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Introduction

1.1 INTRODUCTION

This manual describes the DSP56302 24-bit Digital Signal Processor (DSP), its
memory, operating modes, and peripheral modules. The DSP56302 is an
implementation of the DSP56300 core with a unique configuration of on-chip
memory, cache, and peripherals.

This manual is intended to be used with the DSP56300 Family Manual
(DSP56300FM/AD), which describes the Central Processing Unit (CPU), core
programming models, and instruction set details. DSP56302 Technical Data
(DSP56302/D) provides electrical specifications, timing, pinout, and packaging
descriptions of the DSP56302.

These documents, 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 back cover of this document.

1.2 MANUAL ORGANIZATION

This manual contains the following sections and appendices:

SECTION 1—DSP56302 OVERVIEW

— Provides a brief description of the DSP56302, including a features list and
block diagram, lists related documentation needed to use this chip, and
describes the organization of this manual

SECTION 2—SECTION/CONNECTION DESCRIPTIONS

— Describes the signals on the DSP56302 pins and how these signals are
grouped into interfaces

SECTION 3—MEMORY CONFIGURATION

— Describes the DSP56302 memory spaces, RAM configuration, memory
configuration bit settings, memory configurations, and memory maps

SECTION 4—CORE CONFIGURATION

— Describes the registers used to configure the DSP56300 core when
programming the DSP56302, 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
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SECTION 5—GENERAL PURPOSE INPUT/OUTPUT (GPIO)

— Describes the DSP56302 General Purpose Input/Output (GPIO) capability
and the programming model for the GPIO signals (operation, registers,
and control)

SECTION 6—HOST INTERFACE (HI08)

— Describes the 8-bit Host Interface (HI08), including a quick reference to the
HI108 programming model

SECTION 7—ENHANCED SYNCHRONOUS SERIAL INTERFACE (ESSI)

— Describes the 24-bit Enhanced Synchronous Serial Interface (ESSI), which
provides two identical full duplex UART-style serial ports for
communications with devices such as codecs, DSPs, microprocessors, and
peripherals implementing the Motorola Serial Peripheral Interface (SPI)

SECTION 8—SERIAL COMMUNICATIONS INTERFACE (SCI)

— Describes the 24-bit Serial Communications Interface (SCI), a full duplex
serial port for serial communication to DSPs, microcontrollers, or other
peripherals (such as modems or other RS-232 devices)

SECTION 9—TIMER MODULE
— Describes the three identical internal timers/event counter devices
SECTION 10—ON-CHIP EMULATION MODULE

— Describes the On-Chip Emulation (OnCE™) module, which is accessed
through the JTAG port

SECTION 11—JTAG PORT

— Describes the specifics of the JTAG port on the DSP56302
APPENDIX A—BOOTSTRAP PROGRAM

— Lists the bootstrap code used for the DSP56302
APPENDIX B—EQUATES

— Lists the equates (170, HI08, SCI, ESSI, Exception Processing, Timer, DMA,
PLL, BIU, and Interrupts) for the DSP56302

APPENDIX C—BSDL LISTING
— Provides the BSDL listing for the DSP56302
APPENDIX D—PROGRAMMING REFERENCE

— Lists peripheral addresses, interrupt addresses, and interrupt priorities for
the DSP56302, and contains programming sheets listing the contents of the
major DSP56302 registers for programmer’s reference
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1.3 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).

= Bits within a register are indicated AA[n:m], n>m, when more than one bit is
involved in a description. 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 O.

= The word “assert” means that a high true (active high) signal is pulled high to
Vc 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. See Table 1-1.

Table 1-1 High True / Low True Signal Conventions

Signal/Symbol | Logic State | Signal State Voltage
PINY True Asserted Ground?
Pl False Deasserted Vel
PIN True Asserted Vee
PIN False Deasserted Ground

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. V¢ 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: for example, RESET is asserted low.

— Incode examples, have a tilde in front of their names. In the example on
the following page, line 3 refers to the SSO signal (shown as ~SS0).

= Sets of signals are indicated by the first and last signals in the set, for instance
HA1-HAS.
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= Code examples are displayed in a monospaced font, as shown in Example 1-1.
Example 1-1 Sample Code Listing

BFSET #$0007, X PGG Qonfi gure: line 1
MS®, MBEO0, SKO for SP naster line 2
; ~S0 as PG3 for GO line 3

 Hex values are indicated with a dollar sign (3$) 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.

