODB, MODC, and MODD
select one of 16 initial chip operating modes, latched into OMR
when the RESET signal is deasserted.

This input is 3.3V tolerant.

RESET Input Input | Reset—RESET is an active-low, Schmitt-trigger input. When
asserted, the chip is placed in the Reset state and the internal
phase generator is reset. The Schmitt-trigger input allows a slowly
rising input (such as a capacitor charging) to reset the chip reliably.
When the RESET signal is deasserted, the initial chip operating
mode is latched from the MODA, MODB, MODC, and MODD
inputs. The RESET signal must be asserted during power up. A
stable EXTAL signal must be supplied while RESET is being
asserted.

This input is 3.3V tolerant.

2.7 PARALLEL HOST INTERFACE (HDI08)

The HDIO8 provides a fast, 8-bit, parallel data port that may be connected directly to the host bus. The
HDI08 supports a variety of standard buses and can be directly connected to a number of industry
standard microcomputers, microprocessors, DSPs, and DMA hardware.
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Table 2-9 Host Interface

Signal
Name

Type

State during
Reset

Signal Description

HO-H7

HADO-HAD
7

PBO-PB7

Input/
output

Input/
output

Input, output,
or
disconnected

GPIO
disconnected

Host Data—\When HDI08 is programmed to interface a
nonmultiplexed host bus and the HI function is selected,
these signals are lines 0—7 of the bidirectional, tri-state
data bus.

Host Address/Data—\When HDIO8 is programmed to
interface a multiplexed host bus and the HI function is
selected, these signals are lines 0—7 of the address/data
bidirectional, multiplexed, tri-state bus.

Port B 0—-7—When the HDIO8 is configured as GPIO,
these signals are individually programmable as input,
output, or internally disconnected.

The default state after reset for these signals is GPIO
disconnected.

These inputs are 3.3V tolerant.

HAOQ

HAS/HAS

PB8

Input

Input

Input, output,
or
disconnected

GPIO
disconnected

Host Address Input 0—When the HDIO08 is programmed
to interface a nonmultiplexed host bus and the HI function
is selected, this signal is line 0 of the host address input
bus.

Host Address Strobe—\When HDIOS8 is programmed to
interface a multiplexed host bus and the HI function is
selected, this signal is the host address strobe (HAS)
Schmitt-trigger input. The polarity of the address strobe is
programmable, but is configured active-low (HAS)
following reset.

Port B 8—When the HDIO8 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.

HA1

Input

GPIO
disconnected

Host Address Input 1—When the HDIO8 is programmed
to interface a nonmultiplexed host bus and the HI function
is selected, this signal is line 1 of the host address (HA1)
input bus.
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Table 2-9 Host Interface (Continued)

Signal
Name

Type

State during
Reset

Signal Description

HA8

PB9

Input

Input, output,
or
disconnected

Host Address 8—When HDIOS8 is programmed to
interface a multiplexed host bus and the HI function is
selected, this signal is line 8 of the host address (HA8)
input bus.

Port B 9—When the HDIO08 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.

HA2

HA9

PB10

Input

Input

Input, Output,
or
Disconnected

GPIO
disconnected

Host Address Input 2—\When the HDIO08 is programmed
to interface a non-multiplexed host bus and the HI function
is selected, this signal is line 2 of the host address (HA2)
input bus.

Host Address 9—When HDIOS8 is programmed to
interface a multiplexed host bus and the HI function is
selected, this signal is line 9 of the host address (HA9)
input bus.

Port B 10—When the HDIO8 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.
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Table 2-9 Host Interface (Continued)

Signal
Name

Type

State during
Reset

Signal Description

HRW

HRD/
HRD

PB11

Input

Input

Input, Output,

or
Disconnected

GPIO
disconnected

Host Read/Write—\When HDIOS8 is programmed to
interface a single-data-strobe host bus and the HI function
is selected, this signal is the Host Read/Write (HRW) input.

Host Read Data—\When HDI08 is programmed to
interface a double-data-strobe host bus and the HI function
is selected, this signal is the host read data strobe (HRD)
Schmitt-trigger input. The polarity of the data strobe is
programmable, but is configured as active-low (%) after
reset.

Port B 11—When the HDI08 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.

HDS/
HDS

HWR/
HWR

PB12

Input

Input

Input, output,
or
disconnected

GPIO
disconnected

Host Data Strobe—\When HDIO8 is programmed to
interface a single-data-strobe host bus and the HI function
is selected, this signal is the host data strobe (HDS)
Schmitt-trigger input. The polarity of the data strobe is
programmable, but is configured as active-low (HDS)
following reset.

Host Write Data—\When HDIO8 is programmed to
interface a double-data-strobe host bus and the HI function
is selected, this signal is the host write data strobe (HWR)
Schmitt-trigger input. The polarity of the data strobe is
programmable, but is configured as active-low (HWR)
following reset.

Port B 12—When the HDI08 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.
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Parallel Host Interface (HDI08)

Table 2-9 Host Interface (Continued)

Signal
Name

Type

State during
Reset

Signal Description

HCS

HA10

PB13

Input

Input

Input, output,
or
disconnected

GPIO
disconnected

Host Chip Select—\When HDI08 is programmed to
interface a nonmultiplexed host bus and the HI function is
selected, this signal is the host chip select (HCS) input.
The polarity of the chip select is programmable, but is
configured active-low (%) after reset.

Host Address 10—When HDIO08 is programmed to
interface a multiplexed host bus and the HI function is
selected, this signal is line 10 of the host address (HA10)
input bus.

Port B 13—When the HDIO08 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.

HOREQ/
HOREQ

HTRQ/
HTRQ

PB14

Output

Output

Input, output,
or
disconnected

GPIO
disconnected

Host Request—\When HDIO08 is programmed to interface
a single host request host bus and the HI function is
selected, this signal is the host request (HOREQ) output.
The polarity of the host request is programmable, but is
configured as active-low (HOREQ) following reset. The
host request may be programmed as a driven or
open-drain output.

Transmit Host Request—\When HDIOS8 is programmed to
interface a double host request host bus and the Hl
function is selected, this signal is the transmit host request
(HTRQ) output. The polarity of the host request is
programmable, but is configured as active-low (HTRQ)
following reset. The host request may be programmed as
a driven or open-drain output.

Port B 14—When the HDIO8 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.
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Parallel Host Interface (HDI08)

Table 2-9 Host Interface (Continued)

Signal
Name

Type

State during
Reset

Signal Description

HACK/
HACK

HRRQ/
HRRQ

PB15

Input

Output

Input, output,
or
disconnected

GPIO
disconnected

Host Acknowledge—\When HDI08 is programmed to
interface a single host request host bus and the HI function
is selected, this signal is the host acknowledge (HACK)
Schmitt-trigger input. The polarity of the host acknowledge
is programmable, but is configured as active-low (HACK)
after reset.

Receive Host Request—\When HDI08 is programmed to
interface a double host request host bus and the Hl
function is selected, this signal is the receive host request
(HRRQ) output. The polarity of the host request is
programmable, but is configured as active-low (HRRQ)
after reset. The host request may be programmed as a
driven or open-drain output.

Port B 15—When the HDIO08 is configured as GPIO, this
signal is individually programmed as input, output, or
internally disconnected.

The default state after reset for this signal is GPIO
disconnected.

This input is 3.3V tolerant.
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Serial Host Interface

2.8

SERIAL HOST INTERFACE

The SHI has five 1/O signals that can be configured to allow the SHI to operate in either SPI or 1°C mode.

Table 2-10 Serial Host Interface Signals

Signal
Name

Signal
Type

State
during
Reset

Signal Description

SCK

SCL

Input or
output

Input or
output

Tri-stated

SPI Serial Clock—The SCK signal is an output when the SPI is
configured as a master and a Schmitt-trigger input when the SPl is
configured as a slave. When the SPI is configured as a master, the
SCK signal is derived from the internal SHI clock generator. When the
SPl is configured as a slave, the SCK signal is an input, and the clock
signal from the external master synchronizes the data transfer. The
SCK signal is ignored by the SPI if it is defined as a slave and the
slave select (@) signal is not asserted. In both the master and slave
SPI devices, data is shifted on one edge of the SCK signal and is
sampled on the opposite edge where data is stable. Edge polarity is
determined by the SPI transfer protocol.

I2C Serial Clock—SCL carries the clock for I2C bus transactions in
the 1°C mode. SCL is a Schmitt-trigger input when configured as a

slave and an open-drain output when configured as a master. SCL
should be connected to V¢ through a pull-up resistor.

This signal is tri-stated during hardware, software, and individual
reset. Thus, there is no need for an external pull-up in this state.

This input is 3.3V tolerant.
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Table 2-10

Serial Host Interface

Serial Host Interface Signals (Continued)

Signal
Name

Signal
Type

State
during
Reset

Signal Description

MISO

SDA

Input or
output

Input or
open-drai
n output

Tri-stated

SPI Master-In-Slave-Out—When the SPI is configured as a master,
MISO is the master data input line. The MISO signal is used in
conjunction with the MOSI signal for transmitting and receiving serial
data. This signal is a Schmitt-trigger input when configured for the SPI
Master mode, an output when configured for the SPI Slave mode, and
tri-stated if configured for the SPI Slave mode when SSis deasserted.
An external pull-up resistor is not required for SPI operation.

I°C Data and Acknowledge—In I1°C mode, SDA is a Schmitt-trigger
input when receiving and an open-drain output when transmitting.
SDA should be connected to V¢ through a pull-up resistor. SDA
carries the data for 1C transactions. The data in SDA must be stable
during the high period of SCL. The data in SDA is only allowed to
change when SCL is low. When the bus is free, SDA is high. The SDA
line is only allowed to change during the time SCL is high in the case
of start and stop events. A high-to-low transition of the SDA line while
SCL is high is a unique situation, and is defined as the start event. A
low-to-high transition of SDA while SCL is high is a unique situation
defined as the stop event.

This signal is tri-stated during hardware, software, and individual
reset. Thus, there is no need for an external pull-up in this state.

This input is 3.3V tolerant.

MOSI

HAO

Input or
output

Input

Tri-stated

SPI Master-Out-Slave-In—When the SPI is configured as a master,
MOSI is the master data output line. The MOSI signal is used in
conjunction with the MISO signal for transmitting and receiving serial
data. MOSI is the slave data input line when the SPI is configured as a
slave. This signal is a Schmitt-trigger input when configured for the
SPI Slave mode.

I2C Slave Address 0—This signal uses a Schmitt-trigger input when
configured for the 12C mode. When configured for 12C slave mode, the
HAO signal is used to form the slave device address. HAO is ignored
when configured for the I°C master mode.

This signal is tri-stated during hardware, software, and individual
reset. Thus, there is no need for an external pull-up in this state.

This input is 3.3V tolerant.
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Serial Host Interface

Table 2-10 Serial Host Interface Signals (Continued)

State
during Signal Description
Reset

Signal Signal
Name Type

SS Input Tri-stated | SPI Slave Select—This signal is an active low Schmitt-trigger input
when configured for the SPI mode. When configured for the SPI Slave
mode, this signal is used to enable the SPI slave for transfer. When
configured for the SPI master mode, this signal should be kept
deasserted (pulled high). If it is asserted while configured as SPI
master, a bus error condition is flagged. If SS is deasserted, the SHI
ignores SCK clocks and keeps the MISO output signal in the
high-impedance state.

HA2 Input I2C Slave Address 2—This signal uses a Schmitt-trigger input when
configured for the 12C mode. When configured for the 12C Slave mode,
the HAZ2 signal is used to form the slave device address. HA2 is
ignored in the I°C master mode.

This signal is tri-stated during hardware, software, and individual
reset. Thus, there is no need for an external pull-up in this state.

This input is 3.3V tolerant.

HREQ | Inputor | Tri-stated | Host Request—This signal is an active low Schmitt-trigger input
Output when configured for the master mode but an active low output when
configured for the slave mode.

When configured for the slave mode, HREQ is asserted to indicate
that the SHI is ready for the next data word transfer and deasserted at
the first clock pulse of the new data word transfer. When configured
for the master mode, HREQ is an input. When asserted by the
external slave device, it will trigger the start of the data word transfer
by the master. After finishing the data word transfer, the master will
await the next assertion of HREQ to proceed to the next transfer.

This signal is tri-stated during hardware, software, personal reset, or
when the HREQ1-HREQO bits in the HCSR are cleared. There is no
need for external pull-up in this state.

This input is 3.3V tolerant.
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2.9

Enhanced Serial Audio Interface

ENHANCED SERIAL AUDIO INTERFACE

Table 2-11 Enhanced Serial Audio Interface Signals

Signal Name

Signal Type

State during
Reset

Signal Description

HCKR

PC2

Input or output

Input, output,
or
disconnected

GPIO
disconnected

High Frequency Clock for Receiver—\When programmed
as an input, this signal provides a high frequency clock
source for the ESAI receiver as an alternate to the DSP
core clock. When programmed as an output, this signal can
serve as a high-frequency sample clock (e.g., for external
digital to analog converters [DACs]) or as an additional
system clock.

Port C 2—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

HCKT

PC5

Input or output

Input, output,
or
disconnected

GPIO
disconnected

High Frequency Clock for Transmitter—When
programmed as an input, this signal provides a high
frequency clock source for the ESAI transmitter as an
alternate to the DSP core clock. When programmed as an
output, this signal can serve as a high frequency sample
clock (e.g., for external DACs) or as an additional system
clock.

Port C 5—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.
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Enhanced Serial Audio Interface

Table 2-11 Enhanced Serial Audio Interface Signals (Continued)

Signal Name

Signal Type

State during
Reset

Signal Description

FSR

PC1

Input or output

Input, output,
or
disconnected

GPIO
disconnected

Frame Sync for Receiver—This is the receiver frame sync
input/output signal. In the asynchronous mode (SYN=0),
the FSR pin operates as the frame sync input or output
used by all the enabled receivers. In the synchronous mode
(SYN=1), it operates as either the serial flag 1 pin
(TEBE=0), or as the transmitter external buffer enable
control (TEBE=1, RFSD=1).

When this pin is configured as serial flag pin, its direction is
determined by the RFSD bit in the RCCR register. When
configured as the output flag OF1, this pin will reflect the
value of the OF1 bit in the SAICR register, and the data in
the OF1 bit will show up at the pin synchronized to the
frame sync in normal mode or the slot in network mode.
When configured as the input flag IF1, the data value at the
pin will be stored in the IF1 bit in the SAISR register,
synchronized by the frame sync in normal mode or the slot
in network mode.

Port C 1—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

FST

PC4

Input or output

Input, output,
or
disconnected

GPIO
disconnected

Frame Sync for Transmitter—This is the transmitter
frame sync input/output signal. For synchronous mode, this
signal is the frame sync for both transmitters and receivers.
For asynchronous mode, FST is the frame sync for the
transmitters only. The direction is determined by the
transmitter frame sync direction (TFSD) bit in the ESAI
transmit clock control register (TCCR).

Port C 4—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.
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Enhanced Serial Audio Interface

Table 2-11 Enhanced Serial Audio Interface Signals (Continued)

Signal Name

Signal Type

State during
Reset

Signal Description

SCKR

PCO

Input or output

Input, output,
or
disconnected

GPIO
disconnected

Receiver Serial Clock—SCKR provides the receiver serial
bit clock for the ESAI. The SCKR operates as a clock input
or output used by all the enabled receivers in the
asynchronous mode (SYN=0), or as serial flag 0 pin in the
synchronous mode (SYN=1).

When this pin is configured as serial flag pin, its direction is
determined by the RCKD bit in the RCCR register. When
configured as the output flag OFO, this pin will reflect the
value of the OFO0 bit in the SAICR register, and the data in
the OFO bit will show up at the pin synchronized to the
frame sync in normal mode or the slot in network mode.
When configured as the input flag IF0, the data value at the
pin will be stored in the IFO bit in the SAISR register,
synchronized by the frame sync in normal mode or the slot
in network mode.

Port C 0—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

SCKT

PC3

Input or output

Input, output,
or
disconnected

GPIO
disconnected

Transmitter Serial Clock—This signal provides the serial
bit rate clock for the ESAI. SCKT is a clock input or output
used by all enabled transmitters and receivers in
synchronous mode, or by all enabled transmitters in
asynchronous mode.

Port C 3—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.
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Enhanced Serial Audio Interface

Table 2-11 Enhanced Serial Audio Interface Signals (Continued)

State during

Signal Name Signal Type Reset Signal Description
SDO5 Output GPIO Serial Data Output 5—When programmed as a
disconnected | transmitter, SDO5 is used to transmit data from the TX5
serial transmit shift register.

SDIO Input Serial Data Input 0—When programmed as a receiver,
SDIO is used to receive serial data into the RXO0 serial
receive shift register.

PC6 Input, output, Port C 6—When the ESAI is configured as GPIO, this

or signal is individually programmable as input, output, or
disconnected internally disconnected.
The default state after reset is GPIO disconnected.
This input is 3.3V tolerant.
SDO4 Output GPIO Serial Data Output 4—When programmed as a
disconnected | transmitter, SDO4 is used to transmit data from the TX4
serial transmit shift register.

SDI1 Input Serial Data Input 1—When programmed as a receiver,
SDI1 is used to receive serial data into the RX1 serial
receive shift register.

PC7 Input, output, Port C 7—When the ESAI is configured as GPIO, this

or signal is individually programmable as input, output, or
disconnected internally disconnected.
The default state after reset is GPIO disconnected.
This input is 3.3V tolerant.
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Enhanced Serial Audio Interface

Table 2-11 Enhanced Serial Audio Interface Signals (Continued)

Signal Name

Signal Type

State during
Reset

Signal Description

SDO3/SD0O3_1

SDI2/SDI2_1

PC8/PES8

Output

Input

Input, output,
or
disconnected

GPIO
disconnected

Serial Data Output 3—When programmed as a
transmitter, SDO3 is used to transmit data from the TX3
serial transmit shift register.

When enabled for ESAI_1 operation, this is the ESAI_1
Serial Data Output 3.

Serial Data Input 2—\When programmed as a receiver,
SDI2 is used to receive serial data into the RX2 serial
receive shift register.

When enabled for ESAI_1 operation, this is the ESAI_1
Serial Data Input 2.

Port C 8—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

When enabled for ESAI_1 GPIO, this is the Port E 8 signal.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

SD0O2/SD02_1

SDI3/SDI3_1

PC9/PE9

Output

Input

Input, output,
or
disconnected

GPIO
disconnected

Serial Data Output 2—When programmed as a
transmitter, SDO2 is used to transmit data from the TX2
serial transmit shift register.

When enabled for ESAI_1 operation, this is the ESAI_1
Serial Data Output 2.

Serial Data Input 3—When programmed as a receiver,
SDI3 is used to receive serial data into the RX3 serial
receive shift register.

When enabled for ESAI_1 operation, this is the ESAI_1
Serial Data Input 3.

Port C 9—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

When enabled for ESAI_1 GPIO, this is the Port E 9 signal.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.
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Enhanced Serial Audio Interface

Table 2-11 Enhanced Serial Audio Interface Signals (Continued)

Signal Name

Signal Type

State during
Reset

Signal Description

SDO1/SDO1_1

PC10/PE10

Output

Input, output,
or
disconnected

GPIO
disconnected

Serial Data Output 1—SDO1 is used to transmit data from
the TX1 serial transmit shift register.

When enabled for ESAI_1 operation, this is the ESAI_1
Serial Data Output 1.

Port C 10—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

When enabled for ESAI_1 GPIO, this is the Port E 10
signal.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

SDO0/SDO0_1

Output

GPIO
disconnected

Serial Data Output 0—SDOQO is used to transmit data from
the TXO serial transmit shift register.

When enabled for ESAI_1 operation, this is the ESAI_1
Serial Data Output 0.

PC11/PE11 Input, output, Port C 11—When the ESAI is configured as GPIO, this
or signal is individually programmable as input, output, or
disconnected internally disconnected.
When enabled for ESAI_1 GPIO, this is the Port E 11
signal.
The default state after reset is GPIO disconnected.
This input is 3.3V tolerant.
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Enhanced Serial Audio Interface 1

210 ENHANCED SERIAL AUDIO INTERFACE_1

Table 2-12 Enhanced Serial Audio Interface_1 Signals

Signal
Name

State during

Signal Type Reset

Signal Description

FSR_1 | Input or output GPIO Frame Sync for Receiver_1—This is the receiver frame
disconnected | sync input/output signal. In the asynchronous mode
(SYN=0), the FSR pin operates as the frame sync input
or output used by all the enabled receivers. In the
synchronous mode (SYN=1), it operates as either the
serial flag 1 pin (TEBE=0), or as the transmitter external
buffer enable control (TEBE=1, RFSD=1).

When this pin is configured as serial flag pin, its direction
is determined by the RFSD bit in the RCCR register.
When configured as the output flag OF1, this pin will
reflect the value of the OF1 bit in the SAICR register,
and the data in the OF1 bit will show up at the pin
synchronized to the frame sync in normal mode or the
slot in network mode. When configured as the input flag
IF1, the data value at the pin will be stored in the IF1 bit
in the SAISR register, synchronized by the frame syncin
normal mode or the slot in network mode.

PE1 Input, output, Port E 1—When the ESAI is configured as GPIO, this
or signal is individually programmable as input, output, or
disconnected internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.
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Enhanced Serial Audio Interface_1

Table 2-12 Enhanced Serial Audio Interface_1 Signals (Continued)

Signal
Name

Signal Type

State during
Reset

Signal Description

FST_1

PE4

Input or output

Input, output,
or
disconnected

GPIO
disconnected

Frame Sync for Transmitter_1—This is the transmitter
frame sync input/output signal. For synchronous mode,
this signal is the frame sync for both transmitters and
receivers. For asynchronous mode, FST is the frame
sync for the transmitters only. The direction is
determined by the transmitter frame sync direction
(TFSD) bit in the ESAI transmit clock control register
(TCCR).

Port E 4—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

SCKR_1

PEO

Input or output

Input, output,
or
disconnected

GPIO
disconnected

Receiver Serial Clock_1—SCKR provides the receiver
serial bit clock for the ESAI. The SCKR operates as a
clock input or output used by all the enabled receivers in
the asynchronous mode (SYN=0), or as serial flag 0 pin
in the synchronous mode (SYN=1).

When this pin is configured as serial flag pin, its direction
is determined by the RCKD bit in the RCCR register.
When configured as the output flag OFO, this pin will
reflect the value of the OFO bit in the SAICR register,
and the data in the OFO bit will show up at the pin
synchronized to the frame sync in normal mode or the
slot in network mode. When configured as the input flag
IFO, the data value at the pin will be stored in the IFO bit
in the SAISR register, synchronized by the frame sync in
normal mode or the slot in network mode.

Port E 0—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.
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Table 2-12 Enhanced Serial Audio Interface_1 Signals (Continued)

Signal
Name

Signal Type

State during
Reset

Signal Description

SCKT_1

PE3

Input or output

Input, output,
or
disconnected

GPIO
disconnected

Transmitter Serial Clock_1—This signal provides the
serial bit rate clock for the ESAI. SCKT is a clock input or
output used by all enabled transmitters and receivers in
synchronous mode, or by all enabled transmitters in
asynchronous mode.

Port E 3—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

SDO5_1

SDIO0_1

PE6

Output

Input

Input, output,
or
disconnected

GPIO
disconnected

Serial Data Output 5_1—When programmed as a
transmitter, SDO5 is used to transmit data from the TX5
serial transmit shift register.

Serial Data Input 0_1—When programmed as a
receiver, SDIO0 is used to receive serial data into the RX0
serial receive shift register.

Port E 6—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

SDO4_1

SDI1_1

PE7

Output

Input

Input, output,
or
disconnected

GPIO
disconnected

Serial Data Output 4_1—When programmed as a
transmitter, SDO4 is used to transmit data from the TX4
serial transmit shift register.

Serial Data Input 1_1—When programmed as a
receiver, SDI1 is used to receive serial data into the RX1
serial receive shift register.

Port E 7—When the ESAI is configured as GPIO, this
signal is individually programmable as input, output, or
internally disconnected.

The default state after reset is GPIO disconnected.

This input is 3.3V tolerant.

MOTOROLA

DSP56367 24-Bit Digital Signal Processor User’s Manual

2-29



Signal / Connection Descriptions

SPDIF Transmitter Digital Audio Interface

211 SPDIF TRANSMITTER DIGITAL AUDIO INTERFACE
Table 2-13 Digital Audio Interface (DAX) Signals
Signal State During . i
Name Type Reset Signal Description
ACI Input GPIO Audio Clock Input—This is the DAX clock input. When
Disconnected | programmed to use an external clock, this input supplies the
DAX clock. The external clock frequency must be 256, 384, or
512 times the audio sampling frequency (256 x Fs, 384 x Fs or
512 x Fs, respectively).
PDO Input, output, Port D 0—When the DAX is configured as GPIO, this signal is
or individually programmable as input, output, or internally
disconnected disconnected.
The default state after reset is GPIO disconnected.
This input is 3.3V tolerant.
ADO Output GPIO Digital Audio Data Output—This signal is an audio and
Disconnected | non-audio output in the form of AES/EBU, CP340 and IEC958
data in a biphase mark format.
PD1 Input, output, Port D 1—When the DAX is configured as GPIO, this signal is
or individually programmable as input, output, or internally
disconnected disconnected.
The default state after reset is GPIO disconnected.
This input is 3.3V tolerant.
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Timer

212 TIMER
Table 2-14 Timer Signal
Signal State
Ng Type during Signal Description
ame
Reset
TIOO Input or Input Timer 0 Schmitt-Trigger Input/Output—When timer 0 functions as
Output an external event counter or in measurement mode, TIOO is used as

input. When timer 0 functions in watchdog, timer, or pulse
modulation mode, TIOO is used as output.

The default mode after reset is GPIO input. This can be changed to
output or configured as a timer input/output through the timer 0
control/status register (TCSRO). If TIOO is not being used, it is
recommended to either define it as GPIO output immediately at the
beginning of operation or leave it defined as GPIO input but
connected to Vcc through a pull-up resistor in order to ensure a
stable logic level at this input.

This input is 3.3V tolerant.

213 JTAG/OnCE INTERFACE

Table 2-15 JTAG/OnCE Interface

Signal | Signal State

Ngme Tg e during Signal Description

yp Reset

TCK Input Input | Test Clock—TCK is a test clock input signal used to synchronize the
JTAG test logic. It has an internal pull-up resistor.
This input is 3.3V tolerant.

TDI Input Input Test Data Input—TDI is a test data serial input signal used for test
instructions and data. TDI is sampled on the rising edge of TCK and has
an internal pull-up resistor.

This input is 3.3V tolerant.

TDO Output | Tri-stated | Test Data Output—TDO is a test data serial output signal used for test
instructions and data. TDO is tri-statable and is actively driven in the
shift-IR and shift-DR controller states. TDO changes on the falling edge
of TCK.

TMS Input Input Test Mode Select—TMS is an input signal used to sequence the test
controller’s state machine. TMS is sampled on the rising edge of TCK
and has an internal pull-up resistor.

This input is 3.3V tolerant.
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Specifications

Introduction

3.1

INTRODUCTION

The DSP56367 is a high density CMOS device with Transistor-Transistor Logic (TTL) compatible inputs
and outputs.

Note:

This document contains information on a new product.
Specifications and information herein are subject to change without notice.

Finalized specifications may be published after further characterization and device qualifications are
completed.

3.2

Note:

MAXIMUM RATINGS

CAUTION

This device contains circuitry protecting
against damage due to high static voltage
or electrical fields. However, normal
precautions should be taken to avoid
exceeding maximum voltage ratings.
Reliability of operation is enhanced if
unused inputs are pulled to an
appropriate logic voltage level (e.g., either
GND or V). The suggested value for a
pullup or pulldown resistor is 10 kQ.

In the calculation of timing requirements, adding a maximum value of one specification to
a minimum value of another specification does not yield a reasonable sum. A maximum
specification is calculated using a worst case variation of process parameter values in one
direction. The minimum specification is calculated using the worst case for the same
parameters in the opposite direction. Therefore, a “maximum” value for a specification will
never occur in the same device that has a “minimum” value for another specification;
adding a maximum to a minimum represents a condition that can never exist.

3-2
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Specifications

Table 3-1 Maximum Ratings

Thermal Characteristics

Rating’ Symbol Value® 2 Unit
Supply Voltage Veeal, —-03to+2.0 \
Veer
Veean,
Veea,Veen, —0.3to0 +4.0 v
Veee,
Veen, Veces,
All “3.3V tolerant” input voltages ViN GND - 0.3to Vg + 0.7 \
Current drain per pin excluding V¢ and GND I 10 mA
Operating temperature range3 T, —40 to + 95 °C
Storage temperature Tstg —55t0 +125 °C
Note: 1. GND =0V, VCCP,VCCQL =1.8V 5%, TJ = —-40xC to +95xC, CL = 50 pF
All other VCC = 3.3V + 5%, TJ = —-40xC to +95xC, CL = 50 pF
2. Absolute maximum ratings are stress ratings only, and functional operation at the maximum is not
guaranteed. Stress beyond the maximum rating may affect device reliability or cause permanent
damage to the device.
3. Temperatures below -0°C are qualified for consumer applications.
3.3 THERMAL CHARACTERISTICS

Table 3-2 Thermal Characteristics

Characteristic Symbol TQFP Value Unit
Natural Convection, Junction-to-ambient thermal Rgya or 6 45.0 °C/W
resistance’-?
Junction-to-case thermal resistance® Reyc or 8¢ 10.0 °C/w
Natural Convection, Thermal characterization Wit 3.0 °C/wW
parameter?
Note: 1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance,

mounting site (board) temperature, ambient temperature, air flow, power dissipation of other

components on the board, and board thermal resistance.
2. Per SEMI G38-87 and JEDEC JESD51-2 with the single layer board horizontal.

3. Thermal resistance between the die and the case top surface as measured by the cold plate method

(MIL SPEC-883 Method 1012.1).

4. Thermal characterization parameter indicating the temperature difference between package top and
the junction temperature per JEDEC JESD51-2. When Greek letters are not available, the thermal

characterization parameter is written as Psi-JT.

MOTOROLA
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DC Electrical Characteristics

3.4 DCELECTRICAL CHARACTERISTICS

Table 3-3 DC Electrical Characteristics®

Characteristics Symbol Min Typ Max Unit

Supply voltages Vee 1.71 1.8 1.89 v
+  Core (Vceal)
+  PLL(Vcep)

Supply voltages Vee 3.14 3.3 3.46 \")
* Vecan
* Veea
* Veep
* Veee
* Vcew
* Vces
Input high voltage \V
+  D(0:23), BG, BB, TA, ESAI_1 (gceptspos 1)| VIH 2.0 — Veean
+ MOD'IRQ', RESET, PINIT/NMI and all Viup 20 — Vcean + 03 max
JTAG/ESAI_1/Timer/ for both V
IHP
HDIO8/DAX/(only spoa_1)/SHI(spI mode)
° SH|(|2C mode) Viup 1.5 —_ VCCQH + 03 max
for both V||.|p
© EXTAL Vinx | 0.8 xVecan — 0.8 xVecan
\
Input low voltage
_ Vi -03 — 0.8
« D(0:23), BG, BB, TA, ESAI—1(except SDO4_1)
- MOD'IRQ', RESET, PINIT/NMI and all Vip -0.3 — 0.8
JTAG/ESAI/Timer/HDIOS/DAX/ESAI_1(omy
spo4_1)/SHl(spI mode)
* SHIg2¢ mode) ViLp —0.3 — 0.3xVee
. EXTAL V||_x -0.3 —_— 0.2 x VCCQH
Input leakage current N -10 — 10 HA
High impedance (off-state) input current (@ 2.4 V / ITs| -10 — 10 HA
0.4 V)
Output high voltage® Vou 2.4 — — v
Output low voltage® VoL — — 0.4 v

3-4 DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA




Specifications

AC Electrical Characteristics

Table 3-3 DC Electrical Characteristics® (Continued)

Characteristics Symbol Min Typ Max Unit
Internal supply current? at internal clock of 150MHz
* In Normal mode lccl — 58.0 115 mA
*  In Wait mode lccw — 7.3 20 mA
+  In Stop mode® lccs — 2.0 4 mA
PLL supply current — 1 2.5 mA
Input capacitance4 Cin — — 10 pF
Note: 1. Refers to MODA/IRQA, MODB/IRQB, MODC/IRQC,and MODD/IRQD pins
2. Section 4.3, Power Consumption Considerations provides a formula to compute the estimated
current requirements in Normal mode. In order to obtain these results, all inputs must be terminated (i.e.,
not allowed to float). Measurements are based on synthetic intensive DSP benchmarks. The power
consumption numbers in this specification are 90% of the measured results of this benchmark. This
reflects typical DSP applications. Typical internal supply current is measured with VecqL = 1.8V, Vegother)
=3.3Vat T, =25°C. Maximum internal supply current is measured with Vecq = 1.89V, Vegother) = 3.46V
at T; = 95°C.
3. Inorder to obtain these results, all inputs, which are not disconnected at Stop mode, must be terminated
(i.e., not allowed to float).
4. Periodically sampled and not 100% tested
5. VecaL=1.8V £5%, T;=—-40°C to +95°C, CL = 50 pF
All other Vo =3.3V 5%, T; =-40°C to +95°C, CL = 50 pF
6. This characteristic does not apply to PCAP.
3.5 AC ELECTRICAL CHARACTERISTICS

The timing waveforms shown in the AC electrical characteristics section are tested with a V, maximum of
0.4 V and a V,;y minimum of 2.4 V for all pins except EXTAL. AC timing specifications, which are
referenced to a device input signal, are measured in production with respect to the 50% point of the
respective input signal’s transition. DSP56367 output levels are measured with the production test
machine Vg and Vgy reference levels set at 0.4 V and 2.4 V, respectively.

Note:

Although the minimum value for the frequency of EXTAL is 0 MHz, the device AC test
conditions are 15 MHz and rated speed.
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Specifications

Internal Clocks

3.6 INTERNAL CLOCKS

Table 3-4 Internal Clocks
Expression’: 2
Characteristics Symbol
Min Typ Max
Internal operation frequency f — (Ef x MF)/ —
with PLL enabled (PDF x DF)
Internal operation frequency f — Ef/2 —
with PLL disabled
Internal clock high period
+  With PLL disabled Ty — ETc —
*  With PLL enabled and 0.49 x ET¢ % — 0.51 xET¢ x
MF <4 PDF x DF/MF PDF x DF/MF
*  With PLL enabled and 0.47 x ET¢ % — 0.53 x ET¢ x
MF > 4 PDF x DF/MF PDF x DF/MF
Internal clock low period
+  With PLL disabled — ETc —
*  With PLL enabled and T 0.49 x ET¢ x — 0.51 xET¢ x
MF <4 PDF x DF/MF PDF x DF/MF
*  With PLL enabled and 0.47 x ET¢ % — 0.53 x ET¢ x
MF > 4 PDF x DF/MF PDF x DF/MF
Internal clock cycle time with Te — ET¢ x PDF x —
PLL enabled DF/MF
Internal clock cycle time with Te — 2 xET¢ —
PLL disabled
Instruction cycle time lcye — Te —
Note: 1. DF = Division Factor
Ef = External frequency
ET¢ = External clock cycle
MF = Multiplication Factor
PDF = Predivision Factor
Tc = internal clock cycle
2. Referto the DSP56300 Family Manual for a detailed discussion of the PLL.
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External Clock Operation

3.7 EXTERNAL CLOCK OPERATION

The DSP56367 system clock is an externally supplied square wave voltage source connected to EXTAL
(See Figure 3-1)

Viic
Midpoint

! <> ETC

Note: The midpoint is 0.5 (Ve + VL c)-

Figure 3-1 External Clock Timing

Table 3-5 Clock Operation

No. Characteristics Symbol Min Max
1 |Frequency of EXTAL (EXTAL Pin Frequency) Ef 20ns 150.0
The rise and fall time of this external clock should be 2 ns maximum.
2 |EXTAL input high-2
«  With PLL disabled (46.7%—-53.3% duty cycle®) ETH 3.1 ns 0
With PLL enabled (42.5%—57.5% duty cycle®) 2.83ns | 157.0 ps
3 |EXTAL input low': 2
«  With PLL disabled (46.7%—-53.3% duty cycle®) ETL 3.1 ns 0
With PLL enabled (42.5%—57.5% duty cycle®) 2.83ns | 157.0 ps
4 |EXTAL cycle time?
- With PLL disabled ETc | 67ns .
»  With PLL enabled 6.7ns | 273.1 s
7 |Instruction cycle time = Igyg = T2
+  With PLL disabled leve 13.33 ns 0
«  With PLL enabled 6.67ns | 8.53 s
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Specifications

Phase Lock Loop (PLL) Characteristics

Table 3-5 Clock Operation (Continued)

No. Characteristics

Symbol Min

Max

Note: Measured at 50% of the input transition

The maximum value for PLL enabled is given for minimum Vg and maximum MF.

1
2
3. The maximum value for PLL enabled is given for minimum Vq and maximum DF.
4

The indicated duty cycle is for the specified maximum frequency for which a part is rated. The minimum
clock high or low time required for correct operation, however, remains the same at lower operating
frequencies; therefore, when a lower clock frequency is used, the signal symmetry may vary from the
specified duty cycle as long as the minimum high time and low time requirements are met.

3.8 PHASE LOCK LOOP (PLL) CHARACTERISTICS

Table 3-6 PLL Characteristics

Characteristics Min Max Unit
Vo frequency when PLL enabled 30 300 MHz
(MF x E¢ x 2/PDF)
PLL external capacitor (PCAP pin to Vcp) (CPCAP1)
* @MF<4 (MF x 580) —100 | (MF x 780) — 140
F
+ @MF>4 MF x 830 MF x 1470 P
Note: 1. Cpcapis the value of the PLL capacitor (connected between the PCAP pin and Vcp). The
recommended value in pF for Cpcpp can be computed from one of the following equations:
(MF x 680)-120, for MF < 4, or
MF x 1100, for MF > 4.
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Reset, Stop, Mode Select, and Interrupt Timing

3.9 RESET, STOP, MODE SELECT, AND INTERRUPT TIMING
Table 3-7 Reset, Stop, Mode Select, and Interrupt Timing
No. Characteristics Expression Min Max | Unit
8 | Delay from RESET assertion to all pins at reset value® — — 26.0 ns
9 | Required RESET duration®
«  Power on, external clock generator, PLL S0 xET¢ 3334 | — ns
disabled
. Power on, external clock generator, PLL 1000 x ET¢ 6.7 — Us
enabled
. Power on, Internal oscillator 75000 x ET¢ 500 — us
*  During STOP, XTAL disabled 75000 x ET¢ 500 — Hs
- During STOP, XTAL enabled 25xTg 167 | — | ™
*  During normal operation 25xTg 16.7 — ns
10 | Delay from asynchronous RESET deassertion to
first external address output (internal reset
deassertion)5
«  Minimum 3.25xTC+2.0 23.7 — ns
*  Maximum 20.25xTC +10 — 145.0 | ns
11 | Syn reset setup time from RESET
+  Maximum Te — 6.7 ns
12 | Syn reset deassert delay time
*  Minimum 325xTs+1.0 22.7 — ns
+  Maximum 20.25x T+ 5.0 — 140.0 | ns
13 | Mode select setup time 30.0 — ns
14 | Mode select hold time 0.0 — ns
15 | Minimum edge-triggered interrupt request assertion 4.4 — ns
width
16 | Minimum edge-triggered interrupt request deassertion 4.4 — ns
width
17 | Delay from IRQA, IRQB, IRQC, IRQD, NMI assertion to
external memory access address out valid
+  Caused by first interrupt instruction fetch
425xTc+2.0 30.3 — ns
»  Caused by first interrupt instruction execution 725xTs+2.0 50.3 — ns
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Reset, Stop, Mode Select, and Interrupt Timing

Table 3-7 Reset, Stop, Mode Select, and Interrupt Timing

No. Characteristics Expression Min Max | Unit
18 | Delay from IRQA, IRQB, IRQC, IRQD, NMI assertion to 10xTc+5.0 71.7 — ns
general-purpose transfer output valid caused by first
interrupt instruction execution
19 | Delay from address output valid caused by first interrupt | (WS + 3.75) x T¢c — 10.94 — Note 8 | ns
instruction execute to interrupt request deassertion for
level sensitive fast interrupts1’7’8
20 | Delay from RD assertion to interrupt request (WS + 3.25) x Tc — 10.94 — Note 8 | ns
deassertion for level sensitive fast in’terrupts1'7'8
21 | Delay from WR assertion to interrupt request ns
deassertion for level sensitive fast interrupts1' 7.8
+ DRAM for all WS (WS +3.5) x Tc — 10.94 — Note 8
+ SRAMWS =1 N/A — Note 8
+ SRAMWS=2,3 1.75xTc-4.0 — Note 8
+ SRAMWS =4 275xTc-4.0 — Note 8
22 | Synchronous int setup time from IRQs NMI assertion to
the CLKOUT trans. 0.6 x Te—0.1 39 - ns
23 | Synch. int delay time from the CLKOUT trans2 to the
first external address out valid caused by first inst fetch
*  Minimum 9.25xTc+ 1.0 62.7 — ns
+  Maximum 2475 xTc+5.0 — 170.0 | ns
24 | Duration for IRQA assertion to recover from Stop state 0.6 xTg-0.1 3.9 — ns
25 | Delay from IRQA assertion to fetch of first instruction
(when exiting Stop)z' 3
*  PLL is not active during Stop (PCTL Bit 17 =0) | PLC xET¢ x PDF + (128 K — — ms
and Stop delay is enabled -PLC/2) xT¢
(OMR Bit 6 = 0)
* PLL is not active during Stop (PCTL Bit 17 =0) | PLC x ET¢ x PDF + (23.75 — — ms
and Stop delay is not enabled (OMR Bit 6 = 1) +/-0.5) x T
*  PLL is active during Stop (PCTL Bit 17 = 1) (8.25+0.5) x T 51.7 58.3 ns
(Implies No Stop Delay)
3-10 DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA




Specifications

Reset, Stop, Mode Select, and Interrupt Timing

Table 3-7 Reset, Stop, Mode Select, and Interrupt Timing

No. Characteristics Expression Min Max | Unit

26 | Duration of level sensitive IRQA assertion to ensure

interrupt service (when exiting Stop)z' 8

+  PLL is not active during Stop (PCTL Bit 17 =0) | PLC xET¢ xPDF + (128 K — — ms
and Stop delay is enabled -PLC/2) xT¢
(OMR Bit 6 = 0)

*  PLL is not active during Stop (PCTL Bit 17 =0) | PLC x ET¢ x PDF + (20.5 — — ms
and Stop delay is not enabled +/-0.5) x T
(OMR Bit6 = 1)

» PLL is active during Stop (PCTL Bit 17 = 1) 55xT¢ 36.7 — ns

(implies no Stop delay)

27 | Interrupt Requests Rate

- HDIO08, ESAI, ESAI_1, SHI, DAX, Timer 12T; — | 800 | ns
- DMA 8T¢ — | 830 | ns
« IRQ, NMI (edge trigger) 8T¢ — 53.0 | ns
« IRQ (level trigger) 12T¢ — | 80.0 | ns

28 | DMA Requests Rate

. Data read from HDIO8, ESAI, ESAI_1, SHI, 6T¢c — 40.0 ns
DAX
+  Data write to HDIO8, ESAI, ESAI_1, SHI, DAX 7Tc — 46.7 ns
+ Timer 2T¢ 13.3
« IRQ, NMI (edge trigger) 3Tc — 200 | ns
29 | pelay from IRQA, IRQB, IRQC, IRQD, NMI assertion 425xTc+2.0 303 | — | ns
to external memory (DMA source) access address
out valid

Note: 1. When using fast interrupts and IRQA, IRQB, IRQC, and IRQD are defined as level-sensitive, timings 19
through 21 apply to prevent multiple interrupt service. To avoid these timing restrictions, the deasserted
Edge-triggered mode is recommended when using fast interrupts. Long interrupts are recommended
when using Level-sensitive mode.
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Reset, Stop, Mode Select, and Interrupt Timing

Table 3-7 Reset, Stop, Mode Select, and Interrupt Timing

No.

® N o o

Characteristics Expression ‘ Min ‘ Max ‘Unit
This timing depends on several settings:

For PLL disable, using external clock (PCTL Bit 16 = 1), no stabilization delay is required and recovery
time will be defined by the PCTL Bit 17 and OMR Bit 6 settings.

For PLL enable, if PCTL Bit 17 is 0, the PLL is shutdown during Stop. Recovering from Stop requires
the PLL to get locked. The PLL lock procedure duration, PLL Lock Cycles (PLC), may be in the range
of 0 to 1000 cycles. This procedure occurs in parallel with the stop delay counter, and stop recovery will
end when the last of these two events occurs: the stop delay counter completes count or PLL lock
procedure completion.

PLC value for PLL disable is 0.

The maximum value for ET¢ is 4096 (maximum MF) divided by the desired internal frequency (i.e., for
150 MHz it is 4096/150 MHz = 27.3 ps). During the stabilization period, T, Ty and T will not be
constant, and their width may vary, so timing may vary as well.

Periodically sampled and not 100% tested

RESET duration is measured during the time in which RESET is asserted, V¢ is valid, and the EXTAL
input is active and valid. When the V¢ is valid, but the other “required RESET duration” conditions (as
specified above) have not been yet met, the device circuitry will be in an uninitialized state that can
result in significant power consumption and heat-up. Designs should minimize this state to the shortest
possible duration.

If PLL does not lose lock

Veean = 3.3V £5%; Vog= 1.8V £5%; Ty =—-40°C to + 95°C, C| = 50 pF
WS = number of wait states (measured in clock cycles, number of T).
Use expression to compute maximum value.

ViH

RESET

Y

O
-
All Pins > >> >> > Reset Value

AO-A17 > First Fetch

_ ~
AA0460

-

PN

Figure 3-2 Reset Timing
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Reset, Stop, Mode Select, and Interrupt Timing

- First Interrupt Instruction
AD-A17 ¢ >< Execution/Fetch ><

/

3l
O
T

(20) -
N -
JE— (C
WR > \’\ /
(91
[ 21 >
N
IRQA, IRQB, <19> -
IRQC, IRQD, /
NMI ¢ /!
a) First Interrupt Instruction Execution
General {§
Purpose ><
/0 5

IRQA, IRQB, /
IRQC, IRQD, ¢

nindd J
NMI

b) General Purpose 1/0

Figure 3-3 External Fast Interrupt Timing
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Reset, Stop, Mode Select, and Interrupt Timing

IRQA, IRQB,

IRQC, IRQD, //
NMI

IRQA, IRQB, N\

IRQC, IRQD, N\
NMI « . S

AA0463

Figure 3-4 External Interrupt Timing (Negative Edge-Triggered)

Wj Vin
—
XX

Vih  IRQA, IRQB,

MODA, MODB, ViH
v, [|RQD,NMI

MODC, MODD, ><><><>Q<ﬁ Vi
PINIT S

AA0465
Figure 3-5 Operating Mode Select Timing
IRQA
(25)
<€ 5 >
N >\<
A0-A17 First Instruction Fetch
AA0466

Figure 3-6 Recovery from Stop State Using IRQA Interrupt Service
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IRQA

Reset, Stop, Mode Select, and Interrupt Timing

Oa—{

(25) -
® -

~ A

A

AO0-A17

First IRQA Interrupt
Instruction Fetch

AA0467

Figure 3-7 Recovery from Stop State Using IRQA Interrupt Service

AO-A17
RD
WR
IRQA, IRQB,
IRQC, IRQD,
NMI

‘e >< DMA Source Address ><

” \ /

First Interrupt Instruction Execution /
C
J

AA1104

Figure 3-8 External Memory Access (DMA Source) Timing
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External Memory Expansion Port (Port A)

3.10 EXTERNAL MEMORY EXPANSION PORT (PORT A)

3.10.1 SRAM Timing
Table 3-8 SRAM Read and Write Accesses
150 MHz
No. Characteristics Symbol Expression1 Unit
Min | Max
100 | Address valid and AA assertion pulse width | tge, twe (WS+2)xTc-4.0 227 | — ns
[2<WS <7]
(WS +3)xTc-4.0 693 | — ns
[WS = 8]
101 | Address and AA valid to WR assertion tas 0.75xTc-2.0 3.0 — ns
[2<sWS <3
1.25xTc-2.0 6.3 — ns
[WS =4
102 | WR assertion pulse width twp WS x T —-4.0 9.3 — ns
[2<WS < 3]
(WS -0.5)xTc-4.0 193 | — ns
[WS = 4]
103 | WR deassertion to address not valid twr 1.25xTc-40 43 — ns
[2<WS <7]
225xTes—-40 1.0 | — ns
[WS = 8]
104 | Address and AA valid to input data valid taa, tac (WS +0.75) x Tc — 5.0 — | 183 | ns
[WS = 2]
105 | RD assertion to input data valid toe (WS+0.25)xTc-50 | — | 100 | ns
[WS = 2]
106 | RD deassertion to data not valid (data hold | touz 00 | — | ns
time)
107 | Address valid to WR deassertion? taw (WS+0.75)xTc-4.0 | 143 | — | ns
[WS = 2]
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Table 3-8 SRAM Read and Write Accesses (Continued)

External Memory Expansion Port (Port A)

No. Characteristics

Symbol

Expression1

150 MHz

Min

Max

Unit

108 | Data valid to WR deassertion (data setup
time)

tps (tow)

(WS - 0.25) x Tc - 3.0
[WS = 2]

8.7

ns

109 | Data hold time from WR deassertion

toH

1.25x T -2.0
2<WS<7]

2.25x To - 2.0
[WS > 8]

6.3

13.0

ns

ns

110 | WR assertion to data active

0.25xTe-3.7
[2<WS < 3]

-0.25 x Te - 3.7
[WS = 4]

ns

ns

111 | WR deassertion to data high impedance

0.25x Te+ 0.2
[2<WS < 3]

1.25x T +0.2
[4<WS<7]

225 x T +0.2
[WS > 8]

1.9

8.5

15.2

112 | Previous RD deassertion to data active
(write)

1.25x T -4.0
[2<WS < 3]

2.25x To - 4.0
[4<WS<7]

3.25x Tg -4.0
[WS > 8]

4.3

17.7

ns

ns

113 | RD deassertion time

1.75x Tg - 4.0
[2<WS<7]

2.75x Tg - 4.0
[WS > 8]

7.7

14.3

ns

ns
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External Memory Expansion Port (Port A)

Table 3-8 SRAM Read and Write Accesses (Continued)

150 MHz
No. Characteristics Symbol Expression1 Unit
Min | Max
114 | WR deassertion time 20xTec-4.0 93 | — | ns
[2<WS <3
25xTc-4.0 127 | — ns
[4<WS <7]
3.5xTc-4.0 193 | — ns
[WS = 8]
115 | Address valid to RD assertion 0.5xTe-2.0 13| — | ns
116 | RD assertion pulse width (WS +0.25)xTc-4.0 | 11.0 | — ns
117 | RD deassertion to address not valid 1.25xTc-2.0 6.3 — ns
[2<WS <7]
225xTc-20 130 | — ns
[WS = 8]
118 | TA setup before RD or WR deassertion® 0.25xTc+2.0 3.7 — ns
119 | TA hold after RD or WR deassertion 00 | — ns
Note: 1. WS is the number of wait states specified in the BCR. The value is given for the minimum for a given
category. (For example, for a category of [2 £ WS £ 7] timing is specified for 2 wait states.) Two wait
states is the minimum otherwise.
Timings 100, 107 are guaranteed by design, not tested.
3. Inthe case of TA negation: timing 118 is relative to the deassertion edge of RD or WR were TA to
remain active
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External Memory Expansion Port (Port A)
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Figure 3-9 SRAM Read Access
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External Memory Expansion Port (Port A)

(100)
(o9

Y

AO0-A17 >
AAD-AA2

(107)

4
U 102 >
\

o

Y

A
Y

S
w

@ - 118

-
fod)

D0-D23 Data N

Out

A
Y

Figure 3-10 SRAM Write Access

3.10.2 DRAM Timing

The selection guides provided in Figure 3-11 and Figure 3-14 should be used for primary selection only.
Final selection should be based on the timing provided in the following tables. As an example, the
selection guide suggests that 4 wait states must be used for 100 MHz operation when using Page Mode
DRAM. However, by using the information in the appropriate table, a designer may choose to evaluate
whether fewer wait states might be used by determining which timing prevents operation at 100 MHz,
running the chip at a slightly lower frequency (e.g., 95 MHz), using faster DRAM (if it becomes available),
and control factors such as capacitive and resistive load to improve overall system performance.
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External Memory Expansion Port (Port A)

DRAM Type Note: This figure should be use for primary selection.
(tRAC ns) For exact and detailed timings see the
following tables.

100

80

| | | | >Chip Frequency

| I | I
40 66 80 100 120 (MHz)
. 1 Wait States 3 Wait States
2 Wait States 4 Wait States AA047

Figure 3-11 DRAM Page Mode Wait States Selection Guide

Table 3-9 DRAM Page Mode Timings, Three Wait States

100 MHz
No. Characteristics Symbol Expression Unit
Min | Max
131 | Page mode cycle time for two consecutive accesses tpc 2xTg 200 — ns
of the same direction
Page mode cycle time for mixed (read and write) 1.25x T 12.5 —
accesses
132 | CAS assertion to data valid (read) tcac 2xTe-7.0 — 13.0 ns
133 | Column address valid to data valid (read) tan 3xTc-7.0 — | 23.0 ns
134 | CAS deassertion to data not valid (read hold time) torr 0.0 — ns
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Table 3-9 DRAM Page Mode Timings, Three Wait States (Continued)

100 MHz
No. Characteristics Symbol Expression Unit
Min | Max

135 | Last CAS assertion to RAS deassertion trsH 25xTe-40 [210| — ns
136 | Previous CAS deassertion to RAS deassertion trucp | 45xTc-4.0 |410| — ns
137 | CAS assertion pulse width tcas 2xTc-4.0 16.0 | — ns
138 | Last CAS deassertion to RAS assertion® terp

«  BRWI[1:0] = 00, 01— not applicable

+  BRWI[1:0] =10 475xTc-6.0 [415| — ns

+  BRWI[1:0] = 11 6.75xTc-6.0 | 615 — ns
139 | CAS deassertion pulse width tcp 1.5xTc-40 [11.0| — ns
140 | Column address valid to CAS assertion tasc Tc—4.0 6.0 — ns
141 | CAS assertion to column address not valid tcaH 25xTc-40 (210 — ns
142 | Last column address valid to RAS deassertion tRAL 4xTc-4.0 36.0| — ns
143 | WR deassertion to CAS assertion tres | 1.25xTc-40| 85 | — ns
144 | CAS deassertion to WR assertion trey | 0.75xTc-40| 35 | — ns
145 | CAS assertion to WR deassertion twen 225xTc-42 (183 | — ns
146 | WR assertion pulse width twp 3.5xTc-4.5 | 30.5 — ns
147 | Last WR assertion to RAS deassertion tawl | 3.75xTg-43 332 — ns
148 | WR assertion to CAS deassertion tewl 325xTo—-43 |282| — ns
149 | Data valid to CAS assertion (write) tps 0.5xTc-4.0 1.0 — ns
150 | CAS assertion to data not valid (write) toH 25xTc-40 (210 — ns
151 | WR assertion to CAS assertion twes | 1.25xTc-43 | 82 | — ns
152 | Last RD assertion to RAS deassertion troH 35xTc-40 [310] — ns
153 | RD assertion to data valid tea 25xTg-70 | — 18.0 ns
154 | RD deassertion to data not valid® taz 0.0 — ns
155 | WR assertion to data active 0.75xTc-03 | 7.2 — ns
156 | WR deassertion to data high impedance 0.25xT¢ — 25 ns
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Table 3-9 DRAM Page Mode Timings, Three Wait States (Continued)

100 MHz
No. Characteristics Symbol Expression Unit
Min | Max
Note: 1. The number of wait states for Page mode access is specified in the DCR.
2. The refresh period is specified in the DCR.
3. The asynchronous delays specified in the expressions are valid for DSP56367.
4. All the timings are calculated for the worst case. Some of the timings are better for specific cases
(e.g., tpc equals 4 x T for read-after-read or write-after-write sequences).
5. BRWI[1:0] (DRAM control register bits) defines the number of wait states that should be inserted in
each DRAM out-of page-access.
6. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is tog and
not th.
Table 3-10 DRAM Page Mode Timings, Four Wait States’ 2 3
100 MHz
No. Characteristics Symbol Expression4 Unit
Min | Max
131 | Page mode cycle time for two consecutive 5xT¢ 50.0 — ns
accesses of the same direction
Page mode cycle time for mixed (read and write) tpc 45x T 45.0 — ns
accesses
132 | CAS assertion to data valid (read) tcac 275xTc-5.7 — 21.8 ns
133 | Column address valid to data valid (read) tan 3.75xTc—-5.7 — 31.8 ns
134 | CAS deassertion to data not valid (read hold time) |  topf 0.0 — ns
135 | Last CAS assertion to RAS deassertion tRsH 35xTc-4.0 310 | — ns
136 | Previous CAS deassertion to RAS deassertion trRHCP 6xTc—-4.0 56.0 | — ns
137 | CAS assertion pulse width tcas 25xTc-4.0 210 | — ns
138 | Last CAS deassertion to RAS assertion® tcrp
BRWI[1-0] = 00, 01—Not applicable — — — —
BRWI[1-0] = 10 525xT:-6.0 46.5 | — ns
BRWI[1-0] = 11 725xTc-6.0 66.5 | — ns
139 | CAS deassertion pulse width tep 2xTc-4.0 16.0 | — ns
140 | Column address valid to CAS assertion tasc Tc—-4.0 6.0 — ns
141 | CAS assertion to column address not valid tcAH 35xTc-4.0 310 | — ns
142 | Last column address valid to RAS deassertion trAL 5xTc-4.0 46.0 | — ns
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Table 3-10 DRAM Page Mode Timings, Four Wait States’ 2 3 (Continued)

100 MHz
No. Characteristics Symbol Expression4 Unit
Min | Max
143 | WR deassertion to CAS assertion tres 1.25x T -4.0 85 | — ns
144 | CAS deassertion to WR assertion treH 1.25 x T - 3.7 88 | — ns
145 | CAS assertion to WR deassertion twen 3.25xTc—-4.2 28.3 — ns
146 | WR assertion pulse width twe 45xTc-45 405 | — ns
147 | Last WR assertion to RAS deassertion trwL 475xTc-43 | 432 | — ns
148 | WR assertion to CAS deassertion tewl 3.75xTc—-4.3 33.2 — ns
149 | Data valid to CAS assertion (write) tps 05xTc—-4.5 0.5 — ns
150 | CAS assertion to data not valid (write) toH 3.5xTz-4.0 31.0 — ns
151 | WR assertion to CAS assertion twes 1.25xTc-4.3 8.2 — ns
152 | Last RD assertion to RAS deassertion troH 45xTc-4.0 410 | — ns
153 | RD assertion to data valid toa 3.25xTg-5.7 — | 268 | ns
154 | RD deassertion to data not valid® taz 0.0 — ns
155 | WR assertion to data active 0.75xTc—-15 60 | — ns
156 | WR deassertion to data high impedance 0.25 x T — | 25 | ns
Note: 1. The number of wait states for Page mode access is specified in the DCR.

2. The refresh period is specified in the DCR.

3. The asynchronous delays specified in the expressions are valid for DSP56367.

4. All the timings are calculated for the worst case. Some of the timings are better for specific cases (for
example, tpc equals 3 x T for read-after-read or write-after-write sequences). An expressions is
used to calculate the maximum or minimum value listed, as appropriate.

5. BRW][1-0] (DRAM control register bits) defines the number of wait states that should be inserted in
each DRAM out-of-page access.

6. RD deassertion always occurs after CAS deassertion; therefore, the restricted timing is togg and not
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DRAM Type
(tRAC ns) Note: This figure should be use for primary selection. For

100

80

70

60

50

exact and detailed timings see the following tables.

: : . [ . Chip Frequency

66 80 100 120  (MH2)
. 4 Wait States 11 Wait States
|:| 8 Wait States 15 Wait States AA0475
Figure 3-14 DRAM Out-of-Page Wait States Selection Guide
Table 3-11 DRAM Out-of-Page and Refresh Timings, Four Wait States
20 MHz* 30 MHz*
No. Characteristics® Symbol | Expression Unit
Min Max Min Max
157 | Random read or write cycle time tre 5xTg 250.0 — 166.7 — ns
158 | RAS assertion to data valid (read) traC 275xTc-75 — 130.0 — 84.2 ns
159 | CAS assertion to data valid (read) tcac 126 xTc-7.5 — 55.0 — 34.2 ns
160 | Column address valid to data valid tan 1.5xTc-7.5 — 67.5 — 42.5 ns
(read)
161 | CAS deassertion to data not valid toFF 0.0 — 0.0 — ns
(read hold time)
MOTOROLA DSP56367 24-Bit Digital Signal Processor User’s Manual 3-27



Specifications

External Memory Expansion Port (Port A)

Table 3-11 DRAM Out-of-Page and Refresh Timings, Four Wait States (Continued)

20 MHz* 30 MHz*
No. Characteristics® Symbol | Expression Unit
Min Max Min Max

162 | RAS deassertion to RAS assertion trp 1.75xTc-4.0 | 835 — 54.3 — ns

163 | RAS assertion pulse width trAS 3.25xTs—-4.0 | 168.5 — 104.3 — ns

164 | CAS assertion to RAS deassertion trRsH 1.75xTc-4.0 | 83.5 — 54.3 — ns

165 | RAS assertion to CAS deassertion tesy | 275xTc-4.0 | 1335 | — 87.7 — ns

166 | CAS assertion pulse width tcas 1.256xTc-4.0 | 58.5 — 37.7 — ns

167 | RAS assertion to CAS assertion treD 1.5xTcx2 73.0 77.0 48.0 52.0 ns

168 | RAS assertion to column address tRAD 1.25xTgx2 60.5 64.5 39.7 43.7 ns
valid

169 | CAS deassertion to RAS assertion tcrp | 225xTg-4.0 | 1085 | — 71.0 — ns

170 | CAS deassertion pulse width tcp 1.75xTc-4.0 | 83.5 — 54.3 — ns

171 | Row address valid to RAS assertion |  tagg 1.75xTc-4.0 | 83.5 — 54.3 — ns

172 | RAS assertion to row address not tRAH 1.256xTc-4.0 | 58.5 — 37.7 — ns
valid

173 | Column address valid to CAS tasc 0.25xTc-4.0 8.5 — 43 — ns
assertion

174 | CAS assertion to column address tcaH 1.75xTc-4.0 | 83.5 — 54.3 — ns
not valid

175 | RAS assertion to column address tAR 3.25xTc-4.0 | 158.5 — 104.3 — ns
not valid

176 | Column address valid to RAS trAL 2xTc-4.0 96.0 — 62.7 — ns
deassertion

177 | WR deassertion to CAS assertion tres 15xTc-38 | 71.2 — 46.2 — ns

178 | CAS deassertion to WR assertion trey | 0.75xTo-3.7 | 33.8 — 21.3 — ns

179 | RAS deassertion to WR assertion trry | 0.25xTo-3.7 | 88 — 4.6 — ns

180 | CAS assertion to WR deassertion twen 15xTc-4.2 | 70.8 — 45.8 — ns

181 | RAS assertion to WR deassertion twer 3xTc-42 | 1458 | — 95.8 — ns

182 | WR assertion pulse width twe 45xT:z-45 | 220.5 — 145.5 — ns

183 | WR assertion to RAS deassertion tawl | 475xTc-43 [ 2332 | — | 1540 | — ns

184 | WR assertion to CAS deassertion towL | 425xTc-43 | 2082 | — | 1374 | — ns
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Table 3-11 DRAM Out-of-Page and Refresh Timings, Four Wait States (Continued)

20 MHz* 30 MHz*
No. Characteristics® Symbol Expression Unit
Min Max Min Max
185 | Data valid to CAS assertion (write) tps 225xTc—-4.0 | 108.5 — 71.0 — ns
186 | CAS assertion to data not valid ton 1.756xTc-4.0 | 83.5 — 54.3 — ns
(write)
187 | RAS assertion to data not valid tDHR 325xTc-4.0 | 158.5 — 104.3 — ns
(write)
188 | WR assertion to CAS assertion twes 3xTc—-4.3 145.7 — 95.7 — ns
189 | CAS assertion to RAS assertion tcsr 0.5xTc-4.0 21.0 — 12.7 — ns
(refresh)
190 | RAS deassertion to CAS assertion trpc 1.26xTc-4.0 | 58.5 — 37.7 — ns
(refresh)
191 | RD assertion to RAS deassertion tROH 45xTc-40 | 2210 | — | 1460 | — ns
192 | RD assertion to data valid toa 4xTe-75 — | 1925 | — | 1258 | ns
193 | RD deassertion to data not valid® tez 0.0 — 0.0 — ns
194 | WR assertion to data active 0.75xTg-03 | 37.2 — 24.7 — ns
195 | WR deassertion to data high 0.25 x T¢ — 12.5 — 8.3 ns
impedance
Note: 1. The number of wait states for out of page access is specified in the DCR.
The refresh period is specified in the DCR.
3. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is torr and not
4. Reduced DSP clock speed allows use of DRAM out-of-page access with four Wait states (see
Figure 3-14).
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Table 3-12 DRAM Out-of-Page and Refresh Timings, Eleven Wait States

100 MHz
No. Characteristics* Symbol | Expression? Unit
Min Max
157 | Random read or write cycle time trRe 12 x T 120.0 — ns
158 | RAS assertion to data valid (read) traC 6.25xTc-7.0 — 55.5 ns
159 | CAS assertion to data valid (read) tcac 3.75xTc-7.0 — 30.5 ns
160 | Column address valid to data valid (read) tan 45xTc-7.0 — 38.0 ns
161 | CAS deassertion to data not valid (read hold time) toFrF 0.0 — ns
162 | RAS deassertion to RAS assertion trp 425xTc-4.0 | 385 — ns
163 | RAS assertion pulse width trAS 775xTc-4.0 | 735 — ns
164 | CAS assertion to RAS deassertion trsy | 5.25xTc-4.0 | 485 — ns
165 | RAS assertion to CAS deassertion tcsy | 6.25xTc-4.0 | 585 — ns
166 | CAS assertion pulse width tcas 3.75xTc-4.0 | 335 — ns
167 | RAS assertion to CAS assertion treD 25xTc+4.0 | 210 | 290 | ns
168 | RAS assertion to column address valid trAD 1.75xTc£4.0 13.5 21.5 ns
169 | CAS deassertion to RAS assertion tcrp 575xTc-4.0 | 535 — ns
170 | CAS deassertion pulse width tep 425xTc-4.0 | 385 — ns
171 | Row address valid to RAS assertion tasr 425xTc-4.0 | 385 — ns
172 | RAS assertion to row address not valid tRAH 1.75xTc-4.0 13.5 — ns
173 | Column address valid to CAS assertion tasc 0.75xTc-4.0 3.5 — ns
174 | CAS assertion to column address not valid tcaH 525xT;-4.0 | 485 — ns
175 | RAS assertion to column address not valid tAR 775xTc-4.0 | 735 — ns
176 | Column address valid to RAS deassertion tRAL 6xTc—-4.0 56.0 — ns
177 | WR deassertion to CAS assertion tres 30xTc-4.0 | 26.0 — ns
178 | CAS deassertion to WR® assertion tRcH 1.75xTc-4.0 13.5 — ns
179 | RAS deassertion to WR® assertion trry | 0.25xTc-2.0 | 05 — ns
180 | CAS assertion to WR deassertion tweH 5xTc-4.2 45.8 — ns
181 | RAS assertion to WR deassertion twer 75xTc-4.2 70.8 — ns
182 | WR assertion pulse width twp 115xTc-4.5 | 1105 — ns
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Table 3-12 DRAM Out-of-Page and Refresh Timings, Eleven Wait States (Continued)

100 MHz
No. Characteristics? Symbol | Expression® Unit
Min Max
183 | WR assertion to RAS deassertion tewl | 11.75xTc-43| 1132 | — ns
184 | WR assertion to CAS deassertion tow. | 10.25xTc-4.3| 1032 | — ns
185 | Data valid to CAS assertion (write) tos 575xTc—-4.0 | 535 — ns
186 | CAS assertion to data not valid (write) tDH 525xT:-4.0 48.5 — ns
187 | RAS assertion to data not valid (write) toHR 7.75xTc—-4.0 | 735 — ns
188 | WR assertion to CAS assertion twes 6.5xTc-4.3 60.7 — ns
189 | CAS assertion to RAS assertion (refresh) tcsr 1.5xTc-4.0 11.0 — ns
190 | RAS deassertion to CAS assertion (refresh) trpc 275xTc-4.0 | 235 — ns
191 | RD assertion to RAS deassertion tROH 11.5xTc-4.0 | 111.0 — ns
192 | RD assertion to data valid tea — 93.0 | ns
10xTg-7.0
193 | RD deassertion to data not valid* toz 0.0 — ns
194 | WR assertion to data active 0.75xTc-03 | 7.2 — ns
195 | WR deassertion to data high impedance 0.25 xT¢ — 2.5 ns
Note: 1. The number of wait states for out-of-page access is specified in the DCR.

2. The refresh period is specified in the DCR.

3. The asynchronous delays specified in the expressions are valid for DSP56367.

4. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is togr and

not tgz.
5. Either tgcy or trry must be satisfied for read cycles.

MOTOROLA DSP56367 24-Bit Digital Signal Processor User’s Manual 3-31



Specifications

External Memory Expansion Port (Port A)

Table 3-13 DRAM Out-of-Page and Refresh Timings, Fifteen Wait States' 2

100 MHz
No. Characteristics Symbol Expression3 Unit
Min Max
157 | Random read or write cycle time tre 16 x T 160.0 — ns
158 | RAS assertion to data valid (read) trAC 8.25xTs—-5.7 — 76.8 ns
159 | CAS assertion to data valid (read) tcac 475 xTc-5.7 — 41.8 ns
160 | Column address valid to data valid (read) tan 55xTc-5.7 — 49.3 ns
161 | CAS deassertion to data not valid (read hold time) |  togg 0.0 0.0 — ns
162 | RAS deassertion to RAS assertion trp 6.25xTc-4.0 | 585 — ns
163 | RAS assertion pulse width trAS 9.75xTc—-4.0 93.5 — ns
164 | CAS assertion to RAS deassertion trsH 6.25xTc-4.0 | 585 — ns
165 | RAS assertion to CAS deassertion tosh 825xTo-40 | 785 — ns
166 | CAS assertion pulse width tcas 475xTc-4.0 43.5 — ns
167 | RAS assertion to CAS assertion treD 35xTg+2 33.0 | 37.0 ns
168 | RAS assertion to column address valid trAD 275xTcx2 25.5 29.5 ns
169 | CAS deassertion to RAS assertion tcrp 775xTc—-4.0 73.5 — ns
170 | CAS deassertion pulse width tcp 6.25xT-—-6.0 56.5 — ns
171 | Row address valid to RAS assertion tasr 6.25xTc—-4.0 58.5 — ns
172 | RAS assertion to row address not valid tRAH 275xTc-4.0 23.5 — ns
173 | Column address valid to CAS assertion tasc 0.75xTc—-4.0 3.5 — ns
174 | CAS assertion to column address not valid tcaH 6.25xTc—-4.0 58.5 — ns
175 | RAS assertion to column address not valid tAR 9.75xTc—-4.0 93.5 — ns
176 | Column address valid to RAS deassertion tRAL 7xTc—-4.0 66.0 — ns
177 | WR deassertion to CAS assertion tres 5xTc-3.8 46.2 — ns
178 | CAS deassertion to WR* assertion trRcH 1.75xTg - 3.7 13.8 — ns
179 | RAS deassertion to WR* assertion tRRH 0.25 xTg-2.0 0.5 — ns
180 | CAS assertion to WR deassertion tweH 6xTc-4.2 55.8 — ns
181 | RAS assertion to WR deassertion twer 95xTc-4.2 90.8 — ns
182 | WR assertion pulse width twe 155 xTc-4.5 150.5 — ns
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Table 3-13 DRAM Out-of-Page and Refresh Timings, Fifteen Wait States? 2 (Continued)

100 MHz
No. Characteristics Symbol Expression3 Unit
Min Max

183 | WR assertion to RAS deassertion trwL 15.75xTc-43 | 1532 | — ns
184 | WR assertion to CAS deassertion tewL 1425 xTo-43 | 1382 | — ns
185 | Data valid to CAS assertion (write) tos 8.75xT:-4.0 83.5 — ns
186 | CAS assertion to data not valid (write) toH 6.25xTc—-4.0 58.5 — ns
187 | RAS assertion to data not valid (write) toHR 9.75xTc—-4.0 93.5 — ns
188 | WR assertion to CAS assertion twes 9.5xTc-4.3 90.7 — ns
189 | CAS assertion to RAS assertion (refresh) tcsr 1.5xTc-4.0 11.0 — ns
190 | RAS deassertion to CAS assertion (refresh) trpc 475xTc-4.0 43.5 — ns
191 | RD assertion to RAS deassertion tROH 15.5xTc-4.0 151.0 — ns
192 | RD assertion to data valid tea 14 x T -5.7 — | 1343 | ns
193 | RD deassertion to data not valid® toz 0.0 — ns
194 | WR assertion to data active 0.75xTc—-1.5 6.0 — ns
195 | WR deassertion to data high impedance 0.25 x Tg — 25 ns
Note: 1. The number of wait states for an out-of-page access is specified in the DCR.

2. The refresh period is specified in the DCR.

3. An expression is used to compute the maximum or minimum value listed (or both if the expression

includes %).
Either tgcy or trry Must be satisfied for read cycles.
5. RD deassertion always occurs after CAS deassertion; therefore, the restricted timing is togr and not
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3.10.3

External Memory Expansion Port (Port A)

Arbitration Timings

Table 3-14 Asynchronous Bus Arbitration Timing

No.

150 MHz
Characteristics Expression Unit
Min Max

250

BB assertion window from BG input negation. | 2.5*Tc+5 — 21.7 ns

251

Delay from BB assertion to BG assertion 2*Tc+5 18.3 — ns

Note:

1.
2.
3.

Bit 13 in the OMR register must be set to enter Asynchronous Arbitration mode
If Asynchronous Arbitration mode is active, none of the timings in Table 3-14 is required.

In order to guarantee timings 250, and 251, it is recommended to assert BG inputs to different
56300 devices (on the same bus) in a non overlap manner as shown in Figure 3-18.

BG1 \

BG2

Figure 3-18 Asynchronous Bus Arbitration Timing

BG1 \

250+251

Figure 3-19 Asynchronous Bus Arbitration Timing
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Parallel Host Interface (HDI08) Timing

Background explanation for Asynchronous Bus Arbitration:

The asynchronous bus arbitration is enabled by internal synchronization circuits on BG and BB inputs.
These synchronization circuits add delay from the external signal until it is exposed to internal logic. As a
result of this delay, a 56300 part may assume mastership and assert BB for some time after BG is
negated. This is the reason for timing 250.

Once BB is asserted, there is a synchronization delay from BB assertion to the time this assertion is
exposed to other 56300 components which are potential masters on the same bus. If BG input is asserted
before that time, a situation of BG asserted, and BB negated, may cause another 56300 component to
assume mastership at the same time. Therefore some non-overlap period between one BG input active to
another BG input active is required. Timing 251 ensures that such a situation is avoided.

3.11 PARALLEL HOST INTERFACE (HDI08) TIMING

Table 3-15 Host Interface (HDI08) Timing

150 MHz
No. Characteristics® Expression Unit
Min Max
317 | Read data strobe assertion width* Tc+9.9 16.7 — ns
HACK read assertion width
318 | Read data strobe deassertion width? — 9.9 — ns
HACK read deassertion width
319 | Read data strobe deassertion width* after “Last Data 25xTs+6.6 | 233 — ns
Register” reads5’6, or between two consecutive CVR, ICR, or
ISR reads’
HACK deassertion width after “Last Data Register” reads>®
320 | Write data strobe assertion width® — 13.2 — ns
HACK write assertion width
321 | Write data strobe deassertion width® 25xTs+6.6 | 23.3 — ns
HACK write deassertion width
« after ICR, CVR and “Last Data Register” writes®
« after IVR writes, or
. after TXH:TXM writes (with HBE=0), or 165 ) —
«  after TXL:TXM writes (with HBE=1)
322 | HAS assertion width — 9.9 — ns
323 | HAS deassertion to data strobe assertion? — 0.0 — ns
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Table 3-15 Host Interface (HDI08) Timing (Continued)

150 MHz
No. Characteristics® Expression Unit
Min Max

324 | Host data input setup time before write data strobe — 9.9 — ns
deassertion®
Host data input setup time before HACK write deassertion

325 | Host data input hold time after write data strobe deassertion® — 3.3 — ns
Host data input hold time after HACK write deassertion

326 | Read data strobe assertion to output data active from high — 3.3 — ns
impedance4
HACK read assertion to output data active from high
impedance

327 | Read data strobe assertion to output data valid4 — — 24.2 ns
HACK read assertion to output data valid

328 | Read data strobe deassertion to output data high impedance4 — — 9.9 ns
HACK read deassertion to output data high impedance

329 | Output data hold time after read data strobe deassertion? — 3.3 — ns
Output data hold time after HACK read deassertion

330 | HCS assertion to read data strobe deassertion* Tc+9.9 16.7 — ns

331 | HCS assertion to write data strobe deassertion® — 9.9 — ns

332 | HCS assertion to output data valid — — 191 ns

333 | HCS hold time after data strobe deassertion? — 0.0 — ns

334 | Address (AD7—ADOQ) setup time before HAS deassertion — 4.7 — ns
(HMUX=1)

335 | Address (AD7—ADQ) hold time after HAS deassertion — 3.3 — ns
(HMUX=1)

336 | A10-A8 (HMUX=1), A2-A0 (HMUX=0), HR/W setup time — 0 — ns
before data strobe assertion?

* Read
«  Write 4.7 —

337 | A10-A8 (HMUX=1), A2—A0 (HMUX=0), HR/W hold time after — 3.3 — ns
data strobe deassertion®

338 | Delay from read data strobe deassertion to host request Tc 6.7 — ns
assertion for “Last Data Register” read® 510
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Table 3-15 Host Interface (HDI08) Timing (Continued)

150 MHz
No. Characteristics® Expression Unit
Min | Max
339 | Delay from write data strobe deassertion to host request 2xTe 13.4 — ns
assertion for “Last Data Register” write® 810
340 | Delay from data strobe assertion to host request deassertion — — 19.1 ns
for “Last Data Register” read or write (HROD = 0)5’ 9,10
341 | Delay from data strobe assertion to host request deassertion — — | 300.0 ns
for “Last Data Register” read or write (HROD = 1, open drain
Host Request)3 9 10, 11
342 | Delay from DMA HACK deassertion to HOREQ assertion ns
+  For “Last Data Register” read® 2xTc+191 32.5 —
+  For “Last Data Register” write® 1.5xTc+19.1 | 29.2 —
*  For other cases 0.0 —
343 | Delay from DMA HACK assertion to HOREQ deassertion — — 20.2 ns
+ HROD=0°
344 | Delay from DMA HACK assertion to HOREQ deassertion for — — | 300.0 ns
“Last Data Register” read or write
« HROD =1, open drain Host Requests’ 1

Note: 1. See Host Port Usage Considerations in the DSP56367 User’'s Manual.

2. Inthe timing diagrams below, the controls pins are drawn as active low. The pin polarity is
programmable.

3. Vec =18V x5%; T;=-40°C to +95°C, C| =50 pF

4. The read data strobe is HRD in the dual data strobe mode and HDS in the single data strobe
mode.

5. The “last data register” is the register at address $7, which is the last location to be read or written
in data transfers.

6. This timing is applicable only if a read from the “last data register” is followed by a read from the
RXL, RXM, or RXH registers without first polling RXDF or HREQ bits, or waiting for the assertion of
the HOREQ signal.

7. This timing is applicable only if two consecutive reads from one of these registers are executed.

8. The write data strobe is HWR in the dual data strobe mode and HDS in the single data strobe
mode.

9. The data strobe is host read (HRD) or host write (HWR) in the dual data strobe mode and host
data strobe (HDS) in the single data strobe mode.

10. The host request is HOREQ in the single host request mode and HRRQ and HTRQ in the double
host request mode.

11. In this calculation, the host request signal is pulled up by a 4.7 kQ resistor in the open-drain mode.
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3.12 SERIAL HOST INTERFACE SPI PROTOCOL TIMING

Table 3-16 Serial Host Interface SPI Protocol Timing

No. Characteristics’ Mode ;licl)t:; Expression® | Min | Max | Unit
140 | Tolerable spike width on clock or — Bypassed — — 0 ns
data in Narrow — — 50 ns
Wide — — 100 ns
141 | Minimum serial clock cycle = Master | Bypassed 6xT+46 86.2 — ns
tspicc(min) Narrow 6xTo+152 | 1922 | — | ns
Wide 6xT+223 2632 | — ns
142 | Serial clock high period Master | Bypassed | 0.5xtgp|cc —10 38 — ns
Narrow 0.5xtgp|cc —10 91 — ns
Wide 0.5xtgpjcc =10 | 126.5 | — ns
Slave | Bypassed 2.5xTc+12 28.8 — ns
Narrow 2.5xTs+102 1188 | — ns
Wide 2.5xT+189 2058 | — ns
143 | Serial clock low period Master | Bypassed | 0.5xtgp|cc —10 38 — ns
Narrow 0.5xtgp|cc —10 91 — ns
Wide 0.5xtgpicc =10 | 126.5 | — ns
Slave | Bypassed 2.5xTc+12 28.8 — ns
Narrow 2.5xTs+102 1188 | — ns
Wide 2.5xT+189 2058 | — ns
144 | Serial clock rise/fall time Master — — — 10 ns
Slave — — — 2000 | ns
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Table 3-16 Serial Host Interface SPI Protocol Timing (Continued)

Serial Host Interface SPI Protocol Timing

Filter . .
No. Characteristics’ Mode Mode Expression® | Min | Max | Unit
146 | SS assertion to first SCK edge Slave | Bypassed 3.5xTc+15 38.5 — ns
CPHA =0 Narrow 0 0 — ns
Wide 0 0 — ns
CPHA =1 Slave | Bypassed 10 10 — ns
Narrow 0 0 — ns
Wide 0 0 — ns
147 | Last SCK edge to SS not Slave | Bypassed 12 12 — ns
asserted
Narrow 102 102 — ns
Wide 189 189 — ns
148 | Data input valid to SCK edge Master/ | Bypassed 0 0 — ns
(data input set-up time) Slave
Narrow | MAX{(20-T¢),0} | 133 | — ns
Wide MAX{(40-T¢), 0} | 33.3 — ns
149 | SCK last sampling edge to data Master/ | Bypassed 2.5xTc+10 26.8 — ns
input not valid Slave
Narrow 2.5xT+30 46.8 — ns
Wide 2.5xT+50 66.8 — ns
150 | SS assertion to data out active Slave — 2 2 — ns
151 | SS deassertion to data high Slave — 9 — 9 ns
impedance?
152 | SCK edge to data out valid Master/ | Bypassed 2xT+33 — 46.4 ns
(data out delay time) Slave
Narrow 2xT+123 — 136.4 | ns
Wide 2xT:+210 — | 2234 | ns
153 | SCK edge to data out not valid Master/ | Bypassed Tc+5 11.7 — ns
(data out hold time) Slave
Narrow Tc+55 61.7 — ns
Wide Tc+106 1127 | — ns
154 | SS assertion to data out valid Slave — Tc+33 — 39.7 | ns
(CPHA =0)
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Table 3-16 Serial Host Interface SPI Protocol Timing (Continued)

Filter . .
No. Characteristics’ Mode Mode Expression® | Min | Max | Unit
157 | First SCK sampling edge to Slave | Bypassed 2.5xT+30 — 46.8 ns
HREQ output deassertion
Narrow 2.5xTs+120 — | 136.8 | ns
Wide 2.5xTc+217 — | 233.8| ns
158 | Last SCK sampling edge to Slave | Bypassed 2.5xT+30 46.8 — ns
HREQ output not deasserted
(CPHA = 1) Narrow 2.5xT:+80 96.8 — ns
Wide 2.5xT+136 1528 | — ns
159 | SS deassertion to HREQ output | Slave — 2.5xTc+30 468 | — | ns
not deasserted (CPHA = 0)
160 | SS deassertion pulse width Slave — Tc+6 12.7 — ns
(CPHA =0)
161 | HREQ in assertion to first SCK Master | Bypassed | 0.5 xtgpicc + 97.8 — ns
edge 2.5xT+43
Narrow 0.5 xtgp|cc + 160.8 | — ns
2.5xT+43
Wide 0.5 xtSPICC + 196.8 — ns
2.5xTc+43
162 | HREQ in deassertion to last SCK | Master — 0 0 — ns
sampling edge (HREQ in set-up
time) (CPHA = 1)
163 | First SCK edge to HREQ in not Master — 0 0 — ns
asserted
(HREQ in hold time)
Note: 1. Vgc=1.8V £5%; T;=—40°Cto+95°C, C_ =50 pF
2. Periodically sampled, not 100% tested
3. The timing values calculated are based on simulation data at 150MHz. Tester restrictions limit SHI
testing to lower clock frequencies.
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3.13 SERIAL HOST INTERFACE (SHI) I2C PROTOCOL TIMING

Table 3-17 SHI I2C Protocol Timing

Standard 12C*
Standard*® Fast-Mode5%6 Unit
No. Characteristics’-23 Symbol/
Expression Min Max Min Max
Tolerable spike width on SCL or SDA —

»  Filters bypassed — 0 — 0 ns

*  Narrow filters enabled — 50 — 50 ns

*  Wide filters enabled — 100 — 100 ns
171 | SCL clock frequency FscL — 100 — 400 | kHz
171 | SCL clock cycle TscL 10 — 25 — ps
172 | Bus free time Teur 4.7 — 1.3 — ps
173 | Start condition set-up time Tsu:sTA 4.7 — 0.6 — ps
174 | Start condition hold time ThD:sTA 4.0 — 0.6 — ps
175 | SCL low period TLow 4.7 — 1.3 — ps
176 | SCL high period THIGH 4.0 — 1.3 — ps
177 | SCL and SDA rise time TR — 1000 | 20+ 0.1 X Cy, 300 ns
178 | SCL and SDA fall time T — 300 20+ 0.1 X Gy 300 ns
179 | Data set-up time Tsu:pAT 250 — 100 — ns
180 | Data hold time THD:DAT 0.0 — 0.0 0.9 ps
181 | DSP clock frequency Fpsp

»  Filters bypassed 10.6 — 28.5 — MHz

*  Narrow filters enabled 11.8 — 39.7 — MHz

*  Wide filters enabled 131 — 61.0 — MHz
182 | SCL low to data out valid Tvp:DAT — 3.4 — 0.9 ps
183 | Stop condition setup time Tsu:sTo 4.0 — 0.6 — ps
184 | HREQ in deassertion to last SCL edge tsu-ral 0.0 — 0.0 — ns

(HREQ in set-up time)
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Table 3-17 SHI IC Protocol Timing (Continued)

Standard 12C*
Standard*® Fast-Mode5%6 Unit
No ch e 12,3 Symbol/
. aracteristics Expression
Min Max Min Max
186 | First SCL sampling edge to HREQ TnG:RQO
output deassertion?
»  Filters bypassed 2XTs+30 — 50 — 50 ns
*  Narrow filters enabled 2XTc+120 — 140 — 140 ns
*  Wide filters enabled 2XTc+208 — 228 — 228 ns
187 | Last SCL edge to HREQ output not Tas:RQO
deasserted?
»  Filters bypassed 2XTs+30 50 — 50 — ns
*  Narrow filters enabled 2XTs+80 100 — 100 — ns
*  Wide filter enabled 2XTe+135 155 — 155 — ns
188 | HREQ in assertion to first SCL edge Tasral
*  Filters bypassed 0.5 XT2¢ccp- | 4327 — 927 — ns
*  Narrow filters enabled 0.5XTg-21 4282 — 882 — ns
»  Wide filters enabled 4238 — 838 — ns
187 | First SCL edge to HREQ in not tHo-ral 0.0 — 0.0 — ns
asserted
(HREQ in hold time.)
Note: 1. Vgc=1.8V£5%; T, =-40°Cto +95°C, C_ =50 pF
2. Pull-up resistor: R p(min) = 1.5 kOhm
3. Capacitive load: C b (max) = 400 pF
4. Itis recommended to enable the wide filters when operating in the | 2 C Standard Mode.
5. Itis recommended to enable the narrow filters when operating in the | 2 C Fast Mode.
6. The timing values are derived from frequencies not exceeding 100 MHz.
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3.13.1  Programming the Serial Clock

The programmed serial clock cycle, T2ccp, is specified by the value of the HDM[7:0] and HRS bits of the
HCKR (SHI clock control register).

The expression for T 2ccp is

Ticep = [Te x 2 x (HDM[7:0] + 1) x (7 x (1 — HRS) + 1)]

where

— HRS is the prescaler rate select bit. When HRS is cleared, the fixed
divide-by-eight prescaler is operational. When HRS is set, the prescaler is bypassed.

— HDM]I7:0] are the divider modulus select bits. A divide ratio from 1 to 256 (HDM[7:0] = $00 to
$FF) may be selected.

In 12C mode, the user may select a value for the programmed serial clock cycle from

6 x T (if HDM[7:0] = $02 and HRS = 1)
to
4096 x T¢ (if HDM[7:0] = $FF and HRS = 0)

The programmed serial clock cycle (T2ccp), SCL rise time (TR), and the filters selected should be chosen
in order to achieve the desired SCL serial clock cycle (Tgci ), as shown in Table 3-18.