1.4 DSP56302 FEATURES

The DSP56302 is a member of the DSP56300 family of programmable CMOS DSPs.
The DSP56302 uses the DSP56300 core, a high performance, single clock cycle per
instruction engine providing up to twice the performance of Motorola's popular
DSP56000 core family, while retaining code compatibility.

The DSP56300 core family offers a new level of performance in speed and power
provided by its rich instruction set and low power dissipation, enabling a new
generation of wireless, telecommunications, and multimedia products. The
DSP56300 core is composed of the Data Arithmetic Logic Unit (Data ALU), Address
Generation Unit (AGU), Program Controller (PC), Instruction Cache Controller, Bus
Interface Unit, Direct Memory Access (DMA) controller, On-Chip Emulation (OnCE)
module, and a Phase Lock Loop (PLL) based clock oscillator. Significant architectural
enhancements to the DSP56300 core family include a barrel shifter, 24-bit addressing,
an instruction cache, and DMA.

The DSP56300 core family members contain the DSP56300 core and additional
modules. The modules are chosen from a library of standard pre-designed 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
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the on-chip memory and peripherals supports a wide variety of memory and
peripheral configurations.

The DSP56302 may be used in telecommunications applications, such as multi-line
voice/data/fax processing, videoconferencing, audio applications, control, and
general digital signal processing.

1.5 DSP56302 CORE DESCRIPTION

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

15.1 General Features

= 66/80 Million Instructions Per Second (MIPS) with a 66/80 MHz clock at 3.3 V
= Object code compatible with the DSP56000 core

= Highly parallel instruction set

1.5.2 Hardware Debugging Support

e On-Chip Emulation (OnCE) module
= Joint Action Test Group (JTAG) Test Access Port (TAP) port

= Address Tracing mode reflects internal accesses at the external port

153 Reduced Power Dissipation

=« Very low power CMOS design
< Wait and Stop low power standby modes
= Fully-static logic, operation frequency down to 0 Hz (DC)

= Optimized power management circuitry (instruction-dependent,
peripheral-dependent, and mode-dependent)
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1.6 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)

= PLL and Clock Oscillator

e JTAG Test Access Port (TAP) and On-Chip Emulation (OnCE) module
= Memory

In addition, the DSP56302 provides a set of on-chip peripherals, described in
Section 1.8.

16.1 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:
e Fully pipelined 24 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
e 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, Al, 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

16.1.1 Data ALU Registers

The Data ALU registers can be read or written over the X Data Bus (XDB) and the

Y Data Bus (YDB) as 16- or 32-bit operands. The source operands for the Data ALU,
which can be 16, 32, or 40 bits, always originate from Data ALU registers. The results
of all Data ALU operations are stored in an accumulator.
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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 destination of every arithmetic operation
can be used as a source operand for the immediate following operation without
penalty.

1.6.1.2 Multiplier-Accumulator (MAC)

The Multiplier-Accumulator (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.

1.6.2 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 Arithmetic Logic
Unit (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 16-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.
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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.

1.6.3 Program Control Unit (PCU)

The Program Control Unit (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 three hardware blocks:

< Program Decode Controller (PDC)
= Program Address Generator (PAG)
= Program Interrupt Controller (PIC)

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:

= Position Independent Code (PIC) support

= Addressing modes optimized for DSP applications (including immediate
offsets)

e 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
e SR—Status Register
e LA—Loop Address register
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e LC—Loop Counter register
< VBA—Vector Base Address register
= SZ—Size register
= SP—Stack Pointer
e OMR—Operating Mode Register
e SC—Stack Counter register
The PCU also includes a hardware System Stack (SS).

164 PLL and 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.

= Allows change of low power Divide Factor (DF) without loss of lock
= Output clock with skew elimination

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

< A lower 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.

1.6.5 JTAG Test Access Port and On-Chip Emulation (OnCE)
Module

The DSP56300 core provides a dedicated user-accessible Test Access Port (TAP) that
is fully compatible with the IEEE 1149.1 Standard Test Access Port and Boundary Scan
Architecture. Problems associated with testing high density circuit boards have led to
development of this standard under the sponsorship of the Test Technology
Committee of IEEE and the Joint Test Action Group (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 Section 11, JTAG Port.

The On-Chip Emulation (OnCE) module provides a means of interacting with the
DSP56300 core and its peripherals non-intrusively so that 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 Section 10, On-Chip Emulation Module.

1.6.6 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 data memory and to 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. More information on the internal memory is provided in Section 3, Memory
Configuration.