Table 3-18 SCL Serial Clock Cycle (Tgc) Generated as Master

Filters bypassed Tecep +25%xTg +45ns + Tr

Narrow filters enabled | Tizgcp + 2.5 X Tg + 135ns + TR

Wide filters enabled | Tpgep +2.5 X T +223ns + TR

EXAMPLE:

For DSP clock frequency of 100 MHz (i.e. T¢ = 10ns), operating in a standard mode 12C environment
(FscL = 100 kHz (i.e. TgcL = 10us), Tg = 1000ns), with wide filters enabled:

T 2ccp = 10ps - 2.5x10ns - 223ns - 1000ns = 8752ns

Choosing HRS = 0 gives
HDM[7:0] = 8752ns / (2 x 10ns x 8) - 1 = 53.7

Thus the HDM[7:0] value should be programmed to $36 (=54).
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The resulting Tzccp Will

be:

Tcep = [T %2 x (HDM[7:0] + 1) x (7 x (1 - 0) + 1)]

Tizccp = [10ns x 2 x (54 + 1) x (7 x (1 = 0) + 1)]

Ti2ccp = [10ns x 2 x 54 x 8] = 8640ns
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3.14 ENHANCED SERIAL AUDIO INTERFACE TIMING

Table 3-19 Enhanced Serial Audio Interface Timing

No. Characteristics’ 2 3 Symbol | Expression® Min Max | condition* | Unit
430 | Clock cycle® tssice 4xTo 26.8 — i ck ns
3xT¢ 20.1 — x ck
TXC:max[3*tc; 26.5 — x ck
t454]
431 | Clock high period — 2xTc-10.0 3.4 — ns
For internal clock
For external clock 1.5xTg 10.0 —
432 | Clock low period — 2xTc-10.0 3.4 — ns
For internal clock
For external clock 1.5xTg 10.0 —
433 | RXC rising edge to FSR out (bl) high — — — 37.0 x ck ns
— 22.0 icka
434 | RXC rising edge to FSR out (bl) low — — — 37.0 x ck ns
— 22.0 icka
435 | RXC rising edge to FSR out (wr) high6 — — — 39.0 x ck ns
— 24.0 icka
436 | RXC rising edge to FSR out (wr) low® — — — 39.0 x ck ns
— 24.0 icka
437 | RXC rising edge to FSR out (wl) high — — — 36.0 x ck ns
— 21.0 icka
438 | RXC rising edge to FSR out (wl) low — — — 37.0 x ck ns
— 22.0 icka
439 | Data in setup time before RXC (SCKiin — — 0.0 — x ck ns
synchronous mode) falling edge 19.0 . i ck
440 | Data in hold time after RXC falling — — 5.0 — x ck ns
edge 30 | — i ok
441 | FSR input (bl, wr) high before RXC — — 23.0 — x ck ns
; 6
falling edge 1.0 — icka
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Table 3-19 Enhanced Serial Audio Interface Timing (Continued)

No. Characteristics % 3 Symbol | Expression? Min Max | condition* | Unit
442 | FSR input (wl) high before RXC falling — — 23.0 — x ck ns
edge 10 | — icka
443 | FSR input hold time after RXC falling — — 3.0 — x ck ns
edge 00 | — icka
444 | Flags input setup before RXC falling — — 0.0 — x ck ns
edge 190 | — i ok s
445 | Flags input hold time after RXC falling — — 6.0 — x ck ns
edge 00 | — ick s
446 | TXC rising edge to FST out (bl) high — — — 29.0 x ck ns
— 15.0 i ck
447 | TXC rising edge to FST out (bl) low — — — 31.0 x ck ns
— 17.0 i ck
448 | TXC rising edge to FST out (wr) high6 — — — 31.0 x ck ns
— 17.0 i ck
449 | TXC rising edge to FST out (wr) low® — — — 33.0 x ck ns
— 19.0 i ck
450 | TXC rising edge to FST out (wl) high — — — 30.0 x ck ns
— 16.0 i ck
451 | TXC rising edge to FST out (wl) low — — — 31.0 x ck ns
— 17.0 i ck
452 | TXC rising edge to data out enable — — — 31.0 x ck ns
from high impedance . 17.0 i ck
453 | TXC rising edge to transmitter #0 drive — — — 34.0 x ck ns
enable assertion . 20.0 i ok
454 | TXC rising edge to data out valid — 23+0.5xT¢ — 26.5 x ck ns
21.0 — 21.0 i ck
455 | TXC rising edge to data out high — — — 31.0 x ck ns
impedance’ - 16.0 i ck
456 | TXC rising edge to transmitter #0 drive — — — 34.0 x ck ns
enable deassertion’ - 20.0 i ck
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Table 3-19 Enhanced Serial Audio Interface Timing (Continued)

No. Characteristics’ 23 Symbol | Expression?® Min Max | condition* | Unit
457 | FST input (bl, wr) setup time before — — 2.0 — x ck ns
; 6
TXC falling edge 210 . i ck
458 | FST input (wl) to data out enable from — — — 27.0 — ns
high impedance
459 | FST input (wl) to transmitter #0 drive — — — 31.0 — ns
enable assertion
460 | FST input (wl) setup time before TXC — — 2.0 — x ck ns
falling edge 210 . i ck
461 | FST input hold time after TXC falling — — 4.0 — x ck ns
edge 00 | — i ck
462 | Flag output valid after TXC rising edge — — — 32.0 x ck ns
— 18.0 i ck
463 | HCKR/HCKT clock cycle — — 40.0 — ns
464 | HCKT input rising edge to TXC output — — — 27.5 ns
465 | HCKR input rising edge to RXC output — — — 27.5 ns
Note: Vee = 1.8V +£5%; T; =-40°C to +95°C, C_ = 50 pF
2. ick=internal clock
x ck = external clock
i ck a = internal clock, asynchronous mode
(asynchronous implies that TXC and RXC are two different clocks)
i ck s = internal clock, synchronous mode
(synchronous implies that TXC and RXC are the same clock)
3. bl =bitlength
wl = word length
wr = word length relative
4. TXC(SCKT pin) = transmit clock
RXC(SCKR pin) = receive clock
FST(FST pin) = transmit frame sync
FSR(FSR pin) = receive frame sync
HCKT(HCKT pin) = transmit high frequency clock
HCKR(HCKR pin) = receive high frequency clock
For the internal clock, the external clock cycle is defined by Icyc and the ESAI control register.
The word-relative frame sync signal waveform relative to the clock operates in the same manner as the
bit-length frame sync signal waveform, but spreads from one serial clock before first bit clock (same as
bit length frame sync signal), until the one before last bit clock of the first word in frame.
Periodically sampled and not 100% tested
The timing values calculated are based on simulation data at 150MHz. Tester restrictions limit ESAI
testing to lower clock frequencies.
ESAI_1 specs match those of ESAI_QO.
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HCkR AVAVAVAYA
SCKR (output) @ 1 \

Figure 3-35 ESAI HCKR Timing

3.15 DIGITAL AUDIO TRANSMITTER TIMING

Table 3-20 Digital Audio Transmitter Timing

150 MHz
No. Characteristic Expression Unit
Min Max
ACI frequency (see note) 1/(2xTe) — 75 MHz
220 | ACI period 2xTg 13.4 — ns
221 | ACI high duration 0.5xTg 3.4 — ns
222 | ACI low duration 0.5xT¢ 3.4 — ns
223 | ACl rising edge to ADO valid 1.5xT¢ — 10.0 ns
Note: In order to assure proper operation of the DAX, the ACI frequency should be
less than 1/2 of the DSP56367 internal clock frequency. For example, if the
DSP56367 is running at 150 MHz internally, the ACI frequency should be less
than 75 MHz.

—

|

ACI /

220 <21 |l«—(222—

A A
\i

ADO X

AA1280

Figure 3-36 Digital Audio Transmitter Timing
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3.16 TIMER TIMING

TIO

Table 3-21 Timer Timing

Timer Timing

150 MHz
No. Characteristics Expression Unit
Min | Max
480 | TIO Low 2xTc+20 |1564| — | ns
481 | TIO High 2xTc+20 (154 — | ns
Note: Vcc=1.8V +£0.09V;T; =-40°C to +95°C, C = 50 pF

Figure 3-37 TIO Timer Event Input Restrictions

3.17 GPIO TIMING

Table 3-22 GPIO Timing

AA0492

No. Characteristics’ Expression | Min | Max Utn i
4902 | EXTAL edge to GPIO out valid (GPIO out delay time) — 132.8| ns
491 | EXTAL edge to GPIO out not valid (GPIO out hold time) 48 | — | ns
492 | GPIO In valid to EXTAL edge (GPIO in set-up time) 10.2| — | ns
493 | EXTAL edge to GPIO in not valid (GPIO in hold time) 18| — | ns
4942 | Fetch to EXTAL edge before GPIO change 6.75%xTc-1.8 {434 — | ns
495 | GPIO out rise time — — | 13 | ns
496 | GPIO out fall time — — | 13 | ns
Note: 1. Voo=1.8V£0.09V; T, =-40°C to +95°C, C = 50 pF
2. Valid only when PLL enabled with multiplication factor equal to one.
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Figure 3-38 GPIO Timing
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3.18 JTAG TIMING

Table 3-23 JTAG Timing

JTAG Timing

All frequencies
No. Characteristics Unit
Min Max
500 | TCK frequency of operation (1/(T¢ x 3); maximum 22 MHz) 0.0 22.0 MHz
501 | TCK cycle time in Crystal mode 45.0 — ns
502 | TCK clock pulse width measured at 1.5V 20.0 — ns
503 | TCKrise and fall times 0.0 3.0 ns
504 | Boundary scan input data setup time 5.0 — ns
505 | Boundary scan input data hold time 24.0 — ns
506 | TCK low to output data valid 0.0 40.0 ns
507 | TCK low to output high impedance 0.0 40.0 ns
508 | TMS, TDI data setup time 5.0 — ns
509 | TMS, TDI data hold time 25.0 — ns
510 | TCK low to TDO data valid 0.0 44.0 ns
511 | TCK low to TDO high impedance 0.0 44.0 ns
Note: 1. Vgc=1.8Vx0.09V;T;=-40°C to +95°C, C_ =50 pF
2. All timings apply to OnCE module data transfers because it uses the JTAG port as an interface.

TCK

VIH

(Input) \
@ AA0496
Figure 3-39 Test Clock Input Timing Diagram
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Figure 3-40 Boundary Scan (JTAG) Timing Diagram
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Thermal Design Considerations

41 THERMAL DESIGN CONSIDERATIONS

An estimation of the chip junction temperature, T, in °C can be obtained from the following equation:
Ty = Tp T (Pp*Rgya)

Where: Ta = ambient temperature °C
Rqua = package junction-to-ambient thermal resistance °C/W
Pp = power dissipation in package W

Historically, thermal resistance has been expressed as the sum of a junction-to-case thermal resistance
and a case-to-ambient thermal resistance.

Roja = Rgjc " Roca

Where: Rgya = package junction-to-ambient thermal resistance °C/W
Rgyc = package junction-to-case thermal resistance °C/W
Rgca = package case-to-ambient thermal resistance °C/W

Rgyc is device-related and cannot be influenced by the user. The user controls the thermal environment to
change the case-to-ambient thermal resistance, Rgca. For example, the user can change the air flow
around the device, add a heat sink, change the mounting arrangement on the printed circuit board (PCB),
or otherwise change the thermal dissipation capability of the area surrounding the device on a PCB. This
model is most useful for ceramic packages with heat sinks; some 90% of the heat flow is dissipated
through the case to the heat sink and out to the ambient environment. For ceramic packages, in situations
where the heat flow is split between a path to the case and an alternate path through the PCB, analysis of
the device thermal performance may need the additional modeling capability of a system level thermal
simulation tool.

The thermal performance of plastic packages is more dependent on the temperature of the PCB to which
the package is mounted. Again, if the estimations obtained from Rg ;s do not satisfactorily answer whether
the thermal performance is adequate, a system level model may be appropriate.

A complicating factor is the existence of three common ways for determining the junction-to-case thermal
resistance in plastic packages.

» To minimize temperature variation across the surface, the thermal resistance is measured from the
junction to the outside surface of the package (case) closest to the chip mounting area when that
surface has a proper heat sink.

+ To define a value approximately equal to a junction-to-board thermal resistance, the thermal
resistance is measured from the junction to where the leads are attached to the case.

» If the temperature of the package case (T7) is determined by a thermocouple, the thermal

resistance is computed using the value obtained by the equation
(Ty—T7)/Pp.

As noted above, the junction-to-case thermal resistances quoted in this data sheet are determined using
the first definition. From a practical standpoint, that value is also suitable for determining the junction
temperature from a case thermocouple reading in forced convection environments. In natural convection,
using the junction-to-case thermal resistance to estimate junction temperature from a thermocouple
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Electrical Design Considerations

reading on the case of the package will estimate a junction temperature slightly hotter than actual
temperature. Hence, the new thermal metric, thermal characterization parameter or W1, has been defined
to be (T, — T1)/Pp. This value gives a better estimate of the junction temperature in natural convection
when using the surface temperature of the package. Remember that surface temperature readings of
packages are subject to significant errors caused by inadequate attachment of the sensor to the surface
and to errors caused by heat loss to the sensor. The recommended technique is to attach a 40-gauge
thermocouple wire and bead to the top center of the package with thermally conductive epoxy.

4.2

ELECTRICAL DESIGN CONSIDERATIONS

CAUTION

This device contains circuitry protecting
against damage due to high static voltage or
electrical fields. However, normal precautions
should be taken to avoid exceeding maximum
voltage ratings. Reliability of operation is
enhanced if unused inputs are tied to an
appropriate logic voltage level (e.g., either
GND or Vgc). The suggested value for a
pullup or pulldown resistor is 10 k ohm.

Use the following list of recommendations to assure correct DSP operation:

Provide a low-impedance path from the board power supply to each V¢ pin on the DSP and from
the board ground to each GND pin.

Use at least six 0.01-0.1 pF bypass capacitors positioned as close as possible to the four sides of
the package to connect the V¢ power source to GND.

Ensure that capacitor leads and associated printed circuit traces that connect to the chip V¢ and
GND pins are less than 1.2 cm (0.5 inch) per capacitor lead.

Use at least a four-layer PCB with two inner layers for V¢ and GND.

Because the DSP output signals have fast rise and fall times, PCB trace lengths should be minimal.
This recommendation particularly applies to the address and data buses as well as the IRQA, IRQB,
IRQD, and TA pins. Maximum PCB trace lengths on the order of 15 cm (6 inches) are
recommended.

Consider all device loads as well as parasitic capacitance due to PCB traces when calculating
capacitance. This is especially critical in systems with higher capacitive loads that could create
higher transient currents in the V¢ and GND circuits.
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Power Consumption Considerations

« Allinputs must be terminated (i.e., not allowed to float) using CMOS levels, except for the three pins
with internal pull-up resistors (TMS, TDI, TCK).

+ Take special care to minimize noise levels on the Vscp and GNDp pins.

* If multiple DSP56367 devices are on the same board, check for cross-talk or excessive spikes on
the supplies due to synchronous operation of the devices.

* RESET must be asserted when the chip is powered up. A stable EXTAL signal must be supplied
before deassertion of RESET.

+ At power-up, ensure that the voltage difference between the 3.3 V tolerant pins and the chip V¢
never exceeds a TBD voltage.

4.3 POWER CONSUMPTION CONSIDERATIONS

Power dissipation is a key issue in portable DSP applications. Some of the factors which affect current
consumption are described in this section. Most of the current consumed by CMOS devices is alternating
current (ac), which is charging and discharging the capacitances of the pins and internal nodes.

Current consumption is described by the following formula:
[ =CxVxf
where C = node/pin capacitance

V = voltage swing
f = frequency of node/pin toggle

Example 4-1 Current Consumption

For a Port A address pin loaded with 50 pF capacitance, operating at 3.3 V, and with a 100 MHz
clock, toggling at its maximum possible rate (50 MHz), the current consumption is

I=50x 10*12 x 3.3 x50 x 106 = 8.25mA

The maximum internal current (Iccimax) value reflects the typical possible switching of the internal buses
on best-case operation conditions, which is not necessarily a real application case. The typical internal
current (Icctyp) Value reflects the average switching of the internal buses on typical operating conditions.

For applications that require very low current consumption, do the following:

« Set the EBD bit when not accessing external memory.

*  Minimize external memory accesses and use internal memory accesses.
*  Minimize the number of pins that are switching.

*  Minimize the capacitive load on the pins.

* Connect the unused inputs to pull-up or pull-down resistors.

+ Disable unused peripherals.
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PLL Performance Issues

One way to evaluate power consumption is to use a current per MIPS measurement methodology to
minimize specific board effects (i.e., to compensate for measured board current not caused by the DSP). A
benchmark power consumption test algorithm is listed in Appendix E, Power Consumption Benchmark.
Use the test algorithm, specific test current measurements, and the following equation to derive the current
per MIPS value.

I/MIPS = I/MHz = (I gy 1 g/ (F2 - F1)

where : lyypr2 = current at F2
lyyor1 = current at F1
F2 = high frequency (any specified operating frequency)
F1 = low frequency (any specified operating frequency lower than F2)

Note: F1 should be significantly less than F2. For example, F2 could be 66 MHz and F1 could be
33 MHz. The degree of difference between F1 and F2 determines the amount of precision
with which the current rating can be determined for an application.

44 PLL PERFORMANCE ISSUES

The following explanations should be considered as general observations on expected PLL behavior.
There is no testing that verifies these exact numbers. These observations were measured on a limited
number of parts and were not verified over the entire temperature and voltage ranges.

4.4.1 Input (EXTAL) Jitter Requirements

The allowed jitter on the frequency of EXTAL is 0.5%. If the rate of change of the frequency of EXTAL is
slow (i.e., it does not jump between the minimum and maximum values in one cycle) or the frequency of
the jitter is fast (i.e., it does not stay at an extreme value for a long time), then the allowed jitter can be 2%.
The phase and frequency jitter performance results are only valid if the input jitter is less than the
prescribed values.
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Memory Configuration

Data and Program Memory Maps

5.1 DATA AND PROGRAM MEMORY MAPS

The on-chip memory configuration of the DSP56367 is affected by the state of the CE (Cache Enable),
MSWO0, MSW1, and MS (Memory Switch) control bits in the OMR register, and by the SC bit in the Status
Register. The internal data and program memory configurations are shown in Table 5-1. The address
ranges for the internal memory are shown in Table 5-2 and Table 5-3. The memory maps for each memory
configuration are shown in Figure 5-1 to Figure 5-16.
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Data and Program Memory Maps

Table 5-1 Internal Memory Configurations
Bit Settings Memory Sizes (24-bit words)
wswi [ wswo | ce | ws | sc | e oo | Foa | Been | Xom| T be o Y e
X X 0 0 0 3K n.a. 40K 192 13K 7K 32K 8K
X X 1 0 0 2K 1K 40K 192 13K 7K 32K 8K
0 0 0 1 0 10K n.a. 40K 192 8K 5K 32K 8K
0 1 0 1 0 8K n.a. 40K 192 8K 7K 32K 8K
1 0 0 1 0 5K n.a. 40K 192 11K 7K 32K 8K
0 0 1 1 0 9K 1K 40K 192 8K 5K 32K 8K
0 1 1 1 0 7K 1K 40K 192 8K 7K 32K 8K
1 0 1 1 0 4K 1K 40K 192 11K 7K 32K 8K
X X 0 0 1 3K n.a. n.a. n.a. 13K 7K 32K 8K
X X 1 0 1 2K 1K n.a. n.a. 13K 7K 32K 8K
0 0 0 1 1 10K n.a. n.a. n.a. 8K 5K 32K 8K
0 1 0 1 1 8K n.a. n.a. n.a. 8K 7K 32K 8K
1 0 0 1 1 5K n.a. n.a. n.a. 11K 7K 32K 8K
0 0 1 1 1 9K 1K n.a. n.a. 8K 5K 32K 8K
0 1 1 1 1 7K 1K n.a. n.a. 8K 7K 32K 8K
1 0 1 1 1 4K 1K n.a. n.a. 11K 7K 32K 8K
Table 5-2 On-chip RAM Memory Locations
Bit Settings RAM Memory Locations

MSW1 | MSWO0 | CE | MS | SC :L‘\’I‘-\"n' g;ﬁﬁe XRDAah;a Ylea

X X 0 0 X $0000 - $0BFF n.a. $0000 - $33FF | $0000-$1BFF

X X 1 0 X $0000 - $07FF enabled | $0000 - $33FF | $0000-$1BFF

0 0 0 1 X $0000 -$27FF n.a. $0000 - $1FFF | $0000 - $13FF

0 1 0 1 X $0000 - $1BFF and n.a. $0000 - $1FFF | $0000-$1BFF

$2400 - $27FF
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Table 5-2 On-chip RAM Memory Locations

Bit Settings RAM Memory Locations
Prog. Prog. X Data Y Data
MSW1 | MSWO0 | CE | MS SC RAM Cache RAM RAM
1 0 0 1 X $0000 - $ OFFF and n.a. $0000 - $2BFF | $0000-$1BFF
$2400 - $27FF
0 0 1 1 X $0000 - $23FF enabled | $0000 - $1FFF | $0000 - $13FF
0 1 1 1 X $0000 - $1BFF enabled | $0000 - $1FFF | $0000 - $1BFF
1 0 1 1 X $0000 - $OFFF enabled | $0000 - $2BFF | $0000 - $1BFF
Table 5-3 On-chip ROM Memory Locations
Bit Settings ROM Memory Locations
Prog. Boot. X Data Y Data
MsSw1 MSW0 | CE | MS SC ROM ROM ROM ROM
X X X X 0 $FF1000 - $FF0000 - $004000- $004000-
SFFAFCF $FFO0BF $00BFFF $005FFF
X X X X 1 no access no access $004000- $004000-
$00BFFF $005FFF
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Data and Program Memory Maps

PROGRAM X DATA Y DATA
SFFFFFF[ |\ rernAL $FFFFFF | INTERNAL 1/0 SFFFFFF) EXTERNAL /O
RESERVED $FFEF80 (128 words) (80 words)
$FFB00O $FFFFBO
EXTERNAL
SFFAFCF| 40K INTERNAL $FFF000 INTERNAL /O
(48 words)
ROM INTERNAL $FFFF80
$FF1000 RESERVED $FFF000 EXTERNAL
INTERNAL SFF0000 oFF0000 | ANIERNAL
RESERVED
sFFooco|  RESERVED
$FF0000 BOOT ROM EXTERNAL EXTERNAL
$00C000 $006000
32K INTERNAL 8K INTERNAL
ROM ROM
EXTERNAL $004000 $004000 -
$003400 INT. RESERVED $001C00 '
$000C00
3K INTERNAL 13K INTERNAL 7K INTERNAL
$000000 RAM $000000 RAM $000000 RAM
Figure 5-1 Memory Maps for MSW=(X,X), CE=0, MS=0, SC=0
PROGRAM X DATA Y DATA
SFFFFFF|  |NTERNAL $FFFFFF| |INTERNAL /O SFFFFFF|  EXTERNAL 1/0
RESERVED $SFFEF80 (128 words) (80 words)
$FFB000 $FFFFBO
EXTERNAL
SFFAFCH INTERNAL $FFF000 INTERNAL 1/O
(48 words)
ROM INTERNAL $FFFF80
$FF1000 RESERVED $FFF000 EXTERNAL
INTERNAL SFF0000 oFF0000 | (NTERNAL
RESERVED
sFFooco|  RESERVED
$FF0000 BOOT ROM EXTERNAL EXTERNAL
$00C000 $006000
32K INTERNAL 8K INTERNAL
ROM ROM
EXTERNAL $004000 $004000 -
$003400 INT. RESERVED $001C00 '
$000800
2K INTERNAL 13K INTERNAL 7K INTERNAL
$000000 RAM $000000 RAM $000000 RAM
1K I-CACHE ENABLED

Figure 5-2 Memory Maps for MSW=(X,X), CE=1, MS=0, SC=0
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PROGRAM

$FFFFFF

$FFB000

INTERNAL
RESERVED

$FFAFCF

$FF1000

$FF0O0CO

40K INTERNAL
ROM

INTERNAL
RESERVED

$FF0000

$002800

BOOT ROM

EXTERNAL

$000000

10K INTERNAL
RAM

$FFFFFF
$FFFF80
$FFF000

$FF0000

$00C000

$004000
$002000

$000000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

8K INTERNAL
RAM

Y DATA
$FFFFFF| EXTERNAL 1/0
(80 words)
$FFFFBO
INTERNAL 1/O
SEFEFS0 (48 words)
EXTERNAL
$FFF000 — I TERNAL
$FF0000 | RESERVED
EXTERNAL
$006000
8K INTERNAL
ROM
$004000
INT. RESERVED
$001400
5K INTERNAL
$000000 RAM

Figure 5-3 Memory Maps for MSW=(0,0), CE=0 MS=1, SC=0

PROGRAM

$FFFFFF

$FFBO000

INTERNAL
RESERVED

$FFAFCF

$FF1000

$FFO0CO

40K INTERNAL
ROM

INTERNAL
RESERVED

$FF0000

$002800
$002400
$001C00

BOOT ROM

EXTERNAL

1K RAM

INT. RESERVED

$000000

7K INTERNAL
RAM

$FFFFFF
$FFFF80
$FFF000

$FF0000

$00C000

$004000
$002000

$000000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

8K INTERNAL
RAM

Y DATA
$FFFFFF|  EXTERNAL 1/0
(80 words)
$FFFFBO
INTERNAL 1/0
$EFFF80 (48 words)
EXTERNAL
$SFFF000 I TFRNAL
$FF0000 | RESERVED
EXTERNAL
$006000
8K INTERNAL
ROM
$004000
INT. RESERVED
$001C00
7K INTERNAL
$000000 RAM

Figure 5-4 Memory Maps for MSW=(0,1), CE=0, MS=1, SC=0
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Data and Program Memory Maps

PROGRAM
SFFFFFF INTERNAL
RESERVED
$FFB00O
SFFAFCFl 0K INTERNAL
$FF1000 ROM
INTERNAL
sFrooco|  RESERVED
$FF0000 | BOOT ROM
EXTERNAL
$002800 [ RAM
$002400
5001000 | NT- RESERVED
4K INTERNAL
$000000 RAM

$FFFFFF
$FFFF80
$FFF000

$FF0000

$00C000

$004000
$002C00

$000000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

11K INTERNAL
RAM

$FFFFFF

$FFFFBO

$FFFF80

$FFF000
$FF0000

$006000

$004000
$001C00

$000000

Y DATA

EXTERNAL 1/O
(80 words)

INTERNAL I/O
(48 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

8K INTERNAL
ROM

INT. RESERVED

7K INTERNAL
RAM

Figure 5-5 Memory Maps for MSW=(1,0), CE=0, MS=1, SC=0

PROGRAM
SFFFFFF|  INTERNAL
RESERVED
$FFB000
SFFAFCHL 40K INTERNAL
$FF1000 ROM
INTERNAL
sFFo0co|  RESERVED
$FF0000 | BOOT ROM
EXTERNAL
$002400
9K INTERNAL
$000000 RAM
1K I-CACHE ENABLED

$FFFFFF
$FFFF80
$FFF000

$FF0000

$00C000

$004000
$002000

$000000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

8K INTERNAL
RAM

$FFFFFF

$FFFFBO

$FFFF80

$FFF000
$FF0000

$006000

$004000
$001400

$000000

Y DATA

EXTERNAL I/O
(80 words)

INTERNAL 1/O
(48 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

8K INTERNAL
ROM

INT. RESERVED

5K INTERNAL
RAM

Figure 5-6 Memory Maps for MSW=(0,0), CE=1, MS=1, SC=0
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Data and Program Memory Maps

PROGRAM
SFFFFFF INTERNAL
RESERVED
$FFB000
SFFAFCFl 40K INTERNAL
$FF1000 ROM
INTERNAL
sFrooco|  RESERVED
$FF0000 | BOOT ROM
EXTERNAL
$002400
5001C00 | /NT- RESERVED
7K INTERNAL
$000000 RAM

1K I-CACHE ENABLED

$FFFFFF
$FFFF80
$FFF000

$FF0000

$00C000

$004000
$002000

$000000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

8K INTERNAL
RAM

Y DATA
$FFFFFF | EXTERNAL /0
(80 words)
$FFFFBO
INTERNAL 1/O
$EFFF80 (48 words)
EXTERNAL
$FFFO00 — I NrERNAL
$FF0000 | RESERVED
EXTERNAL
$006000
8K INTERNAL
ROM
$004000
INT. RESERVED
$001C00
7K INTERNAL
$000000 RAM

Figure 5-7 Memory Maps for MSW=(0,1), CE=1, MS=1, SC=0

PROGRAM
SFFFFFF  INTERNAL
RESERVED
$FFB000
SFFAFCF 40K INTERNAL
$FF1000 ROM
INTERNAL
sFFo0co|  RESERVED
$FF0000 | BOOT ROM
EXTERNAL
$002400
5001000 | /NT- RESERVED
4K INTERNAL
$000000 RAM

1K I-CACHE ENABLED

$FFFFFF
$FFFF80
$FFF000

$FF0000

$00C000

$004000
$002C00

$000000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

11K INTERNAL
RAM

$FFFFFF

$FFFFBO

$FFFF80

$FFF000
$FF0000

$006000

$004000
$001C00

Y DATA

EXTERNAL I/O
(80 words)

INTERNAL I/O
(48 words)

EXTERNAL

INTERNAL
RESERVED

EXTERNAL

8K INTERNAL
ROM

INT. RESERVED

$000000

7K INTERNAL
RAM

Figure 5-8 Memory Maps for MSW=(1,0), CE=1, MS=1, SC=0
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PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL 1/0 $FFFF | EXTERNAL I/O
$FFS0 (128 words) $FFBO (82 words)
INTERNAL 1/O
(46 words)
$FF80
EXTERNAL EXTERNAL
EXTERNAL
$C000 $6000
32K INTERNAL 8K INTERNAL
ROM ROM
$4000 $4000
s3a00 | INT. RESERVED $1C00 INT. RESERVED
$0C00
3K INTERNAL 13K INTERNAL 7K INTERNAL
$0000 RAM $0000 RAM $0000 RAM
Figure 5-9 Memory Maps for MSW=(X,X), CE=0, MS=0, SC=1
PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL 1/0 $FFFF | EXTERNAL /O
$FF80 (128 words) $EFBO (80 words)
INTERNAL 1/O
(48words)
$FF80
EXTERNAL EXTERNAL
EXTERNAL
$C000 $6000
32K INTERNAL 8K INTERNAL
ROM ROM
$4000 $4000
$0800
2K INTERNAL 13K INTERNAL 7K INTERNAL
$0000 RAM $0000 RAM $0000 RAM
1K I-CACHE ENABLED
Figure 5-10 Memory Maps for MSW=(X,X), CE=1, MS=0, SC=1
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Data and Program Memory Maps

PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL I/O $FFFF EXTERNAL 1/O
$FES0 (128 words) $EFBO (80 words)
INTERNAL 1/O
(48words)
$FF80
EXTERNAL EXTERNAL
EXTERNAL
$C000 $6000
32K INTERNAL 8K INTERNAL
ROM ROM
84000 $4000 INT. RESERVED
s2000  |NT- RESERVED $1400 .
$2800
10K INTERNAL 8K INTERNAL 5K INTERNAL
$0000 RAM $0000 RAM $0000 RAM
Figure 5-11 Memory Maps for MSW=(0,0), CE=0, MS=1, SC=1
PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL 1/O $FFFF EXTERNAL /0
$FF80 (128 words) $FFBO (80 words)
INTERNAL I/O
(48 words)
$FF80
EXTERNAL EXTERNAL
EXTERNAL
$C000 $6000
32K INTERNAL 8K INTERNAL
ROM ROM
$4000 $4000 INT. RESERVED
INT. RESERVED :
$2800 I $2000 $1C00
$2400
$1C00 | INT. RESERVED
7K INTERNAL 8K INTERNAL 7K INTERNAL
$0000 RAM $0000 RAM $0000 RAM

Figure 5-12 Memory Maps for MSW=(0,1), CE=0, MS=1, SC=1
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$FFFF

$2800
$2400
$1000
$0000

PROGRAM

EXTERNAL

1K RAM

INT. RESERVED

4K INTERNAL
RAM

$FFFF
$FF80

$C000

$4000
$2C00

$0000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

11K INTERNAL
RAM

$FFFF
$FFBO

$FF80

$6000

$4000
$1C00

$0000

Y DATA

EXTERNAL I/O
(80 words)

INTERNAL 1/O
(48 words)

EXTERNAL

8K INTERNAL

ROM

INT. RESERVED

7K INTERNAL
RAM

Figure 5-13 Memory Maps for MSW=(1,0), CE=0, MS=1, SC=1

$FFFF

$2400

$0000

PROGRAM

EXTERNAL

9K INTERNAL
RAM

1K I-CACHE ENABLED

$FFFF
$FF80

$C000

$4000
$2000

$0000

X DATA

INTERNAL 1/O
(128 words)

EXTERNAL

32K INTERNAL
ROM

INT. RESERVED

8K INTERNAL
RAM

$FFFF
$FFBO

$FF80

$6000

$4000
$1400

$0000

Y DATA

EXTERNAL I/O
(80 words)

INTERNAL 1/O
(48 words)

EXTERNAL

8K INTERNAL

ROM

INT. RESERVED

5K INTERNAL

RAM

Figure 5-14 Memory Maps for MSW=(0,0), CE=1, MS=1, SC=1
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Data and Program Memory Maps

PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL I/O $FFFF EXTERNAL /0
$FF80 (128 words) $FFBO (80 words)
INTERNAL 1/O
(48 words)
$FF80
EXTERNAL EXTERNAL
EXTERNAL
$C000 $6000
32K INTERNAL 8K INTERNAL
ROM ROM
$4000 $4000 INT. RESERVED
INT. RESERVED
$2000 $1C00
$2400
$1C00 | INT. RESERVED
7K INTERNAL 8K INTERNAL 7K INTERNAL
$0000 RAM $0000 RAM $0000 RAM
1K I-CACHE ENABLED
Figure 5-15 Memory Maps for MSW=(0,1), CE=1, MS=1, SC=1
PROGRAM X DATA Y DATA
$FFFF $FFFF INTERNAL 1/O $FFFF EXTERNAL 1/O
$FES0 (128 words) $EFBO (80 words)
INTERNAL I/O
(48 words)
$FF80
EXTERNAL EXTERNAL
EXTERNAL
$C000 $6000
32K INTERNAL 8K INTERNAL
ROM ROM
$4000 $4000 INT. RESERVED
$2C00 INT. RESERVED $1C00 :
$2400
INT. RESERVED
$1000 4K INTERNAL 11K INTERNAL 7K INTERNAL
$0000 RAM $0000 RAM $0000 RAM

1K I-CACHE ENABLED

Figure 5-16 Memory Maps for MSW=(1,0), CE=1, MS=1, SC=1
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511 Reserved Memory Spaces

The reserved memory spaces should not be accessed by the user. They are reserved for future
expansion.

5.1.2 Program ROM Area Reserved for Motorola Use

The last 48 words ($FFAFDO-$FFAFFF) of the Program ROM are reserved for Motorola use. This memory
area is reserved for use as expansion area for the bootstrap ROM as well as for testing purposes.
Customer code should not use this area. The contents of this Program ROM segment is defined by the
AppendixA, Memory Configuration.

5.1.3 Bootstrap ROM

The 192-word Bootstrap ROM occupies locations $FF0000-$FFO0BF. The bootstrap ROM is
factory-programmed to perform the bootstrap operation following hardware reset. The contents of the
Bootstrap ROM are defined by the Bootstrap ROM source code in AppendixA, Memory Configuration.

514 Dynamic Memory Configuration Switching

The internal memory configuration is altered by re-mapping RAM modules from Y and X data memory into
program memory space and vice-versa. The contents of the switched RAM modules are preserved.

The memory can be dynamically switched from one configuration to another by changing the MS, MSWO0
or MSW1 bits in OMR. The address ranges that are directly affected by the switch operation are specified
in Table 5-2. The memory switch can be accomplished provided that the affected address ranges are not
being accessed during the instruction cycle in which the switch operation takes place. Accordingly, the
following condition must be observed for trouble-free dynamic switching:

Note: No accesses (including instruction fetches) to or from the affected address ranges in
program and data memories are allowed during the switch cycle.

Note: The switch cycle actually occurs 3 instruction cycles after the instruction that modifies the
MS, MSWO0 or MSW1 bits.

Any sequence that complies with the switch condition is valid. For example, if the program flow executes in
the address range that is not affected by the switch, the switch condition can be met very easily. In this
case a switch can be accomplished by just changing the MS, MSWO0 or MSW1 bits in OMR in the regular
program flow, assuming no accesses to the affected address ranges of the data memory occur up to 3
instructions after the instruction that changes the OMR bit. Special care should be taken in relation to the
interrupt vector routines since an interrupt could cause the DSP to fetch instructions out of sequence and
might violate the switch condition.

MOTOROLA DSP56367 24-Bit Digital Signal Processor User’s Manual 5-13



Memory Configuration

Data and Program Memory Maps

Special attention should be given when running a memory switch routine using the OnCE™ port. Running
the switch routine in Trace mode, for example, can cause the switch to complete after the MS bit change
while the DSP is in Debug mode. As a result, subsequent instructions might be fetched according to the
new memory configuration (after the switch), and thus might execute improperly.

5.1.5 External Memory Support

The DSP56367 does not support the SSRAM memory type. It does support SRAM and DRAM as indicated
in the DSP56300 24-Bit Digital Signal Processor Family Manual, Motorola publication DSP56300FM/AD.
Also, care should be taken when accessing external memory to ensure that the necessary address lines
are available. For example, when using glueless SRAM interfacing, it is possible to directly address 3 x 218
memory locations (768k) when using the 18 address lines and the three programmable address attribute
lines.
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5.2

Internal /O Memory Map

INTERNAL 1/0 MEMORY MAP

The DSP56367 on-chip peripheral modules have their register files programmed to the addresses in the
internal X-I/O memory range (the top 128 locations of the X data memory space) and internal Y-1/O
memory range (48 locations of the Ydata memory space) as shown in Table 5-4.

Table 5-4 Internal /0O Memory Map

Peripheral Address Register Name
IPR X:$FFFFFF | INTERRUPT PRIORITY REGISTER CORE (IPR-C)
X:$FFFFFE | INTERRUPT PRIORITY REGISTER PERIPHERAL (IPR-P)
PLL X:$FFFFFD | PLL CONTROL REGISTER (PCTL)
ONCE X:$FFFFFC | ONCE GDB REGISTER (OGDB)
BIU X:$FFFFFB | BUS CONTROL REGISTER (BCR)
X:$FFFFFA | DRAM CONTROL REGISTER (DCR)
X:$FFFFF9 | ADDRESS ATTRIBUTE REGISTER 0 (AARO)
X:$FFFFF8 | ADDRESS ATTRIBUTE REGISTER 1 (AAR1)
X:$FFFFF7 | ADDRESS ATTRIBUTE REGISTER 2 (AAR2)
X:$FFFFF6 | ADDRESS ATTRIBUTE REGISTER 3 (AARS3) [pin not available]
X:$FFFFF5 |ID REGISTER (IDR)
DMA X:$FFFFF4 | DMA STATUS REGISTER (DSTR)
X:$FFFFF3 | DMA OFFSET REGISTER 0 (DORO0)
X:$FFFFF2 | DMA OFFSET REGISTER 1 (DOR1)
X:$FFFFF1 | DMA OFFSET REGISTER 2 (DOR2)
X:$FFFFFO | DMA OFFSET REGISTER 3 (DOR3)
DMAO X:$FFFFEF | DMA SOURCE ADDRESS REGISTER (DSR0)
X:$FFFFEE | DMA DESTINATION ADDRESS REGISTER (DDRO)
X:$FFFFED | DMA COUNTER (DCOO0)
X:$FFFFEC | DMA CONTROL REGISTER (DCRO0)
DMA1 X:$FFFFEB | DMA SOURCE ADDRESS REGISTER (DSR1)
X:$FFFFEA | DMA DESTINATION ADDRESS REGISTER (DDR1)
X:$FFFFE9 | DMA COUNTER (DCO1)
X:$FFFFE8 | DMA CONTROL REGISTER (DCR1)
DMA2 X:$FFFFE7 | DMA SOURCE ADDRESS REGISTER (DSR2)
X:$FFFFE6 | DMA DESTINATION ADDRESS REGISTER (DDR2)
X:$FFFFE5 | DMA COUNTER (DCO2)
X:$FFFFE4 | DMA CONTROL REGISTER (DCR2)
DMA3 X:$FFFFE3 | DMA SOURCE ADDRESS REGISTER (DSR3)
X:$FFFFE2 | DMA DESTINATION ADDRESS REGISTER (DDR3)
X:$FFFFE1 | DMA COUNTER (DCO3)
X:$FFFFEO | DMA CONTROL REGISTER (DCR3)
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Table 5-4 Internal /0 Memory Map (Continued)

Peripheral Address Register Name
DMA4 X:$FFFFDF | DMA SOURCE ADDRESS REGISTER (DSR4)
X:$FFFFDE | DMA DESTINATION ADDRESS REGISTER (DDR4)
X:$FFFFDD | DMA COUNTER (DCO4)
X:$FFFFDC | DMA CONTROL REGISTER (DCR4)
DMA5 X:$FFFFDB | DMA SOURCE ADDRESS REGISTER (DSR5)
X:$FFFFDA | DMA DESTINATION ADDRESS REGISTER (DDR5)
X:$FFFFD9 | DMA COUNTER (DCO5)
X:$FFFFD8 | DMA CONTROL REGISTER (DCR5)
PORT D X:$FFFFD7 | PORT D CONTROL REGISTER (PCRD)
X:$FFFFD6 | PORT D DIRECTION REGISTER (PRRD)
X:$FFFFD5 | PORT D DATA REGISTER (PDRD)
DAX X:$FFFFD4 | DAX STATUS REGISTER (XSTR)
X:$FFFFD3 | DAX AUDIO DATA REGISTER B (XADRB)
X:$FFFFD2 | DAX AUDIO DATA REGISTER A (XADRA)
X:$FFFFD1 | DAX NON-AUDIO DATA REGISTER (XNADR)
X:$FFFFDO | DAX CONTROL REGISTER (XCTR)
X:$FFFFCF | RESERVED
X:$FFFFCE | RESERVED
X:$FFFFCD | RESERVED
X:$FFFFCC | RESERVED
X:$FFFFCB | RESERVED
X:$FFFFCA | RESERVED
PORT B X:$FFFFC9 | HOST PORT GPIO DATA REGISTER (HDR)
X:$FFFFC8 | HOST PORT GPIO DIRECTION REGISTER (HDDR)
HDIO8 X:$FFFFC7 | HOST TRANSMIT REGISTER (HOTX)
X:$FFFFC6 | HOST RECEIVE REGISTER (HORX)
X:$FFFFC5 | HOST BASE ADDRESS REGISTER (HBAR)
X:$FFFFC4 | HOST PORT CONTROL REGISTER (HPCR)
X:$FFFFC3 | HOST STATUS REGISTER (HSR)
X:$FFFFC2 | HOST CONTROL REGISTER (HCR)
X:$FFFFC1 | RESERVED
X:$FFFFCO0 | RESERVED
PORT C X:$FFFFBF | PORT C CONTROL REGISTER (PCRC)
X:$FFFFBE | PORT C DIRECTION REGISTER (PRRC)
X:$FFFFBD | PORT C GPIO DATA REGISTER (PDRC)
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Table 5-4 Internal /O Memory Map (Continued)

Peripheral Address Register Name
ESAI X:$FFFFBC | ESAI RECEIVE SLOT MASK REGISTER B (RSMB)
X:$FFFFBB | ESAI RECEIVE SLOT MASK REGISTER A (RSMA)
X:$FFFFBA | ESAI TRANSMIT SLOT MASK REGISTER B (TSMB)
X:$FFFFB9 | ESAI TRANSMIT SLOT MASK REGISTER A (TSMA)
X:$FFFFB8 | ESAI RECEIVE CLOCK CONTROL REGISTER (RCCR)
X:$FFFFB7 | ESAI RECEIVE CONTROL REGISTER (RCR)
X:$FFFFB6 | ESAI TRANSMIT CLOCK CONTROL REGISTER (TCCR)
X:$FFFFB5 | ESAI TRANSMIT CONTROL REGISTER (TCR)
X:$FFFFB4 | ESAI COMMON CONTROL REGISTER (SAICR)
X:$FFFFB3 | ESAI STATUS REGISTER (SAISR)
X:$FFFFB2 | RESERVED
X:$FFFFB1 | RESERVED
X:$FFFFBO | RESERVED
X:$FFFFAF | RESERVED
X:$FFFFAE | RESERVED
X:$FFFFAD | RESERVED
X:$FFFFAC | RESERVED
X:$FFFFAB | ESAI RECEIVE DATA REGISTER 3 (RX3)
X:$FFFFAA | ESAI RECEIVE DATA REGISTER 2 (RX2)
X:$FFFFA9 | ESAI RECEIVE DATA REGISTER 1 (RX1)
X:$FFFFA8 | ESAI RECEIVE DATA REGISTER 0 (RX0)
X:$FFFFA7 | RESERVED
X:$FFFFA6 | ESAI TIME SLOT REGISTER (TSR)
X:$FFFFA5 | ESAI TRANSMIT DATA REGISTER 5 (TX5)
X:$FFFFA4 | ESAI TRANSMIT DATA REGISTER 4 (TX4)
X:$FFFFA3 | ESAI TRANSMIT DATA REGISTER 3 (TX3)
X:$FFFFA2 | ESAI TRANSMIT DATA REGISTER 2 (TX2)
X:$FFFFA1 | ESAI TRANSMIT DATA REGISTER 1 (TX1)
X:$FFFFAO0 | ESAI TRANSMIT DATA REGISTER 0 (TX0)
X:$FFFF9F | RESERVED
X:$FFFFOE | RESERVED
X:$FFFFOD | RESERVED
X:$FFFF9C | RESERVED
X:$FFFF9B | RESERVED
X:$FFFF9A | RESERVED
X:$FFFF99 | RESERVED
X:$FFFF98 | RESERVED
X:$FFFF97 | RESERVED
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Table 5-4 Internal /0 Memory Map (Continued)

Peripheral Address Register Name
X:$FFFF96 | RESERVED
X:$FFFF95 | RESERVED
SHI X:$FFFF94 | SHI RECEIVE FIFO (HRX)
X:$FFFF93 | SHI TRANSMIT REGISTER (HTX)
X:$FFFF92 | SHI I2C SLAVE ADDRESS REGISTER (HSAR)
X:$FFFF91 | SHI CONTROL/STATUS REGISTER (HCSR)
X:$FFFF90 | SHI CLOCK CONTROL REGISTER (HCKR)
TRIPLE X:$FFFF8F | TIMER 0 CONTROL/STATUS REGISTER (TCSRO0)
TIMER X:$FFFF8E | TIMER 0 LOAD REGISTER (TLRO)
X:$FFFF8D | TIMER 0 COMPARE REGISTER (TCPRO)
X:$FFFF8C | TIMER 0 COUNT REGISTER (TCRO0)
X:$FFFF8B | TIMER 1 CONTROL/STATUS REGISTER (TCSR1)
X:$FFFF8A | TIMER 1 LOAD REGISTER (TLR1)
X:$FFFF89 | TIMER 1 COMPARE REGISTER (TCPR1)
X:$FFFF88 | TIMER 1 COUNT REGISTER (TCR1)
X:$FFFF87 | TIMER 2 CONTROL/STATUS REGISTER (TCSR2)
X:$FFFF86 | TIMER 2 LOAD REGISTER (TLR2)
X:$FFFF85 | TIMER 2 COMPARE REGISTER (TCPR2)
X:$FFFF84 | TIMER 2 COUNT REGISTER (TCR2)
X:$FFFF83 | TIMER PRESCALER LOAD REGISTER (TPLR)
X:$FFFF82 | TIMER PRESCALER COUNT REGISTER (TPCR)
X:$FFFF81 | RESERVED
X:$FFFF80 | RESERVED
ESAIMUX | Y:$FFFFAF | MUX PIN CONTROL REGISTER (EMUXR)
PIN Y:$FFFFAE | RESERVED
CONTROL ¥ SFFFFAD | RESERVED
Y:$FFFFAC | RESERVED
Y:$FFFFAB | RESERVED
Y:$FFFFAA | RESERVED
Y:$FFFFA9 | RESERVED
Y:$FFFFA8 | RESERVED
Y:$FFFFA7 | RESERVED
Y:$FFFFA6 | RESERVED
Y:$FFFFA5 | RESERVED
Y:$FFFFA4 | RESERVED
Y:$FFFFA3 | RESERVED
Y:$FFFFA2 | RESERVED
Y:$FFFFA1 | RESERVED
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Table 5-4 Internal /O Memory Map (Continued)

Peripheral Address Register Name
Y:$FFFFA0 | RESERVED
PORT E Y:$FFFFOF | PORT E CONTROL REGISTER (PCRE)
Y:$FFFFOE | PORT E DIRECTION REGISTER(PPRE)
Y:$FFFFOD | PORT E GPIO DATA REGISTER(PDRE)
ESAI_1 Y:$FFFF9C | ESAI_1 RECEIVE SLOT MASK REGISTER B (RSMB_1)
Y:$FFFF9B | ESAI_1 RECEIVE SLOT MASK REGISTER A (RSMA_1)
Y:$FFFF9A | ESAI_1 TRANSMIT SLOT MASK REGISTER B (TSMB_1)
Y:$FFFF99 | ESAI_1 TRANSMIT SLOT MASK REGISTER A (TSMA_1)
Y:$FFFF98 | ESAI_1 RECEIVE CLOCK CONTROL REGISTER (RCCR_1)
Y:$FFFF97 | ESAI_1 RECEIVE CONTROL REGISTER (RCR_1)
Y:$FFFF96 | ESAI_1 TRANSMIT CLOCK CONTROL REGISTER (TCCR_1)
Y:$FFFF95 | ESAI_1 TRANSMIT CONTROL REGISTER (TCR_1)
Y:$FFFF94 | ESAI_1 COMMON CONTROL REGISTER (SAICR_1)
Y:$FFFF93 | ESAI_1 STATUS REGISTER (SAISR_1)
Y:$FFFF92 | RESERVED
Y:$FFFF91 RESERVED
Y:$FFFF90 | RESERVED
Y:$FFFF8F | RESERVED
Y:$FFFF8E | RESERVED
Y:$FFFF8D | RESERVED
Y:$FFFF8C | RESERVED
Y:$FFFF8B | ESAI_1 RECEIVE DATA REGISTER 3 (RX3_1)
Y:$FFFF8A | ESAI_1 RECEIVE DATA REGISTER 2 (RX2_1)
Y:$FFFF89 | ESAI_1 RECEIVE DATA REGISTER 1 (RX1_1)
Y:$FFFF88 | ESAI_1 RECEIVE DATA REGISTER 0 (RX0_1)
Y:$FFFF87 | RESERVED
Y:$FFFF86 | ESAI_1 TIME SLOT REGISTER (TSR_1)
Y:$FFFF85 | ESAI_1 TRANSMIT DATA REGISTER 5 (TX5_1)
Y:$FFFF84 | ESAI_1 TRANSMIT DATA REGISTER 4 (TX4_1)
Y:$FFFF83 | ESAI_1 TRANSMIT DATA REGISTER 3 (TX3_1)
Y:$FFFF82 | ESAI_1 TRANSMIT DATA REGISTER 2 (TX2_1)
Y:$FFFF81 ESAI_1 TRANSMIT DATA REGISTER 1 (TX1_1)
Y:$FFFF80 | ESAI_I TRANSMIT DATA REGISTER 0 (TX0_1)
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CORE CONFIGURATION
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Core Configuration

Introduction

6.1

INTRODUCTION

This chapter contains DSP56300 core configuration information details specific to the DSP56367. These

include the following:

Operating modes

Bootstrap program

Interrupt sources and priorities

DMA request sources

OMR

PLL control register

AA control registers

JTAG BSR

For more information on specific registers or modules in the DSP56300 core, refer to the DSP56300
Family Manual (DSP56300FMIAD).

6-2

DSP56367 24-Bit Digital Signal Processor User’s Manual

MOTOROLA



Core Configuration
Operating Mode Register (OMR)

6.2 OPERATING MODE REGISTER (OMR)

The contents of the Operating Mode Register (OMR) are shown in Table 6-1. Refer to the DSP56300
24-Bit Digital Signal Processor Family Manual, Motorola publication DSP56300FMIAD for a description of
the OMR bits.

Table 6-1 Operating Mode Register (OMR)

SCS EOM COM

23 22 219 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PE [MSW 1: 0| SE | WR |EO | EU | XY JATE| AP | AB | BR |TAS|BE| CDP1:0 f MS | SD EBD| MD | MC | MB | MA
N N|P|V|[N|S DIE|T
PEN - Patch Enable ATE - Address Tracing Enable  MS - Master memory Switch Mode
MSW1 - Memory switch mode 1 APD - Address Priority Disable  SD - Stop Delay
MSWO0O - Memory switch mode 0 ABE - Asyn. Bus Arbitration
Enable
SEN - Stack Extension Enable BRT - Bus Release Timing EBD - External Bus Disable
WRP - Extended Stack Wrap Flag TAS - TA Synchronize Select MD - Operating Mode D
EOV - Extended Stack Overflow BE - Burst Mode Enable MC - Operating Mode C
Flag
EUN - Extended Stack Underflow CDP1 - Core-Dma Priority 1 MB - Operating Mode B
Flag
XYS - Stack Extension Space CDPO - Core-Dma Priority O MA - Operating Mode A
Select

- Reserved bit. Read as zero, should be written with zero for future compatibility

6.2.1 Asynchronous Bus Arbitration Enable (ABE) - Bit 13

The asynchronous bus arbitration mode is activated by setting the ABE bit in the OMR register. Hardware
reset clears the ABE bit.

6.2.2 Address Attribute Priority Disable (APD) - Bit 14

The Address Attribute Priority Disable (APD) bit is used to turn off the address attribute priority
mechanism. When this bit is set, more than one address attribute pin AA/RAS(2:0) may be simultaneously
asserted according to its AAR settings. The APD bit is cleared by hardware reset.
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6.2.3 Address Tracing Enable (ATE) - Bit 15

The Address Tracing Enable (ATE) bit is used to turn on Address Tracing (AT) Mode. When the AT Mode
is enabled, the DSP56300 Core reflects the addresses of internal fetches and program space moves
(MOVEM) to the Address Bus (A0-A17), if the Address Bus is not needed by the DSP56300 Core for
external accesses. The ATE bit is cleared on hardware reset.

6.2.4 Patch Enable (PEN) - Bit 23

The Patch Enable function is used for patching Program ROM locations. i.e. to replace during program
execution, the contents of the Program ROM. This is done by using the Instruction Cache to supply the
instruction word instead of the Program ROM.

The Patch Enable function is activated by setting bit 23 (PEN) in the OMR Register. The PEN bit is cleared
by hardware reset.

The Instruction Cache should be initialized with the new instructions according to the following procedure:
These steps should be executed from external memory or by download via host interface:

Set Cache Enable =1

Set Patch Enable = 1

initialize TAGs to different values by unlock eight different external sectors
lock the PATCH sector(s)

move new code to locked sector(s), to the addresses that should be replaced

2L

start regular PROM program

rhkkhkkhkkkhkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhhhkhhhhhhhhkhhkhkhkhk khkhkhkhkhkhkhkkhkhkhkkhkhkhkkkhkkk*x%
’

; PATCH initialization exanpl e

rhkkhkkkhkkhkkhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkkhkhkhkhkhkhkhkhkhkhhkhhkhhhkhhhhhhhhkhhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkhkkhkhkhkkhkkk*x%
’

page 132,55,0,0,0
nol i st

I NCLUDE "i oequ. asm
I NCLUDE "i nt equ. asn

l'ist
START equ $100 ; main programstarting
address
PATCH _OFSET equ 128 ; patch of f set
M PAE equ 23 ; Patch Enabl e
M PROVB equ $f f af ec ; ROMarea Start
M PROMVE equ $ffafff ; ROM area End
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org P. START
nmove #M PROVS, r O
bset #M CE, sr : CacheEnable = 1
bset #M PAE, ont : PatchEnable = 1
nove #$800000, r1 ; any external address
nove #128, n1 ;128 for 1K | CAGHE, sector
si ze
nove #( M _PROVS+PATCH CFSET) , r2
dup 8
punl ock (r1)+nl ; initialize TAG to
di fferent
;. val ues
endm
pl ock (r2) ; lock patch's sector
; (start/md/end)
nove #PATCH DATA START, r1

; repl ace ROM code by PATCH

do #( PATCH _DATA _END- PATCH DATA START+1) , PATCH LCCP

novem p: (r1)+, x0

novem X0, p: (r2) +

nop ; Do-loop restriction
PATCH LOCP

jsr #M PROVB ; start ROM code execution
ENDTEST jm ENDTEST

nop

nop

nop

nop
; patch data
PATCH DATA START

nove #5, n0

nove #6, mL

nove #7, nR

PATCH_DATA_END

rhkhkkkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhhkhhkhhkhkhhhhhhhhkhhkhkhkhkhkhkdkhkhkhkkhkhkkhkhkhhkhkhkhkhkkhkhk kkik***%
)
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6.3

OPERATING MODES

The operating modes are defined as shown in Table 6-2. The operating modes are latched from MODA,
MODB, MODC and MODD pins during reset. Each operating mode is briefly described below. Except for
modes 0 and 8, the operation of all other modes is defined by the Bootstrap ROM source code in Appendix
A, Bootstrap ROM Contents.

Table 6-2 DSP56367 Operating Modes

Mode MOD | MOD | MOD | MOD Reset Description
D C B A Vector
0 0 0 0 0 $C00000 | Expanded mode
1 0 0 0 1 $FF0000 | Bootstrap from byte-wide memory
2 0 0 1 0 $FF0000 | Jump to PROM starting address
3 0 0 1 1 $FF0000 | Reserved
4 0 1 0 0 $FF0000 | Reserved
5 0 1 0 1 $FF0000 | Bootstrap from SHI (slave SPI mode)
6 0 1 1 0 $FF0000 | Bootstrap from SHI (slave I1°C mode)(HCKFR=1,
100ns filter enabled)
7 0 1 1 1 $FF0000 | Bootstrap from SHI (slave 12C mode)(HCKR=0)
8 1 0 0 0 $008000 | Expanded mode
9 1 0 0 1 $FF0000 | Reserved for Burn-in testing
A 1 0 1 0 $FF0000 | Reserved
B 1 0 1 1 $FF0000 | Reserved
C 1 1 0 0 $FF0000 | HDIO8 Bootstrap in ISA Mode
D 1 1 0 1 $FF0000 |HDIO8 Bootstrap in HC11 non-multiplexed mode
E 1 1 1 0 $FF0000 | HDIO8 Bootstrap in 8051 multiplexed bus mode
F 1 1 1 1 $FF0000 |HDIO8 Bootstrap in 68302 bus mode
6-6 DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA



Core Configuration

Operating Modes

Table 6-3 DSP56367 Mode Descriptions

Mode 0 The DSP starts fetching instructions beginning at address $C00000. Memory accesses are performed
using SRAM memory access type with 31 wait states and no address attributes selected. Address
$C00000 is reflected as address $00000 on Port A pins A0-A17.

Mode 1 The bootstrap program loads instructions through Port A from external byte-wide memory, connected to
the least significant byte of the data bus (bits 7-0), and starting at address P:$D00000. The bootstrap
code expects to read 3 bytes specifying the number of program words, 3 bytes specifying the address to
start loading the program words and then 3 bytes for each program word to be loaded. The number of
words, the starting address and the program words are read least significant byte first followed by the mid
and then by the most significant byte. The program words will be stored in contiguous PRAM memory
locations starting at the specified starting address. After reading the program words, program execution
starts from the same address where loading started. The SRAM memory access type is selected by the
values in Address Attribute Register 1 (AAR1), with 31 wait states for each memory access. Address
$D00000 is reflected as address $00000 on Port A pins A0-A17.

Mode 2 The DSP starts fetching instructions from the starting address of the on-chip Program ROM.
Mode 3 Reserved.
Mode 4 Reserved.

Mode 5 In this mode, the internal PRAM is loaded from the Serial Host Interface (SHI). The SHI operates in the
SPI slave mode, with 24-bit word width.The bootstrap code expects to read a 24-bit word specifying the
number of program words, a 24-bit word specifying the address to start loading the program words and
then a 24-bit word for each program word to be loaded. The program words will be stored in contiguous
PRAM memory locations starting at the specified starting address. After reading the program words,
program execution starts from the same address where loading started.

Mode 6 Same as Mode 5 except SHI interface operates in the 12C slave mode with HCKFR set to 1 and the 100ns
filter enabled.

Mode 7 Same as Mode 5 except SHI interface operates in the I2C slave mode with HCKFR set to 0.

Mode 8 The DSP starts fetching instructions beginning at address $008000. Memory accesses are performed
using SRAM memory access type with 31 wait states and no address attributes selected.

Mode 9 Reserved. Used for Burn-In testing.
Mode A Reserved.
Mode B Reserved.

Mode C Instructions are loaded through the HDIO8, which is configured to interface with an ISA bus. The HOST
ISA bootstrap code expects to read a 24-bit word specifying the number of program words, a 24-bit word
specifying the address to start loading the program words and then a 24-bit word for each program word
to be loaded. The program words will be stored in contiguous PRAM memory locations starting at the
specified starting address. After reading the program words, program execution starts from the same
address where loading started. The Host Interface bootstrap load program may be stopped by setting the
Host Flag 0 (HFO). This will start execution of the loaded program from the specified starting address.

Mode D As in Mode C, but HDIO8 is set for interfacing to Motorola HC11 microcontroller in non-multiplexed mode
Mode E As in Mode C, but HDIO8 is set for interfacing to Intel 8051 multiplexed bus
Mode F As in Mode C, but HDIOS8 is set for interfacing to Motorola 68302 bus.
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6.4 INTERRUPT PRIORITY REGISTERS

There are two interrupt priority registers in the DSP56367:

1. IPR-C is dedicated for DSP56300 Core interrupt sources.
2. IPR-P is dedicated for DSP56367 peripheral interrupt sources.

The interrupt priority registers are shown in Figure 6-1 and Figure 6-2. The Interrupt Priority Level bits are
defined in Table 6-4. The interrupt vectors are shown in Table 6-6 and the interrupt priorities are shown in
Table 6-5.

Table 6-4 Interrupt Priority Level Bits

IPL bits Interrupt
Interrupts L.
Enabled Priority
xxL1 xxL0 Level
0 0 No —
0 1 Yes 0
1 0 Yes 1
1 1 Yes 2
M1 10 9 8 7 6 5 4 3 2 1 0
|ESL11| ESL10| TALA |TALO | DAL1| DALO| HDL1 |HDLO | SHL1 | SHLO| ESLA | ESLO|
ESAI IPL
SHI IPL
HDIO8 IPL
DAX IPL
TRIPLE TIMER IPL
ESAI_11PL
18 17 16 15 14 13 12
reserved

- Reserved bit. Read as zero, should be written with zero for future compatibility.

Figure 6-1 Interrupt Priority Register P
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11 10 9 8 7 6 5 4 3 2 1 0
| IDL2| IDL1| IDLO| ICL2 | ICL1 | ICLO | IBL2 | IBL1 | IBLO | IAL2 | IAL1 | IALO |

IRQA IPL
IRQA mode
IRQB IPL
IRQB mode
IRQC IPL
IRQC mode
IRQD IPL

IRQD mode

23 22 21 20 19 18 17 16 15 14 13 12
| D5L1 | D5LO | D4LA | D4LO | D3L1| D3LO| D2L1| D2L0| DL | D1L0| DOL1 | DOLO|

DMAO IPL
DMA1 IPL
DMA2 IPL
DMA3 IPL
DMA4 IPL
DMAS IPL

Figure 6-2 Interrupt Priority Register C

Table 6-5 Interrupt Sources Priorities Within an IPL

Priority Interrupt Source

Level 3 (Nonmaskable)

Highest Hardware RESET

Stack Error

Illegal Instruction

Debug Request Interrupt

Trap
Lowest Non-Maskable Interrupt
Levels 0, 1, 2 (Maskable)
Highest IRQA (External Interrupt)

IRQB (External Interrupt)

IRQC (External Interrupt)
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Table 6-5 Interrupt Sources Priorities Within an IPL (Continued)

Priority

Interrupt Source

IRQD (External Interrupt)

DMA Channel 0 Interrupt

DMA Channel 1 Interrupt

DMA Channel 2 Interrupt

DMA Channel 3 Interrupt

DMA Channel 4 Interrupt

DMA Channel 5 Interrupt

ESAI Receive Data with Exception Status

ESAI Receive Even Data

ESAI Receive Data

ESAI Receive Last Slot

ESAI Transmit Data with Exception Status

ESAI Transmit Last Slot

ESAI Transmit Even Data

ESAI Transmit Data

SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

SHI Receive FIFO Not Empty

HOST Command Interrupt

HOST Receive Data Interrupt

HOST Transmit Data Interrupt

DAX Transmit Underrun Error

DAX Block Transferred

DAX Transmit Register Empty
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Table 6-5 Interrupt Sources Priorities Within an IPL (Continued)

Priority Interrupt Source

TIMERO Overflow Interrupt

TIMERO Compare Interrupt

TIMER1 Overflow Interrupt

TIMER1 Compare Interrupt

TIMER2 Overflow Interrupt

TIMER2 Compare Interrupt

ESAI_1 Receive Data with Exception Status

ESAI_1 Receive Even Data

ESAI_1 Receive Data

ESAI_1 Receive Last Slot

ESAI_1 Transmit Data with Exception Status

ESAI_1 Transmit Last Slot

ESAI_1 Transmit Even Data

Lowest ESAI_1 Transmit Data

Table 6-6 DSP56367 Interrupt Vectors

Interrupt "I;tr?;:li‘tst
Starting Interrupt Source
Address Level
Range
VBA:$00 3 Hardware RESET
VBA:$02 3 Stack Error
VBA:$04 3 lllegal Instruction
VBA:$06 3 Debug Request Interrupt
VBA:$08 3 Trap
VBA:$0A 3 Non-Maskable Interrupt (NMI)
VBA:$0C 3 Reserved For Future Level-3 Interrupt Source
VBA:$0E 3 Reserved For Future Level-3 Interrupt Source
VBA:$10 - IRQA
VBA:$12 - IRQB
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Table 6-6 DSP56367 Interrupt Vectors (Continued)

Interrupt Irl;t?;:zjtst

Starting Interrupt Source

Address Level

Range

VBA:$14 0-2 IRQC
VBA:$16 0-2 IRQD
VBA:$18 0-2 DMA Channel 0
VBA:$1A 0-2 DMA Channel 1
VBA:$1C 0-2 DMA Channel 2
VBA:$1E 0-2 DMA Channel 3
VBA:$20 0-2 DMA Channel 4
VBA:$22 0-2 DMA Channel 5
VBA:$24 0-2 Reserved
VBA:$26 0-2 Reserved
VBA:$28 0-2 DAX Underrun Error
VBA:$2A 0-2 DAX Block Transferred
VBA:$2C 0-2 Reserved
VBA:$2E 0-2 DAX Audio Data Empty
VBA:$30 0-2 ESAI Receive Data
VBA:$32 0-2 ESAI Receive Even Data
VBA:$34 0-2 ESAI Receive Data With Exception Status
VBA:$36 0-2 ESAI Receive Last Slot
VBA:$38 0-2 ESAI Transmit Data
VBA:$3A 0-2 ESAI Transmit Even Data
VBA:$3C 0-2 ESAI Transmit Data with Exception Status
VBA:$3E 0-2 ESAI Transmit Last Slot
VBA:$40 0-2 SHI Transmit Data
VBA:$42 0-2 SHI Transmit Underrun Error
VBA:$44 0-2 SHI Receive FIFO Not Empty
VBA:$46 0-2 Reserved
VBA:$48 0-2 SHI Receive FIFO Full
VBA:$4A 0-2 SHI Receive Overrun Error
VBA:$4C 0-2 SHI Bus Error
VBA:$4E 0-2 Reserved
VBA:$50 0-2 Reserved

6-12

DSP56367 24-Bit Digital Signal Processor User’s Manual

MOTOROLA



Core Configuration

Interrupt Priority Registers

Table 6-6 DSP56367 Interrupt Vectors (Continued)

Interrupt Igt?;:?tst
Starting Interrupt Source
Address Level
Range
VBA:$52 0-2 Reserved
VBA:$54 0-2 TIMERO Compare
VBA:$56 0-2 TIMERO Overflow
VBA:$58 0-2 TIMER1 Compare
VBA:$5A 0-2 TIMER1 Overflow
VBA:$5C 0-2 TIMER2 Compare
VBA:$5E 0-2 TIMER2 Overflow
VBA:$60 0-2 Host Receive Data Full
VBA:$62 0-2 Host Transmit Data Empty
VBA:$64 0-2 Host Command (Default)
VBA:$66 0-2 Reserved
VBA:$68 0-2 Reserved
VBA:$6A 0-2 Reserved
VBA:$6C 0-2 Reserved
VBA:$6E 0-2 Reserved
VBA:$70 0-2 ESAI_1 Receive Data
VBA:$72 0-2 ESAI_1 Receive Even Data
VBA:$74 0-2 ESAI_1 Receive Data With Exception Status
VBA:$76 0-2 ESAI_1 Receive Last Slot
VBA:$78 0-2 ESAI_1 Transmit Data
VBA:$7A 0-2 ESAI_1 Transmit Even Data
VBA:$7C 0-2 ESAI_1 Transmit Data with Exception Status
VBA:$7E 0-2 ESAI_1 Transmit Last Slot
VBA:$80 0-2 Reserved
VBA:$FE 0-2 Reserved
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6.5 DMA REQUEST SOURCES

The DMA Request Source bits (DRS0-DRS4 bits in the DMA Control/Status registers) encode the source
of DMA requests used to trigger the DMA transfers. The DMA request sources may be the internal
peripherals or external devices requesting service through the IRQA, IRQB, IRQC and IRQD pins. The

DMA Request Sources are shown in Table 6-7.

Table 6-7 DMA Request Sources

DMA Request Source Bits Requesting Device
DRS4...DRS0

00000 External (IRQA pin)
00001 External (IRQB pin)
00010 External (IRQC pin)
00011 External (IRQD pin)
00100 Transfer Done from DMA channel 0
00101 Transfer Done from DMA channel 1
00110 Transfer Done from DMA channel 2
00111 Transfer Done from DMA channel 3
01000 Transfer Done from DMA channel 4
01001 Transfer Done from DMA channel 5
01010 DAX Transmit Data
01011 ESAI Receive Data (RDF=1)
01100 ESAI Transmit Data (TDE=1)
01101 SHI HTX Empty
01110 SHI FIFO Not Empty
01111 SHI FIFO Full
10000 HDIO8 Receive Data
10001 HDIO8 Transmit Data
10010 TIMERO (TCF=1)
10011 TIMER1 (TCF=1)
10100 TIMER2 (TCF=1)
10101 ESAI_1 Receive Data (RDF=1)
10110 ESAI_1 Transmit Data (TDE=1)
10111-11111 RESERVED
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6.6 PLL INITIALIZATION

6.6.1 PLL Multiplication Factor (MF0-MF11)

The DSP56367 PLL multiplication factor is set to 6 during hardware reset, i.e. the Multiplication Factor Bits
MF0-MF11 in the PLL Control Register (PCTL) are set to $005.

6.6.2 PLL Pre-Divider Factor (PD0-PD3)

The DSP56367 PLL Pre-Divider factor is set to 1 during hardware reset, i.e. the Pre-Divider Factor Bits
PDO0-PD3 in the PLL Control Register (PCTL) are set to $0.

6.6.3 Crystal Range Bit (XTLR)

The Crystal Range (XTLR) bit controls the on-chip crystal oscillator transconductance. The on-chip crystal
oscillator is not used on the DSP56367 since no XTAL pin is available. The XTLR bit is set to zero during
hardware reset in the DSP56367.

6.6.4 XTAL Disable Bit (XTLD)

The XTAL Disable Bit (XTLD) is set to 1 (XTAL disabled) during hardware reset in the DSP56367.

6.7 DEVICE IDENTIFICATION (ID) REGISTER

The Device Identification Register (IDR) is a 24 bit read only factory programmed register used to identify
the different DSP56300 core-based family members. This register specifies the derivative number and
revision number. This information may be used in testing or by software. Table 6-8 shows the ID register
configuration.

Table 6-8 Identification Register Configuration

23 16 15 12 11 0
Reserved Revision Number Derivative Number
$00 $0 $367
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6.8 JTAG IDENTIFICATION (ID) REGISTER

The JTAG Identification (ID) Register is a 32 bit, read only thought JTAG, factory programmed register
used to distinguish the component on a board according to the IEEE 1149.1 standard. Table 6-9 shows the
JTAG ID register configuration.

Table 6-9 JTAG Identification Register Configuration

31 28 27 22 21 12 11 1 0
Version Customer Part Sequence Manufacturer 1

Information Number Number Identity
0000 000111 0001010010 00000001110 1

6.9 JTAG BOUNDARY SCAN REGISTER (BSR)

The boundary scan register (BSR) in the DSP56367 JTAG implementation contains bits for all device
signal and clock pins and associated control signals. All bidirectional pins have a single register bit in the
boundary scan register for pin data, and are controlled by an associated control bit in the boundary scan
register. The boundary scan register bit definitions are described in Table 6-10.

Table 6-10 DSP56367 BSR Bit Definition

Bit . . BSR Cell Bit . . BSR Cell
# Pin Name Pin Type Type # Pin Name Pin Type Type
0 |SDO4_1/SDI1 |- Control 76 | FST_1 -

1 Control
1 | SDO4_1/SDI1 | Input/Output Data 77 |FST_1 Input/Output Data
_1
2 | IRQA Input Data 78 | SDO5_1/SDIO
1 Control
3 |IRQB Input Data 79 | SDO5_1/SDI0 | Input/Output Data
_1
4 |IRQC Input Data 80 | RES Input Data
5 | IRQD Input Data 81 | HADO - Control
6 | D23 Input/Output Data 82 | HADO Input/Output Data
7 | D22 Input/Output Data 83 | HAD1 - Control
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Table 6-10 DSP56367 BSR Bit Definition (Continued)

B#:t Pin Name Pin Type Bi?::" B’;t Pin Name Pin Type Bi?::"
8 | D21 Input/Output Data 84 | HAD1 Input/Output Data
9 | D20 Input/Output Data 85 | HAD2 - Control
10 | D19 Input/Output Data 86 | HAD2 Input/Output Data
11 | D18 Input/Output Data 87 | HAD3 - Control
12 | D17 Input/Output Data 88 | HAD3 Input/Output Data
13 | D16 Input/Output Data 89 | HAD4 - Control
14 | D15 Input/Output Data 90 | HAD4 Input/Output Data
15 | D[23:13] - Control 91 | HAD5 - Control
16 | D14 Input/Output Data 92 | HAD5 Input/Output Data
17 | D13 Input/Output Data 93 | HAD6 - Control
18 | D12 Input/Output Data 94 | HAD6 Input/Output Data
19 | D11 Input/Output Data 95 | HAD7 - Control
20 | D10 Input/Output Data 96 | HAD7 Input/Output Data
21 | D9 Input/Output Data 97 | HAS/AO - Control
22 | D8 Input/Output Data 98 | HAS/AO Input/Output Data
23 | D7 Input/Output Data 99 | HA8/A1 - Control
24 | D6 Input/Output Data 100 | HA8/A1 Input/Output Data
25 | D5 Input/Output Data 101 | HA9/A2 - Control
26 | D4 Input/Output Data 102 | HA9/A2 Input/Output Data
27 | D3 Input/Output Data 103 | HCS/A10 - Control
28 | D[12:0] - Control 104 | HCS/A10 Input/Output Data
29 | D2 Input/Output Data 105 | TIOO - Control
30 | D1 Input/Output Data 106 | TIOO Input/Output Data
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Table 6-10 DSP56367 BSR Bit Definition (Continued)

B#:t Pin Name Pin Type Bi?::" B#:t Pin Name Pin Type Bi?::"
31 | DO Input/Output Data 107 | ACI - Control
32 | A17 Output3 Data 108 | ACI Input/Output Data
33 | A16 Output3 Data 109 | ADO - Control
34 | A15 Output3 Data 110 | ADO Input/Output Data
35 | A[17:9] - Control 111 | HREQ/HTRQ |- Control
36 | A14 Output3 Data 112 | HREQ/HTRQ | Input/Output Data
37 | A13 Output3 Data 113 | HACK/RRQ - Control
38 | A12 Output3 Data 114 | HACK/RRQ Input/Output Data
39 | A11 Output3 Data 115 | HRW/RD - Control
40 | A10 Output3 Data 116 | HRW/RD Input/Output Data
41 | A9 Output3 Data 117 | HDS/WR - Control
42 | A8 Output3 Data 118 | HDS/WR Input/Output Data
43 | A7 Output3 Data 119 | HSCKR - Control
44 | A6 Output3 Data 120 | HSCKR Input/Output Data
45 | A[8:0] - Control 121 | HSCKT - Control
46 | A5 Output3 Data 122 | HSCKT Input/Output Data
47 | A4 Output3 Data 123 | SCKR - Control
48 | A3 Output3 Data 124 | SCKR Input/Output Data
49 | A2 Output3 Data 125 | SCKT - Control
50 | A1 Output3 Data 126 | SCKT Input/Output Data
51 | AO Output3 Data 127 | FSR - Control
52 | BG Input Data 128 | FSR Input/Output Data
53 | AAO - Control 129 | FST - Control
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Table 6-10 DSP56367 BSR Bit Definition (Continued)

B#:t Pin Name Pin Type Bi?::" B’;t Pin Name Pin Type Bi?::"
54 | AAO Output3 Data 130 | FST Input/Output Data
55 | AA1 - Control 131 | SDO5/SDIO - Control
56 | AA1 Output3 Data 132 | SDO5/SDIO Input/Output Data
57 |RD Output3 Data 133 | SDO4/SDI1 - Control
58 | WR Output3 Data 134 | SDO4/SDI1 Input/Output Data
59 | BB - Control 135 | SDO3/SDI2 - Control
60 | BB Input/Output Data 136 | SDO3/SDI2 Input/Output Data
61 | BR Output2 Data 137 | SDO2/SDI3 - Control
62 | TA Input Data 138 | SDO2/SDI3 Input/Output Data
63 | PINIT Input Data 139 | SDO1 - Control
64 | SCKR_1 Control 140 | SDO1 Input/Output Data
65 | SCKR_1 Input/Output Data 141 | SDOO - Control
66 | FSR_1 Control 142 | SDOO Input/Output Data
67 | FSR_1 Input/Output Data 143 | HREQ - Control
68 | RD,WR - Control 144 | HREQ Input/Output Data
69 | EXTAL Input Data 145 | SS Input Data
70 | SCKT_1 - Control 146 | SCK/SCL - Control
71 | SCKT_1 Input/Output Data 147 | SCK/SCL Input/Output Data
72 | CAS - Control 148 | MISO/SDA - Control
73 | CAS Output3 Data 149 | MISO/SDA Input/Output Data
74 | AA2 - Control 150 | MOSI/HAO - Control
75 | AA2 Output3 Data 151 | MOSI/HAO Input/Output Data
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7.1  INTRODUCTION

The DSP56367 provides up to 37 bidirectional signals that can be configured as GPIO signals or as
peripheral dedicated signals. No dedicated GPIO signals are provided. All of these signals are GPIO by
default after reset. The techniques for register programming for all GPIO functionality is very similar
between these interfaces. This section describes how signals may be used as GPIO.

7.2 PROGRAMMING MODEL

The signals description section of this manual describes the special uses of these signals in detail. There
are five groups of these signals which can be controlled separately or as groups:

* Port B: up to 16 GPIO signals (shared with the HDIO8 signals)

* Port C: 12 GPIO signals (shared with the ESAI signals)

» Port D: two GPIO signals (shared with the DAX signals)

* Port E: 10 GPIO signals (shared with the ESAI_1 signals)

« Timer: one GPIO signal (shared with the timer/event counter signal)

7.21 Port B Signals and Registers

When HDIO08 is disabled, all 16 HDIO8 signals can be used as GPIO. When HDI08 is enabled, five (HAS,
HA9, HCS, HOREQ, and HACK) of the 16 port B signals, if not used as a HDIO8 signal, can be configured
as GPIO signals. The GPIO functionality of port B is controlled by three registers: host port control register
(HPCR), host port GPIO data register (HDR), and host port GPIO direction register (HDDR). These
registers are described in Section 8, Host Interface (HDI08) of this document.

7.2.2 Port C Signals and Registers

Each of the 12 port C signals not used as an ESAI signal can be configured individually as a GPIO signal.
The GPIO functionality of port C is controlled by three registers: port C control register (PCRC), port C
direction register (PRRC), and port C data register (PDRC). These registers are described in Section 10,
Enhanced Serial Audio Interface (ESAI).

7.2.3 Port D Signals and Registers

Each of the two Port D signals not used as a DAX signal can be configured individually as a GPIO signal.
The GPIO functionality of Port D is controlled by three registers: Port D control register (PCRD), Port D
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direction register (PRRD) and Port D data register (PDRD). These registers are described in Section 12,
Digital Audio Transmitter.

7.2.4 Port E Signals and Registers

Port E has 10 signals, shared with the ESAI_1. Six of the ESAI_1 signals have their own pin, so each of
the six signals, if not used as an ESAI_1 signal, can be configured individually as a GPIO signal. The other
four ESAI_1 signals share pins with the ESAI. For these shared pins, if the pin is not being used by the
ESAI, Port C and the ESAI_1, then it may be used as a Port E GPIO signal. The GPIO functionality of port
E is controlled by three registers: port E control register (PCRE), port E direction register (PRRE), and port
E data register (PDRE). These registers are described in Section 11, Enhanced Serial Audio Interface 1
(ESAI_1).

7.2.5 Timer/Event Counter Signals

The timer/event counter signal (T10), when not used as a timer signal can be configured as a GPIO signal.
The signal is controlled by the appropriate timer control status register (TCSR). The register is described in
Section 13, General Purpose Input | Output.
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Introduction

8.1

INTRODUCTION

The host interface (HDI08) is a byte-wide, full-duplex, double-buffered, parallel port that can be connected
directly to the data bus of a host processor. The HDIO8 supports a variety of buses and provides glueless
connection with a number of industry standard microcomputers, microprocessors, DSPs and DMA
hardware.

The host bus can operate asynchronously to the DSP core clock, therefore the HDIO8 registers are divided
into 2 banks. The host register bank is accessible to the external host and the DSP register bank is
accessible to the DSP core.

The HDIO8 supports three classes of interfaces:

8.2

8.21

Host processor/Microcontroller (MCU) connection interface
DMA controller interface
General purpose I/O (GPIO) port

HDI08 FEATURES

Interface - DSP side

Mapping:
— Registers are directly mapped into eight internal X data memory locations

Data Word:
— 24-bit (native) data words are supported, as are 8-bit and 16-bit words

Transfer Modes:
— DSP to Host
— Hostto DSP
— Host Command

Handshaking Protocols:
— Software polled

— Interrupt driven

— Core DMA accesses

Instructions:

— Memory-mapped registers allow the standard MOVE instruction to be used to transfer data
between the DSP and the external host.

— Special MOVERP instruction provides for I/O service capability using fast interrupts.

— Bit addressing instructions (e.g. BCHG, BCLR, BSET, BTST, JCLR, JSCLR, JSET, JSSET)
simplify 1/0O service routines.

8-2

DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA



Host Interface (HDI08)

HDI08 Features

8.2.2 Interface - Host Side

» Sixteen signals are provided to support non-multiplexed or multiplexed buses:

— HO-H7/HADO-HAD7
Host data bus (H7-HO) or host multiplexed address/data bus (HADO-HAD7)

— HAS/HAO

Address strobe (HAS) or Host address line HAQ
— HA8/HA1

Host address line HA8 or Host address line HA1
— HA9/HA2

Host address line HA9 or Host address line HA2
— HRW/HRD

Read/write select (HRW) or Read Strobe (HRD)
— HDS/HWR

Data Strobe (HDS) or Write Strobe (HWR)
— HCS/HA10

Host chip select (HCS) or Host address line HA10
— HOREQ/HTRQ

Host request (HOREQ) or Host transmit request (HTRQ)
— HACK/HRRQ

Host acknowledge (HACK) or Host receive request (HRRQ)

*  Mapping:

— HDIO8 registers are mapped into eight consecutive byte locations in the external host bus
address space.

— The HDIO8 acts as a memory or |O-mapped peripheral for microprocessors, microcontrollers,
etc.

+ Data Word:
—  8-bit

* Transfer Modes:
— Mixed 8-bit, 16-bit and 24-bit data transfers
* DSP to Host
* Hostto DSP

— Host Command

* Handshaking Protocols:
— Software polled

— Interrupt-driven (Interrupts are compatible with most processors, including the MC68000,
8051, HC11 and Hitachi H8).

— Cycle-stealing DMA with initialization
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* Dedicated Interrupts:
— Separate interrupt lines for each interrupt source

— Special host commands force DSP core interrupts under host processor control, which are
useful for the following:

* Real-Time Production Diagnostics
*  Debugging Window for Program Development
* Host Control Protocols

* Interface Capabilities:
— Glueless interface (no external logic required) to the following:
*  Motorola HC11
« Hitachi H8
+ 8051 family
*  Thomson P6 family
« external DMA controllers

— Minimal glue-logic (pullups, pulldowns) required to interface to the following:
* ISAbus
*  Motorola 68K family
* Intel X86 family.

8.3 HDI08 HOST PORT SIGNALS

If the Host Interface functionality is not required, the 16 pins may be defined as general purpose /O pins
PB0-PB15. When the HDIO08 is in use, only five host port signals (HA8, HA9, HCS, HOREQ and HACK)
may be individually programmed as GPIO pins if they are not needed for their HDI08 function. Summary of
the HDIO8 signals.

Table 8-1 HDIO8 Signal Summary

HDIO8 Port Pin | Multiplexed address/data bus Mode | Non Multiplexed bus Mode | GPIO Mode
HADO-HAD7 HADO-HAD7 HO-H7 PBO-PB7
HAS/HAO HAS/HAS HAO PB8
HA8/HA1 HA8 HA1 PB9
HA9/HA2 HA9 HA2 PB10
HCS/HA10 HA10 HCS/HCS PB13
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Table 8-2 Strobe Signals Support signals

HDIO8 Port Pin Single strobe bus Dual strobe bus GPIO Mode
HRW/HRD HRW HRD/HRD PB11
HDS/HWR HDS/HDS HWR/HWR PB12

Table 8-3 Host request support signals

HDIO8 Port Pin Vector required No vector required GPIO Mode
HOREQ/HTRQ HOREQ/HOREQ HTRQ/HTRQ PB14
HACK/HRRQ HACK/HACK HRRQ/HRRQ PB15

8.4 HDI0O8 BLOCK DIAGRAM

Figure 8-1 shows the HDIO8 registers. The top row of registers (HCR, HSR, HDDR, HDR, HBAR, HPCR,
HOTX, HORX) can be accessed the DSP core. The bottom row of registers (ISR, ICR, CVR, IVR,
RXH:RXM:RXL and TXH:TXM:TXL) can be accessed by the host processor.
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Figure 8-1 HDIO8 Block Diagram
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8.5 HDIO08 — DSP-SIDE PROGRAMMER’S MODEL

The DSP core threats the HDIO8 as a memory-mapped peripheral occupying eight 24-bit words in X data
memory space. The DSP may use the HDIO8 as a normal memory-mapped peripheral, employing either
standard polled or interrupt-driven programming techniques. Separate transmit and receive data registers
are double-buffered to allow the DSP and host processor to transfer data efficiently at high speed. Direct
memory mapping allows the DSP core to communicate with the HDIO8 registers using standard
instructions and addressing modes. In addition, the MOVEP instruction allows direct data transfers
between the DSP memory and the HDIO8 registers or vice-versa. The HOTX and HORX registers may be
serviced by the on-chip DMA controller for data transfers.

The eight host processor registers consists of two data registers and six control registers. All registers can
be accessed by the DSP core but not by the external processor.

Data regqisters are 24-bit registers used for high-speed data transfer to and from the DSP. They are as
follows:

* Host Data Receive Register (HORX)
* Host Data Transmit Register (HOTX)

The control registers are 16-bit registers used to control the HDI08 functions. The eight MSBs in the control
registers are read by the DSP as zero. The control registers are as follows:

» Host control register (HCR)

* Host status register (HSR)

* Host base address register (HBAR)

»  Host port control register (HPCR)

* Host GPIO data direction register (HDDR)
* Host GPIO data register (HDR)

Hardware and software reset disable the HDIO8. After reset, the HDIO8 signals are configured as GPIO
with all pins disconnected.

8.5.1 Host Receive Data Register (HORX)

The 24-bit read-only HORX register is used for host-to-DSP data transfers. The HORX register is loaded
with 24-bit data from the transmit data registers (TXH:TXM:TXL) on the host side when both the transmit
data register empty TXDE (host side) and host receive data full HRDF (DSP side) bits are cleared. This
transfer operation sets both the TXDE and HRDF flags. The HORX register contains valid data when the
HRDF bit is set. Reading HORX clears HRDF. The DSP may program the HRIE bit to cause a host receive
data interrupt when HRDF is set. Also, a DMA channel may be programmed to read the HORX when
HRDF is set.
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8.5.2 Host Transmit Data Register (HOTX)

The 24-bit write-only HOTX register is used for DSP- to-host data transfers. Writing to the HOTX register
clears the host transfer data empty flag HTDE (DSP side). The contents of the HOTX register are
transferred as 24-bit data to the receive byte registers (RXH:RXM:RXL) when both the HTDE flag (DSP
side) and receive data full RXDF flag (host side) are cleared. This transfer operation sets the RXDF and
HTDE flags. The DSP may set the HTIE bit to cause a host transmit data interrupt when HTDE is set. Also,
a DMA Channel may be programmed to write to HOTX when HTDE is set. To prevent the previous data
from being overwritten, data should not be written to the HOTX until the HTDE flag is set.

Note: When writing data to a peripheral device, there is a two-cycle pipeline delay until any
status bits affected by the operation are updated. If the programmer reads any of those
status bits within the next two cycles, the bit will not reflect its current status. See the
DSP56300 24-Bit Digital Signal Processor Family Manual, Motorola publication
DSP56300FMIAD for further details.

8.5.3 Host Control Register (HCR)

The HCR is 16-bit read/write control register used by the DSP core to control the HDIO8 operating mode.
The initialization values for the HCR bits are described in Section Section 8.5.9, DSP-Side Registers After
Reset. The HCR bits are described in the following paragraphs.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| [ [ [ [ [ [ [ [HDM2[HMD1[HDMO| HF3 | HF2 | HCIE [ HTIE | HRIE ]

[ - Reserved bit. Read as 0. Should be written with 0 for future compatibility.
Figure 8-2 Host Control Register (HCR) (X:$FFFFC2)
8.5.3.1 HCR Host Receive Interrupt Enable (HRIE) Bit 0
The HRIE bit is used to enable the host receive data interrupt request. When the host receive data full

(HRDF) status bit in the host status register (HSR) is set, a host receive data interrupt request occurs if
HRIE is set. If HRIE is cleared, HRDF interrupts are disabled.

8.5.3.2 HCR Host Transmit Interrupt Enable (HTIE) Bit 1
The HTIE bit is used to enable the host transmit data empty interrupt request. When the host transmit data

empty (HTDE) status bit in the HSR is set, a host transmit data interrupt request occurs if HTIE is set. If
HTIE is cleared, HTDE interrupts are disabled.

8.5.3.3 HCR Host Command Interrupt Enable (HCIE) Bit 2

The HCIE bit is used to enable the host command interrupt request. When the host command pending
(HCP) status bit in the HSR is set, a host command interrupt request occurs if HCIE is set. If HCIE is
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cleared, HCP interrupts are disabled. The interrupt address is determined by the host command vector
register (CVR).

Note: Host interrupt request priorities: If more than one interrupt request source is asserted and
enabled (e.g. HRDF=1, HCP=1, HRIE=1 and HCIE=1), the HDIO8 generates interrupt
requests according to the following table:

Table 8-4 HDIO8 IRQ

Priority Interrupt Source

Highest Host Command (HCP=1)

Transmit Data (HTDE=1)

Lowest Receive Data (HRDF=1)

8.5.34 HCR Host Flags 2,3 (HF2,HF3) Bits 3-4

HF2 and HF3 bits are used as a general-purpose flags for DSP to host communication. HF2 and HF3 may
be set or cleared by the DSP core. HF2 and HF3 are reflected in the interface status register (ISR) on the
host side such that if they are modified by the DSP software, the host processor can read the modified
values by reading the ISR.

These two flags are not designated for any specific purpose but are general-purpose flags. They can be
used individually or as encoded pairs in a simple DSP to host communication protocol, implemented in
both the DSP and the host processor software.

8.5.3.5 HCR Host DMA Mode Control Bits (HDM0, HDM1, HDM2) Bits 5-7

The HDM[2:0] bits are used to enable the HDIO8 DMA mode operation. The HDI0O8 DMA mode supports
external DMA controller devices connected to the HDIO8 on the Host side. This mode should not be
confused with the operation of the on-chip DMA controller.

With HDM[2:0] cleared, the HDIO8 does not support DMA mode operation and the TREQ and RREQ
control bits are used for host processor interrupt control via the external HOREQ output signal (or HRREQ
and HTREQ output signals if HDREQ in the ICR is set). Also, in the non-DMA mode, the HACK input signal
is used for the MC68000 Family vectored interrupt acknowledge input. If HDM[2:0] are not all cleared, the
HDIO8 operates as described in Table 8-5.
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Table 8-5 HDM[2:0] Functionality

HDM Mode

2|11]0 Description ICR

0 | 0 | O | DMA operation disabled

INIT HLEND | HF1 HFO HDRQ | TREQ | RREQ

1] 0| O | DMA Operation Enabled.

Host may set HM1 or HMO INIT | HM1 | HMO | HF1 | HFO TREQ | RREQ
in the ICR to enable DMA

transfers.

0| 0| 1 | DMA Mode Data Output
Transfers Enabled.
(24-Bit words)

0| 1| 0 | DMA Mode Data Output
Transfers Enabled.
(16-Bit words)

0| 1] 1 |DMAMode Data Output INIT | HDM1 | HDMO | HF1 HFO TREQ | RREQ
Transfers Enabled.
(8-Bit words)

1] 0| 1 | DMA Mode Data Input
Transfers Enabled.
(24-Bit words)

11 1| 0 | DMA Mode Data Input
Transfers Enabled.
(16-Bit words)

1] 11| 1 | DMA Mode Data Input
Transfers Enabled.
(8-Bit words)

If HDM1 or HDMO are set, the DMA mode is enabled, and the HOREQ signal is used to request DMA
transfers (the value of the HM1, HMO, HLEND and HDREQ bits in the ICR have no affect). When the DMA
mode is enabled, the HDM2 bit selects the direction of DMA transfers:

— setting HDM2 sets the direction of DMA transfer to be DSP to host and enables the HOREQ
signal to request data transfer.

— clearing HDM2 sets the direction of DMA transfer to be host to DSP and enables the HOREQ
signal to request data transfer.
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The HACK input signal is used as a DMA transfer acknowledge input. If the DMA direction is from DSP to
host, the contents of the selected register are driven onto the host data bus when HACK is asserted. If the
DMA direction is from host to DSP, the selected register is written from the host data bus when HACK is
asserted.

The size of the DMA word to be transferred is determined by the DMA control bits, HDM[1:0]. Only the data
registers TXH, TXM, TXL and RXH, RXM, RXL can be accessed in DMA mode.The HDIO8 data register
selected during a DMA transfer is determined by a 2-bit address counter, which is preloaded with the value
in HDM[1:0]. The address counter substitutes for the address bits of the HDIO8 during a DMA transfer. The
address counter can be initialized with the INIT bit feature. After each DMA transfer on the host data bus,
the address counter is incremented to the next register. When the address counter reaches the highest
register (RXL or TXL), the address counter is not incremented but is loaded with the value in HDM[1:0].
This allows 8-, 16- or 24-bit data to be transferred in a circular fashion and eliminates the need for the DMA
controller to supply the HA2, HA1, and HAO signals. For 16- or 24-bit data transfers, the DSP CPU
interrupt rate is reduced by a factor of 2 or 3, respectively, from the host request rate — i.e., for every two or
three host processor data transfers of one byte each, there is only one 24-bit DSP CPU interrupt.

If HDM1 or HDMO are set, the HM[1:0] bits in the ICR register reflect the value of HDM[1:0].
The HDM[2:0] bits should be changed only while HEN is cleared in the HPCR.

8.5.3.6 HCR Reserved Bits 8-15

These bits are reserved. They read as zero and should be written with zero for future compatibility.

8.5.4 Host Status Register (HSR)

The HSR is a 16-bit read-only status register used by the DSP to read the status and flags of the HDI08. It
cannot be directly accessed by the host processor. The initialization values for the HSR bits are described
in Section Section 8.5.9, DSP-Side Registers After Reset. The HSR bits are described in the following
paragraphs.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | DMA | | | HF1 [ HFO [ HCP [HTDE [HRDF |

[ ]- Reserved bit. Read as 0. Should be written with 0 for future compatibility.
Figure 8-3 Host Status Register (HSR) (X:FFFFC3)

8.5.4.1 HSR Host Receive Data Full (HRDF) Bit 0

The HRDF bit indicates that the host receive data register (HORX) contains data from the host processor.
HRDF is set when data is transferred from the TXH: TXM:TXL registers to the HORX register. HRDF is
cleared when HORX is read by the DSP core. If HRDF is set the HDIO8 generates a receive data full DMA
request, if enabled by a DSP core DMA Channel. If HRDF is set when HRIE is set, a host receive data
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interrupt request is generated. HRDF can also be cleared by the host processor using the initialize
function.

8.5.4.2 HSR Host Transmit Data Empty (HTDE) Bit 1

The HTDE bit indicates that the host transmit data register (HOTX) is empty and can be written by the DSP
core. HTDE is set when the HOTX register is transferred to the RXH:RXM:RXL registers. HTDE is cleared
when HOTX is written by the DSP core. If HTDE is set the HDIO8 generates a transmit data empty DMA
request, if enabled by a DSP core DMA Channel. If HTDE is set when HTIE is set, a host transmit data
interrupt request is generated. HTDE can also be set by the host processor using the initialize function.

8.54.3 HSR Host Command Pending (HCP) Bit 2

The HCP bit indicates that the host has set the HC bit and that a host command interrupt is pending. The
HCP bit reflects the status of the HC bit in the command vector register (CVR). HC and HCP are cleared
by the HDI08 hardware when the interrupt request is serviced by the DSP core. The host can clear HC,
which also clears HCP.

8.5.44 HSR Host Flags 0,1 (HF0,HF1) Bits 3-4

HFO0 and HF1 bits are used as a general-purpose flags for host to DSP communication. HFO and HF1 may
be set or cleared by the host. HFO and HF 1 reflect the status of host flags HF0 and HF 1 in the ICR register
on the host side.

These two flags are not designated for any specific purpose but are general-purpose flags. They can be
used individually or as encoded pairs in a simple host to DSP communication protocol, implemented in
both the DSP and the host Processor software.

8.5.4.5 HSR Reserved Bits 5-6, 8-15

These bits are reserved. They read as zero and should be written with zero for future compatibility.

8.5.4.6 HSR DMA Status (DMA) Bit 7
The DMA status bit is set when the DMA mode of operation is enabled, and is cleared when the DMA
mode is disabled. The DMA mode is enabled under the following conditions:

+ HCR bits HDM[2:0] = 100 and the host processor has enabled the DMA mode by setting either or
both the ICR bits HM1 and HMO

«  Either or both of the HCR bits HDM1 and HDMO have been set

When the DMA bit is zero, the channel not in use can be used for polled or interrupt operation by the DSP.
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8.5.5 Host Base Address Register (HBAR)

The HBAR is used in multiplexed bus modes. This register selects the base address where the host side
registers are mapped into the bus address space. The address from the host bus is compared with the
base address as programmed in the base address register. If the addresses match, an internal chip select
is generated. The use of this register by the chip select logic is shown in Figure 8-5.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| [ [ [ [ [ [ [ [BAT0] BA9 | BA8 | BA7 | BA6 | BA5 | BA4 | BA3 |

[ ]-Reserved bit. Read as 0. Should be written with 0, for future compatibility.
Figure 8-4 Host Base Address Register (HBAR) (X:$FFFFC5)

8.5.5.1 HBAR Base Address (BA[10:3]) Bits 0-7

These bits define the base address where the host side registers are mapped into the bus address space.

8.5.5.2 HBAR Reserved Bits 8-15

These bits are reserved. They read as zero and should be written with zero for future compatibility.

HADI[0-7] — ]

Latch | A3:7]
HAS —
HA[8:10]

Y

COMPARATOR

Chip select

Base

DSP Peripheral Address |8 bits
data bus —— register |

BA[3:7]

Figure 8-5 Self Chip Select logic
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8.5.6 Host Port Control Register (HPCR)

The HPCR is a 16-bit read/write control register used by the DSP to control the HDIO8 operating mode.
The initialization values for the HPCR bits are described in Section Section 8.5.9, DSP-Side Registers
After Reset. The HPCR bits are described in the following paragraphs.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[[HAP | HRP [HCSP [HDDS[HMUX| HASP [ HDSP [HROD] [ HEN [HAEN [HREN [HCSEN[HA9EN [HASEN [HGEN]
|:| - Reserved bit. Read as 0. Should be written with 0, for future compatibility.

Figure 8-6 Host Port Control Register (HPCR) (X:$FFFFC4)

Note: To assure proper operation of the HDI08, the HPCR bits HAP, HRP, HCSP, HDDS,
HMUX, HASP, HDSP, HROD, HAEN and HREN should be changed only if HEN is
cleared. Also, the HPCR bits HAP, HRP, HCSP, HDDS, HMUX, HASP, HDSP, HROD,
HAEN, HREN, HCSEN, HA9EN and HA8EN should not be set when HEN is set or
simultaneously with setting HEN.

8.5.6.1 HPCR Host GPIO Port Enable (HGEN) Bit 0

If the HGEN bit is set, pins configured as GPIO are enabled. If this bit is cleared, pins configured as GPIO
are disconnected: outputs are high impedance, inputs are electrically disconnected. Pins configured as
HDI08 are not affected by the state of HGEN.

8.5.6.2 HPCR Host Address Line 8 Enable (HA8SEN) Bit 1

If the HABEN bit is set and the HDIO8 is used in multiplexed bus mode, then HA8/HA1 is used as host
address line 8 (HA8). If this bit is cleared and the HDIO8 is used in multiplexed bus mode, then HA8/HA1 is
configured as GPIO pin according to the value of HDDR and HDR registers. HA8EN is ignored when the
HDIO8 is not in the multiplexed bus mode (HMUX=0).

8.5.6.3 HPCR Host Address Line 9 Enable (HA9EN) Bit 2

If the HA9EN bit is set and the HDIO8 is used in multiplexed bus mode, then HA9/HA2 is used as host
address line 9 (HA9). If this bit is cleared and the HDIO08 is used in multiplexed bus mode, then HA9/HA2 is
configured as GPIO pin according to the value of HDDR and HDR registers. HA9EN is ignored when the
HDIO8 is not in the multiplexed bus mode (HMUX=0).

8.5.6.4 HPCR Host Chip Select Enable (HCSEN) Bit 3

If the HCSEN bit is set, then HCS/HA10 is used as host chip select (HCS) in the non-multiplexed bus mode
(HMUX=0), and as host address line 10 (HA10) in the multiplexed bus mode (HMUX=1). If this bit is
cleared, then HCS/HA10 is configured as GPIO pin according to the value of HDDR and HDR registers.
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8.5.6.5 HPCR Host Request Enable (HREN) Bit 4

The HREN bit controls the host request signals. If HREN is set and the HDIO8 is in the single host request
mode (HDRQ=0 in the ICR), HOREQ/HTRQ is configured as the host request (HOREQ) output.

If HREN is set in the double host request mode (HDRQ=1 in the ICR), HOREQ/HTRAQ is configured as the
host transmit request (HTRQ) output and HACK/HRRQ as the host receive request (HRRQ) output.

If HREN is cleared, HOREQ/HTRQ and HACK/HRRQ are configured as GPIO pins according to the value
of HDDR and HDR registers.

8.5.6.6 HPCR Host Acknowledge Enable (HAEN) Bit 5

The HAEN bit controls the HACK signal. In the single host request mode (HDRQ=0 in the ICR), if HAEN
and HREN are both set, HACK/HRRAQ is configured as the host acknowledge (HACK) input. If HAEN or
HREN is cleared, HACK/HRRQ is configured as a GPIO pin according to the value of HDDR and HDR
registers. In the double host request mode (HDRQ=1 in the ICR), HAEN is ignored.

8.5.6.7 HPCR Host Enable (HEN) Bit 6

If the HEN bit is set, the HDIO8 operation is enabled as Host Interface. If cleared, the HDIO8 is not active,
and all the HDIO8 pins are configured as GPIO pins according to the value of HDDR and HDR registers.

8.5.6.8 HPCR Reserved Bit 7

This bit is reserved. It reads as zero and should be written with zero for future compatibility.

8.5.6.9 HPCR Host Request Open Drain (HROD) Bit 8

The HROD bit controls the output drive of the host request signals. In the single host request mode
(HDRQ=0 in ICR), if HROD is cleared and host requests are enabled (HREN=1 and HEN=1 in HPCR), the
HOREQ signal is always driven. If HROD is set and host requests are enabled, the HOREQ signal is an
open drain output.

In the double host request mode (HDRQ=1 in the ICR), if HROD is cleared and host requests are enabled
(HREN=1 and HEN=1 in the HPCR), the HTRQ and HRRQ signals are always driven. If HROD is set and
host requests are enabled, the HTRQ and HRRQ signals are open drain outputs.

8.5.6.10 HPCR Host Data Strobe Polarity (HDSP) Bit 9

If the HDSP bit is cleared, the data strobe signals are configured as active low inputs, and data is
transferred when the data strobe is low. If HDSP is set, the data strobe signals are configured as active
high inputs, and data is transferred when the data strobe is high. The data strobe signals are either HDS
by itself or HRD and HWR together.
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8.5.6.11 HPCR Host Address Strobe Polarity (HASP) Bit 10

If the HASP bit is cleared, the address strobe (HAS) signal is an active low input, and the address on the
host address/data bus is sampled when the HAS signal is low. If HASP is set, HAS is an active high
address strobe input, and the address on the host address/data bus 8 is sampled when the HAS signal is

high.
8.5.6.12 HPCR Host Multiplexed bus (HMUX) Bit 11

If the HMUX bit is set, the HDIO8 latches the lower portion of a multiplexed address/data bus. In this mode
the internal address line values of the host registers are taken from the internal latch. If HMUX is cleared, it
indicates that the HDIOS8 is connected to a non-multiplexed type of bus, and the address lines are taken
from the HDIO8 input signals.

8.5.6.13 HPCR Host Dual Data Strobe (HDDS) Bit 12

If the HDDS bit is cleared, the HDIO8 operates in the single strobe bus mode. In this mode, the bus has a
single data strobe signal for both reads and writes. If HDDS is set, the HDIO8 operates in the dual strobe
bus mode. In this mode, the bus has two separate data strobes, one for data reads, the other for data
writes. See Figure 8-7 and Figure 8-8 for more information on the two types of buses.

HRW

HDS

In the single strobe bus mode, the HDS (Data-Strobe) signal qualifies the access, while the
HRW (Read/Write) signal specifies the direction of the access.

Figure 8-7 Single strobe bus

Data Write data in

HWR Write cycle

Data Read data out

HRD Read cycle

In the dual strobe bus mode, there are separate HRD and HWR signals that specify the access
as being a read or write access, respectively.

Figure 8-8 Dual strobes bus
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8.5.6.14 HPCR Host Chip Select Polarity (HCSP) Bit 13

If the HCSP bit is cleared, the chip select (HCS) signal is configured as an active low input and the HDIO8
is selected when the HCS signal is low. If HCSP is set, HCS is configured as an active high input and the
HDIO8 is selected when the HCS signal is high. This bit is ignored in the multiplexed mode.

8.5.6.15 HPCR Host Request Polarity (HRP) Bit 14

The HRP bit controls the polarity of the host request signals. In the single host request mode (HDRQ=0 in
the ICR), if HRP is cleared and host requests are enabled (HREN=1 and HEN=1 in the HPCR), the
HOREQ signal is an active low output. If HRP is set and host requests are enabled, the HOREQ signal is
an active high output.

In the double host request mode (HDRQ=1 in the ICR), if HRP is cleared and host requests are enabled
(HREN=1 and HEN=1 in the HPCR), the HTRQ and HRRQ signals are active low outputs. If HRP is set
and host requests are enabled, the HTRQ and HRRQ signals are active high outputs.

8.5.6.16 HPCR Host Acknowledge Polarity (HAP) Bit 15

If the HAP bit is cleared, the host acknowledge (HACK) signal is configured as an active low input, and the
HDIO8 drives the contents of the HIVR register onto the host bus when the HACK signal is low. If HAP is

set, HACK is configured as an active high input, and the HDIO8 outputs the contents of the HIVR register
when the HACK signal is high.

8.5.7 Data direction register (HDDR)

The HDDR controls the direction of the data flow for each of the HDIO8 pins configured as GPIO. Even
when the HDIO08 is used as the host interface, some of its unused signals may be configured as GPIO pins.
For information on the HDI08 GPIO configuration options, see Section Section 8.6.8, General Purpose
INPUT/OUTPUT (GPIOQ). If bit DRxx is set, the corresponding HDIO8 pin is configured as an output signal.
If bit DRxx is cleared, the corresponding HDIO8 pin is configured as an input signal. See Table 8-6.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[DR15 [ DR14 [ DR13 [ DR12 [ DR11 [ DR10 | DR9 | DR8 | DR7 | DR6 | DR5 | DR4 | DR3 | DR2 | DR1 | DRO ]

Figure 8-9 Host Data Direction Register (HDDR) (X:$FFFFC8)

8.5.8 Host Data Register (HDR)

The HDR register holds the data value of the corresponding bits of the HDIO8 pins which are configured as
GPIO pins. The functionality of the Dxx bit depends on the corresponding HDDR bit (DRxx). See
Table 8-6.
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14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

[D15 [ D14 [ D13 [ D12 [ D11 [ D10 [ D9 | D8 | D7 | D6 | D5 [ D4 | D3 | D2 | DT [ DO |

Figure 8-10 Host Data Register (HDR) (X:$FFFFC9)

Table 8-6 HDR and HDDR Functionality

HDDR HDR
Dxx
DRxx
GPIO pin? non-GPIO pin?
0 Read only bit. The value read is the binary value | Read only bit. Does not contain significant data.

of the pin.

The corresponding pin is configured as an input,

Read/write bit. The value written is the value
read. The corresponding pin is configured as an
output, and is driven with the data written to

Dxx.

Read/write bit. The value written is the value
read.

a.Defined by the selected configuration

8.5.9

DSP-Side Registers After Reset

Table 8-7 shows the results of the four reset types on the bits in each of the HDIO8 registers accessible by
the DSP core. The hardware reset (HW) is caused by the RESET signal. The software reset (SW) is
caused by executing the RESET instruction. The individual reset (IR) is caused by clearing the HEN bit
(HPCR bit 6). The stop reset (ST) is caused by executing the STOP instruction.
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Table 8-7 DSP-Side Registers after Reset
Reset Type
Register Register
Name Data HW SW IR ST
Reset Reset Reset Reset
HCR All bits 0 0 — —
HPCR All bits 0 0 — —
HSR HF[1:0] 0 0 — —
HCP 0 0 0 0
HTDE 1 1 1 1
HRDF 0 0 0 0
DMA 0 0 — —
HBAR BA[10:3] $80 $80 — —
HDDR DR[15:0] 0 0 — —
HDR D[15:0] — — — —
HORX HORX[23:0] empty empty empty empty
HOTX HOTX[23:0] empty empty empty empty
Note: Note: A long dash (—) denotes that the register value is not affected by the specified reset.

8.5.10 Host Interface DSP Core Interrupts

The HDIO8 may request interrupt service from either the DSP core or the host processor. The DSP core
interrupts are internal and do not require the use of an external interrupt pin. When the appropriate
interrupt enable bit in the HCR is set, an interrupt condition caused by the host processor sets the
appropriate bit in the HSR, generating an interrupt request to the DSP core. The DSP core acknowledges
interrupts caused by the host processor by jumping to the appropriate interrupt service routine. The three
possible interrupts are as follows:

* Host command

+ Transmit data register empty
* Receive data register full

Although there is a set of vectors reserved for host command use, the host command can access any
interrupt vector in the interrupt vector table. The DSP interrupt service routine must read or write the
appropriate HDI08 register (clearing HRDF or HTDE, for example) to clear the interrupt. In the case of host
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command interrupts, the interrupt acknowledge from the DSP core program controller clears the pending
interrupt condition. Figure 8-11 illustrates the HSR-HCR operation.

ENABLE
15 o~ 0
X-HCR | HF3 | HF2 | HCIE |HTIE |HRIE |HCR
DSP CORE INTERRUPTS
3_ RECIEVE DATA FULL
3_ TRANSMIT DATA EMPTY
D_ HOST COMMAND
15 0
X:HSR | HF1 |HFO |HCP |HTDE |HRDF |HSR
-
STATUS

Figure 8-11 HSR-HCR Operation

8.6 HDIO8 — EXTERNAL HOST PROGRAMMER’S MODEL

The HDIO8 has been designed to provide a simple, high speed interface to a host processor. To the host
bus, the HDIO8 appears to be eight byte-wide registers. Separate transmit and receive data registers are
double-buffered to allow the DSP core and host processor to transfer data efficiently at high speed. The
host may access the HDI08 asynchronously by using polling techniques or interrupt-based techniques.

The HDIO8 appears to the host processor as a memory-mapped peripheral occupying 8 bytes in the host
processor address space (See Table 8-8). The eight HDIO8 include the following:

* A control register (ICR)

« A status register (ISR)

* Three data registers (RXH/TXH, RXM/TXM and RXL/TXL)

+ Two vector registers (IVR and CVR)

These registers can be accessed only by the host processor.

Host processors may use standard host processor instructions (e.g., byte move) and addressing modes to
communicate with the HDIO08 registers. The HDIO8 registers are aligned so that 8-bit host processors can
use 8/16/24-bit load and store instructions for data transfers. The HOREQ/HTRQ and HACK/HRRQ
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handshake flags are provided for polled or interrupt-driven data transfers with the host processor. Because
the DSP interrupt response, most host microprocessors can load or store data at their maximum
programmed 1/O instruction rate without testing the handshake flags for each transfer. If full handshake is
not needed, the host processor can treat the DSP as a fast device, and data can be transferred between

the host processor and the DSP at the fastest host processor data rate.

One of the most innovative features of the host interface is the host command feature. With this feature,
the host processor can issue vectored interrupt requests to the DSP core. The host may select any of 128

DSP interrupt routines to be executed by writing a vector address register in the HDIO8. This flexibility

allows the host programmer to execute up to 128 pre-programmed functions inside the DSP. For example,

host interrupts can allow the host processor to read or write DSP registers (X, Y, or program memory
locations), force interrupt handlers (e.g. IRQA, IRQB, etc. interrupt routines), and perform control and

debugging operations if interrupt routines are implemented in the DSP to perform these tasks

Table 8-8 HDI08 Host Side Register Map

Host Big Endian Little Endian Function

Address HLEND=0 HLEND=1

0 ICR ICR Interface Control

1 CVR CVR Command Vector

2 ISR ISR Interface Status

3 IVR IVR Interrupt Vector

4 00000000 00000000 Unused

5 RXH/TXH RXL/TXL

6 RXM/TXM RXM/TXM Receive/Transmit

Bytes
7 RXL/TXL RXH/TXH

'

'

Host Data Bus
HO - H7

Host Data Bus
HO - H7

Note: Note: The RXH/TXH register is always mapped to the most significant byte of the DSP word.
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8.6.1 Interface Control Register (ICR)

The ICR is an 8-bit read/write control register used by the host processor to control the HDIO8 interrupts
and flags. The ICR cannot be accessed by the DSP core. The ICR is a read/write register, which allows the
use of bit manipulation instructions on control register bits. The control bits are described in the following
paragraphs.

Bits 2, 5 and 6 of the ICR are affected by the condition of HDM[2:0] (HCR bits 5-7), as shown in
Figure 8-12.

7 6 5 4 3 2 1 0
For HDM[2:0]=000 | INIT | | HLEND | HF1 | HFO | HDRQ | TREQ | RREQ |
ForHDM[2:0]=100 | INIT | HM1 | HMO | HF1 [ HF0 ] | TREQ | RREQ |
For HDM1=1 and/or INIT HDM1 HDMO HF1 HFO TREQ RREQ
HDMO0=1
| HDM[1:0] | - These read-only bits reflect the value of the HDM[1:0] bits in the HCR.
I:l- Reserved bit. Read as 0. Should be written with 0 for future compatibility.
Figure 8-12 Interface Control Register (ICR)
8.6.1.1 ICR Receive Request Enable (RREQ) Bit 0

In interrupt mode (HDM[2:0]=000 or HM[1:0]=00), RREQ is used to enable host receive data requests via
the host request (HOREQ or HRRQ) signal when the receive data register full (RXDF) status bit in the ISR
is set. If RREQ is cleared, RXDF requests are disabled. If RREQ is set, the host request signal (HOREQ or
HRRQ) is asserted if RXDF is set.

In the DMA modes where HDM[2:0]=100 and (HM1£0 or HM0#0), RREQ must be set and TREQ must be
cleared to direct DMA transfers from DSP to host. In the other DMA modes, RREQ is ignored.

Table 8-9 summarizes the effect of RREQ and TREQ on the HOREQ, HTRQ and HRRAQ signals.

8.6.1.2 ICR Transmit Request Enable (TREQ) Bit 1

In interrupt mode (HDM[2:0]=000 or HM[1:0]=00), TREQ is used to enable host transmit data requests via
the host request (HOREQ or HTRQ) signal when the transmit data register empty (TXDE) status bit in the
ISR is set. If TREQ is cleared, TXDE requests are disabled. If TREQ is set, the host request signal
(HOREQ or HTRQ) is asserted if TXDE is set.

In the DMA modes where HDM[2:0]=100 and (HM1£0 or HMO0#0), TREQ must be set and RREQ must be
cleared to direct DMA transfers from host to DSP. In the other DMA modes, TREQ is ignored.

Table 8-9 summarizes the effect of RREQ and TREQ on the HOREQ, HTRQ and HRRAQ signals.
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Table 8-9 TREQ RREQ Interrupt Mode (HDM[2:0]=000 or HM[1:0]=00)

HDRQ=0 HDRQ=1
TREQ| RREQ
HOREQ signal HTRQ signal HRRQ signal
0 0 [No Interrupts (Polling) No Interrupts (Polling) No Interrupts (Polling)
0 1 |RXDF Request (Interrupt) No Interrupts (Polling) RXDF Request (Interrupt)
1 0 |TXDE Request (Interrupt) TXDE Request (Interrupt) | No Interrupts (Polling)
1 1 | RXDF and TXDE Requests (Interrupts) | TXDE Request (Interrupt) | RXDF Request (Interrupt)
Table 8-10 TREQ RREQ DMA Mode (HM1£0 or HM0=0)
HDRQ=0 HDRQ=1
TREQ | RREQ
HOREQ signal HTRQ signal HRRQ signal
0 0 No DMA request No DMA request No DMA request
0 1 DSP to Host Request (RX) No DMA request DSP to Host Request (RX)
1 0 Host to DSP Request (TX) Host to DSP Request (TX) | No DMA request
1 1 Reserved Reserved Reserved
8.6.1.3 ICR Double Host Request (HDRQ) Bit 2
The HDRAQ bit determines the functions of the HOREQ/HTRQ and HACK/HRRAQ signals as shown in
Table 8-11.
Table 8-11 HDRQ
HDRQ HOREQ/HTRQ pin HACK/HRRQ pin
0 HOREQ signal HACK signal
1 HTRQ signal HRRQ signal
8.6.1.4 ICR Host Flag 0 (HF0) Bit 3

The HFO bit is used as a general purpose flag for host-to-DSP communication. HFO may be set or cleared
by the host processor and cannot be changed by the DSP core. HFO is reflected in the HSR on the DSP
side of the HDIOS.
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8.6.1.5 ICR Host Flag 1 (HF1) Bit 4

The HF 1 bit is used as a general purpose flag for host-to-DSP communication. HF1 may be set or cleared
by the host processor and cannot be changed by the DSP core. HF1 is reflected in the HSR on the DSP
side of the HDI08.

8.6.1.6 ICR Host Little Endian (HLEND) Bit 5

If the HLEND bit is cleared, the HDIO8 can be accessed by the host in big endian byte order. If set, the
HDIO8 can be accessed by the host in little endian byte order. If the HLEND bit is cleared, the RXH/TXH
register is located at address $5, the RXM/TXM register is located at address $6, and the RXL/TXL register
is located at address $7. If the HLEND bit is set, the RXH/TXH register is located at address $7, the
RXM/TXM register is located at address $6, and the RXL/TXL is located at address $5. See Table 8-8 for
an illustration of the effect of HLEND.

The HLEND function is available only if HDM[2:0]=000 in the host control register (HCR). When HLEND is
available, the ICR bit 6 has no function and should be regarded as reserved.

8.6.1.7 ICR Host Mode Control (HM1 and HMO bits) Bits 5-6

Bits 6 and 5 function as read/write HM[1:0] bits only when the HCR bits HDM[2:0]=100 (See Table 8-5).
The HMO and HM1 bits select the transfer mode of the HDIO8, as shown in Table 8-12.

Table 8-12 Host Mode Bit Definition

HM1 HMO Mode
0 0 Interrupt Mode (DMA Off)
0 1 DMA Mode (24 Bit)
1 0 DMA Mode (16 Bit)
1 1 DMA Mode (8 Bit)

When both HM1 and HMO are cleared, the DMA mode is disabled and the interrupt mode is enabled. In
interrupt mode, the TREQ and RREQ control bits are used for host processor interrupt control via the
external HOREQ output signal, and the HACK input signal is used for the MC68000 Family vectored
interrupt acknowledge input.

When HM1 and/or HMO are set, they enable the DMA mode and determine the size of the DMA word to be
transferred. In the DMA mode, the HOREQ signal is used to request DMA transfers, the TREQ and RREQ
bits select the direction of DMA transfers (see Table 8-10), and the HACK input signal is used as a DMA
transfer acknowledge input. If the DMA direction is from DSP to host, the contents of the selected register
are enabled onto the host data bus when HACK is asserted. If the DMA direction is from host to DSP, the
selected register is written from the host data bus when HACK is asserted.
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The size of the DMA word to be transferred is determined by the DMA control bits, HMO and HM1. The
HDIO08 host side data register selected during a DMA transfer is determined by a 2-bit address counter,
which is preloaded with the value in HM1 and HMO. The address counter substitutes for the HA1 and HAO
host address signals of the HDIO8 during a DMA transfer. The host address signal HA2 is forced to one
during each DMA transfer. The address counter can be initialized with the INIT bit feature. After each DMA
transfer on the host data bus, the address counter is incremented to the next data register. When the
address counter reaches the highest register (RXL or TXL), the address counter is not incremented but is
loaded with the value in HM1 and HMO. This allows 8-, 16- or 24-bit data to be transferred in a circular
fashion and eliminates the need for the DMA controller to supply the HA2, HA1, and HAO address signals.
For 16- or 24-bit data transfers, the DSP CPU interrupt rate is reduced by a factor of 2 or 3, respectively,
from the host request rate — i.e., for every two or three host processor data transfers of one byte each,
there is only one 24-bit DSP CPU interrupt.

If either HDM1 or HDMO in the HCR register are set, bits 6 and 5 become read-only bits that reflect the
value of HDM[1:0].

8.6.1.8 ICR Initialize Bit (INIT) Bit 7

The INIT bit is used by the host processor to force initialization of the HDIO8 hardware. During initialization,
the HDIO8 transmit and receive control bits are configured.

Using the INIT bit to initialize the HDIO8 hardware may or may not be necessary, depending on the
software design of the interface.

The type of initialization done when the INIT bit is set depends on the state of TREQ and RREQ in the
HDIO08. The INIT command, which is local to the HDI08, is designed to conveniently configure the HDI08
into the desired data transfer mode. The effect of the INIT command is described in Table 8-13. When the
host sets the INIT bit, the HDI08 hardware executes the INIT command. The interface hardware clears the
INIT bit after the command has been executed.

Table 8-13 INIT Command Effect

TREQ | RREQ After INIT Execution Tra“ﬁlfi‘:iraﬁ:::t'°"
0 0 [INIT=0 None
0 1 | INIT=0; RXDF=0; HTDE=1 DSP to Host
1 0  |INIT=0; TXDE=1; HRDF=0 Host to DSP
1 1 |INIT=0; RXDF=0; HTDE=1; TXDE=1; HRDF=0 | Host to/from DSP
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8.6.2 Command Vector Register (CVR)

The CVR is used by the host processor to cause the DSP core to execute an interrupt. The host command
feature is independent of any of the data transfer mechanisms in the HDI08. It can be used to invoke
execution of any of the 128 possible interrupt routines in the DSP core.

7 6 5 4 3 2 1 0
[ HC | HV6e | HV5 | HVA | HV3 | HV2 | HVI | HV0 |
Figure 8-13 Command Vector Register (CVR)

8.6.2.1 CVR Host Vector (HV[6:0]) Bits 0—6

The seven HV bits select the host command interrupt address to be used by the host command interrupt
logic. When the host command interrupt is recognized by the DSP interrupt control logic, the address of
the interrupt routine taken is 2 OHV. The host can write HC and HV in the same write cycle.

The host processor can select the starting address of any of the 128 possible interrupt routines in the DSP
by writing the interrupt routine address divided by 2 into the HV bits. The host processor can thus force
execution of any of the existing interrupt handlers (IRQA, IRQB, etc.) and can use any of the reserved or
otherwise unused addresses provided they have been pre-programmed in the DSP. HV[6:0] is set to $32
(vector location $0064) by hardware, software, individual and stop resets.

8.6.2.2 CVR Host Command Bit (HC) Bit 7

The HC bit is used by the host processor to handshake the execution of host command interrupts.
Normally, the host processor sets HC to request the host command interrupt from the DSP core. When the
host command interrupt is acknowledged by the DSP core, the HC bit is cleared by the HDIO8 hardware.
The host processor can read the state of HC to determine when the host command has been accepted.
After setting HC, the host must not write to the CVR again until HC is cleared by the HDIO8 hardware.
Setting HC causes the host command pending (HCP) in the HSR to be set. The host can write to the HC
and HV bits in the same write cycle.

8.6.3 Interface Status Register (ISR)

The ISR is an 8-bit read-only status register used by the host processor to interrogate the status and flags
of the HDIO8. The host processor can write to this address without affecting the internal state of the HDIOS,
which is useful if the user desires to access all of the HDI08 registers by stepping through the HDIO8
addresses. The ISR cannot be accessed by the DSP core. The ISR bits are described in the following
paragraphs.
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7 6 5 4 3 2 1 0
[ HREQ | [ [ HF3 [ HF2 | TRDY | TXDE | RXDF |

| |- Reserved bit. Read as 0. Should be written with 0 for future compatibility. |
Figure 8-14 Interface Status Register (ISR)

8.6.3.1 ISR Receive Data Register Full (RXDF) Bit 0

The RXDF bit indicates that the receive byte registers (RXH:RXM:RXL) contain data from the DSP core
and may be read by the host processor. RXDF is set when the contents of HOTX is transferred to the
receive byte registers. RXDF is cleared when the receive data (RXL or RXH according to HLEND bit)
register is read by the host processor. RXDF can be cleared by the host processor using the initialize
function. RXDF may be used to assert the external HOREQ signal if the RREQ bit is set. Regardless of
whether the RXDF interrupt is enabled, RXDF indicates whether the RX registers are full and data can be
latched out (so that polling techniques may be used by the host processor).

8.6.3.2 ISR Transmit Data Register Empty (TXDE) Bit 1

The TXDE bit indicates that the transmit byte registers (TXH: TXM:TXL) are empty and can be written by
the host processor. TXDE is set when the contents of the transmit byte registers are transferred to the
HORX register. TXDE is cleared when the transmit (TXL or TXH according to HLEND bit) register is written
by the host processor. TXDE can be set by the host processor using the initialize feature. TXDE may be
used to assert the external HOREQ signal if the TREQ bit is set. Regardless of whether the TXDE interrupt
is enabled, TXDE indicates whether the TX registers are full and data can be latched in (so that polling
techniques may be used by the host processor).

8.6.3.3 ISR Transmitter Ready (TRDY) Bit 2
The TRDY status bit indicates that TXH: TXM:TXL and the HORX registers are empty.

TRDY=TXDE ® HRDF

If TRDY is set, the data that the host processor writes to TXH: TXM:TXL is immediately transferred to the
DSP side of the HDIO8. This feature has many applications. For example, if the host processor issues a
host command which causes the DSP core to read the HORX, the host processor can be guaranteed that
the data it just transferred to the HDIO8 is what is being received by the DSP core.

8.6.3.4 ISR Host Flag 2 (HF2) Bit 3

The HF2 bit in the ISR indicates the state of host flag 2 in the HCR on the DSP side. HF2 can be changed
only by the DSP (see Section Section 8.5.3.4, HCR Host Flags 2,3 (HF2,HF3) Bits 3-4).
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8.6.3.5 ISR Host Flag 3 (HF3) Bit 4

The HF3 bit in the ISR indicates the state of host flag 3 in the HCR on the DSP side. HF3 can be changed
only by the DSP (see Section Section 8.5.3.4, HCR Host Flags 2,3 (HF2,HF3) Bits 3-4).

8.6.3.6 ISR Reserved Bits 5-6
These bits are reserved. They read as zero and should be written with zero for future compatibility.

8.6.3.7 ISR Host Request (HREQ) Bit 7
The HREQ bit indicates the status of the external host request output signal (HOREQ) if HDRQ is cleared.

If HDRQ is set, it indicates the status of the external transmit and receive request output signals (HTRQ
and HRRQ).

Table 8-14 Host Request Status (HREQ)

HREQ Status [HDRQ=0] Status [HDRQ=1]

0 HOREQ deasserted; no host processor interrupt | HTRQ and HRRQ deasserted; no host processor
is requested interrupts are requested

1 HOREQ asserted; a host processor interrupt is HTRQ and/or HRRQ asserted; host processor
requested interrupts are requested

The HREQ bit may be set from either or both of two conditions — either the receive byte registers are full or
the transmit byte registers are empty. These conditions are indicated by the ISR RXDF and TXDE status
bits, respectively. If the interrupt source has been enabled by the associated request enable bit in the ICR,
HREQ is set if one or more of the two enabled interrupt sources is set.

8.6.4 Interrupt Vector Register (IVR)

The IVR is an 8-bit read/write register which typically contains the interrupt vector number used with
MC68000 Family processor vectored interrupts. Only the host processor can read and write this register.
The contents of IVR are placed on the host data bus (HO—H7) when both the HOREQ and HACK signals
are asserted. The contents of this register are initialized to $0F by hardware or software reset, which
corresponds to the uninitialized interrupt vector in the MC68000 Family.

7 6 5 4 3 2 1 0
V7 [ W6 [ N5 [ V& [ VN3 | N2 [ N1 [ VO]
Figure 8-15 Interrupt Vector Register (IVR)
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8.6.5 Receive Byte Registers (RXH:RXM:RXL)

The receive byte registers are viewed by the host processor as three 8-bit read-only registers. These
registers are the receive high register (RXH), the receive middle register (RXM) and the receive low
register (RXL). They receive data from the high, middle and low bytes, respectively, of the HOTX register
and are selected by the external host address inputs (HA2, HA1 and HAO) during a host processor read
operation.

The memory locations of the receive byte registers are determined by the HLEND bit in the ICR. If the
HLEND bit is set, the RXH is located at address $7, RXM at $6 and RXL at $5. If the HLEND bit is cleared,
the RXH is located at address $5, RXM at $6 and RXL at $7.

When data is transferred from the HOTX register to the receive byte registers, the receive data register full
(RXDF) bit is set. The host processor may program the RREQ bit to assert the external HOREQ/HRRQ
signal when RXDF is set. This indicates that the HDIO8 has a full word (either 8, 16 or 24 bits) for the host
processor. When the host reads the receive byte register at host address $7, the RXDF bit is cleared.

8.6.6 Transmit Byte Registers (TXH:TXM:TXL)

The transmit byte registers are viewed as three 8-bit write-only registers by the host processor. These
registers are the transmit high register (TXH), the transmit middle register (TXM) and the transmit low
register (TXL). These registers send data to the high, middle and low bytes, respectively, of the HORX
register and are selected by the external host address inputs (HA2, HA1 and HAQ) during a host processor
write operation.

If the HLEND bit in the ICR is cleared, the TXH is located at address $5, TXM at $6 and TXL at $7. If the
HLEND bit in the ICR is set, the TXH is located at address $7, TXM at $6 and TXL at $5.

Data may be written into the transmit byte registers when the transmit data register empty (TXDE) bit is
set. The host processor may program the TREQ bit to assert the external HOREQ/HTRQ signal when
TXDE is set. This informs the host processor that the transmit byte registers are empty. Writing to the data
register at host address $7 clears the TXDE bit. The contents of the transmit byte registers are transferred
as 24-bit data to the HORX register when both TXDE and the HRDF bit are cleared. This transfer operation
sets TXDE and HRDF.

8.6.7 Host Side Registers After Reset

Table 8-15 shows the result of the four kinds of reset on bits in each of the HDIO8 registers seen by the
host processor. The hardware reset (HW) is caused by asserting the RESET signal. The software reset
(SW) is caused by executing the RESET instruction. The individual reset (IR) is caused by clearing the
HEN bit in the HPCR register. The stop reset (ST) is caused by executing the STOP instruction.
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Table 8-15 Host Side Registers After Reset

Reset Type
Register Register
Name Data HW SW IR ST
Reset Reset Reset Reset
ICR All Bits 0 0 — —
CVR HC 0 0 0 0
HV[6:0] $32 $32 — —
ISR HREQ 0 0 1if TREQ is set; 1if TREQ is set;
0 otherwise 0 otherwise
HF3-HF2 0 0 — _
TRDY 1 1 1 1
TXDE 1 1 1 1
RXDF 0 0 0 0
IVR IV[7:0] $OF $OF — —
RX RXH:RXM:RXL empty empty empty empty
X TXH:TXM:TXL empty empty empty empty
Note: Note: A long dash (—) denotes that the register value is not affected by the specified reset.

8.6.8 General Purpose INPUT/OUTPUT (GPIO)

When configured as general-purpose I/O, the HDIO8 is viewed by the DSP core as memory-mapped
registers (see Section 8.5, HDIO8 — DSP-Side Programmer’s Model) that control up to 16 1/O pins. The
software and hardware resets clear all DSP-side control registers and configure the HDI08 as GPIO with
all 16 signals disconnected. External circuitry connected to the HDIO8 may need external pull-up/pull-down
resistors until the signals are configured for operation. The registers cleared are the HPCR, HDDR and
HDR. Selection between GPIO and HDI08 is made by clearing HPCR bits 6 through 1 for GPIO or setting
these bits for HDIO8 functionality. If the HDIO8 is in GPIO mode, the HDDR configures each corresponding
signal in the HDR as an input signal if the HDDR bit is cleared or as an output signal if the HDDR bit is set
(see Section 8.5.7, Data direction register (HDDR) and Section 8.5.8, Host Data Register (HDR)).
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8.7 SERVICING THE HOST INTERFACE

The HDIO8 can be serviced by using one of the following protocols:

+ Polling,
* Interrupts

8.7.1 HDI0O8 Host Processor Data Transfer

To the host processor, the HDIO8 appears as a contiguous block of static RAM. To transfer data between
itself and the HDIO8, the host processor performs the following steps:
1. Asserts the HDIO8 address to select the register to be read or written.

2. Selects the direction of the data transfer. If it is writing, the host processor drives the data on the
bus.

3. Strobes the data transfer.

8.7.2 Polling

In the polling mode of operation, the HOREQ/HTRAQ signal is not connected to the host processor and
HACK must be deasserted to ensure IVR data is not being driven on HO-H7 when other registers are being
polled.

The host processor first performs a data read transfer to read the ISR register.This allows the host
processor to assess the status of the HDIOS:

1. If RXDF=1, the receive byte registers are full and therefore a data read can be performed by the
host processor.

2. If TXDE=1, the transmit byte registers are empty. A data write can be performed by the host
processor.

3. If TRDY=1, the transmit byte registers and the receive data register on the DSP side are empty.
Data written by the host processor is transferred directly to the DSP side.

4. If (HF2 * HF3) Z 0, depending on how the host flags have been defined, may indicate an
application-specific state within the DSP core has been reached. Intervention by the host
processor may be required.

5. If HREQ=1, the HOREQ/HTRQ/HRRQ signal has been asserted, and the DSP is requesting the
attention of the host processor. One of the previous four conditions exists.

After the appropriate data transfer has been made, the corresponding status bit is updated to reflect the
transfer.

If the host processor has issued a command to the DSP by writing the CVR and setting the HC bit, it can
read the HC bit in the CVR to determine when the command has been accepted by the interrupt controller
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in the DSP core. When the command has been accepted for execution, the HC bit is cleared by the
interrupt controller in the DSP core.

STATUS
7 /—/¥—\0
$2)
HREQ 0 0 HF3 HF2 TRDY | TXDE | RXDF |ISR
Host Request N HRRQ
ASSERTED /
HOREQ
HTRQ
7 0
$0| INIT | 0 |HLEND| HF1 | HFO |HDRQ |TREQ |RREQ ||CR
N
ENABLE

Figure 8-16 HDIO8 Host Request Structure

8.7.3 Servicing Interrupts

If either the HOREQ/HTRQ or the HRRQ signal or both are connected to the host processor interrupt
inputs, the HDIO8 can request service from the host processor by asserting one of these signals. The
HOREQ/HTRQ and/or the HRRQ signal is asserted when TXDE=1 and/or RXDF=1 and the corresponding
enable bit (TREQ or RREQ, respectively) is set. This is depicted in Figure 8-16.

HOREQ/HTRQ and HRRQ are normally connected to the host processor maskable interrupt inputs. The
host processor acknowledges host interrupts by executing an interrupt service routine. The host processor
can test RXDF and TXDE to determine the interrupt source. The host processor interrupt service routine
must read or write the appropriate HDIO8 data register to clear the interrupt. HOREQ/HTRQ and/or HRRQ
is deasserted under the following conditions:

* The enabled request is cleared or masked
« The DSP is reset.

If the host processor is a member of the MC68000 family, there is no need for the additional step when the
host processor reads the ISR to determine how to respond to an interrupt generated by the DSP. Instead,
the DSP automatically sources the contents of the IVR on the data bus when the host processor
acknowledges the interrupt by asserting HACK. The contents of the IVR are placed on the host data bus
while HOREQ and HACK are simultaneously asserted. The IVR data tells the MC680XX host processor
which interrupt routine to execute to service the DSP.
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9.1

INTRODUCTION

The Serial Host Interface (SHI) is a serial I/O interface that provides a path for communication and
program/coefficient data transfers between the DSP and an external host processor. The SHI can also
communicate with other serial peripheral devices. The SHI supports two well-known and widely used
synchronous serial buses: the Motorola Serial Peripheral Interface (SPI) bus and the Philips
Inter-Integrated-Circuit Control (1°C) bus. The SHI supports either bus protocol as either a slave or a
single-master device. To minimize DSP overhead, the SHI supports 8-bit, 16-bit and 24-bit data transfers.
The SHI has a 1 or 10-word receive FIFO that permits receiving up to 30 bytes before generating a receive
interrupt, reducing the overhead for data reception.

When configured in the SPI mode, the SHI can perform the following functions:

Identify its slave selection (in slave mode)

Simultaneously transmit (shift out) and receive (shift in) serial data

Directly operate with 8-, 16- and 24-bit words

Generate vectored interrupts separately for receive and transmit events and update status bits
Generate a separate vectored interrupt for a receive exception

Generate a separate vectored interrupt for a bus-error exception

Generate the serial clock signal (in master mode)

Trigger DMA interrupts to service the transmit and receive events

When configured in the I°C mode, the SHI can perform the following functions:

Detect/generate start and stop events

Identify its slave (ID) address (in slave mode)

Identify the transfer direction (receive/transmit)

Transfer data byte-wise according to the SCL clock line
Generate ACK signal following a byte receive

Inspect ACK signal following a byte transmit

Directly operate with 8-, 16- and 24-bit words

Generate vectored interrupts separately for receive and transmit events and update status bits
Generate a separate vectored interrupt for a receive exception
Generate a separate vectored interrupt for a bus error exception
Generate the clock signal (in master mode)

Trigger DMA interrupts to service the transmit and receive events

9-2
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9.2 SERIAL HOST INTERFACE INTERNAL ARCHITECTURE

The DSP views the SHI as a memory-mapped peripheral in the X data memory space. The DSP uses the
SHI as a normal memory-mapped peripheral using standard polling or interrupt programming techniques
and DMA transfers. Memory mapping allows DSP communication with the SHI registers to be
accomplished using standard instructions and addressing modes. In addition, the MOVEP instruction
allows interface-to-memory and memory-to-interface data transfers without going through an intermediate
register. The DMA controller may be used to service the receive or transmit data path. The single master
configuration allows the DSP to directly connect to dumb peripheral devices. For that purpose, a
programmable baud-rate generator is included to generate the clock signal for serial transfers. The host
side invokes the SHI for communication and data transfer with the DSP through a shift register that may be
accessed serially using either the I2C or the SPI bus protocols. Figure 9-1 shows the SHI block diagram.

Host Accessible DSP Accessible
Y [ |
DSP
Clock Global
oc B Data
“1 Generator [ Bus
Data
HCSR{<e—] Bus
MISO/SDA Controller
Rl Logic ]
HTX |
MOSIHAO|  pin Y
D ff_ont.ro' INPUT/OUTPUT Shift Register
ogic \\ (IOSR)
SS/HA2 A
Y
HREQ HRX p——
Slave (FIFO) -
Address
»{ Recognition
Unit
(SAR) -< HSAR [<—

— 24 BIT AA0416

Figure 9-1 Serial Host Interface Block Diagram
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9.3 CHARACTERISTICS OF THE SPI BUS

The SPI bus consists of two serial data lines (MISO and MOSI), a clock line (SCK), and a Slave Select line
(g). During an SPI transfer, a byte is shifted out one data pin while a different byte is simultaneously
shifted in through a second data pin. It can be viewed as two 8-bit shift registers connected together in a
circular manner, with one shift register on the master side and the other on the slave side. Thus the data
bytes in the master device and slave device are exchanged. The MISO and MOSI data pins are used for
transmitting and receiving serial data. When the SPI is configured as a master, MISO is the master data
input line, and MOSI is the master data output line. When the SPI is configured as a slave device, MISO is
the slave data output line, and MOSI is the slave data input line.

Clock control logic allows a selection of clock polarity and a choice of two fundamentally different clocking
protocols to accommodate most available synchronous serial peripheral devices. When the SPl is
configured as a master, the control bits in the HCKR select the appropriate clock rate, as well as the
desired clock polarity and phase format (see Figure 9-6).

The SS line allows selection of an individual slave SPI device; slave devices that are not selected do not
interfere with SPI bus activity (i.e., they keep their MISO output pin in the high-impedance state). When the
SHI is configured as an SPI master device, the SS line should be held high. If the SS line is driven low
when the SHI is in SPI master mode, a bus error is generated (the HCSR HBER bit is set).

9.4 SHI CLOCK GENERATOR

The SHI clock generator generates the SHI serial clock if the interface operates in the master mode. The
clock generator is disabled if the interface operates in the slave mode, except in 12C mode when the
HCKFR bit is set in the HCKR register. When the SHI operates in the slave mode, the clock is external and
is input to the SHI (HMST = 0). Figure 9-2 illustrates the internal clock path connections. It is the user’s
responsibility to select the proper clock rate within the range as defined in the 12C and SPI bus
specifications.

HMST
SHI Clock
<SCKISCL l |
>y HMST = 0
Divide | | PV BY T | | Divide By Clock | shi
By 2 . 1or8 O Logic | Controller
FosC | ®¥ Divide By 256 | 5TIMST = 1 9
HDMO-HDM?7 HRS CPHA, CPOL, HI2C  Aao417

Figure 9-2 SHI Clock Generator
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9.5 SERIAL HOST INTERFACE PROGRAMMING MODEL

The Serial Host Interface programming model has two parts:

* Host side—see Figure 9-3 below and Section 9.5.1, SHI Input/Output Shift Register (IOSR)—Host
Side

+ DSP side—see Figure 9-4 and Section 9.5.2, SHI Host Transmit Data Register (HTX)—DSP Side
through Section 9.5.6, SHI Control/Status Register (HCSR)—DSP Side for detailed information.

23 0
IOSR | I/O Shift Register (IOSR)

AA0418

Figure 9-3 SHI Programming Model—Host Side
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The SHI interrupt vector table is shown in Table 9-1 and the exception priorities generated by the SHI are
shown in Table 9-2.

Table 9-1 SHI Interrupt Vectors

Program Address Interrupt Source
VBA:$0040 SHI Transmit Data
VBA:$0042 SHI Transmit Underrun Error
VBA:$0044 SHI Receive FIFO Not Empty
VBA:$0048 SHI Receive FIFO Full
VBA:$004A SHI Receive Overrun Error
VBA:$004C SHI Bus Error

Table 9-2 SHI Internal Interrupt Priorities

Priority Interrupt

Highest SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

Lowest SHI Receive FIFO Not Empty

9.5.1 SHI Input/Output Shift Register (IOSR)—Host Side

The variable length Input/Output Shift Register (IOSR) can be viewed as a serial-to-parallel and
parallel-to-serial buffer in the SHI. The IOSR is involved with every data transfer in both directions (read
and write). In compliance with the 12C and SPI bus protocols, data is shifted in and out MSB first. In 8-bit
data transfer modes, the most significant byte of the IOSR is used as the shift register. In 16-bit data
transfer modes, the two most significant bytes become the shift register. In 24-bit transfer modes, the shift
register uses all three bytes of the IOSR (see Figure 9-5).

Note: The IOSR cannot be accessed directly either by the host processor or by the DSP. It is
fully controlled by the SHI controller logic.
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23 16 15 8 7 0
Mode of Oper 8-Bit Data 16-Bit Data 24-Bit Data
ation Mode Mode Mode

-T Stops Data When Data Mode is Selected

T Passes Data When Data Mode is Selected AA0420

Figure 9-5 SHI I/O Shift Register (IOSR)

9.5.2 SHI Host Transmit Data Register (HTX)—DSP Side

The host transmit data register (HTX) is used for DSP-to-Host data transfers. The HTX register is 24 bits
wide. Writing to the HTX register by DSP core instructions or by DMA transfers clears the HTDE flag. The
DSP may program the HTIE bit to cause a host transmit data interrupt when HTDE is set (See Section
9.5.6.10, HCSR Transmit-Interrupt Enable (HTIE)—Bit 11). Data should not be written to the HTX until
HTDE is set in order to prevent overwriting the previous data. HTX is reset to the empty state when in stop
mode and during hardware reset, software reset, and individual reset.

In the 8-bit data transfer mode the most significant byte of the HTX is transmitted; in the 16-bit mode the
two most significant bytes, and in the 24-bit mode all the contents of HTX is transferred.

9.5.3 SHI Host Receive Data FIFO (HRX)—DSP Side

The 24-bit host receive data FIFO (HRX) is a 10-word deep, First-In-First-Out (FIFO) register used for
Host-to-DSP data transfers. The serial data is received via the shift register and then loaded into the HRX.
In the 8-bit data transfer mode, the most significant byte of the shift register is transferred to the HRX (the
other bits are cleared); in the 16-bit mode the two most significant bytes are transferred (the least
significant byte is cleared), and in the 24-bit mode, all 24 bits are transferred to the HRX. The HRX may be
read by the DSP while the FIFO is being loaded from the shift register. Reading all data from HRX clears
the HRNE flag. The HRX may be read by DSP core instructions or by DMA transfers. The HRX FIFO is
reset to the empty state when the chip is in stop mode, and during hardware reset, software reset, and
individual reset.
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9.5.4 SHI Slave Address Register (HSAR)—DSP Side

The 24-bit slave address register (HSAR) is used when the SHI operates in the I°C slave mode and is
ignored in the other operational modes. HSAR holds five bits of the 7-bit slave device address. The SHI
also acknowledges the general call address specified by the 12c protocol (eight zeroes comprising a 7-bit
address and a R/W bit), but treats any following data bytes as regular data. That is, the SHI does not
differentiate between its dedicated address and the general call address. HSAR cannot be accessed by
the host processor.

9.5.4.1 HSAR Reserved Bits—Bits 19, 17-0

These bits are reserved. They read as zero and should be written with zero for future compatibility.

9.5.4.2 HSAR I2C Slave Address (HA[6:3], HA1)—Bits 23-20,18

Part of the I1°C slave device address is stored in the read/write HA[6:3], HA1 bits of HSAR. The full 7-bit
slave device address is formed by combining the HA[6:3], HA1 bits with the HAO and HA2 pins to obtain
the HA[6:0] slave device address. The full 7-bit slave device address is compared to the received address
byte whenever an 12C master device initiates an 12C bus transfer. During hardware reset or software reset,
HA[6:3] = 1011 and HA1 is cleared; this results in a default slave device address of 1011[HA2]0[HAO].

9.5.5 SHI Clock Control Register (HCKR)—DSP Side

The HCKR is a 24-bit read/write register that controls SHI clock generator operation. The HCKR bits
should be modified only while the SHI is in the individual reset state (HEN = 0 in the HCSR).

For proper SHI clock setup, please consult the datasheet. The programmer should not use the
combination HRS = 1 and HDM[7:0] = 00000000, since it may cause synchronization problems and
improper operation (it is an illegal combination).

The HCKR bits are cleared during hardware reset or software reset, except for CPHA, which is set. The
HCKR is not affected by the stop state.

The HCKR bits are described in the following paragraphs.

9.5.5.1 Clock Phase and Polarity (CPHA and CPOL)—Bits 1-0

The Clock Phase (CPHA) bit controls the relationship between the data on the master-in-slave-out (MISO)
and master-out-slave-in (MOSI) pins and the clock produced or received at the SCK pin. The CPOL bit
determines the clock polarity (1 = active-high, 0 = active-low).

The clock phase and polarity should be identical for both the master and slave SPI devices. CPHA and
CPOL are functional only when the SHI operates in the SPI mode, and are ignored in the 12C mode. The
CPHA bit is set and the CPOL bit is cleared during hardware reset and software reset.
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The programmer may select any of four combinations of serial clock (SCK) phase and polarity when
operating in the SPI mode (See Figure 9-6).

SS

SCK (CPOL = 0, CPHA = 0) —|

SCK (CPOL =0, CPHA = 1) |_

SCK (CPOL = 1, CPHA = 0) J

SCK (CPOL=1,CPHA=1)|_ L L L L L
e OO —
(L L] ]

Internal Strobe for Data Capture AA0421

Figure 9-6 SPI Data-To-Clock Timing Diagram

If CPOL is cleared, it produces a steady-state low value at the SCK pin of the master device whenever
data is not being transferred. If the CPOL bit is set, it produces a high value at the SCK pin of the master
device whenever data is not being transferred.

CPHA is used with the CPOL bit to select the desired clock-to-data relationship. The CPHA bit, in general,
selects the clock edge that captures data and allows it to change states. It has its greatest impact on the
first bit transmitted (MSB) in that it does or does not allow a clock transition before the data capture edge.

When the SHI is in slave mode and CPHA = 0, the SS line must be deasserted and asserted by the
external master between each successive word transfer. SS must remain asserted between successive
bytes within a word. The DSP core should write the next data word to HTX when HTDE = 1, clearing
HTDE. However, the data is transferred to the shift register for transmission only when SS is deasserted.
HTDE is set when the data is transferred from HTX to the shift register.

When the SHI is in slave mode and CPHA = 1, the SS line may remain asserted between successive word
transfers. The SS must remain asserted between successive bytes within a word. The DSP core should
write the next data word to HTX when HTDE = 1, clearing HTDE. The HTX data is transferred to the shift
register for transmission as soon as the shift register is empty. HTDE is set when the data is transferred
from HTX to the shift register.

When the SHI is in master mode and CPHA = 0, the DSP core should write the next data word to HTX
when HTDE = 1, clearing HTDE. The data is transferred immediately to the shift register for transmission.
HTDE is set only at the end of the data word transmission.
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Note: The master is responsible for deasserting and asserting the slave device SS line between
word transmissions.

When the SHI is in master mode and CPHA = 1, the DSP core should write the next data word to HTX
when HTDE = 1, clearing HTDE. The HTX data is transferred to the shift register for transmission as soon
as the shift register is empty. HTDE is set when the data is transferred from HTX to the shift register.

9.5.5.2 HCKR Prescaler Rate Select (HRS)—Bit 2

The HRS bit controls a prescaler in series with the clock generator divider. This bit is used to extend the
range of the divider when slower clock rates are desired. When HRS is set, the prescaler is bypassed.
When HRS is cleared, the fixed divide-by-eight prescaler is operational. HRS is ignored when the SHI
operates in the slave mode, except for 12C when HCKFR is set. The HRS bit is cleared during hardware
reset and software reset.

Note: Use the equations in the SHI datasheet to determine the value of HRS for the specific
serial clock frequency required.

9.5.5.3 HCKR Divider Modulus Select (HDM[7:0])—Bits 10-3

The HDM[7:0] bits specify the divide ratio of the clock generator divider. A divide ratio between 1 and 256
(HDM[7:0] = $00 to $FF) may be selected. When the SHI operates in the slave mode, the HDM[7:0] bits
are ignored (except for I2C when HCKFR is set). The HDM[7:0] bits are cleared during hardware reset and
software reset.

Note: Use the equations in the SHI datasheet to determine the value of HDM[7:0] for the specific
serial clock frequency required.

9.5.54 HCKR Reserved Bits—Bits 23-14, 11

These bits in HCKR are reserved. They are read as zero and should be written with zero for future
compatibility.

9.5.5.5 HCKR Filter Mode (HFM[1:0]) — Bits 13—12

The read/write control bits HFM[1:0] specify the operational mode of the noise reduction filters, as
described in Table 9-3. The filters are designed to eliminate undesired spikes that might occur on the clock
and data-in lines and allow the SHI to operate in noisy environments when required. One filter is located in
the input path of the SCK/SCL line and the other is located in the input path of the data line (i.e., the SDA
line when in 1°C mode, the MISO line when in SPI master mode, and the MOSI line when in SPI slave
mode).
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Table 9-3 SHI Noise Reduction Filter Mode

HFM1 HFMO Description
0 0 Bypassed (Disabled)
0 1 Reserved
1 0 Narrow Spike Tolerance
1 1 Wide Spike Tolerance

When HFM[1:0] = 00, the filter is bypassed (spikes are not filtered out). This mode is useful when higher
bit-rate transfers are required and the SHI operates in a noise-free environment.

When HFM[1:0] = 10, the narrow-spike-tolerance filter mode is selected. In this mode the filters eliminate
spikes with durations of up to 50ns. This mode is suitable for use in mildly noisy environments and
imposes some limitations on the maximum achievable bit-rate transfer.

When HFM[1:0] = 11, the wide-spike-tolerance filter mode is selected. In this mode the filters eliminate
spikes up to 100 ns. This mode is recommended for use in noisy environments; the bit-rate transfer is
strictly limited. The wide-spike- tolerance filter mode is highly recommended for use in 12C bus systems as
it fully conforms to the 12C bus specification and improves noise immunity.

Note: HFMI[1:0] are cleared during hardware reset and software reset.

After changing the filter bits in the HCKR to a non-bypass mode (HFM[1:0] not equal to ‘00’), the
programmer should wait at least ten times the tolerable spike width before enabling the SHI (setting the
HEN bit in the HCSR). Similarly, after changing the HI2C bit in the HCSR or the CPOL bit in the HCKR,
while the filter mode bits are in a non-bypass mode (HFM[1:0] not equal to ‘00’), the programmer should
wait at least ten times the tolerable spike width before enabling the SHI (setting HEN in the HCSR).

9.5.6 SHI Control/Status Register (HCSR)—DSP Side

The HCSR is a 24-bit register that controls the SHI operation and reflects its status. The control bits are
read/write. The status bits are read-only. The bits are described in the following paragraphs. When in the
stop state or during individual reset, the HCSR status bits are reset to their hardware-reset state, while the
control bits are not affected.

9.5.6.1 HCSR Host Enable (HEN)—Bit 0

The read/write control bit HEN, when set, enables the SHI. When HEN is cleared, the SHI is disabled (that
is, it is in the individual reset state, see below). The HCKR and the HCSR control bits are not affected
when HEN is cleared. When operating in master mode, HEN should be cleared only when the SHl is idle
(HBUSY = 0). HEN is cleared during hardware reset and software reset.
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9.5.6.1.1 SHI Individual Reset

While the SHI is in the individual reset state, SHI input pins are inhibited, output and bidirectional pins are
disabled (high impedance), the HCSR status bits and the transmit/receive paths are reset to the same
state produced by hardware reset or software reset. The individual reset state is entered following a
one-instruction-cycle delay after clearing HEN.

9.5.6.2 HCSR I2C/SPI Selection (HI>C)—Bit 1

The read/write control bit HI?C selects whether the SHI operates in the 12C or SPI modes. When HI%C is
cleared, the SHI operates in the SPI mode. When HIZC is set, the SHI operates in the 1°C mode. HI?C
affects the functionality of the SHI pins as described in Chapter 2, Signal /| Connection Descriptions. It is
recommended that an SHI individual reset be generated (HEN cleared) before changing HI2C. HI?C is
cleared during hardware reset and software reset.

9.5.6.3 HCSR Serial Host Interface Mode (HM[1:0])—Bits 3-2
The read/write control bits HM[1:0] select the size of the data words to be transferred, as shown in

Table 9-4. HM[1:0] should be modified only when the SHI is idle (HBUSY = 0). HM[1:0] are cleared during
hardware reset and software reset.

Table 9-4 SHI Data Size

HM1 HMO Description
0 0 8-bit data
0 1 16-bit data
1 0 24-bit data
1 1 Reserved
9.5.6.4 HCSR I2C Clock Freeze (HCKFR)—Bit 4

The read/write control bit HCKFR determines the behavior of the SHI when the SHI is unable to service the
master request, when operating in the 12C slave mode. The HCKFR bit is used only in the 1°C slave mode;
it is ignored otherwise.

If HCKFR is set, the SHI holds the clock line to GND if it is not ready to send data to the master during a
read transfer or if the input FIFO is full when the master attempts to execute a write transfer. In this way,
the master may detect that the slave is not ready for the requested transfer, without causing an error
condition in the slave. When HCKFR is set for transmit sessions, the SHI clock generator must be
programmed as if to generate the same serial clock as produced by the external master, otherwise
erroneous operation may result. The programmed frequency should be in the range of 1 to 0.75 times the
external clock frequency.
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If HCKFR is cleared, any attempt from the master to execute a transfer when the slave is not ready results
in an overrun or underrun error condition.

It is recommended that an SHI individual reset be generated (HEN cleared) before changing HCKFR.
HCKFR is cleared during hardware reset and software reset.

9.5.6.5 HCSR FIFO-Enable Control (HFIFO)—Bit 5

The read/write control bit HFIFO selects the receive FIFO size. When HFIFO is cleared, the FIFO has one
level. When HFIFO is set, the FIFO has 10 levels. It is recommended that an SHI individual reset be
generated (HEN cleared) before changing HFIFO. HFIFO is cleared during hardware reset and software
reset.

9.5.6.6 HCSR Master Mode (HMST)—Bit 6

The read/write control bit HMST determines the SHI operating mode. If HMST is set, the interface operates
in the master mode. If HMST is cleared, the interface operates in the slave mode. The SHI supports a
single-master configuration in both 12C and SPI modes.

When configured as an SPI master, the SHI drives the SCK line and controls the direction of the data lines
MOSI and MISO. The SS line must be held deasserted in the SPI master mode; if the SS line is asserted
when the SHI is in SPI master mode, a bus error is generated (the HCSR HBER bit is set—see Section
9.5.6.18, Host Bus Error (HBER)—BIt 21).

When configured as an I2C master, the SHI controls the 1°C bus by generating start events, clock pulses,
and stop events for transmission and reception of serial data.

It is recommended that an SHI individual reset be generated (HEN cleared) before changing HMST. HMST
is cleared during hardware reset and software reset.

9.5.6.7 HCSR Host-Request Enable (HRQE[1:0])—Bits 8-7

The read/write control bits HRQE[1:0] are used to control the HREQ pin. When HRQE[1:0] are cleared, the
HREQ pin is disabled and held in the high impedance state. If either of HRQE[1:0] are set and the SHI is in
a master mode, the HREQ pin becomes an input controlling SCK: deasserting HREQ suspends SCK. If
either of HRQE[1:0] are set and the SHI is in a slave mode, HREQ becomes an output and its operation is
defined in Table 9-5. HRQE[1:0] should be changed only when the SHI is idle (HBUSY = 0). HRQE[1:0]
are cleared during hardware reset and software reset.

Table 9-5 HREQ Function In SHI Slave Modes

HRQE1 HRQEO HREQ Pin Operation
0 0 High impedance
0 1 Asserted if IOSR is ready to receive a new word
1 0 Asserted if IOSR is ready to transmit a new word
1 1 12C: Asserted if IOSR is ready to transmit or receive
SPI: Asserted if IOSR is ready to transmit and receive
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9.5.6.8 HCSR Idle (HIDLE)—Bit 9

The read/write control/status bit HIDLE is used only in the I°C master mode; it is ignored otherwise. It is
only possible to set the HIDLE bit during writes to the HCSR. HIDLE is cleared by writing to HTX. To
ensure correct transmission of the slave device address byte, HIDLE should be set only when HTX is
empty (HTDE = 1). After HIDLE is set, a write to HTX clears HIDLE and causes the generation of a stop
event, a start event, and then the transmission of the eight MSBs of the data as the slave device address
byte. While HIDLE is cleared, data written to HTX is transmitted as is. If the SHI completes transmitting a
word and there is no new data in HTX, the clock is suspended after sampling ACK. If HIDLE is set when
the SHI completes transmitting a word with no new data in HTX, a stop event is generated.

HIDLE determines the acknowledge that the receiver sends after correct reception of a byte. If HIDLE is
cleared, the reception is acknowledged by sending a 0 bit on the SDA line at the ACK clock tick. If HIDLE
is set, the reception is not acknowledged (a 1 bit is sent). It is used to signal an end-of-data to a slave
transmitter by not generating an ACK on the last byte. As a result, the slave transmitter must release the
SDA line to allow the master to generate the stop event. If the SHI completes receiving a word and the
HRX FIFO is full, the clock is suspended before transmitting an ACK. While HIDLE is cleared the bus is
busy, that is, the start event was sent but no stop event was generated. Setting HIDLE causes a stop event
after receiving the current word.

HIDLE is set while the SHI is not in the 12C master mode, while the chip is in the stop state, and during
hardware reset, software reset and individual reset.

Note: Programmers should take care to ensure that all DMA channel service to HTX is disabled
before setting HIDLE.

9.5.6.9 HCSR Bus-Error Interrupt Enable (HBIE)—Bit 10

The read/write control bit HBIE is used to enable the SHI bus-error interrupt. If HBIE is cleared, bus-error
interrupts are disabled, and the HBER status bit must be polled to determine if an SHI bus error occurred.
If both HBIE and HBER are set, the SHI requests an SHI bus-error interrupt service from the interrupt
controller. HBIE is cleared by hardware reset and software reset.

Note: Clearing HBIE masks a pending bus-error interrupt only after a one instruction cycle delay.
If HBIE is cleared in a long interrupt service routine, it is recommended that at least one
other instruction separate the instruction that clears HBIE and the RTI instruction at the
end of the interrupt service routine.

9.5.6.10 HCSR Transmit-Interrupt Enable (HTIE)—Bit 11

The read/write control bit HTIE is used to enable the SHI transmit data interrupts. If HTIE is cleared,
transmit interrupts are disabled, and the HTDE status bit must be polled to determine if HTX is empty. If
both HTIE and HTDE are set and HTUE is cleared, the SHI requests an SHI transmit-data interrupt service
from the interrupt controller. If both HTIE and HTUE are set, the SHI requests an SHI
transmit-underrun-error interrupt service from the interrupt controller. HTIE is cleared by hardware reset
and software reset.

Note: Clearing HTIE masks a pending transmit interrupt only after a one instruction cycle delay.
If HTIE is cleared in a long interrupt service routine, it is recommended that at least one
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other instruction separate the instruction that clears HTIE and the RTI instruction at the
end of the interrupt service routine.

9.5.6.11 HCSR Receive Interrupt Enable (HRIE[1:0])—Bits 13-12

The read/write control bits HRIE[1:0] are used to enable the SHI receive-data interrupts. If HRIE[1:0] are
cleared, receive interrupts are disabled, and the HRNE and HRFF (bits 17 and 19, see below) status bits
must be polled to determine if there is data in the receive FIFO. If HRIE[1:0] are not cleared, receive
interrupts are generated according to Table 9-6. HRIE[1:0] are cleared by hardware and software reset.

Table 9-6 HCSR Receive Interrupt Enable Bits

HRIE[1:0] Interrupt Condition
00 Disabled Not applicable
01 Receive FIFO not empty HRNE =1 and HROE =0
Receive Overrun Error HROE =1
10 Reserved Not applicable
11 Receive FIFO full HRFF =1 and HROE =0
Receive Overrun Error HROE =1

Note: Clearing HRIE[1:0] masks a pending receive interrupt only after a one instruction cycle
delay. If HRIE[1:0] are cleared in a long interrupt service routine, it is recommended that at
least one other instruction separate the instruction that clears HRIE[1:0] and the RTI
instruction at the end of the interrupt service routine.

9.5.6.12 HCSR Host Transmit Underrun Error (HTUE)—Bit 14

The read-only status bit HTUE indicates whether a transmit-underrun error occurred. Transmit-underrun
errors can occur only when operating in the SPI slave mode or the I2C slave mode when HCKFR is
cleared. In a master mode, transmission takes place on demand and no underrun can occur. HTUE is set
when both the shift register and the HTX register are empty and the external master begins reading the
next word:

*  When operating in the 12C mode, HTUE is set in the falling edge of the ACK bit. In this case, the
SHI retransmits the previously transmitted word.

*  When operating in the SPI mode, HTUE is set at the first clock edge if CPHA = 1; it is set at the
assertion of SS if CPHA = 0.

If a transmit interrupt occurs with HTUE set, the transmit-underrun interrupt vector is generated. If a
transmit interrupt occurs with HTUE cleared, the regular transmit-data interrupt vector is generated. HTUE
is cleared by reading the HCSR and then writing to the HTX register. HTUE is cleared by hardware reset,
software reset, SHI individual reset, and during the stop state.
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9.5.6.13 HCSR Host Transmit Data Empty (HTDE)—Bit 15

The read-only status bit HTDE indicates whether the HTX register is empty and can be written by the DSP.
HTDE is set when the data word is transferred from HTX to the shift register, except in SPI master mode
when CPHA = 0 (see HCKR). When in the SPI master mode with CPHA = 0, HTDE is set after the end of
the data word transmission. HTDE is cleared when the DSP writes the HTX either with write instructions or
DMA transfers. HTDE is set by hardware reset, software reset, SHI individual reset, and during the stop
state.

9.5.6.14 HCSR Reserved Bits—Bits 23, 18 and 16

These bits are reserved. They read as zero and should be written with zero for future compatibility.

9.5.6.15 Host Receive FIFO Not Empty (HRNE)—Bit 17

The read-only status bit HRNE indicates that the Host Receive FIFO (HRX) contains at least one data
word. HRNE is set when the FIFO is not empty. HRNE is cleared when HRX is read by the DSP (read
instructions or DMA transfers), reducing the number of words in the FIFO to zero. HRNE is cleared during
hardware reset, software reset, SHI individual reset, and during the stop state.

9.5.6.16 Host Receive FIFO Full (HRFF)—Bit 19

The read-only status bit HRFF indicates, when set, that the Host Receive FIFO (HRX) is full. HRFF is
cleared when HRX is read by the DSP (read instructions or DMA transfers) and at least one place is
available in the FIFO. HRFF is cleared by hardware reset, software reset, SHI individual reset, and during
the stop state.

9.5.6.17 Host Receive Overrun Error (HROE)—Bit 20

The read-only status bit HROE indicates, when set, that a data-receive overrun error has occurred.
Receive-overrun errors cannot occur when operating in the 12C master mode, because the clock is
suspended if the receive FIFO is full; nor can they occur in the 12C slave mode when HCKFR is set.

HROE is set when the shift register (IOSR) is filled and ready to transfer the data word to the HRX FIFO
and the FIFO is already full (HRFF is set). When a receive-overrun error occurs, the shift register is not
transferred to the FIFO. If a receive interrupt occurs with HROE set, the receive-overrun interrupt vector is
generated. If a receive interrupt occurs with HROE cleared, the regular receive-data interrupt vector is
generated.

HROE is cleared by reading the HCSR with HROE set, followed by reading HRX. HROE is cleared by
hardware reset, software reset, SHI individual reset, and during the stop state.
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9.5.6.18 Host Bus Error (HBER)—Bit 21

The read-only status bit HBER indicates, when set, that an SHI bus error occurred when operating as a
master (HMST set). In 12C mode, HBER is set if the transmitter does not receive an acknowledge after a
byte is transferred; then a stop event is generated and transmission is suspended. In SPI mode, HBER is
set if SS is asserted:; then transmission is suspended at the end of transmission of the current word. HBER
is cleared only by hardware reset, software reset, SHI individual reset, and during the stop state.

9.5.6.19 HCSR Host Busy (HBUSY)—Bit 22

The read-only status bit HBUSY indicates that the I°C bus is busy (when in the 1°c mode) or that the SHI
itself is busy (when in the SPI mode). When operating in the 12C mode, HBUSY is set after the SHI detects
a start event and remains set until a stop event is detected. When operating in the slave SPI mode,
HBUSY is set while SS is asserted. When operating in the master SPI mode, HBUSY is set if the HTX
register is not empty or if the IOSR is not empty. HBUSY is cleared otherwise. HBUSY is cleared by
hardware reset, software reset, SHI individual reset, and during the stop state.

9.6 CHARACTERISTICS OF THE I>C BUS

The I1°C serial bus consists of two bidirectional lines, one for data signals (SDA) and one for clock signals
(SCL). Both the SDA and SCL lines must be connected to a positive supply voltage via a pull-up resistor.

Note: In the I2C bus specifications, the standard mode (100 kHz clock rate) and a fast mode
(400 kHz clock rate) are defined. The SHI can operate in either mode.

9.6.1 Overview

The I2C bus protocol must conform to the following rules:

» Data transfer may be initiated only when the bus is not busy.

+ During data transfer, the data line must remain stable whenever the clock line is high. Changes in
the data line when the clock line is high are interpreted as control signals (see Figure 9-7).

S ———
ML

Data Line Change
Stable: . | of Data |
\ Data Valid . Allowed | AA0422

Figure 9-7 I2C Bit Transfer
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Accordingly, the 12C bus protocol defines the following events:

* Bus not busy—Both data and clock lines remain high.

+ Start data transfer—The start event is defined as a change in the state of the data line, from high
to low, while the clock is high (see Figure 9-8).

» Stop data transfer—The stop event is defined as a change in the state of the data line, from low
to high, while the clock is high (see Figure 9-8).

+ Data valid—The state of the data line represents valid data when, after a start event, the data line
is stable for the duration of the high period of the clock signal. The data on the line may be changed
during the low period of the clock signal. There is one clock pulse per bit of data.

Start Event Stop Event  an0423

Figure 9-8 12C Start and Stop Events

Each 8-bit word is followed by one acknowledge bit. This acknowledge bit is a high level put on the bus by
the transmitter when the master device generates an extra acknowledge-related clock pulse. A slave
receiver that is addressed must generate an acknowledge after each byte is received. Also, a master
receiver must generate an acknowledge after the reception of each byte that has been clocked out of the
slave transmitter. The acknowledging device must pull down the SDA line during the acknowledge clock
pulse so that the SDA line is stable low during the high period of the acknowledge-related clock pulse (see
Figure 9-9).

Start Clock Pulse For
Ev|ent Acknowledgment

1
SCL From
Master Devicew 8 9
: ——
Data Outpu \ -
by Transmitter / >< X X /
' ——
Data Output S -

by Receiver \ /

AA0424

Figure 9-9 Acknowledgment on the I2C Bus
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A device generating a signal is called a transmitter, and a device receiving a signal is called a receiver. A
device controlling a signal is called a master and devices controlled by the master are called slaves. A
master receiver must signal an end-of-data to the slave transmitter by not generating an acknowledge on
the last byte clocked out of the slave device. In this case the transmitter must leave the data line high to
enable the master to generate the stop event. Handshaking may also be accomplished by using the clock
synchronizing mechanism. Slave devices can hold the SCL line low, after receiving and acknowledging a
byte, to force the master into a wait state until the slave device is ready for the next byte transfer. The SHI
supports this feature when operating as a master device and waits until the slave device releases the SCL
line before proceeding with the data transfer.

9.6.2 I2C Data Transfer Formats

I2C bus data transfers follow the following process: after the start event, a slave device address is sent.
The address consists of seven address bits and an eighth bit as a data direction bit (R/W). In the data
direction bit, zero indicates a transmission (write), and one indicates a request for data (read). A data
transfer is always terminated by a stop event generated by the master device. However, if the master
device still wishes to communicate on the bus, it can generate another start event, and address another
slave device without first generating a stop event (the SHI does not support this feature when operating as
an 1°C master device). This method is also used to provide indivisible data transfers. Various combinations
of read/write formats are illustrated in Figure 9-10 and Figure 9-11.

ACK from ACK from ACK from
Slave Device Slave Device Slave Device
S| Slave Address | 0 | A| First Data Byte A Data Byte AIlS P
L [ [
l ¢ | N=0toM __] ¢
Start R/W Data Bytes Start or
Bit Stop Bit

AA0425

Figure 9-10 12C Bus Protocol For Host Write Cycle
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ACK from ACK from No ACK
Slave Device Master Device from Master Device
S| Slave Address | 1 [ A Data Byte A| Last Data Byte 11 P
] | |
¢ ¢ | N=0toM _| ¢
Start R/W Data Bytes Stop
Bit Bit

AA0426

Figure 9-11 I2C Bus Protocol For Host Read Cycle

Note: The first data byte in a write-bus cycle can be used as a user-predefined control byte (e.g.,
to determine the location to which the forthcoming data bytes should be transferred).

9.7 SHI PROGRAMMING CONSIDERATIONS

The SHI implements both SPI and 12C bus protocols and can be programmed to operate as a slave device
or a single-master device. Once the operating mode is selected, the SHI may communicate with an
external device by receiving and/or transmitting data. Before changing the SHI operational mode, an SHI
individual reset should be generated by clearing the HEN bit. The following paragraphs describe
programming considerations for each operational mode.

9.7.1 SPI Slave Mode

The SPI slave mode is entered by enabling the SHI (HEN=1), selecting the SPI mode (HIZC=0), and
selecting the slave mode of operation (HMST=0). The programmer should verify that the CPHA and CPOL
bits (in the HCKR) correspond to the external host clock phase and polarity. Other HCKR bits are ignored.
When configured in the SPI slave mode, the SHI external pins operate as follows:

» SCK/SCL is the SCK serial clock input.

*+  MISO/SDA is the MISO serial data output.
*+  MOSI/HAOQ is the MOSI serial data input.

+  SS/HA2 is the SS slave select input.

- HREQ s the Host Request output.

In the SPI slave mode, a receive, transmit, or full-duplex data transfer may be performed. Actually, the
interface performs data receive and transmit simultaneously. The status bits of both receive and transmit
paths are active; however, the programmer may disable undesired interrupts and ignore irrelevant status
bits. It is recommended that an SHI individual reset (HEN cleared) be generated before beginning data
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reception in order to reset the HRX FIFO to its initial (empty) state (e.g., when switching from transmit to
receive data).

If a write to HTX occurs, its contents are transferred to IOSR between data word transfers. The IOSR data
is shifted out (via MISO) and received data is shifted in (via MOSI). The DSP may write HTX with either
DSP instructions or DMA transfers if the HTDE status bit is set. If no writes to HTX occur, the contents of
HTX are not transferred to IOSR, so the data shifted out when receiving is the data present in the IOSR at
the time. The HRX FIFO contains valid receive data, which the DSP can read with either DSP instructions
or DMA transfers (if the HRNE status bit is set).

The HREQ output pin, if enabled for receive (HRQE[1:0] = 01), is asserted when the IOSR is ready for
receive and the HRX FIFO is not full; this operation guarantees that the next received data word is stored
in the FIFO. The HREQ output pin, if enabled for transmit (HRQE[1:0] = 10), is asserted when the IOSR is
loaded from HTX with a new data word to transfer. If HREQ is enabled for both transmit and receive
(HRQE[1:0] = 11), it is asserted when the receive and transmit conditions are both true. HREQ is
deasserted at the first clock pulse of the next data word transfer. The HREQ line may be used to interrupt
the external master device. Connecting the HREQ line between two SHI-equipped DSPs, one operating as
an SPI master device and the other as an SPI slave device, enables full hardware handshaking if
operating with CPHA = 1.

The SS line should be kept asserted during a data word transfer. If the SS line is deasserted before the
end of the data word transfer, the transfer is aborted and the received data word is lost.

9.7.2 SPI Master Mode

The SPI master mode is initiated by enabling the SHI (HEN = 1), selecting the SPI mode (HI2C =0), and
selecting the master mode of operation (HMST = 1). Before enabling the SHI as an SPI master device, the
programmer should program the proper clock rate, phase and polarity in HCKR. When configured in the
SPI master mode, the SHI external pins operate as follows:

+ SCK/SCL is the SCK serial clock output.

*  MISO/SDA is the MISO serial data input.

*+ MOSI/HAOQ is the MOSI serial data output.

- SS/HA2 s the SS input. It should be kept deasserted (high) for proper operation.
- HREQ is the Host Request input.

The external slave device can be selected either by using external logic or by activating a GPIO pin
connected to its SS pin. However, the SS input pin of the SPI master device should be held deasserted
(high) for proper operation. If the SPI master device SS pin is asserted, the host bus error status bit
(HBER) is set. If the HBIE bit is also set, the SHI issues a request to the DSP interrupt controller to service
the SHI bus error interrupt.

In the SPI master mode the DSP must write to HTX to receive, transmit or perform a full-duplex data
transfer. Actually, the interface performs simultaneous data receive and transmit. The status bits of both
receive and transmit paths are active; however, the programmer may disable undesired interrupts and
ignore irrelevant status bits. In a data transfer, the HTX is transferred to IOSR, clock pulses are generated,
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the IOSR data is shifted out (via MOSI) and received data is shifted in (via MISO). The DSP programmer
may write HTX (if the HTDE status bit is set) with either DSP instructions or DMA transfers to initiate the
transfer of the next word. The HRX FIFO contains valid receive data, which the DSP can read with either
DSP instructions or DMA transfers, if the HRNE status bit is set.

It is recommended that an SHI individual reset (HEN cleared) be generated before beginning data
reception in order to reset the receive FIFO to its initial (empty) state (e.g., when switching from transmit to
receive data).

The HREQ input pin is ignored by the SPI master device if the HRQE[1:0] bits are cleared, and considered
if any of them is set. When asserted by the slave device, HREQ indicates that the external slave device is
ready for the next data transfer. As a result, the SPI master sends clock pulses for the full data word
transfer. HREQ is deasserted by the external slave device at the first clock pulse of the new data transfer.
When deasserted, HREQ prevents the clock generation of the next data word transfer until it is asserted
again. Connecting the HREQ line between two SHI-equipped DSPs, one operating as an SPI master
device and the other as an SPI slave device, enables full hardware handshaking if CPHA = 1. For CPHA =
0, HREQ should be disabled by clearing HRQE[1:0].

9.7.3 I2C Slave Mode

The 12C slave mode is entered by enabling the SHI (HEN=1), selecting the 1°C mode (HIZC=1), and
selecting the slave mode of operation (HMST=0). In this operational mode the contents of HCKR are
ignored. When configured in the 1°C slave mode, the SHI external pins operate as follows:

» SCK/SCL is the SCL serial clock input.

* MISO/SDA is the SDA open drain serial data line.
+  MOSI/HAOQ is the HAO slave device address input.
+  SS/HAZ2 is the HA2 slave device address input.

- HREQ s the Host Request output.

When the SHI is enabled and configured in the I°C slave mode, the SHI controller inspects the SDA and
SCL lines to detect a start event. Upon detection of the start event, the SHI receives the slave device
address byte and enables the slave device address recognition unit. If the slave device address byte was
not identified as its personal address, the SHI controller fails to acknowledge this byte by not driving low
the SDA line at the ninth clock pulse (ACK = 1). However, it continues to poll the SDA and SCL lines to
detect a new start event. If the personal slave device address was correctly identified, the slave device
address byte is acknowledged (ACK = 0 is sent) and a receive/transmit session is initiated according to the
eighth bit of the received slave device address byte (i.e., the R/W bit).

9.7.31 Receive Data in I2C Slave Mode

A receive session is initiated when the personal slave device address has been correctly identified and the
R/W bit of the received slave device address byte has been cleared. Following a receive initiation, data in
the SDA line is shifted into IOSR MSB first. Following each received byte, an acknowledge (ACK = 0) is

sent at the ninth clock pulse via the SDA line. Data is acknowledged bytewise, as required by the 1°C bus
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protocol, and is transferred to the HRX FIFO when the complete word (according to HM[1:0]) is filled into
IOSR. It is the responsibility of the programmer to select the correct number of bytes in an 12C frame so
that they fit in a complete number of words. For this purpose, the slave device address byte does not count
as part of the data; therefore, it is treated separately.

In a receive session, only the receive path is enabled and HTX to IOSR transfers are inhibited. The HRX
FIFO contains valid data, which may be read by the DSP with either DSP instructions or DMA transfers (if
the HRNE status bit is set).

If HCKFR is cleared, when the HRX FIFO is full and IOSR is filled, an overrun error occurs and the HROE
status bit is set. In this case, the last received byte is not acknowledged (ACK=1 is sent) and the word in
the IOSR is not transferred to the HRX FIFO. This may inform the external 1°C master device of the
occurrence of an overrun error on the slave side. Consequently the 12C master device may terminate this
session by generating a stop event.

If HCKFR is set, when the HRX FIFO is full the SHI holds the clock line to GND not letting the master
device write to IOSR, which eliminates the possibility of reaching the overrun condition.

The HREQ output pin, if enabled for receive (HRQE[1:0] = 01), is asserted when the IOSR is ready to
receive and the HRX FIFO is not full; this operation guarantees that the next received data word is stored
in the FIFO. HREQ is deasserted at the first clock pulse of the next received word. The HREQ line may be
used to interrupt the external I2C master device. Connecting the HREQ line between two SHI-equipped
DSPs, one operating as an I°C master device and the other as an 1°C slave device, enables full hardware
handshaking.

9.7.3.2 Transmit Data In 12C Slave Mode

A transmit session is initiated when the personal slave device address has been correctly identified and
the R/W bit of the received slave device address byte has been set. Following a transmit initiation, the
IOSR is loaded from HTX (assuming the latter was not empty) and its contents are shifted out, MSB first,
on the SDA line. Following each transmitted byte, the SHI controller samples the SDA line at the ninth
clock pulse, and inspects the ACK status. If the transmitted byte was acknowledged (ACK = 0), the SHI
controller continues and transmits the next byte. However, if it was not acknowledged (ACK = 1), the
transmit session is stopped and the SDA line is released. Consequently, the external master device may
generate a stop event in order to terminate the session.

HTX contents are transferred to IOSR when the complete word (according to HM[1:0]) has been shifted
out. It is, therefore, the responsibility of the programmer to select the correct number of bytes in an 12C
frame so that they fit in a complete number of words. For this purpose, the slave device address byte does
not count as part of the data; therefore, it is treated separately.

In a transmit session, only the transmit path is enabled and the IOSR-to-HRX FIFO transfers are inhibited.
When the HTX transfers its valid data word to IOSR, the HTDE status bit is set and the DSP may write a
new data word to HTX with either DSP instructions or DMA transfers.

If HCKFR is cleared and both IOSR and HTX are empty when the master device attempts a transmit
session, an underrun condition occurs, setting the HTUE status bit, and the previous word is retransmitted.

If HCKFR is set and both IOSR and HTX are empty when the master device attempts a transmit session,
the SHI holds the clock line to GND to avoid an underrun condition.
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The HREQ output pin, if enabled for transmit (HRQE[1:0] = 10), is asserted when HTX is transferred to
IOSR for transmission. When asserted, HREQ indicates that the slave device is ready to transmit the next
data word. HREQ is deasserted at the first clock pulse of the next transmitted data word. The HREQ line
may be used to interrupt the external I°C master device. Connecting the HREQ line between two
SHI-equipped DSPs, one operating as an I2C master device and the other as an I2C slave device, enables
full hardware handshaking.

9.7.4 I2C Master Mode

The I2C master mode is entered by enabling the SHI (HEN=1), selecting the 12C mode (HI?C=1) and
selecting the master mode of operation (HMST=1). Before enabling the SHI as an I°C master, the
programmer should program the appropriate clock rate in HCKR.

When configured in the 12C master mode, the SHI external pins operate as follows:

» SCK/SCL is the SCL open drain serial clock output.
»+ MISO/SDA is the SDA open drain serial data line.

*+ MOSI/HAO is the HAO slave device address input.

«  SS/HA2 is the HA2 slave device address input.

«  HREQ is the Host Request input.

In the 12C master mode, a data transfer session is always initiated by the DSP by writing to the HTX
register when HIDLE is set. This condition ensures that the data byte written to HTX is interpreted as being
a slave address byte. This data byte must specify the slave device address to be selected and the
requested data transfer direction.

Note: The slave address byte should be located in the high portion of the data word, whereas
the middle and low portions are ignored. Only one byte (the slave address byte) is shifted
out, independent of the word length defined by the HM[1:0] bits.

In order for the DSP to initiate a data transfer the following actions are to be performed:

 The DSP tests the HIDLE status bit.

« If the HIDLE status bit is set, the DSP writes the slave device address and the R/W bit to the most
significant byte of HTX.

» The SHI generates a start event.

+  The SHI transmits one byte only, internally samples the R/W direction bit (last bit), and accordingly
initiates a receive or transmit session.

» The SHI inspects the SDA level at the ninth clock pulse to determine the ACK value. If .
acknowledged (ACK = 0), it starts its receive or transmit session according to the sampled R/W
value. If not acknowledged (ACK = 1), the HBER status bit in HCSR is set, which causes an SHI
Bus Error interrupt request if HBIE is set, and a stop event is generated.

The HREQ input pin is ignored by the 12C master device if HRQE([1:0] are cleared, and considered if either
of them is set. When asserted, HREQ indicates that the external slave device is ready for the next data
transfer. As a result, the I2C master device sends clock pulses for the full data word transfer. HREQ is
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deasserted by the external slave device at the first clock pulse of the next data transfer. When deasserted,
HREQ prevents the clock generation of the next data word transfer until it is asserted again. Connecting
the HREQ line between two SHI-equipped DSPs, one operating as an I2C master device and the other as
an I1°C slave device, enables full hardware handshaking.

9.7.4.1 Receive Data in I2C Master Mode

A receive session is initiated if the R/W direction bit of the transmitted slave device address byte is set.
Following a receive initiation, data in the SDA line is shifted into IOSR MSB first. Following each received
byte, an acknowledge (ACK = 0) is sent at the ninth clock pulse via the SDA line if the HIDLE control bit is
cleared. Data is acknowledged bytewise, as required by the 12C bus protocol, and is transferred to the
HRX FIFO when the complete word (according to HM[1:0]) is filled into IOSR. It is the responsibility of the
programmer to select the correct number of bytes in an 12C frame so that they fit in a complete number of
words. For this purpose, the slave device address byte does not count as part of the data; therefore, it is
treated separately.

If the 12C slave transmitter is acknowledged, it should transmit the next data byte. In order to terminate the
receive session, the programmer should set the HIDLE bit at the last required data word. As a result, the
last byte of the next received data word is not acknowledged, the slave transmitter releases the SDA line,
and the SHI generates the stop event and terminates the session.

In a receive session, only the receive path is enabled and the HTX-to-IOSR transfers are inhibited. If the
HRNE status bit is set, the HRX FIFO contains valid data, which may be read by the DSP with either DSP
instructions or DMA transfers. When the HRX FIFO is full, the SHI suspends the serial clock just before
acknowledge. In this case, the clock is reactivated when the FIFO is read (the SHI gives an ACK = 0 and
proceeds receiving).