Program RAM, Instruction Cache, X data RAM, and Y data RAM size are
programmable:

Table 1-2 On Chip Memory

Instruction | Switch Program Instruction X Data RAM | Y Data RAM
Cache Mode RAM Size Cache Size Size Size
disabled disabled 20 K x 24-bit 0 7 K x 24-bit 7 K x 24-bit
enabled disabled 19 Kx 24-bit 1 K x 24-bit 7 K x 24-bit 7 K x 24-bit
disabled enabled 24 K x 24-bit 0 5 K x 24-bit 5 K x 24-bit
enabled enabled 23 K x 24-bit 1 K x 24-bit 5 K x 24-bit 5 K x 24-bit
There is an on-chip 192 x 24-bit bootstrap ROM.
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1.6.7 Off-Chip Memory Expansion

Memory can be expanded off chip to:
= Data memory expansion to two 16 M x 24-bit word memory spaces in 24-bit
Address mode (64 K in 16-bit Address mode)

= Program memory expansion to one 16 M x 24-bit word memory space in 24-bit
Address mode (64 K in 16-bit Address mode)

Further features of off-chip memory include:

= External memory expansion port

= Simultaneous glueless interface to Static Random Access Memory (SRAM)
and Dynamic Random Access Memory (DRAM)

1.7 INTERNAL BUSES

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

= Peripheral 1/0 Expansion Bus (PIO_EB) to peripherals

= Program Memory Expansion Bus (PM_EB) to Program ROM

e X Memory Expansion Bus (XM_EB) to X Memory

= Y Memory Expansion Bus (YM_EB) to Y Memory

e Global Data Bus (GDB) between Program Control Unit and other core
structures

= Program Data Bus (PDB) for carrying program data throughout the core
< X Memory Data Bus (XDB) for carrying X data throughout the core
= Y Memory Data Bus (YDB) for carrying Y data throughout the core

< Program Address Bus (PAB) for carrying program memory addresses
throughout the core

e 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
MOTOROLA DSP56302UM/AD 1-13

For More Information On This Product,
Go to: www.freescale.com



DSP56302 Overview

Freescale Semiconductor, Inc.

DSP56302 Block Diagram

With the exception of the Program Data Bus (PDB), all internal buses on the
DSP56300 family members are 16-bit buses. The PDB is a 24-bit bus. Figure 1-1

provides a block diagram of the DSP56302.
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Figure 1-1 DSP56302 Block Diagram
Note: See Section 1.6.6 (On-Chip Memories) for details of memory size.
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1.9 DIRECT MEMORY ACCESS (DMA)

The Direct Memory Access (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

1.10 DSP56302 ARCHITECTURE OVERVIEW

The DSP56302 is designed to perform a wide variety of fixed-point digital signal
processing functions. In addition to the core features previously discussed, the
DSP56302 provides the following peripherals:

= As many as thirty-four user-configurable GPIO signals

e 8-bit parallel Host Interface (H108) to external hosts

= Dual Enhanced Synchronous Serial Interface (ESSI)

= Serial Communications interface (SCI)

= Triple timer module

< Memory Switch mode

= Four external interrupt/mode control lines

1.10.1  GPIO Functionality

The General Purpose 1/0 (GPIO) port consists of as many as thirty-four
programmable signals, all of which are also used by the peripherals (HI08, ESSI, SCI,
and Timer). There are no dedicated GPIO signals. The signals are configured GPIO
after reset. The GPIO functionality for each peripheral is controlled by three
memory-mapped registers per peripheral. The techniques for register programming
for all GPIO functionality is very similar between these interfaces.
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1.10.2 Host Interface (HIO8)

The Host Interface (HI08) is a byte-wide, full-duplex, double-buffered, parallel port
that can be connected directly to the data bus of a host processor. The HI08 supports
a variety of buses, and provides connection with a number of industry-standard
DSPs, microcomputers, and microprocessors without requiring any additional logic.

The DSP core views the HI08 as a memory-mapped peripheral occupying eight 24-bit
words in data memory space. The DSP can use the HI08 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 HI08 registers to be accomplished using
standard instructions and addressing modes.

1.10.3 Enhanced Synchronous Serial Interface (ESSI)

The DSP56302 provides two independent and identical Enhanced Synchronous Serial
Interfaces (ESSI). Each ESSI provides a full-duplex serial port for communication
with a variety of serial devices, including one or more industry-standard codecs,
other DSPs, microprocessors, and peripherals that implement the Motorola SPI. The
ESSI consists of independent transmitter and receiver sections and a common ESSI
clock generator.