9.7.4.2 Transmit Data In 12C Master Mode

A transmit session is initiated if the R/W direction bit of the transmitted slave device address byte is
cleared. Following a transmit initiation, the IOSR is loaded from HTX (assuming HTX is not empty) and its
contents are shifted out, MSB-first, on the SDA line. Following each transmitted byte, the SHI controller
samples the SDA line at the ninth clock pulse, and inspects the ACK status. If the transmitted byte was
acknowledged (ACK=0), the SHI controller continues transmitting the next byte. However, if it was not
acknowledged (ACK=1), the HBER status bit is set to inform the DSP side that a bus error (or overrun, or
any other exception in the slave device) has occurred. Consequently, the I2C master device generates a
stop event and terminates the session.

HTX contents are transferred to the IOSR when the complete word (according to HM[1:0]) has been
shifted out. Itis, therefore, the responsibility of the programmer to select the right number of bytes in an 1°C
frame so that they fit in a complete number of words. Remember that for this purpose, the slave device
address byte does not count as part of the data.

In a transmit session, only the transmit path is enabled and the IOSR-to-HRX FIFO transfers are inhibited.
When the HTX transfers its valid data word to the IOSR, the HTDE status bit is set and the DSP may write
a new data word to HTX with either DSP instructions or DMA transfers. If both IOSR and HTX are empty,
the SHI suspends the serial clock until new data is written into HTX (when the SHI proceeds with the
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transmit session) or HIDLE is set (the SHI reactivates the clock to generate the stop event and terminate
the transmit session).

9.7.5 SHI Operation During DSP Stop

The SHI operation cannot continue when the DSP is in the stop state, because no DSP clocks are active.
While the DSP is in the stop state, the SHI remains in the individual reset state.

While in the individual reset state the following is true:

» If the SHI was operating in the 12C mode, the SHI signals are disabled (high impedance state).
» If the SHI was operating in the SPI mode, the SHI signals are not affected.

+ The HCSR status bits and the transmit/receive paths are reset to the same state produced by
hardware reset or software reset.

« The HCSR and HCKR control bits are not affected.

Note: Itis recommended that the SHI be disabled before entering the stop state.
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10.1 INTRODUCTION

The Enhanced Serial Audio Interface (ESAI) provides a full-duplex serial port for serial communication with
a variety of serial devices including one or more industry-standard codecs, other DSPs, microprocessors,
and peripherals which implement the Motorola SPI serial protocol. The ESAI consists of independent
transmitter and receiver sections, each section with its own clock generator. It is a superset of the 56300
Family ESSI peripheral and of the 56000 Family SAIl peripheral.

Note: The DSP56367 has two ESAI modules. This section describes the ESAI, and Section 11
describes the ESAI_1. The ESAI and ESAI_1 share 4 data pins. This is described in the
ESAI_1 section.

The ESAI block diagram is shown in Figure 10-1. The ESAI is named synchronous because all serial
transfers are synchronized to a clock. Additional synchronization signals are used to delineate the word
frames. The normal mode of operation is used to transfer data at a periodic rate, one word per period. The
network mode is similar in that it is also intended for periodic transfers; however, it supports up to 32 words
(time slots) per period. This mode can be used to build time division multiplexed (TDM) networks. In
contrast, the on-demand mode is intended for non-periodic transfers of data and to transfer data serially at
high speed when the data becomes available. This mode offers a subset of the SPI protocol.
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Figure 10-1 ESAI Block Diagram
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10.2 ESAI DATA AND CONTROL PINS

Three to twelve pins are required for operation, depending on the operating mode selected and the
number of transmitters and receivers enabled. The SDOO0 and SDO1 pins are used by transmitters 0 and 1
only. The SDO2/SDI3, SDO3/SDI2, SDO4/SDI1, and SDO5/SDIO pins are shared by transmitters 2 to 5
with receivers 0 to 3. The actual mode of operation is selected under software control. All transmitters
operate fully synchronized under control of the same transmitter clock signals. All receivers operate fully
synchronized under control of the same receiver clock signals.

10.2.1  Serial Transmit 0 Data Pin (SDO0)

SDOO is used for transmitting data from the TXO0 serial transmit shift register. SDOO is an output when data
is being transmitted from the TXO0 shift register. In the on-demand mode with an internally generated bit
clock, the SDOO pin becomes high impedance for a full clock period after the last data bit has been
transmitted, assuming another data word does not follow immediately. If a data word follows immediately,
there is no high-impedance interval.

SDOO0 may be programmed as a general-purpose I/O pin (PC11) when the ESAI SDOO function is not
being used.

10.2.2  Serial Transmit 1 Data Pin (SDO1)

SDO1 is used for transmitting data from the TX1 serial transmit shift register. SDO1 is an output when data
is being transmitted from the TX1 shift register. In the on-demand mode with an internally generated bit
clock, the SDO1 pin becomes high impedance for a full clock period after the last data bit has been
transmitted, assuming another data word does not follow immediately. If a data word follows immediately,
there is no high-impedance interval.

SDO1 may be programmed as a general-purpose I/O pin (PC10) when the ESAI SDO1 function is not
being used.

10.2.3  Serial Transmit 2/Receive 3 Data Pin (SDO2/SDI3)

SDO2/SDI3 is used as the SDO2 for transmitting data from the TX2 serial transmit shift register when
programmed as a transmitter pin, or as the SDI3 signal for receiving serial data to the RX3 serial receive
shift register when programmed as a receiver pin. SDO2/SDI3 is an input when data is being received by
the RX3 shift register. SDO2/SDI3 is an output when data is being transmitted from the TX2 shift register.
In the on-demand mode with an internally generated bit clock, the SDO2/SDI3 pin becomes high
impedance for a full clock period after the last data bit has been transmitted, assuming another data word
does not follow immediately. If a data word follows immediately, there is no high-impedance interval.
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SDO2/SDI3 may be programmed as a general-purpose I/O pin (PC9) when the ESAI SDO2 and SDI3
functions are not being used.

10.2.4  Serial Transmit 3/Receive 2 Data Pin (SDO3/SDI2)

SDO3/SDI2 is used as the SDO3 signal for transmitting data from the TX3 serial transmit shift register
when programmed as a transmitter pin, or as the SDI2 signal for receiving serial data to the RX2 serial
receive shift register when programmed as a receiver pin. SDO3/SDI2 is an input when data is being
received by the RX2 shift register. SDO3/SDI2 is an output when data is being transmitted from the TX3
shift register. In the on-demand mode with an internally generated bit clock, the SDO3/SDI2 pin becomes
high impedance for a full clock period after the last data bit has been transmitted, assuming another data
word does not follow immediately. If a data word follows immediately, there is no high-impedance interval.

SDO3/SDI2 may be programmed as a general-purpose 1/O pin (PC8) when the ESAI SDO3 and SDI2
functions are not being used.

10.2.5 Serial Transmit 4/Receive 1 Data Pin (SDO4/SDI1)

SDO4/SDI1 is used as the SDO4 signal for transmitting data from the TX4 serial transmit shift register
when programmed as transmitter pin, or as the SDI1 signal for receiving serial data to the RX1 serial
receive shift register when programmed as a receiver pin. SDO4/SDI1 is an input when data is being
received by the RX1 shift register. SDO4/SDI1 is an output when data is being transmitted from the TX4
shift register. In the on-demand mode with an internally generated bit clock, the SDO4/SDI1 pin becomes
high impedance for a full clock period after the last data bit has been transmitted, assuming another data
word does not follow immediately. If a data word follows immediately, there is no high-impedance interval.

SDO04/SDI1 may be programmed as a general-purpose 1/O pin (PC7) when the ESAI SDO4 and SDI1
functions are not being used.

10.2.6 Serial Transmit 5/Receive 0 Data Pin (SDO5/SDI0)

SDO5/SDIO is used as the SDOS5 signal for transmitting data from the TX5 serial transmit shift register
when programmed as transmitter pin, or as the SDIO signal for receiving serial data to the RXO0 serial shift
register when programmed as a receiver pin. SDO5/SDIO0 is an input when data is being received by the
RX0 shift register. SDO5/SDIO is an output when data is being transmitted from the TX5 shift register. In
the on-demand mode with an internally generated bit clock, the SDO5/SDIO pin becomes high impedance
for a full clock period after the last data bit has been transmitted, assuming another data word does not
follow immediately. If a data word follows immediately, there is no high-impedance interval.

SDO5/SDI0 may be programmed as a general-purpose I/O pin (PC6) when the ESAI SDO5 and SDIO
functions are not being used.
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10.2.7

Receiver Serial Clock (SCKR)

SCKR is a bidirectional pin providing the receivers serial bit clock for the ESAI interface. The direction of
this pin is determined by the RCKD bit in the RCCR register.The SCKR operates as a clock input or output
used by all the enabled receivers in the asynchronous mode (SYN=0), or as serial flag 0 pin in the

synchronous mode (SYN=1).

When this pin is configured as serial flag pin, its direction is determined by the RCKD bit in the RCCR
register. When configured as the output flag OFO, this pin reflects the value of the OFO bit in the SAICR
register, and the data in the OFO bit shows up at the pin synchronized to the frame sync being used by the
transmitter and receiver sections. When this pin is configured as the input flag IF0, the data value at the pin
is stored in the IFO bit in the SAISR register, synchronized by the frame sync in normal mode or the slot in

network mode.

SCKR may be programmed as a general-purpose I/O pin (PC0) when the ESAI SCKR function is not being

used.

Note: Although the external ESAI serial clock can be independent of and asynchronous to the
DSP system clock, the DSP clock frequency must be at least three times the external
ESAI serial clock frequency and each ESAI serial clock phase must exceed the minimum
of 1.5 DSP clock periods.

For more information on pin mode and definition, see Table 10-7 and on receiver clock signals see

Table 10-1.
Table 10-1 Receiver Clock Sources (asynchronous mode only)
Receiver
RHCKD RFSD RCKD Bit Clock OUTPUTS
Source
0 0 0 SCKR
0 0 1 HCKR SCKR
0 1 0 SCKR FSR
0 1 1 HCKR FSR SCKR
1 0 0 SCKR HCKR
1 0 1 INT HCKR SCKR
1 1 0 SCKR HCKR FSR
1 1 1 INT HCKR FSR SCKR
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10.2.8 Transmitter Serial Clock (SCKT)

SCKT is a bidirectional pin providing the transmitters serial bit clock for the ESAI interface. The direction of
this pin is determined by the TCKD bit in the TCCR register. The SCKT is a clock input or output used by
all the enabled transmitters in the asynchronous mode (SYN=0) or by all the enabled transmitters and
receivers in the synchronous mode (SYN=1) (see Table 10-2).

Table 10-2 Transmitter Clock Sources

Transmitter
THCKD TFSD TCKD Bit Clock OUTPUTS
Source
0 0 0 SCKT
0 0 1 HCKT SCKT
0 1 0 SCKT FST
0 1 1 HCKT FST SCKT
1 0 0 SCKT HCKT
1 0 1 INT HCKT SCKT
1 1 0 SCKT HCKT FST
1 1 1 INT HCKT FST SCKT

SCKT may be programmed as a general-purpose 1/O pin (PC3) when the ESAI SCKT function is not being
used.

Note: Although the external ESAI serial clock can be independent of and asynchronous to the
DSP system clock, the DSP clock frequency must be at least three times the external
ESAI serial clock frequency and each ESAI serial clock phase must exceed the minimum
of 1.5 DSP clock periods.

10.2.9 Frame Sync for Receiver (FSR)

FSR is a bidirectional pin providing the receivers frame sync signal for the ESAI interface. The direction of
this pin is determined by the RFSD bit in RCR register. In the asynchronous mode (SYN=0), the FSR pin
operates as the frame sync input or output used by all the enabled receivers. In the synchronous mode
(SYN=1), it operates as either the serial flag 1 pin (TEBE=0), or as the transmitter external buffer enable
control (TEBE=1, RFSD=1). For further information on pin mode and definition, see Table 10-8 and on
receiver clock signals see Table 10-1.

When this pin is configured as serial flag pin, its direction is determined by the RFSD bit in the RCCR
register. When configured as the output flag OF1, this pin reflects the value of the OF1 bit in the SAICR
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register, and the data in the OF1 bit shows up at the pin synchronized to the frame sync being used by the
transmitter and receiver sections. When configured as the input flag IF 1, the data value at the pin is stored
in the IF1 bit in the SAISR register, synchronized by the frame sync in normal mode or the slot in network
mode.

FSR may be programmed as a general-purpose 1/O pin (PC1) when the ESAI FSR function is not being
used.

10.2.10 Frame Sync for Transmitter (FST)

FST is a bidirectional pin providing the frame sync for both the transmitters and receivers in the
synchronous mode (SYN=1) and for the transmitters only in asynchronous mode (SYN=0) (see

Table 10-2). The direction of this pin is determined by the TFSD bit in the TCR register. When configured
as an output, this pin is the internally generated frame sync signal. When configured as an input, this pin
receives an external frame sync signal for the transmitters (and the receivers in synchronous mode).

FST may be programmed as a general-purpose /O pin (PC4) when the ESAI FST function is not being
used.

10.2.11 High Frequency Clock for Transmitter (HCKT)

HCKT is a bidirectional pin providing the transmitters high frequency clock for the ESAI interface. The
direction of this pin is determined by the THCKD bit in the TCCR register. In the asynchronous mode
(SYN=0), the HCKT pin operates as the high frequency clock input or output used by all enabled
transmitters. In the synchronous mode (SYN=1), it operates as the high frequency clock input or output
used by all enabled transmitters and receivers. When programmed as input this pin is used as an
alternative high frequency clock source to the ESAI transmitter rather than the DSP main clock. When
programmed as output it can serve as a high frequency sample clock (to external DACs for example) or as
an additional system clock. See Table 10-2.

HCKT may be programmed as a general-purpose /O pin (PC5) when the ESAI HCKT function is not being
used.

10.2.12 High Frequency Clock for Receiver (HCKR)

HCKR is a bidirectional pin providing the receivers high frequency clock for the ESAI interface. The
direction of this pin is determined by the RHCKD bit in the RCCR register. In the asynchronous mode
(SYN=0), the HCKR pin operates as the high frequency clock input or output used by all the enabled
receivers. In the synchronous mode (SYN=1), it operates as the serial flag 2 pin. For further information on
pin mode and definition, see Table 10-9 and on receiver clock signals see Table 10-1.

When this pin is configured as serial flag pin, its direction is determined by the RHCKD bit in the RCCR
register. When configured as the output flag OF2, this pin reflects the value of the OF2 bit in the SAICR
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register, and the data in the OF2 bit shows up at the pin synchronized to the frame sync being used by the
transmitter and receiver sections. When configured as the input flag IF2, the data value at the pin is stored
in the IF2 bit in the SAISR register, synchronized by the frame sync in normal mode or the slot in network
mode.

HCKR may be programmed as a general-purpose 1/O pin (PC2) when the ESAI HCKR function is not
being used.

10.3 ESAI PROGRAMMING MODEL

The ESAI can be viewed as five control registers, one status register, six transmit data registers, four
receive data registers, two transmit slot mask registers, two receive slot mask registers and a
special-purpose time slot register. The following paragraphs give detailed descriptions and operations of
each bit in the ESAI registers.

The ESAI pins can also function as GPIO pins (Port C), described in Section 10.5, GPIO - Pins and
Registers.

10.3.1 ESAI Transmitter Clock Control Register (TCCR)

The read/write Transmitter Clock Control Register (TCCR) controls the ESAI transmitter clock generator bit
and frame sync rates, the bit clock and high frequency clock sources and the directions of the HCKT, FST
and SCKT signals. (See Figure 10-2). In the synchronous mode (SYN=1), the bit clock defined for the
transmitter determines the receiver bit clock as well. TCCR also controls the number of words per frame for
the serial data.

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB6 | TDC2 | TDC1 | TDCO | TPSR | TPM7 | TPM6 | TPM5 | TPM4 | TPM3 | TPM2 | TPM1 | TPMO

23 22 21 20 19 18 17 16 15 14 13 12
THCKD| TFSD | TCKD [THCKP| TFSP | TCKP | TFP3 | TFP2 | TFP1 | TFPO | TDC4 | TDC3

Figure 10-2 TCCR Register

Hardware and software reset clear all the bits of the TCCR register.

The TCCR control bits are described in the following paragraphs.
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10.3.1.1 TCCR Transmit Prescale Modulus Select (TPM7-TPMO) - Bits 0-7

The TPM7-TPMO bits specify the divide ratio of the prescale divider in the ESAI transmitter clock
generator. A divide ratio from 1 to 256 (TPM[7:0]=$00 to $FF) may be selected. The bit clock output is
available at the transmit serial bit clock (SCKT) pin of the DSP. The bit clock output is also available
internally for use as the bit clock to shift the transmit and receive shift registers. The ESAI transmit clock
generator functional diagram is shown in Figure 10-3.
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osc DIVIDE BY 1 DIVIDE BY 1 DIVIDE BY 1
“~ DIVIDE | | OR || ToDIVIDE BY TO DIVIDE BY
BY 2 DIVIDE BY 8 256 16
——®
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l "] LENGTH DIVIDER CLOCK
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1. Fosc is the DSP56300 Core internal clock frequency.

Figure 10-3 ESAI Clock Generator Functional Block Diagram
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10.3.1.2 TCCR Transmit Prescaler Range (TPSR) - Bit 8

The TPSR bit controls a fixed divide-by-eight prescaler in series with the variable prescaler. This bit is used
to extend the range of the prescaler for those cases where a slower bit clock is desired. When TPSR is set,
the fixed prescaler is bypassed. When TPSR is cleared, the fixed divide-by-eight prescaler is operational
(see Figure 10-3). The maximum internally generated bit clock frequency is Fosc/4; the minimum internally
generated bit clock frequency is Fosc/(2 x 8 x 256)=Fosc/4096.

Note: Do not use the combination TPSR=1 and TPM7-TPM0=$00, which causes synchronization
problems when using the internal DSP clock as source (TCKD=1 or THCKD=1).

10.3.1.3 TCCR Tx Frame Rate Divider Control (TDC4-TDCO) - Bits 9-13

The TDC4-TDCO bits control the divide ratio for the programmable frame rate dividers used to generate
the transmitter frame clocks.

In network mode, this ratio may be interpreted as the number of words per frame minus one. The divide
ratio may range from 2 to 32 (TDC[4:0]=00001 to 11111) for network mode. A divide ratio of one
(TDCJ4:0]=00000) in network mode is a special case (on-demand mode).

In normal mode, this ratio determines the word transfer rate. The divide ratio may range from 1 to 32
(TDCJ4:0]=00000 to 11111) for normal mode. In normal mode, a divide ratio of 1 (TDC[4:0]=00000) provides
continuous periodic data word transfers. A bit-length frame sync (TFSL=1) must be used in this case.

The ESAI frame sync generator functional diagram is shown in Figure 10-4.
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Figure 10-4 ESAI Frame Sync Generator Functional Block Diagram
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10.3.1.4 TCCR Tx High Frequency Clock Divider (TFP3-TFPO) - Bits 14-17

The TFP3-TFPO bits control the divide ratio of the transmitter high frequency clock to the transmitter serial
bit clock when the source of the high frequency clock and the bit clock is the internal DSP clock. When the
HCKT input is being driven from an external high frequency clock, the TFP3-TFPO bits specify an
additional division ratio in the clock divider chain. See Table 10-3 for the specification of the divide ratio.
The ESAI high frequency clock generator functional diagram is shown in Figure 10-3.
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Table 10-3 Transmitter High Frequency Clock Divider

TFP3-TFPO Divide Ratio
$0 1
$1 2
$2 3
$3 4
$F 16
10.3.1.5 TCCR Transmit Clock Polarity (TCKP) - Bit 18

The Transmitter Clock Polarity (TCKP) bit controls on which bit clock edge data and frame sync are
clocked out and latched in. If TCKP is cleared the data and the frame sync are clocked out on the rising
edge of the transmit bit clock and latched in on the falling edge of the transmit bit clock. If TCKP is set the
falling edge of the transmit clock is used to clock the data out and frame sync and the rising edge of the
transmit clock is used to latch the data and frame sync in.

10.3.1.6 TCCR Transmit Frame Sync Polarity (TFSP) - Bit 19

The Transmitter Frame Sync Polarity (TFSP) bit determines the polarity of the transmit frame sync signal.
When TFSP is cleared, the frame sync signal polarity is positive (i.e the frame start is indicated by a high
level on the frame sync pin). When TFSP is set, the frame sync signal polarity is negative (i.e the frame
start is indicated by a low level on the frame sync pin).

10.3.1.7 TCCR Transmit High Frequency Clock Polarity (THCKP) - Bit 20

The Transmitter High Frequency Clock Polarity (THCKP) bit controls on which bit clock edge data and
frame sync are clocked out and latched in. If THCKP is cleared the data and the frame sync are clocked
out on the rising edge of the transmit bit clock and latched in on the falling edge of the transmit bit clock. If
THCKP is set the falling edge of the transmit clock is used to clock the data out and frame sync and the
rising edge of the transmit clock is used to latch the data and frame sync in.

10.3.1.8 TCCR Transmit Clock Source Direction (TCKD) - Bit 21

The Transmitter Clock Source Direction (TCKD) bit selects the source of the clock signal used to clock the
transmit shift registers in the asynchronous mode (SYN=0) and the transmit shift registers and the receive
shift registers in the synchronous mode (SYN=1). When TCKD is set, the internal clock source becomes
the bit clock for the transmit shift registers and word length divider and is the output on the SCKT pin.
When TCKD is cleared, the clock source is external; the internal clock generator is disconnected from the
SCKT pin, and an external clock source may drive this pin. See Table 10-2.
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10.3.1.9 TCCR Transmit Frame Sync Signal Direction (TFSD) - Bit 22

TFSD controls the direction of the FST pin. When TFSD is cleared, FST is an input; when TFSD is set,
FST is an output. See Table 10-2.

10.3.1.10 TCCR Transmit High Frequency Clock Direction (THCKD) - Bit 23

THCKD controls the direction of the HCKT pin. When THCKD is cleared, HCKT is an input; when THCKD
is set, HCKT is an output. See Table 10-2.

10.3.2 ESAI Transmit Control Register (TCR)

The read/write Transmit Control Register (TCR) controls the ESAI transmitter section. Interrupt enable bits
for the transmitter section are provided in this control register. Operating modes are also selected in this
register. See Figure 10-5.

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB5 [TSWS1|TSWS0OTMOD1TMODO| TWA |TSHFD| TE5 | TE4 | TE3 | TE2 | TE1 TEO

23 22 21 20 19 18 17 16 15 14 13 12
TLIE | TIE |TEDIE| TEIE | TPR PADC | TFSR | TFSL [TSWS4|TSWS3|TSWS2

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-5 TCR Register

Hardware and software reset clear all the bits in the TCR register.

The TCR bits are described in the following paragraphs.

10.3.2.1 TCR ESAI Transmit 0 Enable (TEO) - Bit 0

TEO enables the transfer of data from TXO to the transmit shift register #0. When TEO is set and a frame
sync is detected, the transmit #0 portion of the ESAI is enabled for that frame. When TEOQ is cleared, the
transmitter #0 is disabled after completing transmission of data currently in the ESAI transmit shift register.
The SDOO output is tri-stated, and any data present in TXO is not transmitted (i.e., data can be written to
TXO0 with TEO cleared; but data is not transferred to the transmit shift register #0).

The normal mode transmit enable sequence is to write data to one or more transmit data registers before
setting TEx. The normal transmit disable sequence is to clear TEx, TIE and TEIE after TDE equals one.
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In the network mode, the operation of clearing TEO and setting it again disables the transmitter #0 after
completing transmission of the current data word until the beginning of the next frame. During that time
period, the SDOO pin remains in the high-impedance state.The on-demand mode transmit enable
sequence can be the same as the normal mode, or TEO can be left enabled.

10.3.2.2 TCR ESAI Transmit 1 Enable (TE1) - Bit 1

TE1 enables the transfer of data from TX1 to the transmit shift register #1. When TE1 is set and a frame
sync is detected, the transmit #1 portion of the ESAI is enabled for that frame. When TE1 is cleared, the
transmitter #1 is disabled after completing transmission of data currently in the ESAI transmit shift register.
The SDO1 output is tri-stated, and any data present in TX1 is not transmitted (i.e., data can be written to
TX1 with TE1 cleared; but data is not transferred to the transmit shift register #1).

The normal mode transmit enable sequence is to write data to one or more transmit data registers before
setting TEx. The normal transmit disable sequence is to clear TEx, TIE and TEIE after TDE equals one.

In the network mode, the operation of clearing TE1 and setting it again disables the transmitter #1 after
completing transmission of the current data word until the beginning of the next frame. During that time
period, the SDO1 pin remains in the high-impedance state. The on-demand mode transmit enable
sequence can be the same as the normal mode, or TE1 can be left enabled.

10.3.2.3 TCR ESAI Transmit 2 Enable (TE2) - Bit 2

TE2 enables the transfer of data from TX2 to the transmit shift register #2. When TE2 is set and a frame sync
is detected, the transmit #2 portion of the ESAI is enabled for that frame. When TE2 is cleared, the transmitter
#2 is disabled after completing transmission of data currently in the ESAI transmit shift register. Data can be
written to TX2 when TE2 is cleared but the data is not transferred to the transmit shift register #2.

The SDO2/SDI3 pin is the data input pin for RX3 if TE2 is cleared and RE3 in the RCR register is set. If
both RE3 and TE2 are cleared the transmitter and receiver are disabled, and the pin is tri-stated. Both RE3
and TE2 should not be set at the same time.

The normal mode transmit enable sequence is to write data to one or more transmit data registers before
setting TEx. The normal transmit disable sequence is to clear TEx, TIE and TEIE after TDE equals one.

In the network mode, the operation of clearing TE2 and setting it again disables the transmitter #2 after
completing transmission of the current data word until the beginning of the next frame. During that time
period, the SDO2/SDI3 pin remains in the high-impedance state. The on-demand mode transmit enable
sequence can be the same as the normal mode, or TE2 can be left enabled.

10.3.2.4 TCR ESAI Transmit 3 Enable (TE3) - Bit 3

TES3 enables the transfer of data from TX3 to the transmit shift register #3. When TE3 is set and a frame sync
is detected, the transmit #3 portion of the ESAI is enabled for that frame. When TE3 is cleared, the transmitter
#3 is disabled after completing transmission of data currently in the ESAI transmit shift register. Data can be
written to TX3 when TES is cleared but the data is not transferred to the transmit shift register #3.

The SDO3/SDI2 pin is the data input pin for RX2 if TE3 is cleared and RE2 in the RCR register is set. If
both RE2 and TE3 are cleared the transmitter and receiver are disabled, and the pin is tri-stated. Both RE2
and TE3 should not be set at the same time.
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The normal mode transmit enable sequence is to write data to one or more transmit data registers before
setting TEx. The normal transmit disable sequence is to clear TEx, TIE and TEIE after TDE equals one.

In the network mode, the operation of clearing TE3 and setting it again disables the transmitter #3 after

completing transmission of the current data word until the beginning of the next frame. During that time

period, the SDO3/SDI2 pin remains in the high-impedance state. The on-demand mode transmit enable
sequence can be the same as the normal mode, or TE3 can be left enabled.

10.3.2.5 TCR ESAI Transmit 4 Enable (TE4) - Bit 4

TE4 enables the transfer of data from TX4 to the transmit shift register #4. When TE4 is set and a frame sync
is detected, the transmit #4 portion of the ESAI is enabled for that frame. When TE4 is cleared, the transmitter
#4 is disabled after completing transmission of data currently in the ESAI transmit shift register. Data can be
written to TX4 when TE4 is cleared but the data is not transferred to the transmit shift register #4.

The SDO4/SDI1 pin is the data input pin for RX1 if TE4 is cleared and RE1 in the RCR register is set. If
both RE1 and TE4 are cleared the transmitter and receiver are disabled, and the pin is tri-stated. Both RE1
and TE4 should not be set at the same time.

The normal mode transmit enable sequence is to write data to one or more transmit data registers before
setting TEx. The normal transmit disable sequence is to clear TEx, TIE and TEIE after TDE equals one.

In the network mode, the operation of clearing TE4 and setting it again disables the transmitter #4 after

completing transmission of the current data word until the beginning of the next frame. During that time

period, the SDO4/SDI1 pin remains in the high-impedance state. The on-demand mode transmit enable
sequence can be the same as the normal mode, or TE4 can be left enabled.

10.3.2.6 TCR ESAI Transmit 5 Enable (TES5) - Bit 5

TES5 enables the transfer of data from TX5 to the transmit shift register #5. When TES5 is set and a frame sync
is detected, the transmit #5 portion of the ESAI is enabled for that frame. When TES5 is cleared, the transmitter
#5 is disabled after completing transmission of data currently in the ESAI transmit shift register. Data can be
written to TX5 when TES is cleared but the data is not transferred to the transmit shift register #5.

The SDO5/SDIO pin is the data input pin for RXO0 if TE5 is cleared and REO in the RCR register is set. If
both REO and TES5 are cleared the transmitter and receiver are disabled, and the pin is tri-stated. Both REO
and TES should not be set at the same time.

The normal mode transmit enable sequence is to write data to one or more transmit data registers before
setting TEx. The normal transmit disable sequence is to clear TEx, TIE and TEIE after TDE equals one.

In the network mode, the operation of clearing TE5 and setting it again disables the transmitter #5 after

completing transmission of the current data word until the beginning of the next frame. During that time

period, the SDO5/SDIO pin remains in the high-impedance state. The on-demand mode transmit enable
sequence can be the same as the normal mode, or TE5 can be left enabled.

10.3.2.7 TCR Transmit Shift Direction (TSHFD) - Bit 6

The TSHFD bit causes the transmit shift registers to shift data out MSB first when TSHFD equals zero or
LSB first when TSHFD equals one (see Figure 10-13 and Figure 10-14).
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10.3.2.8 TCR Transmit Word Alignment Control (TWA) - Bit 7

The Transmitter Word Alignment Control (TWA) bit defines the alignment of the data word in relation to the
slot. This is relevant for the cases where the word length is shorter than the slot length. If TWA is cleared,
the data word is left-aligned in the slot frame during transmission. If TWA is set, the data word is
right-aligned in the slot frame during transmission.

Since the data word is shorter than the slot length, the data word is extended until achieving the slot
length, according to the following rule:

1. If the data word is left-aligned (TWA=0), and zero padding is disabled (PADC=0), then the last
data bit is repeated after the data word has been transmitted. If zero padding is enabled
(PADC=1), zeroes are transmitted after the data word has been transmitted.

2. If the data word is right-aligned (TWA=1), and zero padding is disabled (PADC=0), then the first
data bit is repeated before the transmission of the data word. If zero padding is enabled
(PADC=1), zeroes are transmitted before the transmission of the data word.

10.3.2.9 TCR Transmit Network Mode Control (TMOD1-TMODO) - Bits 8-9

The TMOD1 and TMODO bits are used to define the network mode of ESAI transmitters according to
Table 10-4. In the normal mode, the frame rate divider determines the word transfer rate — one word is
transferred per frame sync during the frame sync time slot, as shown in Figure 10-6. In network mode, it is
possible to transfer a word for every time slot, as shown in Figure 10-6. For more details, see Section 10.4,
Operating Modes.

In order to comply with AC-97 specifications, TSWS4-TSWSO0 should be set to 00011 (20-bit slot, 20-bit
word length), TFSL and TFSR should be cleared, and TDC4-TDCO should be set to $0C (13 words in
frame). If TMOD[1:0]=$11 and the above recommendations are followed, the first slot and word will be 16
bits long, and the next 12 slots and words will be 20 bits long, as required by the AC97 protocol.

Table 10-4 Transmit Network Mode Selection

TMOD1 TMODO TDC4-TDCO Transmitter Network Mode
0 0 $0-$1F Normal Mode
0 1 $0 On-Demand Mode
0 1 $1-$1F Network Mode
1 0 X Reserved
1 1 $oC AC97
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10.3.2.10

ESAI Programming Model

TCR Tx Slot and Word Length Select (TSWS4-TSWSO0) - Bits 10-14

The TSWS4-TSWSO bits are used to select the length of the slot and the length of the data words being
transferred via the ESAI. The word length must be equal to or shorter than the slot length. The possible
combinations are shown in Table 10-5. See also the ESAI data path programming model in Figure 10-13

and Figure 10-14.

Table 10-5 ESAI Transmit Slot and Word Length Selection

TSWS4 | TSWS3 | TSWS2 | TSWS1 | TSWS0 | SLOT LENGTH | WORD LENGTH
0 0 0 0 0 8 8
0 0 1 0 0 12 8
0 0 0 0 1 12
0 1 0 0 0 16 8
0 0 1 0 1 12
0 0 0 1 0 16
0 1 1 0 0 20 8
0 1 0 0 1 12
0 0 1 1 0 16
0 0 0 1 1 20
1 0 0 0 0 24 8
0 1 1 0 1 12
0 1 0 1 0 16
0 0 1 1 1 20
1 1 1 1 0 24
1 1 0 0 0 32 8
1 0 1 0 1 12
1 0 0 1 0 16
0 1 1 1 1 20
1 1 1 1 1 24
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Table 10-5 ESAI Transmit Slot and Word Length Selection (Continued)

TSWS4 | TSWS3 | TSWS2 | TSWS1 | TSWSO0 | SLOT LENGTH | WORD LENGTH
0 1 0 1 1 Reserved
0 1 1 1 0
1 0 0 0 1
1 0 0 1 1
1 0 1 0 0
1 0 1 1 0
1 0 1 1 1
1 1 0 0 1
1 1 0 1 0
1 1 0 1 1
1 1 1 0 0
1 1 1 0 1
10.3.2.11 TCR Transmit Frame Sync Length (TFSL) - Bit 15

The TFSL bit selects the length of frame sync to be generated or recognized. If TFSL is cleared, a
word-length frame sync is selected. If TFSL is set, a 1-bit clock period frame sync is selected. See

Figure 10-7 for examples of frame length selection.
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Figure 10-7 Frame Length Selection
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10.3.2.12 TCR Transmit Frame Sync Relative Timing (TFSR) - Bit 16

TFSR determines the relative timing of the transmit frame sync signal as referred to the serial data lines,
for a word length frame sync only (TFSL=0). When TFSR is cleared the word length frame sync occurs
together with the first bit of the data word of the first slot. When TFSR is set the word length frame sync
starts one serial clock cycle earlier (i.e together with the last bit of the previous data word).

10.3.2.13 TCR Transmit Zero Padding Control (PADC) - Bit 17

When PADC is cleared, zero padding is disabled. When PADC is set, zero padding is enabled. PADC, in
conjunction with the TWA control bit, determines the way that padding is done for operating modes where
the word length is less than the slot length. See the TWA bit description in Section 10.3.2.8, TCR Transmit
Word Alignment Control (TWA) - Bit 7 for more details.

Since the data word is shorter than the slot length, the data word is extended until achieving the slot
length, according to the following rule:

1. If the data word is left-aligned (TWA=0), and zero padding is disabled (PADC=0), then the last
data bit is repeated after the data word has been transmitted. If zero padding is enabled
(PADC=1), zeroes are transmitted after the data word has been transmitted.

2. If the data word is right-aligned (TWA=1), and zero padding is disabled (PADC=0), then the first
data bit is repeated before the transmission of the data word. If zero padding is enabled
(PADC=1), zeroes are transmitted before the transmission of the data word.

10.3.2.14 TCR Reserved Bit - Bits 18

This bit is reserved. It reads as zero, and it should be written with zero for future compatibility.

10.3.2.15 TCR Transmit Section Personal Reset (TPR) - Bit 19

The TPR control bit is used to put the transmitter section of the ESAI in the personal reset state. The
receiver section is not affected. When TPR is cleared, the transmitter section may operate normally. When
TPR is set, the transmitter section enters the personal reset state immediately. When in the personal reset
state, the status bits are reset to the same state as after hardware reset. The control bits are not affected
by the personal reset state. The transmitter data pins are tri-stated while in the personal reset state; if a
stable logic level is desired, the transmitter data pins should be defined as GPIO outputs, or external
pull-up or pull-down resistors should be used. The transmitter clock outputs drive zeroes while in the
personal reset state. Note that to leave the personal reset state by clearing TPR, the procedure described
in Section 10.6, ESAI Initialization Examples should be followed.

10.3.2.16 TCR Transmit Exception Interrupt Enable (TEIE) - Bit 20

When TEIE is set, the DSP is interrupted when both TDE and TUE in the SAISR status register are set.
When TEIE is cleared, this interrupt is disabled. Reading the SAISR status register followed by writing to
all the data registers of the enabled transmitters clears TUE, thus clearing the pending interrupt.
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10.3.2.17 TCR Transmit Even Slot Data Interrupt Enable (TEDIE) - Bit 21

The TEDIE control bit is used to enable the transmit even slot data interrupts. If TEDIE is set, the transmit
even slot data interrupts are enabled. If TEDIE is cleared, the transmit even slot data interrupts are
disabled. A transmit even slot data interrupt request is generated if TEDIE is set and the TEDE status flag
in the SAISR status register is set. Even time slots are all even-numbered time slots (0, 2, 4, etc.) when
operating in network mode. The zero time slot in the frame is marked by the frame sync signal and is
considered to be even. Writing data to all the data registers of the enabled transmitters or to TSR clears
the TEDE flag, thus servicing the interrupt.

Transmit interrupts with exception have higher priority than transmit even slot data interrupts, therefore if
exception occurs (TUE is set) and TEIE is set, the ESAI requests an ESAI transmit data with exception
interrupt from the interrupt controller.

10.3.2.18 TCR Transmit Interrupt Enable (TIE) - Bit 22

The DSP is interrupted when TIE and the TDE flag in the SAISR status register are set. When TIE is
cleared, this interrupt is disabled. Writing data to all the data registers of the enabled transmitters or to TSR
clears TDE, thus clearing the interrupt.

Transmit interrupts with exception have higher priority than normal transmit data interrupts, therefore if
exception occurs (TUE is set) and TEIE is set, the ESAI requests an ESAI transmit data with exception
interrupt from the interrupt controller.

10.3.2.19 TCR Transmit Last Slot Interrupt Enable (TLIE) - Bit 23

TLIE enables an interrupt at the beginning of last slot of a frame in network mode. When TLIE is set the
DSP is interrupted at the start of the last slot in a frame in network mode regardless of the transmit mask
register setting. When TLIE is cleared the transmit last slot interrupt is disabled. TLIE is disabled when
TDCJ4:0]=$00000 (on-demand mode). The use of the transmit last slot interrupt is described in Section
10.4.3, ESAI Interrupt Requests.

10.3.3 ESAI Receive Clock Control Register (RCCR)

The read/write Receive Clock Control Register (RCCR) controls the ESAI receiver clock generator bit and
frame sync rates, word length, and number of words per frame for the serial data. The RCCR control bits
are described in the following paragraphs (see Figure 10-8).
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11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB8 | RDC2 | RDC1 | RDCO | RPSR | RPM7 | RPM6 | RPM5 | RPM4 | RPM3 | RPM2 | RPM1 | RPMO

23 22 21 20 19 18 17 16 15 14 13 12
RHCKD| RFSD | RCKD |RHCKP| RFSP | RCKP | RFP3 | RFP2 | RFP1 | RFP0O | RDC4 | RDC3

Figure 10-8 RCCR Register

Hardware and software reset clear all the bits of the RCCR register.

10.3.3.1 RCCR Receiver Prescale Modulus Select (RPM7-RPMO0) - Bits 7-0

The RPM7-RPMO bits specify the divide ratio of the prescale divider in the ESAI receiver clock generator.
A divide ratio from 1 to 256 (RPM[7:0]=$00 to $FF) may be selected. The bit clock output is available at the
receiver serial bit clock (SCKR) pin of the DSP. The bit clock output is also available internally for use as
the bit clock to shift the receive shift registers. The ESAI receive clock generator functional diagram is
shown in Figure 10-3.

10.3.3.2 RCCR Receiver Prescaler Range (RPSR) - Bit 8

The RPSR controls a fixed divide-by-eight prescaler in series with the variable prescaler. This bit is used to
extend the range of the prescaler for those cases where a slower bit clock is desired. When RPSR is set,
the fixed prescaler is bypassed. When RPSR is cleared, the fixed divide-by-eight prescaler is operational
(see Figure 10-3). The maximum internally generated bit clock frequency is Fosc/4, the minimum internally
generated bit clock frequency is Fosc/(2 x 8 x 256)=Fosc/4096.

Note: Do not use the combination RPSR=1 and RPM7-RPM0=$00, which causes
synchronization problems when using the internal DSP clock as source (RHCKD=1 or
RCKD=1).

10.3.3.3 RCCR Rx Frame Rate Divider Control (RDC4-RDCO0) - Bits 9-13

The RDC4-RDCO bits control the divide ratio for the programmable frame rate dividers used to generate
the receiver frame clocks.

In network mode, this ratio may be interpreted as the number of words per frame minus one. The divide
ratio may range from 2 to 32 (RDC[4:0]=00001 to 11111) for network mode. A divide ratio of one
(RDC[4:0]=00000) in network mode is a special case (on-demand mode).

In normal mode, this ratio determines the word transfer rate. The divide ratio may range from 1 to 32
(RDC[4:0]=00000 to 11111) for normal mode. In normal mode, a divide ratio of one (RDC[4:0]=00000) provides
continuous periodic data word transfers. A bit-length frame sync (RFSL=1) must be used in this case.

The ESAI frame sync generator functional diagram is shown in Figure 10-4.
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10.3.3.4 RCCR Rx High Frequency Clock Divider (RFP3-RFPO) - Bits 14-17

The RFP3-RFPO bits control the divide ratio of the receiver high frequency clock to the receiver serial bit
clock when the source of the receiver high frequency clock and the bit clock is the internal DSP clock.
When the HCKR input is being driven from an external high frequency clock, the RFP3-RFPO bits specify
an additional division ration in the clock divider chain. See Table 10-6 for the specification of the divide
ratio. The ESAI high frequency generator functional diagram is shown in Figure 10-3.

Table 10-6 Receiver High Frequency Clock Divider

RFP3-RFPO Divide Ratio
$0 1
$1 2
$2 3
$3 4
$F 16
10.3.3.5 RCCR Receiver Clock Polarity (RCKP) - Bit 18

The Receiver Clock Polarity (RCKP) bit controls on which bit clock edge data and frame sync are clocked
out and latched in. If RCKP is cleared the data and the frame sync are clocked out on the rising edge of the
receive bit clock and the frame sync is latched in on the falling edge of the receive bit clock. If RCKP is set
the falling edge of the receive clock is used to clock the data and frame sync out and the rising edge of the
receive clock is used to latch the frame sync in.

10.3.3.6 RCCR Receiver Frame Sync Polarity (RFSP) - Bit 19

The Receiver Frame Sync Polarity (RFSP) determines the polarity of the receive frame sync signal. When
RFSP is cleared the frame sync signal polarity is positive (i.e the frame start is indicated by a high level on
the frame sync pin). When RFSP is set the frame sync signal polarity is negative (i.e the frame start is
indicated by a low level on the frame sync pin).

10.3.3.7 RCCR Receiver High Frequency Clock Polarity (RHCKP) - Bit 20

The Receiver High Frequency Clock Polarity (RHCKP) bit controls on which bit clock edge data and frame
sync are clocked out and latched in. If RHCKP is cleared the data and the frame sync are clocked out on
the rising edge of the receive bit clock and the frame sync is latched in on the falling edge of the receive bit
clock. If RHCKP is set the falling edge of the receive clock is used to clock the data and frame sync out and
the rising edge of the receive clock is used to latch the frame sync in.
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10.3.3.8 RCCR Receiver Clock Source Direction (RCKD) - Bit 21

The Receiver Clock Source Direction (RCKD) bit selects the source of the clock signal used to clock the
receive shift register in the asynchronous mode (SYN=0) and the IFO/OFO flag direction in the
synchronous mode (SYN=1).

In the asynchronous mode when RCKD is set, the internal clock source becomes the bit clock for the
receive shift registers and word length divider, and is the output on the SCKR pin. In the asynchronous
mode when RCKD is cleared, the clock source is external; the internal clock generator is disconnected
from the SCKR pin, and an external clock source may drive this pin.

In the synchronous mode when RCKD is set, the SCKR pin becomes the OFO0 output flag. If RCKD is
cleared, then the SCKR pin becomes the IF0 input flag. See Table 10-1 and Table 10-7.

Table 10-7 SCKR Pin Definition Table

Control Bits
SCKR PIN
SYN RCKD
0 0 SCKR input
0 1 SCKR output
1 0 IFO
1 1 OFO0
10.3.3.9 RCCR Receiver Frame Sync Signal Direction (RFSD) - Bit 22

The Receiver Frame Sync Signal Direction (RFSD) bit selects the source of the receiver frame sync signal
when in the asynchronous mode (SYN=0), and the IF1/OF1/Transmitter Buffer Enable flag direction in the
synchronous mode (SYN=1).

In the asynchronous mode when RFSD is set, the internal clock generator becomes the source of the
receiver frame sync, and is the output on the FSR pin. In the asynchronous mode when RFSD is cleared,
the receiver frame sync source is external; the internal clock generator is disconnected from the FSR pin,
and an external clock source may drive this pin.

In the synchronous mode when RFSD is set, the FSR pin becomes the OF1 output flag or the Transmitter
Buffer Enable, according to the TEBE control bit. If RFSD is cleared, then the FSR pin becomes the IF1
input flag. See Table 10-1 and Table 10-8.
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Table 10-8 FSR Pin Definition Table

Control Bits
FSR Pin
SYN TEBE RFSD
0 X 0 FSR input
0 X 1 FSR output
1 0 0 IF1
1 0 1 OF1
1 1 0 reserved
1 1 1 Transmitter
Buffer Enable

10.3.3.10 RCCR Receiver High Frequency Clock Direction (RHCKD) - Bit 23

The Receiver High Frequency Clock Direction (RHCKD) bit selects the source of the receiver high
frequency clock when in the asynchronous mode (SYN=0), and the IF2/OF2 flag direction in the
synchronous mode (SYN=1).

In the asynchronous mode when RHCKD is set, the internal clock generator becomes the source of the
receiver high frequency clock, and is the output on the HCKR pin. In the asynchronous mode when
RHCKD is cleared, the receiver high frequency clock source is external; the internal clock generator is
disconnected from the HCKR pin, and an external clock source may drive this pin.

When RHCKD is cleared, HCKR is an input; when RHCKD is set, HCKR is an output.
In the synchronous mode when RHCKD is set, the HCKR pin becomes the OF2 output flag. If RHCKD is
cleared, then the HCKR pin becomes the IF2 input flag. See Table 10-1 and Table 10-9.

Table 10-9 HCKR Pin Definition Table

Control Bits
HCKR PIN
SYN RHCKD
0 0 HCKR input
0 1 HCKR output
1 0 IF2
1 1 OF2
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10.3.4 ESAI Receive Control Register (RCR)

The read/write Receive Control Register (RCR) controls the ESAI receiver section. Interrupt enable bits for
the receivers are provided in this control register. The receivers are enabled in this register (0,1,2 or 3
receivers can be enabled) if the input data pin is not used by a transmitter. Operating modes are also
selected in this register.

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB7 |RSWS1|RSWS0[RMOD1|RMODO| RWA |RSHFD RE3 RE2 RE1 REO

23 22 21 20 19 18 17 16 15 14 13 12
RLIE RIE |REDIE| REIE | RPR RFSR | RFSL |RSWS4|RSWS3|RSWS2

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-9 RCR Register

Hardware and software reset clear all the bits in the RCR register.

The ESAI RCR bits are described in the following paragraphs.

10.3.4.1 RCR ESAI Receiver 0 Enable (REO) - Bit 0

When REOQ is set and TE5 is cleared, the ESAI receiver 0 is enabled and samples data at the SDO5/SDI0
pin. TX5 and RX0 should not be enabled at the same time (RE0=1 and TE5=1). When REQO is cleared,
receiver 0 is disabled by inhibiting data transfer into RXO. If this bit is cleared while receiving a data word,
the remainder of the word is shifted in and transferred to the RX0 data register.

If REQ is set while some of the other receivers are already in operation, the first data word received in RX0
will be invalid and must be discarded.

10.3.4.2 RCR ESAI Receiver 1 Enable (RE1) - Bit 1

When RE1 is set and TE4 is cleared, the ESAI receiver 1 is enabled and samples data at the SDO4/SDI1
pin. TX4 and RX1 should not be enabled at the same time (RE1=1 and TE4=1). When RE1 is cleared,
receiver 1 is disabled by inhibiting data transfer into RX1. If this bit is cleared while receiving a data word,
the remainder of the word is shifted in and transferred to the RX1 data register.

If RE1 is set while some of the other receivers are already in operation, the first data word received in RX1
will be invalid and must be discarded.
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10.3.4.3 RCR ESAI Receiver 2 Enable (RE2) - Bit 2

When RE2 is set and TE3 is cleared, the ESAI receiver 2 is enabled and samples data at the SDO3/SDI2
pin. TX3 and RX2 should not be enabled at the same time (RE2=1 and TE3=1). When RE2 is cleared,
receiver 2 is disabled by inhibiting data transfer into RX2. If this bit is cleared while receiving a data word,
the remainder of the word is shifted in and transferred to the RX2 data register.

If RE2 is set while some of the other receivers are already in operation, the first data word received in RX2
will be invalid and must be discarded.

10.3.4.4 RCR ESAI Receiver 3 Enable (RE3) - Bit 3

When RE3 is set and TE2 is cleared, the ESAI receiver 3 is enabled and samples data at the SDO2/SDI3
pin. TX2 and RX3 should not be enabled at the same time (RE3=1 and TE2=1). When RE3 is cleared,
receiver 3 is disabled by inhibiting data transfer into RX3. If this bit is cleared while receiving a data word,
the remainder of the word is shifted in and transferred to the RX3 data register.

If RE3 is set while some of the other receivers are already in operation, the first data word received in RX3
will be invalid and must be discarded.

10.3.4.5 RCR Reserved Bits - Bits 4-5, 17-18

These bits are reserved. They read as zero, and they should be written with zero for future compatibility.

10.3.4.6 RCR Receiver Shift Direction (RSHFD) - Bit 6

The RSHFD bit causes the receiver shift registers to shift data in MSB first when RSHFD is cleared or LSB
first when RSHFD is set (see Figure 10-13 and Figure 10-14).

10.3.4.7 RCR Receiver Word Alignment Control (RWA) - Bit 7

The Receiver Word Alignment Control (RWA) bit defines the alignment of the data word in relation to the
slot. This is relevant for the cases where the word length is shorter than the slot length. If RWA is cleared,
the data word is assumed to be left-aligned in the slot frame. If RWA is set, the data word is assumed to be
right-aligned in the slot frame.

If the data word is shorter than the slot length, the data bits which are not in the data word field are ignored.
For data word lengths of less than 24 bits, the data word is right-extended with zeroes before being stored

in the receive data registers.

10.3.4.8 RCR Receiver Network Mode Control (RMOD1-RMODO) - Bits 8-9

The RMOD1 and RMODO bits are used to define the network mode of the ESAI receivers according to
Table 10-10. In the normal mode, the frame rate divider determines the word transfer rate — one word is
transferred per frame sync during the frame sync time slot, as shown in Figure 10-6. In network mode, it is
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possible to transfer a word for every time slot, as shown in Figure 10-6. For more details, see Section 10.4,
Operating Modes.

In order to comply with AC-97 specifications, RSWS4-RSWSO0 should be set to 00011 (20-bit slot, 20-bit
word), RFSL and RFSR should be cleared, and RDC4-RDCO should be set to $0C (13 words in frame).

Table 10-10 ESAI Receive Network Mode Selection

RMOD1 RMODO0 RD%‘;—RD Receiver Network Mode
0 0 $0-$1F Normal Mode
0 1 $0 On-Demand Mode
0 1 $1-$1F Network Mode
1 0 X Reserved
1 1 $0C AC97
10.3.4.9 RCR Receiver Slot and Word Select (RSWS4-RSWS0) - Bits 10-14

The RSWS4-RSWSO0 bits are used to select the length of the slot and the length of the data words being
received via the ESAI. The word length must be equal to or shorter than the slot length. The possible
combinations are shown in Table 10-11. See also the ESAI data path programming model in Figure 10-13
and Figure 10-14.

Table 10-11 ESAI Receive Slot and Word Length Selection

RSWS4 | RSWS3 | RSWS2 | RSWS1 | RSWS0 | SLOT LENGTH | WORD LENGTH
0 0 0 0 0 8 8
0 0 1 0 0 12 8
0 0 0 0 1 12
0 1 0 0 0 16 8
0 0 1 0 1 12
0 0 0 1 0 16
0 1 1 0 0 20 8
0 1 0 0 1 12
0 0 1 1 0 16
0 0 0 1 1 20

10-30 DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA



Enhanced Serial Audio Interface (ESAI)
ESAI Programming Model

Table 10-11 ESAI Receive Slot and Word Length Selection (Continued)

RSWS4 | RSWS3 | RSWS2 | RSWS1 | RSWS0 | SLOT LENGTH | WORD LENGTH

24 8

12
16
20
24
32 8

12
16
20
24

o
o
o
o

Reserved

Al alalalalalala|laln|olo|n|lo| =m0 o~
Al ol a|lo|lojo|lolo|ala|alajlolo] m| o] a -~
Al a|lo|lo|lo|a|lala|lolo|alo|a|la|loaloala|lof -~
o|lo| ~a|alo|ala|lola|loalalalalalo|ola|alalo
a2l ol a|lo|la|la|lojo|ala|loa|ala|loa|loo] ~|of ~

10.3.4.10 RCR Receiver Frame Sync Length (RFSL) - Bit 15

The RFSL bit selects the length of the receive frame sync to be generated or recognized. If RFSL is
cleared, a word-length frame sync is selected. If RFSL is set, a 1-bit clock period frame sync is selected.
See Figure 10-7 for examples of frame length selection.

10.3.4.11 RCR Receiver Frame Sync Relative Timing (RFSR) - Bit 16

RFSR determines the relative timing of the receive frame sync signal as referred to the serial data lines, for
a word length frame sync only. When RFSR is cleared the word length frame sync occurs together with the
first bit of the data word of the first slot. When RFSR is set the word length frame sync starts one serial
clock cycle earlier (i.e. together with the last bit of the previous data word).
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10.3.4.12 RCR Receiver Section Personal Reset (RPR) - Bit 19

The RPR control bit is used to put the receiver section of the ESAI in the personal reset state. The
transmitter section is not affected. When RPR is cleared, the receiver section may operate normally. When
RPR is set, the receiver section enters the personal reset state immediately. When in the personal reset
state, the status bits are reset to the same state as after hardware reset.The control bits are not affected by
the personal reset state.The receiver data pins are disconnected while in the personal reset state. Note
that to leave the personal reset state by clearing RPR, the procedure described in Section 10.6, ESA/
Initialization Examples should be followed.

10.3.4.13 RCR Receive Exception Interrupt Enable (REIE) - Bit 20

When REIE is set, the DSP is interrupted when both RDF and ROE in the SAISR status register are set.
When REIE is cleared, this interrupt is disabled. Reading the SAISR status register followed by reading the
enabled receivers data registers clears ROE, thus clearing the pending interrupt.

10.3.4.14 RCR Receive Even Slot Data Interrupt Enable (REDIE) - Bit 21

The REDIE control bit is used to enable the receive even slot data interrupts. If REDIE is set, the receive
even slot data interrupts are enabled. If REDIE is cleared, the receive even slot data interrupts are
disabled. A receive even slot data interrupt request is generated if REDIE is set and the REDF status flag
in the SAISR status register is set. Even time slots are all even-numbered time slots (0, 2, 4, etc.) when
operating in network mode. The zero time slot is marked by the frame sync signal and is considered to be
even. Reading all the data registers of the enabled receivers clears the REDF flag, thus servicing the
interrupt.

Receive interrupts with exception have higher priority than receive even slot data interrupts, therefore if
exception occurs (ROE is set) and REIE is set, the ESAI requests an ESAI receive data with exception
interrupt from the interrupt controller.

10.3.4.15 RCR Receive Interrupt Enable (RIE) - Bit 22

The DSP is interrupted when RIE and the RDF flag in the SAISR status register are set. When RIE is
cleared, this interrupt is disabled. Reading the receive data registers of the enabled receivers clears RDF,
thus clearing the interrupt.

Receive interrupts with exception have higher priority than normal receive data interrupts, therefore if
exception occurs (ROE is set) and REIE is set, the ESAI requests an ESAI receive data with exception
interrupt from the interrupt controller.

10.3.4.16 RCR Receive Last Slot Interrupt Enable (RLIE) - Bit 23

RLIE enables an interrupt after the last slot of a frame ended in network mode only. When RLIE is set the
DSP is interrupted after the last slot in a frame ended regardless of the receive mask register setting.
When RLIE is cleared the receive last slot interrupt is disabled. Hardware and software reset clear RLIE.
RLIE is disabled when RDC[4:0]=00000 (on-demand mode). The use of the receive last slot interrupt is
described in Section 10.4.3, ESAI Interrupt Requests.
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10.3.5 ESAI Common Control Register (SAICR)

The read/write Common Control Register (SAICR) contains control bits for functions that affect both the
receive and transmit sections of the ESAI See Figure 10-10.

11 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB4 ALC | TEBE| SYN OF2 | OF1 | OF0

23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-10 SAICR Register

Hardware and software reset clear all the bits in the SAICR register.

10.3.5.1 SAICR Serial Output Flag 0 (OF0) - Bit 0

The Serial Output Flag 0 (OFO0) is a data bit used to hold data to be send to the OFO pin. When the ESAl is
in the synchronous clock mode (SYN=1), the SCKR pin is configured as the ESAI flag 0. If the receiver
serial clock direction bit (RCKD) is set, the SCKR pin is the output flag OF0, and data present in the OF0
bit is written to the OFO0 pin at the beginning of the frame in normal mode or at the beginning of the next
time slot in network mode.

10.3.5.2 SAICR Serial Output Flag 1 (OF1) - Bit 1

The Serial Output Flag 1 (OF1) is a data bit used to hold data to be send to the OF1 pin. When the ESAl is
in the synchronous clock mode (SYN=1), the FSR pin is configured as the ESAI flag 1. If the receiver
frame sync direction bit (RFSD) is set and the TEBE bit is cleared, the FSR pin is the output flag OF1, and
data present in the OF1 bit is written to the OF1 pin at the beginning of the frame in normal mode or at the
beginning of the next time slot in network mode.

10.3.5.3 SAICR Serial Output Flag 2 (OF2) - Bit 2

The Serial Output Flag 2 (OF2) is a data bit used to hold data to be send to the OF2 pin. When the ESAl is
in the synchronous clock mode (SYN=1), the HCKR pin is configured as the ESAI flag 2. If the receiver
high frequency clock direction bit (RHCKD) is set, the HCKR pin is the output flag OF2, and data present in
the OF2 bit is written to the OF2 pin at the beginning of the frame in normal mode or at the beginning of the
next time slot in network mode.
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10.3.5.4 SAICR Reserved Bits - Bits 3-5, 9-23

These bits are reserved. They read as zero, and they should be written with zero for future compatibility.

10.3.5.5 SAICR Synchronous Mode Selection (SYN) - Bit 6

The Synchronous Mode Selection (SYN) bit controls whether the receiver and transmitter sections of the
ESAI operate synchronously or asynchronously with respect to each other (see Figure 10-11). When SYN
is cleared, the asynchronous mode is chosen and independent clock and frame sync signals are used for
the transmit and receive sections. When SYN is set, the synchronous mode is chosen and the transmit
and receive sections use common clock and frame sync signals.

When in the synchronous mode (SYN=1), the transmit and receive sections use the transmitter section
clock generator as the source of the clock and frame sync for both sections. Also, the receiver clock pins
SCKR, FSR and HCKR now operate as I/O flags. See Table 10-7, Table 10-8 and Table 10-9 for the
effects of SYN on the receiver clock pins.

10.3.5.6 SAICR Transmit External Buffer Enable (TEBE) - Bit 7

The Transmitter External Buffer Enable (TEBE) bit controls the function of the FSR pin when in the
synchronous mode. If the ESAI is configured for operation in the synchronous mode (SYN=1), and TEBE
is set while FSR pin is configured as an output (RFSD=1), the FSR pin functions as the transmitter external
buffer enable control, to enable the use of an external buffers on the transmitter outputs. If TEBE is cleared
then the FSR pin functions as the serial /O flag 1. See Table 10-8 for a summary of the effects of TEBE on
the FSR pin.

10.3.5.7 SAICR Alignment Control (ALC) - Bit 8

The ESAI is designed for 24-bit fractional data, thus shorter data words are left aligned to the MSB (bit 23).
Some applications use 16-bit fractional data. In those cases, shorter data words may be left aligned to bit
15. The Alignment Control (ALC) bit supports these applications.

If ALC is set, transmitted and received words are left aligned to bit 15 in the transmit and receive shift
registers. If ALC is cleared, transmitted and received word are left aligned to bit 23 in the transmit and
receive shift registers.

Note: While ALC is set, 20-bit and 24-bit words may not be used, and word length control should
specify 8-, 12- or 16-bit words, otherwise results are unpredictable.
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10.3.6  ESAI Status Register (SAISR)

The Status Register (SAISR) is a read-only status register used by the DSP to read the status and serial
input flags of the ESAI. See Figure 10-12. The status bits are described in the following paragraphs.

1" 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB3 RODF |REDF | RDF | ROE | RFS IF2 IF1 IFO

23 22 21 20 19 18 17 16 15 14 13 12
TODE |TEDE | TDE | TUE | TFS

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-12 SAISR Register

10.3.6.1 SAISR Serial Input Flag 0 (IF0) - Bit 0

The IFO bit is enabled only when the SCKR pin is defined as ESAI in the Port Control Register, SYN=1 and
RCKD=0, indicating that SCKR is an input flag and the synchronous mode is selected. Data present on the
SCKR pin is latched during reception of the first received data bit after frame sync is detected. The IFO bit
is updated with this data when the receiver shift registers are transferred into the receiver data registers.

IFO reads as a zero when it is not enabled. Hardware, software, ESAI individual, and STOP reset clear IFO.

10.3.6.2 SAISR Serial Input Flag 1 (IF1) - Bit 1

The IF1 bit is enabled only when the FSR pin is defined as ESAI in the Port Control Register, SYN =1,
RFSD=0 and TEBE=0, indicating that FSR is an input flag and the synchronous mode is selected. Data
present on the FSR pin is latched during reception of the first received data bit after frame sync is
detected. The IF1 bit is updated with this data when the receiver shift registers are transferred into the
receiver data registers. IF1 reads as a zero when it is not enabled. Hardware, software, ESAI individual,
and STOP reset clear IF1.

10.3.6.3 SAISR Serial Input Flag 2 (IF2) - Bit 2

The IF2 bit is enabled only when the HCKR pin is defined as ESAI in the Port Control Register, SYN=1 and
RHCKD=0, indicating that HCKR is an input flag and the synchronous mode is selected. Data present on

the HCKR pin is latched during reception of the first received data bit after frame sync is detected. The IF2
bit is updated with this data when the receive shift registers are transferred into the receiver data registers.
IF2 reads as a zero when it is not enabled. Hardware, software, ESAIl individual, and STOP reset clear IF2.
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10.3.6.4 SAISR Reserved Bits - Bits 3-5, 11-12, 18-23

These bits are reserved for future use. They read as zero.

10.3.6.5 SAISR Receive Frame Sync Flag (RFS) - Bit 6

When set, RFS indicates that a receive frame sync occurred during reception of the words in the receiver
data registers. This indicates that the data words are from the first slot in the frame. When RFS is clear and
a word is received, it indicates (only in the network mode) that the frame sync did not occur during
reception of that word. RFS is cleared by hardware, software, ESAI individual, or STOP reset. RFS is valid
only if at least one of the receivers is enabled (REx=1).

Note: In normal mode, RFS always reads as a one when reading data because there is only one
time slot per frame — the “frame sync” time slot.

10.3.6.6 SAISR Receiver Overrun Error Flag (ROE) - Bit 7

The ROE flag is set when the serial receive shift register of an enabled receiver is full and ready to transfer
to its receiver data register (RXx) and the register is already full (RDF=1). If REIE is set, an ESAI receive

data with exception (overrun error) interrupt request is issued when ROE is set. Hardware, software, ESAI
individual, and STOP reset clear ROE. ROE is also cleared by reading the SAISR with ROE set, followed
by reading all the enabled receive data registers.

10.3.6.7 SAISR Receive Data Register Full (RDF) - Bit 8

RDF is set when the contents of the receive shift register of an enabled receiver is transferred to the
respective receive data register. RDF is cleared when the DSP reads the receive data register of all
enabled receivers or cleared by hardware, software, ESAI individual, or STOP reset. If RIE is set, an ESAI
receive data interrupt request is issued when RDF is set.

10.3.6.8 SAISR Receive Even-Data Register Full (REDF) - Bit 9

When set, REDF indicates that the received data in the receive data registers of the enabled receivers
have arrived during an even time slot when operating in the network mode. Even time slots are all
even-numbered slots (0, 2, 4, 6, etc.). Time slots are numbered from zero to N-1, where N is the number of
time slots in the frame. The zero time slot is considered even. REDF is set when the contents of the
receive shift registers are transferred to the receive data registers. REDF is cleared when the DSP reads
all the enabled receive data registers or cleared by hardware, software, ESAI individual, or STOP resets. If
REDIE is set, an ESAI receive even slot data interrupt request is issued when REDF is set.

10.3.6.9 SAISR Receive Odd-Data Register Full (RODF) - Bit 10

When set, RODF indicates that the received data in the receive data registers of the enabled receivers
have arrived during an odd time slot when operating in the network mode. Odd time slots are all
odd-numbered slots (1, 3, 5, etc.). Time slots are numbered from zero to N-1, where N is the number of
time slots in the frame. RODF is set when the contents of the receive shift registers are transferred to the
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receive data registers. RODF is cleared when the DSP reads all the enabled receive data registers or
cleared by hardware, software, ESAI individual, or STOP resets.

10.3.6.10 SAISR Transmit Frame Sync Flag (TFS) - Bit 13

When set, TFS indicates that a transmit frame sync occurred in the current time slot. TFS is set at the start
of the first time slot in the frame and cleared during all other time slots. Data written to a transmit data
register during the time slot when TFS is set is transmitted (in network mode), if the transmitter is enabled,
during the second time slot in the frame. TFS is useful in network mode to identify the start of a frame. TFS
is cleared by hardware, software, ESAI individual, or STOP reset. TFS is valid only if at least one
transmitter is enabled (i.e. one or more of TEO, TE1, TE2, TE3, TE4 and TES are set).

Note: In normal mode, TFS always reads as a one when transmitting data because there is only
one time slot per frame — the “frame sync” time slot.

10.3.6.11 SAISR Transmit Underrun Error Flag (TUE) - Bit 14

TUE is set when at least one of the enabled serial transmit shift registers is empty (no new data to be
transmitted) and a transmit time slot occurs. When a transmit underrun error occurs, the previous data
(which is still present in the TX registers that were not written) is retransmitted. If TEIE is set, an ESAI
transmit data with exception (underrun error) interrupt request is issued when TUE is set. Hardware,
software, ESAI individual, and STOP reset clear TUE. TUE is also cleared by reading the SAISR with TUE
set, followed by writing to all the enabled transmit data registers or to TSR.

10.3.6.12 SAISR Transmit Data Register Empty (TDE) - Bit 15

TDE is set when the contents of the transmit data register of all the enabled transmitters are transferred to
the transmit shift registers; it is also set for a TSR disabled time slot period in network mode (as if data
were being transmitted after the TSR was written). When set, TDE indicates that data should be written to
all the TX registers of the enabled transmitters or to the time slot register (TSR). TDE is cleared when the
DSP writes to all the transmit data registers of the enabled transmitters, or when the DSP writes to the TSR
to disable transmission of the next time slot. If TIE is set, an ESAI transmit data interrupt request is issued
when TDE is set. Hardware, software, ESAI individual, and STOP reset clear TDE.

10.3.6.13 SAISR Transmit Even-Data Register Empty (TEDE) - Bit 16

When set, TEDE indicates that the enabled transmitter data registers became empty at the beginning of an
even time slot. Even time slots are all even-numbered slots (0, 2, 4, 6, etc.). Time slots are numbered from
zero to N-1, where N is the number of time slots in the frame. The zero time slot is considered even. This
flag is set when the contents of the transmit data register of all the enabled transmitters are transferred to
the transmit shift registers; it is also set for a TSR disabled time slot period in network mode (as if data
were being transmitted after the TSR was written). When set, TEDE indicates that data should be written to
all the TX registers of the enabled transmitters or to the time slot register (TSR). TEDE is cleared when the
DSP writes to all the transmit data registers of the enabled transmitters, or when the DSP writes to the TSR
to disable transmission of the next time slot. If TIE is set, an ESAI transmit data interrupt request is issued
when TEDE is set. Hardware, software, ESAI individual, and STOP reset clear TEDE.
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10.3.6.14 SAISR Transmit Odd-Data Register Empty (TODE) - Bit 17

When set, TODE indicates that the enabled transmitter data registers became empty at the beginning of
an odd time slot. Odd time slots are all odd-numbered slots (1, 3, 5, etc.). Time slots are numbered from
zero to N-1, where N is the number of time slots in the frame. This flag is set when the contents of the
transmit data register of all the enabled transmitters are transferred to the transmit shift registers; it is also
set for a TSR disabled time slot period in network mode (as if data were being transmitted after the TSR
was written). When set, TODE indicates that data should be written to all the TX registers of the enabled
transmitters or to the time slot register (TSR). TODE is cleared when the DSP writes to all the transmit data
registers of the enabled transmitters, or when the DSP writes to the TSR to disable transmission of the
next time slot. If TIE is set, an ESAI transmit data interrupt request is issued when TODE is set. Hardware,
software, ESAI individual, and STOP reset clear TODE.

MOTOROLA DSP56367 24-Bit Digital Signal Processor User’s Manual 10-39



Enhanced Serial Audio Interface (ESAI)

ESAI Programming Model

23 16 15 8 7 0
ESAI RECEIVE DATA REGISTER
RECEIVE HIGH BYTE RECEIVE MIDDLE BYTE RECEIVE LOW BYTE (READ ONLY)
7 A 0 7 A 07 A 0
23 16 15 8 7 0
SERIAL
RECEIVE RECEIVE HIGH BYTE RECEIVE MIDDLE BYTE RECEIVE LOW BYTE
SHIFT | < <
REGISTER
7 0A7 A 07 A 0\ 4mr7
20 BIT -
16 BIT s DI
12 BIT
°
8BIT
® < RSWS4-
MSB LSB RSWS0
l«—  8-BIT DATA «— 0 —»|«— 0 —»|«— 0 —»|«— 0 —3»f LEASTSIGNIFICANT
ZERO FILL
MSB LSB
l——— 12-BITDATA ————
MSB LSB
- 16-BIT DATA »
MSB LSB
- 20-BIT DATA
MSB LSB
- 24-BIT DATA >
NOTES:
(a) Rece|ve Reglsters 1. Data is received MSB first if RSHFD=0.
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3. 32-bit mode is not shown.
23 16 15 8 7 0
ESAI TRANSMIT DATA
TRANSMIT HIGH BYTE TRANSMIT MIDDLE BYTE TRANSMIT LOW BYTE REGISTER
(WRITE ONLY)
7 0 7 07 0
23  / 16 15  / 8 7  / 0
TRANSMIT HIGH BYTE TRANSMIT MIDDLE BYTE TRANSMIT LOW BYTE ESAI TRANSMIT
SDO [H B B SHIFT REGISTER
7 0 7 07 0
MSB LSB .
l«— 8-BITDATA —>|<— * —pl— * —p|«— * —p|€«— * —} *-LEAST SIGNIFICANT
BIT FILL
MSB LSB
€«———— 12-BITDATA ———————
MSB LSB
< 16-BIT DATA >
MSB
-« 20-BIT DATA LSB
MSB LSB
- 24-BIT DATA >
) ) NOTES:
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2. 24-bit fractional format (ALC=0).
3. 32-bit mode is not shown.
4. Data word is left-aligned (TWA=0,PADC=0).

Figure 10-13 ESAI Data Path Programming Model ([R/T]JSHFD=0)
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Figure 10-14 ESAI Data Path Programming Model ([R/T]ISHFD=1)

MOTOROLA DSP56367 24-Bit Digital Signal Processor User’s Manual 10-41



Enhanced Serial Audio Interface (ESAI)
ESAI Programming Model

10.3.7 ESAI Receive Shift Registers

The receive shift registers (see Figure 10-13 and Figure 10-14) receive the incoming data from the serial
receive data pins. Data is shifted in by the selected (internal/external) bit clock when the associated frame
sync |/O is asserted. Data is assumed to be received MSB first if RSHFD=0 and LSB first if RSHFD=1.
Data is transferred to the ESAI receive data registers after 8, 12, 16, 20, 24, or 32 serial clock cycles were
counted, depending on the slot length control bits in the RCR register.

10.3.8 ESAI Receive Data Registers (RX3, RX2, RX1, RX0)

RX3, RX2, RX1 and RXO0 are 24-bit read-only registers that accept data from the receive shift registers
when they become full (see Figure 10-13 and Figure 10-14). The data occupies the most significant
portion of the receive data registers, according to the ALC control bit setting. The unused bits (least
significant portion, and 8 most significant bits when ALC=1) read as zeros. The DSP is interrupted
whenever RXx becomes full if the associated interrupt is enabled.

10.3.9 ESAI Transmit Shift Registers

The transmit shift registers contain the data being transmitted (see Figure 10-13 and Figure 10-14). Data is
shifted out to the serial transmit data pins by the selected (internal/external) bit clock when the associated
frame sync I/O is asserted. The number of bits shifted out before the shift registers are considered empty
and may be written to again can be 8, 12, 16, 20, 24 or 32 bits (determined by the slot length control bits in
the TCR register). Data is shifted out of these registers MSB first if TSHFD=0 and LSB first if TSHFD=1.

10.3.10 ESAI Transmit Data Registers (TX5, TX4, TX3, TX2,TX1,TX0)

TX5, TX4, TX3, TX2, TX1 and TXO0 are 24-bit write-only registers. Data to be transmitted is written into
these registers and is automatically transferred to the transmit shift registers (see Figure 10-13 and
Figure 10-14). The data written (8, 12, 16, 20 or 24 bits) should occupy the most significant portion of the
TXx according to the ALC control bit setting. The unused bits (least significant portion, and the 8 most
significant bits when ALC=1) of the TXx are don’t care bits. The DSP is interrupted whenever the TXx
becomes empty if the transmit data register empty interrupt has been enabled.

10.3.11 ESAI Time Slot Register (TSR)

The write-only Time Slot Register (TSR) is effectively a null data register that is used when the data is not
to be transmitted in the available transmit time slot. The transmit data pins of all the enabled transmitters
are in the high-impedance state for the respective time slot where TSR has been written. The Transmitter
External Buffer Enable pin (FSR pin when SYN=1, TEBE=1, RFSD=1) disables the external buffers during
the slot when the TSR register has been written.
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10.3.12 Transmit Slot Mask Registers (TSMA, TSMB)

The Transmit Slot Mask Registers (TSMA and TSMB) are two read/write registers used by the transmitters
in network mode to determine for each slot whether to transmit a data word and generate a transmitter
empty condition (TDE=1), or to tri-state the transmitter data pins. TSMA and TSMB should each be
considered as containing half a 32-bit register TSM. See Figure 10-15 and Figure 10-16. Bit number N in
TSM (TS**) is the enable/disable control bit for transmission in slot number N.

1" 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFB9 | TS11 | TS10 | TS9 | TS8 | TS7 | TS6 | TS5 | TS4 | TS3 | TS2 | TS1 | TSO

23 22 21 20 19 18 17 16 15 14 13 12
TS15 | TS14 | TS13 | TS12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-15 TSMA Register

1" 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFBA | TS27 | TS26 | TS25 | TS24 | TS23 | TS22 | TS21 | TS20 | TS19 | TS18 | TS17 | TS16

23 22 21 20 19 18 17 16 15 14 13 12
TS31 | TS30 | TS29 | TS28

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-16 TSMB Register

When bit number N in TSM is cleared, all the transmit data pins of the enabled transmitters are tri-stated
during transmit time slot number N. The data is still transferred from the transmit data registers to the
transmit shift registers but neither the TDE nor the TUE flags are set. This means that during a disabled
slot, no transmitter empty interrupt is generated. The DSP is interrupted only for enabled slots. Data that is
written to the transmit data registers when servicing this request is transmitted in the next enabled transmit
time slot.

When bit number N in TSM register is set, the transmit sequence is as usual: data is transferred from the
TX registers to the shift registers, transmitted during slot number N, and the TDE flag is set.

Using the slot mask in TSM does not conflict with using TSR. Even if a slot is enabled in TSM, the user
may chose to write to TSR instead of writing to the transmit data registers TXx. This causes all the transmit
data pins of the enabled transmitters to be tri-stated during the next slot.
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Data written to the TSM affects the next frame transmission. The frame being transmitted is not affected by
this data and would comply to the last TSM setting. Data read from TSM returns the last written data.

After hardware or software reset, the TSM register is preset to $FFFFFFFF, which means that all 32
possible slots are enabled for data transmission.

Note: When operating in normal mode, bit O of the mask register must be set, otherwise no
output is generated.

10.3.13 Receive Slot Mask Registers (RSMA, RSMB)

The Receive Slot Mask Registers (RSMA and RSMB) are two read/write registers used by the receiver in
network mode to determine for each slot whether to receive a data word and generate a receiver full
condition (RDF=1), or to ignore the received data. RSMA and RSMB should be considered as each
containing half of a 32-bit register RSM. See Figure 10-17 and Figure 10-18. Bit number N in RSM (RS**)
is an enable/disable control bit for receiving data in slot number N.

1" 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFBB | RS11|RS10| RS9 | RS8 | RS7 | RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO

23 22 21 20 19 18 17 16 15 14 13 12
RS15| RS14 | RS13 | RS12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-17 RSMA Register

1" 10 9 8 7 6 5 4 3 2 1 0
X:$FFFFBC | RS27 | RS26 | RS25 | RS24 | RS23 | RS22 | RS21 | RS20 | RS19 | RS18 | RS17 | RS16

23 22 21 20 19 18 17 16 15 14 13 12
RS31 | RS30 | RS29 | RS28

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-18 RSMB Register

When bit number N in the RSM register is cleared, the data from the enabled receivers input pins are
shifted into their receive shift registers during slot number N. The data is not transferred from the receive
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shift registers to the receive data registers, and neither the RDF nor the ROE flags are set. This means
that during a disabled slot, no receiver full interrupt is generated. The DSP is interrupted only for enabled
slots.

When bit number N in the RSM is set, the receive sequence is as usual: data which is shifted into the
enabled receivers shift registers is transferred to the receive data registers and the RDF flag is set.

Data written to the RSM affects the next received frame. The frame being received is not affected by this
data and would comply to the last RSM setting. Data read from RSM returns the last written data.

After hardware or software reset, the RSM register is preset to $FFFFFFFF, which means that all 32
possible slots are enabled for data reception.

Note: When operating in normal mode, bit 0 of the mask register must be set to one, otherwise
no input is received.

10.4 OPERATING MODES

ESAI operating mode are selected by the ESAI control registers (TCCR, TCR, RCCR, RCR and SAICR).
The main operating mode are described in the following paragraphs.

10.4.1 ESAI After Reset

Hardware or software reset clears the port control register bits and the port direction control register bits,
which configure all ESAI I/O pins as disconnected. The ESAl is in the individual reset state while all ESAI
pins are programmed as GPIO or disconnected, and is active only if at least one of the ESAI I/O pins is
programmed as an ESAI pin.

10.4.2 ESAI Initialization

The correct way to initialize the ESAI is as follows:

Hardware, software, ESAIl individual, or STOP reset.
Program ESAI control and time slot registers.
Write data to all the enabled transmitters.

Ao bd -

Configure at least one pin as ESAI pin.

During program execution, all ESAI pins may be defined as GPIO or disconnected, causing the ESAI to
stop serial activity and enter the individual reset state. All status bits of the interface are set to their reset
state; however, the control bits are not affected. This procedure allows the DSP programmer to reset the
ESAI separately from the other internal peripherals. During individual reset, internal DMA accesses to the
data registers of the ESAI are not valid and data read is undefined.
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The DSP programmer must use an individual ESAI reset when changing the ESAI control registers (except
for TEIE, REIE, TLIE, RLIE, TIE, RIE, TEO-TES5, REO-RE3) to ensure proper operation of the interface.

Note: If the ESAI receiver section is already operating with some of the receivers, enabling

additional receivers on the fly (i.e. without first putting the ESAI receiver in the personal
reset state) by setting their REx control bits will result in erroneous data being received as
the first data word for the newly enabled receivers.

10.4.3 ESAI Interrupt Requests

The ESAI can generate eight different interrupt requests (ordered from the highest to the lowest priority):

1.

ESAI Receive Data with Exception Status.

Occurs when the receive exception interrupt is enabled (REIE=1 in the RCR register), at least one
of the enabled receive data registers is full (RDF=1), and a receiver overrun error has occurred
(ROE=1 in the SAISR register). ROE is cleared by first reading the SAISR and then reading all the
enabled receive data registers.

ESAI Receive Even Data

Occurs when the receive even slot data interrupt is enabled (REDIE=1), at least one of the
enabled receive data registers is full (RDF=1), the data is from an even slot (REDF=1), and no
exception has occurred (ROE=0 or REIE=0).

Reading all enabled receiver data registers clears RDF and REDF.

ESAI Receive Data

Occurs when the receive interrupt is enabled (RIE=1), at least one of the enabled receive data
registers is full (RDF=1), no exception has occurred (ROE=0 or REIE=0), and no even slot
interrupt has occurred (REDF=0 or REDIE=0).

Reading all enabled receiver data registers clears RDF.

ESAI Receive Last Slot Interrupt

Occurs, if enabled (RLIE=1), after the last slot of the frame ended (in network mode only)
regardless of the receive mask register setting. The receive last slot interrupt may be used for
resetting the receive mask slot register, reconfiguring the DMA channels and reassigning data
memory pointers. Using the receive last slot interrupt guarantees that the previous frame was
serviced with the previous setting and the new frame is serviced with the new setting without
synchronization problems. Note that the maximum receive last slot interrupt service time should
not exceed N-1 ESAI bits service time (where N is the number of bits in a slot).

ESAI Transmit Data with Exception Status

Occurs when the transmit exception interrupt is enabled (TEIE=1), at least one transmit data
register of the enabled transmitters is empty (TDE=1), and a transmitter underrun error has
occurred (TUE=1). TUE is cleared by first reading the SAISR and then writing to all the enabled
transmit data registers, or to the TSR register.

ESAI Transmit Last Slot Interrupt

Occurs, if enabled (TLIE=1), at the start of the last slot of the frame in network mode regardless of
the transmit mask register setting. The transmit last slot interrupt may be used for resetting the
transmit mask slot register, reconfiguring the DMA channels and reassigning data memory
pointers. Using the transmit last slot interrupt guarantees that the previous frame was serviced
with the previous setting and the new frame is serviced with the new setting without
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synchronization problems. Note that the maximum transmit last slot interrupt service time should
not exceed N-1 ESAI bits service time (where N is the number of bits in a slot).

7. ESAI Transmit Even Data
Occurs when the transmit even slot data interrupt is enabled (TEDIE=1), at least one of the
enabled transmit data registers is empty (TDE=1), the slot is an even slot (TEDE=1), and no
exception has occurred (TUE=0 or TEIE=0).
Writing to all the TX registers of the enabled transmitters or to TSR clears this interrupt request.

8. ESAI Transmit Data
Occurs when the transmit interrupt is enabled (TIE=1), at least one of the enabled transmit data
registers is empty (TDE=1), no exception has occurred (TUE=0 or TEIE=0), and no even slot
interrupt has occurred (TEDE=0 or TEDIE=0).
Writing to all the TX registers of the enabled transmitters, or to the TSR clears this interrupt
request.

10.4.4 Operating Modes — Normal, Network, and On-Demand

The ESAI has three basic operating modes and many data/operation formats.

10.4.4.1 Normal/Network/On-Demand Mode Selection

Selecting between the normal mode and network mode is accomplished by clearing or setting the
TMODO-TMOD1 bits in the TCR register for the transmitter section, and in the RMODO0-RMOD1 bits in the
RCR register for the receiver section.

For normal mode, the ESAI functions with one data word of 1/0O per frame (per enabled transmitter or
receiver). The normal mode is typically used to transfer data to/from a single device.

For the network mode, 2 to 32 time slots per frame may be selected. During each frame, 0 to 32 data
words of I/O may be received/transmitted. In either case, the transfers are periodic. The frame sync signal
indicates the first time slot in the frame. Network mode is typically used in time division multiplexed (TDM)
networks of codecs, DSPs with multiple words per frame, or multi-channel devices.

Selecting the network mode and setting the frame rate divider to zero (DC=00000) selects the on-demand
mode. This special case does not generate a periodic frame sync. A frame sync pulse is generated only
when data is available to transmit. The on-demand mode requires that the transmit frame sync be internal
(output) and the receive frame sync be external (input). Therefore, for simplex operation, the synchronous
mode could be used; however, for full-duplex operation, the asynchronous mode must be used. Data
transmission that is data driven is enabled by writing data into each TX. Although the ESAI is double
buffered, only one word can be written to each TX, even if the transmit shift register is empty. The receive
and transmit interrupts function as usual using TDE and RDF; however, transmit underruns are impossible
for on-demand transmission and are disabled.

10.4.4.2 Synchronous/Asynchronous Operating Modes

The transmit and receive sections of the ESAI may be synchronous or asynchronous —i.e., the transmitter
and receiver sections may use common clock and synchronization signals (synchronous operating mode),
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or they may have their own separate clock and sync signals (asynchronous operating mode). The SYN bit
in the SAICR register selects synchronous or asynchronous operation. Since the ESAI is designed to
operate either synchronously or asynchronously, separate receive and transmit interrupts are provided.

When SYN is cleared, the ESAI transmitter and receiver clocks and frame sync sources are independent.
If SYN is set, the ESAI transmitter and receiver clocks and frame sync come from the transmitter section
(either external or internal sources).

Data clock and frame sync signals can be generated internally by the DSP or may be obtained from
external sources. If internally generated, the ESAI clock generator is used to derive high frequency clock,
bit clock and frame sync signals from the DSP internal system clock.

10.4.4.3 Frame Sync Selection

The frame sync can be either a bit-long or word-long signal. The transmitter frame format is defined by the
TFSL bit in the TCR register. The receiver frame format is defined by the RFSL bit in the RCR register.

1. In the word-long frame sync format, the frame sync signal is asserted during the entire word data
transfer period. This frame sync length is compatible with Motorola codecs, SPI serial peripherals,
serial A/D and D/A converters, shift registers, and telecommunication PCM serial /0.

2. In the bit-long frame sync format, the frame sync signal is asserted for one bit clock immediately
before the data transfer period. This frame sync length is compatible with Intel and National
components, codecs, and telecommunication PCM serial 1/0.

The relative timing of the word length frame sync as referred to the data word is specified by the TFSR bit
in the TCR register for the transmitter section, and by the RFSR bit in the RCR register for the receive
section. The word length frame sync may be generated (or expected) with the first bit of the data word, or
with the last bit of the previous word. TFSR and RFSR are ignored when a bit length frame sync is
selected.

Polarity of the frame sync signal may be defined as positive (asserted high) or negative (asserted low). The
TFSP bit in the TCCR register specifies the polarity of the frame sync for the transmitter section. The
RFSP bit in the RCCR register specifies the polarity of the frame sync for the receiver section.

The ESAI receiver looks for a receive frame sync leading edge (trailing edge if RFSP is set) only when the
previous frame is completed. If the frame sync goes high before the frame is completed (or before the last
bit of the frame is received in the case of a bit frame sync or a word length frame sync with RFSR set), the
current frame sync is not recognized, and the receiver is internally disabled until the next frame sync.
Frames do not have to be adjacent — i.e., a new frame sync does not have to immediately follow the
previous frame. Gaps of arbitrary periods can occur between frames. Enabled transmitters are tri-stated
during these gaps.

When operating in the synchronous mode (SYN=1), all clocks including the frame sync are generated by
the transmitter section.

10.4.4.4 Shift Direction Selection

Some data formats, such as those used by codecs, specify MSB first while other data formats, such as the
AES-EBU digital audio interface, specify LSB first. The MSB/LSB first selection is made by programming
RSHFD bit in the RCR register for the receiver section, and by programming the TSHFD bit in the TCR
register for the transmitter section.
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10.4.5 Serial I/O Flags

Three ESAI pins (FSR, SCKR and HCKR) are available as serial I/O flags when the ESAI is operating in
the synchronous mode (SYN=1). Their operation is controlled by RCKD, RFSD, TEBE bits in the RCR,
RCCR and SAICR registers.The output data bits (OF2, OF1 and OFO0) and the input data bits (IF2, IF1 and
IF0) are double buffered to/from the HCKR, FSR and SCKR pins. Double buffering the flags keeps them in
sync with the TX and RX data lines.

Each flag can be separately programmed. Flag 0 (SCKR pin) direction is selected by RCKD, RCKD=1 for
output and RCKD=0 for input. Flag 1 (FSR pin) is enabled when the pin is not configured as external
transmitter buffer enable (TEBE=0) and its direction is selected by RFSD, RFSD=1 for output and RFSD=0
for input. Flag 2 (HCKR pin) direction is selected by RHCKD, RHCKD=1 for output and RHCKD=0 for
input.

When programmed as input flags, the SCKR, FSR and HCKR logic values, respectively, are latched at the
same time as the first bit of the receive data word is sampled. Because the input was latched, the signal on
the input flag pin (SCKR, FSR or HCKR) can change without affecting the input flag until the first bit of the
next receive data word. When the received data words are transferred to the receive data registers, the
input flag latched values are then transferred to the IF0, IF1 and IF2 bits in the SAISR register, where they
may be read by software.

When programmed as output flags, the SCKR, FSR and HCKR logic values are driven by the contents of the
OFO0, OF1 and OF2 bits in the SAICR register respectively, and are driven when the transmit data registers
are transferred to the transmit shift registers. The value on SCKR, FSR and HCKR is stable from the time the
first bit of the transmit data word is transmitted until the first bit of the next transmit data word is transmitted.
Software may change the OF0-OF2 values thus controlling the SCKR, FSR and HCKR pin values for each
transmitted word. The normal sequence for setting output flags when transmitting data is as follows: wait for
TDE (transmitter empty) to be set, first write the flags, and then write the transmit data to the transmit
registers. OF0, OF1 and OF2 are double buffered so that the flag states appear on the pins when the
transmit data is transferred to the transmit shift register (i.e., the flags are synchronous with the data).

10.5 GPIO - PINS AND REGISTERS

The GPIO functionality of the ESAI port is controlled by three registers: Port C control register (PCRC),
Port C direction register (PRRC) and Port C data register (PDRC).

10.5.1  Port C Control Register (PCRC)

The read/write 24-bit Port C Control Register (PCRC) in conjunction with the Port C Direction Register
(PRRC) controls the functionality of the ESAI GPIO pins. Each of the PC(11:0) bits controls the
functionality of the corresponding port pin. See Table 10-12 for the port pin configurations. Hardware and
software reset clear all PCRC bits.
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10.5.2 Port C Direction Register (PRRC)

The read/write 24-bit Port C Direction Register (PRRC) in conjunction with the Port C Control Register
(PCRC) controls the functionality of the ESAI GPIO pins. Table 10-12 describes the port pin
configurations. Hardware and software reset clear all PRRC bits.

Table 10-12 PCRC and PRRC Bits Functionality

PDCJi] PC[i] Port Pinl[i] Function
0 0 disconnected
0 1 GPIO input
1 0 GPIO output
1 1 ESAI
11 10 9 8 7 6 5 4 3 2 1 0

X:$FFFFBF | PC11 |PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO

23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-19 PCRC Register

1" 10 9 8 7 6 5 4 3 2 1 0

X:$FFFFBE | PDC11 |PDC10| PDC9 | PDC8 | PDC7 | PDC6 | PDC5 | PDC4 | PDC3 | PDC2 | PDC1 | PDCO

23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-20 PRRC Register
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10.5.3 Port C Data register (PDRC)

The read/write 24-bit Port C Data Register (see Figure 10-21) is used to read or write data to/from ESAI
GPIO pins. Bits PD(11:0) are used to read or write data from/to the corresponding port pins if they are
configured as GPIO. If a port pin [i] is configured as a GPIO input, then the corresponding PDJi] bit reflects
the value present on this pin. If a port pin [i] is configured as a GPIO output, then the value written into the
corresponding PDJi] bit is reflected on this pin. If a port pin [i] is configured as disconnected, the
corresponding PDJi] bit is not reset and contains undefined data.

11 10 9 8 7 6 5 4 3 2 1 0

X:$FFFFBD | PD11 | PD10 | PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 10-21 PDRC Register

10.6 ESAIINITIALIZATION EXAMPLES

10.6.1 Initializing the ESAI Using Individual Reset

«  The ESAIl should be in its individual reset state (PCRC = $000 and PRRC = $000). In the individual
reset state, both the transmitter and receiver sections of the ESAI are simultaneously reset. The
TPR bit in the TCR register may be used to reset just the transmitter section. The RPR bit in the
RCR register may be used to reset just the receiver section.

»  Configure the control registers (TCCR, TCR, RCCR, RCR) according to the operating mode, but do
not enable transmitters (TE5-TEO = $0) or receivers (RE3—REO0 = $0). It is possible to set the
interrupt enable bits which are in use during the operation (no interrupt occurs).

» Enable the ESAI by setting the PCRC register and PRRC register bits according to pins which are
in use during operation.

»  Write the first data to be transmitted to the transmitters which are in use during operation.
This step is needed even if DMA is used to service the transmitters.

» Enable the transmitters and receivers.
* From now on ESAI can be serviced either by polling, interrupts, or DMA.
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Operation proceeds as follows:

For internally generated clock and frame sync, these signals are active immediately after ESAI is
enabled (step 3 above).

Data is received only when one of the receive enable (REXx) bits is set and after the occurrence of
frame sync signal (either internally or externally generated).

Data is transmitted only when the transmitter enable (TEX) bit is set and after the occurrence of
frame sync signal (either internally or externally generated). The transmitter outputs remain
tri-stated after TEx bit is set until the frame sync occurs.

10.6.2 Initializing Just the ESAI Transmitter Section

It is assumed that the ESAI is operational; that is, at least one pin is defined as an ESAI pin.
The transmitter section should be in its personal reset state (TPR = 1).

Configure the control registers TCCR and TCR according to the operating mode, making sure to
clear the transmitter enable bits (TEO - TE5). TPR must remain set.

Take the transmitter section out of the personal reset state by clearing TPR.

Write first data to the transmitters which will be used during operation. This step is needed even if
DMA is used to service the transmitters.

Enable the transmitters by setting their TE bits.

Data is transmitted only when the transmitter enable (TEXx) bit is set and after the occurrence of
frame sync signal (either internally or externally generated). The transmitter outputs remain
tri-stated after TEx bit is set until the frame sync occurs.

From now on the transmitters are operating and can be serviced either by polling, interrupts, or
DMA.

10.6.3 Initializing Just the ESAI Receiver Section

It is assumed that the ESAI is operational; that is, at least one pin is defined as an ESAI pin.
The receiver section should be in its personal reset state (RPR = 1).

Configure the control registers RCCR and RCR according to the operating mode, making sure to
clear the receiver enable bits (REO - RE3). RPR must remain set.

Take the receiver section out of the personal reset state by clearing RPR.
Enable the receivers by setting their RE bits.
From now on the receivers are operating and can be serviced either by polling, interrupts, or DMA.
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Introduction

11.1 INTRODUCTION

The Enhanced Serial Audio Interface | (ESAI_1) is the second ESAI peripheral in the DSP56367. It is
functionally identical to the ESAI peripheral described in SectionEnhanced Serial Audio Interface (ESAI)
except for minor differences described in this section. Refer to the ESAI section for functional information
about the ESAI_1, in addition to using the information in this section.

The ESAI_1 block diagram is shown in Figure 11-1. The ESAI_1 shares 4 pins with the ESAI. The ESAI_1
does not have the two high frequency clock pins but otherwise it is identical to the ESAI.
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Figure 11-1 ESAI_1 Block Diagram
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11.2 ESAI_1 DATA AND CONTROL PINS

The ESAI_1 has 6 dedicated pins and shares 4 pins with the ESAI. The pins are described in the following
sections.

11.2.1  Serial Transmit 0 Data Pin (SDO0_1)

SDOO0_1 transmits data from the TX0_1 serial transmit shift register. It is shared with the ESAI SDO0
signal. The pin may be used as SDOQ_1 if it is not defined as ESAI SDOO0. The pin may be used as GPIO
PE11 if not used by the ESAI or ESAI_1. The ESAI_1 Multiplex Control Register (EMUXR) defines if the
pin belongs to the ESAI or to the ESAI_1.

11.2.2 Serial Transmit 1 Data Pin (SDO1_1)

SDO1_1 transmits data from the TX1_1 serial transmit shift register. It is shared with the ESAI SDO1
signal. The pin may be used as SDO1_1 if it is not defined as ESAI SDO1. The pin may be used as GPIO
PE10 if not used by the ESAI or ESAI_1. The ESAI_1 Multiplex Control Register (EMUXR) defines if the
pin belongs to the ESAI or to the ESAI_1.

11.2.3  Serial Transmit 2/Receive 3 Data Pin (SDO2_1/SDI3_1)

SDO2_1/SDI3_1 transmits data from the TX2_1 serial transmit shift register when programmed as a
transmitter pin, or receives serial data to the RX3_1 serial receive shift register when programmed as a
receiver pin. It is shared with the ESAI SDO2/SDI3 signal. The pin may be used as SDO2_1/SDI3_1 if it is
not defined as ESA | SDO2/SDI3. The pin may be used as GPIO PE9 if not used by the ESAI or ESAI_1.
The ESAI_1 Multiplex Control Register (EMUXR) defines if the pin belongs to the ESAI or to the ESAI_1.

11.2.4  Serial Transmit 3/Receive 2 Data Pin (SDO3_1/SDI2_1)

SDO3_1/SDI2_1 transmits data from the TX3_1 serial transmit shift register when programmed as a
transmitter pin, or receives serial data to the RX2_1 serial receive shift register when programmed as a
receiver pin. It is shared with the ESAI SDO3/SDI2 signal. The pin may be used as SDO3_1/SDI2_1 if it is
not defined as ESAI SDO3/SDI2. The pin may be used as GPIO PES if not used by the ESAI or ESAI_1.
The ESAI_1 Multiplex Control Register (EMUXR) defines if the pin belongs to the ESAI or to the ESAI_1.

11.2.5 Serial Transmit 4/Receive 1 Data Pin (SDO4_1/SDI1_1)

SDO4_1/SDI1_1 transmits data from the TX4_1 serial transmit shift register when programmed as a
transmitter pin, or receives serial data to the RX1_1 serial receive shift register when programmed as a
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receiver pin. SDO4_1/SDI1_1 may be programmed as a general-purpose pin (PE7) when the ESAI_1
SDO4_1 and SDI1_1 functions are not being used.

11.2.6  Serial Transmit 5/Receive 0 Data Pin (SDO5_1/SDI0_1)

SDO5_1/SDIO0_1 transmits data from the TX5_1 serial transmit shift register when programmed as
transmitter pin, or receives serial data to the RX0_1 serial shift register when programmed as a receiver
pin. SDO5_1/SDIO_1 may be programmed as a general-purpose pin (PE6) when the ESAI_1 SDO5_1 and
SDI0_1 functions are not being used.

11.2.7 Receiver Serial Clock (SCKR_1)

SCKR_1 is a bidirectional pin that provides the receivers serial bit clock for the ESAI_1 interface. SCKR_1 may
be programmed as a general-purpose 1/O pin (PEQ) when the ESAI_1 SCKR_1 function is not being used.

11.2.8 Transmitter Serial Clock (SCKT_1)

SCKT_1 is a bidirectional pin that provides the transmitters serial bit clock for the ESAI_1 interface.
SCKT_1 may be programmed as a general-purpose I/O pin (PE3) when the ESAI_1 SCKT_1 function is
not being used.

11.2.9 Frame Sync for Receiver (FSR_1)

The FSR_1 pin is a bidirectional pin that provides the receivers frame sync signal for the ESAI_1 interface.
FSR_1 may be programmed as a general-purpose 1/O pin (PE1) when the ESAI_1 FSR_1 function is not
being used.

11.2.10 Frame Sync for Transmitter (FST_1)

The FST_1 pin is a bidirectional pin that provides the transmitters frame sync signal for the ESAI_1
interface. FST_1 may be programmed as a general-purpose 1/O pin (PE4) when the ESAI_1 FST_1
function is not being used.
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11.3 ESAI_1 PROGRAMMING MODEL

The ESAI_1 has the following registers:

*  One multiplex control register

*  Five control registers

+  One status register

+ Six transmit data registers

* Four receive data registers

« Two transmit slot mask registers

« Two receive slot mask registers

*  One special-purpose time slot register

The ESAI_1 also contains the GPIO Port E functionality, described in Section11.5, GPIO - Pins and
Registers. The following paragraphs give detailed descriptions of bits in the ESAI_1 registers that differ in
functionality from their descriptions in the ESAI Programming Model.

11.3.1  ESAI_1 Multiplex Control Register (EMUXR)

The read/write ESAI_1 Multiplex Control Register (EMUXR) controls which peripheral (ESAI or ESAI_1) is
using the shared pins.

11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFFAF EMUX3 | EMUX2 | EMUX1 | EMUXO0
23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-2 EMUXR Register

Hardware and software reset clear all the bits of the EMUXR register. The selection of ESAI/ESAI_1 pins is
shown in Table 11-1.
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Table 11-1 EMUXR ESAI/ESAI_1 Pin Selection

EMUXR bit ESAI pin ESAI_1 pin
EMUXO0 0 SDOO0 [PC11] disconnected
EMUXO0 1 disconnected SDOO0_1 [PE11]
EMUX1 0 SDO1[PC10] disconnected
EMUX1 1 disconnected SDO1_1 [PE10]
EMUX2 0 SDO2/SDI3 [PC9] disconnected
EMUX2 1 disconnected SDO2_1/SDI3_1 [PE9]
EMUX3 0 SDO3/SDI2 [PC8] disconnected
EMUX3 1 disconnected SDO3_1/SDI2_1 [PES8]

11.3.2 ESAIL_1 Transmitter Clock Control Register (TCCR_1)

The read/write Transmitter Clock Control Register (TCCR_1) controls the ESAI_1 transmitter clock
generator bit and frame sync rates, the bit rate and high frequency clock sources and the directions of the
FST_1 and SCKT_1 signals. In synchronous mode, the bit clock defined for the transmitter determines the
receiver bit clock as well. TCCR_1 also controls the number of words per frame for the serial data.

Hardware and software reset clear all the bits of the TCCR _1 register.

1" 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFF96 TDC2 | TDC1 | TDCO | TPSR | TPM7 | TPM6 | TPM5 | TPM4 | TPM3 | TPM2 | TPM1 | TPMO

23 22 21 20 19 18 17 16 15 14 13 12
THCKD| TFSD | TCKD |THCKP| TFSP | TCKP | TFP3 | TFP2 | TFP1 | TFPO | TDC4 | TDC3

Figure 11-3 TCCR_1 Register

11.3.2.1 TCCR_1 Tx High Freq. Clock Divider (TFP3-TFPO0) - Bits 14-17

Since the ESAI_1 does not have the transmitter high frequency clock pin, the TFP3-TFPO bits simply
specify an additional division ratio in the clock divider chain. See Figure 11-4.
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11.3.2.2

TCCR_1 Tx High Freq. Clock Polarity (THCKP) - Bit 20

The ESAI_1 does not have the transmitter high frequency clock pin. It it recommended that THCKP should
be kept cleared.

11.3.2.3

TCCR_1 Tx High Freq. Clock Direction (THCKD) - Bit 23

The ESAI_1 does not have the transmitter high frequency clock pin. THCKD must be set for proper

ESAI_1 transmitter section operation.

Table 11-2 Transmitter Clock Sources

Transmitter

THCKD TFSD TCKD Bit Clock OUTPUTS
Source
0 X X Reserved
1 0 0 SCKT_1
1 0 1 INT SCKT_1
1 1 0 SCKT_1 FST_1
1 1 1 INT FST_1 SCKT_1

11-8

DSP56367 24-Bit Digital Signal Processor User’s Manual

MOTOROLA



Enhanced Serial Audio Interface 1 (ESAI_1)

ESAI_1 Programming Model

RHCKD=1
. PRESCALE DIVIDER
osc —— & DIVIDE BY 1 DIVIDE BY 1
DIVIDE OR | TODIVIDE BY
BY 2 DIVIDE BY 8 256
RPSR RPMO - RPM7
FLAGO OUT FLAGO IN

(SYNC MODE) (SYNC MODE)

<

A

l SYN=1

INTERNAL BIT CLOCK

DIVIDER
DIVIDE BY 1
TODIVIDEBY
16

T

RFPO - RFP3

RSWS4-RSWS0

Y

RX WORD

¢

[\

SYN=0
RCKD

INTERNAL BIT CLOCK

g

TCKD

TCLOCK

LENGTH DIVIDER

RX WORD
CLOCK

RX SHIFT REGISTER

TSWS4-TSWS0

v

TX WORD

Y

LENGTH DIVIDER

TXWORD
CLOCK

TX SHIFT REGISTER

TFPO -

TFP3

TPSR TPMO - TPM7
PRESCALE DIVIDER
DIVIDE BY 1 DIVIDE BY 1
DIVIDE OR TO DIVIDE BY
- BY2 ] pivibesYs [ 256
Fosc =~ ——
THCKD=1
Notes:

DIVIDER
DIVIDE BY 1
TODIVIDEBY
16

1. Fosc is the DSP56300 Core internal clock frequency.

Figure 11-4 ESAI_1 Clock Generator Functional Block Diagram
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Figure 11-5 ESAI_1 Frame Sync Generator Functional Block Diagram

11.3.3 ESAIL_1 Transmit Control Register (TCR_1)

The read/write Transmit Control Register (TCR_1) controls the ESAI_1 transmitter section. Interrupt
enable bits for the transmitter section are provided in this control register. Operating modes are also
selected in this register.
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11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFF95 |TSWS1|TSWS0|TMOD1|TMODO| TWA |TSHFD| TE5 TE4 TE3 TE2 TE1 TEO

23 22 21 20 19 18 17 16 15 14 13 12
TLIE TIE |TEDIE| TEIE | TPR PADC | TFSR | TFSL |TSWS4|TSWS3|TSWS2

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-6 TCR_1 Register

Hardware and software reset clear all the bits in the TCR_1 register.

11.3.4 ESAI_1 Receive Clock Control Register (RCCR_1)

The read/write Receive Clock Control Register (RCCR_1) controls the ESAI_1 receiver clock generator bit
and frame sync rates, word length, and number of words per frame for the serial data.

11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFF98 | RDC2 | RDC1 | RDCO | RPSR | RPM7 | RPM6 | RPM5 | RPM4 | RPM3 | RPM2 | RPM1 | RPMO

23 22 21 20 19 18 17 16 15 14 13 12
RHCKD| RFSD | RCKD [RHCKP| RFSP | RCKP | RFP3 | RFP2 | RFP1 | RFPO | RDC4 | RDC3

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-7 RCCR_1 Register
Hardware and software reset clear all the bits of the RCCR_1 register.
11.3.41 RCCR_1 Rx High Freq. Clock Divider (RFP3-RFPO0) - Bits 14-17

Since the ESAI_1 does not have the receiver high frequency clock pin, the RFP3—RFPO bits simply specify
an additional division ratio in the clock divider chain. See Figure 11-4.

11.3.4.2 RCCR_1 Rx High Freq. Clock Polarity (RHCKP) - Bit 20

The ESAI_1 does not have the receiver high frequency clock pin. It it recommended that RHCKP should
be kept cleared.
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11.3.4.3

RCCR_1 Rx High Freq. Clock Direction (RHCKD) - Bit 23

The ESAI_1 does not have the receiver high frequency clock pin. RHCKD must be set for proper ESAI_1
receiver section operation.

Table 11-3 Receiver Clock Sources (asynchronous mode only)

Receiver
RHCKD RFSD RCKD Bit Clock OUTPUTS
Source
0 X X Reserved
1 0 0 SCKR_1
1 0 1 INT SCKR_1
1 1 0 SCKR_1 FSR_1
1 1 1 INT FSR_1 SCKR_1

11.3.5

ESAI_1 Receive Control Register (RCR_1)

The read/write Receive Control Register (RCR_1) controls the ESAI_1 receiver section.

Y:$FFFF97

11 10 9 8 7 6 5 4 3 2 1 0
RSWS1|RSWS0[RMOD1|RMODO| RWA |RSHFD RE3 RE2 RE1 REO
23 22 21 20 19 18 17 16 15 14 13 12
RLIE RIE |REDIE| REIE | RPR RFSR | RFSL |RSWS4|RSWS3|RSWS2

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-8 RCR_1 Register

Hardware and software reset clear all the bits in the RCR_1 register.

11.3.6

ESAI_1 Common Control Register (SAICR_1)

The read/write Common Control Register (SAICR_1) contains control bits for functions that use both the
receive and transmit sections of the ESAI_1.
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11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFF94 ALC | TEBE | SYN OF2 OF1 OF0

23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-9 SAICR_1 Register

Hardware and software reset clear all the bits in the SAICR_1 register.

11.3.7 ESAIL_1 Status Register (SAISR_1)

The Status Register (SAISR_1) is a read-only status register used by the DSP to read the status and serial
input flags of the ESAI_1.

11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFF93 RODF | REDF | RDF | ROE | RFS IF2 IF1 IFO

23 22 21 20 19 18 17 16 15 14 13 12
TODE |TEDE| TDE | TUE | TFS

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-10 SAISR_1 Register

11.3.8 ESAIL_1 Receive Shift Registers

The receive shift registers receive the incoming data from the serial receive data pins. Data is shifted in by
the selected (internal/external) bit clock when the associated frame sync I/O is asserted. Data is assumed
to be received MSB first if RSHFD=0 and LSB first if RSHFD=1. Data is transferred to the ESAI_1 receive
data registers after 8, 12, 16, 20, 24, or 32 serial clock cycles were counted, depending on the slot length

control bits in the RCR_1 register.
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11.3.9 ESAL_1 Receive Data Registers

The Receive Data Registers RX3_1, RX2_1, RX1_1, and RX0_1 are 24-bit read-only registers that accept
data from the receive shift registers when they become full. The data occupies the most significant portion
of the receive data registers, according to the ALC control bit setting. The unused bits (least significant
portion, and 8 most significant bits when ALC=1) read as zeros. The DSP is interrupted whenever RXx_1
becomes full if the associated interrupt is enabled.

11.3.10 ESAI_1 Transmit Shift Registers

The Transmit Shift Registers contain the data being transmitted. Data is shifted out to the serial transmit
data pins by the selected (internal/external) bit clock when the associated frame sync I/O is asserted. The
number of bits shifted out before the shift registers are considered empty and may be written to again can
be 8, 12, 16, 20, 24 or 32 bits (determined by the slot length control bits in the TCR_1 register). Data is
shifted out of these registers MSB first if TSHFD=0 and LSB first if TSHFD=1.

11.3.11 ESAL_1 Transmit Data Registers

The Transmit Data registers TX5_1, TX4_1, TX3_1, TX2_1, TX1_1, and TX0_1 are 24-bit write-only
registers. Data to be transmitted is written into these registers and is automatically transferred to the
transmit shift registers. The data written (8, 12, 16, 20 or 24 bits) should occupy the most significant portion
of the TXx_1 according to the ALC control bit setting. The unused bits (least significant portion, and the 8
most significant bits when ALC=1) of the TXx_1 are don'’t care bits. The DSP is interrupted whenever the
TXx_1 becomes empty if the transmit data register empty interrupt has been enabled.

11.3.12 ESAI_1 Time Slot Register (TSR_1)

The write-only Time Slot Register (TSR_1) is effectively a null data register that is used when the data is
not to be transmitted in the available transmit time slot. The transmit data pins of all the enabled
transmitters are in the high-impedance state for the respective time slot where TSR_1 has been written.
The Transmitter External Buffer Enable pin (FSR_1 pin when SYN=1, TEBE=1, RFSD=1) disables the
external buffers during the slot when the TSR_1 register has been written.

11.3.13 Transmit Slot Mask Registers (TSMA_1, TSMB_1)

The Transmit Slot Mask Registers (TSMA_1 and TSMB_1) are two read/write registers used by the
transmitters in network mode to determine for each slot whether to transmit a data word and generate a
transmitter empty condition (TDE=1), or to tri-state the transmitter data pins. TSMA_1 and TSMB_1 should
each be considered as containing half a 32-bit register TSM_1. See Figure 11-11 and Figure 11-12. Bit
number N in TSM_1 (TS**) is the enable/disable control bit for transmission in slot number N.
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Y:$FFFF99

Y:$FFFF9A

ESAI_1 Programming Model

11 10 9 8 7 6 5 4 3 2 1 0

TS11 | TS10 | TS9 TS8 TS7 TS6 TS5 TS4 TS3 TS2 TS1 TSO

23 22 21 20 19 18 17 16 15 14 13 12

TS15 | TS14 | TS13 | TS12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-11 TSMA_1 Register

11 10 9 8 7 6 5 4 3 2 1 0

TS27 | TS26 | TS25 | TS24 | TS23 | TS22 | TS21 | TS20 | TS19 | TS18 | TS17 | TS16

23 22 21 20 19 18 17 16 15 14 13 12

TS31 | TS30 | TS29 | TS28

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-12 TSMB_1 Register

11.3.14 Receive Slot Mask Registers (RSMA_1, RSMB_1)

The Receive Slot Mask Registers (RSMA_1 and RSMB_1) are two read/write registers used by the
receiver in network mode to determine for each slot whether to receive a data word and generate a
receiver full condition (RDF=1), or to ignore the received data. RSMA_1 and RSMB_1 should be
considered as each containing half of a 32-bit register RSM_1. See Figure 11-13 and Figure 11-14. Bit
number N in RSM_1 (RS**) is an enable/disable control bit for receiving data in slot number N.
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Operating Modes

Y:$FFFF9B

Y:$FFFF9C

11 10 9 8 7 6 5 4 3 2 1 0
RS11 | RS10 | RS9 RS8 RS7 RS6 RS5 RS4 RS3 RS2 RS1 RSO

23 22 21 20 19 18 17 16 15 14 13 12
RS15 | RS14 | RS13 | RS12

Reserved bit - read as zero; should be written with zero for future compatibility.
Figure 11-13 RSMA_1 Register

11 10 9 8 7 6 5 4 3 2 1 0
RS27 | RS26 | RS25 | RS24 | RS23 | RS22 | RS21 | RS20 | RS19 | RS18 | RS17 | RS16

23 22 21 20 19 18 17 16 15 14 13 12
RS31 | RS30 | RS29 | RS28

Figure 11-14 RSMB_1 Register

11.4 OPERATING MODES

11.4.1

ESAI_1 After Reset

Reserved bit - read as zero; should be written with zero for future compatibility.

Hardware or software reset clears the EMUXR register, the port E control register bits and the port E
direction control register bits, which configure all 6 ESAI_1 dedicated I/O pins as disconnected, and all 4
shared pins as belonging to the ESAI. The ESAI_1 is in the individual reset state while all ESAI_1 signals
are programmed as general-purpose I/O or disconnected, and is active only if at least one of the ESAI_1

I/O pins is programmed as belonging to the ESAI_1.

11.5 GPIO - PINS AND REGISTERS

The GPIO functionality of the ESAI_1 port is controlled by three registers: Port E Control register (PCRE),

Port E Direction register (PRRE) and Port E Data register (PDRE).

11-16
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GPIO - Pins and Registers

11.5.1  Port E Control Register (PCRE)

The read/write 24-bit Port E Control Register (PCRE) in conjunction with the Port E Direction Register
(PRRE) controls the functionality of the ESAI_1 GPIO pins. Each of the PE(11:0) bits controls the
functionality of the corresponding port pin. See Table 11-4 for the port pin configurations. Hardware and
software reset clear all PCRE bits.

11.5.2 Port E Direction Register (PRRE)

The read/write 24-bit Port E Direction Register (PRRE) in conjunction with the Port E Control Register
(PCRE) controls the functionality of the ESAI_1 GPIO pins. Table 11-4 describes the port pin
configurations. Hardware and software reset clear all PRRE bits.

Table 11-4 PCRE and PRRE Bits Functionality

PDE[i] PEI[i] Port Pin[i] Function
0 0 disconnected
0 1 GPIO input
1 0 GPIO output
1 1 ESAI_1
11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFF9F | PE11 | PE10 | PE9 | PE8 | PE7 | PE6 PE4 | PE3 PE1 | PEO
23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-15 PCRE Register
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11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFFOE |PDE11|PDE10| PDE9 | PDE8 | PDE7 | PDE6 PDE4 | PDE3 PDE1 | PDEO
23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-16 PRRE Register

11.5.3 Port E Data register (PDRE)

The read/write 24-bit Port E Data Register (see Figure 11-17) is used to read or write data to/from ESAI_1
GPIO pins. Bits PD(11:0) are used to read or write data from/to the corresponding port pins if they are
configured as GPIO. If a port pin [i] is configured as a GPIO input, then the corresponding PDJi] bit will
reflect the value present on this pin. If a port pin [i] is configured as a GPIO output, then the value written
into the corresponding PDJi] bit will be reflected on this pin. If a port pin [i] is configured as disconnected,
the corresponding PDi] bit is not reset and contains undefined data.

11 10 9 8 7 6 5 4 3 2 1 0
Y:$FFFFOD | PD11 | PD10 | PD9 PD8 PD7 PD6 PD4 PD3 PD1 PDO

23 22 21 20 19 18 17 16 15 14 13 12

Reserved bit - read as zero; should be written with zero for future compatibility.

Figure 11-17 PDRE Register
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Digital Audio Transmitter

Introduction

12.1

INTRODUCTION

The Digital Audio Transmitter (DAX) is a serial audio interface module that outputs digital audio data in the
AES/EBU, CP-340 and IEC958 formats. Some of the key features of the DAX are listed below.

Operates on a frame basis—The DAX can handle one frame (consisting of two subframes) of
audio and non-audio data at a time.

Double-buffered audio and non-audio data—The DAX data path is double-buffered so the next
frame data can be stored in the DAX without affecting the frame currently being transmitted.

Direct Memory Access—Audio data and non-audio data can be written to the DAX using DMA.

Programmable clock source—Users can select the DAX clock source, and this selection
configures the DAX to operate in slave or master mode.

Supports both master mode and slave mode in a digital audio network—If the user selects a
divided DSP core clock, the DAX will operate in the master mode. If the user selects an external
clock source, the DAX will operate in the slave mode.

GPIO—Each of the two DAX pins can be configured as either GPIO or as specific DAX pin. Each
pin is independent of the other. However, at least one of the two pins must be selected as a DAX
pin to release the DAX from reset.

The accessible DAX registers are all mapped in the X I/0O memory space. This allows programmers to
access the DAX using standard instructions and addressing modes. Interrupts generated by the DAX can
be handled with a fast interrupt for cases in which the non-audio data does not change from frame to
frame. When the DAX interrupts are disabled, they can still be served by DMA or by a “polling” technique.
A block diagram of the DAX is shown in Figure 12-1.

Note: The shaded registers in Figure 12-1 are directly accessible by DSP instructions.
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Global Data Bus

23 T 0 23 * 0o 23 * 0 DMA Bus 23 ¢ 0

| xstTR | [ XNADR | [ xADR | [ XCTR |
A
Y Y
| XADBUFA || XADBUFB |
I . I
26 23 0
C-U-V| XADSR -
Upl l Biphase
Ploag H Encoder [ é fDO
XNADBUF]| | /MUX\ Preamble] |5 o

_+ A Gen:rator

Py

* l ACI

DAX pAx [«
L State |, Control DAX o | Clock
Machine Signals Clocks MUX DSP
Core Clock

Figure 12-1 Digital Audio Transmitter (DAX) Block Diagram

12.2 DAX SIGNALS

The DAX has two signal lines:

+ DAX Digital Audio Output (ADO/PD1)—The ADO pin sends audio and non-audio data in the
AES/EBU, CP340, and IEC958 formats in a biphase mark format. The ADO pin may also be used
as a GPIO pin PD1 if the DAX is not operational.

+ DAX Clock Input (ACI/PD0)—When the DAX clock is configured to be supplied externally, the
external clock is applied to the ACI pin. The frequency of the external clock must be 256 times, 384
times, or 512 times the audio sampling frequency (256 x Fs, 384 x Fs, or 512 x Fs). The ACI pin
may also be used as a GPIO pin PD0O when the DAX is disabled or when operating from the internal
DSP clock.

12.3 DAX FUNCTIONAL OVERVIEW

The DAX consists of the following:

» Audio data register (XADR)

+ Two audio data buffers (XADBUFA and XADBUFB)
* Non-audio data register (XNADR)

* Non-audio data buffer (XNADBUF)
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DAX Programming Model

* Audio and non-audio data shift register (XADSR)
»  Control register (XCTR)

+  Status register (XSTR)

»  Parity generator (PRTYG)

*  Preamble generator

+ Biphase encoder

*  Clock multiplexer

+  Control state machine

XADR, XADBUFA, XADBUFB and XADSR creates a FIFO-like data path. Channel A is written to XADR
and moves to XADBUFA. Then channel B is written to XADR, and when XADBUFB empties XADR moves
into it. XADBUFA moves to the shift register XADSR when XADSR has shifted out its last bit. After channel
A audio and non-audio data has been shifted out, XADBUFB moves into XADSR, and channel B audio
and non audio shift begins.

The frame non-audio data (stored in XNADR) is transferred to the XADSR (for channel A) and to the
XNADBUF registers (for channel B) at the beginning of a frame transmission. This is called an “upload.”
The DAX audio data register empty (XADE) flag is set when XADR and XADBUFA are empty, and, if the
audio data register empty interrupt is enabled (XDIE=1), an interrupt request is sent to the DSP core. The
interrupt handling routine then sends the non-audio data bits to XNADR and the next frame of audio data
to XADR (two subframes).

At the beginning of a frame transmission, one of the 8-bit channel A preambles (Z-preamble for the first
subframe in a block, or X-preamble otherwise) is generated in the preamble generator, and then shifted
out to the ADO pin in the first eight time slots. The preamble is generated in biphase mark format. The
twenty-four audio and three non-audio data bits in the XADSR are shifted out to the biphase encoder,
which shifts them out through the ADO pin in the biphase mark format in the next 54 time slots. The parity
generator calculates an even parity over the 27 bits of audio and non-audio data, and then outputs the
result through the biphase encoder to the ADO pin at the last two time slots. This is the end of the first
(channel A) subframe transmission.

The second subframe transmission (channel B) starts with the preamble generator generating the channel
B preamble (Y-preamble). At the same time, channel B audio and non-audio data is transferred to the
XADSR shift-register from the XADBUFB and XNADBUF registers. The generated Y-preamble is output
immediately after the channel A parity and is followed by the audio and non-audio data in the XADSR,
which is in turn followed by the calculated parity for channel B. This completes a frame transmission. When
the channel B parity is sent, the audio data for the next frame, stored in XADBUFA and the non-audio data
bits from the XNADR, are uploaded to XADSR.

124 DAX PROGRAMMING MODEL

The programmer-accessible DAX registers are shown in Figure 12-2. The registers are described in the
following subsections. The Interrupt Vector table for the DAX is shown in Table 12-1. The internal interrupt
priority is shown in Table 12-2.
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Table 12-1 DAX Interrupt Vectors

Condition Address Description
XAUR VBA:$28 DAX transmit underrun error
XADE & XBLK VBA:$2A DAX block transferred
XADE VBA:$2E DAX audio data register empty

Table 12-2 DAX Interrupt Priority

Priority Interrupt

highest DAX transmit underrun error
DAX block transferred

lowest DAX audio data register empty

12.5 DAXINTERNAL ARCHITECTURE

Hardware components shown in Figure 12-1 are described in the following sections. The DAX
programming model is illustrated in Figure 12-2.

XCTR - Control Register - X:$3FFFFDO
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LI T T T T TTTTTTTTTTT T shesbesdeoduelo

XNADR - Non-Audio Data Register - X:$FFFFD1
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I e N I I I B I B B B

XADRA - Audio Data Register A - X:$3FFFFD2 and XADRB - Audio Data Register B -X:$FFFFD3
23 0

XSTR - Status Register - X:$FFFFD4
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4

3 2 1 0
[ 1 X s e
|:| Reserved bit

Figure 12-2 DAX Programming Model
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12.5.1 DAX Audio Data Register (XADR)

XADR is a 24-bit write-only register. One frame of audio data, which is to be transmitted in the next frame
slot, is transferred to this register. Successive write accesses to this register will store channel A and
channel B alternately in XADBUFA and in XADBUFB respectively. When XADR and XADBUFA are empty,
XADE bit in the XSTR is set, and, if the audio data register empty interrupt is enabled (XDIE=1), an
interrupt request is sent to the DSP core. When channel B is transferred to XADR, the XADE bit in the
XSTR is cleared. XADR can also be accessed by DMA. When XADR and XADBUFA are empty, the DAX
sends a DMA request to the core. The DMA first transfers non-audio data bits to XNADR (optional), then
transfers channel A and channel B to XADR. The XADR can be accessed with two different successive
addresses. This feature supports sending non-audio data bits, channel A and channel B to the DAX in
three successive DMA transfers.

12.5.2 DAX Audio Data Buffers (XADBUFA / XADBUFB)

XADBUFA and XADBUFB are 24-bit registers that buffer XADR from XADSR, creating a FIFO-like data
path. These registers hold the next two subframes of audio data to be transmitted. Channel A audio data is
transferred from XADR to XADBUFA if XADBUFA is empty. Channel B audio data is transferred from
XADR to XADBUFB if XADBUFB is empty. Audio data is transferred from XADBUFA and XADBUFB
alternately to XADSR provided that XADSR shifted out all the audio and non-audio bits of the currently
transmitted channel. This buffering mechanism provides more cycles for writing the next audio data to
XADR. These registers are not directly accessible by DSP instructions.

12.5.3 DAX Audio Data Shift Register (XADSR)

The XADSR is a 27-bit shift register that shifts the 24-bit audio data and the 3-bit non-audio data for one
subframe. The contents of XADBUFA or XADBUFB are directly transferred to the XADSR at the beginning
of the subframe transmission. The channel A subframe is transferred to XADSR at the same time that the
three bits of non-audio data (V-bit, U-bit and C-bit) for channel A in the DAX non-audio data register
(XNADR) are transferred to the three highest-order bits of the XADSR. At the beginning of the channel B
transmission, audio and non-audio data for channel B are transferred from the XADBUFB and the
XNADBUF to the XADSR for shifting. The data in the XADSR is shifted toward the lowest-order bit at the
fifth to thirty-first bit slot of each subframe transmission. This register is not directly accessible by DSP
instructions.

12.5.4 DAX Non-Audio Data Register (XNADR)

The XNADR is a 24-bit write-only register. It holds the three bits of non-audio data for each subframe.
XNADR can be accessed by core instructions or by DMA. The contents of the XNADR are shown in
Figure 12-2. XNADR is not affected by any of the DAX reset states. The XNADR bits are described in the
following paragraphs.
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12.5.4.1 DAX Channel A Validity (XVA)—Bit 10

The value of the XVA bit is transmitted as the twenty-ninth bit (Bit 28) of channel A subframe in the next
frame.

12.5.4.2 DAX Channel A User Data (XUA)—Bit 11

The value of the XUA bit is transmitted as the thirtieth bit (Bit 29) of the channel A subframe in the next
frame.

12.5.4.3 DAX Channel A Channel Status (XCA)—Bit 12

The value of the XCA bit is transmitted as the thirty-first bit (Bit 30) of the channel A subframe in the next
frame.

12.5.4.4 DAX Channel B Validity (XVB)—Bit 13

The value of the XVB bit is transmitted as the twenty-ninth bit (Bit 28) of the channel B subframe in the next
frame.

12.5.4.5 DAX Channel B User Data (XUB)—Bit 14

The value of the XUB bit is transmitted as the thirtieth bit (Bit 29) of the channel B subframe in the next
frame.

12.5.4.6 DAX Channel B Channel Status (XCB)—Bit 15

The value of the XCB bit is transmitted as the thirty-first bit (Bit 30) of the channel B subframe in the next
frame.

12.5.4.7 XNADR Reserved Bits—Bits 0-9, 16-23

These XNADR bits are reserved. They read as 0, and should be written with 0 to ensure compatibility with
future device versions.

12.5.5 DAX Non-Audio Data Buffer (XNADBUF)

The XNADBUF is a 3-bit register that temporarily holds channel B non-audio data (XVB, XUB and XCB) for
the current transmission while the channel A data is being transmitted. This mechanism provides
programmers more instruction cycles to store the next frame’s non-audio data to the XCB, XUB, XVB,
XCA, XUA and XVA bits in the XNADR. The data in the XNADBUF register is transferred to the XADSR
along with the contents of the XADBUF register at the beginning of channel B transmission.

Note: The XNADBUF register is not directly accessible by DSP instructions.
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12.5.6 DAX Control Register (XCTR)

The XCTR is a 24-bit read/write register that controls the DAX operation. The contents of the XCTR are
shown in Figure 12-2. XCTR is cleared by software reset and hardware reset. The XCTR bits are
described in the following paragraphs.

12.5.6.1 Audio Data Register Empty Interrupt Enable (XDIE)—Bit 0

When the XDIE bit is set, the audio data register empty interrupt is enabled and sends an interrupt request
signal to the DSP if the XADE status bit is set. When XDIE bit is cleared, this interrupt is disabled.

12.5.6.2 Underrun Error Interrupt Enable (XUIE)—Bit 1

When the XUIE bit is set, the underrun error interrupt is enabled and sends an interrupt request signal to
the DSP if the XAUR status bit is set. When XUIE bit is cleared, this interrupt is disabled.

12.5.6.3 Block Transferred Interrupt Enable (XBIE)—Bit 2

When the XBIE bit is set, the block transferred interrupt is enabled and sends an interrupt request signal to
the DSP if the XBLK and XADE status bits are set. When XBIE bit is cleared, this interrupt is disabled.

12.5.6.4 DAX Clock Input Select (XCS[1:0])—Bits 34

The XCS[1:0] bits select the source of the DAX clock and/or its frequency. Table 12-3 shows the
configurations selected by these bits. These bits should be changed only when the DAX is disabled.

Table 12-3 Clock Source Selection

XC$1 XCSo0 DAX Clock Source
0 0 DSP Core Clock (f = 1024 X fs)
0 1 ACI Pin, f =256 X fs
1 0 ACI Pin, f =384 X fs
1 1 ACI Pin, f=512 X fs
12.5.6.5 DAX Start Block (XSB)—Bit 5

The XSB bit forces the DAX to start a new block. When this bit is set, the next frame will start with “Z2”
preamble and will start a new block even though the current block was not finished. This bit is cleared
when the new block starts.

12.5.6.6 XCTR Reserved Bits—Bits 6-23

These XCTR bits are reserved. They read as 0 and should be written with O for future compatibility.

12-8 DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA



Digital Audio Transmitter
DAX Internal Architecture

12.5.7 DAX Status Register (XSTR)

The XSTR is a 24-bit read-only register that contains the DAX status flags. The contents of the XSTR are
shown in Figure 12-2. XSTR is cleared by software reset, hardware reset an by the stop state. The XSTR
bits are described in the following paragraphs.

12.5.7.1 DAX Audio Data Register Empty (XADE)—Bit 0

The XADE status flag indicates that the DAX audio data register XADR and the audio data buffer
XADBUFA are empty (and ready to receive the next frame’s audio data). This bit is set at the beginning of
every frame transmission (more precisely, when channel A audio data is transferred from XADBUFA to
XADSR). When XADE is set and the interrupt is enabled (XDIE = 1), an audio data register empty interrupt
request is sent to the DSP core. XADE is cleared by writing two channels of audio data to XADR.

12.5.7.2 DAX Transmit Underrun Error Flag (XAUR)—Bit 1

The XAUR status flag is set when the DAX audio data buffers XADBUFA or XADBUFB are empty and the
respective audio data upload occurs. When a DAX underrun error occurs, the previous frame data will be
retransmitted in both channels. When XAUR is set and the interrupt is enabled (XUIE = 1), an underrun
error interrupt request is sent to the DSP core. This allows programmers to write an exception handling
routine for this special case. The XAUR bit is cleared by reading the XSTR register with XAUR set,
followed by writing two channels of audio data to XADR.

12.5.7.3 DAX Block Transfer Flag (XBLK)—Bit 2

The XBLK flag indicates that the frame being transmitted is the last frame in a block. This bit is set at the
beginning of the transmission of the last frame (the 191st frame). This bit does not cause any interrupt.
However, if XBIE=1 it causes a change in the interrupt vector sent to DSP core in the event of an audio
data register empty interrupt, so that a different interrupt routine can be called (providing the next
non-audio data structures for the next block as well as storing audio data for the next frame). Writing two
channels of audio data to XADR clears this bit.

The relative timing of transmit frames and XADE and XBLK flags is shown in Figure 12-3.
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Frame [#000]#001]#002|#003 | #004 | #005 | #006 [ #007 [ #008 [ #009 | #010] #011 | #012|#013]#014 | #015 | #016 | #017 [#018 [ #019 [ #020 [ #021] #022 ] #023 |

XADE | || | | | | || | | | || || | | | H | | |

XBLK

Frame [#024[#025]#026 [#027 [#028 [ #029 [#030 [ #031] #032 [ #033 [ #034 [ #035 [ #036 [ #037 [ #038 [ #039 [ #040 [#041 [#042] #043 ] #044 [ #045] #046 [ #047 |

XADE | || | | | | || | | | || || | | | H | | |

XBLK

Frame [#168 #1690 #170 [#171 [#172]#173 | #174 [#175 [ #176 [#177 | 178 | #1790 | #180 | #181 | #182 | #183 | #184 | #185 [ #186 | #187 [ #188 | #1809 | #1090 | #191]

XBLK |

AA0608

Figure 12-3 DAX Relative Timing

12.5.7.4 XSTR Reserved Bits—Bits 3-23

These XSTR bits are reserved. They read as 0, and should be written with 0 to ensure compatibility with
future device versions.

12.5.8 DAX Parity Generator (PRTYG)

The PRTYG generates the parity bit for the subframe being transmitted. The generated parity bit ensures
that subframe bits four to thirty-one will carry an even number of ones and zeroes.

12.5.9 DAX Biphase Encoder

The DAX biphase encoder encodes each audio and non-audio bit into its biphase mark format and shifts
this encoded data out to the ADO output pin synchronously to the biphase clock.

12.5.10 DAX Preamble Generator

The DAX preamble generator automatically generates one of three preambles in the 8-bit preamble shift
register at the beginning of each subframe transmission, and shifts it out. The generated preambles
always start with “0”. Bit patterns of preambles generated in the preamble generator are shown in

Table 12-4. The preamble bits are already in the biphase mark format.
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Table 12-4 Preamble Bit Patterns

Preamble Bit Pattern Channel
X 00011101 A
Y 00011011 B
z 00010111 A (first in block)

There is no programmable control for the preamble selection. The first subframe to be transmitted
(immediately after the DAX is enabled) is the beginning of a block, and therefore it has a “Z” preamble.
This is followed by the second subframe, which has an “Y” preamble. After that, “X” and “Y” preambles are
transmitted alternately until the end of the block transfer (192 frames transmitted). See Figure 12-4 for an
illustration of the preamble sequence.

DAX
Enabled
Here

/

Z» Y X»Y— XY X>Y>Z>» Y X>»Y—

}‘7 First Block (384 subframes) —><—— Second Block —
AADB09k

Figure 12-4 Preamble sequence

12.5.11 DAX Clock Multiplexer

The DAX clock multiplexer selects one of the clock sources and generates the biphase clock (128 x Fs)
and shift clock (64 x Fs). The clock source can be selected from the following options (see also Section
12.5.6.4, DAX Clock Input Select (XCS[1:0])—Bits 3—4 on page 1-8).

* The internal DSP core clock—assumes 1024 x Fs
+ DAXclock input pin (ACI)—512 x Fs
» DAX clock input pin (ACI)—384 x Fs
+ DAX clock input pin (ACI)—256 x Fs

Figure 12-5 shows how each clock is divided to generate the biphase and bit shift clocks
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DSP Core Clock 1/4
(1024 X Fs)
ACI Pin 0 0 -
Biphase
(256,384,512} X Fs x] 1 = 5 12 Clook
112 = ) = (128 X Fs)
1 5 = 1
Bit Shift
2/3 (XCS1 or XCS0) 1/2 b Clock
| (64 X Fs)
XCS1 XCSO0 AAGB10

Figure 12-5 Clock Multiplexer Diagram

Note: For proper operation of the DAX, the DSP core clock frequency must be at least five times
higher than the DAX bit shift clock frequency (64 x Fs).

12.5.12 DAX State Machine

The DAX state machine generates a set of sequencing signals used in the DAX.

12.6 DAX PROGRAMMING CONSIDERATIONS

The following sections describe programming considerations for the DAX.

12.6.1 Initiating A Transmit Session

To initiate the DAX operation, follow this procedure:

Ensure that the DAX is disabled (PC1 and PCO bits of port control register PCR are cleared)
Write the non-audio data to the corresponding bits in the XNADR register

Write the channel A and channel B audio data in the XADR register

Write the transmit mode to the XCTR register

Enable DAX by setting PC1 bit (and by setting PCO bit if in slave mode) in the port control register
(PCR); transmission begins.

o bk w N

12.6.2 Audio Data Register Empty Interrupt Handling

When the XDIE bit is set and the DAX is active, an audio data register empty interrupt (XADE = 1) is
generated once at the beginning of every frame transmission. Typically, within an XADE interrupt, the
non-audio data bits of the next frame are stored in XNADR and one frame of audio data to be transmitted
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in the next frame is stored in the FIFO by two consecutive MOVEP instructions to XADR. If the non-audio
bits are not changed from frame to frame, this procedure can be handled within a fast interrupt routine.
Storing the next frame’s audio data in the FIFO clears the XADE bit in the XSTR.

12.6.3 Block Transferred Interrupt Handling

An interrupt with the XBLK vector indicates the end of a block transmission and may require some

computation to provide the next non-audio data structures that are to be transmitted within the next block.
Within the routine, the next audio data can be stored in the FIFO by two consecutive MOVEP instructions
to XADR, and the next non-audio data can be stored in the XNADR. The XBLK interrupt occurs only if the

XBIE bit in XCTR is set. If XBIE is cleared, a XADE interrupt vector will take place.

12.6.4

DAX operation with DMA

During DMA transfers, the XDIE bit of the XCTR must be cleared to avoid XADE interrupt services by the
DSP core. The initialization appearing in Section 12.6.1, Initiating A Transmit Session on page 1-12 is
relevant for DMA operation. DMA transfers can be performed with or without changing non-audio bits from
frame to frame. Table 12-5 describes two examples of DMA configuration.

Table 12-5 Examples of DMA configuration

Register Non-audio data bits change Non-audio data bits do not change
DCR2 DE=1; Enable DMA channel. DE=1; Enable DMA channel.
DIE=1; Enable DMA interrupt. DIE=1; Enable DMA interrupt.
DTM[2:0]=010; Line transfer mode. DTM[2:0]=010; Line transfer mode.
D3D=0; Not 3D. D3D=0; Not 3D.
DAM[5:3]=000; 2D mode. DAM[5:3]=000; 2D mode.
DAM[2:0]=101; post increment by 1. DAM[2:0]=101; post increment by 1.
DDSJ[1:0]=00; X memory space. DDSJ[1:0]=00; X memory space.
DRS[4:0]=01010; DAX is DMA request DRS[4:0]=01010; DAX is DMA request
source. source.
Other bits are application dependent. Other bits are application dependent.
DCO2 DCOH=number of frames in block - 1 DCOH=number of frames in block - 1
DCOL=$002; 3 destination registers DCOL=$001; 2 destination registers
DSR2 | first memory address of the block first memory address of the block
DDR2 | XNADR address (base address + $1) XADR address (base address + $2)
DORO | $FFFFFE; offset=-2 $FFFFFF; offset=-1
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The memory organization employed for DMA transfers depends on whether or not non-audio data

changes from frame to frame as shown in Figure 12-6.

Channel B

Channel A

Non-Audio Data

Channel B

Channel A

Non-Audio Data

Channel B

Channel A

Non-Audio Data

Channel B

Channel A

Non-Audio Data

frame to frame

12.6.5

Figure 12-6 Examples of data organization in memory

DAX Operation During Stop

$00000B
$00000A
$000009
$000008
$000007
$000006
$000005
$000004
$000003
$000002
$000001
$000000

Non-audio data bits change from

Channel B

Channel A

Channel B

Channel A

Channel B

Channel A

Channel B

Channel A

Channel B

Channel A

Channel B

Channel A

$00000B
$00000A
$000009
$000008
$000007
$000006
$000005
$000004
$000003
$000002
$000001
$000000

Non-audio data bits do not change

from frame to frame

The DAX operation cannot continue when the DSP is in the stop state since no DSP clocks are active.
While the DSP is in the stop state, the DAX will remain in the individual reset state and the status flags are
initialized as described for resets. No DAX control bits are affected. The DAX should be disabled before

the DSP enters the stop state.

12.7 GPIO (PORT D) - PINS AND REGISTERS

The Port D GPIO functionality of the DAX is controlled by three registers: Port D Control Register (PCRD),
Port D Direction Register (PRRD) and Port D Data Register (PDRD).

12.7.1

Port D Control Register (PCRD)
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The read/write 24-bit DAX Port D Control Register controls the functionality of the DAX GPIO pins. Each of
the PC[1:0] bits controls the functionality of the corresponding port pin. When a PCJi] bit is set, the
corresponding port pin is configured as a DAX pin. When a PCJi] bit is cleared, the corresponding port pin
is configured as GPIO pin. If both PC1 and PCO are cleared, the DAX is disabled. Hardware and software
reset clear all PCRD bits.

PCRD -Port D Control Register - X:$FFFFD7

23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 65 4 3 2 1 O

N A (3

|:| Read as Zero, should be written with zero for future compatibility.

Figure 12-7 Port D Control Register (PCRD)

12.7.2 Port D Direction Register (PRRD)

The read/write 24-bit Port D Direction Register controls the direction of the DAX GPIO pins. When port
pin[i] is configured as GPIO, PDCJi] controls the port pin direction. When PDC]Ji] is set, the GPIO port pin[i]
is configured as output. When PDCJi] is cleared the GPIO port pin[i] is configured as input. Hardware and
software reset clear all PRRD bits. Table 12-6 describes the port pin configurations.

PRRD - Port D Direction Register - X:$3FFFFD6

23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

[ I I I 2
|:| Read as Zero, should be written with zero for future compatibility.
Figure 12-8 Port D Direction Register (PRRD)
Table 12-6 DAX Port GPIO Control Register Functionality
PDC1 PC1 ADO/PD1 pin PDCO PCO ACI/PDO pin DAX state
0 0 Disconnected 0 0 Disconnected Personal Reset
0 0 Disconnected 0 1 PDO Input Personal Reset
0 0 Disconnected 1 0 PDO Output Personal Reset
0 0 Disconnected 1 1 ACI Enabled
0 1 PD1 Input 0 0 Disconnected Personal Reset
0 1 PD1 Input 0 1 PDO Input Personal Reset
0 1 PD1 Input 1 0 PDO Output Personal Reset
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Table 12-6 DAX Port GPIO Control Register Functionality (Continued)

PDC1 PC1 ADO/PD1 pin PDCO PCO ACI/PDO pin DAX state
0 1 PD1 Input 1 1 ACI Enabled
1 0 PD1 Output 0 0 Disconnected Personal Reset
1 0 PD1 Output 0 1 PDO Input Personal Reset
1 0 PD1 Output 1 0 PDO Output Personal Reset
1 0 PD1 Output 1 1 ACI Enabled
1 1 ADO 0 0 Disconnected Enabled
1 1 ADO 0 1 PDO Input Enabled
1 1 ADO 1 0 PDO Output Enabled
1 1 ADO 1 1 ACI Enabled

12.7.3 Port D Data Register (PDRD)

The read/write 24-bit Port D Data Register is used to read or write data to/from the DAX GPIO pins. Bits
PD[1:0] are used to read or write data from/to the corresponding port pins if they are configured as GPIO.
If a port pin [i] is configured as a GPIO input, then the corresponding PDJi] bit will reflect the value present
on this pin. If a port pin [i] is configured as a GPIO output, then the value written into the corresponding

PDIi] bit will be reflected on the this pin. Hardware and software reset clear all PDRD bits.

PDRD - Port D Data Register - X:3FFFFD5

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

N N I I 223

|:| Read as Zero, should be written with zero for future compatibility.

Figure 12-9 Port D Data Register (PDRD)
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Introduction

13.1 INTRODUCTION

This section describes the internal timer/event counter in the DSP56367. Each of the three timers (timer 0,
1 and 2) can use internal clocking to interrupt the DSP56367 or trigger DMA transfers after a specified
number of events (clocks). In addition, timer 0 provides external access via the bidirectional signal TIOO.

When the TIOO pin is configured as an input, timer 0 can count or capture events, or measure the width or
period of an external signal. When TIOO is configured as an output, timer 0 can function as a timer, a
watchdog timer, or a pulse width modulator. TIOO can also function as a GPIO signal.

13.2 TIMER/EVENT COUNTER ARCHITECTURE

The timer module is composed of a common 21-bit prescaler and three independent general purpose
24-bit timer/event counters, each having its own register set.

13.2.1  Timer/Event Counter Block Diagram

Figure 13-1 shows a block diagram of the timer/event counter. This module includes a 24-bit timer
prescaler load register (TPLR), a 24-bit timer prescaler count register (TPCR), a 21-bit prescaler clock
counter, and three timers. Each of the three timers may use the prescaler clock as its clock source.
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GDB 24
. A
24 24
TPLR TPCR
| 24 |
Timer Prescaler Timer Prescaler /
Load Register Count Register
— |
< Timer O >
———
. —o >
o 21-bit Prescaler » Timer 1 |
- Counter
A A
»
> Timer 2 >
Y \
CLK/2 TIOO AA0673

Figure 13-1 Timer/Event Counter Block Diagram

13.2.2 Individual Timer Block Diagram

Figure 13-2 shows the structure of an individual timer module. The three timers are identical in structure,
but only timer 0 is externally accessible.

Each timer includes a 24-bit counter, a 24-bit read/write timer control and status register (TCSR), a 24-bit
read-only timer count register (TCR), a 24-bit write-only timer load register (TLR), a 24-bit read/write timer
compare register (TCPR), and logic for clock selection and interrupt/DMA trigger generation.

The timer mode is controlled by the TC[3:0] bits of the timer control/status register (TCSR). Timer modes
are described in Section 13.4, Timer Modes of Operation.
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GDB 24
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24 24 24 24
TCSR TLR TCR TCPR
Control/Status B Load Count Compare
Register D Register Register Register
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X9 X 24 ¥ 24 Y 24
2 24
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Timer Control Count
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Timer interrupt/
DMA request
TIO CLK/2 prescaler CLK
(Timer O
AA0676

only)
Figure 13-2 Timer Block Diagram

13.3 TIMER/EVENT COUNTER PROGRAMMING MODEL

The DSP56367 views each timer as a memory-mapped peripheral with four registers occupying four 24-bit
words in the X data memory space. Either standard polled or interrupt programming techniques can be
used to service the timers. The timer programming model is shown in Figure 13-3.
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23 0
23 0
7 6 5 4 3 2 1 0
TC3 | TC2|TC1 | TCO -TCIE TOIE| TE
15 14 13 12 11 10 9 8
PCE- DO | DI |DIR -TRM INV
23 22 21 20 19 18 17 16
TCF | TOF
23 0
23 0
23 0

Timer/Event Counter Programming Model

Timer Prescaler Load
Register (TPLR)
TPLR = $FFFF83

Timer Prescaler Count
Register (TPCR)
TPLR = $FFFF82

Timer Control/Status
Register (TCSR)
TCSRO = $FFFF8F

TCSR1 = $FFFF8B
TCSR2 = $FFFF87

Timer Load
Register (TLR)
TLRO = $FFFF8E
TLR1 = $FFFF8A
TLR2 = $FFFF86

Timer Compare
Register (TCPR)
TCPRO = $FFFF8D

TCPR1 = $FFFF89
TCPR2 = $FFFF85

Timer Count
Register (TCR)
TCRO = $FFFF8C
TCR1 = $FFFF88
TCR2 = $FFFF84

- - Reserved, read as 0, should be written with 0 for future compatibility.

Figure 13-3 Timer Module Programmer’s Model
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13.3.1 Prescaler Counter

The prescaler counter is a 21-bit counter that is decremented on the rising edge of the prescaler input
clock. The counter is enabled when at least one of the three timers is enabled (i.e., one or more of the
timer enable (TE) bits are set) and is using the prescaler output as its source (i.e., one or more of the PCE
bits are set).

13.3.2 Timer Prescaler Load Register (TPLR)

The TPLR is a 24-bit read/write register that controls the prescaler divide factor (i.e., the number that the
prescaler counter will load and begin counting from) and the source for the prescaler input clock. See
Figure 13-4.

23 22 21 20 19 18 17 16 15 14 13 12
| PS1 | PSO | PL20 | PL19 | PL18 | PL17 | PL16 | PL15 | PL14 | PL13 | PL12 |

1" 10 9 8 7 6 5 4 3 2 1 0
|PL11 PL10| PLO | PL8 | PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PL1 | PLO |

— reserved, read as 0, should be written with O for future compatibility
Figure 13-4 Timer Prescaler Load Register

13.3.2.1 TPLR Prescaler Preload Value PL[20:0] Bits 20-0

These 21 bits contain the prescaler preload value. This value is loaded into the prescaler counter when the
counter value reaches zero or the counter switches state from disabled to enabled.

If PL[20:0] = N, then the prescaler counts N + 1 source clock cycles before generating a prescaler clock
pulse. Therefore, the prescaler divide factor = (preload value) + 1.

The PL[20:0] bits are cleared by the hardware RESET signal or the software RESET instruction.

13.3.2.2 TPLR Prescaler Source PS[1:0] Bits 22-21

The two prescaler source (PS) bits control the source of the prescaler clock. Table 13-1 summarizes PS bit
functionality. The prescaler’s use of the TIOO signal is not affected by the TCSR settings of timer 0.

If the prescaler source clock is external, the prescaler counter is incremented by signal transitions on the
TIOO signal. The external clock is internally synchronized to the internal clock. The external clock
frequency must be lower than the DSP56367 internal operating frequency divided by 4 (CLK/4).

The PS[1:0] bits are cleared by the hardware RESET signal or the software RESET instruction.
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Note: To ensure proper operation, change the PS[1:0] bits only when the prescaler counter is
disabled. Disable the prescaler counter by clearing the TE bit in the TCSR of each of three

timers.
Table 13-1 Prescaler Source Selection
PS1 PSO PRESCALER CLOCK SOURCE

0 0 Internal CLK/2

0 1 TIO0

1 0 Reserved

1 1 Reserved

13.3.2.3 TPLR Reserved Bit 23

This reserved bit is read as zero and should be written with zero for future compatibility.

13.3.3 Timer Prescaler Count Register (TPCR)

The TPCR is a 24-bit read-only register that reflects the current value in the prescaler counter. See
Figure 13-5.

23 22 21 20 19 18 17 16 15 14 13 12
| | | PC20 | PC19 | PC18 | PC17 | PC16 | PC15 | PC14 | PC13 | PC12 |

1" 10 9 8 7 6 5 4 3 2 1 0
| PC11 PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO |

— reserved, read as 0, should be written with 0 for future compatibility
Figure 13-5 Timer Prescaler Count Register (TPCR)

13.3.3.1 TPCR Prescaler Counter Value PC[20:0] Bits 20-0

These 21 bits contain the current value of the prescaler counter.

13.3.3.2 TPCR Reserved Bits 23-21

These reserved bits are read as zero and should be written with zero for future compatibility.

13.3.4 Timer Control/Status Register (TCSR)

The TCSR is a 24-bit read/write register controlling the timer and reflecting its status.
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13.3.4.1 TCSR Timer Enable (TE) Bit 0

The timer enable (TE) bit is used to enable or disable the timer. Setting TE enables the timer and clears
the timer counter. The counter starts counting according to the mode selected by the timer control
(TC[3:0]) bit values.

Clearing the TE bit disables the timer. The TE bit is cleared by the hardware RESET signal or the software
RESET instruction.

Note: When timer 0 is disabled and TIOO is not in GPIO mode, the pin is tri-stated. To prevent
undesired spikes on TIO0 when Timer 0 is switched from tri-state to an active state, TIO0
should be tied to the power supply with a pullup or pulldown resistor.

13.3.4.2 TCSR Timer Overflow Interrupt Enable (TOIE) Bit 1

The TOIE bit is used to enable the timer overflow interrupts. Setting TOIE enables overflow interrupt
generation. The timer counter can hold a maximum value of $FFFFFF. When the counter value is at the
maximum value and a new event causes the counter to be incremented to $000000, the timer generates
an overflow interrupt.

Clearing the TOIE bit disables overflow interrupt generation. The TOIE bit is cleared by the hardware
RESET signal or the software RESET instruction.

13.3.4.3 TCSR Timer Compare Interrupt Enable (TCIE) Bit 2

The Timer Compare Interrupt Enable (TCIE) bit is used to enable or disable the timer compare interrupts.
Setting TCIE enables the compare interrupts. In the timer, PWM, or watchdog modes, a compare interrupt
is generated after the counter value matches the value of the TCPR. The counter will start counting up
from the number loaded from the TLR and if the TCPR value is N, an interrupt occurs after (N - M + 1)
events, where M is the value of TLR.

Clearing the TCIE bit disables the compare interrupts. The TCIE bit is cleared by the hardware RESET
signal or the software RESET instruction.

13.3.4.4 TCSR Timer Control (TC[3:0]) Bits 4-7

The four TC bits control the source of the timer clock, the behavior of the TIOO signal, and the timer mode
of operation. Table 13-2 summarizes the TC bit functionality. A detailed description of the timer operating
modes is given in Section 13.4, Timer Modes of Operation.

The TC bits are cleared by the hardware RESET signal or the software RESET instruction.

Notes: 1. If the clock is external, the counter is incremented by the transitions on the TIOO signal.
The external clock is internally synchronized to the internal clock, and its frequency should
be lower than the internal operating frequency divided by 4 (CLK/4).

2. To ensure proper operation, the TC[3:0] bits should be changed only when the timer is
disabled (when the TE bit in the TCSR has been cleared).
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Table 13-2 Timer Control Bits for Timer 0

Timer/Event Counter Programming Model

Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO N'ﬂ'ﬁiir Mode Function TIOO Clock
0 0 0 0 0 Timer and GPIO GPIO’ Internal
0 0 0 1 1 Timer pulse Output Internal
0 0 1 0 2 Timer toggle Output Internal
0 0 1 1 3 Event counter Input External
0 1 0 0 4 Input width measurement Input Internal
0 1 0 1 5 Input period measurement Input Internal
0 1 1 0 6 Capture event Input Internal
0 1 1 1 7 Pulse width modulation Output Internal
1 0 0 0 8 Reserved — —
1 0 0 1 9 Watchdog pulse Output Internal
1 0 1 0 10 Watchdog toggle Output Internal
1 0 1 1 11 Reserved — —
1 1 0 0 12 Reserved — —
1 1 0 1 13 Reserved — —
1 1 1 0 14 Reserved — —
1 1 1 1 15 Reserved — —
Note: The GPIO function is enabled only if all of the TC[3:0] bits are zero.
Table 13-3 Timer Control Bits for Timers 1 and 2
TC3 | TC2 | TC1 | TCO Clock

0 0 0 0 Internal

0 0 0 1 — Reserved

0 0 1 X — Reserved

0 1 X X — Reserved

1 X X X — Reserved
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13.3.4.5

TCSR Inverter (INV) Bit 8

The INV bit affects the polarity of the incoming signal on the TIOO0 input signal and the polarity of the output
pulse generated on the TIO0 output signal. The effects of the INV bit are summarized in Table 13-4.

This bit is not in use for timers 1 and 2. It should be left cleared.

signal read directly

signal inverted

Table 13-4 Inverse Bit
TIOO0 Programmed as Input TIOO0 Programmed as Output
Mode
INV=0 INV =1 INV=0 INV =1
0 GPIO signal on the TIO0 | GPIO signal on the TIOO | Bit written to GPIO put on | Bit written to GPIO

TIOO signal directly

inverted and put on
TIOO signal

Counter is incremented
on the rising edge of the
signal from the TIO0
signal

Counter is incremented
on the falling edge of the
signal from the TIO0
signal

2 Counter is incremented | Counter is incremented | TCRx output put on TIO0 | TCRx outputinverted and
on the rising edge of the | on the falling edge of the | signal directly put on TIOO signal
signal from the TIO0 signal from the TIO0
signal signal

3 Counter is incremented | Counter is incremented | — —
on the rising edge of the | on the falling edge of the
signal from the TIO0 signal from the TIO0
signal signal

4 Width of the high input | Width of the low input — —
pulse is measured. pulse is measured.

5 Period is measured Period is measured — —
between the rising between the falling
edges of the input signal. | edges of the input signal.

6 Event is captured on the |Eventis captured on the |— —
rising edge of the signal | falling edge of the signal
from the TIOO signal from the TIOO signal

7 — — Pulse generated by the | Pulse generated by the

timer has positive timer has negative
polarity polarity

9 — — Pulse generated by the | Pulse generated by the

timer has positive timer has negative
polarity polarity

10 |— — Pulse generated by the | Pulse generated by the

timer has positive timer has negative
polarity polarity
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The INV bit is cleared by the hardware RESET signal or the software RESET instruction.

Note: The INV bit affects both the timer and GPIO modes of operation. To ensure correct
operation, this bit should be changed only when one or both of the following conditions is
true:

» The timer has been disabled by clearing the TE bit in the TCSR.
* The timeris in GPIO mode.

The INV bit does not affect the polarity of the prescaler source when TIOO is used as input to the prescaler.

13.3.4.6 TCSR Timer Reload Mode (TRM) Bit 9

The TRM bit controls the counter preload operation.

In timer (0—3) and watchdog (9—10) modes, the counter is preloaded with the TLR value after the TE bit is
set and the first internal or external clock signal is received. If the TRM bit is set, the counter is reloaded
each time after it reaches the value contained by the TCR. In PWM mode (7), the counter is reloaded each
time counter overflow occurs. In measurement (4-5) modes, if the TRM and the TE bits are set, the
counter is preloaded with the TLR value on each appropriate edge of the input signal.

If the TRM bit is cleared, the counter operates as a free-running counter and is incremented on each
incoming event. The TRM bit is cleared by the hardware RESET signal or the software RESET instruction.

13.3.4.7 TCSR Direction (DIR) Bit 11

The DIR bit determines the behavior of the TIOO signal when it is used as a GPIO pin. When the DIR bit is
set, the TIOO signal is an output; when the DIR bit is cleared, the TIOO signal is an input. The TIOO signal
can be used as a GPIO only when the TC[3:0] bits are all cleared. If any of the TC[3:0] bits are set, then
the GPIO mode is disabled and the DIR bit has no effect.

The DIR bit is cleared by the hardware RESET signal or the software RESET instruction.

This bit is not in use for timers 1 and 2. It should be left cleared.

13.3.4.8 TCSR Data Input (DI) Bit 12

The DI bit reflects the value of the TIOO signal. If the INV bit is set, the value of the TIOO signal is inverted
before it is written to the DI bit. If the INV bit is cleared, the value of the TIOO signal is written directly to the
DI bit.

Dl is cleared by the hardware RESET signal or the software RESET instruction.

13.3.4.9 TCSR Data Output (DO) Bit 13

The DO bit is the source of the TIO0 value when it is a data output signal. The TIOO signal is data output
when the GPIO mode is enabled and DIR is set. A value written to the DO bit is written to the TIOO signal.
If the INV bit is set, the value of the DO bit is inverted when written to the TIOO0 signal. When the INV bit is
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cleared, the value of the DO bit is written directly to the TIOO0 signal. When GPIO mode is disabled, writing
the DO bit has no effect.

The DO bit is cleared by the hardware RESET signal or the software RESET instruction.

This bit is not in use for timers 1 and 2. It should be left cleared.

13.3.4.10 TCSR Prescaler Clock Enable (PCE) Bit 15

The PCE bit is used to select the prescaler clock as the timer source clock. When the PCE bit is cleared,
the timer uses either an internal (CLK/2) signal or an external signal (TIOO0) as its source clock. When the
PCE bit is set, the prescaler output is used as the timer source clock for the counter regardless of the timer
operating mode. To ensure proper operation, the PCE bit should be changed only when the timer is
disabled (when the TE bit is cleared). Which source clock is used for the prescaler is determined by the
PS[1:0] bits of the TPLR. Timers 1 and 2 can be clocked by the prescaler clock derived from TIOO0.

13.3.4.11 TCSR Timer Overflow Flag (TOF) Bit 20

The TOF bit is set to indicate that counter overflow has occurred. This bit is cleared by writing a 1 to the
TOF bit. Writing a 0 to the TOF bit has no effect. The bit is also cleared when the timer overflow interrupt is
serviced.

The TOF bit is cleared by the hardware RESET signal, the software RESET instruction, the STOP
instruction, or by clearing the TE bit to disable the timer.

13.3.4.12 TCSR Timer Compare Flag (TCF) Bit 21

The TCF bit is set to indicate that the event count is complete. In the timer, PWM, and watchdog modes,
the TCF bit is set when (N — M + 1) events have been counted (N is the value in the compare register and
M is the TLR value). In the measurement modes, the TCF bit is set when the measurement has been
completed.

The TCF bit is cleared by writing a one into the TCF bit. Writing a zero into the TCF bit has no effect. The
bit is also cleared when the timer compare interrupt is serviced.

The TCF bit is cleared by the hardware RESET signal, the software RESET instruction, the STOP
instruction, or by clearing the TE bit to disable the timer.

Note: The TOF and TCF bits are cleared by writing a one to the specific bit. In order to assure
that only the desired bit is cleared, do not use the BSET command. The proper way to
clear these bits is to write (using a MOVEP instruction) a one to the flag to be cleared and
a zero to the other flag.

13.3.4.13 TCSR Reserved Bits (Bits 3, 10, 14, 16-19, 22, 23)

These reserved bits are read as zero and should be written with zero for future compatibility.
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13.3.5 Timer Load Register (TLR)

The TLR is a 24-bit write-only register. In all modes, the counter is preloaded with the TLR value after the
TE bit in the TCSR is set and a first event occurs. The programmer must initialize the TLR to ensure
correct operation in the appropriate timer operating modes.

* Intimer modes, if the timer reload mode (TRM) bit in the TCSR is set, the counter is reloaded each
time after it has reached the value contained by the timer compare register (TCR) and the new
event occurs.

* In measurement modes, if the TRM bit in the TCSR is set and the TE bit in the TCSR is set, the
counter is reloaded with the value in the TLR on each appropriate edge of the input signal.

* In PWM modes, if the TRM bit in the TCSR is set, the counter is reloaded each time after it has
overflowed and the new event occurs.

* Inwatchdog modes, if the TRM bit in the TCSR is set, the counter is reloaded each time after it has
reached the value contained by the TCR and the new event occurs. In this mode, the counter is also
reloaded whenever the TLR is written with a new value while the TE bit in the TCSR is set.

* Inallmodes, ifthe TRM bitin the TCSR is cleared (TRM = 0), the counter operates as a free-running
counter.

13.3.6 Timer Compare Register (TCPR)

The TCPR is a 24-bit read/write register that contains the value to be compared to the counter value.
These two values are compared every timer clock after the TE bit in the TCSR is set. When the values
match, the timer compare flag (TCF) bit is set and an interrupt is generated if interrupts are enabled (if the
timer compare interrupt enable (TCIE) bit in the TCSR is set). The programmer must initialize the TCPR to
ensure correct operation in the appropriate timer operating modes. The TCPR is ignored in measurement
modes.

13.3.7 Timer Count Register (TCR)

The TCR is a 24-bit read-only register. In timer and watchdog modes, the counter’s contents can be read

at any time by reading the TCR register. In measurement modes, the TCR is loaded with the current value
of the counter on the appropriate edge of the input signal, and its value can be read to determine the width,
period, or delay of the leading edge of the input signal. When the timer is in measurement modes, the TIO0
signal is used for the input signal.
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13.4 TIMER MODES OF OPERATION

Each timer has various operational modes that meet a variety of system requirements. These modes are
as follows:
« Timer
— GPIO, mode 0: Internal timer interrupt generated by the internal clock
— Pulse, mode 1: External timer pulse generated by the internal clock
— Toggle, mode 2: Output timing signal toggled by the internal clock
— Event counter, mode 3: Internal timer interrupt generated by an external clock

* Measurement
— Input width, mode 4: Input pulse width measurement
— Input pulse, mode 5: Input signal period measurement
— Capture, mode 6: Capture external signal

«  PWM, mode 7: Pulse Width Modulation
+  Watchdog
— Pulse, mode 9: Output pulse, internal clock
— Toggle, mode 10: Output toggle, internal clock

These modes are described in detail below. Timer modes are selected by setting the TC[3:0] bits in the
TCSR. Table 13-2 and Table 13-3 show how the different timer modes are selected by setting the bits in
the TCSR. Table 13-2 also shows the TIOO signal direction and the clock source for each timer mode.

Note: To ensure proper operation, the TC[3:0] bits should be changed only when the timer is
disabled (i.e., when the TE bit in the TCSR is cleared).

13.4.1 Timer Modes

13.4.1.1 Timer GPIO (Mode 0)
Bit Settings Mode Characteristics

TC3 | TC2 | TC1 | TCO TIOO0 Clock # KIND NAME

0 0 0 0 GPIO Internal 0 Timer GPIO

In this mode, the timer generates an internal interrupt when a counter value is reached (if the timer
compare interrupt is enabled). Note that any of the three timers can be placed in GPIO mode to generate
internal interrupts, but only timer 0 provides actual external GPIO access on the TIOO signal.

Set the TE bit to clear the counter and enable the timer. Load the value the timer is to count into the TCPR.
The counter is loaded with the TLR value when the first timer clock signal is received. The timer clock can
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be taken from either the DSP56367 clock divided by two (CLK/2) or from the prescaler clock output. Each
subsequent clock signal increments the counter.

When the counter equals the TCPR value, the TCF bit in TCSR is set, and a compare interrupt is
generated if the TCIE bit is set. If the TRM bit in the TCSR is set, the counter is reloaded with the TLR
value at the next timer clock and the count is resumed. If the TRM bit is cleared, the counter continues to
be incremented on each timer clock signal.

This process is repeated until the timer is disabled (i.e., TE is cleared).
If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.

13.4.1.2 Timer Pulse (Mode 1)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO TIOO Clock # KIND NAME
0 0 0 1 Output Internal 1 Timer Pulse

In this mode, the timer generates a compare interrupt when the timer count reaches a preset value. In
addition, timer 0 provides an external pulse on its TIOO signal.

Set the TE bit to clear the counter and enable the timer. The value to which the timer is to count is loaded
into the TCPR. The counter is loaded with the TLR value when the first timer clock signal is received. The
TIOO0 signal is loaded with the value of the INV bit. The timer clock signal can be taken from either the
DSP56367 clock divided by two (CLK/2) or from the prescaler clock output. Each subsequent clock signal
increments the counter.

When the counter matches the TCPR value, the TCF bitin TCSR is set and a compare interrupt is
generated if the TCIE bit is set. The polarity of the TIOO signal is inverted for one timer clock period.

If the TRM bit is set, the counter is loaded with the TLR value on the next timer clock and the count is
resumed. If the TRM bit is cleared, the counter continues to be incremented on each timer clock.

This process is repeated until the TE bit is cleared (disabling the timer).

The value of the TLR sets the delay between starting the timer and the generation of the output pulse. To
generate successive output pulses with a delay of X clocks between signals, the TLR value should be set
to X/2 and the TRM bit should be set.

This process is repeated until the timer is disabled (i.e., TE is cleared).
If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.
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13.41.3 Timer Toggle (Mode 2)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO TIOO0 Clock # KIND NAME
0 0 1 0 Output Internal 0 Timer Toggle

In this mode, the timer generates a periodic interrupt; timer 0 also toggles the polarity of the TIOO0 signal.

Set the TE bit in the TCR to clear the counter and enable the timer. The value the timer is to count is
loaded into the TPCR. The counter is loaded with the TLR value when the first timer clock signal is
received. The TIOO signal is loaded with the value of the INV bit. The timer clock signal can be taken from
either the DSP56367 clock divided by two (CLK/2) or from the prescaler clock output. Each subsequent
clock signal increments the counter.

When the counter value matches the value in the TCPR, the polarity of the TIOO output signal is inverted.
The TCF bitin the TCSR is set and a compare interrupt is generated if the TCIE bit is set.

If the TRM bit is set, the counter is loaded with the value of the TLR when the next timer clock is received,
and the count is resumed. If the TRM bit is cleared, the counter continues to be incremented on each timer
clock.

This process is repeated until the TE bit is cleared, disabling the timer.

The TLR value in the TCPR sets the delay between starting the timer and toggling the TIOO0 signal. To
generate output signals with a delay of X clock cycles between toggles, the TLR value should be set to X/2
and the TRM bit should be set.

This process is repeated until the timer is disabled (i.e., TE is cleared). If the counter overflows, the TOF bit
is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.

13.41.4 Timer Event Counter (Mode 3)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO TIOO0 Clock # KIND NAME
0 0 1 1 Input External 3 Timer Event Counter

In this mode, the timer counts internal events and issues an interrupt when a preset number of events is
counted. Timer 0 can also count external events.

Set the TE bit to clear the counter and enable the timer. The number of events the timer is to count is
loaded into the TPCR. The counter is loaded with the TLR value when the first timer clock signal is
received. The timer clock signal is provided by the prescaler clock output. Timer 0 can be also be clocked
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from the TIOO input signal. Each subsequent clock signal increments the counter. If an external clock is
used, it must be internally synchronized to the internal clock and its frequency must be less than the
DSP56367 internal operating frequency divided by 4.

The value of the INV bit in the TCSR determines whether low-to-high (0 to 1) transitions or high-to-low (1 to
0) transitions increment the counter. If the INV bit is set, high-to-low transitions increment the counter. If
the INV bit is cleared, low-to-high transitions increment the counter.

When the counter matches the value contained in the TCPR, the TCF bit in the TCSR is set and a
compare interrupt is generated if the TCIE bit is set. If the TRM bit is set, the counter is loaded with the
value of the TLR when the next timer clock is received, and the count is resumed. If TRM bit is cleared, the
counter continues to be incremented on each timer clock.

This process is repeated until the timer is disabled (i.e., TE is cleared). If the counter overflows, the TOF bit
is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.

13.4.2 Signal Measurement Modes

The following signal measurement modes are provided:

* Measurement input width
* Measurement input period
* Measurement capture

These functions are available only on timer O.

13.4.2.1 Measurement Accuracy

The external signal is synchronized with the internal clock used to increment the counter. This
synchronization process can cause the number of clocks measured for the selected signal value to vary
from the actual signal value by plus or minus one counter clock cycle.

13.4.2.2 Measurement Input Width (Mode 4)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO Mode Name Kind TIOO Clock
0 1 0 0 4 Input Width Measurement Input Internal

In this mode, the timer 0 counts the number of clocks that occur between opposite edges of an input
signal.
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Set the TE bit to clear the counter and enable the timer. Load the timer’s count value into the TLR. After
the first appropriate transition (as determined by the INV bit) occurs on the TIOO input pin, the counter is
loaded with the TLR value on the first timer clock signal received either from the DSP56367 clock divided
by two (CLK/2) or from the prescaler clock input. Each subsequent clock signal increments the counter.

If the INV bit is set, the timer starts on the first high-to-low (1 to 0) signal transition on the TIOO signal. If the
INV bit is cleared, the timer starts on the first low-to-high (0 to 1) transition on the TIOO signal.

When the first transition opposite in polarity to the INV bit setting occurs on the TIOO signal, the counter
stops. The TCF bit in the TCSR is set and a compare interrupt is generated if the TCIE bit is set. The value
of the counter (which measures the width of the TIOO pulse) is loaded into the TCR. The TCR can be read
to determine the external signal pulse width.

If the TRM bit is set, the counter is loaded with the TLR value on the first timer clock received following the
next valid transition occurring on the TIOO0 input pin and the count is resumed. If the TRM bit is cleared, the
counter continues to be incremented on each timer clock.

This process is repeated until the timer is disabled (i.e., TE is cleared).
If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.

13.4.2.3 Measurement Input Period (Mode 5)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIOO Clock
0 1 0 1 5 Input Period Measurement Input Internal

In this mode, the timer counts the period between the reception of signal edges of the same polarity across
the T1OO signal.

Set the TE bit to clear the counter and enable the timer. The value the timer is to count is loaded into the
TLR. The value of the INV bit determines whether the period is measured between consecutive low-to-high
(0 to 1) transitions of TIOO or between consecutive high-to-low (1 to 0) transitions of TIOOQ. If INV is set,
high-to-low signal transitions are selected. If INV is cleared, low-to-high signal transitions are selected.

After the first appropriate transition occurs on the TIOO input pin, the counter is loaded with the TLR value
on the first timer clock signal received from either the DSP56367 clock divided by two (CLK/2) or the
prescaler clock output. Each subsequent clock signal increments the counter.

On the next signal transition of the same polarity that occurs on TIOO, the TCF bitin the TCSR is set and a
compare interrupt is generated if the TCIE bit is set. The contents of the counter are loaded into the TCR.
The TCR then contains the value of the time that elapsed between the two signal transitions on the TIO0

signal.
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After the second signal transition, if the TRM bit is set, the TE bit is set to clear the counter and enable the
timer. The counter is repeatedly loaded and incremented until the timer is disabled. If the TRM bit is
cleared, the counter continues to be incremented until it overflows.

This process is repeated until the timer is disabled (i.e., TE is cleared).
If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.

13.4.2.4 Measurement Capture (Mode 6
)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIOO0 Clock
0 1 1 0 6 Capture Measurement Input Internal

In this mode, the timer counts the number of clocks that elapse between starting the timer and receiving an
external signal.

Set the TE bit to clear the counter and enable the timer. The value the timer is to count is loaded into the
TLR. When the first timer clock signal is received, the counter is loaded with the TLR value. The timer clock
signal can be taken from either the DSP56367 clock divided by two (CLK/2) or from the prescaler clock
output. Each subsequent clock signal increments the counter.

At the first appropriate transition of the external clock detected on the TIOO signal, the TCF bitin the TCSR
is set and, if the TCIE bit is set, a compare interrupt is generated. The counter halts. The contents of the
counter are loaded into the TCR. The value of the TCR represents the delay between the setting of the TE
bit and the detection of the first clock edge signal on the TIOO signal.

If the INV bit is set, a high-to-low transition signals the end of the timing period. If INV is cleared, a
low-to-high transition signals the end of the timing period.

If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is generated.

The counter contents can be read at any time by reading the TCR.

13.4.3 Pulse Width Modulation (PWM, Mode 7)

Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIOO Clock
0 1 1 1 7 Pulse Width Modulation PWM Output Internal
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In this mode, the timer generates periodic pulses of a preset width. This function is available only on timer
0.

Set the TE bit to clear the counter and enable the timer. The value the timer is to count is loaded into the
TPCR. When first timer clock is received from either the DSP56367 internal clock divided by two (CLK/2)
or the prescaler clock output, the counter is loaded with the TLR value. Each subsequent timer clock
increments the counter.

When the counter equals the value in the TCPR, the TIOO output pin is toggled and the TCF bit in the
TCSR is set. The contents of the counter are placed into the TCR. If the TCIE bit is set, a compare
interrupt is generated. The counter continues to be incremented on each timer clock.

If counter overflow has occurred, the TIOO output pin is toggled, the TOF bit in TCSR is set, and an
overflow interrupt is generated if the TOIE bit is set. If the TRM bit is set, the counter is loaded with the TLR
value on the next timer clock and the count is resumed. If the TRM bit is cleared, the counter continues to
be incremented on each timer clock.

This process is repeated until the timer is disabled by clearing the TE bit.

TI1OO signal polarity is determined by the value of the INV bit. When the counter is started by setting the TE
bit, the TIOO0 signal assumes the value of the INV bit. On each subsequent toggling of the TIOO signal, the
polarity of the TIOO signal is reversed. For example, if the INV bit is set, the TIOO signal generates the
following signal: 1010. If the INV bit is cleared, the TIOO signal generates the following signal: 0101.

The counter contents can be read at any time by reading the TCR.

The value of the TLR determines the output period ($FFFFFF — TLR + 1). The timer counter increments
the initial TLR value and toggles the TIOO0 signal when the counter value exceeds $FFFFFF.

The duty cycle of the TIOO0 signal is determined by the value in the TCPR. When the value in the TLR is
incremented to a value equal to the value in the TCPR, the TIOO signal is toggled. The duty cycle is equal
to ($FFFFFF — TCPR) divided by ($FFFFFF — TLR + 1). For a 50% duty cycle, the value of TCPR is equal
to (FFFFFF + TLR + 1) / 2.

Note: The value in TCPR must be greater than the value in TLR.

13.4.4 Watchdog Modes

13.4.41 Watchdog Pulse (Mode 9
)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIOO0 Clock
1 0 0 1 9 Pulse Watchdog Output Internal

In this mode, the timer generates an interrupt at a preset rate. Timer 0 also generates pulse on TIO0. The
signal period is equal to the period of one timer clock.
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Set the TE bit to clear the counter and enable the timer. The value the timer is to count is loaded into the
TCPR. The counter is loaded with the TLR value on the first timer clock received from either the
DSP56367 internal clock divided by two (CLK/2) or the prescaler clock output. Each subsequent timer
clock increments the counter.

When the counter matches the value of the TCPR, the TCF bit in the TCSR is set and a compare interrupt
is generated if the TCIE bit is also set.

If the TRM bit is set, the counter is loaded with the TLR value on the next timer clock and the count is
resumed. If the TRM bit is cleared, the counter continues to be incremented on each subsequent timer
clock.

This process is repeated until the timer is disabled (i.e., TE is cleared).

If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is generated. Timer 0

also generates an output pulse on the TIOO signal with a pulse width equal to the timer clock period. The

pulse polarity is determined by the value of the INV bit. If the INV bit is set, the pulse polarity is high (logical
1). If the INV bit is cleared, the pulse polarity is low (logical 0).

The counter contents can be read at any time by reading the TCR.
The counter is reloaded whenever the TLR is written with a new value while the TE bit is set.

Note: In this mode, internal logic preserves the TIOO value and direction for an additional 2.5
internal clock cycles after the DSP56367 hardware RESET signal is asserted. This
ensures that a valid RESET signal is generated when the TIOO signal is used to reset the

DSP56367.
13.4.4.2 Watchdog Toggle (Mode 10)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode NAME Kind TIOO Clock
1 0 1 0 10 Toggle Watchdog Output Internal

In this mode, the timer generates an interrupt at a preset rate. Timer 0 also toggles the output on TIOO.

Set the TE bit to clear the counter and enable the timer. The value the timer is to count is loaded into the
TPCR. The counter is loaded with the TLR value on the first timer clock received from either the
DSP56367 internal clock divided by two (CLK/2) or the prescaler clock output. Each subsequent timer
clock increments the counter. The TIOO signal is set to the value of the INV bit.

When the counter equals the value in the TCPR, the TCF bit in the TCSR is set, and a compare interrupt is
generated if the TCIE bit is also set. If the TRM bit is set, the counter is loaded with the TLR value on the
next timer clock and the count is resumed. If the TRM bit is cleared, the counter continues to be
incremented on each subsequent timer clock.
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When counter overflow has occurred, the polarity of the TIOO output pin is inverted, the TOF bit in the
TCSR is set, and an overflow interrupt is generated if the TOIE bit is also set. The TIOO polarity is
determined by the INV bit.

The counter is reloaded whenever the TLR is written with a new value while the TE bit is set. This process
is repeated until the timer is disabled by clearing the TE bit. The counter contents can be read at any time
by reading the TCR register.

Note: In this mode, internal logic preserves the TIOO value and direction for an additional 2.5
internal clock cycles after the DSP56367 hardware RESET signal is asserted. This
ensures that a valid RESET signal is generated when the TIOO0 signal is used to reset the
DSP56367.

13.4.5 Reserved Modes

Modes 8, 11, 12, 13, 14, and 15 are reserved.

13.4.6 Special Cases
The following special cases apply during wait and stop state.

13.4.6.1 Timer Behavior during Wait

Timer clocks are active during the execution of the WAIT instruction and timer activity is undisturbed. If a
timer interrupt is generated, the DSP56367 leaves the wait state and services the interrupt.

13.4.6.2 Timer Behavior during Stop

During the execution of the STOP instruction, the timer clocks are disabled, timer activity is stopped, and
the TIOO signal is disconnected. Any external changes that happen to the TIOO signal is ignored when the
DSP56367 is the stop state. To ensure correct operation, the timers should be disabled before the
DSP56367 is placed into the stop state.

13.4.7 DMA Trigger

Each timer can also be used to trigger DMA transfers. For this to occur, a DMA channel must be
programmed to be triggered by a timer event. The timer issues a DMA trigger on every event in all modes
of operation. The DMA channel does not have the capability to save multiple DMA triggers generated by
the timer. To ensure that all DMA triggers are serviced, the user must provide for the preceding DMA
trigger to be serviced before the next trigger is received by the DMA channel.
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Pin-out and Package Information

14.1 PIN-OUT AND PACKAGE INFORMATION

This section provides information about the available package for this product, including diagrams of the
package pinouts and tables describing how the signals described in ChapterDSP56367 Overview are
allocated for the package. The DSP56367 is available in a 144-pin LQFP package. Table 14-1and
Table 14-2 show the pin/name assignments for the packages.

14.1.1 LQFP Package Description

Top view of the 144-pin LQFP package is shown in Figure 14-1 with its pin-outs. The package drawing is
shown in Figure 14-2.
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Figure 14-1 144-pin package
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Table 14-1 Signal Identification by Name

Signal Name Pin No. Signal Name Pin No. Signal Name Pin No. Signal Name Pin No.
A0 72 D9 113 GNDS 9 SDO0/SDO0_1 4
A1 73 D10 114 GNDS 26 SDO1/SDO1_1 5
A2 76 D11 115 HA8/HA1 32 SDO2/SDI3/SDO2_ | 6

1/SDI3_1
A3 77 D12 116 HA9/HA2 31 SDO3/SDI2/SDO3_ |7
1/SDI2_1

A4 78 D13 117 HACK/HRRQ 23 SDO4/SDI1 10
A5 79 D14 118 HADO 43 SDO4_1/SDI1_1 138
A6 82 D15 121 HAD1 42 SDO5/SDI0 11
A7 83 D16 122 HAD2 41 SDO5_1/SDI0_1 48
A8 84 D17 123 HAD3 40 SS#/HA2 2
A9 85 D18 124 HAD4 37 TA# 62
A10 88 D19 125 HAD5 36 TCK 141
A11 89 D20 128 HADG6 35 TDI 140
A12 92 D21 131 HAD7 34 TDO 139
A13 93 D22 132 HAS/HAO 33 TIOO0 29
A14 94 D23 133 HCKR 17 T™MS 142
A15 97 EXTAL 55 HCKT 16 VCCA 74
A16 98 FSR 13 HCS/HA10 30 VCCA 80
A17 99 FSR_1 59 HDS/HWR 21 VCCA 86
AAO 70 FST 12 HOREQ/HTRQ 24 VCCC 57
AA1 69 FST_1 50 HREQ# 3 VCCC 65
AA2 51 GNDA 75 HRW/HRD 22 VCCD 103
ACI 28 GNDA 81 MODA/IRQA# 137 VCCD 111
ADO 27 GNDA 87 MODB/IRQB# 136 VCCD 119
BB# 64 GNDA 96 MODC/IRQC# 135 VCCD 129
BG# 71 GNDC 58 MODD/IRQD# 134 VCCH 38
BR# 63 GNDC 66 MISO/SDA 144 VCCQH 20
CAS# 52 GNDD 104 MOSI/HAO 143 VCCQH 95
DO 100 GNDD 112 PCAP 46 VCCQH 49
D1 101 GNDD 120 PINIT/NMI# 61 VCCQL 18
D2 102 GNDD 130 RD# 68 VCCQL 56
D3 105 GNDH 39 RESET# 44 VCCQL 91
D4 106 GNDP 47 SCK/SCL 1 VCCQL 126
D5 107 GNDQ 19 SCKR 15 VCCP 45
D6 108 GNDQ 54 SCKR_1 60 VCCS 8
D7 109 GNDQ 90 SCKT 14 VCCS 25
D8 110 GNDQ 127 SCKT_1 53 WR# 67
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Table 14-2 Signal Identification by Pin Number

Pin No. | Signal Name | Pin No.| Signal Name | PinNo.| Signal Name |PinNo.| Signal Name

1 SCK/SCL 37 HAD4 73 A1 109 D7

2 SS#/HA2 38 VCCH 74 VCCA 110 D8

3 HREQ# 39 GNDH 75 GNDA 111 VCCD

4 SDO0/SDO0_1 40 HAD3 76 A2 112 GNDD

5 SDO1/SDO1_1 41 HAD2 77 A3 113 D9

6 SDO2/SDI3/SD0O2 | 42 HAD1 78 A4 114 D10
_1/SDI3_1

7 SDO3/SDI2/SDO3 | 43 HADO 79 A5 115 D11
_1/SDI2_1

8 VCCS 44 RESET# 80 VCCA 116 D12

9 GNDS 45 VCCP 81 GNDA 117 D13

10 SDO4/SDI1 46 PCAP 82 A6 118 D14

11 SDO5/SDI0 47 GNDP 83 A7 119 VCCD

12 FST 48 SDO5_1/SDI0_1 84 A8 120 GNDD

13 FSR 49 VCCQH 85 A9 121 D15

14 SCKT 50 FST_1 86 VCCA 122 D16

15 SCKR 51 AA2 87 GNDA 123 D17

16 HCKT 52 CAS# 88 A10 124 D18

17 HCKR 53 SCKT_1 89 A11 125 D19

18 VCCQL 54 GNDQ 90 GNDQ 126 VCCQL

19 GNDQ 55 EXTAL 91 VCCQL 127 GNDQ

20 VCCQH 56 VCCQL 92 A12 128 D20

21 HDS/HWR 57 VCCC 93 A13 129 VCCD

22 HRW/HRD 58 GNDC 94 A14 130 GNDD

23 HACK/HRRQ 59 FSR_1 95 VCCQH 131 D21

24 HOREQ/HTRQ 60 SCKR_1 96 GNDA 132 D22

25 VCCS 61 PINIT/NMI# 97 A15 133 D23

26 GNDS 62 TA# 98 A16 134 MODD/IRQD#

27 ADO 63 BR# 99 A17 135 MODC/IRQC#

28 ACI 64 BB# 100 DO 136 MODB/IRQB#

29 TIOO0 65 VCCC 101 D1 137 MODA/IRQA#

30 HCS/HA10 66 GNDC 102 D2 138 SDO4_1/SDI1_1

31 HA9/HA2 67 WR# 103 VCCD 139 TDO

32 HA8/HA1 68 RD# 104 GNDD 140 TDI

33 HAS/HAO 69 AA1 105 D3 141 TCK

34 HAD7 70 AAO 106 D4 142 T™MS

35 HADG6 71 BG# 107 D5 143 MOSI/HAO

36 HAD5 72 A0 108 D6 144 MISO/SDA
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14.1.2 LQFP Package Mechanical Drawing

MOTOROLA MECHANICAL OUTLINES DOCUMENT NO:  98ASS23177W
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PACKAGE CODE: 8259 |SHEET: 1 0F 3

Figure 14-2 DSP56367 144-pin LQFP Package (1 of 3)
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Figure 14-3 DSP56367 144-pin LQFP Package (2 of 3)
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MOTOROLA MECHANICAL OUTLINES DOCUMENT NO: 98ASS23177W
Semiconductor Products Sector DICTIONARY PAGE: 918
COPYRIGHT MOTOROLA. INC. ALL RIGHTS RESERVED )
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NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETERS.
2. INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5M-1994.
A DATUMS B, C AND D TO BE DETERMINED AT DATUM PLANE H.