The capabilities of the ESSI include:
= Independent (asynchronous) or shared (synchronous) transmit and receive
sections with separate or shared internal/external clocks and frame syncs
= Normal mode operation using frame sync
< Network mode operation with as many as 32 time slots
= Programmable word length (8, 12, or 16 bits)

< Program options for frame synchronization and clock generation

One receiver and three transmitters per ESSI allows six-channel home theater
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DSP56302 Architecture Overview

1.10.4  Serial Communications Interface (SCI)

The DSP56302’s Serial Communications Interface (SCI) provides a full-duplex port
for serial communication to other DSPs, microprocessors, or peripherals such as
modems. The SCI interfaces without additional logic to peripherals that use
TTL-level signals. With a small amount of additional logic, the SCI can connect to
peripheral interfaces that have non-TTL level signals, such as the RS-232C, RS-422,
etc.

This interface uses three dedicated signals: Transmit Data (TXD), Receive Data
(RXD), and SCI Serial Clock (SCLK). It supports industry-standard asynchronous bit
rates and protocols, as well as high-speed synchronous data transmission (up to 8.25
Mbps for a 66 MHz clock). The asynchronous protocols supported by the SCI include
a Multidrop mode for master/slave operation with Wakeup On Idle Line and
Wakeup On Address Bit capability. This mode allows the DSP56302 to share a single
serial line efficiently with other peripherals.

The SCI consists of separate transmit and receive sections that can operate
asynchronously with respect to each other. A programmable baud-rate generator
provides the transmit and receive clocks. An enable vector and an interrupt vector
have been included so that the baud-rate generator can function as a general purpose
timer when it is not being used by the SCI or when the interrupt timing is the same as
that used by the SCI.

1.10.5 Timer Module

The triple timer module is composed of a common 21-bit prescaler and three
independent and identical general purpose 24-bit timer/event counters, each one
having its own memory-mapped register set.

Each timer has a single signal that can be used as a GPIO signal or as a timer signal.
Each timer can use internal or external clocking and can interrupt the DSP after a
specified number of events (clocks) or can signal an external device after counting
internal events. Each timer connects to the external world through one bidirectional
signal. When this signal is configured as an input, the timer can function as an
external event counter or measures external pulse width/signal period. When the
signal is used as an output, the timer can function as either a timer, a watchdog, or a
Pulse Width Modulator (PWM).

&S
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Signal Groupings

2.1  SIGNAL GROUPINGS

The input and output signals of the DSP56302 are organized into functional groups,
as shown in Table 2-1 and as illustrated in Figure 2-1.

The DSP56303 is operated from a 3 V supply; however, some of the inputs can

tolerate 5 V. A special notice for this feature is added to the signal descriptions of
those inputs.

Table 2-1 DSP56302 Functional Signal Groupings

Functional Group Nu_mber of Deta}ile_d
Signals Description
Power (Vcc) 18 Table 2-2
Ground (GND) 19 Table 2-3
Clock 2 Table 2-4
PLL 3 Table 2-5
Address Bus 18 Table 2-6
Data Bus Port A’ 24 Table 2-7
Bus Control 13 Table 2-8
Interrupt and Mode Control 5 Table 2-9
Host Interface (H108) Port B2 16 Table 2-11
Enhanced Synchronous Serial Interface Ports C and 12 Table 2-12
(ESSI) D3 and
Table 2-13
Serial Communication Interface (SCI) Port E 3 Table 2-14
Timer 3 Table 2-15
ONnCE/JTAG Port 6 Table 2-16

Note: 1. Port A signals define the external memory interface port, including the external
address bus, data bus, and control signals.
2. Port B signals are the HI08 port signals multiplexed with the GPIO signals.
Port C and D signals are the two ESSI port signals multiplexed with the GPIO signals.
4. Port E signals are the SCI port signals multiplexed with the GPIO signals.

w
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Signal Groupings

Figure 2-1 is a diagram of DSP56302 signals by functional group.

Veep
Veeo
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Veep
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BB
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Note: 1.

18

24

DSP56302

Power Inputs:
PLL

Internal Logic
Address Bus
Data Bus

Bus Control
H108
ESSI/SCI/Timer

Grounds:

PLL

PLL
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Address Bus
Data Bus

Bus Control
HI108
ESSI/SCI/Timer
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Port A

External
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External
Data Bus

External
Bus
Control

Interrupt/
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Control
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(H108) Port!
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Synchronous Serial
Interface Port O
(ESSI0)?

Enhanced
Synchronous Serial
Interface Port 1
(ESSI1)?

Serial
Communications
Interface (SCI) Port2

Timers®

ONnCE/NTAG
Port

MODA/IRQA
MODB/IRQB
MODC/IRQC
MODD/IRQD
RESET

Non-Multiplexed
Bus

HO-H7

HAO

HA1

HA2
HCS/HCS
Single DS
HRW
HDS/HDS
Single HR
HREQ/HREQ
HACK/HACK

SC00-SC02
SCKO
SRDO
STDO

SC10-SC12
SCK1
SRD1
STD1

Multiplexed

Bus

HADO-HAD7
HAS/HAS

HA8
HA9

HA10

Port B
GPIO
PBO-PB7
PB8

PB9

Double DS

HRD/HRD
HWR/HWR

Double HR

HTRQ/HTRQ
HRRQ/HRRQ

Port C GPIO
PCO-PC2

PC3
PC4
PC5

Port D GPIO
PD0O-PD2

PD3
PD4
PD5

Port E GPIO

PEO
PE1
PE2

Timer GPIO

TIOO0
TIO1
TIO2

The HIO8 port supports a non-multiplexed or a multiplexed bus, single or double Data Strobe (DS), and single

or double Host Request (HR) configurations. Since each these modes is configured independently, any
combination of these modes is possible. These HIO8 signals can also be configured alternately as GPIO
signals (PB0O-PB15). Signals with dual designations (e.g., HAS/HAS) have configurable polarity.
2. The ESSIO, ESSI1, and SCI signals are multiplexed with the Port C GPIO signals (PCO-PC5), Port D GPIO
signals (PDO-PD5), and Port E GPIO signals (PEO-PEZ2), respectively.
3. TIOO-TIO2 can be configured as GPIO signals.

Figure 2-1 Signals Identified by Functional Group
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Power

2.2 POWER

Table 2-2 Power Inputs

Power Name

Description

Veep

PLL Power—Vcp is an isolated power dedicated for Phase Lock Loop

(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.

Vccp should be bypassed to GNDp by a 0.47 pF capacitor located as
close as possible to the chip package. There is one Vcp input.

Veeo (4)

Quiet Power—V¢cq is an isolated power for the internal processing
logic. This input must be tied externally to all other chip power inputs.
The user must provide adequate external decoupling capacitors. There
are four Vccg inputs.

Veea (4)

Address Bus Power—Vca is an isolated power for sections of the
address bus 1/0 drivers. This input must be tied externally to all other
chip power inputs. The user must provide adequate external decoupling
capacitors. There are four Vccp inputs.

Veep (4)

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

Veee (2)

Bus Control Power—V ¢ is an isolated power for the bus control 170
drivers. This input must be tied externally to all other chip power
inputs. The user must provide adequate external decoupling capacitors.
There are two V¢ inputs.

VeeH

Host Power—V ¢y is an isolated power for the HI08 1/0 drivers. This
input must be tied externally to all other chip power inputs. The user
must provide adequate external decoupling capacitors. There is one
Vcen input.

Vees (2)

ESSI, SCI, and Timer Power—V g is an isolated power for the ESSI,
SCI, and timer I/0 drivers. 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.

Note:  These designations are package-dependent. Some packages connect all V¢ inputs except Vccp to
each other internally. On those packages, all power input, except Vccp, are labeled V¢. The number
of connections indicated in this table are minimum values; the total V¢ connections are
package-dependent.

MOTOROLA
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Signal/Connection Descriptions

Ground

2.3 GROUND

Table 2-3 Grounds

Ground Name

Description

GNDp

PLL Ground—GNDg is an isolated ground dedicated for PLL use. The

connection should be provided with an extremely low-impedance path
to ground. Vcp 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.

GNDp,

PLL Ground 1—GNDp; is a ground dedicated for PLL use. The

connection should be provided with an extremely low-impedance path
to ground. There is one GNDp, connection.

GNDg (4)

Quiet Ground—GNDqg, 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 GNDg connections.

GND,4 (4)

Address Bus Ground—GND, is an isolated ground for sections of the
address bus 170 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 4 connections.