THE TOP PACKAGE BODY SIZE MAY BE SMALLER THAN THE BOTTOM PACKAGE SIZE BY A
MAXIMUM OF 0. 1 mm.

A DIMENSIONS D1 AND E1 DO NOT INCLUDE MOLD PROTRUSIONS. THE MAXIMUM
ALLOWABLE PROTRUSION IS 0.25 mm PER SIDE. D1 AND E1 ARE MAXIMUM BODY
SIZE DIMENSIONS INCLUDING MOLD MISMATCH.

DIMENSION b DOES NOT INCLUDE DAM BAR PROTRUSION. PROTRUSIONS SHALL NOT
CAUSE THE LEAD WIDTH TO EXCEED 0. 35. MINIMUM SPACE BETWEEN PROTRUSION
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DIM MIN MAX DIM MIN MAX DIM MIN MAX
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e - 05BSC - - - - - - - _ _
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E1 - 20BSC - - - - - - - _ _

L 045 - 075 - - - - - - - -
TITLE: CASE NUMBER: 918-03

144 LEAD LQFP

20 X 20, 0.5 PITCH, 1.4 THICK | >TANDARD: MOTOROLA

PACKAGE CODE: 8259 |SHEET: 3 0F 3

Figure 14-4 DSP56367 144-pin LQFP Package (3 of 3)
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14.2 ORDERING DRAWINGS

The detailed package drawing is available on the Motorola web page at:
http://www.mot-sps.com/cgi-bin/cases.pl

Use package 918-03 for the search.
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A.1  DSP56367 BOOTSTRAP PROGRAM

: BOOTSTRAP OCDE FCR DSP56367 Rev. 0 silicon
; (O Copyright 1999, 2000, 2001 Mtorola Inc.

; Revision 0.0 1999/ JAN 26 - Mdified from56362_RevA regul ar_boot _rev0l. asm
; - Change the length of xramand the length of yram
; in burn-in code

; - Change the address of the reserved area in the

; Program ROMto $FFAF80 - $FFAFFF

: Revision 0.1 1999/ MAR/ 29 Enabl ed 100ns 12C filter in bootstrap
: node 0110.
; - Added 5 NCP instructions after OnCE enabl e.

; This is the Bootstrap programcontained i n the DSP56367 192-word Boot
; ROM This program can | oad any program RAM segnent from an external
; EPROM fromthe Host Interface or fromthe SH serial interface.

L R T T T T T T T T I T A T O R I T O T T T T O I O T I R T O I T R R T R I I N R T R R I R R I R R T I R I B B I B A

; I f MDD M2 MB: MA=x000, then the Boot ROMis bypassed and the DSP56367

; will start fetching instructions begi nning wi th address $CQ00000 ( MD=0)
; or $008000 (MD=1) assuning that an external menory of SRAMtype is

; used. The accesses will be perforned using 31 wait states with no

; address attributes selected (default area).

; I f MD M2 MB: MA=0001, then it |oads a program RAM segnent from consecutive
; byte-wide P nenory locations, starting at P:$D00000 (bits 7-0).

; The menory is selected by the Address Attribute AAL and is accessed with
; 31 wait states.

; The EPROM boot strap code expects to read 3 bytes

; speci fying the nunber of programwords, 3 bytes specifying the address

; to start |loading the programwords and then 3 bytes for each program

; word to be | oaded. The nunber of words, the starting address and the

; programwords are read | east significant byte first followed by the

; md and then by the nost significant byte.

; The programwords will be condensed into 24-bit words and stored in

; contiguous PRAM nenory | ocations starting at the specified starting address.
; After reading the programwords, programexecution starts fromthe same

; address where | oadi ng started.

L R T T T I T T O T T I T A T O R I T O T T R T T I T T I R R O I T R A R I I R R T R R T R R R R T I R I B B I B A

; I f MD M2 MB: MA=0010, then the bootstrap code junps to the internal
; Program RCM wi thout | oading the Program RAM
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; Qperation nmode MD. MC: MB: MA=0011 is reserved.

; I MDMC MB: MA=01xx, then the Program RAMis | oaded fromthe SH.

; Qperation mode MD. MC. MB: MA=1001 is used for burn-in testing.

L R T T R T R T I I I I R N I O T R A R T R R T R A I R R A R R I N R I R R A N N A R A A N A N N A RN R R B R N |

; Qperation nmode MD MC: MB: MA=1010 i s reserved
; Qperation nmode MD MC: MB: MA=1011 is reserved

; I f MDMC MB: MA=1100, then it |oads the program RAM fromthe Host

; Interface programmed to operate in the | SA node.

; The HOST | SA bootstrap code expects to read a 24-bit word

; specifying the nunber of programwords, a 24-bit word specifying the address
; to start |oading the programwords and then a 24-bit word for each program
; word to be | oaded. The programwords will be stored in

; contiguous PRAM menory | ocations starting at the specified starting address.
; After reading the programwords, programexecution starts fromthe sane

; address where | oading started.

; The Host Interface bootstrap | oad program nmay be stopped by

; setting the Host Flag O (HFO). This will start execution of the | oaded

; programfromthe specified starting address.

; I MDMC MB: MA=1101, then it |oads the program RAM fromthe Host
; Interface programmed to operate in the HCL1 non nul tipl exed nmode.

; The HOST HCL1 bootstrap code expects to read a 24-bit word

; specifying the nunber of programwords, a 24-bit word specifying the address
; to start |oading the programwords and then a 24-bit word for each program
; word to be | oaded. The programwords will be stored in

; contiguous PRAM nenory | ocations starting at the specified starting address.
; After reading the programwords, programexecution starts fromthe sane

; address where | oading started.

; The Host Interface bootstrap | oad program nay be stopped by

; setting the Host Flag O (HFO). This will start execution of the | oaded

; programfromthe specified starting address.

LR T T R I T R T R R T I I I R N I O T R A R R T R R T R R I R R T R R A N R R R A N R N A R A A R R A N N A R R R BB N |

; I f MDMC MB: MA=1110, then it |oads the program RAM fromthe Host

; Interface programmed to operate in the 8051 multipl exed bus node,

; in double-strob pin configuration.

; The HOST 8051 bootstrap code expects accesses that are byte wide.

; The HOST 8051 bootstrap code expects to read 3 bytes formng a 24-bit word
; specifying the nunber of programwords, 3 bytes formng a 24-bit word
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speci fying the address to start |oading the programwords and then 3 bytes
formng 24-bit words for each programword to be | oaded.

The programwords will be stored in conti guous PRAM nenory | ocati ons
starting at the specified starting address.

After reading the programwords, programexecution starts fromthe sane
addr ess where | oadi ng started.

The Host Interface bootstrap | oad program may be stopped by setting the
Host Flag O (HFO). This will start execution of the | oaded program from
the specified starting address.

The base address of the HDI08 in multiplexed node is 0x80 and i s not
nodi fied by the bootstrap code. Al the address |ines are enabl ed
and shoul d be connected accordingly.

If MO MC MB:MA=1111, then it |oads the program RAM fromthe Host

Interface programred to operate in the MX%8302 (I MP) bus node,

in single-strob pin configuration.

The HOST MX68302 bootstrap code expects accesses that are byte wide.

The HOST MX68302 bootstrap code expects to read 3 bytes forning a 24-bit word
speci fying the nunber of programwords, 3 bytes formng a 24-bit word
speci fying the address to start |oading the programwords and then 3 bytes
formng 24-bit words for each programword to be | oaded.

The programwords will be stored in conti guous PRAM nenory | ocati ons
starting at the specified starting address.

After reading the programwords, programexecution starts fromthe sane
addr ess where | oadi ng started.

The Host Interface bootstrap | oad program may be stopped by setting the
Host Flag O (HFO). This will start execution of the | oaded program from
the specified starting address.

page 132,55,0,0,0

opt cex, mex, mi

BOOT equ $D00000 ; thisis the location in P nmenory
; on the external nenory bus

; where the external byte-wi de

. EPROMis | ocated

AARV equ $D00409 : AARL selects the EPROM as CE~

; mapped as P from $D00000 to

; $DFFFFF, active | ow

PROVADDR equ $FF1000 ; Starting PRCM address
MA EQU 0
MB EQU 1
MC EQU 2
MD EQU 3
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MAARL EQU $FFFFF8 ; Address Attribute Register 1
M OB EQ $FFFFFC ; OhCE (IB Regi ster
M HCR EQU $FFFFCA ; Host Polarity Control Register
MHSR EQU $FFFFC3 ; Host Status Register
MHORX EQU $FFFFCS ; Host Recei ve Register
HRDF EQU $0 ; Host Receive Data Full
H-0 EQU $3 ; Host Flag O
HEN EQU $6 ; Host Enabl e
MHX EQ $FFFF94 ;. SH Receive H FO
M HCSR EQU $FFFFI1 ; SH Control/Status Register
M HCKR EQU $FFFF90 ; SH Qock Control Register
HRN\E EQU 17 ; SH FIFO Not Enpty flag
H 2C EQU 1 : SH 12C Enable Control Bit
HXFR EQU 4 ; SH 12C dock Freeze Control Bit
H-MD EQU 12 ; SH I12C Filter Mde Bit 0
H-ML EQU 13 ; SH I12C Filter Mde Bit 1
CORG PL: $f f 0000, PL: $f f 0000 ; bootstrap code starts at $ff0000
START
novep #$0, X M DB : enabl e OhCE
nop ; 5 NOP instructions, needed for test procedure
nop
nop
nop
nop
clr a #%0,r5 ; clear aand init R with 0
j set #MD, ont, QVRLXXX ;I MDD MC MB: MA=1xxX go t o OVRLXXX
jset #MC onmr, SH LD ; I f MDMC MB: MA=01xx, go load from SH
jclr #MB, onr, EPROMLD ;I f MD MC MB: MA=0001, go | oad from EPROM
jset #VA onmt, RESERVED ; If MDD MC MB: MA=0011, go to RESERVED

; This is the routine that junps to the internal Program RCM
;. MO MC MB: MA=0010

nove #PRCMADDR, r 1 ; Sstore starting PROM address in rl

bra <FI N SH

; This is the routine that |oads fromSH.

;. MDMC. MB: MA=0100 - reserved for SH

; MDD MC MB: MA=0101 - Bootstrap fromSH (SPl slave)

; MDMC MB: MA=0110 - Bootstrap fromSH (I2C slave, HCKFR=1, 100ns filter)
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; MDD MC MB: MA=0111 - Bootstrap fromSH (I2C slave, HXKFR=0)

SH LD

; This is the routine which | oads a programthrough the SH port.
; The SH operates in the slave

; mode, with the 10-word FI FO enabl ed, and with the HREQ pi n enabl ed for

; receive operation. The word size for transfer is 24 bits. The SH

; operates in the SPI

; The programis downl oaded according to the follow ng rules:

; 1) 3 bytes - Define the program | ength.

; 2) 3 bytes - Define the address to which to start |oading the programto.
; 3) 3n bytes (while nis the programlength defined by the first 3 bytes)

; The programwords will be stored in contiguous PRAM nenory | ocations starting

or in the |12C node, according to the bootstrap node.

; at the specified starting address.

; After storing the program words,

; address where | oadi ng started.

nove

#$A9, r 1

prepare SH control value inrl

; HENF1, H2C=0, HVL- HW=10, HKFR=0, HFI FC=1, HWBT=0,
; HRCE1- HRCEO=01, H DLE=0, HBI E=0, HII E=0, HR El- HR E0=00

program execution starts fromthe sane

jclr #MA ont, SH _CF ; | f MDMC MB: MA=01x0, go to SH clock freeze
jclr #MB, ont, shi _| oop oI f MDMC MB: MA=0101, select SPI node
bset #H2Cr1 ; otherw se sel ect |12C node.
shi _| oop nmovep rl,x: MHCSR ; enabl e SH
jclr #HRNE, x: M_HCSR * ; wait for no. of words
movep  x: M HRX a0
jclr #HRNE, x: M HCSR * ; wait for starting address
mvep x:MHRXrO
nove ro,rl
do a0, _LaorP2
jclr #HRNE, x: M HCSR * ; wait for HRX not enpty
nmovep x: MHRX p: (r0)+ ; store in Program RAM
nop ; req. because of restriction
_Laar2
bra <FI'N SH
SH _CF
bset #H 2C r1 ; sel ect |12C node.
bset #HCKFR r 1 ; enabl e clock freeze in |2C node.
bset #H-MD, x: M HCKR ; enabl e 100ns noi se filter
bset #H-ML, x: M_ HOKR : enabl e 100ns noise filter
j set #MB, ont, shi _| oop ; | f MDMC MB: MA=0110, go to 12C | oad
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bra <RESERVED ; I f MD MC MB: MA=0100, go to reserved

: This is the routine that | oads from external EPROM
;. MO MC MB: MA=0001

EPROMLD
nove #BOOT, r 2 ; r2 = address of external EPROM
nmovep #AARV, X M AARL ; aarl configured for SRAMtypes of access
do #6, LOOP9 ; read nunber of words and starting address
nmovem p: (r2) +, a2 ; Get the 8 LSB fromext. P mem
asr #8,a,a ; Shift 8 bit data into Al
_LOooP9 ;
nove al,r0 ; starting address for |oad
nove al,rl psave it inrl
;a0 hol ds the nunber of words
do a0, LOCP10 ; read program words
do #3, LOCP11 ; Each instruction has 3 bytes
novem p: (r2) +, a2 ; Get the 8 LSB fromext. P mem
asr #8,a,a ; Shift 8 bit data into Al
_LoorP11 ; G get another byte.
nmovem al, p: (r0) + ; Store 24-bit result in P mem
nop ; pipeline delay
_Laor10 ; and go get another 24-bit word.

; Boot from EPROM done

bra <FI N SH

OVRLXXX
jclr #MC omr, BURN RESER ; |F MO MC MB: MA=101x, go to RESERVED
; |F M MC MB: MA=1001, go to BURN
jclr #MB, onr, OWRLI SO ; | F MD M2 MB: MA=110x, go to look for |ISA HCL1
jclr #NMA onr, | 8051HCSTLD ; If MO MC MB: MA=1110, go | oad from 8051 Host
; I f MD M2 MB: MA=1111, go | oad from M368302 Host

; This is the routine which |loads a programthrough the HJ 08 host port

; The programis downl oaded fromthe host MU with the follow ng rul es:

; 1) 3 bytes - Define the program | ength.

; 2) 3 bytes - Define the address to which to start |oading the programto.

7 3) 3n bytes (while nis the programlength defined by the 3 first bytes)

; The programwords will be stored in contiguous PRAM nenory | ocations starting
; at the specified starting address.

; After reading the programwords, programexecution starts fromthe sane

; address where | oading started.

; The host MU nay termnate the | oading process by setting the HF1=0 and HFO=1.
; Wien the downl oading is terninated, the programw || start execution of the

; loaded programfromthe specified starting address.

; The HDI 08 boot ROM program enabl es the follow ng busses to downl oad prograns
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; through the HD 08 port:

;7 C-1SA - Dual strobes non-multipl exed bus with negative strobe

; pul ses dual positive request

; D- HCl1 - Single strobe non-multiplexed bus with positive strobe

; pul se single negative request.

;  E - 18051 - Dual strobes multiplexed bus with negative strobe pul ses
; dual negative request.

;  F - MX8302 - Single strobe non-multiplexed bus with negative strobe

; pul se single negative request.

M368302HCSTLD

nmovep  #%9000000000111000, x: M HPCR

bra <HDI 08QONT
OWRLl SO

j set #NA ont, HCL1HOSTLD ;

| SAHGCSTLD

Configure the foll owing conditions:

HAP = 0 Negative host acknow edge

HRP = 0 Negative host request

HCSP = 0 Negatice chip sel ect input

HDDS = 0 Single strobe bus (R'W and DS)

HWX = 0 Non mul tipl exed bus

HASP = 0 (address strobe polarity has no
neani ng i n non-nul ti pl exed bus)

HDSP = 0 Negative data stobes polarity

HRCD = 0 Host request is active when enabl ed

spare = 0 This bit should be set to O for
future conpatability

HEN = 0 Wen the HPCR register is nodified
HEN shoul d be cl eared

HAEN = 1 Host acknow edge i s enabl ed

HREN = 1 Host requests are enabl ed

HCSEN = 1 Host chip sel ect input enabl ed

HA9EN = O (address 9 enable bit has no
nmeani ng i n non-nul ti pl exed bus)

HABEN = O (address 8 enable bit has no

nmeani ng i n non-nul ti pl exed bus)
HEN = 0 Host GPIO pins are disabl ed

If MO MC MB: MA=1101, go |l oad from HCL1 Host
If MO MC MB: MA=1100, go | oad from|SA HOST

novep  #%101000000011000, x: M HPCR

Configure the foll owing conditions:
HAP = 0 Negative host acknow edge
HRP =1 Positive host request
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; HCSP = 0 Negatice chip select input
; HDDS = 1 Dual strobes bus (RD and WR
; HMUX = 0 Non mul tipl exed bus
; HASP = 0 (address strobe polarity has no
; neani ng in non-mul ti pl exed bus)
; HDSP = 0 Negative data stobes polarity
; HHOD = 0 Host request is active when enabl ed
; spare = 0 This bit should be set to O for
; future conpatability
; HEN =0 Wen the HPCR regi ster is nodified
; HEN shoul d be cl eared
; HAEN = 0 Host acknow edge is disabl ed
; HHEN = 1 Host requests are enabl ed
; HCSEN = 1 Host chip select input enabl ed
; HAOEN = 0 (address 9 enable bit has no
; neani ng in non-mul ti pl exed bus)
; HABEN = 0 (address 8 enable bit has no
; neani ng non-nul ti pl exed bus)
; HEEN = 0 Host GPIO pins are disabl ed
bra <HDI 08CONT
HC11HCSTLD
novep  #%©000001000011000, x: M HPCR
; Configure the follow ng conditions:
; HAP = 0 Negative host acknow edge
; HRP = 0 Negative host request
; HCSP = 0 Negatice chip select input
; HODS =0 Single strobe bus (RW and DS)
; HMUX = 0 Non nul tipl exed bus
; HASP = 0 (address strobe polarity has no
; meani ng in non-mul ti pl exed bus)
; HDSP =1 Negative data stobes polarity
; HROD = 0 Host request is active when enabl ed
; spare =0 This bit should be set to O for
; future conpatability
; HEN = 0 Wien the HPCR regi ster is nodified
: HEN shoul d be cl eared
; HAEN = 0 Host acknowl edge is disabl ed
; HHEN = 1 Host requests are enabl ed
; HCSEN = 1 Host chip sel ect input enabl ed
; HAOEN = 0 (address 9 enable bit has no
; meani ng in non-mul ti pl exed bus)
; HABEN = 0 (address 8 enable bit has no
; meani ng in non-mul ti pl exed bus)
; HEEN =0 Host GPIO pins are disabl ed
bra <HDI O8CONT
| 8051HCSTLD
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novep  #%001110000011110, x: M HPCR

; Configure the follow ng conditions:

HDI O8CONT
bset #HEN x: M HPCR

jclr #HRDF, x: M HSR, *

nmovep  x: M HORX a0
jclr #HRDF, x: M HSR, *
movep x:MHRX r0
nove ro,ri
do a0, HDOl 08LCCP

HDI 08LL
j set #HRDF, x: M HSR, HDI 08NW
jclr #H-0, x: M_HSR HDI 08LL
enddo
bra <HDI 08LCCP

HDI O8BNW

novep x: MHCRX p: (r0)+

OO ORrRrRFrRPPFPLPOOO

ORr R ERLRRLRO

Negat i ve host acknow edge

Negati ce host request

Negatice chip sel ect input

Dual strobes bus (RD and WR

Ml ti pl exed bus

Positive address strobe polarity
Negative data stobes polarity

Host request is active when enabl ed
This bit should be set to O for
future conpatability

Wien the HPCR regi ster is nodified
HEN shoul d be cl eared

Host acknowl edge i s disabl ed

Host requests are enabl ed

Host chi p sel ect input enabl ed
Enabl e address 9 i nput

Enabl e address 8 i nput

Host @GPl O pins are disabl ed

o

Enabl e the HJI08 to operate as host
interface (set HEN=1)

wait for the programlength to be
witten

wait for the programstarting address
to be witten

; set a loop with the downl oaded | ength

; If new word was | oaded then junp to
read that word

: |f HF0O=0 then continue with the
downl oadi ng

Miust term nate the do | oop

Move the new word into its destination
I ocation in the program RAM
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nop ; pipeline delay

HDI 08LCCP

: This is the exit handler that returns execution to nornal
; expanded node and junps to the RESET vector.

FIN SH
andi #$0, ccr ; Qear OCCRas if RESET to 0.
jnp (rl) ; Then go to starting Prog addr.

: MDMC MB: MA=1001 is used for Burn-in code
BURN RESER

jclr #MB, ont, BURN ; | F MD M2 MB: MA=1001, go to BURN

; The followi ng nodes are reserved, some of which are used for internal testing
; MDD MC MB: MA=0011 i s reserved
; MDD MC MB: MA=1010 i s reserved
; MDD MC MB: MA=1011 i s reserved

RESERVED

bra <*

: Code for burn-in

M PCRC EQU $FFFFBF ;7 Port C GO Control Register
M PDRC EQJ $FFFFBD ;; Port C GPIO Data Register
M PRRC EQU $FFFFBE ;; Port CDrection Register
SCKT EQU $3 ;; SOKT is GPIObit #3 in ESAl (Port O
EQUALDATA equ 0 ;; 1if xramand yramare of equal
;. size and addresses, 0 otherw se.
if ( EQUALDATA)
start_dram equ 0 i
| engt h_dram equ $1600 ;; sanme addresses
el se
start_xram equ 0 7 13k XRAM
| engt h_xram equ $3400
start_yram equ 0 i 7k YRAM
| engt h_yram equ $1c00
endi f
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start_pram
[ engt h_pram
BURN

bur ni n_| oop

el se

endi f

equ 0 ;7 3k PRAM
equ $Q00

;; get PATTERN pointer
clr b #PATTERNS, r6
nove #<(NUM PATTERNS- 1), n©

;; configure SCKT as gpi o output.
novep b, x: M PDRC p

bel r #SCKT, x: M PCRC Vs
bset #SCKT, x: M PRRC Vs

| ua (r5)-,r7 -
do #9, bur nl
;; test RAM

;; each pass checks 1 pattern
nove p: (r6)+, x1
nove p: (r6)+, x0
nove p: (r6)+,y0

’

’

b is the error accumul at or
programruns forever in
cyclic form

clear GPIO data register
Define SCKT as output GPl O pin
SCKT toggl es neans test pass

r5
r7

test fail flag = $000000
test pass flag = $FFFFFF

pattern for x menory
pattern for y menory
pattern for p nenory

;; wite pattern to all nenory | ocations

( EQUALDATA)

;; wite x and y menory
clr a #start _dramrO -
nove #>| engt h_dram nO i
rep no

mac x0,x1,a x,1:(r0)+ i

7, wite x nenory

clr a #start_xramrO -
nove #>| engt h_xram n0 D
rep no

nmac x0,y0,a x1,x: (r0)+ -

7, Witey nmenory

clr a #start_yramrl P
nove #>l engt h_yram nl P
rep nl

mac x1,y0,a x0,y:(rl)+ P

x/'y ramsynmetri cal

start of x/y ram
length of x/y ram

exercise mac, wite x/y ram
x/'y ramnot symmetri cal
start of xram

I ength of xram

exerci se mac, wite xram
start of yram

I ength of yram

exercise mac, wite yram
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7y wite p nenory

clr a #start_pramr2
nove #>| engt h_pram n2
rep n2

nove yo, p: (r2) +

;; check nermory contents

start of pram
I ength of pram

wite pram

if ( EQUALDATA) x/'y ram synmetrical
;; check dram
clr a #start_dramrO restore pointer, clear a
do no, _| oopd
nove x:(r0),al a0=a2=0
eor X1, a
add a, b accunul ate error inb
nove y:(r0)+ al a0=a2=0
eor X0, a
add a, b accunul ate error inb
_| oopd
el se x/'y ramnot symretrica
;; check xram
clr a #start_xramrO restore pointer, clear a
do no, _| oopx
nove x:(r0)+ al a0=a2=0
eor X1, a
add a, b accunul ate error inb
_| oopx
;7 check yram
clr a #start_yramrl restore pointer, clear a
do nl, | oopy
nove y:(rl)+ al a0=a2=0
eor X0, a
add a,b accunul ate error inb
_l oopy
endi f
;7 check pram
clr a #start_pramr2 restore pointer, clear a
do n2, _| oopp
nove p:(r2)+ al a0=a2=0
eor y0, a
add a,b accunul ate error inb
_l oopp
;; toggle pinif no errors, stop execution otherwi se.
o 0f error
t ne r5,r7 ;7 r7=$FFFFFF as long as test pass
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;; condition codes preserved
;; this instr can be renoved in case of

short age
novep r7,x: M QOB ;; wite pass/fail flag to OnCE
;; condition codes preserved
:: this instr can be renoved i n case of
short age
beq | abel 1
bel r #SCKT, x: M_PDRC ;; clear SCKT if error,
enddo ;; terminate the loop nornally
;; this instr can be renoved in case of
short age
bra <bur nl ;; and stop execution
| abel 1 7, if noerror
bchg #SCKT, x: M_PDRC ;; toggle pin and keep on | oopi ng
bur nl ;; test conpletion
debug ;; enter debug node if OhCE port enabl ed
:: this instr can be renoved i n case of
short age
wai t ;; enter wait otherwi se (OhCE port di sabl ed)
BURN _END
CRG PL: , PL:
PATTERNS dsm 4 ;; align for correct modul o addressing

CRG PL: BURN _END, PL: BURN_END
dup PATTERNS-* : wite address in unused Boot ROM | ocati on

dc *
endm

CRG PL: PATTERNS, PL: PATTERNS ;; Each value is witten to all nenories

dc $555555
dc SAAAAAA
dc $333333
dc $FOFOFO

NUM _PATTERNS equ *- PATTERNS

; This code fills the unused bootstrap romlocations with their address

dup $FFO0QD- *
dc *
endm
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; Reserved Area in the Program RCM upper 128 words.
; Address range: $FFAF80 - $FFAFFF

; This code fills the unused romlocations with their address

; Code segnent for testing of ROM Patch

CORG PL: $FFAF80, PL: $FFAF80

dup $FFBO0O- $14-*

dc *
endm

; This code segnent is located in the uppernost addresses of the Program ROM

CRG PL: $FFB000- $14, PL: $FFB0O00- $14

nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove
nove

end

#$80000, r 0
#%$0, x0
X0, x: (r0) +
#%$1, x0
X0, x: (r0) +
#$2, x0
X0, x: (r0) +
#$3, x0
X0, x: (r0) +
#%$4, x0
x0, x: (r0) +
#$5, x0
X0, x: (r0) +
#%$6, x0
X0, x: (r0) +
#%$7, x0
X0, x: (r0) +
#$8, x0
X0, x: (r0) +
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rhkkkhkkkhkkhhkkhkhkkhkk kb kb hkkhhkhkhkkhkhkhkhdhkhhkhkhhkhkddhkhhkhhhkhkdhhhhkhkdhrkhhrhdrrhhkhdrrdrrdhkxd
’

EQUATES for DSP56367 interrupts

Last update: April 24, 2000

rhkkkhkkkhkkhhkkhkhkkhkkkhhkhkhkkhkh kb hhkhkhkhkhdhkhhkhkdhkhkddhkhhhhhkhkdhhhkhhkdhrkhhrhdrrhhkhdrrdrrhhkxd
’

page 132,55,0,0,0
opt nex
ntequ ident 1,0

if  @EF(I_VEQ

;| eave user definition as is.

el se

_RESET EQU | _VEG+$00
_STAXK EQU | _VECG+$02
L EQU | _VEC+$04
IINST  EQU | VECH$04
DBG  EQU | VEC+$06
TRAP  EQU | _VECGH$08

NV EQU | VEGH0A

Har dwar e RESET

Stack Error

Illegal Instruction

; Illegal Instruction
Debug Request

Trap

Non Maskabl e | nterrupt
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| IRA EQ | _VEC+$10 | RQA

| IRB EQU | _VEG+$12 | RB

| IRC EQ | _VEC+$14 | RQC

| IRD EQ | _VEC+$16 | RD

; DVA Interrupts

| DVAO EQU | _VECG+$18 DVA Channel 0
| DVA1 EQU | _VEGH$1A DVA Channel 1
| DVA2 EQ | _VECGHIC DVA Channel 2
| _DVA3 EQJ | _VEGHSIE DVA Channel 3
| _DvM  EQU | _VECH$20 DVA Channel 4
| _DVA5 EQU | _VEC+$22 DVA Channel 5

; DAX Interrupts

| _DAXTUE EQU | _VEC+$28 ; DAX Underrun Error

I _DAXBLK EQU | _VEC+$2A ; DAX Block Transferred

| _ DAXTD EQ |_VECH$2E ; DAX Audio Data Enpty

; ESAl Interrupts

| ESARD EQJ |_VEG+$30 ; ESAl Receive Data

| _ ESARED EQJ | _VEG+$32 ; ESAl Receive Even Data

| _ ESARDE EQU | _VEG+$34 ; ESAl Receive Data Wth Exception Status

| ESARS EQ |_VEC+$36 ; ESAl Receive Last S ot

| ESATD EQ |_VEC+$38 ; ESAl Transnit Data
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_ESAITED EQU | _VEC$3A
_ESAITDE EQU | _VEG+$3C

_ESAITLS EQU | _VECF$3E

SH Interrupts

SHTD  EQU | _VEC$40
SHTUE EQ | _VECH$42
SHR\E EQU | _VEC+$44
_SHRFF  EQU | _VEC+$48

_SHRE EQ |_VECH4A

_SHBER EQ | _VEG+$4C

_TIMC EQU | _VEC+$54
_TIMCF EQU | _VEG+$56
_TIMIC EQU |_VEG+$58
_TIMIOF EQU | _VEGH$5A
_TIMC EQU |_VEGHS5C

_TIMOF EQU | _VEGH$SE

_HO8RX EQU | _VEG+$60

_HOSTX EQU | _VEC+$62

; ESAl Transmt Even Data
; ESAl Transmt Data Wth Exception Status

: ESAI Transmt Last 9 ot

; SH Transnit Data

: SH Transmt Underrun Error
SH Receive FIFO Not Enpty

: SH Receive FIFO Ful |

; SH Receive Overrun Error

; SH Bus Error

TIMER O conpare
TIMER O overfl ow
TIMER 1 conpare
TIMER 1 overfl ow
TIMER 2 conpare

TI MER 2 overfl ow

Host Receive Data Ful |

Host Transnit Data Enpty
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| HO8CMEQU | VEC+$64 ; Host Command (Defaul t)

; ESAl_1 Interrupts

|_ESAIRD EQ |_VEC+$70 ; ESAl _1 Receive Data

|_ESAIIRED EQU | _VEC+$72 ; ESAI_1 Receive Even Data

| _ESAIIRDE EQU | _VEC+$74 ; ESAl _1 Receive Data Wth Exception Status
|_ ESAIRS EQJ |_VEC+$76 ; ESAl _1 Receive Last Yot

|_ESAI1ITD EQJ | _VEC+$78 ; ESAI_1 Transnit Data

|_ESAIITED EQU | _VEC+$7A ; ESAI_1 Transnit Even Data
|_ESAIITDE EQU | _VECGH$7C ; ESAI_1 Transnit Data Wth Exception Status
|_ESAIITLS EQU | _VECH$7E ; ESAI_1 Transmt Last S ot

; | NTERRUPT ENDI NG ADDRESS
| _INTEND EQU | _VEC+$FF ; last address of interrupt vector space

LR EEE T T end of intequ.asm------------------------

chkkkkkhkhhkhkhkkhkhkhkhhkhkhkkhhkhkhkhkkhhhkhhkkhhhkhkhhkhhhkhhdhkhrhkdhkhddhhhkhkdhkrdhhhhrdhrhhrhhrrhkxk
’

; EQUATES for DSP56367 |/ Oregisters and ports

: Last update: April 24, 2000

IR S S S S S S SRS RS S S SRS SRS S SR SR SR SRS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RS
;

page 132,55,0,0,0

opt nex

ioequ ident 1,0
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; EQUATES for |/0O Port Programm ng

; Regi st er Addresses

M HDR EQU $FFFFC ; Host port GPIO data Register
MHDDR EQU $FFFFC3 ; Host port GPlOdirection Register
MPCRC EQU $FFFFBF ; Port C Control Register

MPRRC EQU $FFFFBE ; Port CDrection Register

M PDRC EQU $FFFFBD ; Port C GPIO Data Register

MPORD EQJ $FFFFD7 ; Port D Control register

MPRRD EQ $FFFFD6 ; Port DDrection Data Register
MPDRD EQU $FFFFDB ; Port D GPIO Data Register

MPCRE EQU $FFFFD7 ; Port E Control register

MPRRE EQU $FFFFD6 ; Port EDrection Data Register
MPDRE EQU $FFFFDS ; Port E GP1O Data Register

MO@IDB EQU $FFFFFC ; OhCE (DB Regi ster

; EQUATES for Exception Processing

; Regi st er Addresses

MIPRC EQU $FFFFFF ; Interrupt Priority Register Core
MIPRP EQU $FFFFFE ; Interrupt Priority Register Peripheral
; Interrupt Priority Register Core (I1PRO

M I AL EQU $7 ; | RQA Mode Mask
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MIALO EQJ 0 ; | RQA Mbde Interrupt Priority Level (1ow)
MIALL EQJ 1 ; | RQA Mode Interrupt Priority Level (high)
MIAL2 EQJ 2 ; | RQA Mode Trigger Mde

MIBL  EQ $38 1 RQB Mde Mask

MIBLO EQJ 3 ; |RQB Mdde Interrupt Priority Level (Iow)
MIBLL EQ 4 ; |RQB Mdde Interrupt Priority Level (high)
MIBL2 EQU 5 ; | RQB Mdde Trigger Mde

MICL  EQ $100 1 RQC Mde Mask

MICO EQ 6 ; |RQC Mbde Interrupt Priority Level (Iow
MICl EQ 7 ; RQC Mdde Interrupt Priority Level (high)
MIQ2 EQW 8 ; | RQC Mbde Trigger Mode

MIDL EQ $E00 . | RQD Mbde Mask

MIDLO EQJ 9 ; |RQD Mbde Interrupt Priority Level (1ow)
MIDL1I EQ 10 ; RQD Mode Interrupt Priority Level (high)
MIDL2 EQ 11 ; | RQD Mode Trigger Mde

M DOL EQU $3000 ; DMPO Interrupt priority Level Mask

M DOLO EQU 12 ; DMAO Interrupt Priority Level (Iow
MDOL1T EQ 13 ; DMAO Interrupt Priority Level (high)

M D1L EQU $C000 ; DVAL Interrupt Priority Level Mask
MDILO EQJ 14 ; DMAL Interrupt Priority Level (low)
MDIL1 EQJ 15 ; DMAL Interrupt Priority Level (high)

M D2L EQU $30000 ; DMA2 Interrupt priority Level Mask
MD2LO0 EQJ 16 ; DMA2 Interrupt Priority Level (Iow
MD2L1  EQU 17 ; DMA2 Interrupt Priority Level (high)

M BBL EQU $CQ0000 ; DMA3 Interrupt Priority Level Mask
MDBLO EQJ 18 ; DMA3 Interrupt Priority Level (low)
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MD3L1 EQU 19 ; DMA3 Interrupt Priority Level (high)
M DAL EQU $300000 ; DMM Interrupt priority Level Mask
MDILO EQU 20 ; DMM Interrupt Priority Level (Iow)
MDL1L EQU 21 ; DMM Interrupt Priority Level (high)
M DbL EQU $C00000 ; DMA5 Interrupt priority Level Mask
MD5LO0  EQU 22 ; DMAS Interrupt Priority Level (Iow)
MDs5L1 EQU 23 ; DMAS Interrupt Priority Level (high)

; Interrupt Priority Register Peripheral (IPRP)

M ESL EQU $3 ; ESAl Interrupt Priority Level Mask
MESLO EQU 0 ; ESAl Interrupt Priority Level (Iow)
MESL1 EQU 1 ; ESAl Interrupt Priority Level (high)
M SH. EQU $C ; SH Interrupt Priority Level Mask
MSHO EQW 2 ; SH Interrupt Priority Level (low
MSH1 EQWU 3 ; SH Interrupt Priority Level (high)
M HDL EQU $30 ; HDIO8 Interrupt Priority Level Mask
MHOLO EQU 4 ; HDLO8 Interrupt Priority Level (low
MHOL1 EQU 5 ; HDLO8 Interrupt Priority Level (high)
M DAL EQU $Q0 ; DAX Interrupt Priority Level Mask
MDALO EQU 6 ; DAX Interrupt Priority Level (Iow)
MDAL1 EQU 7 ; DAX Interrupt Priority Level (high)
MTAL EQU $300 ;Tinmer Interrupt Priority Level Mask
MTALO EQU 8 ;Timer Interrupt Priority Level (1ow
MTAL1 EQU 9 ;Timer Interrupt Priority Level (high)
M ES1L EQU $Q00 ; ESAI_1 Interrupt Priority Level Mask
MESL1I0 EQU 0 ; ESAI _1 Interrupt Priority Level (Iow
MESL11 EQU 1 ; ESAI _1 Interrupt Priority Level (high)
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EQUATES for D rect Mermory Access (DVA)

Regi ster Addresses O DVA

M DSTR EQUJ $SFFFFF4 ; DMA Status Regi ster

MDORD EQU $FFFFF3 ; DMA Ofset Register O

MDORL EQ $FFFFF2 ; DMA Ofset Register 1

MDOR2 EQ $FFFFFL ; DMA Ofset Register 2

MDOR3 EQ $FFFFFO ; DMA Ofset Register 3

; Regi ster Addresses f DMAO

MDSRO EQJ SFFFFEF ; Sour ce Address Regi ster
MDDRO EQU $FFFFEE ; Destinati on Address Regi ster
MDOOD EQ $FFFFED : Count er

MDCRO EQ $FFFFEC ; Control Regi ster

: Regi ster Addresses Of DVAL

MDSRL EQJ $FFFFEB ; Sour ce Address Regi ster
MDDRL EQU $FFFFEA ; Destinati on Address Regi ster
MDOOL EQU $FFFFEQ : Count er

MDCRL EQ $FFFFES ; Control Register

: Regi ster Addresses Of DVA2

MDSR2 EQJ $FFFFE7 ; Sour ce Address Regi ster
MDDR2 EQU $FFFFES ; Destinati on Address Regi ster
MDO® EQU $FFFFES : Count er

MDOR2 EQJ $FFFFE4 ; Control Register
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; Regi ster Addresses O DVA3

MDSR3 EQU $FFFFE3 ; DMA3 Source Address Regi ster
MDDR3 EQU $FFFFE2 ; DMA3 Destination Address Register
MDOB EQU $FFFFEL ; DMA3 Count er

MDOR3 EQ $FFFFEO ; DVMA3 Control Register

; Regi ster Addresses O DvM

MDSR4 EQU $FFFFDF ; DVMMd Source Address Regi ster
MDDR4 EQU $FFFFDE ; DMA4 Destination Address Register
M DO EQU $FFFFDD ; DvMAM Count er

MDCR4 EQU $FFFFDC ; DMM Control Register

; Regi ster Addresses O DVAS

MDSRs EQ $FFFFDB ; DMA5 Source Address Regi ster
MDDRS EQU $FFFFDA ; DMAS Destination Address Register
M DO EQU $FFFFDO ; DMAS Count er

MDCRs  EQU $FFFFD8 ; DMAS Control Register

: DVA Control Register

M DSS EQU $3 ; DVA Source Space Mask (DSSO-Dssl)
MDSSO EQU 0 ; DVA Source Menory space O

MDSS1 EQU 1 ; DVA Source Menory space 1

M DDS EQU $C ; DVA Destination Space Mask (DDS- DDS1)
MDDSO EQU 2 ; DMA Destination Menory Space 0
MDDSL EQU 3 ; DVA Destination Menory Space 1

M DAM EQU $3f0 ; DVA Address Mdde Mask (DAVG- DAMD)
MDAM EQU 4 ; DVA Address Mde 0

MDAML EQJ 5 ; DVA Address Mde 1

MDAV EQU 6 ; DVA Address Mde 2

M DAMB  EQU 7 ; DMA Address Mode 3
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MDAV EQU 8 ; DVA Address Mode 4

M DANVD EQU 9 : DVA Address Mdde 5

M D3D EQU 10 : DVA Three D nensi onal Mde

M DRS EQU $F800 ; DMA Request Source Mask (DRS0- DR4)
M DRSO EQU 11 ; DMA Request Source bit O

M DRS1 EQU 12 ; DMA Request Source bit 1

M DRS2 EQU 13 ; DMA Request Source bit 2

M DRS3 EQU 14 ; DMA Request Source bit 3

M DR4 EQU 15 ; DMA Request Source bit 4

MDOON EQJ 16 : DVA Conti nuous Mde

M DPR EQU $60000 ; DVA Channel Priority

MDPRO EQU 17 ; DMA Channel Priority Level (low)
MDPRL EQJ 18 ; DMA Channel Priority Level (high)

M DTM EQU $380000 ; DMA Transfer Mbde Mask (DTMR- DTMD)
M DTMD EQU 19 : DVA Transfer Mde 0O

M DTML EQU 20 : DVA Transfer Mde 1

MDIM EQU 21 ; DVA Transfer Mde 2

MD E EQU 22 ; DMA Interrupt Enable bit

M DE EQU 23 ; DVA Channel Enable hit

: DVA Status Register

M DTD EQU $3F ; Channel Transfer Done Status NMASK ( DIDO- DTDb)
M DTDO EQU 0 : DVA Channel Transfer Done Status O
MDIDL EQU 1 ; DVA Channel Transfer Done Status 1
MDID2 EQ 2 ; DVA Channel Transfer Done Status 2
MDID3 EQU 3 ; DVA Channel Transfer Done Status 3
M DTDA4 EQU 4 : DVA Channel Transfer Done Status 4
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MDID6 EQU 5 ; DVA Channel Transfer Done Status 5
MDACT EQU 8 ; DVMA Active State

M DCH EQU $E00 ; DMA Active Channel Mask (DCHO- DOH2)
MDCHO EQU 9 ; DMA Active Channel 0

MDCHL EQU 10 ; DVA Active Channel 1

MDOHR2 EQU 11 ; DVA Active Channel 2

; EQUATES for Phase Locked Loop (PLL)

; Regi ster Addresses O PLL

MPCTL EQJ $FFFFFD ; PLL Control Register

: PLL Control Register

M M- EQU $FFF ; Miltiplication Factor Bits Mask (MO-M11)
M MFO EQU O ;Miultiplication Factor bit O

M MF1 EQU 1 ;Miultiplication Factor bit 1

M M2 EQU 2 ;Multiplication Factor bit 2

M M-3 EQU 3 ;Miultiplication Factor bit 3

M M4 EQU 4 ;Miultiplication Factor bit 4

M MF5 EQU 5 ;Miultiplication Factor bit 5

M M6 EQU 6 ;Miultiplication Factor bit 6

M M-7 EQU 7 ;Miultiplication Factor bit 7

M M-8 EQU 8 ;Miultiplication Factor bit 8

M M9 EQU 9 ;Miultiplication Factor bit 9

M MF10 EQU 10 ;Multiplication Factor bit 10
M MF11 EQU 11 ;Multiplication Factor bit 11
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M DF EQU $7000 ; Division Factor Bits Mask (DFO-DF2)
M DFO EQU 12 :Division Factor bit 0O

M DF1 EQU 13 :Dvision Factor bit 1

M DF2 EQU 14 :Dvision Factor bit 2

MXTLR EQU 15 ; XTAL Range sel ect bit

MXTLD EQU 16 ; XTAL Dsable Bit

MPSTP EQU 17 ; STCP Processing State Bit

M _PEN EQU 18 ; PLL Enabl e Bit

MOD EQW 19 ; PLL Qock Qutput Disable Bit

M PD EQU $FO0000 ; PreDivider Factor Bits Mask (PDO-PDB)
M PDO EQU 20 ;PreD vider Factor bit O

M PDL EQU 21 ;PreD vider Factor bit 1

M PD2 EQU 22 ;PreD vider Factor bit 2

M PD3 EQU 23 :PreD vider Factor bit 3

; EQUATES for BIU

: Regi ster Addresses O Bl U

M BCR EQU $FFFFFB ; Bus Control Register

M DCR EQU $FFFFFA ; DRAM Control Register

MAARD EQU $FFFFF9 ; Address Attribute Register O
MAARL EQU $FFFFF8 ; Address Attribute Register 1
MAAR2 EQU $SFFFFF7 ; Address Attribute Register 2
MAAR3 EQ $FFFFFE ; Address Attribute Register 3
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M| DR EQU $FFFFF5 ; | D Register

: Bus Control Register

M BAOW EQU $1F ; Area 0 Vit Control Mask ( BAOWD- BAOWM)
MBAOVW EQU O ;Area 0 Vait Control Bit O

MBAOW EQU 1 ;Area 0 Wit Control Bit 1

MBAOWR EQU 2 ;Area 0 Wit Control Bit 2

MBAOWB EQU 3 ;Area 0 Wit Control Bit 3

M BAOW EQU 4 ;Area 0 Vit Control Bit 4

M BAIW EQU $3E0 ; Area 1 Wit Control Mask ( BAIWD- BA14)
MBAIVO EQU 5 ;Area 1 Vit Control Bit O

MBAIW EQU 6 ;Area 1 Wit Control Bit 1

MBAIWR EQU 7 ;Area 1 Wit Control Bit 2

MBAIWVB EQU 8 ;Area 1 Wit CGontrol Bit 3

MBAIWM  EQU 9 ;Area 1 Vit Control Bit 4

M BA2W  EQU $1Q00 ; Area 2 Vit Control Mask ( BA2WD- BA2\2)
MBA2VW EQU 10 ;Area 2 Vit Control Bit O

MBAW EQU 11 ;Area 2 Wit Control Bit 1

MBA2W EQU 12 ;Area 2 Wit Control Bit 2

M BA3W  EQU $EO0O ; Area 3 Vit Control Mask ( BA3WD- BA3VAB)
MBA3VW EQU 13 ;Area 3 Vit Control Bit O

MBASWL EQU 14 ;Area 3 Vait Control Bit 1

MBA3V2 EQJ 15 ;Area 3 Vait Control Bit 2

M BDFW  EQU $1F0000 ; Default Area Wit Control Mask ( BDFVO- BDFW)
MBDFW  EQU 16 ;Default Area Wit Control bit O
MBDFW.  EQU 17 ;Default Area Wit Control bit 1

M BDFW2  EQU 18 ;Default Area Wit Control bit 2

M BDRVB  EQU 19 ;Default Area Wit Gontrol bit 3
B-14 DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA



Equates

M BDFW  EQU 20 ;Default Area Vit Control bit 4

M BBS EQU 21 : Bus State

M BLH EQU 22 : Bus Lock Hold

M BRH EQU 23 ; Bus Request Hold

; DRAM Control Regi ster

MBCW  EQU $3 ; In Page Vit States Bits Mask (BON- BOM)
M BOWO EQU 0 ; In Page Wit States Bit 0

MBOWM  EQJ 1 ; In Page Wit States Bit 1

MBRW  EQ $C ; Qut O Page Wait States Bits Mask ( BRA- BRAM)
M BRW EQU 2 ;Qut of Page Vit States bit O

M BRWL EQU 3 ; Qut of Page Vit States bit 1

MBPS  EQ $300 : DRAM Page Size Bits Mask (BPSO-BPSI)

M BPSO EQU 4 ; DRAM Page Size Bits O

M BPS1 EQU 5 ; DRAM Page Size Bits 1

MBPLE EQJ 11 ; Page Logi ¢ Enabl e

M BVE EQU 12 ; Mast ershi p Enabl e

M BRE EQU 13 ; Refresh Enabl e

MBSTR EQJ 14 ; Software Triggered Refresh

M BRF EQU $7F8000 ; Refresh Rate Bits Mask (BRFO- BRF7)

M BRFO EQU 15 Refresh Rate Bit 0

M BRF1 EQU 16 Refresh Rate Bit 1

M BRF2 EQU 17 Refresh Rate Bit 2

M BRF3 EQU 18 Refresh Rate Bit 3

M BRF4 EQU 19 Refresh Rate Bit 4

M BRF5 EQU 20 Refresh Rate Bit 5

M BRF6 EQU 21 Refresh Rate Bit 6
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M BRF7 EQU 22 ; Refresh Rate Bit 7
M BRP EQU 23 ; Refresh prescal er

: Address Attribute Registers

M BAT EQU $3 ; External Access Type and Pin Definition Bits Mask
( BATO- BAT1)

M BATO EQU 0 ; External Access Type and Pin Definition Bits O
M BAT1 EQU 1 ; External Access Type and Pin Definition Bits 1
M BAAP EQU 2 ; Address Attribute Pin Polarity

MBPEN EQU 3 ; Program Space Enabl e

MBXEN EQU 4 ; X Data Space Enabl e

MBYEN EQU 5 ; Y Data Space Enabl e

M BAM EQU 6 ; Address Muixi ng

M BPAC EQJ 7 ; Packi ng Enabl e

M BNC EQU $FOO0 ; Nunber of Address Bits to Conpare Mask (BNQD- BNC3)
M BNQO EQU 8 ; Nunber of Address Bits to Conpare O

M BNCL EQU 9 ; Nunber of Address Bits to Conpare 1

M BNC2 EQU 10 ; Nunber of Address Bits to Conpare 2

M BNC3 EQU 11 ; Nunber of Address Bits to Conpare 3

M BAC EQU $FFFO00 ; Address to Conpare Bits Misk ( BAQD- BACL1)

M BAQD EQU 12 ; Address to Conpare Bits O

M BACL EQU 13 ; Address to Conpare Bits 1

M BAC2 EQU 14 ; Address to Conpare Bits 2

M BAC3 EQU 15 ; Address to Conpare Bits 3

M BACA EQU 16 ; Address to Conpare Bits 4

M BACS EQU 17 ; Address to Conpare Bits 5

M BACG EQU 18 ; Address to Conpare Bits 6

M BAC7 EQU 19 ; Address to Conpare Bits 7
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M BAC8 EQU 20 ; Address to Conpare Bits 8
M BACO EQU 21 ; Address to Conpare Bits 9
M BACLO0 EQU 22 ; Address to Conpare Bits 10
M BACL1 EQU 23 ; Address to Conpare Bits 11

; control and status bits in SR

MC EQU 0 ; Carry

MV EQU 1 ; Overflow

MZ EQU 2 . Zero

M N EQU 3 ; Negative

MU EQU 4 : Unnornmal i zed

ME EQU 5 ; Extension

ML EQU 6 ; Limt

M S EQU 7 ; Scaling Bit

MIO EQU 8 ; Interupt Mask Bit O

MI1 EQU 9 ; Interupt Mask Bit 1

M SO EQU 10 ; Scaling Mde Bit O

M S1 EQU 11 ; Scaling Mbde Bit 1

M SC EQU 13 ; Sixteen Bit Conpatibility
M DM EQU 14 ; Doubl e Precision Miltiply
M LF EQU 15 ; DO Loop Flag

M FV EQU 16 ; DO Forever Hag

M SA EQU 17 : Sixteen-Bit Arithnetic

M CE EQU 19 ; I'nstruction Cache Enabl e
M SM EQU 20 ; Arithmetic Saturation

M RV EQU 21 ; Roundi ng Mbde

M CP EQU $c00000 ; mask for OORE-DVA priority bits in SR
M CPO EQU 22 ; bit O of priority bits in SR
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M CP1 EQU 23 ; bit 1 of priority bits in SR

: control and status bits in OWR

M NA EQU 0 ; Qperating Mde A

M MB EQU 1 ; (perating Mde B

M MC EQU 2 ; (perating Mde C

M MD EQU 3 ; (perating Mde D

M EBD EQU 4 ; External Bus Disable bit in OQWR

M SD EQU 6 ; Stop Del ay

M VB EQU 7 ; Menory Switch Mode

M CDP EQU $300 ; mask for OORE-DVA priority bits in OWR
M CDPO EQU 8 ; bit O of priority bits in OW Core DVA
MCDP1 EQU 9 ; bit 1 of priority bits in OW Core DVA
M BE EQU 10 ; Burst Enable

M TAS EQU 11 ; TA Synchroni ze Sel ect

M BRT EQU 12 ; Bus Rel ease Timng

MABE EQ 13 ; Async. Bus Arbitration Enable

MAPD EQJ 14 ; Addess Priority Disable

MATE EQJ 15 ; Address Traci ng Enabl e

M XYS EQU 16 ; Stack Extension space select bit in OWR
M EUN EQU 17 ; Extensed stack UNderflow flag in QWR
M EOV EQU 18 ; Extended stack Overflow flag in OWR

M WRP EQU 19 ; Extended WRaP flag in QWR

M SEN EQU 20 ; Stack Extension Enable bit in OWR
MPAEN EQ 23 © Patch Enabl e
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: EQUATES for DAX (SPDIF Tx)

: Regi st er Addresses

MXSTR EQ $FFFFD4 . DAX Status Register (XSTR

M XADRB EQU $FFFFDB ;. DAX Audi 0 Data Register B (XADRB)
M XADR EQU $FFFFD2 ; DAX Audi o Data Regi ster (XADR

M XADRA EQU $FFFFD2 ; DAX Audi o Data Regi ster A ( XADRA)
M XNADR EQU $FFFFDL ; DAX Non-Audi o Data Regi ster (XNADR
MXCTR EQJ $FFFFDO ; DAX Control Register (XCIR

; status bits in XSTR

M XADE EQJ 0 ; DAX Audi o Data Regi ster Enpty (XADE)
M XAUR EQJ 1 ; DAX Trasmit Underrun Error Flag (XAUR
M XBLK  EQJ 2 ; DAX Block Transferred (XBLK)

: non-audi o bits i n XNADR

M XVA EQU 10 ; DAX Channel A Validity (XVA
M XUA EQU 11 ; DAX Channel A User Data (XUA)
M XCA EQU 12 ; DAX Channel A Channel Status (XCA)
M XVB EQU 13 ; DAX Channel B Validity (XVB)
M XUB EQU 14 ; DAX Channel B User Data (XUB)
M XCB EQU 15 ; DAX Channel B Channel Status (XCB)

; control bhits in XCIR

MXDE EQ 0 ; DAX Audi o Data Register Enpty Interrupt Enable (XD E)
MXUE EQ 1 ; DAX Underrun Error Interrupt Enable (XU E)

MXBIE EQJ 2 ; DAX Block Transferred Interrupt Enable (XBl E)

MXCS0 EQJ 3 ; DAX A ock Input Select 0 (XCS0)

MOTOROLA DSP56367 24-Bit Digital Signal Processor User’s Manual B-19



Equates

MXCS1 EQU 4 DAX d ock Input Select 1 (XCSl)

M XSB EQU 5 DAX Start Bl ock (XSB)

; EQUATES for SH

: Regi st er Addresses

MHX  EQU $FFFF94 SH Recei ve FI FO (HRX)

M HTX EQU $FFFF93 SH Transmt Register (HTX)
MHSAR EQU $FFFF92 SH 12C S ave Address Register (HSAR
MHCSR EQU $FFFFI1 SH Control/Status Register (HCSR
MHKR EQU $FFFF90 SH dock Control Register (HXR
: HSAR bits

M HA6 EQU 23 ; SH 12C S ave Address (HAB)

M HA5 EQU 22 ; SH 12C S ave Address (HA5)

M HA4 EQU 21 ; SH 12C S ave Address (HAM)

M HA3 EQU 20 ; SH 12C S ave Address (HA3)

M HAL EQU 18 ; SH 12C S ave Address (HAL)

: control and status bits in HCSR

M HBUSY EQU 22 ; SH Host Busy (HBUSY)

MHBER EQU 21 ; SH Bus Error (HBER

MHCE EQU 20 ; SH Receive Overrun Error (HRCE
MHFF EQU 19 ; SH Receivr FIFO Full (HRFF)
MHNE EQU 17 ; SH Receive FIFO Not Enpty (HRN\E)
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MHTDE EQJ 15 SH Host Transmit data Enpty (HTDE)
MHTUE EQJ 14 SH Host Transmt Underrun Error (HTUE)
MHIEL EQJ 13 SH Receive Interrupt Enable (HR El)
MHIEO EQJ 12 SH Receive Interrupt Enable (HR EO)
MHTTE EQJ 11 SH Transmt Interrupt Enable (HTIE)
MHBIE EQ 10 SH Bus-Error Interrupt Enable (HBIE
MHDLE EQ 9 SH Idle (HDLE

MHRQEL EQJ 8 SH Host Request Enabl e (HRQEL)
MHRQGEO EQU 7 SH Host Request Enabl e (HRQEO)
MHVWST EQJ 6 SH Master Mde (HVBT)

MHIFO EQ 5 SH FlI FO Enabl e Control (HFIFO

M HCKFR  EQU 4 SH dock Freeze (HXKXFR

M HVL EQU 3 SH Serial Host Interface Mdde (HW)
M HVD EQU 2 SH Serial Host Interface Mdde (HW)
MH2C EQ 1 SH 12c/SPl Selection (H 20

M HEN EQU 0 SH Host Enabl e (HEN

; control bits in HXR

MHM EQU 13 SH Filter Mdel (H-M)

MHM EQU 12 SH Filter Mdel (H-M)

MHOW  EQJ 10 SH D vider Mdulus Sel ect (HDW)
MHOM  EQJ 9 SH Divider Mdul us Sel ect (HDVb)
MHOM EQU 8 SH Divider Mdulus Sel ect (HDVb)

M HOM  EQU 7 SH D vider Mdul us Sel ect (HDM1)
MHM  EQU 6 SH D vider Mdul us Sel ect (HDVB)
MHOW  EQU 5 SH D vider Mdul us Sel ect (HDWR)
MHM  EQ 4 SH D vider Mdul us Sel ect (HDWL)
MHOM  EQ 3 SH Divider Mdulus Sel ect (HDW)
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M HRS EQU 2 ; SH Prescalar Rate Select (HRS)
MCPQL EQU 1 ; SH dock Polarity (CPQL)
MCPHA  EQU 0 ; SH dock Phase (CPHA)

; EQUATES for ESAl _1 Registers

; register bit equates can be the same as for the ESAl register bit equates.

: Regi st er Addresses

MEMXR EQ $FFFFAF ; MUX PIN OONTROL REG STER ( EMUXR)

MRSMB 1 EQU $FFFFOC ; ESAl_1 Receive Slot Mask Register B (RSMB 1)
M RSMA 1 EQU $FFFFOB ; ESAI_1 Receive Slot Mask Register A (RSVA 1)
MTSMB 1 EQU $FFFFOA ; ESAl_1 Transnit S ot Mask Register B (TSMB 1)
MTSMA 1 EQU $FFFF99 ; ESAl_1 Transnit S ot Mask Register A (TSMA 1)
M ROCR 1 EQU $FFFFO8 ; ESAl _1 Receive dock Control Register (ROCR 1)
MROR 1 EQU $FFFFO7 ; ESAl_1 Receive Control Register (RCR 1)
MTOCR 1 EQU $FFFFO6 ; ESAI _1 Transnit dock Control Register (TOOR 1)
MTCR 1 EQUJ $FFFFO5 ; ESAI_1 Transnit Control Register (TCR 1)

MSA CR 1 EQU $FFFF94 ; ESAl_1 Control Register (SAICR 1)

MSA SR 1 EQU $FFFFI3 ; ESAl_1 Status Register (SAISR 1)

MRX3_1 EQU $FFFF8B ; ESAl _1 Receive Data Register 3 (RX3_1)

MRX2 1 EQJ $FFFFBA ; ESAl_1 Receive Data Register 2 (RX2_1)

MRX1 1 EQJ $FFFF89 ; ESAl_1 Receive Data Register 1 (RX1_1)

MRX0_1 EQJ $FFFF88 ; ESAl _1 Receive Data Register 0 (RX0_1)

MTSR 1 EQU $FFFF86 ; ESAI_1 Time Slot Register (TSR 1)
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M TX5 1
M TX4 1
MTX3 1
MTX2_1
M TXL 1

M TX0_1

M RSMB
M RSMA
M TSMB
M TSMA
M ROCR
M RCR

M TCOR
M TCR

M SAl CR
M SAI SR
M RX3

M RX2

M RX1

M RX0

EQU $FFFF85 ; ESAI_1 Transmt Data Register 5 (TX5_1)
EQU $FFFF84 ; ESAl_1 Transnt Data Register 4 (Tx4_1)
EQU $FFFF83 ; ESAl_1 Transnt Data Register 3 (TX3_1)
EQU $FFFF82 ; ESAl_1 Transnt Data Register 2 (TX2_1)
EQU $FFFF81 ; ESAI_1 Transmt Data Register 1 (TXL_1)
EQU $FFFF80 ; ESAI_1 Transmt Data Register 0 (TX0_1)

EQUATES for ESA

Regi st er Addresses

EQU $FFFFBC ; ESAl Receive S ot Mask Regi ster B (RSMB)
EQU $FFFFBB ; ESAl Receive S ot Mask Regi ster A (RSMY)
EQU $FFFFBA ; ESAl Transmt Slot Mask Register B (TSMB)
EQU $FFFFBI ; ESAl Transnit Slot Mask Register A (TSVAH)
EQU $FFFFB3 ; ESAl Receive AQock Control Register (ROCR
EQU $FFFFB7 ; ESAl Receive Control Register (RCR

EQU $FFFFB6 ; ESAl Transmit dock Control Register (TOCR
EQU $FFFFB5 ; ESAl Transmt Control Register (TOR

EQU $FFFFB4 ; ESAl Control Register (SAICR

EQU $FFFFB3 ; ESAl Status Register (SAISR

EQU $FFFFAB ; ESAl Receive Data Register 3 (RX3)

EQU SFFFFAA ; ESAl Receive Data Register 2 (RX2)

EQU $FFFFAQ ; ESAl Receive Data Register 1 (RX1)

EQU $FFFFA3 ; ESAl Receive Data Register 0 (RX0)
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M TX5
M TX4
M TX3
M TX2
M TX1

M TXO

M RS31
M RS30
M RS29
M RS28
M RS27
M RS26
M RS25
M RS24
M RS23
M RS22
M RS21
M RS20
M RS19
M RS18
M RS17

M RS16

M RS15

BREBEEREBERERBEERBELRBBEREREE

Regi

$FFFFAG
$FFFFAS
$FFFFAA
$FFFFA3
$FFFFA2
$FFFFAL
$FFFFAQ
ster bits
15

14

13

12

11

10

1

0

RSVA Regi ster bits

EQU

15

Time Slot Register (TSR

Transm t

Transm t

Transm t

Transm t

Transm t

Transm t

Data Register
Data Register
Data Register
Data Regi ster
Data Regi ster

Data Regi ster

5 (TX5)
4 (TX4)
3 (TX3)
2 (TX)
1 (TX1)

0 (TX0)
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MRS14 EQ 14 ESAl
MRS13 EQ 13 ESAl
MRS12 EQ 12 ESAl
M RS11 EQU 11 ESAI
MRSI0 EQ 10 ESAl
MRS9O  EQ 9 ESAl
MRS8  EQ 8 ESAl
M RS7 EQU 7 ESA
MRS6  EQ 6 ESAl
M RS5 EQU 5 ESA
MR4  EQ 4 ESAl
MRS3  EQ 3 ESAl
MR2  EQ 2 ESAl
M RS1 EQU 1 ESA
MRSO  EQ 0 ESAI
: TSMB Regi ster bits

MTS31 EQ 15 ESAl
MTS30 EQ 14 ESAl
MTS29 EQ 13 ESAl
MTS28 EQU 12 ESAI
M TS27 EQU 11 ESAI
MTS26 EQ 10 ESAl
MTS25 EQ 9 ESAl
MTS24 EQ 8 ESAl
MTS23 EQ 7 ESAl
MTS22 EQ 6 ESAl
MTS21  EQU 5 ESA
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MTS20 EQ 4 : ESA
MTS19 EQU 3 © ESA
MTS18 EQ 2 : ESA
MTSL7 EQU 1 © ESA
MTS16 EQU 0 ; ESA
; TSMA Regi ster bits

MTS1S EQU 15 ; ESA
MTS14 EQU 14 © ESA
MTS13 EQU 13 : ESA
MTS12 EQU 12 : ESA
MTS11 EBEQU 11 ; ESA
MTS1I0 EQU 10 ; ESA
MTSO  EQU 9 : ESA
MTS8  EQU 8 : ESA
MTS?  EQU 7 : ESA
MTS6  EQU 6 © ESA
MTS5  EQU 5 : ESA
MTS  EQU 4 : ESA
MTS3  EQU 3 : ESA
MTS2  EQU 2 : ESA
MTSL  EQU 1 © ESA
MTSO  EQU 0 : ESA
; ROCR Regi ster bits

M RHOKD EQU 23 : ESA
MRFSD EQ 22 ; ESA
MRXKXD EQ 21 : ESA
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MRHKP EQU 20 . ESA
MRFSP  EQU 19 . ESA
MRKP  EQU 18 . ESA

M RFP EQU $30000 . ESAl MASK
MRP3  EQU 17 . ESA
MRP2 EQ 16 . ESA
MRPL  EQ 15 . ESA
MRPO  EQU 14 . ESA

M RDC EQU $3E00 ESAl MASK
MRDA EQ 13 . ESA
MRDC3 EQ 12 . ESA
MRD2 EQ 11 . ESA
MRXCL EQ 10 . ESA
MRDXD EQ 9 . ESA
MRPSR EQU 8 . ESA

M RPM EQU  $FF

MRPW  EQU 7 , ESA
MRPMG  EQU 6 , ESA
MRPVG  EQU 5 ; ESA
MRPMI  EQU 4 . ESA
MRPVB  EQU 3 . ESA
MRPV®  EQU 2 . ESA
MRPM.  EQU 1 , ESA
MRPM  EQU 0 , ESA

; RCR Regi ster bits
MRIE EQW 23 ; ESA

MRE EW 22 © EA
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MRED E EQ 21 , ESA
MREIE EQ 20 . ESA
M RPR EQU 19 ; ESAI
MRFSR EQ 16 ; BESA
MRFSL EQ 15 , ESA
MRSWS  EQ $7000 ESAl MASK
MRSWH4  EQU 14 . ESA
MRSWE3 EQU 13 . ESA
MRSWR2 EQ 12 . ESA
MRSWEl EQ 11 . ESA
MRSWEO EQ 10 . ESA
M RMD EQU $300

MRMDDL EQ 9 , ESA
MRMIO EQ 8 . ESA
MRM EQ 7 . ESA
MRSHFD EQJ 6 . ESA
M RE EQU $F

MRE3  EQ 3 , ESA
MRE2  EQ 2 , ESA
MREL  EQ 1 . ESA
MREO  EQ 0 . ESA

: TOCR Regi ster bits

MTHKD EQ 23 ; ESA
MTFSD EQ 22 . ESA
MTKD EQ 21 ; ESA
MTHXP EQ 20 . ESA
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MTFSP EQ 19 ESAl
MTOKP EQ 18 ESA
MTFP  EQ $30000

M TFP3 EQU 17 ESAI
MTFP2 EQ 16 ESAl
MTFPL EQ 15 ESAl
MTFPO EQ 14 ESAl
M TDC EQU $3E00

MTDCA EQ 13 ESA
MTDZ3 EQ 12 ESA
MTDC2 EQ 11 ESAl
MTDCL EQ 10 ESAl
MTDODD EQ 9 ESAl
MTPSR EQ 8 ESA
M TPM EQU  $FF

M TPW EQU 7 ESAl
MTPVMG  EQU 6 ESAl
MTPVMG  EQU 5 ESAl
MTPME  EQU 4 ESAl
MTPVMB EQU 3 ESA
MTPV  EQU 2 ESA
M TPML EQU 1 ESAI
MTPM EQ 0 ESAl
; TCR Regi ster bits

MTLIE EQ 23 ESAl
MTIE EQ 22 ESAl
MTED E EQ 21 ESAI
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MTEE EQU 20 . ESA
M TPR EQU 19 ; ESAl
MPADC  EQU 17 ; ESAl
MTFSR EQ 16 . ESA
MTFSL  EQ 15 . ESA
MTSW EQU  $7Q00

MTSWs4  EQU 14 . ESA
MTSWE3 EQU 13 . ESA
MTSW2 EQU 12 . ESA
MTSWEL EQU 11 . ESA
MTSW0 EQU 10 . ESA
MTMD  EQU $300

MTMDL EQ 9 , ESA
MTMIDO0 EQU 8 ; ESA
MTWA  EQ 7 . ESA
MTSHD EQ 6 ; ESA

M TEM EQU $3F

MTES  EQU 5 ; ESA
MTE4  EQU 4 . ESA
MTE3  EQU 3 . ESA
MTE2  EQU 2 ; ESA
MTEL  EQU 1 ; ESA
MTEO  EQU 0 ; ESA

X control bhits of SAICR
MALC EQU 8 ; ESA

MTEBE EQ 7 . ESA
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MSYN EQ 6 ESAl
MOF2  EQ 2 ESAl

MCF1  EQ 1 ESA

MOFO  EQU 0 ESAl

; status bits of SAI SR

MTODE EQ 17 ESAl

MTEDE EQ 16 ESAl

M TDE EQU 15 ESAl

M TUE EQU 14 ESA

MTFS  EQ 13 ESA

MRODF  EQU 10 ESAl

M REDF  EQU 9 ESAl

MRDF  EQ 8 ESAl

MRCE  EQ 7 ESA

MRFS  EQ 6 ESAI

MIF2  EQ 2 ESA

MIFlL  EQ 1 ESAl

MIFO  EQ 0 ESAl

: EQUATES for HDI 08

; Regi st er Addresses

M HOTX EQU $FFFFC7 HOST Transnmt Regi ster (HJMX)
M HORX EQU $FFFFCS HOST Recei ve Regi ster (HORX)
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M HBAR EQU $FFFFCS ; HOBT Base Address Regi ster (HBAR
MHCR EQU $FFFFCA ; HOBT Port Control Register (HPCR)
M HSR EQU $FFFFC3 ; HOBT Status Register (HSR

M HCR EQU $SFFFFC2 ; HOBT Control Register (HCR

; HCR bits

MHIE EQU $0 ; HOST Receive interrupts Enable
MHOTIE EQ $1 ; HOST Transmt Interrupt Enable
MHIE EQU $2 ; HOST Command | nterrupt Enabl e

M HF2 EQU $3 ; HOST Flag 2

M HF3 EQU $4 ; HOST Flag 3

M HDM  EQU $5 ; HOST DVMA Mode Control Bit O
MHDML  EQU $6 ; HOST DVA Mode Control Bit 1

M HDV  EQU $7 ; HOST DVA Mode Control Bit 2

: HSR bits

MHRDF EQU $0 ; HOBT Receive Data Full

M HOTDE EQU $1 ; HCBT Receive Data Enptiy

M HCP EQU $2 ; HOST Conmand Pendi ng

MHO  EQU $3 © HOST Flag 0

M HF1 EQU $4 ; HOST Flag 1

M DVA EQU $7 ; HOBT DMVA Status

; HPCR bits

MHEN EQ $0 ; HOST Port Enable

M HASEN EQU $1 ; HOST Address 8 Enabl e

M HAOEN EQU $2 : HOST Address 9 Enabl e

B-32 DSP56367 24-Bit Digital Signal Processor User’s Manual MOTOROLA



Equates

M HCSEN
M HREN
M HAEN
M HOEN
M HRCD
M HDSP
M HASP
M_HVUX
M _HDDS
M HCSP
M HRP

M HAP

’

EQJ
EQJ

E

c g 8

EQJ
EQJ
EQU
EQJ
EQJ
EQJ

$3
$4
$5
$6
$8
$9
$a
$b
$c
$d
$e
$f

HBAR BITS

MBA EQ $FF

EQUATES for TI MER

HOST Ghip Sel ect Enabl e
HOST Request Enabl e
HOST Acknow edge Enabl e
: HOST Enabl e
; HOBT Request Qpen Dranin node
HOST Data Strobe Polarity
HOST Address Strobe Polarity
HOST Mul ti pl exed bus sel ect
HOST Doubl e/ Singl e Strobe sel ect
HOST Chip Select Polarity
HOST Request Polarity

HOST Acknowl edge Pol arity

MBAIO EQU
MBAO EQU
MBA8 EQU
MBA7 EQU
MBA6  EQU
MBAS  EQU
MBAM  EQU
MBA3 EQU
MOTOROLA
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M TCSRO
M TLRO
M TCPRO

M TORO

M TCSRL
M TLRL
M TCPRL

M TORL

Regi ster Addresses O TI MERO

EQU
EQU
EQU
EQU

$FFFF8F
$FFFFSE
$FFFF8D

$FFFF8C

; TIMERO Control /Status Regi ster
TI MERO Load Reg
; TIMERO Conpare Register

TI MERO Count Regi ster

Regi ster Addresses O TI MERL

EQU
EQU
EQU
EQU

$FFFFSB
$FFFFBA
$FFFF89

$FFFF88

; TIMERL Control/Status Regi ster
TI MERL Load Reg
; TIMERL Conpare Register

TI MERL Count Regi ster

Regi ster Addresses O TI MER2

MTCSR2 EQU $SFFFF87 ; TIMER2 Control /Status Regi ster
MTLR2 EQ $FFFF86 ; TIMER2 Load Reg

MTCPR2 EQU $FFFF85 ; TIMER2 Conpare Register

MTCR2 EQU $FFFF84 ; TIMER2 Count Register

MTPLR EQU $FFFF83 ; TIMER Prescal er Load Regi ster
MTPCR EQU $FFFF82 ; TIMER Prescal ar Count Register

; Timer Control/Status Register Bit Flags

M TE EQU 0 ; Timer Enable

MTAQE EQWU 1 ; Tiner Overflow Interrupt Enable
MTAE EQW 2 ; Tiner Conpare Interrupt Enable
MTC EQU $FO ; Timer Control Mask (TQO-TC3)

M I NV EQU 8 ; Inverter Bit

M TRM EQU 9 ; Timer Restart Mde

MD R EQU 11 ; Drection Bit

M D EQU 12 ; Data | nput
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M DO EQU 13 ; Data Qutput

M PCE EQU 15 : Prescal ed d ock Enabl e

M TCF EQU 20 ; Tiner Overflow H ag
M TCF EQU 21 ; Tiner Conpare Flag

; Timer Prescal er Register Bit Flags

M PS EQU $600000 ; Prescal er Source Mask
MPSO EQU 21

MPSL EQU 22

: Timer Control Bits

M TQD EQU 4 : Timer Control O
M TCL EQU 5 ; Timer Control 1
M TC EQU 6 ; Timer Control 2
M TC3 EQU 7 ; Timer Control 3

LR T R T end of ioequ.asm------------------------
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JTAG BSDL

-- FILENAME : 56367TQFP_r evA bsdl

--MOTOROLASSDTJTAGSOFTWARE
-- BSODL File Generated: Mon Jan 18 10:13:53 1999

-- Revision Hstory:
-- Updat ed February 20th 2003

-- boundary length to 154, al so updated I D code to 367 version.

entity DSP56367 is

generic (PHYSICAL_PIN MAP : string := "TGQFP144");

port (

TDQO out bit;

TD:in bit;

TMB:in bit;

TCK:in bit;

SCK: i nout bit;

SDA0: i nout bit;

SDAL: i nout bit;

SDA 23:inout hit;

PINT:in bit;

SDA 32:inout hit;

SVCC i nkage bit_vector(0 to 1);
SA\D: | i nkage bit_vector(0 to 1);
SDA 41:inout bit;

SDA 50: i nout bit;

FST:inout bit;

FSR i nout bit;

SCKT: i nout bit;

SCKR i nout bit;

HSCKT: i nout bit;

HSCKR i nout bhit;

Q/CC linkage bit_vector(0 to 3);
QA\D | i nkage bit_vector(0 to 3);
Q/CCH i nkage bit_vector(0 to 2);
HP:inout bit_vector(0 to 15);
ADQ i nout bit;

Ad :inout bit;

TIQinout bit;

HVCC. |i nkage bit;

HA\D: | i nkage bit;

SS 1:in bit;

HREQ 1:inout bhit;

RESET 1:in bit;

PVCC |'i nkage bit;

PCAP: | i nkage bit;

PAG\D: | i nkage bit;

AA out bit_vector(0 to 3);

CAS 1:out bit;

EXTAL:in bit;

CQVCC linkage bit_vector(0 to 1);
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OA\D: | i nkage bit_vector(0 to 1);
TA 1:in bit;

BR 1: buffer bit;

BB 1.inout bit;

WR 1:out bit;

RD 1:out bit;

BG 1l:.in bit;

A out bit_vector(0 to 17);

AVCC. | i nkage bit_vector(0 to 2);
AGQ\D: | i nkage bit_vector(0 to 3);
Dinout bit_vector(0 to 23);
DVCC. | i nkage bit_vector(0 to 3);
DG\D:. | i nkage bit_vector(0 to 3);
MDD in bit;

MDC.in bit;

MCDB:in bit;

MDA in bit;

M8 ;i nout bit;

SDA i nout bit;

SDXA1_1:inout bit;
SDCB0_1:inout bit;

FST 1:inout bit;

FSR 1:inout bit;

SCKR 1:inout bit;

SCKT_1:inout bit);

use STD 1149 1 1994. al | ;

attribute COVPONENT_CONFCRMANCE of DSP56367 @ entity is
"STD 1149 1 1993";

attribute PIN_MAP of DSP56367 : entity is PHYSI CAL_PI N _MAP,

constant TQFP144 : PIN MAP STRING : =

"X 1, " &
"SS 102, " &
"HREQ1: 3, " &
"SDA0: 4, " &
"Shal: 5, " &

"SDO23: 6, " &
"sDO 32 7, " &
"SVOC (8, 25), " &
"SA\D (9, 26), " &
"SDa 41: 10, " &
"SDA50: 11, " &

"FST: 12, " &
"FSR 13, " &
"SOKT: 14, " &
"SOKR 15, " &

"HSCKT: 16, " &
"HSCKR 17, " &
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"QVCC. (18, 56, 91, 126), " &
"QA\D: (19, 54, 90, 127), " &
"QUCCH (20, 49, 95), " &

"HP: (43, 42, 41, 40, 37, 36, 35, 34, 33, 32, 31, 22, 21, 30, 24, 23),

" &

"ADQ 27, " &

"AQ: 28, " &

"TIQ 29, " &

"HVCC. 38, " &

"HA\D. 39, " &

"RESET_1: 44, " &

"PVCC. 45, " &

"PCAP. 46, " &

"PA\D. 47, " &

"SDOBO_1: 48, " &

"FST_1: 50, " &

"AX (70, 69, 51, 145), " &

"CAS 1: 52, " &

"SCKT_1: 53, " &

"EXTAL: 55, " &

"oVoC (57, 65), " &

"OG\D (58, 66), " &

"FSR 1: 59, " &

"SCKR 1: 60, " &

"PINT: 61, " &

"TA 1. 62, " &

"BR 1. 63, " &

"BB 1. 64, " &

"WR 1. 67, " &

"RD 1. 68, " &

"BG 1. 71, " &

"A (72, 73, 76, 77, 78, 79, 82, 83, 84, 85, 88, 89, 92, 93, 94,
97,98,99)," &

"AVCC. (74, 80, 86), " &

"AG\D: (75, 81, 87, 96), " &

"D (100, 101, 102, 105, 106, 107, 108, 109, 110, 113, 114, 115, 116,
117, 118, 121, " &

"122, 123, 124, 125, 128, 131, 132, 133)," &

"DVCC (103, 111, 119, 129), " &

"DA\D (104, 112, 120, 130), " &

"MXDD. 134, " &

"MXDC. 135, &

"MXDDB: 136, " &

"MODA: 137, &

"SDO41_1: 138, " &

"TDQ 139, " &

"TDl: 140, " &

"TCK 141, " &

"TME, 142, " &

"MSl: 143, " &

"SDA: 144 ",
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attribute
attribute
attribute
attribute
attribute

attribute

attribute
attribute

attribute

attribute

attribute

TAP_SCAN IN of TD signal is true;
TAP_SCAN QUT of TDO: signal is true;
TAP_SCAN MCDE of TMB : signal is true;

TAP_SCAN ALOK of TCK : signal is (20.0e6, BOTH);

| NSTRUCTI ON_LENGTH of DSP56367 : entity is 4;
I NSTRUCTI ON_CPOCDE of DSP56367 :
"EXTEST (0000)," &

"SAMPLE (0001)," &

"| DOCDE (0010)," &

"CLAW (0101)," &

"H G (0100)," &

"ENABLE CONCE (0110)," &

"DEBUG REQUEST(0111)," &
"BYPASS (1111)";

entity is

I NSTRUCTI ON_CAPTURE of DSP56367 : entity is "0001";
| DOCDE_REQ STER of DSP56367 : entity is

"0000" & -- version

"000111" & -- nanufacturer's use

"0001101111" & -- sequence numnber

"00000001110" & -- manufacturer identity

"1"; -- 1149.1 requirenent

REQ STER ACCESS of DSP56367 : entity is
"ONCH[ 8] ( ENABLE_ONCE, DEBUG REQUEST)" ;

BOUNDARY_LENGTH of DSP56367 : entity is 154;

BOUNDARY _REQ STER of DSP56367 : entity is
num cell,port, func, safe, [ccell dis rslt]
"0 (BC1,*, control, 1)," &

"1 (BC6, SDAM1 1, bidir, X 0, 1, 2)," &
"2 (BC1, MDA input, X)," &

"3 (BC1, MDB, input, X)," &

"4 (BC1, MXDC input, X)," &

"5 (BC1, MDD, input, X)," &

"6 (BC 6, D(23), bidir, 1, 15, 1, 2)," &
"7 (BC6, D22), bidir, X 15, 1, 2)," &
"8 (BC 6, D(21), bidir, X 15, 1, 2)," &
"9 (BC 6, D(20), bidir, X 15, 1, 2)," &
"10 (BC 6, D(19), bidir, X 15, 1, 2)," &
"11 (BC 6, D(18), bidir, X 15, 1, 2)," &
"12 (BC 6, D(17), bidir, X 15, 1, 2)," &
"13 (BC 6, D(16), bidir, X 15, 1, 2)," &
"14 (BC 6, D(15), bidir, X 15, 1, 2)," &
"15 (BC1, *, control, 1)," &

"16 (BC 6, D(14), bidir, X 15, 1, 2)," &
"17 (BC 6, D(13), bidir, X 15, 1, 2)," &
"18 (BC 6, D(12), bidir, X 15, 1, 2)," &
"19 (BC 6, D(11), bidir, X 28, 1, 2)," &
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"20 (BC 8,
"21 (BC 8,
"22 (BC 6,
"23 (BC 6,
"24 (BC 6,
"25 (BC 6,
"26 (BC 6,
"27 (BC 6,
"28 (BC 1,
"29 (BC 8,
"30 (BC 8,
"31 (BC 8,
"32 (BC 1,
"33 (BC 1,
"34 (BC 1,
"35 (BC 1,
"36 (BC 1,
"37 (BC 1,
"38 (BC 1,
"39 (BC 1,
"40 (BC 1,
"41 (BC 1,
"42 (BC 1,
"43 (BC 1,
"44 (BC 1,
"45 (BC 1,
"46 (BC 1,
"47 (BC 1,
"48 (BC 1,
"49 (BC 1,
"50 (BC 1,
"51 (BC 1,
"52 (BC_ 1,
"53 (BC 1,
"54 (BC 1,
"55 (BC 1,
"56 (BC 1,
"57 (BC 1,
"58 (BC 1,
"59 (BC 1,
"60 (BC 6,
"61 (BC 1,
"62 (BC 1,
"63 (BC 1,
"64 (BC 1,
"65 (BC 6,
"66 (BC 1,
"67 (BC 1,
"68 (BC 1,
"69 (BC 6,
"70 (BC 1,
"71 (BC 1,
"72 (BC 1,

D(10), bidir, X 28, 1, 2)," &

D9), bidir, X 28, 1,
O 8), bidir, X 28, 1,
D7), bidir, X 28, 1,
O 6), bidir, X 28, 1,
O5), bidir, X 28, 1,
O(4), bidir, X 28, 1,
O(3), bidir, X 28, 1,
* control, 1)," &

X2), bidir, X 28 1
(1), bidir, X 28, 1,
D0), bidir, X 28 1

A(17), output3, X
A(16), output3, X
A(15), output3, X

* control, 1)," &

A(14), output3, X
A(13), output3, X
A(12), output3, X
A(11), output3, X
A(10), output3, X
A(9), output3, X
A(8), output3, X
A(7), output3, X
A(6), output3, X

* control, 1)," &

A(5), output3,
A(4), output3,
A(3), output3,
A(2), output3,
A(1), output3,
A(0), output3,
BG 1, input, X,"

XXX XX

45,
45,
&

* control, 1)," &
AA(0), output3, X 53, 1, 2," &
* control, 1)," &
AA(1), output3, X 55, 1, 2)," &
RD 1, output3, X 70, 1, 2)," &
WR 1, output3, X 70, 1, 2)," &
* control, 1)," &
BB 1, bidir, X 59, 1, 2)," &

BR 1, output2, X),
TA 1, input, X,"

PINT, input, X,"

" &
&
&

* control, 1)," &
SCKR 1, bidir, X 64, 1, 2)," &
*, control, 1)," &
AA(3), output3, X 66, 1, 2)," &
* control, 1)," &
FSR 1, bidir, X 68, 1, 2)," &
* control, 1)," &

EXTAL, input, X),"

&

* control, 1)," &

z2),"
z),"
z),"
z),"
z2),"
z2),"
z),"

Ro Ro Ro R0 Ro Ro Qo

z),"
z2),"
z2),"

Ro Ro Ro

..

2
1, 2

2,
1, 2,"
1, 2,"
1, 2,"
1, 2,"
1, 2,"
v 4"
2,"
v 4"
AR

PR PP

z),"
z),"
z),"
z),"
z),"
AR

PR PRPPPP

Ro Ro Ro Ro Ro

&

Ro Ro Ro

Ro Ro Ro Qo Ro Ro
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"73 (BC 6,
"74 (BC 1,
"75 (BC 1,
"76 (BC 1,
"77 (BC 1,
"78 (BC 1,
"79 (BC 6,
"80 (BC 1,
"81 (BC 6,
"82 (BC 1,
"83 (BC 1,
"84 (BC 6,
"85 (BC 1,
"86 (BC 6,
"87 (BC 1,
"88 (BC 6,
"89 (BC 1,
"90 (BC 6,
"91 (BC 1,
"92 (BC 6,
"93 (BC 1,
"94 (BC 6,
"95 (BC 1,
"96 (BC 6,
"97 (BC 1,
"98 (BC 6,
"99 (BC 1,
"100 (BC 6,
"101 (BC 1,
"102 (BC 6,
"103 (BC 1,
"104 (BC 86,
"105 (BC 1,
"106 (BC 6,
"107 (BC 1,
"108 (BC 6,
"109 (BC 1,
"110 (BC 6,
"111 (BC 1,
"112 (BC 8,
"113 (BC 1,
"114 (BC 86,
"115 (BC 1,
"116 (BC 6,
"117 (BC 1,
"118 (BC 6,
"119 (BC 1,
"120 (BC 6,
"121 (BC 1,
"122 (BC 6,
"123 (BC 1,
"124 (BC 6,
"125 (BC 1,

r, X 72, 1, 2)," &

1, 2,"

2)," &
1, 2)," &
2," &
2," &
2)," &
2)," &
2)," &
2," &
2," &
2," &

bidir, X 101, 1, 2)," &

X, 103, 1, 2)," &

&

&

&

r, X 121, 1, 2)," &

SCKT_1, bidi
* control, 1)," &
CAS 1, output3, X 74, 1, 2)," &
* control, 1)," &
AA(2), output3, X, 76, 1, 2)," &
* control, 1)," &
FST 1, bidir, X 78, 1
* control, 1)," &
SDBO0 1, bidir, X 80,
RESET 1, input, X ," &
* control, 1)," &
HP(0), bidir, X 83, 1
* control, 1)," &
HP(1), bidir, X 85 1
* control, 1)," &
HP(2), bidir, X 87, 1
* control, 1)," &
HP(3), bidir, X 89, 1
* control, 1)," &
HP(4), bidir, X 91, 1
* control, 1)," &
HP(5), bidir, X 93, 1
* control, 1)," &
HP(6), bidir, X 95 1
* control, 1)," &
HP(7), bidir, X 97, 1
* control, 1)," &
HP(8), bidir, X 99, 1, 2)," &
* control, 1)," &
HP(9),

* control, 1)," &
HP(10), bidir

*, control, 1)," &
HP(13), bidir, X 105
* control, 1)," &
TIQ bidir, X 107, 1
* control, 1)," &
ACl, bidir, X 109, 1
* control, 1)," &
ADQ bidir, X 111, 1
* control, 1)," &
HP(14), bidir, X 113
* control, 1)," &
HP(15), bidir, X 115
* control, 1)," &
HP(11), bidir, X 117
* control, 1)," &
HP(12), bidir, X 119
* control, 1)," &
HSOKR bid

* control, 1)," &

HSCKT, bidir, X 123, 1, 2)," &

* control

1)," &
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"126 (BC 6,
"127 (BC 1,
"128 (BC 6,
"129 (BC 1,
"130 (BC_6,
"131 (BC 1,
"132 (BC 6,
"133 (BC 1,
"134 (BC 6,
"135 (BC 1,
"136 (BC 6,
"137 (BC 1,
"138 (BC 6,
"139 (BC 1,
"140 (BC_6,
"141 (BC 1,
"142 (BC6,
"143 (BC 1,
"144 (BC 6,
"145 (BC 1,
"146 (BC 6,
"147 (BC 1,
"148 (BC 1,
"149 (BC 6,
"150 (BC 1,
"151 (BC 6,
"152 (BC 1,
"153 (BC_6,

SKR, bidir, X 125, 1, 2)," &

* control, 1),

" &

SCXKT, bidir, X 127, 1, 2)," &

* control, 1),

FSR bidir, X

* control, 1),

FST, bidir, X

* control, 1),

SDA 50, bidir,

* control, 1),

SDA 41, bidir,

* control, 1),

SbA 32, bidir,

* control, 1),

Sba 23, bidir,

* control, 1),

" &
129, 1, 2)," &

" &

131, 1, 2)," &

" &

X 133, 1, 2)," &
" &

X 135, 1, 2)," &
" &

X 137, 1, 2)," &
" &

X 139, 1, 2)," &
" &

Sbal, bidir, X 141, 1, 2)," &

* control, 1),

" &

SDQo, bidir, X 143, 1, 2)," &

* control, 1),

HREQ 1, bidir,

" &
X 145, 1, 2)," &

SS 1, input, X," &

*, control, 1),

SCK, bidir, X

*, control, 1),

SDA, bidir, X

* control, 1),

" &
148, 1, 2," &
" &
150, 1, 2," &
" &

MoBl, bidir, X 152, 1, 2)";

end DSP56367;
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D.1 INTRODUCTION

This section has been compiled as a reference for programmers. It contains a table showing the addresses
of all the DSPs memory-mapped peripherals, an interrupt address table, an interrupt exception priority
table, a quick reference to the host interface, and programming sheets for the major programmable

registers on the DSP.

D.1.1 Peripheral Addresses

Table D-1 lists the memory addresses of all on-chip peripherals.

D.1.2 Interrupt Addresses

Table D-2 lists the interrupt starting addresses and sources.

D.1.3 Interrupt Priorities

Table D-3 lists the priorities of specific interrupts within interrupt priority levels.

D.14 Host Interface Quick Reference

Table D-4 is a quick reference guide to the host interface (HDI08).

D.1.5 Programming Sheets

The remaining figures describe major programmable registers on the DSP56367.

D-2 DSP56367 24-Bit Digital Signal Processor User’s Manual

MOTOROLA



Programmer’s Reference

D.2 INTERNAL I/O MEMORY MAP

Table D-1 Internal /O Memory Map
Peripheral Address Register Name
IPR X:$FFFFFF INTERRUPT PRIORITY REGISTER CORE (IPR-C)
X:$FFFFFE INTERRUPT PRIORITY REGISTER PERIPHERAL (IPR-P)
PLL X:$FFFFFD PLL CONTROL REGISTER (PCTL)
ONCE X:$FFFFFC ONCE GDB REGISTER (OGDB)
BIU X:$FFFFFB BUS CONTROL REGISTER (BCR)
X:$FFFFFA DRAM CONTROL REGISTER (DCR)
X:$FFFFF9 ADDRESS ATTRIBUTE REGISTER 0 (AARO)
X:$FFFFF8 ADDRESS ATTRIBUTE REGISTER 1 (AAR1)
X:$FFFFF7 ADDRESS ATTRIBUTE REGISTER 2 (AAR2)
X:$FFFFF6 ADDRESS ATTRIBUTE REGISTER 3 (AAR3) [pin not available]
X:$FFFFF5 ID REGISTER (IDR)
DMA X:$FFFFF4 DMA STATUS REGISTER (DSTR)
X:$FFFFF3 DMA OFFSET REGISTER 0 (DORO)
X:$FFFFF2 DMA OFFSET REGISTER 1 (DOR1)
X:$FFFFF1 DMA OFFSET REGISTER 2 (DOR2)
X:$FFFFFO DMA OFFSET REGISTER 3 (DOR3)
DMAO X:$FFFFEF DMA SOURCE ADDRESS REGISTER (DSRO)
X:$FFFFEE DMA DESTINATION ADDRESS REGISTER (DDRO)
X:$FFFFED DMA COUNTER (DCO0)
X:$FFFFEC DMA CONTROL REGISTER (DCRO)
DMA1 X:$FFFFEB DMA SOURCE ADDRESS REGISTER (DSR1)
X:$FFFFEA DMA DESTINATION ADDRESS REGISTER (DDR1)
X:$FFFFE9 DMA COUNTER (DCO1)
X:$FFFFE8 DMA CONTROL REGISTER (DCR1)
DMA2 X:$FFFFE7 DMA SOURCE ADDRESS REGISTER (DSR2)
X:$FFFFE6 DMA DESTINATION ADDRESS REGISTER (DDR2)
X:$FFFFE5 DMA COUNTER (DCO2)
X:$FFFFE4 DMA CONTROL REGISTER (DCR2)
DMA3 X:$FFFFE3 DMA SOURCE ADDRESS REGISTER (DSR3)
X:$FFFFE2 DMA DESTINATION ADDRESS REGISTER (DDR3)
X:$FFFFE1 DMA COUNTER (DCO3)
X:$FFFFEOQ DMA CONTROL REGISTER (DCR3)
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Table D-1 Internal /O Memory Map (Continued)

Peripheral Address Register Name
DMA4 X:$FFFFDF DMA SOURCE ADDRESS REGISTER (DSR4)
X:$FFFFDE DMA DESTINATION ADDRESS REGISTER (DDR4)
X:$FFFFDD DMA COUNTER (DCO4)
X:$FFFFDC DMA CONTROL REGISTER (DCR4)
DMAS5 X:$FFFFDB DMA SOURCE ADDRESS REGISTER (DSR5)
X:$FFFFDA DMA DESTINATION ADDRESS REGISTER (DDRS5)
X:$FFFFD9 DMA COUNTER (DCO5)
X:$FFFFD8 DMA CONTROL REGISTER (DCR5)
PORT D X:$FFFFD7 PORT D CONTROL REGISTER (PCRD)
X:$FFFFD6 PORT D DIRECTION REGISTER (PRRD)
X:$FFFFD5 PORT D DATA REGISTER (PDRD)
DAX X:$FFFFD4 DAX STATUS REGISTER (XSTR)
X:$FFFFD3 DAX AUDIO DATA REGISTER B (XADRB)
X:$FFFFD2 DAX AUDIO DATA REGISTER A (XADRA)
X:$FFFFD1 DAX NON-AUDIO DATA REGISTER (XNADR)
X:$FFFFDO DAX CONTROL REGISTER (XCTR)
X:$FFFFCF RESERVED
X:$FFFFCE RESERVED
X:$FFFFCD RESERVED
X:$FFFFCC RESERVED
X:$FFFFCB RESERVED
X:$FFFFCA RESERVED
PORT B X:$FFFFC9 HOST PORT GPIO DATA REGISTER (HDR)
X:$FFFFC8 HOST PORT GPIO DIRECTION REGISTER (HDDR)
HDI08 X:$FFFFC7 HOST TRANSMIT REGISTER (HOTX)
X:$FFFFC6 HOST RECEIVE REGISTER (HORX)
X:$FFFFC5 HOST BASE ADDRESS REGISTER (HBAR)
X:$FFFFC4 HOST PORT CONTROL REGISTER (HPCR)
X:$FFFFC3 HOST STATUS REGISTER (HSR)
X:$FFFFC2 HOST CONTROL REGISTER (HCR)
X:$FFFFC1 RESERVED
X:$FFFFCO RESERVED
PORT C X:$FFFFBF PORT C CONTROL REGISTER (PCRC)
X:$FFFFBE PORT C DIRECTION REGISTER (PRRC)
X:$FFFFBD PORT C GPIO DATA REGISTER (PDRC)
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Table D-1 Internal /O Memory Map (Continued)

Peripheral Address Register Name
ESAI X:$FFFFBC ESAI RECEIVE SLOT MASK REGISTER B (RSMB)
X:$FFFFBB ESAI RECEIVE SLOT MASK REGISTER A (RSMA)
X:$FFFFBA ESAI TRANSMIT SLOT MASK REGISTER B (TSMB)
X:$FFFFB9 ESAI TRANSMIT SLOT MASK REGISTER A (TSMA)
X:$FFFFB8 ESAI RECEIVE CLOCK CONTROL REGISTER (RCCR)
X:$FFFFB7 ESAI RECEIVE CONTROL REGISTER (RCR)
X:$FFFFB6 ESAI TRANSMIT CLOCK CONTROL REGISTER (TCCR)
X:$FFFFB5 ESAI TRANSMIT CONTROL REGISTER (TCR)
X:$FFFFB4 ESAI COMMON CONTROL REGISTER (SAICR)
X:$FFFFB3 ESAI STATUS REGISTER (SAISR)
X:$FFFFB2 RESERVED
X:$FFFFB1 RESERVED
X:$FFFFBO RESERVED
X:$FFFFAF RESERVED
X:$FFFFAE RESERVED
X:$FFFFAD RESERVED
X:$FFFFAC RESERVED
X:$FFFFAB ESAI RECEIVE DATA REGISTER 3 (RX3)
X:$FFFFAA ESAI RECEIVE DATA REGISTER 2 (RX2)
X:$FFFFAQ ESAI RECEIVE DATA REGISTER 1 (RX1)
X:$FFFFA8 ESAI RECEIVE DATA REGISTER 0 (RX0)
X:$FFFFA7 RESERVED
X:$FFFFA6 ESAI TIME SLOT REGISTER (TSR)
X:$FFFFA5 ESAI TRANSMIT DATA REGISTER 5 (TX5)
X:$FFFFA4 ESAI TRANSMIT DATA REGISTER 4 (TX4)
X:$FFFFA3 ESAI TRANSMIT DATA REGISTER 3 (TX3)
X:$FFFFA2 ESAI TRANSMIT DATA REGISTER 2 (TX2)
X:$FFFFA1 ESAI TRANSMIT DATA REGISTER 1 (TX1)
X:$FFFFAQ ESAI TRANSMIT DATA REGISTER 0 (TX0)
X:$FFFFOF RESERVED
X:$FFFF9E RESERVED
X:$FFFFID RESERVED
X:$FFFF9C RESERVED
X:$FFFF9B RESERVED
X:$FFFF9A RESERVED
X:$FFFF99 RESERVED
X:$FFFF98 RESERVED
X:$FFFF97 RESERVED
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Table D-1 Internal /O Memory Map (Continued)

Peripheral Address Register Name
X:$FFFF96 RESERVED
X:$FFFF95 RESERVED
SHI X:$FFFF94 SHI RECEIVE FIFO (HRX)

X:$FFFF93 SHI TRANSMIT REGISTER (HTX)
X:$FFFF92 SHI I2C SLAVE ADDRESS REGISTER (HSAR)
X:$FFFF91 SHI CONTROL/STATUS REGISTER (HCSR)
X:$FFFF90 SHI CLOCK CONTROL REGISTER (HCKR)

TRIPLE TIMER X:$FFFF8F TIMER 0 CONTROL/STATUS REGISTER (TCSRO)
X:$FFFF8E TIMER 0 LOAD REGISTER (TLRO)
X:$FFFF8D TIMER 0 COMPARE REGISTER (TCPRO)
X:$FFFF8C TIMER 0 COUNT REGISTER (TCRO)
X:$FFFF8B TIMER 1 CONTROL/STATUS REGISTER (TCSR1)
X:$FFFF8A TIMER 1 LOAD REGISTER (TLR1)
X:$FFFF89 TIMER 1 COMPARE REGISTER (TCPR1)
X:$FFFF88 TIMER 1 COUNT REGISTER (TCR1)
X:$FFFF87 TIMER 2 CONTROL/STATUS REGISTER (TCSR2)
X:$FFFF86 TIMER 2 LOAD REGISTER (TLR2)
X:$FFFF85 TIMER 2 COMPARE REGISTER (TCPR2)
X:$FFFF84 TIMER 2 COUNT REGISTER (TCR2)
X:$FFFF83 TIMER PRESCALER LOAD REGISTER (TPLR)
X:$FFFF82 TIMER PRESCALER COUNT REGISTER (TPCR)
X:$FFFF81 RESERVED
X:$FFFF80 RESERVED

ESAI MUX PIN CONTROL Y:$FFFFAF ESAI MUX PIN CONTROL REGISTER (EMUXR)

Y:$FFFFAE RESERVED
Y:$FFFFAD RESERVED
Y:$FFFFAC RESERVED
Y:$FFFFAB RESERVED
Y:$FFFFAA RESERVED
Y:$FFFFA9 RESERVED
Y:$FFFFA8 RESERVED
Y:$FFFFA7 RESERVED
Y:$FFFFA6 RESERVED
Y:$FFFFA5 RESERVED
Y:$FFFFA4 RESERVED
Y:$FFFFA3 RESERVED
Y:$FFFFA2 RESERVED
Y:$FFFFA1 RESERVED

D-6
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Table D-1 Internal /O Memory Map (Continued)

Peripheral Address Register Name

Y:$FFFFAO RESERVED

PORT E Y:$FFFFOF PORT E CONTROL REGISTER (PCRE)
Y:$FFFFOE PORT E DIRECTION REGISTER(PRRE)
Y:$FFFFOD PORT E GPIO DATA REGISTER(PDRE)

ESAI_1 Y:$FFFFOC ESAI_1 RECEIVE SLOT MASK REGISTER B (RSMB_1)
Y:$FFFF9B ESAI_1 RECEIVE SLOT MASK REGISTER A (RSMA_1)
Y:$FFFFOA ESAI_1 TRANSMIT SLOT MASK REGISTER B (TSMB_1)
Y:$FFFF99 ESAI_1 TRANSMIT SLOT MASK REGISTER A (TSMA_1)
Y:$FFFF98 ESAI_1 RECEIVE CLOCK CONTROL REGISTER (RCCR_1)
Y:$FFFF97 ESAI_1 RECEIVE CONTROL REGISTER (RCR_1)
Y:$FFFF96 ESAI_1 TRANSMIT CLOCK CONTROL REGISTER (TCCR_1)
Y:$FFFF95 ESAI_1 TRANSMIT CONTROL REGISTER (TCR_1)
Y:$FFFF94 ESAI_1 COMMON CONTROL REGISTER (SAICR_1)
Y:$FFFF93 ESAI_1 STATUS REGISTER (SAISR_1)
Y:$FFFF92 RESERVED
Y:$FFFF91 RESERVED
Y:$FFFF90 RESERVED
Y:$FFFF8F RESERVED
Y:$FFFF8E RESERVED
Y:$FFFF8D RESERVED
Y:$FFFF8C RESERVED
Y:$FFFF8B ESAI_1 RECEIVE DATA REGISTER 3 (RX3_1)
Y:$FFFF8A ESAI_1 RECEIVE DATA REGISTER 2 (RX2_1)
Y:$FFFF89 ESAI_1 RECEIVE DATA REGISTER 1 (RX1_1)
Y:$FFFF88 ESAI_1 RECEIVE DATA REGISTER 0 (RX0_1)
Y:$FFFF87 RESERVED
Y:$FFFF86 ESAI_1 TIME SLOT REGISTER (TSR_1)
Y:$FFFF85 ESAI_1 TRANSMIT DATA REGISTER 5 (TX5_1)
Y:$FFFF84 ESAI_1 TRANSMIT DATA REGISTER 4 (TX4_1)
Y:$FFFF83 ESAI_1 TRANSMIT DATA REGISTER 3 (TX3_1)
Y:$FFFF82 ESAI_1 TRANSMIT DATA REGISTER 2 (TX2_1)
Y:$FFFF81 ESAI_1 TRANSMIT DATA REGISTER 1 (TX1_1)
Y:$FFFF80 ESAI_1 TRANSMIT DATA REGISTER 0 (TX0_1)
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D.3 INTERRUPT VECTOR ADDRESSES

Table D-2 DSP56367 Interrupt Vectors

Ipterrupt InterruptPriority Interrupt Source
Starting Address LevelRange

VBA:$00 3 Hardware RESET

VBA:$02 3 Stack Error

VBA:$04 3 lllegal Instruction

VBA:$06 3 Debug Request Interrupt

VBA:$08 3 Trap

VBA:$0A 3 Non-Maskable Interrupt (W)

VBA:$0C 3 Reserved For Future Level-3 Interrupt Source

VBA:$0E 3 Reserved For Future Level-3 Interrupt Source

VBA:$10 0-2 IRQA

VBA:$12 0-2 IRQB

VBA:$14 0-2 IRQC

VBA:$16 0-2 IRQD

VBA:$18 0-2 DMA Channel 0

VBA:$1A 0-2 DMA Channel 1

VBA:$1C 0-2 DMA Channel 2

VBA:$1E 0-2 DMA Channel 3

VBA:$20 0-2 DMA Channel 4

VBA:$22 0-2 DMA Channel 5

VBA:$24 0-2 Reserved

VBA:$26 0-2 Reserved

VBA:$28 0-2 DAX Underrun Error

VBA:$2A 0-2 DAX Block Transferred

VBA:$2C 0-2 Reserved

VBA:$2E 0-2 DAX Audio Data Empty

VBA:$30 0-2 ESAI Receive Data

VBA:$32 0-2 ESAI Receive Even Data

VBA:$34 0-2 ESAI Receive Data With Exception Status

VBA:$36 0-2 ESAI Receive Last Slot

VBA:$38 0-2 ESAI Transmit Data

D-8
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Table D-2 DSP56367 Interrupt Vectors (Continued)

I.nterrupt InterruptPriority Interrupt Source
Starting Address LevelRange
VBA:$3A 0-2 ESAI Transmit Even Data
VBA:$3C 0-2 ESAI Transmit Data with Exception Status
VBA:$3E 0-2 ESAI Transmit Last Slot
VBA:$40 0-2 SHI Transmit Data
VBA:$42 0-2 SHI Transmit Underrun Error
VBA:$44 0-2 SHI Receive FIFO Not Empty
VBA:$46 0-2 Reserved
VBA:$48 0-2 SHI Receive FIFO Full
VBA:$4A 0-2 SHI Receive Overrun Error
VBA:$4C 0-2 SHI Bus Error
VBA:$4E 0-2 Reserved
VBA:$50 0-2 Reserved
VBA:$52 0-2 Reserved
VBA:$54 0-2 TIMERO Compare
VBA:$56 0-2 TIMERO Overflow
VBA:$58 0-2 TIMER1 Compare
VBA:$5A 0-2 TIMER1 Overflow
VBA:$5C 0-2 TIMER2 Compare
VBA:$5E 0-2 TIMER2 Overflow
VBA:$60 0-2 Host Receive Data Full
VBA:$62 0-2 Host Transmit Data Empty
VBA:$64 0-2 Host Command (Default)
VBA:$66 0-2 Reserved
VBA:$68 0-2 Reserved
VBA:$6A 0-2 Reserved
VBA:$6C 0-2 Reserved
VBA:$6E 0-2 Reserved
VBA:$70 0-2 ESAI_1 Receive Data
VBA:$72 0-2 ESAI_1 Receive Even Data
VBA:$74 0-2 ESAI_1 Receive Data With Exception Status
VBA:$76 0-2 ESAI_1 Receive Last Slot
VBA:$78 0-2 ESAI_1 Transmit Data
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Table D-2 DSP56367 Interrupt Vectors (Continued)

Interrupt InterruptPriority Interruot Source
Starting Address LevelRange P

VBA:$7A 0-2 ESAI_1 Transmit Even Data

VBA:$7C 0-2 ESAI_1 Transmit Data with Exception Status

VBA:$7E 0-2 ESAI_1 Transmit Last Slot

VBA:$80 0-2 Reserved

VBA:$FE 0-2 Reserved

D.4 INTERRUPT SOURCE PRIORITIES (WITHIN AN IPL)

Table D-3 Interrupt Sources Priorities Within an IPL

Priority

Interrupt Source

Level 3 (Nonmaskable)

Highest

Hardware RESET

Stack Error

lllegal Instruction

Debug Request Interrupt

Trap

Lowest

Non-Maskable Interrupt

Levels 0, 1, 2 (Maskable)

Highest

IRQA (External Interrupt)

IRQB (External Interrupt)

IRQC (External Interrupt)

IRQD (External Interrupt)

DMA Channel 0 Interrupt

DMA Channel 1 Interrupt

DMA Channel 2 Interrupt

DMA Channel 3 Interrupt
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Table D-3 Interrupt Sources Priorities Within an IPL (Continued)

Priority

Interrupt Source

DMA Channel 4 Interrupt

DMA Channel 5 Interrupt

ESAI Receive Data with Exception Status

ESAI Receive Even Data

ESAI Receive Data

ESAI Receive Last Slot

ESAI Transmit Data with Exception Status

ESAI Transmit Last Slot

ESAI Transmit Even Data

ESAI Transmit Data

SHI Bus Error

SHI Receive Overrun Error

SHI Transmit Underrun Error

SHI Receive FIFO Full

SHI Transmit Data

SHI Receive FIFO Not Empty

HOST Command Interrupt

HOST Receive Data Interrupt

HOST Transmit Data Interrupt

DAX Transmit Underrun Error

DAX Block Transferred

DAX Transmit Register Empty

TIMERO Overflow Interrupt

TIMERO Compare Interrupt

TIMER1 Overflow Interrupt

TIMER1 Compare Interrupt

TIMER2 Overflow Interrupt

TIMER2 Compare Interrupt

MOTOROLA
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Table D-3 Interrupt Sources Priorities Within an IPL (Continued)

Priority Interrupt Source

ESAI_1 Receive Data with Exception Status

ESAI_1 Receive Even Data

ESAI_1 Receive Data

ESAI_1 Receive Last Slot

ESAI_1 Transmit Data with Exception Status

ESAI_1 Transmit Last Slot

ESAI_1 Transmit Even Data

Lowest ESAI_1 Transmit Data

D.5 HOST INTERFACE—QUICK REFERENCE

Table D-4 HDI08 Programming Model

Bit Reset Type
Reg | Num | Mnemonic . Comments HW /
Name Val Function IR | ST
SW
DSP SIDE
HCR 0 HRIE Receive Interrupt 0 |HRRQ interrupt disabled 0 - -
Enable 1 |HRRAQ interrupt enabled
1 HTIE Transmit Interrupt 0 |HTRQ interrupt disabled 0 - -
Enable 1 |HTRQ interrupt enabled
2 HCIE Host Command 0 [HCP interrupt disabled 0 - -
Interrupt Enable 1 |HCP interrupt enabled
3 HF2 Host Flag 2 0
4 HF3 Host Flag 3 0 - -
7-5 HDMJ[2:0] |Host DMA Mode 000 |DMA operation disabled 000
100 |DMA operation enabled
001 [24-bit host-to-DSP DMA enabled
010 |16-bit host-to-DSP DMA enabled
011 |[8-bit host-to-DSP DMA enabled
101 |24-bit DSP-to-host DMA enabled
110 |16-bit DSP-to-host DMA enabled
111 [8-bit DSP-to-host DMA enabled
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Table D-4 HDI0O8 Programming Model (Continued)

Bit Reset Type
Reg | Num | Mnemonic . Comments HW /
Name Val Function IR | ST
SwW
HPCR| 0 HGEN Host GPIO Enable 0 [GPIO pin disconnected 0 - -
1 |GPIO pins active
1 HABEN |Host Address Line 8 0 |HA8/HA1 = GPIO this bit is treated as 0 - -
Enable 1 if HMUX=0
1 |HA8/HA1 = HA8/HA1 this bit is treated as
0 if HEN=0
2 HA9EN |Host Address Line 9 0 |[HA9/HA2 = GPIO this bit is treated as 0 - -
Enable 1 if HMUX=0
1 [HA9/HA2 = HA9/HA2 this bit is treated as
0 if HEN=0
3 HCSEN |Host Chip Select 0 |HCS/HA10 = GPIO this bit is treated as 0 - -
Enable 1 |HCS/HA10 = HCS/HA10 0if HEN=0
4 HREN Host Request Enable 0 |HOREQ/HTRQ = GPIO this bit is treated as 0 - -
HACK/HRRQ=GPIO 0if HEN=0
1 |[HOREQ/HTRQ=HOREQ/HTRQ
HACK/HRRQ=HACK/HRRQ
5 HAEN Host Acknowledge 0 |HACK/HRRQ = GPIO this bit is ignored if 0 - -
Enable HDRQ=1
this bit is treated as
T |HACKIHRRQ= HACK 0 if HREN=0
this bit is treated as
0 if HEN=0
6 HEN Host Enable 0 |Host Port=GPIO 0 - -
1 |Host Port Active
8 HROD Host Request Open 0 |HOREQ/HTRQ/HRRQ=driven this bit is ignored if 0 - -
Drain 1 |HOREQHTRQ/HRRQ=open  |EN=0
drain
9 HDSP Host Data Strobe 0 |HDS/HRD/HWR active low this bit is ignored if 0 - -
Polarity 1 |HDS/HRD/HWR active high HEN=0
10 HASP Host Address Strobe 0 [HAS active low this bit is ignored if 0 - -
Polarity 1 |HAS active high HEN=0
11 HMUX Host Multiplxed Bus 0 |Seprate address and data lines |this bit is ignored if 0 - -
1 |Multiplexed address/data HEN=0
12 HDDS Host Dual Data Strobe 0 |Single Data Strobe (HDS) this bit is ignored if 0 - -
1 |Double Data Strobe (HWR, HRD) [HEN=0
13 HCSP Host Chip Select 0 [HCS active low this bit is ignored if 0 - -
Polarity 1 |HCSactive high HEN=0
14 HRP Host Request polarity 0 |HOREQ/HTRQ/HRRAQ active low |this bit is ignored if 0 - -
HOREQ/HTRQ/HRRQ active high| TEN=0
1
15 HAP Host Acknowledge 0 [HACK active low this bit is ignored if 0 - -
Polarity 1 |HACK active high HEN=0
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Table D-4 HDI0O8 Programming Model (Continued)

Bit Reset Type
Reg | Num | Mnemonic . Comments HW /
Name Val Function IR | ST
SW
HSR 0 HRDF Host Receive Data Full| 0 [no receive data to be read 0 0 0
1 |receive data register is full
1 HTDE Host Transmit Data 1 |transmit data register empty 1 1 1
Empty 0 transmit data reg. not empty
2 HCP Host Command 0 |no host command pending 0 0 0
Pending 1 |host command pending
3 HFO Host Flag0 0 - -
4 HF1 Host Flag1 0 - -
7 DMA DMA Status 0 |DMA mode disabled 0 - -
1 |DMA mode enabled
HBAR| 7-0 | BA10-BA3 |[Host base Address $80
Register
HORX| 23-0 DSP Receive Data empty
Register
HOTX| 23-0 DSP Transmit Data empty
Register
HDR | 15-0 D15-D0  |GPIO Pin Data $0000 | - -
HDDR| 15-0 | DR15-DR0 |GPIO Pin Direction 0 |Input $0000 | - -
1 |Output
Host Side
ICR 0 RREQ |Receive Request 0 |HRRQ interrupt disabled 0 - -
Enable 1 |HRRAQ interrupt enabled
1 TREQ  |Transmit Request 0 |HTRQ interrupt disabled 0 - -
Enable 1 |HTRQ interrupt enabled
2 HDRQ  |Double Host Request 0 |HOREQ/HTRQ=HOREQ, available if 0 - -
HACK/HRRQ=HACK HDM2-HDMO0=000
1 HOREQ/HTRQ=HTRQ,
HACK/HRRQ=HRRQ
3 HFO Host Flag 0 0 - -
4 HF1 Host Flag 1 0 - -
5 HLEND |Host Little Endian 0 |“Big Endian” order available if 0 - -
1 |“Little Endian” order HDM2-HDM0=000
6-5 | HM1-HMO |Host Mode Control 00 |Interrupt Mode available if 00 - -
01 [24-bit DMA enabled HDM2-HDMO0=100
10 |16-bit DMA enabled
11 |8-bit DMA enabled
7 INIT Initialize 1 |Reset data paths according to cleared by HDI08 0 - -
TREQ and RREQ hardware
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Table D-4 HDI0O8 Programming Model (Continued)

Bit Reset Type
Reg | Num | Mnemonic . Comments HW /
Name Val Function IR | ST
sSwW
ISR 0 RXDF Receive Data Register 0 [host receive register is empty 0 0 0
Full 1 |host receive register is full
1 TXDE Transmit Data Register | 1 |host transmit register empty 1 1 1
Empty 0 host transmit register full
2 TRDY Transmitter Ready 1 [transmit FIF O (6 deep) is empty 1 1 1
transmit FIFO is not empty
0
3 HF2 Host Flag2 0 - -
4 HF3 Host Flag3 0 - -
7 HREQ |Host Request 0 |HOREQ pin is deasserted 0 0 0
1 |HOREQ pin is asserted (if
enabled)
CVR | 6-0 HV6-HV0 |Host Command Vector default vector $2A - -
7 HC Host Command 0 [no host command pending cleared by HDIO8 0 0 0
1 |host command pending harqware wllwen the
HC int. req. is
serviced
RXH/| 7-0 Host Receive Data empty
M/L Register
TXH/ | 7-0 Host Transmit Data empty
M/L Register
IVR | 7-0 IV7-IVO [Interrupt Register 68000 family vector register $oF | - [ -

The worksheets shown on the following pages contain listings of major programmable registers for the
DSP56367. The programming sheets are grouped into the following order:

Central Processor
Host Interface (HDIO8)
Serial Host Interface (SHI)

Two Enhanced Serial Audio Interfaces (ESAI and ESAI_1)

Digital Audio Interface (DAX)
Timer/Event Controller (TEC)
GPIO (Ports B-E)

Each sheet provides room to write in the value of each bit and the hexadecimal value for each register.
Programmers can photocopy these sheets and reuse them for each application development project.

For details on the instruction set of the DSP56300 family chips, see the DSP56300 Family Manual.
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Application: Date:
Programmer:
Sheet 1 of 5
Carry
|Central Processor| owron
Zero
Negative
Unnormalized (U = Acc(47) xnor Acc(46))
Extension
Limit
FFT Scaling (S = Acc(46) xor Acc(45))
Interrupt Mask
Scaling Mode I(1:0) | Exceptions Masked
S(1:0) | Scaling Mode 00 |None
00 |No scaling 01 |IPLO
01 Scale down 10 |IPLO, 1
10 Scale up 11 |IPLO,1,2
11 Reserved
Reserved
Sixteen-Bit Compatibilitity
Double Precision Multiply Mode———
Loop Flag
DO-Forever Flag—————
Sixteenth-Bit Arithmetic—
Reserved
Instruction Cache Enable—
Arithmetic Saturation——
Rounding Mode——
Core Priority
CP(1:0) | Core Priority
00 |0 (lowest)
01 1
10 2
11 3 (highest)
I l l { vy vy vy vy X X vvyv vy vouyy
23 22 21 20119 18 17 16 |15 14 13 12 10 817 6 5 413 2 1 0
CP1[CPO| RM[ SM| CE[ % [SAJFV|LF[DM[SC] g [ST[SO[ 11 JIO | ST LJEJU|[NJZ[V]C
0 0
— N N __
Extended Mode Register (MR) Mode Register (MR) Condition Code Register (CCR)
Status Register (SR) Read/Write Reset = $C00300 * = Reserved, Program as 0

Figure D-1 Status Register (SR)
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Application:

Date:

Programmer:

Sheet 2 of

|Central Processor

Chip Operating Modes

MOD(D:A) | Reset Vector |

Description

See Co

re Configuration Section.

External Bus Disable

Stop Delay.

Memory Switch Mode
Core-DMA Priority

CDP(1:0)

Core-DMA Priority

00
01
10
11

Core vs DMA Priority

DMA accesses > Core
DMA accesses = Core
DMA accesses < Core

Burst Mode Enable
TA Synchronize Seleet
Bus Release Timing
Asynchronous Bus Arbitration Enable
Address Priority Disable

Address Tracing Enable———
Stack Extension Space Seleet——
Extended Stack Underflow Flag—
Extended Stack Overflow Flag
Extended Stack Wrap Fla

23 22 21 20

Stack Extension Enable
Memory Switch Mo
Patch Enablel

l "

19 18 17 16

ITe

YyYvY Vv
15 14 13 12

PEN(mMsw1mMswo|SEN [(WRP|IEOV |EUN|XYS

ATE|APD| ABE| BRT]

EBQ

N

—
System Stack Control
Status Register (SCS)

Operating Mode Register (OMR)

—
Extended Chip Operating
Mode Register (COM)

Read/Write Reset = $00030X

-
Chip Operating Mode
Register (COM)

* = Reserved, Program as 0

Figure D-2 Operating Mode Register (OMR)
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CENTRAL PROCESSOR]

IRQC Mode —
ICL2 Tri T ICL1 | ICLO | Enabled | IPL IRQA Mode
rigger hav’e IAL2 Trigger IAL1 | 1ALO | Enabled | IPL
0 Level 0 0 No —
0 Level 0 0 No —
1 Neg. Edge 0 1 Yes 0
1 Neg. Edge 0 1 Yes 0
1 0 Yes 1
1 1 Yes 2 ! 0 ves !
1 1 Yes 2
IRQD Mode IRQB Mode
IDL2 Trigger IDL1 | IDLO | Enabled | IPL IBL2 Trigger IBL1 | IBLO | Enabled | IPL
0 Level 0 0 No — 0 Level 0 0 No —
1 Neg. Edge 0 1 Yes 0 1 Neg. Edge 0 1 Yes 0
1 0 Yes 1 1 0 Yes 1
1 1 Yes 2 1 1 Yes 2
l Y \
23 22 21 20 19 18 17 16 15 14 13 12411 10 9 8 (7 6 5 43 2 1 0
D5L1|D5L0|D4L1|D4L0[D3L1D3L0[D2L1|D2L0| D1L1D1L0| DOL1|DOLO| IDL2[IDL1 (IDLO [ICL2|ICL1|ICLO[IBL2[IBL1|IBLO|IAL2|IAL1[IALO

Interrupt Priority
Register (IPR-C)
X:$FFFFFF R/W
Reset = $000000
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ICENTRAL PROCESSOR

ESAIL_1IPL HDIO08 IPL ESAI IPL
ESL1 | ESLO | Enabled | IPL HDL1 | HDLO | Enabled | IPL ESL1 | ESLO | Enabled | IPL
0 0 No — 0 0 No — 0 0 No —
0 1 Yes 0 0 1 Yes 0 0 1 Yes 0
1 0 Yes 1 1 0 Yes 1 1 0 Yes 1
1 1 Yes 2 1 1 Yes 2 1 1 Yes 2
TEC IPL DAX IPL SHI IPL
TAL1 | TALO | Enabled | IPL DAL1 | DALO | Enabled | IPL SHL1 | SHLO | Enabled | IPL
0 0 No — 0 0 No — 0 0 No —
0 1 Yes 0 0 1 Yes 0 0 1 Yes 0
1 0 Yes 1 1 0 Yes 1 1 0 Yes 1
1 1 Yes 2 1 1 Yes 2 1 1 Yes 2
X ¢ Y \/
23 22 21 20 19 18 17 16 15 14 13 12411 10 9 8 (7 6 5 4 ;3 2 1 0
* [ [*[*[*[* %% | %% | % | % EstiiesLioTAaLt|TALo [pALT [DALO [HDL1 |HDLO| SHL1|SHLO|ESL1|ESLO
Interrupt Priority
perrupl byl 0 [0 Jo [0 [0 0|00 |0]00]0
X:$FFFFFE R/W
Reset = $000000 $0 $0 $0
* = Reserved, Program as 0
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P L L PSTP and PEN Relationship
PSTP | PEN | Operation During STOP | Recovery Time | Power Consumption
PLL Oscillator for STOP during STOP
0 X Disabled Disabled Long Minimal
1 0 Disabled Enabled Short Lower
1 1 Enabled Enabled Short Higher
XTAL Disable Bit (XTLD)
0 = Enable Xtal Oscillator Multiplication Factor Bits MF0O — MF11
1 = EXTAL Driven From MF11 — MFO | Multiplication Factor MF
- An External Source $000 1
Clock Output Disable (COD) $001 2
0=50% DUty CyCle Clock $002 3
1 =Pin Held In High State Crystal Range Bit (XTLR) . .
0 = External Xtal Freq >200KHz . .
1 = External Xtal Freq <200KHz ° y
$FFE 4095
$FFF 4096
Predivision Factor Bits (PD0 — PD3)
PD3 - PDO Predivision Factor PDF Division Factor Bits (DFO _ DFZ)
$0 1 DF2-DF0 | Division Factor DF
$1 2 50 20
’ ’ $2 22
$F 16 . :
- $7 27
Note that bits XTLR, COD :
and XTLD have no effect
on DSP56367 operation Y Y Y
Y Y ¥ ————~ . — —
23 22 21 20 (19 18 17 16 15 14 13 12411 10 9 87 6 5 4,;3 2 1 0
PLL Control PD3 |PD2 | PD1 [ PDO [coD | PEN |PSTP|XTLD[XTLR| DF2 | DF1 | DF0 [MF11[mF10[ MF9 | MF8 | MF7 | MF6 | MF5 [ MF4 | MF3 | MF2 | MF1 [ MFO
Register (PCTL)

X:$FFFFFD Read/Write
Reset = $010005
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Application:

Date:

Programmer:
Sheet 1 of 6

HOST (HDIO8)]

Host Receive Data (usually read by program)

DSP Side

23 22 21 20 119 18 17 16

15 14 13 1211 10 9

8

7

6 5 4,3 2 1 0

Receive High Byte

Receive Middle Byte

Receive Low Byte

Host Receive Register (HORX)
X:$FFFEC6 Read Only
Reset = empty

Host Transmit Data (usually loaded by program)

Y

23 22 21 20119 18 17 16

15 14 13 1211 10 9

8

7

6 5 413 2 1.0

Transmit High Byte

Transmit Middle Byte

Transmit Low Byte

Host Transmit Register (HOTX)
X:$FFFEC7 Write Only
Reset = empty

Figure D-6 Host Receive and Host Transmit Data Registers
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Programmer’s Reference

Date:

Application:
Programmer:

Sheet 2 of 6

Host Receive Interrupt Enable

H OST 0 = Disable 1 = Enable if HRDF = 1
H D I 08 Host Transmit Interrupt Enable
( ) 0 = Disable 1 = Enable if HTDE =1
Host Command Interrupt Enable

0 = Disable 1 = Enable if HCP =1

Host Flag 2

Host Flag 3

Y Y
3 2 1 0

3 | HF2 | HCIE | HTIE | HRIE

7 6 B

Host DMA Control Bits 15 8
* HDM2Z HDM 1| HDMO|
0

See Table 6-5 in Section 6 (

* = Reserved, Program as 0

%A‘—

o*

Host Control Register (HCR)
X:$FFFFC2 Read /Write
Reset = $0

DSP Side

Host Receive Data Full
0=Wait 1=Read

Host Transmit Data Empty
0=Wait 1= Write

Host Command Pending
0=Wait 1=Ready

Host Flags
Read Only *

S — \ A |
DMA status | ; 4,3 2 1 0
0 = DMA Mode Disabled * DMA HF1 | HFo | Hep [HTDE[HRDF
1 = DMA Mode Enabled 0

Host Status Register (HSR
* = Reserved, Program as O

O ¥|o
O ¥ o
(=T J{S)

X:$FFFFC3
Reset = $2

Figure D-7 Host Control and Status Registers
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Programmer’s Reference

Application: Date:
Programmer:
Sheet 3 of 6
( ] 15+ 8 /4 o] 0 4 3 V4 1 0
* * BA10 BA9 BA8 BA7 BA6 BA5 BA4 BA3
Host Base Address Register (HBAR) 0 0
X:$FFFFC5
Reset = $80 ))
— S " Host GPIO Port Enable
oS! eques pen Drain _ . .
HDRQ HROD HREN/HEW 0=GPIO P!ns Disconnected
1 = GPIO Pin Enable
0 0 1
0 1 1 Host Address Line 8 Enable
1 0 1 0 - HA8=GPIO, 1 — HA8 = HA8
1 1 1

- Host Address Line 9 Enable
Host Data Strobe Polarity 0 —~ HA9 =GPIO, 1 — HA9 = HA9

0 = Strobe Active Low, 1 = Strobe Active High

Host Address Strobe Polarity Host Chip Select Enable
0 = Strobe Active Low, 1 = Strobe Active High 0 - HCS/HAIO = GPIO,
_ 1 - HCS/HA10 = HCS, if HMUX = 0
Host Multiplexed Bus _ 1 - HCS/HA10 = HC10, if HMUX = 1
0 = Nonmultiplexed, 1 = Multiplexed

Host Request Enable
0 -~ HOREQ/HACK = GPIO,
1 -~ HOREQ = HOREQ,

Host Dual Data Strobe
0 = Single Strobe, 1 = Dual Strobe

Host Chip Select Polarity if HORQ = 0

0 = HCS Active Low Host Acknowledge Enable
HTRQ & HRRQ Enable ] 0 - HACK = GPIO

1 = HCS Active High If HDRQ & HREN = 1,

Host Request Polarity HACK = HACK
HDRQ | HRP Host Enable

0 0 HOREQ Active Low 0 - HDIO8 Disable]
0 1 HOREQ Active High Pins = GPIO
1 0 HTRQ,HRRQ Active Low 1 - HDIO8 Enable
1 1 HTRQ,HRRQ Active High

Host Acknowledge Polarity

0 = HACK Active Low, 1 = HACK Active High
l l l ; Y VY v \ [ l r Y
6 5 4 3 2

15 14 13 12 ;11 10 9 8 | 7 1 0
Host Port Control| HAP | HRP | HCsP| HDDS|HMUX [ HASP [ HDSP [ HROD| ok | HEN | HAEN [ HREN |HCSEN|HA9EN [HABEN| HGEN
Register (HPCR) 0
X:$FFFFC4
Read/Write
Reset = $0

* = Reserved, Program as 0

Figure D-8 Host Base Address and Host Port Control
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Programmer’s Reference

Application: Date:
Programmer:
Sheet 4 of 6
[HOST (HDI08)] Processer side
Receive Request Enable
DMA Off 0 = Interrupts Disabled 1 = Interrupts Enabled
DMA On 0 = Host -> DSP 1 =DSP -> Host
Transmit Request Enable
DMA Off 0 = Interrupts Disabled 1 = Interrupts Enabled
DMA On 0 = DSP -> Host 1 = Host -> DSP
HDRQ | HOREQ/HTRQ | HACK/HRRQ
0 HOREQ HACK
1 HTRQ HRRQ
Host Flags
Write Only
Host Little Endian
Initialize (Write Only)
0 =No Action 1 = Initialize DMA Y — Y Y ¥
7 6 5 4,3 2 1 0
- HDM[2:0] = 000 [ T HLEND| HF1 | HFO | HDRQ|TREQ [ RREQ
For HM[1:0] bits, see ﬁ
Table 6-12 in Section 6 HDM[2:0] = 100 M rvo TFFT TREG | RREG
INIT HFO .‘k
HDM1 and/or HDMO = 1| INIT [(HDM1)(HDMO] HF1 | HFO :"{’ TREQ | RREQ
Interrupt Control Register (ICR) )
$0 RIW
Reset = $0

Receive Data Register Full
0 = Wait 1 = Read

Transmit Data Register Empty
0 = Wait 1 = Write

Transmitter Ready
0=DatainHlI 1= Data Notin HlI

Host Flags
Read Only

Host Request Y
0=HOREQ Deasserted 1 =HOREQ Asserted ‘ — Y \ Y

7 & 5 4 3 2 1 0
HREQ 0 % | HF3 | HF2 | TRDY | TXDE | RXDF
Interrupt Status Register (ISR) 0
$2 RIW
Reset = $0

* = Reserved, Program as O

Figure D-9 Host Interrupt Control and Interrupt Status
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Programmer’s Reference

Application:

Date:

Programmer:

Sheet 5 of 6

HOST (HDI08)

Processor Side

Command Vector Register (CVR)
$1 RW
Reset = $32

7 6 5 4,3 2 1 0
vz | ive | ivs | iva | v | v | ivi | vo
Interrupt Vector Register (IVR)
$3 RIW
Reset = $0F
Contains the interrupt vector or number
Host Vector
Contains Host Command Interrupt Address + 2
Host Command
Handshakes Executing Host Command Interrupts
——
- N
7 6 5 4,3 2 1 0

HC

HV6

HV5

HV4

HV3

HV2

HV1

HVO

Contains the host command interrupt address

Figure D-10 Host Interrupt Vector and Command Vector
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Programmer’s Reference

Application: Date:
Programmer:
Sheet 6 of 6
[HOST (HDI08)] Processor Side
Host Receive Data (HLEND = 0)
7 | 0,7 I 0,7 I 0,7 I 0
Receive Low Byte Receive Middle Byte Receive High Byte Not Used
L PP PP PP PP PP PP P[] fofefofofefofo]e
$7 $6 $5 $4
Host Receive Data (HLEND = 1)
7 | 0,7 | 0,7 | 0,7 | 0
Receive Low Byte Receive Middle Byte Receive High Byte Not Used
(LT PP PP PP P[] Jefofefofofofofo
$5 $6 $7 $4
Receive Byte Registers Receive Byte Registers
$7, $6, $5, $4 Read Only
Reset = Empty
Host Transmit Data (HLEND = 0)
7 | 0,7 | 0,7 | 0,7 | 0
Transmit Low Byte Transmit Middle Byte Transmit High Byte Not Used
TP PP PP PP L] Jofofefofofofefo
$7 $6 $5 $4
Host Transmit Data (HLEND = 1)
7 | 0,7 | 0,7 | 0,7 | 0
Transmit Low Byte Transmit Middle Byte Transmit High Byte Not Used
L PP PP PP PP PPl PP T fefefofofofofofo
$5 $6 $7 $4
;;a;:mégB syﬁvriﬁiisotﬁ.'i Transmit Byte Registers
Reset = Empty
Figure D-11 Host Receive and Transmit Byte Registers
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[SHI

HSAR I2C Slave Address

Slave address = Bits HA6-HA3, HA1 and external pins HA2, HAQ
Slave address after reset = 1011[HA2]0[HAQ]

Y

~ TN

23 22 21 20 (19 18 17 16 ;15 14 13 1211 10 9 8|7 6 5 413 2 1 0
SHI Slave Address [Has[ras[Has[HAS[ K [FAI[ K [ K | K | K | K| * | K[ X |[* |[* | K| X | *|* | * | % | * %
Register (HSAR) 0 0/0/0/0/{0/0{0/0(0|0/0|0/0|0|0|0]|0]O0
X:$FFFF92
Reset = $Bx0000 0 0 0 0
SHI Slave Address Register (HSAR)
HFM1 |HFMO | SHI Noise R.educFion Filter Mode CPOL [CPHA [Result
0 0  |Bypassed (Filter disabled) 0 0 [SCK active low, strobe on rising edge
0 1 |Reserved _ 0 1 |SCK active low, strobe on falling edge
1 0 Na.1rrow§p|ketolerance 1 0 [SCK active high, strobe on falling edge
1 1 |Wide spike tolerance 1 1 |SCK active high, strobe on rising edge
HRS |Result
0 Prescaler operational
1 Prescaler bypassed
l [ HCKR Divider Modulus |
Y Y
— —
23 22 21 20 (19 18 17 16 ;15 14 13 12411 10 9 8 ;7 6 5 413 2 1 0
SHI Clock Control FIAEIEIEIEIEIEIEIEIEICEIGTES HomaHDM4HDMAHDMIHDMIHDM{HDMP HRY CPOICPHA
Register (HCKR)| 0/ 0/0{0/0(/0]/0]|0]/0]0 0 }owy
X:$FFFF90
Reset = $000001 0 0

*= Reserved, write as 0

SHI Clock Control Register (HCKR)
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[SHI

Host Transmit Data Register

SHI Host Transmit23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

Data Register (HTX)

X:$FFFF93 Write Only
Reset = $xxxxxx

5

SHI Host Transmit Data Register (HTX)

Host Receive Data Register

SHI Host Receive23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

Data Register (HRX)
X:$FFFF94 Read Only

5

Reset = $xxxxxx

SHI Host Receive Data Register (HRX) (FIFO) 10 words deep

€340 ¢ 19dys

Tlowwelboid

“uoneolddy

“o1eq

9oual9)ay S Jowwelbold



V104O.LON

lenuey s asn Jossadold |eubis |enbiq 3g-vz 219€95dSA

62-d

l1s1s1Bay snjeig/jou0) 1SOH |HS ¥1-a 8anbi4

SHI

X:$FFFF91
Reset = $008200

HRQE1| HRQEO| HREQ Pin Operation
— 0 0 High impedance
HRIE1 | HRIEO Interrupt Condition 0 1 Asserted if IOSR ready to receive new word
0 0 disabled n.a. 1 0 Asserted if IOSR ready to transmit new word
0 1 Receive FIFO not empty |HRNE=1 & HROE=0 1 1 I2C: Asserted if IOSR ready to transmit or receive
0 Receive Overrun Error | HROE=1 SPI: Asserted if OISR ready to transmit and receive
1 reserved n.a. —
Receive FIFO full HRFF=1 & HROE=0 HM1 | HMO | Description |
Receive Overrun Error  |HROE=1 0 0  [8bitdata
0 1 16 bit data
Host Transmit Underrun Error 1 (1) ?{t:grs:éa
Read Only Status Bit
HFIFO | Description
Host Transfer Data Empty HIDLE| Description 0 T level FIFO HCKOFR |20D§|sc"pc?|onk
Read Only Status Bit 0 |Busbusy 1 10 level Freove Disablod
1 Stop event 1 12C Slave Clock
Host Receive FIFO Not Empty Freeze Enabled
Read Only Status Bit HBIE Description HMST Result
- 0 | Bus Error Interruptdisabled 0 | Slave mode
Host Receive FIFO Full 1 | Bus Error Interrupt enabled 1 | Master mode
Read Only Status Bit —
HEN | Description
Host Receive Overrun Error 0 [SHI disabled
Read Only Status Bit N 1_[SHI enabled
HBER I’c SPI Mode HTIE| Description HI?C Result
p
0 No error No error 0 | Transmit Interrupt disabled 0 82P| mode
1 | No acknowledge |SS asserted 1 | Transmit Interrupt activated 1 | IC mode
HBUSY 1’c SPI Mode
0 Stop event mt Busy
1 SHI detects | SS detected
Start (Slave)
-OR-
HTX/IOSR not
empty (master)
Y Y Y
i g Y V¥ Y Yy Y VvV Y Y
23 22 21 20 119 18 17 16 115 14 13 12 (11 10 9 8 |7 6 5 4 |32 1 O
SHI Control/Status [ % [HBUSY[HBERHROHHRFH <k |HRNE ¥ |HTDEHTUBHRIETHRIEQHTIE| HBIEJHIDLE|HRQE{HRQE HMSTHFIFOHCKFR [HM1[ HMO] HCHEN
Register (HCSR)| () 0 0

** = Reserved, write as 0
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THCKD Description TCCR - ESAI Transmit Clock Control Register
0 | HCKTisinput X: $FFFFB6 Reset: $000000 E SAI
1 HCKT is output
TFSD Description
0 |FSTisinput
1 |FSTis output
TCKD Description TFP [3:0] Description
0 |External clock source used Sets divide rate for transmission
high frequency clock
1 Internal clock source Range $0 - $F (1 -16). See 8.3.1.4
THCKP Description
0 Transmitter High Frequency Clock Polarity set to clockout TDC [4:0] Description
on rising edge of transmit clock, latch in on falling edge Divider control. Range $00 - $FF (1 - 32)
1 Transmitter High Frequency Clock Polarity set to clockout See 8.3.1.3
on falling edge of transmit clock, latch in on rising edge
TFSP Description
- — TPSR Description
0 Frame sync polarity positive — -
1 Frame sync polarity negative 0 Divide by 8 prescaler operational
1 Divide by 8 prescaler bypassed
TCKP Description
0 |Transmitter Clock Polarity set to clockout on rising edge of TPM [7:0] Description
transmlt. clock, latch in qn falling edge of transm!t clock. Specifies the prescaler divide rate is| |o
1 Transmitter Clock Polarity set to clockout on falling edge o for the transmitter clock generator =
transmit clock, latch in on rising edge of transmit clock Range from $00 - $FF (1 - 256). ,8
See 8.3.1.1 o
3
l 3
17 ®
o
A AL
_¢ l l l l I r N 7 N A
23 22 21 20 19 18| 17 16 15 14| 13 12 | 11 10 9 8 7 6 5 4 3 2 1 0
THCKD |TFSD |TCKD |THCKP |TFSP |TCKP | TFP3 | TFP2 [TFP1 | TFPO | TDC4 | TDC3 | TDC2 | TDC1 | TDCO | TPSR | TPM7 |TPM6 | TPM5 | TPM4 | TPM3 | TPM2 | TPM1 | TPMO
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TLIE Description TCR - ESAI Transmit Control Register
0 Transmit Last Slot Interrupt disabled X: $FFFF35 Reset: $000000 ESAI
1 Transmit Last Slot Interrupt enabled
TIE Description TFSL Description

0 [Word length frame sync
1 1-bit clock period frame sync

0 |Transmit Interrupt disabled
Transmit Interrupt enabled
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TEDIE| Description TSWS [0:4] Description
0 | Transmit Even Slot Data Interrupt disabled Defines slot and data word length
- See 8.3.2.10 and table 8-5
1 Transmit Even Slot Data Interrupt enabled
TEIE Description TMOD1 | TMODO Network Mode
0 Transmit Exception Interrupt disabled 0 0 Normal mode
1 Transmit Exception Interrupt enabled 0 1 Network mode
1 0 Reserved
TPR Description 1 1 AC97
0 Transmitter Normal Operation
1 | Transmitter Personal Reset TWA Description
Data left aligned
PADC Description 1 |Data right aligned
0 Zero Padding disabled
1 Zero Padding enabled TSHFD Description
0 Data shifted out MSB first
TFSR Description 1 Data shifted out LSB first
0 Word-length frame sync synchronous to
beginning of data word first slot TE [0:5] Description
1 Word-length frame sync 1 clock before - :
beginning of data word first slot 0 Transmitter disabled
1 Transmitter enabled
\/ l
‘ A f_A_\ l A
} r N ; 4 A
3 2 1 20 |19 18 17| 16 15 14 12 1 10 9 8 7 6 5 4 3 2 1 0
TLIE | TIE [TEDIE [TEIE |TPR [ * paApC [TFSR [TFSL [TSWS4 [TSWS3 [TSWS2 [TSWS1 |TSWSO0 [TMOD1 [TMODO (TWA [TSHFD | TES | TE4 | TE3 | TE2 | TE1 [ TEO

0
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RHCKD

Description

HCKR is input

HCKR is output

RFSD Description

0 |FSRisinput

1 |FSRis output

RCKD Description

0 [External clock source used

1 Internal clock source

RHCKP Description
0 Clockout on rising edge of receive clock,
latch in on falling edge of receive clock
1 Clockout on falling edge of receive clock,
latch in on rising edge of receive clock

RCCR - ESAI Receive Clock Control Register
X: $FFFFB8 Reset: $000000

RFP [3:0]

Description

Sets divide rate for receiver high frequency clock
Range $0 - $F (1 -16). See 8.3.3.4

RDC [4:0]

Description

Controls frame rate dividers
Range 00000 - 11111 (1-32) See 8.3.3.2

RFSP Description RPSR Description
0 |Frame sync polarity positive 0 |Divide by 8 prescaler operational
1 |Frame sync polarity negative 1 [Divide by 8 prescaler bypassed
RCKP Description
0 Clockout on rising edge of receive clock, RPM [7:0] Description
latch in on falling edge of receive clock Specifies prescaler ratio for the
4 |Clockout on falling edge of receive clock, receive clock generator
latch in on rising edge of receive clock Range from $00 - $FF (1 - 256).
See 8.3.3.1
Y VY VY e N\ N Y N
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RHCKD | RFSD | RCKD | RHCKP | RFSP | RCKP | RFP3 | RFP2 [RFP1| RFPO | RDC4 | RDC3 [ RDC2| RDC1| RDCO | RPSR | RPM7 | RPM6 | RPM5 | RPM4 | RPM3 | RPM2 [ RPM1| RPMO
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RCR - ESAI Receive Control Register

Y

i

f"% . 1

RLIE Description E S AI
P X: $FFFFB7 Reset: $000000
0 Receive Last Slot Interrupt disabled
1 Receive Last Slot interrupt enabled RFSL Description
— 0 Word length frame sync
RIE Description
1 1-bit clock period frame sync
0 Receive Interrupt disabled
1 Receive interrupt enabled RSWS [0:4] Description
Defines slot and data word length
REDIE Description See 8.3.4.9 and table 8-8
0 Receive Even Slot Data Interrupt disabled RMOD1 | RMODO Neot X Mod
1 Receive Even Slot Data Interrupt enabled etwork Mode
0 0 Normal mode
0 1 Network mode
REIE Description 1 0 Reserved
0 Receive Exception Interrupt disabled 1 1 ACo7
1 Receive Exception Interrupt enabled
RWA Description
RPR Description 0 Data left aligned
0 Receiver Normal Operation 1 Data right aligned
1 Receiver Personal Reset
RSHFD Description
RFSR Description 0 Data shifted in MSB first
0 Word-Tength frame sync synchronous to 1 Data shifted in LSB first
beginning of data word first slot
Word-length frame sync 1 clock before RE [0:3 Description
1 beginning of data word first slot 10:3] Lide

0 Receiver disabled
1 Receiver enabled

N
23 22 21 20|19 18 17 4 13 12 1 5 4,3 2 1 0
RLIE | RIE | REDIE |REIE [ RPR|Rsvd |Rsvd | RFSR| RFSL| RSWS4 | RSWS3 | RSWS2 | RSWS1| RSWS0| RMOD1| RMODO | RWA | RSHFD | Rsvd | Rsvd RE3 RE2 RE1 REO
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SAICR - ESAI Common Control Register
X: $FFFFB4 Reset: $000000

ALC Description

0 Data left aligned to bit 23

1 Data left aligned to bit 15

TEBE Description

Controls FSR pin.
See 8.3.5.6 and table 8-9

SYN Description

0 |Asynchronous mode

1 | Synchronous mode

Description

Reserved

Description
Reserved
OF(2:0) Description
Holds data to send to OFn pin.
See 8.3.5.110.3

!

23 22

21 20 19 18 17

16

15

14 13 12 11 10 9 8 7 6 5

ALC | TEBE | SYN

OF2

OF1

OF0
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SAISR - ESAI Status Register
X: $FFFFB3 Reset $000000 ESAI I

RODF Description
0 |Receive odd-data register empty REDF Description
1 |Receive odd-data register full 0 |Receive even-data register empty
1 Receive even-data register full
Description
Reserved RDF Description
TFS Description 0 |Receive data register empty
0 |[Transmit Frame sync did not occur during word transmission 1 Receive data register full

1 Transmit frame sync occurred during word transmission ROE Description

o No receiver overrun error
TUE Description

1 |Receiver overrun error

0 No transmit underrun error

1 Transmit underrun error RFS Description
o Receive frame sync did not occur
TDE Description 0 during word reception

0 |Transmit data registers not empty 1 Receive frame sync did occur
during word reception

1 Transmit data registers empty

leisibay snieis |vS3 0Z-a @4nbi4

lenuey s asn Jossadold |eubis |enbiq 3g-vz 219€95dSA

TEDE Description Description
0 Transmit even-data registers not empty Reserved
1 Transmit even-data registers empty
IF [0:2] Description
TODE Description 0 | Holds data sent from SCKR pin
0 | Transmit odd-data register not empty Sec 8.3.6.1 .
- - 1 Holds data sent from FSR pin.
1 Transmit odd-data register empty See 8.3.6.2
— 2 Holds data sent from HCKR pin
Description See 8.3.6.3
Reserved l
+ \ }
A A A
r R Y Y VY Y N Y vV Y Y Y Ve N
23 22 21 20 19 18| 17 16 15 14 13 [ 12 11| 10 9 8 7 6 5 4 3 2 1 0
TODE |TEDE | TDE TUE | TFS RODF | REDF | RDF ROE | RFS IF2 IF1 IFO
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EMUXR - ESAI_1 Multiplex Control Register
Y: $FFFFAF Reset: $000000

ESAI_1

EMUXR ESAI/ESAI_1 Pin Selection

EMUXR bit ESAI pin ESAIL 1 pin
EMUXO0 = 0 SDOO [PC11] disconnected
EMUXO0 E:h 1 disconnected SDOO0_1 [PE11]
EMUX1 ‘:5‘ 0 SDO1[PC10] disconnected
EMUX1 RK* 1 disconnected SDO1_1 [PE10]
EMUX2 0 SDO2/SDI3 [PC9] disconnected
EMUX2 1 disconnected SDO2_1/SDI3_1 [PE9]
EMUX3 0 SDO3/SDI2 [PC8] disconnected
EMUX3 disconnected SDO3_1/SDI2_1 [PES]

yue|g [ye-Aire

Description
Reserved
\
A A
r N N
23 22 219 20 19 18 17 16 15 14 13 12 M1 10 9 8 7 6 5 4 3 2 1 0

EMUX3| EMUX2EMUX1|EMUXO0
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THCKD) Description TCCR_1 - ESAIL_1 Transmit Clock Control Register
0 Reserved Y: $FFFF96 Reset: $000000
1 Must be set for proper operation E SAI 1
TFSD Description
0 |FST_1isinput
1 FST_1 is output
TCKD Description TFP [3:0] Description
0 |External clock source used Divider control.
1 Internal clock source Range $0 - $F (1 -16).
THCKP Description
0 Keep cleared for proper operation TDC [4:0] Description
Divider control. Range $00 - $FF (1 - 32)
1 Reserved
TFSP Description
- — TPSR Description
0 |Frame sync polarity positive
- : 0 |Divide by 8 prescaler operational
1 Frame sync polarity negative
1 Divide by 8 prescaler bypassed
TCKP Description
0 |Transmitter Clock Polarity set to clockout on rising edge of TPM [7:0] Description
transmlt. clock, latch in qn falling edge of transm!t clock. Specifies the prescaler divide rate is| |o
1 | Transmitter Clock Polarity set to clockout on falling edge o for the transmitter clock generator =
transmit clock, latch in on rising edge of transmit clock Range from $00 - $FF (1 - 256). 8
=2
Q
3
3
j l F 2
Al
W l l l r N NY D
23 22 21 20 19 18| 17 16 15 14| 13 12 ; 11 10 9 8 7 6 5 4 3 2 1 0
THCKD |TFSD |TCKD |THCKP |TFSP |TCKP | TFP3 | TFP2 [TFP1 | TFPO | TDC4 | TDC3 | TDC2 | TDC1 | TDCO | TPSR | TPM7 [TPM6 | TPM5 | TPM4 | TPM3 | TPM2 | TPM1 | TPMO
AA1T7TT
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TLIE Description
0 Transmit Last Slot Interrupt disabled
1 Transmit Last Slot Interrupt enabled
TIE Description

0 |Transmit Interrupt disabled

1 [Transmit Interrupt enabled

TEDIE

Description

0

Transmit Even Slot Data Interrupt disabled

1

Transmit Even Slot Data Interrupt enabled

TEIE Description
0 Transmit Exception Interrupt disabled
1 Transmit Exception Interrupt enabled
TPR Description

0 Transmitter Normal Operation

1 Transmitter Personal Reset

PADC Description

0 Zero Padding disabled

TCR_1 - ESAL_1 Transmit Control Register
Y: $FFFF95 Reset: $000000

ESAI_1

TFSL Description
0 [Word length frame sync
1 1-bit clock period frame sync
TSWS [0:4] Description
Defines slot and data word length
TMOD1 | TMODO Network Mode
0 0 Normal mode
0 1 Network mode
1 0 Reserved
1 1 AC97
TWA Description
0 |Data left aligned
1 |Data right aligned

1 | Zero Padding enabled TSHFD Description
0 Data shifted out MSB first
TFSR Description 1 Data shifted out LSB first
0 Word-length frame sync synchronous to
beginning of data word first slot TE [0:5] Description
1 Word-length frame sync 1 clock before - -
beginning of data word first slot 0 Transmitter disabled
1 Transmitter enabled
\ / l
A K_H A
} l l r N — ¥ l s N
3 2 1 20 |19 18 17| 16 15 14 L 8 7 5 2 1 0
TLIE |TIE [TEDIE |TEIE [TPR [ * paDC [TFSR|TFSL |TSWS4 [TSwS3 [TSWS2 [TSws1 |[TSWSO0 [TMOD1 [TMODO [TWA [TSHFD |TE5 | TE4 | TE3 | TE2 | TE1 | TEO
0
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RHCKD Description RCCR_1 - ESAI_1 Receive Clock Control Register
S Resoved Y: $FFFF98 Reset: $000000
Must be set for proper operation E SAI 1
RFSD Description —
0 |FSR_1isinput
1 |FSR_1is output
RCKD Description RFP [3:0] Description
0 |External clock source used Sets divide rate
1 |Internal clock source Range $0 - $F (1-16).
RHCKP Description —
0 Keep cleared for proper operation RDC [4:0] Description
Controls frame rate dividers
1 Reserved Range 00000 - 11111 (1-32)
RFSP Description RPSR Description
0 |Frame sync polarity positive 0 [Divide by 8 prescaler operational
1 |Frame sync polarity negative 1 [Divide by 8 prescaler bypassed
RCKP Description
0 Clockout on rising edge of receive clock, RPM [7:0] Description
latch in on falling edge of receive clock Specifies prescaler ratio for the
4 |Clockout on falling edge of receive clock, receive clock generator
latch in on rising edge of receive clock Range from $00 - $FF (1 - 256). T
3
Q
=
! )
3
3
N 5
Y VY VY r N\ N Y N
23 22 21 20 19 18] 17 16 15 14 ] 13 12 11 10 9 8 7 6 5 4 3 2 0
RHCKD | RFSD | RCKD | RHCKP [ RFSP | RCKP | RFP3 | RFP2 |RFP1| RFPO | RDC4 | RDC3 | RDC2| RDC1| RDCO | RPSR [ RPM7 | RPM6 | RPM5 [ RPM4 [ RPM3 [ RPM2 [ RPM1 [ RPMO
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RLIE

Description

Receive Last Slot Interrupt disabled

Receive Last Slot interrupt enabled

S,

RIE

Description

0

Receive Interrupt disabled

1

Receive interrupt enabled

REDIE

Description

0

Receive Even Slot Data Interrupt disabled

1

Receive Even Slot Data Interrupt enabled

REIE Description
0 Receive Exception Interrupt disabled
1 Receive Exception Interrupt enabled
RPR Description
0 Receiver Normal Operation
1 Receiver Personal Reset
RFSR Description
0 Word-length frame sync synchronous to
beginning of data word first slot
1 Word-length frame sync 7 clock before
beginning of data word first slot

RCR_1 - ESAI_1 Receive Control Register
Y: $FFFF97 Reset: $000000

ESAI_

1

RFSL Description
0 Word length frame sync
1 1-bit clock period frame sync
RSWS [0:4] Description

Defines slot and

data word length

-

7 14 13 12

11

vy
10\ 9 S_N—A;Y—A()_\

RMOD1 | RMODO0 Network Mode
0 0 Normal mode
0 1 Network mode
1 0 Reserved
1 1 AC97
RWA Description
0 Data left aligned
1 Data right aligned

RSHFD

Description

0

Data shifted in MSB first

1

Data shifted in LSB first

RE [0:3]

Description

0

Receiver disabled

1

Receiver enabled

5

1

4 3 2 1

e

RLIE

RIE

REDIE

REIE

RPR

Rsvd [Rsvd | RFSR [ RFSL| RSWsS4 | RSWS3

RSWS2

RSWS1

RSWS0

RMOD1

RMODO | RWA | RSHFD | Rsvd

Rsvd [ RE3 | RE2 | RE1

REO
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SAICR_1 - ESAI_1 Common Control Register
Y: $FFFF94 Reset: $000000

ESAI_1

ALC Description

0 Data left aligned to bit 23

1 Data left aligned to bit 15
TEBE Description

Controls FSR_1 pin.

Description

Reserved

!

SYN Description
0 |Asynchronous mode
1 | Synchronous mode
Description
Reserved
OF(2:0) Description

Holds data to send to OFn pin.

A A
14 Y4 N\
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 | 8 7 6|5 4 3|2 1 0
ALC | TEBE | SYN OF2 OF1 | OF0
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SAISR_1 - ESAI_1 Status Register

Y: $FFFF93 Reset $000000

ESAI_1

RODF Description
0 |Receive odd-data register empty REDF Description
1 |Receive odd-data register full 0 [Receive even-data register empty
1 Receive even-data register full
Description
Reserved RDF Description
TFS Description 0 Recefve data regfster empty
0 |[Transmit Frame sync did not occur during word transmission 1 Receive data register full
1 | Transmit frame sync occurred during word transmission ROE Description
TUE Description 0 [No receiver overrun error
- 1 |Receiver overrun error
0 No transmit underrun error
1 Transmit underrun error RFS Description
. Receive frame sync did not occur
TDE Description 0 during word reception
0 [Transmit data registers not empty 1 Receive frame sync did occur
- - during word reception
1 Transmit data registers empty
TEDE Description Description
0 |Transmit even-data registers not empty Reserved
1 Transmit even-data registers empty
IF [0:2] Description
TODE Description Holds data sent from SCKR_1 pin.
0 | Transmit odd-data register not empty
- - Holds data sent from FSR_1 pin.
1 Transmit odd-data register empty
— Holds data sent from HCKR_1 pin.
Description
Reserved l
+ \ l
A A A A
- R Y Y VY VY N Y VY Y Y Y Ve N
23 22 219 20 19 18| 17 16 15 14 13 | 12 11| 10 9 8 7 6 4 3 2 1 0
TODE |TEDE | TDE | TUE | TFS RODF | REDF | RDF | ROE [ RFS IF2 | IF1 | IFo
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DAX

DAX Non-Audio Data
Register (XNADR)
X:$FFFFD1

Channel A Validity (XVA)
Channel A User Data
(XUA)

Channel B Validity (XVB)
Channel B User Data
(XUB)

R

R

AE T A5 4a A

23 22 21 20119 18 17 1615 14 131211 100 9 8,7 6 5 % , ¥ 2 % ®
[k [*[x[*[*[* ][ *[xce[xue[xve[xca[xa[xal %[ * | *[*[*[0[0T0T070
0/0/|0{0(0(0|0|O 0/0/0{0|0

Reset = $00XX00

C 10 1 19dys
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XBIE DAX Block Trans. Int. Enable [(XUIE|DAX Underrun Int. Enable (|XDIE|Aud. Dat. Reg. Emp. Int. En.
DAX 0 [ Disabled 0 Disabled 0 | Disabled
1 Enabled 1 Enabled 1 Enabled
I
XCS1 |XCSO0 [DAX Clock Source
0 0 |DSP Core Clock (f = 1024 x fs)
XSB| DAX Start Block 0 1 ACI Pin,f=256xfs
0 | Disabled 1 0 |ACIPin,f=384xfs
1 | Force Block Start 1 1 ACI Pin, f=512 x fs
¢ rjﬁ Y VY Y
23 22 21 20,19 18 17 1615 14 13 12411 10 9 8,7 6 5 4,3 2 1 0
DAXControl| % |* [®* | %[, |[*k[* [, [k |[*|* % % |[%, [ %] % | % | % [xsB[xcs1|xcso[xBIE [XUIE | xDIE
Register (XCTR)| 0(0|0(0|0(0{0|0|{0(0|0(0|0|0|0|0|0|0
X:$FFFFDO
Reset = $000000
XBLK| DAX Block transfer XADE| DAX Audio Data Empty
0 | not last frame 0 [Register(s) full
1 191st frame transmission 1 Register(s) empty
XAUR|DAX Underrun error
0 [No error
1 Underrun error
Yy
23 22 21 20,19 18 17 1615 14 13 12411 10 9 8,7 6 5 4,3 2 1 0
DAXStatus | X |* |, |k |, |, |* | k|, |%*|*|[F*|*|%|*|%]| *|%|%|% [%* |*BK[XAURXADE
Register(XSTR)OOOOOOO 0/]0/0|/0|0|0|0|0|0(0O(O|O|O]|O

X:$FFFFD4
Reset = $000000

* = Reserved; write as 0
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Programmer’s Reference

Application: Date:

( TEC

Programmer:
Sheet 1 of 3

PS (1:0) Prescaler Clock Source
00 Internal CLK/2
01 TIOO0
10 Reserved
11 Reserved

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

%, [Ps1 | Pso
0 Prescaler Preload Value (PL [0:20])
Timer Prescaler Load Register * = Reserved, Program as 0

TPLR:$FFFF83 Read/Write
Reset = $000000

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
.(}; .(}; 3 Current Value of Prescaler Counter (PC [0:20])

Timer Prescaler Count Register *= Reserved, Program as 0
TPCR:$FFFF82 Read Only
Reset = $000000

Figure D-30 Timer Prescaler Load and Prescaler Count Registers (TPLR, TPCR)
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Programmer’s Reference

Application: Date:

Programmer:

Sheet 2 of 3

Inverter Bit 8
T E C 0 = 0- to-1 transitions on TIO input increment the counter,

or high pulse width measured, or high pulse output on TIO

1 = 1-to-0 transitions on TIO input increment the counter,
or low pulse width measured, or low pulse output on TIO

Timer Reload Mode BIt9 Timer Control Bits 4 — 7 (TC0 — TC3)

0 = Timer operates as a free TC(30)| TO Clock Mode

running counter 0000 GPIO | Internal |Timer

1 = Timer is reloaded when 0001 | Output | Internal |Timer Pulse

selected condition occurs 0010 | Output | Internal |Timer Toggle
0011 Input | External |Event Counter

0100 Input | Internal |Input Width

0101 Input | Internal |Input Period

0110 Input | Internal |Capture

0111 Output | Internal |Pulse Width Modulation

Direction Bit 11
0 =TIO pin is input
1 =TIO pin is output

1000 - — Reserved
Data Input Bit 12 1001 | Output | Internal |Watchdog Pulse
0 = Zero read on TIO pin 1010 | Output | Internal |Watchdog Toggle
1 =0One read on TIO pin 1011 _ _ Reserved

1100 - - Reserved
Data Output Bit 13 1101 - - Reserved
0 = Zero written to TIO pin 1110 - - Reserved
1 = One written to TIO pin 1111 - - Reserved

Timer Enable Bit 0

Prescaled Clock Enable Bit 15 0 = Timer Disabled
0 = Clock source is CLK/2 or TIO B 1 = Timer Enabled

1 = Clock source is prescaler output

Timer Overflow Interrupt Enable Bit 1
0 = Overflow Interrupts Disabled
1 = Overflow Interrupts Enabled

Timer Compare Flag Bit 21

0 = “1” has been written to TCSR(TCF),
or timer compare interrupt serviced

) Timer Compare Interrupt Enable Bit 2
1 = Timer Compare has occurred 0 = Compare Interrupts Disabled
1 = Compare Interrupts Enabled

Timer Overflow Flag Bit 20

0 = “1” has been written to TCSR(TOF),
or timer Overflow interrupt serviced

1 = Counter wraparound has occurred
} i \ v l Y

\J

23 22 21 2019 18 17 16,15 14 13 12,1110 9 8(7 6 5 4313 2 1 0
Y | J|TCF[TOF| o | % | % | % [PCE| % | DO | DI | DIR| o [TRM|INV [TC3[TC2|TC1|TCO| o |TCIE[TOIE| TE
0|0 0{0]0]0 0 0 0

Timer Control/Status Register * = Reserved, Program as 0

TCSRO0:$FFFF8F Read/Write

TCSR1:$FFFF8B Read/Write Note that for Timers 1 and 2, TC (3:0) = 0000 is the only valid combination.

TCSR2:$FFFF87 Read/Write All other combinations are reserved.

Reset = $000000

Figure D-31 Timer Control/Status Register
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Programmer’s Reference

Application: Date:

Programmer:

Sheet 3 of 3

TEC

23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 O

Timer Reload Value

Timer Load Register

TLRO:$FFFF8E Write Only
TLR1:$FFFF8A Write Only
TLR2:$FFFF86 Write Only

Reset = $XXXXXX

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Value Compared to Counter Value

Timer Compare Register

TCPRO:$FFFF8D Read/Write
TCPR1:$FFFF89 Read/Write
TCPR2:$FFFF85 Read/Write

Reset = $XXXXXX

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 O

Timer Count Value

Timer Count Register

TCRO:$FFFF8C Read Only
TCR1:$FFFF88 Read Only
TCR2:$FFFF84 Read Only

Reset = $000000

Figure D-32 Timer Load, Compare and Count Registers
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Programmer’s Reference

Application: Date:

Programmer:

Sheet 1 of 4

G F) | O Port B (HDI0S)

HostData 15 14 13 12 411 10 9 8 ;7 6 5 4 3 2 1 0
Direction Register| DR15[ DR14| DR13 | DR12 [ DR11 [ DR10 | DR9 | DR8 | DR7 [ DR6 | DR5 | DR4 | DR3 [ DR2 | DR1 | DRO
(HDDR)
X:$FFFFC8
Read/Write
Reset = $0
DRx =1 - PBx is Output DRx =0 - PBx s Input

HostData 15 14 13 12 (11 10 9 8 7 6 5 4 3 2 1 0
Register D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(HDR)

X:$FFFFC9
Read/Write

Reset = Undefined

Dx holds value of corresponding HDI0O8 GPIO pin.
Function depends on HDDR.

See the HDI0O8 HPCR Register (Figure D-8) for additional Port B GPIO control bits.

Figure D-33 GPIO Port B
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Programmer’s Reference

Application: Date:

Programmer:

Sheet 2 of 4

G P | O Port C (ESAI)

23011 10 9 8 7 6 5 4 3 2 1 0
Port C Control Register * ((PCM Pcto] pco [Pcs | Pc7 [ Pce [ Pos [ Peal [ Too o,
(PCRC) 0 PCO
X:$FFFFBF
Read/Write ))
Reset = $0 iy

* = Reserved, Program as 0

23 11 10 9 8 7 6 5 4 3 210
Port C Direction Register % || ppc11 [PDc1o PDCo | PDC8 | PDC7 | PDC6 | PDC5 | PDC4|PDC3|PDC2
(PRRC) 0 (( PDC{PDCO
X:$FFFFBE
Read/Write ))
Reset = $0 /]

* = Reserved, Program as 0

PCn =0 & PDCn = 0 -> Port pin PCn disconnected

PCn =1 & PDCn = 0 -> Port pin PCn configured as input
PCn =0 & PDCn = 1 -> Port pin PCn configured as output
PCn =1 & PDCn = 1 -> Port pin configured as ESAI

2301110 9 8,7 6 5§ 4 3 2 1 0
Port C GPIO Data Register [ 4 |[Pb1i[PD10[ PDo | PD8 |PD7|PD6 | PD5| PD4 | PD3 PDO
(PDRC) | 0 PP2| PD1
X:$FFFFBD
Read/Write ))
Reset = undefined

* ='Reserved, Program as 0

If port pin n is GPIO input, then PDn reflects the value on port pin n
if port pin n is GPIO output, then value written to PDn is reflected on port pin n

Figure D-34 GPIO Port C
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Programmer’s Reference

Application: Date:
Programmer:
Sheet 3 of 4
I GPIO Port D (DAX)
Port D Control Register w6 S5 413 2 10
! * [ % [ % | % | % [Pct]Pco
(PCRD) ((o olojo]|o
X:$FFFFD7
Read/Write ))
Reset = $0 =
Reserved, Program as O
23:;;6 5 4 3 2 1 0
Port D Direction Register x| % | * | *| % | * PDGPDQO0
(PRRD) ((
X:$FFFFD6 010/ 0/0.0]0
Read/Write ))
Reset = $0 /!
= Reserved, Program as 0
PCn =0 & PDCn = 0 -> Port pin PDn disconnected
PCn =1 & PDCn = 0 -> Port pin PDn configured as input
PCn =0 & PDCn = 1 -> Port pin PDn configured as output
PCn =1 & PDCn = 1 -> Port pin configured as DAX
36 4 3 2 1 0
Port D GPIO Data Register| % [[% | % | % | % | % [ PD1| PDO
(PDRD) Q{0 |0 [0 |0 |0
X:$FFFFD5
Read/Write ))
Reset = $0 /}

Reserved, Program as 0

If port pin n is GPIO input, then PDn reflects the value on port pin n

if port pin n is GPIO output, then value written to PDn is reflected on port pin n

Figure D-35 GPIO Port D
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Programmer’s Reference

Application: Date:
Programmer:
Sheet 4 of 4
G P | O Port E (ESAI_1)
23-:>)11 10 9 8 | 7 6 5 4 3 2 10
Port E Control Register * * *
Y$é|F:g:§9EF) 0 PC11|PC10| PC9 | PC8 | PC7 PC6 0 PC4 PC3 0 pC1 oo
Read/Write ))
Reset = $0 Iy
* = Reserved, Program as 0
o _ 23 11 10 9 8 17 6 &5 4 3 2 1 0
Port E Direction F\(’Sg;tg * PDC11 |PDC10 | PDC9 | PDC8 | PDC7 | PDC6 * | pocs pocs| ¥
v-$FFFFOE 0 0 0 poctPoco
Read/Write ))
Reset = $0 /]
* = Reserved, Program as 0
PCn =0 & PDCn = 0 -> Port pin PEn disconnected
PCn =1 & PDCn = 0 -> Port pin PEn configured as input
PCn =0 & PDCn = 1 -> Port pin PEn configured as output
PCn =1 & PDCn = 1 -> Port pin configured as ESAI_1
2311 10 9 8,7 6 5 4 3 2 1 0
Port E GPIO Data Regist
° ae (S%I;E; 3 PD11|PD10| PD9 | PD8 |PD7 | PD6 3 PD4 | PD3 3 PD1 Ppo
Y:$FFFF9D
Read/Write ))
Reset = undefined

* ='Reserved, Program as 0

If port pin n is GPIO input, then PDn reflects the value on port pin n
if port pin n is GPIO output, then value written to PDn is reflected on port pin n

Figure D-36 GPIO Port E
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APPENDIX E
POWER CONSUMPTION BENCHMARK
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Power Consumption Benchmark

The following benchmark program permits evaluation of DSP power usage in a test situation. It enables

the PLL, disables the external clock, and uses repeated

multiply-accumulate instructions with a set of synthetic DSP application data to emulate intensive

sustained DSP operation.

rhkkkhkkkhhk ko hkkhkhkkhkkk bk hkhkhkkhkh ko hkhkhkhhkhkhhkhkhhkhkhkhkhkhkdhkhhhkhkhhkhkhhhkhhkhddkhhhhdhkk khkdkdhrdhrhhrhdxrhkxk

’
dhkhkhkhkhhkkdhkhkdrhkhhhkhhkrdhhhkrhdhrhhrkhhrhhhkddrhrhrhhxx

;* ;* CGHECKS  Typi cal Power Consunption

B R R R R R R R R EEEEEEEEEEEE SRS S SR SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE SRR
’

page 200,55,0,0,0

nol i st
| _VEC EQU $000000 ; Interrupt vectors for program debug only
START EQU $8000 ; MAIN (external) programstarting address
INT_PROG EQJ $100 ; I NTERNAL program nenory starting address
| NT_XDAT EQU $0 ; I NTERNAL X-data nenory starting address
| NT_YDAT EQU $0 ; INTERNAL Y-data nenory starting address

I NCLUDE "i oequ. asni
I NCLUDE "i nt equ. asni

list
org P: START

novep #$0123FF, x: MBCR BCOR Area 3 : 1 w's (SRAVM
; Default: 1 ws (SRAV

novep #$0d0000, x: M PCTL ; XTAL disable
: PLL enabl e
: CLKQUT di sabl e

; Load the program

nmove #INT_PROGr0

nove #PROG START, r 1

do #( PROG_END- PROG_START) , PLOAD_LOCP
nove p: (r1)+, x0

nove X0, p: (r0) +

nop

PLQOAD LOCP

: Load the X-data

nmove #1 NT_XDAT, r0

nmove #XDAT_START, r 1

do #( XDAT_END- XDAT_START) , XLQAD LOCP
nove p: (r1)+, x0

nove X0, x: (r0) +

XLOAD_LOOP

E-2 DSP56367 24-Bit Digital Signal Processor User’s Manual
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Power Consumption Benchmark

; Load the Y-data

’

nove # NT_YDAT, r O
nove #YDAT_START, r1
do #( YDAT_END- YDAT _START), YLOAD LOCP
nove p: (r1)+, x0
nove x0,y: (r0)+
YLQAD LOCP
jm I NT_PRGG
PROG_START
nmove #%$0,r0
nove #$0,r4
nove #$3f , n0
nove #$3f, mt
clr a
clr b
nmove #%$0, x0
nmove #%$0, x1
nove #%$0, yO
nove #%$0, y1
bset #4, omr ; ebd
sbr dor #60, _end
nac x0,y0,a x:(r0)+ x1 y:(rd)+ vyl
nac x1l,yl,a x:(r0)+ x0 y: (rd)+y0
add a, b
nmac x0, y0, a x: (r0)+, x1
nac x1,y1, a y: (r4)+y0
nmove b1, x: $f f
_end
bra sbr
nop
nop
nop
nop
PROG_END
nop
nop
XDAT_START
; org x: 0
dc $262EB9
dc $86F2FE
dc $ES6A5F
dc $616CAC
dc $8FFD75
dc $9210A
dc $A06D7B
MOTOROLA DSP56367 24-Bit Digital Signal Processor User’s Manual E-3



Power Consumption Benchmark

dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc
dc

$CEA798
$8DFBF1
$A06306
$6C6657
$C2A544
$A3662D
$SAAET62
$84FOF3
$E6F1B0
$B3829

$8BF7AE
$63A94F
$EF78DC
$242DE5
$A3EOBA
$EBABGB
$8726C3
$CA361

$2F6EB6
$A57347
$4BE774
$8F349D
$ALEDL2
$4BFCE3
$EA26EQ
$CD7D99
$4BAS5SE
$27A43F
$A3B10C
$DBAS5

$25EC6A
$2A255B
$ASF1F8
$242601
$AEG536
$CBBC37
$6235M4
$37FOD

$63BEC2
$ASEAD3
$8CE810
$3FF09

$60E50E
$CFFB2F
$40753C
$8262C5
$CAB41A
$EB3B4B
$2DA928
$AB6641
$28ATE6
$4E2127
$482FDA4
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Power Consumption Benchmark

dc $7257D
dc $E53C72
dc $1A8C3
dc $E27540

XDAT _END

YDAT START

; org y:0
dc $5B6DA
dc $C3F70B
dc $6A39E3
dc $81E801
dc $C666A6
dc $46F8E7
dc $AAECI4
dc $24233D
dc $802732
dc $2E3C83
dc $A43E00
dc $C2B639
dc $85M7E
dc $ABFDDF
dc $F3A2C
dc $2D7CF5
dc $E16A3A
dc $ECBSFB
dc $4BED18
dc $43F371
dc $83A556
dc $E1E9DY
dc $SACA2CA
dc $8135AD
dc $2CEOE2
dc $8F2C73
dc $432730
dc $A87FA9
dc $4A292E
dc $A63CCF
dc $6BAG5C
dc $E06D65
dc $1AA3A
dc $A1BGEB
dc $48ACA8
dc $EF7AEL
dc $6E3006
dc $62F6C7
dc $6064F4
dc $87E41D
dc $CB2692
dc $2C3863
dc $C6BG60
dc $43A519
dc $6139DE
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dc $ADF7BF
dc $4B3ESC
dc $607906
dc $EOFSEA
dc $82300B
dc $A3B778
dc $2BFES1
dc $E0AGBG
dc $68FFB7
dc $28F324
dc $8F2E8D
dc $667842
dc $83E053
dc $ALFDIO
dc $6B2689
dc $85B68E
dc $622EAF
dc $6162BC
dc $E4AA245
YDAT_END
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IBIS Model

[IBIS ver] 2.1

[File name] 56367. i bs

[File Rev] 0.0

[ Dat €] 29/ 6/ 2000

[ Cormponent | 56367

[ Manufacturer] Mtorol a

[ Package]

| vari abl e mn nmax
R pkg 45m 22m 75m
L_pkg 2.5nH 1.1nH 4. 3nH
C pkg 1. 3pF 1. 2pF 1. 4pF
[ Pin] si gnal _name nodel _nane

1 sck i pbb_io

2 ss_ i pbb_io

3 hreqg_ ip5Sb_io

4 sdoO i pbb_io

5 sdol i pbb_io

6 sdoi 23 ip5b_io
7 sdoi 32 i p5b_io
8 svcc power

9 sgnd gnd

10 sdoi 41 i pSb_i o
11 sdoi 50 i pSb_i o
12 fst i pSb_io

13 fsr i pbb_io

14 sckt ip5Sb_io
15 sckr ip5Sb_io
16 hsckt ip5b_io
17 hsckr ip5b_io
18 qgvccl power

19 gnd gnd

20 qvcch power

21 hpl2 i p5b_io
22 hpll i p5b_io
23 hp15 i p5b_io
24 hpl4 i p5b_io
25 svcc power

26 sgnd gnd

27 ado i pbb_io

28 aci i pbb_io

29 tio i pbb_io

30 hp13 ip5Sb_io
31 hpl0 i p5b_io
32 hp9 i pSb_io

33 hp8 i pSb_i o

34 hp7 i pSb_i o

35 hp6 i pSb_io

36 hp5 i pSb_i o

37 hp4 i pSb_i o

38 svcc power

39 sgnd gnd
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40 hp3 i p5b_i o
41 hp2 i p5b_i o
42 hpl i pbb_io
43 hpO i pbb_io
44 ires_ i p5b_i
45 pvcc power
46 pcap power
47 pgnd gnd

48 sdo5 i pbw_i o
49 gvcch power
50 fst 1 i pbw_io
51 aa2 icbc o
52 cas_ icbc o
53 sck 1 i pbw_io
54 qgnd gnd

55 cxtldis_ i exl h_i
56 qvccl power
57 cvcc power
58 cgnd gnd

59 fsr_1 i pbw_io
60 sckrl i pbw_i o
61 nm _ i pbw_i
62 ta_ icbc o
63 br _ icbc o
64 bb_ icbc o
65 cvcc power
66 cgnd gnd

67 w_ icbc_o
68 rd_ icbc_o
69 aal icbc_o
70 aa0 icbc_o
71 bg_ icbc_o
72 eab0 icha o
73 eabl icha o
74 avcc power
75 agnd gnd

76 eab2 icha o
77 eab3 icha o
78 eab4 icba o
79 eabb icba o
80 avcc power
81 agnd gnd

82 eab6 icba o
83 eab7 icba o
84 eab8 icha o
85 eab9 icha o
86 avcc power
87 agnd gnd

88 eabl0 icha o
89 eabll icha o
90 qgnd gnd

91 gvcc power
92 eabl2 i cba_o
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93 eabl3 icha o
94 eabl4d icha o
95 qvcch power

96 agnd gnd

97 eablb icha o
98 eabl6 icha o
99 eabl7 icha o
100 edb0 icha_io
101 edbl icha io
102 edb2 icha io
103 dvcc power
104 dgnd gnd

105 edb3 icha io
106 edb4 icha io
107 edb5 icha_io
108 edb6 icha_io
109 edb7 icha_io
110 edb8 icha_io
111 dvcc power
112 dgnd gnd

113 edb9 icha io
114 edbl0 icha io
115 edbll icha io
116 edbl2 icha io
117 edbl3 icha io
118 edbl4 icha io
119 dvcc power
120 dgnd gnd

121 edbl5 icba_io
122 edbl6 icba_io
123 edbl7 icba_io
124 edbl8 icba_io
125 edbl9 icha io
126 gvccl power
127 qgnd gnd

128 edb20 icha io
129 dvcc power
130 dgnd gnd

131 edb21 icba_io
132 edb22 icba_io
133 edb23 icba_io
134 irqd_ i p5b_i
135 irqc_ i p5b_i
136 irgb_ i p5b_i
137 irqa_ i pSb_
138 sdo4 1 i pSb_i o
139 tdo i p5b_o
140 tdi i pSb_i
141 tck i p5b_i
142 tns i p5b_i
143 nosi i p5b_io
144 sda ip5b_io
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[ Model ] i pSb_i

Model _type | nput

Polarity Non- I nverti ng

Vi nl = 0. 8000v

Vi nh= 2. 000v

C _conp 5. 00pF 5. 00pF 5. 00pF

I
[ Vol t age Range] 3.3v 3v 3. 6v

[ G\D_cl anp]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 -5.2l1e+02 -3.65e+02 -5.18e+02
-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59%e+02 - 3. 65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
- 2. 30e+00 - 2. 65e+02 - 1. 88e+02 -2.63e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.12e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.61e+02
-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01
-1.30e+00 -4.43e+01 -4.52e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.67e+00
-9.00e-01 -9.69e-03 -1.18e+00 -7.81e-03
-7.00e-01 -2.83e-04 -5.70e-03 -8.42e-04
-5.00e-01 -1.35e-06 -4.53e-05 -1.00e-05
-3.00e-01 -1.31e-09 -3.74e-07 -8.58e-09
-1.00e-01 -2.92e-11 -3.00e-09 -3.64e-11
0.000e+00 -2.44e-11 -5.14e-10 -2.79%-11

[ Model ] i p5b_io

Model _type /0O

Polarity Non- I nverti ng

Vi nl = 0. 8000v

Vi nh= 2. 000v

C _conp 5. 00pF 5. 00pF 5. 00pF
I

I

[ Vol t age Range] 3.3v 3v 3. 6v

[ Pul | down]

| vol tage I (typ) I (mn) I ( max)

|
-3.30e+00 -5.21e+02 -3.65e+02 -5.18e+02

-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59e+02  -3. 65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.63e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.12e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.61e+02
-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
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-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01
-1.30e+00 -4.43e+01 -4.52e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.69e+00
-9.00e-01 -5.10e-02 -1.18e+00 -5.63e-02
-7.00e-01 -3.65e-02 -2.25e-02 -4.28e-02
-5.00e-01 -2.65e-02 -1.38e-02 -3.12e-02
-3.00e-01 -1.62e-02 -8.35e-03 -1.91e-02

-1.00e-01 -5.49e-03 -2.80e-03 -6.52e-03
1.000e-01 5.377e-03 2.744e-03 6.427e-03
3.000e-01 1.516e-02 7.871e-03 1.823e-02
5.000e-01 2.370e-02 1.252e-02 2.869e-02
7.000e-01 3.098e-02 1.667e-02 3.776e-02
9.000e-01 3.700e-02 2.026e-02 4.544e-02
1.100e+00 4.175e-02 2.324e-02 5.171e-02
1.300e+00 4.531e-02 2.553e-02 5.660e-02
1.500e+00 4.779e-02 2.709e-02 6.023e-02
1.700e+00 4.935e-02 2.803e-02 6.271e-02
1.900e+00 5.013e-02 2.851e-02 6.419e-02
2.100e+00 5.046e-02 2.876e-02 6.494e-02
2.300e+00 5.063e-02 2.892e-02 6.525e-02
2.500e+00 5.075e-02 2.904e-02 6.540e-02
2.700e+00 5.085e-02 2.912e-02 6.549e-02
2.900e+00 5.090e-02 2.876e-02 6.555e-02
3.100e+00 4.771e-02 2.994e-02 6.561e-02
3.300e+00 4.525e-02 3.321e-02 6.182e-02
3.500e+00 4.657e-02 3.570e-02 6.049e-02
3.700e+00 4.904e-02 3.801e-02 6.178e-02
3.900e+00 5.221e-02 4.029e-02 6. 450e-02
4.100e+00 5.524e-02 4.253e-02 6.659e-02
4.300e+00 5.634e-02 4.463e-02 6.867e-02
4.500e+00 5.751e-02 4.645e-02 6.970e-02
4.700e+00 5.634e-02 4.786e-02 6.938e-02
4.900e+00 5.648e-02 4.88le-02 6.960e-02
5.100e+00 5.664e-02 4.912e-02 6.983e-02
5.300e+00 5.679e-02 4.795e-02 7.005e-02
5.500e+00 5.693e-02 4.679e-02 7.026e-02
5.700e+00 5.707e-02 4.688e-02 7.049e-02
5.900e+00 5.722e-02 4.700e-02 7.074e-02
6. 100e+00 5.741e-02 4.712e-02 7.105e-02
6.300e+00 5.766e-02 4.723e-02 7.147e-02
6.500e+00 5.801e-02 4.733e-02 7.205e-02
6.600e+00 5.824e-02 4.737e-02 7.242e-02
I

[ Pul I up]

| vol t age I (typ) I (mn) I ( max)
|

-3.30e+00 2.922e-04 2.177e-04 4.123e-04
-3.10e+00 2.881e-04 2.175e-04 4.021e-04
-2.90e+00 2.853e-04 2.173e-04 3.946e-04
-2.70e+00 2.836e-04 2.172e-04  3.893e-04
-2.50e+00 2.825e-04 2.171e-04 3.857e-04
-2.30e+00 2.819e-04 2.170e-04  3.834e-04
-2.10e+00 2.815e-04 2.169e-04 3.820e-04
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-1.90e+00 2.813e-04 2.167e-04 3.812e-04
-1.70e+00 2.812e-04 2.520e-04  3.808e-04
-1.50e+00 2.811e-04 3.078e-02 3.806e-04
-1.30e+00 2.810e-04 2.684e-02 3.804e-04
-1.10e+00 2.809e-04 2.277e-02 3.802e-04
-9.00e-01 2.808e-04 1.864e-02 3.801e-04
-7.00e-01 2.997e-04 1.447e-02  3.799%e-04
-5.00e-01 1.750e-02 1.031e-02 3.797e-04
-3.00e-01 1.048e-02 6.181e-03 3.776e-04
-1.00e-01 3.487e-03 2.084e-03 4.568e-03
1.000e-01 -3.40e-03 -2.03e-03 -4.22e-03
3.000e-01 -9.69e-03 -5.71e-03 -1.24e-02
5.000e-01 -1.52e-02 -8.99e-03 -1.95e-02
7.000e-01 -2.02e-02 -1.19e-02 -2.61e-02
9.000e-01 -2.46e-02 -1.43e-02 -3.21e-02
1.100e+00 -2.84e-02 -1.62e-02 -3.73e-02
1.300e+00 -3.14e-02 -1.77e-02 -4.18e-02
1.500e+00 -3.37e-02 -1.88e-02 -4.55e-02
1. 700e+00 -3.55e-02 -1.95e-02 -4.85e-02
1.900e+00 -3.68e-02 -2.00e-02 -5.09e-02
2.100e+00 -3.78e-02 -2.04e-02 -5.27e-02
2.300e+00 -3.85e-02 -2.07e-02 -5.41e-02
2.500e+00 -3.91e-02 -2.10e-02 -5.51e-02
2.700e+00 -3.96e-02 -2.12e-02 -5.60e-02
2.900e+00 -4.01e-02 -2.15e-02 -5.67e-02
3.100e+00 -4.04e-02 -2.17e-02 -5.74e-02
3.300e+00 -4.08e-02 -2.18e-02 -5.79%e-02
3.500e+00 -4.11e-02 -2.20e-02 -5.84e-02
3.700e+00 -4.14e-02 -2.78e-02 -5.89%e-02
3.900e+00 -4.17e-02 -1.20e+00 -5.94e-02
4,.100e+00 -4.32e-02 -2.15e+01 -5.98e-02
4. 300e+00 -4.08e-01 -4.52e+01 -6. 10e-02
4,500e+00 -2.73e+01 -6.89%+01 -6.84e-02
4,700e+00 -6.13e+01 -9.25e+01 -7.73e+00
4,900e+00 -9.54e+01 -1.17e+02 -4.18e+01
5.100e+00 -1.38e+02 -1.52e+02 -7.59e+01
5.300e+00 -1.89e+02 -1.88e+02 -1.11e+02
5.500e+00 -2.40e+02 -2.23e+02 -1.61e+02
5.700e+00 -2.91e+02 -2.59e+02 -2.12e+02
5.900e+00 -3.42e+02 -2.94e+02 -2.63e+02
6.100e+00 -3.93e+02 -3.30e+02 -3.14e+02
6. 300e+00 - 4. 44e+02 - 3. 65e+02 - 3. 65e+02
6.500e+00 -4.95e+02 -4.01e+02 -4.16e+02
6. 600e+00 -5.21e+02 -4.18e+02 -4.41e+02
I

[ G\D_cl anp]

| vol t age I (typ) I (mn) I ( max)

|
-3.30e+00 -5.21e+02 -3.65e+02 -5.18e+02

-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59%e+02 - 3. 65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
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-2.30e+00 -2.65e+02 -1.
-2.10e+00 -2.14e+02  -1.
-1.90e+00 -1.63e+02 -1.
-1.70e+00 -1.13e+02 -09.
-1.50e+00 -7.83e+01 -6.
-1.30e+00 -4.43e+01 -4.
-1.10e+00 -1.02e+01 -2.
-9.00e-01 -9.69e-03 -1.
-7.00e-01 -2.83e-04 -5.
-5.00e-01 -1.35e-06 -4.
-3.00e-01 -1.31e-09 -3.
-1.00e-01 -2.92e-11 -3.

0.000e+00 -2.44e-11 -5
I

[ Ranp]

R | oad = 50.00

| vol t age [ (typ)

I

I

dVv/ dt _r 1. 030/ 0. 465
I

I

dVv/ dt _f 1.290/0. 671
I

I

[ Model ] i p5b_o
Model _type 3-state
Pol arity Non- I nverti
C conp 5. 00pF

I

I

[ Vol t age Range] 3.3v
[ Pul | down]

| vol t age I (typ)

|
-3.30e+00  -5.21e+02  -3.

-3.10e+00 -4.69e+02 -3.
-2.90e+00 -4.18e+02 -2.
-2.70e+00 -3.67e+02 -2.
-2.50e+00 -3.16e+02 -2.
-2.30e+00 -2.65e+02 -1.
-2.10e+00 -2.14e+02 -1.
-1.90e+00 -1.63e+02 -1.
-1.70e+00 -1.13e+02 -09.
-1.50e+00 -7.83e+01 -6.
-1.30e+00 -4.43e+01 -4.
-1.10e+00 -1.02e+01 -2.
-9.00e-01  -5.10e-02 -1.
-7.00e-01 -3.65e-02 -2.
-5.00e-01 -2.65e-02 -1.
-3.00e-01 -1.62e-02 -8.
-1.00e-01  -5.49e-03 -2.

88e+02
52e+02
17e+02
25e+01
88e+01
52e+01
15e+01
18e+00
70e- 03
53e- 05
74e- 07
00e- 09
14e- 10

I (min)

0. 605/

0. 829/

ng
5. 00pF

3v
I (mn)

65e+02
30e+02
94e+02
59e+02
23e+02
88e+02
52e+02
17e+02
25e+01
88e+01
52e+01
15e+01
18e+00
25e- 02
38e- 02
35e- 03
80e- 03

1.000e-01 5.377e-03  2.744e-03

- 2. 63e+02
- 2. 12e+02
-1. 61e+02
- 1. 10e+02
- 7. 58e+01
-4.17e+01
-7.67e+00
-7.81e-03
-8.42e-04
- 1. 00e- 05
- 8. 58e- 09
-3.64e-11
-2.79%-11

| (max)

0.676 1. 320/ 0. 366

0.122 1. 520/ 0. 431

5. 00pF

3. 6v
I ( max)

- 5. 18e+02
-4.67e+02
- 4. 16e+02
- 3. 65e+02
- 3. 14e+02
- 2. 63e+02
- 2. 12e+02
-1. 61e+02
- 1. 10e+02
-7.58e+01
-4.17e+01
- 7. 69e+00
- 5. 63e-02
- 4. 28e-02
-3.12e-02
-1.91e-02
- 6. 52e- 03
6.427e-03
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3.000e-01 1.516e-02 7.871e-03 1.823e-02
5.000e-01 2.370e-02 1.252e-02 2.869e-02
7.000e-01 3.098e-02 1.667e-02 3.776e-02
9.000e-01 3.700e-02 2.026e-02 4.544e-02
1.100e+00 4.175e-02 2.324e-02 5.171e-02
1.300e+00 4.531e-02 2.553e-02 5.660e-02
1.500e+00 4.779e-02 2.709e-02 6.023e-02
1. 700e+00 4.935e-02 2.803e-02 6.271e-02
1.900e+00 5.013e-02 2.851e-02 6.419%e-02
2.100e+00 5.046e-02 2.876e-02 6.494e-02
2.300e+00 5.063e-02 2.892e-02 6.525e-02
2.500e+00 5.075e-02 2.904e-02 6. 540e-02
2.700e+00 5.085e-02 2.912e-02 6.549e-02
2.900e+00 5.090e-02 2.876e-02 6.555e-02
3.100e+00 4.771e-02 2.994e-02 6.561e-02
3.300e+00 4.525e-02 3.321e-02 6.182e-02
3.500e+00 4.657e-02 3.570e-02 6. 049e-02
3.700e+00 4.904e-02 3.801e-02 6.178e-02
3.900e+00 5.221e-02 4.029e-02 6. 450e-02
4.100e+00 5.524e-02 4.253e-02 6.659e-02
4.300e+00 5.634e-02 4.463e-02 6.867e-02
4.500e+00 5.751e-02 4.645e-02 6.970e-02
4.700e+00 5.634e-02 4.786e-02 6.938e-02
4.900e+00 5.648e-02 4.881le-02 6.960e-02
5.100e+00 5.664e-02 4.912e-02 6.983e-02
5.300e+00 5.679e-02 4.795e-02 7.005e-02
5.500e+00 5.693e-02 4.679e-02 7.026e-02
5.700e+00 5.707e-02 4.688e-02 7.049e-02
5.900e+00 5.722e-02 4.700e-02 7.074e-02
6.100e+00 5.741e-02 4.712e-02 7. 105e-02
6.300e+00 5.766e-02 4.723e-02 7.147e-02
6.500e+00 5.801e-02 4.733e-02 7.205e-02
6. 600e+00 5.824e-02 4.737e-02 7.242e-02
I

[ Pul I up]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 2.922e-04 2.177e-04 4.123e-04
-3.10e+00 2.881e-04 2.175e-04 4.021e-04
-2.90e+00 2.853e-04 2.173e-04  3.946e-04
-2.70e+00 2.836e-04 2.172e-04  3.893e-04
-2.50e+00 2.825e-04 2.171e-04 3.857e-04
-2.30e+00 2.819-04 2.170e-04  3.834e-04
-2.10e+00 2.815e-04 2.169e-04  3.820e-04
-1.90e+00 2.813e-04 2.167e-04 3.812e-04
-1.70e+00 2.812e-04 2.520e-04 3. 808e-04
-1.50e+00 2.811e-04 3.078e-02 3. 806e-04
-1.30e+00 2.810e-04 2.684e-02  3.804e-04
-1.10e+00 2.809e-04 2.277e-02 3.802e-04
-9.00e-01 2.808e-04 1.864e-02 3.801e-04
-7.00e-01 2.997e-04 1.447e-02  3.799%-04
-5.00e-01 1.750e-02 1.031e-02 3.797e-04
-3.00e-01 1.048e-02 6.181e-03 3.776e-04
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1.00e-01 3.487e-03 2.084e-03 4.568e-03
.000e-01 -3.40e-03 -2.03e-03 -4.22e-03
.000e-01 -9.69e-03 -5.71e-03 -1.24e-02
.000e-01 -1.52e-02 -8.99e-03 -1.95e-02
.000e-01 -2.02e-02 -1.19e-02 -2.61le-02
.000e-01 -2.46e-02 -1.43e-02 -3.21e-02
.100e+00 -2.84e-02 -1.62e-02 -3.73e-02
.300e+00 -3.14e-02 -1.77e-02 -4.18e-02
.500e+00 -3.37e-02 -1.88e-02 -4.55e-02
.700e+00 -3.55e-02 -1.95e-02 -4.85e-02
.900e+00 -3.68e-02 -2.00e-02 -5.09e-02
.100e+00 -3.78e-02 -2.04e-02 -5.27e-02
.300e+00 -3.85e-02 -2.07e-02 -5.41e-02
.500e+00 -3.91e-02 -2.10e-02 -5.5le-02
.700e+00 -3.96e-02 -2.12e-02 -5.60e-02
.900e+00 -4.0le-02 -2.15e-02 -5.67e-02
.100e+00 -4.04e-02 -2.17e-02 -5.74e-02
.300e+00 -4.08e-02 -2.18e-02 -5.79e-02
.500e+00 -4.11e-02 -2.20e-02 -5.84e-02
.700e+00 -4.14e-02 -2.78e-02 -5.89e-02
.900e+00 -4.17e-02 -1.20e+00 -5.94e-02
.100e+00 -4.32e-02 -2.15e+01 -5.98e-02
.300e+00 -4.08e-01 -4.52e+01 -6.10e-02
.500e+00 -2.73e+01 -6.89e+01 -6.84e-02
.700e+00 -6.13e+01 -9.25e+01 -7.73e+00
.900e+00 -9.54e+01 -1.17e+02 -4.18e+01
.100e+00 -1.38e+02 -1.52e+02 -7.59e+01
.300e+00 -1.89e+02 -1.88e+02 -1.11e+02
. 500e+00 - 2. 40e+02 - 2. 23e+02 -1. 61e+02
. 700e+00 -2.91e+02 - 2. 59e+02 -2.12e+02
.900e+00 -3.42e+02 -2.94e+02 -2.63e+02
. 100e+00 - 3. 93e+02 - 3. 30e+02 - 3. 14e+02
.300e+00 -4.44e+02 -3.65e+02 -3.65e+02
.500e+00 -4.95e+02 -4.01e+02 -4.16e+02
.600e+00 -5.21e+02 -4.18e+02 -4.41e+02

T OO0 UTON OO OARADMDMDIMDNWOWWWWWNNNMNNNRERPRPRPPRPPONOWERE'!

[ G\D _cl anp]

| vol t age I (typ) I (mn) I (max)
I

-3.30e+00 -5.21e+02 -3.65e+02 -5.18e+02
-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59e+02 -3.65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.63e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.12e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.61e+02
-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01
-1.30e+00 -4.43e+01 -4.52e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.67e+00
-9.00e-01 -9.69e-03 -1.18e+00 -7.81le-03
-7.00e-01 -2.83e-04 -5.70e-03 -8.42e-04
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-5.00e-01 -1.35e-06 -4.53e-05 -1.00e-05
-3.00e-01 -1.31e-09 -3.74e-07 -8.58e-09
-1.00e-01 -2.92e-11 -3.00e-09 -3.64e-11

0. 000e+00 -2.44e-11 -5.14e-10 -2.7%-11

I

[ Ranp]

R load = 50. 00

| vol tage I (typ) I (mn) I ( max)
I

I

dvidt r 1. 030/ 0. 465 0. 605/ 0. 676 1. 320/ 0. 366
I

I

dv/dt _f 1. 290/ 0. 671 0.829/0. 122 1.520/0. 431
I

I

[ Model ] icha_io

Model _type /0

Polarity Non- I nverti ng

Vi nl = 0. 8000v

Vi nh= 2. 000v

C _conp 5. 00pF 5. 00pF 5. 00pF
I

I

[ Vol t age Range] 3.3v 3v 3. 6v

[ Pul I down]

| vol tage I (typ) I (mn) I ( max)
I

- 3. 30e+00 -5. 20e+02 - 3. 65e+02 -5.18e+02

- 3. 10e+00 -4. 69e+02 - 3. 30e+02 -4. 67e+02
-2.90e+00 -4. 18e+02 - 2. 94e+02 -4. 16e+02

- 2. 70e+00 -3.67e+02 -2.59e+02 - 3. 65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.63e+02
-2.10e+00 -2.14e4+02 -1.52e+02 -2.12e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01

-1. 30e+00 -4. 43e+01 -4.52e+01 -4.17e+01

-1. 10e+00 -1. 02e+01 -2.15e+01 -7.68e+00
-9.00e-01 -2.70e-02 -1.19e+00 -2.90e-02
-7.00e-01 -1.32e-02 -1.25e-02 -1.63e-02
-5.00e-01 -9.33e-03 -4.69e-03 -1.10e-02
-3.00e-01 -5.75e-03 -2.81e-03 -6.76e-03
-1.00e-01 -1.97e-03 -9.48e-04 -2.32e-03
1.000e-01 1.945e-03 9.285e-04 2.307e-03
3.000e-01 5.507e-03 2.640e-03 6.599e-03
5.000e-01 8.649e-03 4.168e-03 1.048e-02
7.000e-01 1.136e-02 5.504e-03 1.393e-02
9.000e-01 1.364e-02 6.636e-03 1.693e-02
1.100e+00 1.547e-02 7.551e-03 1.950e-02
1.300e+00 1.688e-02  8.240e-03 2.162e-02
1.500e+00 1.299e-01 6.458e-02 2.331e-02
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1.700e+00 1.366e-01 6.746e-02 1.755e-01
1.900e+00 1.404e-01 6.916e-02 1.847e-01
2.100e+00 1.423e-01 7.006e-02 1.907e-01
2.300e+00 1.433e-01 7.059e-02 1.940e-01
2.500e+00 1.440e-01 7.098e-02 1.958e-01
2.700e+00 1.445e-01 7.128e-02 1.970e-01
2.900e+00 1.450e-01 7.154e-02 1.979e-01
3.100e+00 1.454e-01 7.176e-02 1.986e-01
3.300e+00 1.458e-01 7.196e-02 1.993e-01
3.500e+00 1.461e-01 7.223e-02 1.999e-01
3.700e+00 1.464e-01 8.810e-02 2.004e-01
3.900e+00 1.469e-01 2.589e+00 2.009e-01
4,100e+00 1.490e-01 1.45l1e+01 2.015e-01
4.300e+00 1.501e+00 2.658e+01  2.030e-01
4.500e+00 1.813e+01 3.866e+01 2.385e-01
4.700e+00 3.540e+01 5.076e+01 9. 563e+00
4.900e+00 5.269e+01 6.461le+01 2.682e+01
5.100e+00 7.541e+01 8.261e+01 4. 409e+01
5.300e+00 1.012e+02 1.006e+02 6.258e+01
5.500e+00 1.270e+02 1.186e+02 8. 836e+01
5.700e+00 1.527e+02 1.366e+02 1.141e+02
5.900e+00 1.785e+02 1.546e+02 1.399e+02
6.100e+00 2.043e+02 1.726e+02 1.657e+02
6.300e+00 2.301e+02 1.906e+02 1.915e+02
6.500e+00 2.559e+02 2.086e+02 2.173e+02
6.600e+00 2.688e+02 2.176e+02 2.302e+02
I
[ Pul I up]
| vol t age I (typ) I (mn) I ( max)
I
-3.30e+00 2.686e+02 1.905e+02 2.686e+02
-3.10e+00 2.428e+02 1.725e+02 2.428e+02
-2.90e+00 2.170e+02 1.545e+02 2.170e+02
-2.70e+00 1.912e+02 1.365e+02 1.912e+02
-2.50e+00 1.655e+02 1.185e+02 1.655e+02
-2.30e+00 1.397e+02 1.005e+02 1.397e+02
-2.10e+00 1.139e+02 8.253e+01 1.139e+02
-1.90e+00 8.814e+01  6.454e+01 8. 814e+01
-1.70e+00 6.237e+01 5.068e+01 6.237e+01
-1.50e+00 4.389e+01  3.859e+01 4. 389e+01
-1.30e+00 2.662e+01 2.651e+01 2.662e+01
-1.10e+00  9.360e+00 1.444e+01 9. 362e+00
-9.00e-01 4.275e-02 2.518e+00 4.663e-02
-7.00e-01 8.208e-03 2.012e-02 1.070e-02
-5.00e-01 5.635e-03 3.518e-03 7.068e-03
-3.00e-01 3.370e-03 2.053e-03 4.233e-03
1.00e-01 1.118e-03 6.789e-04 1.410e-03

1.000e-01 -1.09e-03 -6.56e-04 -1.38e-03
3.000e-01 -3.12e-03 -1.86e-03 -3.99%-03
5.000e-01 -4.96e-03 -2.93e-03 -6.39%-03
7.000e-01 -6.60e-03 -3.87e-03 -8.59%-03
9.000e-01 -8.04e-03 -4.66e-03 -1.06e-02
1.100e+00 -9.26e-03 -5.30e-03 -1.23e-02
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.300e+00 -1.03e-02 -6.55e-02 -1.38e-02
.500e+00 -1.25e-01 -6.93e-02 -1.70e-01
.700e+00 -1.31e-01 -7.19-02 -1.82e-01
.900e+00 -1.36e-01 -7.38e-02 -1.91e-01
.100e+00 -1.40e-01 -7.53e-02 -1.97e-01
.300e+00 -1.42e-01 -7.65e-02 -2.03e-01
.500e+00 -1.44e-01 -7.76e-02 -2.07e-01
.700e+00 -1.46e-01 -7.85e-02 -2.10e-01
.900e+00 -1.48e-01 -7.93e-02 -2.13e-01
.100e+00 -1.49e-01 -8.00e-02 -2.15e-01
.300e+00 -1.50e-01 -8.06e-02 -2.17e-01
.500e+00 -1.52e-01 -8.13e-02 -2.19e-01
.700e+00 -1.53e-01 -8.84e-02 -2.2le-01
.900e+00 -1.54e-01 -1.26e+00 -2.22e-01
.100e+00 -1.57e-01 -2.16e+01 -2.24e-01
. 300e+00 -5.25e-01 -4.53e+01 -2.27e-01
. 500e+00 -2. 74e+01 - 6. 89e+01 -2.38e-01
.700e+00 -6.14e+01 -9.26e+01 -7.90e+00
.900e+00 -9.55e+01 -1.17e+02 -4.20e+01
.100e+00 -1.38e+02 -1.52e+02 -7.60e+01
.300e+00 -1.89e+02 -1.88e+02 -1.11e+02
.500e+00 -2.40e+02 -2.23e+02 -1.61e+02
. 700e+00 -2.91e+02 -2.59e+02 -2.12e+02
.900e+00 -3.42e+02 -2.94e+02 -2.63e+02
.100e+00 -3.93e+02 -3.30e+02 -3.14e+02
.300e+00 -4.44e+02 -3.65e+02 -3.65e+02
.500e+00 -4.95e+02 -4.0le+02 -4.16e+02
.600e+00 -5.21e+02 -4.19e+02 -4.42e+02

TOO0O0O0 U OO DMDMDEDRMWOWWWWNNMNNMNNMNNRERRER

[ G\D _cl anp]

| vol tage I (typ) I (mn) I ( max)
I

-3.30e+00 -5.20e+02 -3.65e+02 -5.18e+02
-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59e+02 -3.65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.63e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.12e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01
-1.30e+00 -4.43e+01 -4.52e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.67e+00
-9.00e-01 -1.22e-02 -1.18e+00 -1.17e-02
-7.00e-01 -5.18e-04 -6.62e-03 -1.56e-03
-5.00e-01 -2.43e-06 -6.64e-05 -1.80e-05
-3.00e-01 -2.33e-09 -6.35e-07 -1.54e-08
-1.00e-01 -2.10e-11 -6.31e-09 -2.99e-11
0.000e+00 -1.70e-11 -1.95e-09 -1.91e-11
I

[ PONER cl anp]

| vol tage I (typ) I (mn) I ( max)
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-3.30e+00 2.686e+02 1.905e+02 2.686e+02
-3.10e+00 2.428e+02 1.725e+02 2.428e+02
-2.90e+00 2.170e+02 1.545e+02 2.170e+02
-2.70e+00 1.912e+02 1.365e+02 1.912e+02
-2.50e+00 1.655e+02 1.185e+02 1.655e+02
-2.30e+00 1.397e+02 1.005e+02 1.397e+02
-2.10e+00 1.139e+02 8.253e+01 1.139e+02
-1.90e+00 8.814e+01  6.454e+01 8. 814e+01
-1.70e+00 6.236e+01 5.068e+01 6.237e+01
-1.50e+00 4.389e+01  3.859e+01 4. 389e+01
-1.30e+00 2.662e+01 2.651e+01 2.662e+01
-1.10e+00 9.358e+00 1.444e+01 9. 359e+00
-9.00e-01 3.399e-02 2.517e+00  3.554e-02
-7.00e-01 3.426e-04 1.577e-02 9.211e-04
-5.00e-01 2.840e-06 7.857e-05 1.655e-05
-3.00e-01 3.401e-09 6.836e-07 1.946e-08
-1.00e-01 6.162e-11 7.379e-09 7.622e-11
0.000e+00 5.758e-11 2.438e-09 6. 240e-11

I

[ Ranp]

R | oad = 50.00

| vol t age I (typ) I (mn) I ( max)
I

I

dv/dt r 1. 680/ 0. 164 1. 360/ 0. 329 1. 900/ 0. 124
I

I

dv/ dt _f 1. 690/ 0. 219 1. 310/ 0. 442 1. 880/ 0. 155
I

I

[ Model ] icha o

Model _type 3-state

Pol arity Non- I nverti ng

C conp 5. 00pF 5. 00pF 5. 00pF

I

I

[ Vol t age Range] 3. 3v 3v 3. 6v

[ Pul | down]

| vol t age I (typ) I (mn) I ( max)

I
-3.30e+00  -5.20e+02 -3.65e+02  -5.18e+02

-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59e+02 - 3. 65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.63e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.12e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01
-1.30e+00 -4.43e+01 -4.52e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.68e+00
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-9.00e-01 -2.70e-02 -1.19e+00 -2.90e-02
-7.00e-01 -1.32e-02 -1.25e-02 -1.63e-02
-5.00e-01 -9.33e-03 -4.69-03 -1.10e-02
-3.00e-01 -5.75e-03 -2.81e-03 -6.76e-03
-1.00e-01 -1.97e-03 -9.48e-04 -2.32e-03

1.000e-01 1.945e-03 9.285e-04 2.307e-03
3.000e-01 5.507e-03 2.640e-03 6.599e-03
5.000e-01 8.649e-03 4.168e-03 1.048e-02
7.000e-01 1.136e-02 5.504e-03 1.393e-02
9.000e-01 1.364e-02 6.636e-03 1.693e-02
1.100e+00 1.547e-02 7.551e-03 1.950e-02
1.300e+00 1.688e-02 8.240e-03 2.162e-02
1.500e+00 1.299e-01 6.458e-02 2.331le-02
1. 700e+00 1.366e-01 6.746e-02 1.755e-01
1.900e+00 1.404e-01 6.916e-02 1.847e-01
2.100e+00 1.423e-01 7.006e-02 1.907e-01
2.300e+00 1.433e-01 7.059e-02 1.940e-01
2.500e+00 1.440e-01 7.098e-02 1.958e-01
2.700e+00 1.445e-01 7.128e-02 1.970e-01
2.900e+00 1.450e-01 7.154e-02 1.979%e-01
3.100e+00 1.454e-01 7.176e-02 1.986e-01
3.300e+00 1.458e-01 7.196e-02 1.993e-01
3.500e+00 1.461e-01 7.223e-02 1.999%e-01
3.700e+00 1.464e-01 8.810e-02 2.004e-01
3.900e+00 1.469e-01  2.589e+00 2.009e-01
4,100e+00 1.490e-01 1.451e+01 2.015e-01
4.300e+00 1.501e+00 2.658e+01 2. 030e-01
4.500e+00 1.813e+01 3.866e+01 2.385e-01
4,.700e+00 3.540e+01 5.076e+01 9. 563e+00
4.900e+00 5.269e+01 6.461le+01 2.682e+01
5.100e+00 7.541e+01 8.261e+01 4. 409e+01
5.300e+00 1.012e+02 1.006e+02 6. 258e+01
5.500e+00 1.270e+02 1.186e+02 8.836e+01
5.700e+00 1.527e+02 1.366e+02 1.141e+02
5.900e+00 1.785e+02 1.546e+02 1.399e+02
6.100e+00 2.043e+02 1.726e+02 1.657e+02
6. 300e+00 2.301e+02 1.906e+02 1.915e+02
6.500e+00 2.559e+02 2.086e+02 2.173e+02
6.600e+00 2.688e+02 2.176e+02 2.302e+02
I

[ Pul I up]

| vol tage I (typ) I (mn) I ( max)
I

-3.30e+00 2.686e+02 1.905e+02 2.686e+02
-3.10e+00 2.428e+02 1.725e+02  2.428e+02
-2.90e+00 2.170e+02  1.545e+02 2.170e+02
-2.70e+00 1.912e+02 1.365e+02 1.912e+02
-2.50e+00 1.655e+02 1.185e+02 1.655e+02
-2.30e+00 1.397e+02 1.005e+02 1.397e+02
-2.10e+00 1.139e+02  8.253e+01 1.139e+02
-1.90e+00 8.814e+01  6.454e+01 8. 814e+01
-1. 70e+00 6. 237e+01 5. 068e+01 6. 237e+01
-1.50e+00 4.389e+01 3.859e+01 4. 389e+01
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-1.30e+00 2.662e+01 2.65le+01 2.662e+01
-1.10e+00 9.360e+00 1.444e+01 9. 362e+00
-9.00e-01 4.275e-02 2.518e+00 4. 663e-02
-7.00e-01 8.208e-03 2.012e-02 1.070e-02
-5.00e-01 5.635e-03 3.518e-03 7.068e-03
-3.00e-01  3.370e-03 2.053e-03 4.233e-03

1.00e-01 1.118e-03 6.789%-04 1.410e-03

.000e-01 -1.09e-03 -6.56e-04 -1.38e-03
.000e-01 -3.12e-03 -1.86e-03 -3.99e-03
.000e-01 -4.96e-03 -2.93e-03 -6.39e-03
.000e-01 -6.60e-03 -3.87e-03 -8.59e-03
.000e-01 -8.04e-03 -4.66e-03 -1.06e-02
.100e+00 -9.26e-03 -5.30e-03 -1.23e-02
.300e+00 -1.03e-02 -6.55e-02 -1.38e-02
.500e+00 -1.25e-01 -6.93e-02 -1.70e-01
.700e+00 -1.31e-01 -7.19e-02 -1.82e-01
.900e+00 -1.36e-01 -7.38e-02 -1.91e-01
.100e+00 -1.40e-01 -7.53e-02 -1.97e-01
.300e+00 -1.42e-01 -7.65e-02 -2.03e-01
.500e+00 -1.44e-01 -7.76e-02 -2.07e-01
.700e+00 -1.46e-01 -7.85e-02 -2.10e-01
.900e+00 -1.48e-01 -7.93e-02 -2.13e-01
.100e+00 -1.49e-01 -8.00e-02 -2.15e-01
.300e+00 -1.50e-01 -8.06e-02 -2.17e-01
.500e+00 -1.52e-01 -8.13e-02 -2.19e-01
.700e+00 -1.53e-01 -8.84e-02 -2.21e-01
.900e+00 -1.54e-01 -1.26e+00 -2.22e-01
.100e+00 -1.57e-01 -2.16e+01 -2.24e-01
. 300e+00 -5.25e-01 -4, 53e+01 -2.27e-01
. 500e+00 - 2. 74e+01 - 6. 89e+01 -2.38e-01
. 700e+00 - 6. 14e+01 - 9. 26e+01 -7.90e+00
.900e+00 -9.55e+01 -1.17e+02 -4.20e+01
.100e+00 -1.38e+02 -1.52e+02 -7.60e+01
.300e+00 -1.89e+02 -1.88e+02 -1.11e+02
.500e+00 -2.40e+02 -2.23e+02 -1.61e+02
.700e+00 -2.91e+02 -2.59e+02 -2.12e+02
.900e+00 -3.42e+02 -2.94e+02 -2.63e+02
.100e+00 -3.93e+02 -3.30e+02 -3.14e+02
.300e+00 -4.44e+02 -3.65e+02 -3.65e+02
.500e+00 -4.95e+02 -4.0le+02 -4.16e+02
.600e+00 -5.21e+02 -4.19e+02 -4.42e+02

T OO0 U OO OORADRMBRMLAEDMNOWWWWWNNNNMNNRERPRPRPPRPPONOWERE!

[ G\D _cl anp]

| vol t age I (typ) I (mn) I ( max)
|

-3.30e+00 -5.20e+02 -3.65e+02 -5.18e+02
-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59e+02 -3.65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.63e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.12e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
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-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01
-1.30e+00 -4.43e+01 -4.52e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.67e+00
-9.00e-01 -1.22e-02 -1.18e+00 -1.17e-02
-7.00e-01 -5.18e-04 -6.62e-03 -1.56e-03
-5.00e-01 -2.43e-06 -6.64e-05 -1.80e-05
-3.00e-01 -2.33e-09 -6.35e-07 -1.54e-08
-1.00e-01 -2.10e-11 -6.31e-09 -2.99%-11
0.000e+00 -1.70e-11 -1.95e-09 -1.91e-11

[ PONER cl anp]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 2.686e+02 1.905e+02 2. 686e+02
-3.10e+00 2.428e+02 1.725e+02 2.428e+02
-2.90e+00 2.170e+02 1.545e+02  2.170e+02
-2.70e+00 1.912e+02 1.365e+02 1.912e+02
-2.50e+00 1.655e+02 1.185e+02 1.655e+02

- 2. 30e+00 1. 397e+02 1. 005e+02 1. 397e+02
-2.10e+00 1.139e+02 8.253e+01 1. 139e+02
-1.90e+00 8.814e+01 6.454e+01 8. 814e+01
-1.70e+00 6.236e+01 5.068e+01 6.237e+01
-1.50e+00 4.389e+01 3.859e+01 4. 389e+01
-1.30e+00 2.662e+01 2.651e+01 2.662e+01
-1.10e+00 9.358e+00 1.444e+01 9. 359e+00
-9.00e-01 3.399e-02 2.517e+00  3.554e-02
-7.00e-01 3.426e-04 1.577e-02 9.211e-04
-5.00e-01 2.840e-06 7.857e-05 1.655e-05
-3.00e-01 3.401e-09 6.836e-07 1.946e-08
-1.00e-01 6.162e-11 7.379e-09 7.622e-11
0.000e+00 5.758e-11 2.438e-09 6.240e-11

I

[ Ranp]

R | oad = 50.00

| vol t age I (typ) I (mn) I ( max)
I

I

dv/idt _r 1. 680/ 0. 164 1. 360/ 0. 329 1.900/0. 124
I

I

dv/ dt _f 1. 690/ 0. 219 1. 310/ 0. 442 1. 880/ 0. 155
I

I

[ Model ] icbc o

Model _type 3-state

Polarity Non- I nverti ng

C _conp 5. 00pF 5. 00pF 5. 00pF

I

I

[ Vol t age Range] 3.3v 3v 3. 6v

[ Pul I down]

| vol tage I (typ) I (mn) I ( max)
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- 3. 30e+00
- 3. 10e+00
- 2. 90e+00
- 2. 70e+00
- 2. 50e+00
- 2. 30e+00
- 2. 10e+00
- 1. 90e+00
- 1. 70e+00
- 1. 50e+00
- 1. 30e+00
- 1. 10e+00
-9. 00e- 01
-7.00e-01
- 5. 00e- 01
- 3. 00e- 01
1. 00e- 01
. 000e- 01
. 000e- 01
. 000e- 01
. 000e- 01
. 000e- 01
. 100e+00
. 300e+00
. 500e+00
. 700e+00
. 900e+00
. 100e+00
. 300e+00
. 500e+00
. 700e+00
. 900e+00
. 100e+00
. 300e+00
. 500e+00
. 700e+00
. 900e+00
. 100e+00
. 300e+00
. 500e+00
. 700e+00
. 900e+00
. 100e+00
. 300e+00
. 500e+00
. 700e+00
. 900e+00
. 100e+00
. 300e+00
. 500e+00
. 600e+00

T OO0 U OO RARDRMBRMLEDMNOWWWWWNNNNMNNRERPRPRPRPPRPPONOOWERE!

MNNMNNNRPRPRPRPNUWRPRPRPPRPRPRPPRPRPPRPRPPPORRREPROOR!

. 20e+02
. 69e+02
. 18e+02
. 67e+02
. 16e+02
. 65e+02
. 14e+02
. 63e+02
. 13e+02
. 83e+01
. 42e+01
. 02e+01
.5l1le-02
. 30e- 02
. 33e-03
. 75e-03
. 97e-03

. 945e- 03
. 507e- 03
. 649e- 03
. 136e- 02
. 364e- 02
. 547e-02
. 688e- 02
. 632e-02
.012e-01
. 039e- 01

053e- 01

. 060e- 01
. 065e- 01
. 069e- 01
.073e-01
. 076e-01
.078e-01
. 081e-01
. 083e-01
. 086e- 01
.103e- 01
. 437e+00
. 800e+01
. 519e+01
. 241e+01
. 505e+01
. 007e+02
. 264e+02
. 522e+02
. 779e+02
. 036e+02
. 293e+02
. 550e+02
. 678e+02

[ T T T T S T S T T S R S T SR
ONPAPFRPPNPAPODORFRPFPPEPNNMNNW®

NNPRPRPPPPOODUWNRPNOUOOUUUOOOAUUURARNMONOD U ANO !

. 65e+02
. 30e+02
. 94e+02
. 59e+02
. 23e+02
. 88e+02
. 52e+02
. 17e+02
. 25e+01
. 88e+01
.51e+01
. 15e+01
. 18e+00
. 16e- 02
.67e-03
.81e-03
.48e-04

. 285e-04
. 640e- 03
. 168e- 03
. 504e- 03
. 636e- 03
. 551e- 03
. 240e- 03
. 783e-02

994e- 02
118e-02
184e- 02
223e-02
251e-02
274e-02
293e- 02
309e- 02
324e-02
344e- 02
705e- 02

. 529e+00
. 438e+01
. 638e+01
. 83%e+01
. 041le+01
. 419e+01
. 210e+01
. 000e+02
. 179e+02
. 359e+02
. 538e+02
. 717e+02
. 896e+02
. 075e+02
. 165e+02

NNRPRPRPPRPOOANORRPRPRRPRPRPRPRPRPRPPRPRPPPNNRPRPRPRPON!

. 18e+02
. 67e+02
. 16e+02
. 65e+02
. 14e+02
. 63e+02
. 11e+02
. 60e+02
. 10e+02
. 58e+01
. 17e+01
. 67e+00
. 65e- 02
. 58e- 02
. 10e- 02
. 76e- 03
. 32e-03

. 307e- 03
. 599e- 03
. 048e- 02
. 393e- 02
. 693e- 02
. 950e- 02
. 162e- 02
. 331e-02
. 302e- 01

369e- 01
412e-01

. 436e- 01
. 449e- 01
. 458e- 01
. 464e-01
. 470e- 01
. 475e-01
. 479e-01
. 483e-01
. 487e-01
.491e-01
. 503e- 01
. 810e-01
. 452e+00
. 664e+01
. 384e+01
. 224e+01
. 794e+01
. 136e+02
. 394e+02
. 651e+02
. 908e+02
. 165e+02
. 293e+02
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[ Pul 1 up]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 2.677e+02 1.896e+02 2.677e+02
-3.10e+00 2.420e+02 1.716e+02  2.420e+02
-2.90e+00 2.163e+02 1.537e+02 2.163e+02
-2.70e+00 1.906e+02 1.358e+02 1.906e+02
-2.50e+00 1.649e+02 1.179e+02 1.649e+02
-2.30e+00 1.392e+02 9.996e+01  1.392e+02
-2.10e+00 1.135e+02  8.205e+01 1.135e+02
-1.90e+00 8.778e+01 6.413e+01 8. 778e+01
-1.70e+00 6.208e+01 5.035e+01 6.208e+01
-1.50e+00 4.368e+01  3.834e+01 4. 368e+01
-1.30e+00 2.649e+01 2.633e+01 2. 649e+01
-1.10e+00 9.302e+00 1.433e+01 9. 303e+00
-9.00e-01 3.838e-02 2.477e+00 4. 183e-02
-7.00e-01 8.115e-03 1.789e-02 1.045e-02
-5.00e-01 5.634e-03 3.503e-03 7.064e-03
-3.00e-01 3.370e-03 2.053e-03 4.233e-03
-1.00e-01 1.118e-03 6.789e-04 1.410e-03
1.000e-01 -1.09e-03 -6.56e-04 -1.38e-03
3.000e-01 -3.12e-03 -1.86e-03 -3.99e-03
5.000e-01 -4.96e-03 -2.93e-03 -6.39%e-03
7.000e-01 -6.60e-03 -3.87e-03 -8.59e-03
9.000e-01 -8.04e-03 -4.66e-03 -1.06e-02
1.100e+00 -9.26e-03 -5.30e-03 -1.23e-02
1.300e+00 -1.03e-02 -4.75e-02 -1.41e-02
1.500e+00 -9.03e-02 -5.02e-02 -1.23e-01
1. 700e+00 -9.49e-02 -5.21e-02 -1.31e-01
1.900e+00 -9.84e-02 -5.34e-02 -1.38e-01
2.100e+00 -1.0l1e-01 -5.45e-02 -1.43e-01
2.300e+00 -1.03e-01 -5.54e-02 -1.47e-01
2.500e+00 -1.05e-01 -5.62e-02 -1.50e-01
2.700e+00 -1.06e-01 -5.68e-02 -1.52e-01
2.900e+00 -1.07e-01 -5.74e-02 -1.54e-01
3.100e+00 -1.08e-01 -5.79e-02 -1.56e-01
3.300e+00 -1.09e-01 -5.84e-02 -1.57e-01
3.500e+00 -1.10e-01 -5.89e-02 -1.59%e-01
3.700e+00 -1.11e-01 -6.49e-02 -1.60e-01
3.900e+00 -1.11e-01 -1.23e+00 -1.61e-01
4,.100e+00 -1.14e-01 -2.16e+01 -1.62e-01
4,.300e+00 -4.76e-01 -4.52e+01 -1.64e-01
4.500e+00 -2.73e+01 -6.89e+01 -1.73e-01
4,.700e+00 -6.14e+01 -9.25e+01 -7.82e+00
4,900e+00 -9.54e+01 -1.17e+02 -4.19e+01
5.100e+00 -1.38e+02 -1.52e+02 -7.59e+01
5.300e+00 -1.89e+02 -1.88e+02 -1.11e+02
5.500e+00 -2.40e+02 -2.23e+02 -1.61e+02
5.700e+00 -2.91e+02 -2.59e+02 -2.12e+02
5.900e+00 -3.42e+02 -2.94e+02 -2.63e+02
6.100e+00 -3.93e+02 -3.30e+02 -3.14e+02
6. 300e+00 -4. 44e+02 - 3. 65e+02 - 3. 65e+02
6.500e+00 -4.95e+02 -4.01e+02 -4.16e+02
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6. 600e+00 -5.20e+02 -4.18e+02 -4.41e+02
|

[ G\D _cl anp]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 -5.20e+02 -3.65e+02 -5.18e+02
-3.10e+00 -4.69e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.16e+02
-2.70e+00 -3.67e+02 -2.59e+02 -3.65e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.14e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.63e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.11e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
-1.70e+00 -1.13e+02 -9.25e+01 -1.10e+02
-1.50e+00 -7.83e+01 -6.88e+01 -7.58e+01
-1.30e+00 -4.42e+01 -4.51e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.66e+00
-9.00e-01 -1.03e-02 -1.17e+00 -9.27e-03
-7.00e-01 -3. 74e-04 -5.73e-03 -1. 14e-03
-5.00e-01 -1.72e-06 -5.06e-05 -1.28e-05
-3.00e-01 -1.67e-09 -4.65e-07 -1.10e-08
-1.00e-01 -2.03e-11 -4.80e-09 -2.71e-11
0.000e+00 -1.69e-11 -1.61e-09 -1.89%e-11

[ PONER cl anp]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 2.677e+02 1.896e+02 2.677e+02
-3.10e+00 2.420e+02 1.716e+02 2.420e+02
-2.90e+00 2.163e+02 1.537e+02 2.163e+02
-2.70e+00  1.906e+02 1.358e+02 1.906e+02
-2.50e+00 1.649e+02 1.179e+02  1.649e+02
-2.30e+00 1.392e+02 9.996e+01  1.392e+02
-2.10e+00 1.135e+02 8.205e+01 1.135e+02
-1.90e+00 8.778e+01 6.413e+01 8. 778e+01
-1.70e+00 6.208e+01 5.035e+01 6.208e+01
-1.50e+00 4.368e+01 3.834e+01 4. 368e+01
-1.30e+00 2.649e+01 2.633e+01 2. 649e+01
-1.10e+00 9.300e+00 1.433e+01 9.301e+00
-9.00e-01 2.962e-02 2.475e+00 3.075e-02
-7.00e-01 2.501e-04 1.354e-02 6.708e-04
-5.00e-01 2.066e-06 6.280e-05 1.204e-05
-3.00e-01 2.487e-09 5.128e-07 1.417e-08
-1.00e-01 5.672e-11 5.639e-09 6.832e-11
0.000e+00 5.334e-11 1.992e-09 5.783e-11

|

[ Ranp]

R | oad = 50.00

| vol t age I (typ) I (mn) I (max)
|

|

dv/ dt _r 1. 570/ 0. 200 1.210/0. 411 1.810/0. 149
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dv/ dt _f 1. 590/ 0. 304 1. 170/ 0. 673 1. 800/ 0. 205
I

I

[ Model ] i pbw_i

Model _type | nput

Polarity Non- I nverti ng

Vi nl = 0. 8000v

Vi nh= 2. 000v

C _conp 5. 00pF 5. 00pF 5. 00pF
I

I

[ Vol t age Range] 3.3v 3v 3. 6v

[ G\D_cl anp]

| vol tage I (typ) I (mn) I ( max)
I

-3.30e+00 -5.20e+02 -3.65e+02 -5.17e+02
-3.10e+00 -4.69e+02 -3.29e+02 -4.66e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.15e+02
-2.70e+00 -3.67e+02 -2.58e+02 -3.64e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.13e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.62e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.11e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
-1.70e+00 -1.13e+02 -9.24e+01 -1.10e+02
-1.50e+00 -7.82e+01 -6.87e+01 -7.57e+01
-1.30e+00 -4.42e+01 -4.51e+01 -4.16e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.64e+00
-9.00e-01 -7.17e-03 -1.16e+00 -4.87e-03
-7.00e-01 -1.14e-04 -4.39e-03 -3.03e-04
-5.00e-01 -4.86e-07 -2.55e-05 -2.73e-06
-3.00e-01 -5.19e-10 -1.91e-07 -2.57e-09
-1.00e-01 -1.91e-11 -2.47e-09 -2.19e-11
0.000e+00 -1.68e-11 -1.17e-09 -1.84e-11
I

[ PONER cl anp]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 2.667e+02 1.885e+02 2.667e+02
-3.10e+00 2.411e+02 1. 707e+02 2. 411e+02
-2.90e+00 2. 155e+02 1.528e+02 2. 155e+02
-2.70e+00 1. 898e+02 1. 350e+02 1. 898e+02
- 2. 50e+00 1. 642e+02 1. 172e+02 1. 642e+02
-2.30e+00 1.386e+02 9.935e+01 1. 386e+02
-2.10e+00 1.130e+02 8.152e+01 1.130e+02
-1.90e+00 8.739%e+01 6.369e+01 8.739e+01
-1.70e+00 6.178e+01  4.999e+01  6.178e+01
-1.50e+00 4. 346e+01  3.806e+01 4. 346e+01
-1.30e+00 2.634e+01 2.613e+01 2. 634e+01
-1.10e+00 9.237e+00 1.421e+01 9.237e+00
-9.00e-01 2.454e-02  2.430e+00  2.488e-02
-7.00e-01 8.741e-05 1.104e-02 2.050e-04
-5.00e-01 6.316e-07 4.079e-05 2.961e-06
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-3.00e-01  8.479%-10 2.484e-07 3.721e-09
-1.00e-01 4.420e-11 3.001e-09 4.943e-11
0.000e+00  4.215e-11 1.346e-09 4.543e-11
I
I

[ Model ] i pbw_i o

Model _type 1/0

Pol arity Non- I nverti ng

Vi nl = 0. 8000v

Vi nh= 2. 000v

C conp 5. 00pF 5. 00pF 5. 00pF
|

|

[ Vol t age Range] 3. 3v 3v 3. 6v

[ Pul | down]

| vol t age I (typ) I (mn) I ( max)

I
-3.30e+00  -5.20e+02 -3.65e+02  -5.17e+02

- 3. 10e+00 - 4. 69e+02 - 3. 29e+02 - 4. 66e+02
-2.90e+00 -4.18e+02 -2.94e+02 -4.15e+02
-2.70e+00 -3.67e+02 -2.58e+02 -3.64e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.13e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.62e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.11e+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
-1.70e+00 -1.13e+02 -9.24e+01 -1.10e+02
-1.50e+00 -7.82e+01 -6.87e+01 -7.57e+01
-1.30e+00 -4.42e+01 -4.51e+01 -4.17e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.66e+00
-9.00e-01 -3.69e-02 -1.17e+00 -3.79e-02
-7.00e-01 -2.52e-02 -1.67e-02 -2.81le-02
-5.00e-01 -1.83e-02 -9.77e-03 -2.04e-02

-3.00e-01 -1.11e-02 -5.89%-03 -1.24e-02
-1.00e-01 -3.77e-03 -1.98e-03 -4.20e-03
1.000e-01 3.729e-03  1.940e-03 4.177e-03
3.000e-01 1.076e-02 5.578e-03 1.216e-02
5.000e-01 1.723e-02 8.907e-03 1.965e-02
7.000e-01 2.311e-02 1.191e-02 2.663e-02
9.000e-01  2.836e-02  1.455e-02 3. 305e-02
1.100e+00  3.292e-02 1.680e-02  3.887e-02
1.300e+00 3.675e-02 1.862e-02  4.404e-02
1.500e+00 3.979e-02 1.997e-02 4. 850e-02
1.700e+00 4.205e-02  2.085e-02 5.223e-02
1.900e+00 4.347e-02  2.136e-02 5.518e-02
2.100e+00 4.413e-02 2.162e-02 5.728e-02
2.300e+00  4.445e-02 2.176e-02 5.843e-02
2.500e+00 4.465e-02  2.186e-02 5.899%-02
2.700e+00 4.479e-02 2.194e-02 5.93le-02
2.900e+00 4.492e-02  2.200e-02 5.953e-02
3.100e+00 4.502e-02  2.206e-02 5.971e-02
3.300e+00 4.511e-02 2.211e-02 5.986e-02
3.500e+00 4.519e-02  2.219e-02 5.999%-02
3.700e+00 4.526e-02  3.324e-02  6.010e-02
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3.900e+00 4.536e-02 2.452e+00 6.021e-02
4,100e+00 4.614e-02 1.423e+01 6.032e-02
4.300e+00 1.344e+00 2.615e+01 6. 065e-02
4.500e+00 1.783e+01 3.808e+01 8.548e-02
4. 700e+00 3. 495e+01 5.001e+01 9. 298e+00
4.900e+00 5.208e+01 6.371e+01 2. 640e+01
5.100e+00 7.463e+01 8.154e+01 4. 352e+01
5.300e+00 1.002e+02 9.937e+01 6. 184e+01
5.500e+00 1.259e+02 1.172e+02 8. 745e+01
5.700e+00 1.515e+02 1.350e+02 1.131e+02
5.900e+00 1.771e+02 1.529e+02 1.387e+02
6.100e+00 2.027e+02 1.707e+02 1.643e+02
6. 300e+00 2.283e+02 1.885e+02 1.899e+02
6.500e+00 2.539e+02 2.064e+02 2. 155e+02
6.600e+00 2.667e+02 2.153e+02 2.283e+02
I

[ Pul I up]

| vol tage I (typ) I (mn) I ( max)
I

-3.30e+00 2.667e+02 1.885e+02 2.667e+02
-3.10e+00 2.411e+02 1.707e+02 2.411e+02
-2.90e+00 2.155e+02 1.528e+02 2. 155e+02
-2.70e+00 1.898e+02 1.350e+02 1.898e+02
-2.50e+00 1.642e+02 1.172e+02 1.642e+02
-2.30e+00 1.386e+02 9.935e+01 1.386e+02
-2.10e+00 1.130e+02 8.152e+01 1.130e+02
-1.90e+00 8.739e+01 6.369e+01 8. 739e+01
-1.70e+00 6.178e+01  4.999e+01 6. 178e+01
-1.50e+00 4. 346e+01 3.806e+01 4. 346e+01
-1. 30e+00 2. 635e+01 2.613e+01 2. 635e+01
-1.10e+00  9.243e+00 1.421e+01 9. 245e+00
-9.00e-01 5.536e-02 2.435e+00 6. 260e-02
-7.00e-01 2.847e-02 2.689e-02 3.437e-02
-5.00e-01 2.025e-02 1.265e-02 2.451e-02
-3.00e-01 1.208e-02 7.503e-03 1.467e-02
-1.00e-01 3.994e-03 2.474e-03 4.868e-03
1.000e-01 -3.88e-03 -2.38e-03 -4.76e-03
3.000e-01 -1.11e-02 -6.76e-03 -1.37e-02
5.000e-01 -1.76e-02 -1.06e-02 -2.20e-02
7.000e-01 -2.35e-02 -1.40e-02 -2.95e-02
9.000e-01 -2.86e-02 -1.69e-02 -3.63e-02
1.100e+00 -3.30e-02 -1.93e-02 -4.23e-02
1.300e+00 -3.65e-02 -2.10e-02 -4.75e-02
1.500e+00 -3.92e-02 -2.22e-02 -5.17e-02
1. 700e+00 -4.12e-02 -2.29e-02 -5.51e-02
1.900e+00 -4.26e-02 -2.35e-02 -5.77e-02
2.100e+00 -4.36e-02 -2.38e-02 -5.97e-02
2.300e+00 -4.43e-02 -2.42e-02 -6.11e-02
2.500e+00 -4.49e-02 -2.44e-02 -6.22e-02
2.700e+00 -4.54e-02 -2.47e-02 -6.31e-02
2.900e+00 -4.58e-02 -2.49e-02 -6.38e-02
3.100e+00 -4.61e-02 -2.50e-02 -6.44e-02
3.300e+00 -4.65e-02 -2.52e-02 -6.49e-02
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3.500e+00 -4.68e-02 -2.54e-02 -6.54e-02
3.700e+00 -4.70e-02 -2.99e-02 -6.58e-02
3.900e+00 -4.73e-02 -1.19e+00 -6.62e-02
4.100e+00 -4.81e-02 -2.15e+01 -6.66e-02
4. 300e+00 -4. 00e- 01 -4, 51e+01 -6. 72e-02
4. 500e+00 -2.72e+01 - 6. 87e+01 -7.21e-02
4.700e+00 -6.12e+01 -9.24e+01 -7.70e+00
4.900e+00 -9.52e+01 -1.17e+02 -4.17e+01
5.100e+00 -1.37e+02 -1.52e+02 -7.57e+01
5.300e+00 -1.88e+02 -1.88e+02 -1.10e+02
5.500e+00 -2.39e+02 -2.23e+02 -1.60e+02
5.700e+00 -2.90e+02 -2.58e+02 -2.11e+02
5.900e+00 -3.41e+02 -2.94e+02 -2.62e+02
6. 100e+00 -3.92e+02 -3.29e+02 -3.13e+02
6.300e+00 -4.43e+02 -3.65e+02 -3.64e+02
6.500e+00 -4.94e+02 -4.00e+02 -4.15e+02
6.600e+00 -5.20e+02 -4.18e+02 -4.41e+02
I

[ G\D _cl anp]

| vol t age I (typ) I (mn) I ( max)

|
-3.30e+00 -5.20e+02 -3.65e+02 -5.17e+02

-3.10e+00 -4.69e+02 -3.29e+02 -4.66e+02
-2.90e+00 -4.18e+02 -2.94e+02  -4.15e+02
-2.70e+00 -3.67e+02 -2.58e+02 - 3. 64e+02
-2.50e+00 -3.16e+02 -2.23e+02 -3.13e+02
-2.30e+00 -2.65e+02 -1.88e+02 -2.62e+02
-2.10e+00 -2.14e+02 -1.52e+02 -2.11le+02
-1.90e+00 -1.63e+02 -1.17e+02 -1.60e+02
-1.70e+00 -1.13e+02 -9.24e+01 -1.10e+02
-1.50e+00 -7.82e+01 -6.87e+01 -7.57e+01
-1.30e+00 -4.42e+01 -4.51e+01 -4.16e+01
-1.10e+00 -1.02e+01 -2.15e+01 -7.64e+00
-9.00e-01 -7.17e-03 -1.16e+00 -4.87e-03
-7.00e-01 -1.14e-04 -4.39%-03 -3.03e-04
-5.00e-01 -4.86e-07 -2.55e-05 -2.73e-06
-3.00e-01 -5.19e-10 -1.91e-07 -2.57e-09
-1.00e-01 -1.91e-11 -2.47e-09 -2.19%-11
0.000e+00 -1.68e-11 -1.17e-09 -1.84e-11

[ PONER cl anp]

| vol t age I (typ) I (mn) I ( max)
I

-3.30e+00 2.667e+02 1.885e+02 2.667e+02
-3.10e+00 2.411e+02 1.707e+02 2.411e+02
-2.90e+00 2.155e+02 1.528e+02 2.155e+02
-2.70e+00 1.898e+02 1.350e+02 1.898e+02
-2.50e+00 1.642e+02 1.172e+02 1.642e+02
-2.30e+00 1.386e+02 9.935e+01 1.386e+02
-2.10e+00 1.130e+02 8.152e+01 1.130e+02
-1.90e+00 8.739e+01 6.369e+01 8. 739e+01
-1.70e+00 6.178e+01  4.999e+01 6.178e+01
-1.50e+00 4. 346e+01 3.806e+01 4. 346e+01
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-1.30e+00 2.634e+01 2.613e+01 2. 634e+01
-1.10e+00 9.237e+00 1.421e+01 9. 237e+00
-9.00e-01 2.454e-02 2.430e+00 2. 488e-02
-7.00e-01 8.741e-05 1.104e-02 2.050e-04
-5.00e-01 6.316e-07 4.079e-05 2.961e-06
-3.00e-01 8.479-10 2.484e-07 3.721e-09
-1.00e-01 4.420e-11 3.001e-09 4.943e-11

0. 000e+00 4.215e-11 1.346e-09 4.543e-11

I

[ Ranp]

R | oad = 50.00

| vol t age I (typ) I (mn) I ( max)
I

I

dv/idt _r 1. 140/ 0. 494 0. 699/ 0. 978 1. 400/ 0. 354
I

I

dv/ dt _f 1. 150/ 0. 505 0. 642/ 0. 956 1. 350/ 0. 350
I

I

[ Model ] iexlh i

Model _type | nput

Polarity Non- I nverti ng

Vi nl = 0. 8000v

Vi nh= 2. 000v

C _conp 5. 00pF 5. 00pF 5. 00pF

I

I

[ Vol t age Range] 3.3v 3v 3. 6v

[ G\D_cl anp]

| vol tage I (typ) I (mn) I ( max)

|
-3.30e+00 -5.21e+02 -3.66e+02 -5.18e+02

-3.10e+00 -4.70e+02 -3.30e+02 -4.67e+02
-2.90e+00 -4.19e+02 -2.95e+02 -4.16e+02
-2.70e+00 -3.68e+02 -2.59e+02 -3.65e+02
-2.50e+00 -3.17e+02 -2.24e+02 -3.14e+02
-2.30e+00 -2.66e+02 -1.89e+02 -2.63e+02
-2.10e+00 -2.15e+02 -1.53e+02 -2.12e+02
-1.90e+00 -1.64e+02 -1.18e+02 -1.61e+02
-1.70e+00 -1.14e+02 -9.34e+01 -1.11e+02
-1.50e+00 -7.93e+01 -6.98e+01 -7.68e+01
-1.30e+00 -4.53e+01 -4.62e+01 -4.28e+01
-1.10e+00 -1.13e+01 -2.26e+01 -8.78e+00
-9.00e-01 -7.94e-03 -1.87e+00 -3.77e-03
-7.00e-01 -1.62e-06 -5.11e-03 -7.69e-07
-5.00e-01 -3.45e-10 -1.40e-05 -1.72e-10
-3.00e-01 -1.29e-11 -3.90e-08 -1.38e-11
-1.00e-01 -1.10e-11 -8.67e-10 -1.19%-11
0.000e+00 -1.01e-11 -7.13e-10 -1.10e-11
I

[ PONER cl anp]

| vol tage I (typ) I (mn) I ( max)
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-3.30e+00 2.653e+02 1.870e+02 2. 653e+02
-3.10e+00 2.398e+02 1.693e+02  2.398e+02
-2.90e+00 2.143e+02 1.516e+02 2.143e+02
-2.70e+00 1.888e+02 1.339e+02 1.888e+02
-2.50e+00 1.633e+02 1.162e+02 1.633e+02
-2.30e+00 1.378e+02 9.847e+01 1.378e+02
-2.10e+00 1.123e+02 8.076e+01 1.123e+02
-1.90e+00 8.682e+01  6.305e+01 8. 682e+01
-1.70e+00 6.133e+01  4.947e+01  6.133e+01
-1.50e+00 4.313e+01 3.766e+01 4. 313e+01
-1.30e+00 2.614e+01  2.585e+01 2. 614e+01
-1.10e+00  9.145e+00 1.404e+01 9. 145e+00
-9.00e-01 1.797e-02  2.364e+00 1.797e-02
-7.00e-01 3.667e-06 7.589e-03 3.667e-06
-5.00e-01 7.730e-10 2.072e-05 7.748e-10
-3.00e-01 2.293e-11 5.767e-08 2.476e-11
-1.00e-01 2.096e-11 1.163e-09 2.278e-11
0.000e+00 2.004e-11 9.618e-10 2.186e-11
I

[ End]
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A

ac electrical characteristics, 3-4
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modulo, 1-7

offset, 1-7

reverse-carry, 1-7
address bus, 2-1, 2-1
Address Generation Unit, 1-6
addressing modes, 1-7
AES/EBU, 1-14, 12-1
AGU, 1-6

B

barrel shifter, 1-5
benchmark test algorithm, E-1, F-1
Boundary Scan (JTAG Port) timing diagram, 3-65
bus
external address, 2-6
external data, 2-6
bus control, 2-1, 2-1
buses
internal, 1-8

Cc

case outline drawing, 14-10
Central Processing Unit (CPU), 1-i
CLKGEN, 1-9
Clock, 2-5
clock, 2-1, 2-1
external, 3-6
operation, 3-7
Clock divider, 10-14
Clock Generator (CLKGEN), 1-9
clocks
internal, 3-6
CP-340, 1-14, 12-1
CPHA and CPOL (HCKR Clock Phase and
Polarity Controls), 9-10

D
data ALU, 1-5

registers, 1-6
data bus, 2-1, 2-1
Data Output bit (DO), 13-11
DAX, 2-1, 2-1, 2-20
Block Transferred Interrupt Handling, 12-13
Initiating A Transmit Session, 12-12
Transmit Register Empty Interrupt
Handling, 12-13
DAX Audio Data register Empty (XADE) status
flag, 12-9
DAX Audio Data Registers (XADRA/XADRB), 12-
5
DAX Audio Data Shift Register (XADSR), 12-
6, 12-6
DAX biphase encoder, 12-10
DAX Block transfer (XBLK) flag, 12-9
DAX Channel A Channel status (XCA) bit, 12-7
DAX Channel A User data (XUA) bit, 12-6
DAX Channel A Validity (XVA) bit, 12-6
DAX Channel B Channel Status (XCB) bit, 12-7
DAX Channel B User Data (XUB) bit, 12-7
DAX Channel B Validity (XVB) bit, 12-7
DAX Clock input Select bits, 12-8
DAX clock multiplexer, 12-11
DAX clock selection, 12-8
DAX Control Register (XCTR), 12-7
DAX internal architecture, 12-5
DAX Interrupt Enable (XIEN) bit, 12-8, 12-8, 12-8
DAX Non-Audio Data Buffer (XNADBUF), 12-7
DAX Operation During Stop, 12-15
DAX Parity Generator (PRTYG), 12-10
DAX preamble generator, 12-10
DAX Preamble sequence, 12-11, 12-15
DAX Programming Considerations, 12-12
DAX programming model, 12-4
DAX Status Register (XSTR), 12-9
DAX Transmit Underrun error (XAUR) status
flag, 12-9
dc electrical characteristics, 3-3
design considerations
electrical, 4-3, 4-3
PLL, 4-5, 4-5
power consumption, 4-4
thermal, 4-1, 4-1
DI, 13-11
Digital Audio Transmitter, 2-1, 2-1, 2-20
Digital Audio Transmitter (DAX), 1-14, 12-1
DIR, 13-10
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Divide Factor (DF), 1-9
DMA, 1-9
triggered by timer, 13-24
DO bit, 13-11
DO loop, 1-8
DRAM, 1-11
out of page
wait states selection guide, 3-25
write access, 3-33
out of page and refresh timings
11 wait states, 3-28
15 wait states, 3-29
4 wait states, 3-25
Page mode
read accesses, 3-24
wait states selection guide, 3-19
write accesses, 3-23
Page mode timings
3 wait states, 3-20
4 wait states, 3-21
refresh access, 3-34
DSP56300 core, 1-2
DSP56300 Family Manual, 1-i, 1-3
DSP56362
specifications, 3-1

E

electrical design considerations, 4-3, 4-3
Enhanced Serial Audio Interface, 2-15, 2-15, 2-
19, 2-19
Enhanced Synchronous Audio Interface, 2-1, 2-1
ESAI 2-1, 2-1, 2-15, 2-15, 2-19, 2-19
receiver timing, 3-59, 3-59, 3-60, 3-60
timings, 3-55
transmitter timing, 3-58
ESAI block diagram, 10-1
ESSIO0 (GPIO), 7-2, 7-2
ESSI1 (GPIO), 7-2
EXTAL jitter, 4-5
external address bus, 2-6
external bus control, 2-6, 2-7, 2-7
external clock operation, 3-6
external data bus, 2-6
external interrupt timing (negative edge-
triggered), 3-13
external level-sensitive fast interrupt timing, 3-12
external memory access (DMA Source) timing, 3-
14
External Memory Expansion Port, 2-6, 3-15

F

functional signal groups, 2-1

G

Global Data Bus, 1-8

GPIO, 1-12, 2-21

GPIO (ESSIO, Port C), 7-2, 7-2
GPIO (ESSI1, Port D), 7-2
GPIO (HI08, Port B), 7-1
GPIO (Timer), 7-2

GPIO timing, 3-63

Ground, 2-4

ground, 2-1, 2-1

H

HA1, HA3-HA6 (HSAR I°C Slave Address), 9-9
hardware stack, 1-8
HBER (HCSR Bus Error), 9-18
HBIE (HCSR Bus Error Interrupt Enable), 9-16
HBUSY (HCSR Host Busy), 9-18
HCKR (SHI Clock Control Register), 9-9
HCSR
Receive Interrupt Enable Bits, 9-16
SHI Control/Status Register, 9-13
HDIOS, 2-1, 2-1, 2-10, 2-12, 2-12, 2-12
HDIO8 timing, 3-36
HDMO0-HDM5 (HCKR Divider Modulus Select), 9-
11
HEN (HCSR SHI Enable), 9-13
HFIFO (HCSR FIFO Enable Control), 9-14
HFMO0-HFM1 (HCKR Filter Mode), 9-12
HI08, 1-12
gGPIO), 7-1
HI“C (HCSR Serial Host Interface 12C/SPI
Selection), 9-13
HIDLE (HCSR Idle), 9-15
HMO-HM1 (HCSR Serial Host Interface Mode), 9-
13
HMST (HCSR Master Mode), 9-14
Host
Receive Data FIFO (HRX), 9-8
Receive Data FIFO—DSP Side, 9-8
Transmit Data Register (HTX), 9-8
Transmit Data Register—DSP Side, 9-8
Host Interface, 1-12, 2-1, 2-1, 2-10, 2-12, 2-12, 2-
12
Host Interface timing, 3-36
HREQ Function In SHI Slave Modes, 9-15
HRFF (HCSR Host Receive FIFO Full), 9-18
HRIEO-HRIE1 (HCSR Receive Interrupt
Enable), 9-16
HRNE (HCSR Host Receive FIFO Not Empty), 9-
18
HROE (HCSR Host Receive Overrun Error), 9-18
HRQEO-HRQE1 (HCSR Host Request
Enable), 9-15
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HTDE (HCSR Host Transmit Data Empty), 9-17

HTIE (HCSR Transmit Interrupt Enable), 9-16

HTUE (HCSR Host Transmit Underrun Error), 9-
17

|
1°C, 1-14, 9-1, 9-19
Bit Transfer, 9-19
Bus Protocol For Host Read Cycle, 9-22
Bus Protocol For Host Write Cycle, 9-21
Data Transfer Formats, 9-21
Master Mode, 9-27
Protocol for Host Write Cycle, 9-21
Receive Data In Master Mode, 9-28
Receive Data In Slave Mode, 9-25
Slave Mode, 9-24
Start and Stop Events, 9-20
Transmit Data In Master Mode, 9-28, 9-28
Transmit Data In Slave Mode, 9-26, 9-26
I°C Bus Acknowledgment, 9-20
I°C Mode, 9-1
IEC958, 1-14, 12-1
Inter Integrated Circuit Bus, 1-14, 9-1
internal buses, 1-8
internal clocks, 3-6
Internal Exception Priorities
SHI, 9-7
interrupt, 1-8
interrupt and mode control, 2-1, 2-1, 2-8, 2-8, 2-9
interrupt control, 2-8, 2-8, 2-9
interrupt timing, 3-8
external level-sensitive fast, 3-12
external negative edge-triggered, 3-13
Interrupt Vectors
SHI, 9-7
INV, 13-9

J
Jitter, 4-5
JTAG, 1-10, 1-10, 2-21
JTAG Port

timing, 3-64, 3-65
JTAG/OnCE port, 2-1, 2-1

L

LA regqister, 1-8
LC register, 1-8
Loop Address register (LA), 1-8
Loop Counter register (LC), 1-8

MAC, 1-6
Manual Conventions, 1-iii, 1-iii
maximum ratings, 3-1, 3-2
mechanical drawings, 14-10
memory

expansion, 1-11

external expansion port, 1-11

off-chip, 1-11

on-chip, 1-10, 1-10
Mfax system, 14-10
mode control, 2-8, 2-8, 2-9
Mode select timing, 3-8
modulo adder, 1-7
multiplexed bus timings

read, 3-42

write, 3-43
multiplier-accumulator (MAC), 1-5, 1-6

N

non-multiplexed bus timings
read, 3-40
write, 3-41

(o)

offset adder, 1-7

OMR register, 1-8

OnCE module, 1-10, 2-21

On-Chip Emulation (OnCE) module, 1-10
on-chip memory, 1-10

Operating Mode Register (OMR), 1-8
operating mode select timing, 3-13
ordering drawings, 14-10

P
PAB, 1-9
package
TQFP description, 14-1, 14-5
PAG, 1-7
PC register, 1-8
PCO0-PC20 bits, 13-6
PCE, 13-11
PCU, 1-7
PDB, 1-8
PDC, 1-7
Peripheral 1/0 Expansion Bus, 1-8
Phase Lock Loop, 3-8
PIC, 1-7
PLO-PL20 bits, 13-5
PL21-PL22 bits, 13-5
PLL, 1-9, 2-1, 2-1, 2-5, 3-8
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Characteristics, 3-8

performance issues, 4-5
PLL design considerations, 4-5, 4-5
PLL performance issues, 4-5
Port A, 2-1, 2-1, 2-6
Port B, 2-1, 2-1, 2-11, 2-1
Port C, 2-1, 2-1, 2-15, 2-1
Port D, 2-20, 7-2
Power, 2-3
power, 2-1, 2-1
power consumption benchmark test, E-1, F-1
power consumption design considerations, 4-4
Prescaler Counter, 13-5
Prescaler Counter Value bits (PC0-PC20), 13-6
Prescaler Load Value bits (PL0O-PL20), 13-5
Prescaler Source bits (PL21-PL22), 13-5
Program Address Bus (PAB), 1-9
Program Address Generator (PAG), 1-7
Program Control Unit (PCU), 1-7
Program Counter register (PC), 1-8
Program Data Bus (PDB), 1-8
Program Decode Controller (PDC), 1-7
Program Interrupt Controller (PIC), 1-7
Program Memory Expansion Bus, 1-8
Programming Model

SHI—DSP Side, 9-6

SHI—Host Side, 9-5

) 2_
2-

1 2,2-12,7-1
5,2-19

1
19, 7-2,7-2

R

recovery from Stop state using IRQA, 3-13, 3-14
reserved bits

in TCSR register

bits 3, 10, 14, 16-19, 22, 23, 13-12

in TPCR, 13-6

in TPLR, 13-6
RESET, 2-9
Reset timing, 3-8, 3-11
reverse-carry adder, 1-7

S
SC register, 1-8
Serial Host Interface, 2-1, 2-1, 2-13
Serial Host Interface (SHI), 1-14, 9-1
Serial Host Interface—See Section 5
Serial Peripheral Interface Bus, 1-14, 9-1
SHI, 1-14, 2-1, 2-1, 2-13, 9-1
Block Diagram, 9-3
Clock Control Register—DSP Side, 9-9
Clock Generator, 9-4, 9-4, 9-4
Control/Status Register—DSP Side, 9-13
Data Size, 9-13
Exception Priorities, 9-7
HCKR

Clock Phase and Polarity Controls, 9-10
Divider Modulus Select, 9-11
Prescaler Rate Select, 9-11
HCKR Filter Mode, 9-12
HCSR
Bus Error Interrupt Enable, 9-16
FIFO Enable Control, 9-14
Host Request Enable, 9-15
Idle, 9-15
Master Mode, 9-14
Serial Host Interface 12C/SPI Selection, 9-13
Serial Host Interface Mode, 9-13
SHI Enable, 9-13
Host Receive Data FIFO—DSP Side, 9-8
Host Transmit Data Register—DSP Side, 9-8
HREQ
Function In SHI Slave Modes, 9-15
HSAR
1°C Slave Address, 9-9
Slave Address Register, 9-9
I/O Shift Register, 9-8
Input/Output Shift Register—Host Side, 9-7
Internal Architecture, 9-2, 9-2
Internal Interrupt Priorities, 9-7
Interrupt Vectors, 9-7
Introduction, 9-1
Operation During Stop, 9-29
Programming Considerations, 9-22
Programming Model, 9-4
Programming Model—DSP Side, 9-6
Programming Model—Host Side, 9-5
Slave Address Register—DSP Side, 9-9
SHI Noise Reduction Filter Mode, 9-12
signal groupings, 2-1
signals, 2-1
Size register (SZ), 1-8
SP, 1-8
SPI, 1-14, 9-1
HCSR
Bus Error, 9-18
Host Busy, 9-18
Host Receive FIFO Full, 9-18
Host Receive FIFO Not Empty, 9-18
Host Receive Overrun Error, 9-18
Host Transmit Data Empty, 9-17
Host Transmit Underrun Error, 9-17
Receive Interrupt Enable, 9-16, 9-16
Master Mode, 9-23
Slave Mode, 9-22
SPI Data-To-Clock Timing, 9-10
SPI Data-To-Clock Timing Diagram, 9-10
SPI Mode, 9-1
SR register, 1-8
SRAM
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interfacing, 1-11
read access, 3-17
read and write accesses, 3-15
write access, 3-18
SS, 1-8
Stack Counter register (SC), 1-8
Stack Pointer (SP), 1-8
Status Register (SR), 1-8
Stop state
recovery from, 3-13, 3-14
Stop timing, 3-8
supply voltage, 3-2
System Stack (SS), 1-8
SZ register, 1-8

T

TAP, 1-10
TCO-TC3 bits, 13-7
TCF, 13-12
TCIE bit, 13-7
TCPR, 13-13
TCR, 13-13
TCSR reqister, 13-7
bit 0—Timer Enable bit (TE), 13-7
bit 2—Timer Compare Interrupt Enable bit
(TCIE), 13-7
bits 4—7—Timer Control bits (TCO-TC3), 13-7
bit 13—Data Output bit (DO), 13-11
reserved bits—bits 3, 10, 14, 16-19, 22, 23, 13-
12
TE bit, 13-7
Test Access Port (TAP), 1-10
Test Access Port timing diagram, 3-65
Test Clock (TCLK) input timing diagram, 3-64
thermal characteristics, 3-3
thermal design considerations, 4-1, 4-1
Timer, 2-1, 2-1, 2-21
event input restrictions, 3-62
timing, 3-62
timer
special cases, 13-24
Timer (GPIO), 7-2
Timer Compare Interrupt Enable bit (TCIE), 13-7
Timer Control bits (TCO-TC3), 13-7
Timer Control/Status Register (TCSR), 13-7
Timer Enable bit (TE), 13-7
timer mode
mode 0—GPIO, 13-14
mode 1—timer pulse, 13-15
mode 2—timer toggle, 13-16
mode 3—timer event counter, 13-17
mode 4—measurement input width, 13-18
mode 5—measurement input period, 13-19
mode 6—measurement capture, 13-20

mode 7—pulse width modulation, 13-21
mode 8—reserved, 13-22
mode 9—watchdog pulse, 13-22, 13-23
modes 11-15—reserved, 13-24
Timer module
architecture, 13-1
Timer Prescaler Count Register (TPCR), 13-6
Timer Prescaler Load Register (TPLR), 13-5
Timing
Digital Audio Transmitter (DAX), 3-61
Enhanced Serial Audio Interface (ESAI), 3-57
General Purpose I/O (GPIO) Timing, 3-55
OnCE™ (On Chip Emulator) Timing, 3-55
Serial Host Interface (SHI) SPI Protocol
Timing, 3-45
Serial Host Interface (SHI) Timing, 3-45
timing
interrupt, 3-8
mode select, 3-8
Reset, 3-8
Stop, 3-8
TLR, 13-12
TOF, 13-11
TOIE, 13-7
TPCR register, 13-6
bits 0-20—Prescaler Counter Value bits (PCO-
PC20), 13-6
bit 21-23—reserved bits, 13-6
reserved bits—bits 21-23, 13-6
TPLR register, 13-5
bits 0-20—Prescaler Load Value bits (PLO-
PL20), 13-5
bits 21-22—Prescaler Source bits (PLO-
PL20), 13-5
bit 23—reserved bit, 13-6
reserved bit—bit 23, 13-6
TQFP
pin list by number, 14-5
pin-out drawing (top), 14-1
TQFP package drawing, 14-10
Transmitter High Frequency Clock Divider, 10-14
TRM, 13-10

\"

VBA register, 1-8
Vector Base Address register (VBA), 1-8

X

X Memory Address Bus (XAB), 1-9
X Memory Data Bus (XDB), 1-8

X Memory Expansion Bus, 1-8
XAB, 1-9

XDB, 1-8
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Y

Y Memory Address Bus (YAB), 1-9
Y Memory Data Bus (YDB), 1-8

Y Memory Expansion Bus, 1-8
YAB, 1-9

YDB, 1-8
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DSP56367 : 24-bit Audio Digital Signal Processor

A new level of affordable audio performance will be within the reach of consumer companies in the audio
marketplace thanks to the new SymphonyT'VI audio digital signal processor (DSP) chip from Motorola.

With performance of 150 MIPS the DSP56367 provides the capability to process all the major multi-
channel audio decoding standards (Dolby Digital, DTS, MPEG2 Multichannel and AAC, and DVD-audio)
along with Dolby Headphone in a single device. It also allows up to 100 MIPs to handle other audio
processing requirements such as subwoofer management, soundfield effects, 3D virtual surrounds,
equalization, THX+Surround EX, DTS-ES, and Prologic Il. The DSP56367 is an enhanced version of
Motorola's popular DSP56362/6 products. It offers increased performance in a pin-for-pin compatible
device with a core that operates at both 1.8V and 1.5V for reduced power consumption. With the same

memory map and peripherals as the DSP56366 that is currently in production, it allows customers an easy

migration path to higher performance at lower power.er performance at lower power.

© Block Diagram

DSP56367 Features
DSP56300 modular chassis

. 150 MIPS with a 150 MHz clock at 1.8 V core with a 3.3 V peripheral I/O OR 100 MIPS with a 100
MHz clock at 1.5 V core with a 3.3 V peripheral /0

. Object Code Compatible with the 56 K core

. Data ALU with a 24 x 24 bit multiplier-accumulator and a 56-bit barrel shifter. 16-bit arithmetic
support

. Program Control with position independent code support and instruction cache support

. Six-channel DMA controller

. PLL based clocking with a wide range of frequency multiplications (1 to 4096), predicider factors (1

to 16) and power saving clock divider (2': i=0 to 7). Reduces clock noise
. Internal address tracing support and OnCETM for Hardware/Software debugging
. JTAG port
. Very low-power CMOS design, fully static design with operating frequencies down to DC
. STOP and WAIT low-power standby modes

On-chip Memory Configuration

. 7 Kx 24 Bit Y-Data RAM and 8 K x 24 Bit Y-Data ROM
. 13 K x 24 Bit X-Data RAM and 32 K x 24 Bit X-Data ROM
. 40 K x 24 Bit Program ROM

. 3 Kx 24 Bit Program RAM and 192 x 24 Bit Bootstrap ROM. 1 K of Program RAM may be used as

Instruction Cache or for Program ROM patching
. 2K x 24 Bitfrom Y Data RAM and 5 K x 24 Bit from X Data RAM can be switched to Program
RAM resulting in up to 10 K x 24 Bit of Program RAM

Off-chip memory expansion

. External Memory Expansion Port
. Off-chip expansion up to two 16 M x 24-bit word of Data memory
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. Off-chip expansion up to 16 M x 24-bit word of Program memory
. Simultaneous glueless interface to SRAM and DRAM

Peripheral modules

. Enhanced Serial Audio Interface (ESAI_O0): up to 4 receivers and up to 6 transmitters, master or
slave. I12S, Sony, AC97, network and other programmable protocols.

. Enhanced Serial Audio Interface | (ESAI_1): up to 4 receivers and up to 6 transmitters, master or
slave. 12S, Sony AC97, network and other programmable protocols. The ESAI_1 shares four of the
data pins with ESAI_O0, and ESAI_1 does NOT support HCKR and HCKT (high speed clocks)

. Serial Host Interface (SHI): SPI and 12C protocols, 10-word receive FIFO, support for 8, 16 and 24-
bit words.

. Byte-wide parallel Host Interface (HDI0O8) with DMA support

. Triple Timer module

. Digital Audio Transmitter (DAX): 1 serial transmitter capable of supporting the SPDIF, IEC958, CP-
340 and AES/EBU digital audio formats

. Pins of unused peripherals (except SHI) may be programmed as GPIO lines

2. Return to Top

E DSP56367 Parametrics

Internal Data RAM Serial Interface
Internal Program RAM

x D t Y D t External Memory Interfaces | Total DMA Channels Number of Timers

0.009, DRAM, 6 ESAI, 1 3
39 21 3 SRAM SHI

Timers
- Core Performance Core Performance

Tiiar Craminels Timer Input Timer Output DSP RISC
Captures Compares (MMACS) (MIPS)

24 1 1 1 150 150 150 150

Bus Width
Host Port Interfaces

Internal Data Bus | External Data Bus I/O Ports Width DSP Cores| Other Peripherals

Width Width :
(bit) (bit) (bit)

Nested Interrupt,
On-Chip Emulation,
On-Chip PLL,
24 24 1.8 3.3 5 8 1 Peripheral Interrupt,
Real-Time Interrupt,
SPDIF Transmitter,
Watchdog Timer

Standby Functions

STOP,
WAIT

2 View expanded set of parameters
£ Return to Top
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Selector Guide
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Application Selector Guide - Entertainment DIGITAL MOTOROLA
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Users Guide
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SP5636 UM/ DSP5636XEVMUM User Manual MOTOROLA pdf 4825 13 10/01/2001

£ Return to Top


http://e-www.motorola.com/files/dsp/doc/brochure/BRDSP56300.pdf
javascript: ordernow('BRDSP56300')
http://e-www.motorola.com/files/platforms/doc/brochure/BRPACKTELEARCH.pdf
javascript: ordernow('BRPACKTELEARCH')
http://e-www.motorola.com/files/dsp/doc/eng_bulletin/EB336.pdf
javascript: ordernow('EB336/D')
http://e-www.motorola.com/webapp/sps/site/errata_info.jsp 
http://e-www.motorola.com/files/dsp/doc/errata/DSP56367CE0K41R.pdf
http://e-www.motorola.com/files/dsp/doc/fact_sheet/SUITE56FACT.pdf
javascript: ordernow('SUITE56FACT')
http://e-www.motorola.com/files/dsp/doc/prod_brief/DSP56367PB.pdf
javascript: ordernow('DSP56367PB/D')
http://e-www.motorola.com/files/dsp/doc/ref_manual/DSP56300FM.pdf
javascript: ordernow('DSP56300FM/AD')
http://e-www.motorola.com/files/dsp/doc/ref_manual/DSP56300FMAD.pdf
javascript: ordernow('DSP56300FMAD/D')
http://e-www.motorola.com/files/shared/doc/selector_guide/SG2000CR.pdf
javascript: ordernow('SG2000CR')
http://e-www.motorola.com/files/shared/doc/selector_guide/SG2047.pdf
javascript: ordernow('SG2047')
http://e-www.motorola.com/files/dsp/doc/user_guide/DSP56367UM.pdf
javascript: ordernow('DSP56367UM')
http://e-www.motorola.com/files/dsp/doc/ref_manual/DSP5636XEVMUM.pdf

E DSP56367 Tools

Hardware Tools
Evaluation/Development Boards and Systems

I T ame = vendor b Order Avalabilty

DSPAUDIOEVM DSPAUDIOEVM MOTOROLA

Software
Operating Systems

e — A Order Availabilly

CMX-RTX CMX-RTX

£ Return to Top

Applications

Automotive
Driver Information Systems/Entertainment
Digital Audio
Symphony™ Digital Radio
Consumer Electronics
Entertainment

Digital Audio

£ Return to Top

Orderable Parts Information

Application/ :
Part Number PREEGE Pb-Free Qualification | Status Budgetary Price Info Order
ar Description Terminations Tier QTY 1000+ ($US)

DSPA367DB1 No No Available $250.00 more m
DSPA56367AG150 LQFP 144 20*20*1.4P0.5 No Yes Available - more =
DSPA56367PV150 LQFP 144 20*20*1.4P0.5 No No Available $15.85 more -

DSPB367DB1 No No Available $250.00 more

DSPB56367AG150 LOQFP 144 20*20*1.4P0.5 No Yes Available $10.58 more m

DSPB56367PV150 LQFP 144 20*20*1.4P0.5 No No Available $10.58 more
DSPC367DB1 No No Available $250.00 more
DSPC56367PV150 LQFP 144 20*20*1.4P0.5 No No Available $15.85 more -
DSPD367DB1 No No Available $250.00 more [IETTEE=Y
DSPD56367AG150 LQFP 144 20*20*1.4P0.5 No Yes Available - more. .
DSPD56367PV150 LQFP 144 20%20*1.4P0.5 No No Available $15.85 more ETTEESY

NOTE: Are you looking for an obsolete orderable part? Click HERE to check our distributors' inventory.
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DSP56367 : 24-bit Audio Digital Signal Processor

A new level of affordable audio performance will be within the reach of consumer companies in the audio
marketplace thanks to the new SymphonyT'VI audio digital signal processor (DSP) chip from Motorola.

With performance of 150 MIPS the DSP56367 provides the capability to process all the major multi-
channel audio decoding standards (Dolby Digital, DTS, MPEG2 Multichannel and AAC, and DVD-audio)
along with Dolby Headphone in a single device. It also allows up to 100 MIPs to handle other audio
processing requirements such as subwoofer management, soundfield effects, 3D virtual surrounds,
equalization, THX+Surround EX, DTS-ES, and Prologic Il. The DSP56367 is an enhanced version of
Motorola's popular DSP56362/6 products. It offers increased performance in a pin-for-pin compatible
device with a core that operates at both 1.8V and 1.5V for reduced power consumption. With the same

memory map and peripherals as the DSP56366 that is currently in production, it allows customers an easy

migration path to higher performance at lower power.er performance at lower power.

© Block Diagram

DSP56367 Features
DSP56300 modular chassis

. 150 MIPS with a 150 MHz clock at 1.8 V core with a 3.3 V peripheral I/O OR 100 MIPS with a 100
MHz clock at 1.5 V core with a 3.3 V peripheral /0

. Object Code Compatible with the 56 K core

. Data ALU with a 24 x 24 bit multiplier-accumulator and a 56-bit barrel shifter. 16-bit arithmetic
support

. Program Control with position independent code support and instruction cache support

. Six-channel DMA controller

. PLL based clocking with a wide range of frequency multiplications (1 to 4096), predicider factors (1

to 16) and power saving clock divider (2': i=0 to 7). Reduces clock noise
. Internal address tracing support and OnCETM for Hardware/Software debugging
. JTAG port
. Very low-power CMOS design, fully static design with operating frequencies down to DC
. STOP and WAIT low-power standby modes

On-chip Memory Configuration

. 7 Kx 24 Bit Y-Data RAM and 8 K x 24 Bit Y-Data ROM
. 13 K x 24 Bit X-Data RAM and 32 K x 24 Bit X-Data ROM
. 40 K x 24 Bit Program ROM

. 3 Kx 24 Bit Program RAM and 192 x 24 Bit Bootstrap ROM. 1 K of Program RAM may be used as

Instruction Cache or for Program ROM patching
. 2K x 24 Bitfrom Y Data RAM and 5 K x 24 Bit from X Data RAM can be switched to Program
RAM resulting in up to 10 K x 24 Bit of Program RAM

Off-chip memory expansion

. External Memory Expansion Port
. Off-chip expansion up to two 16 M x 24-bit word of Data memory
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. Off-chip expansion up to 16 M x 24-bit word of Program memory
. Simultaneous glueless interface to SRAM and DRAM

Peripheral modules

. Enhanced Serial Audio Interface (ESAI_O0): up to 4 receivers and up to 6 transmitters, master or
slave. I12S, Sony, AC97, network and other programmable protocols.

. Enhanced Serial Audio Interface | (ESAI_1): up to 4 receivers and up to 6 transmitters, master or
slave. 12S, Sony AC97, network and other programmable protocols. The ESAI_1 shares four of the
data pins with ESAI_O0, and ESAI_1 does NOT support HCKR and HCKT (high speed clocks)

. Serial Host Interface (SHI): SPI and 12C protocols, 10-word receive FIFO, support for 8, 16 and 24-
bit words.

. Byte-wide parallel Host Interface (HDI0O8) with DMA support

. Triple Timer module

. Digital Audio Transmitter (DAX): 1 serial transmitter capable of supporting the SPDIF, IEC958, CP-
340 and AES/EBU digital audio formats

. Pins of unused peripherals (except SHI) may be programmed as GPIO lines

2. Return to Top

E DSP56367 Parametrics

Internal Data RAM Serial Interface
Internal Program RAM

x D t Y D t External Memory Interfaces | Total DMA Channels Number of Timers

0.009, DRAM, 6 ESAI, 1 3
39 21 3 SRAM SHI

Timers
- Core Performance Core Performance

Tiiar Craminels Timer Input Timer Output DSP RISC
Captures Compares (MMACS) (MIPS)

24 1 1 1 150 150 150 150

Bus Width
Host Port Interfaces

Internal Data Bus | External Data Bus I/O Ports Width DSP Cores| Other Peripherals

Width Width :
(bit) (bit) (bit)

Nested Interrupt,
On-Chip Emulation,
On-Chip PLL,
24 24 1.8 3.3 5 8 1 Peripheral Interrupt,
Real-Time Interrupt,
SPDIF Transmitter,
Watchdog Timer

Standby Functions

STOP,
WAIT

2 View expanded set of parameters
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