GNDp (4)

Data Bus Ground—GNDp, is an isolated ground for sections of the data
bus 170 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—GNDc is an isolated ground for the bus control
I1/0 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 HIO8 170 drivers.
This connection must be tied externally to all other chip ground
connections. The user must provide adequate external decoupling
capacitors. There is one GNDy connection.

GNDs (2)

ESSI, SCI, and Timer Ground—GNDg is an isolated ground for the
ESSI, SCI, and timer 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 two GNDg connections.
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Clock

Table 2-3 Grounds (Continued)

Ground Name Description

Note:  These designations are package-dependent. Some packages connect all GND inputs, except GNDp
and GNDp;, to each other internally. On those packages, all ground connections, except GNDp and
GNDpy, are labeled GND. The number of connections indicated in this table are minimum values; the
total GND connections are package-dependent.

24 CLOCK
Table 2-4 Clock Signals
Signal State
Ng Type During Signal Description
ame
Reset
EXTAL | Input Input External Clock/Crystal Input—EXTAL interfaces the

internal crystal oscillator input to an external crystal
or an external clock.

XTAL Output | Chip-driven | Crystal Output—XTAL connects the internal crystal
oscillator output to an external crystal. If an external
clock is used, leave XTAL unconnected.

2.5 PHASE LOCK LOOP (PLL)

Table 2-5 Phase Lock Loop Signals

Signal State
9 Type During Signal Description
Name
Reset
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
If the PLL is not used, PCAP may be tied to V¢,
GND, or left floating.
MOTOROLA DSP56302UM/AD 2-7
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External Memory Expansion Port (Port A)

Table 2-5 Phase Lock Loop Signals (Continued)

Signal State
9 Type During Signal Description
Name
Reset

CLKOUT | Output | Chip-driven | Clock Output—CLKOUT provides an output
clock synchronized to the internal core clock
phase.

If the PLL is enabled and both the multiplication
and division factors equal one, then CLKOUT is
also synchronized to EXTAL.

If the PLL is disabled, the CLKOUT frequency is
half the frequency of EXTAL.

PINIT/ Input Input PLL Initial/Non-Maskable Interrupt—During
NMI 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 deassertion and
during normal instruction processing, the
PINIT/NMI Schmitt-trigger input is a
negative-edge-triggered Non-Maskable Interrupt
(NMI) request internally synchronized to
CLKOUT.

PINIT/NMI can tolerate 5 V.

2.6 EXTERNAL MEMORY EXPANSION PORT (PORT A)

When the DSP56302 enters a low-power standby mode (Stop or Wait), it releases bus
mastership and tri-states the relevant Port A signals: A0-A17, D0-D23,
AA0/RASO-AA3/RAS3, RD, WR, BB, CAS, BCLK, BCLK.

If the hardware refresh of external DRAM is enabled, Port A pins exit Wait state to
perform the refresh, and then return to the Walit state.
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External Memory Expansion Port (Port A)

2.6.1 External Address Bus

Table 2-6 External Address Bus Signals

State
signal During
9 Type Reset, Signal Description
Name
Stop, or
Wait

A0-A17 Output Tri-stated Address Bus—When the DSP is the bus master,
A0-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.

2.6.2 External Data Bus

Table 2-7 External Data Bus Signals

State
Signal During . o
Type Reset, Signal Description
Name
Stop, or
Wait
D0-D23 Input/ Tri-stated Data Bus—When the DSP is the bus master,
Output 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.
MOTOROLA DSP56302UM/AD 2-9
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External Memory Expansion Port (Port A)

2.6.3 External Bus Control

Table 2-8 External Bus Control Signals

State
Signal During . .
Type Reset, Signal Description
Name
Stop, or
Wait

AA0- Output | Tri-stated Address Attribute or Row Address Strobe—When

AA3/ defined as AA, these signals can be used as chip

RASO- selects or additional address lines. When defined as

RAS3 RAS, these signals can be used as RAS for Dynamic
Random Access Memory (DRAM) interface. These
signals are tri-statable outputs with programmable
polarity.

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, the signals are tri-stated.
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External Memory Expansion Port (Port A)

Table 2-8 External Bus Control Signals (Continued)

Signal
Name

State
During
Type Reset, Signal Description
Stop, or

Wait

Input Ignored Transfer Acknowledge—If the DSP56303 is the bus
Input master and there is no external bus activity, or the
DSP56303 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
CLKOUT. 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 can not 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.
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External Memory Expansion Port (Port A)

Table 2-8 External Bus Control Signals (Continued)

Signal
Name

Type

State
During
Reset,
Stop, or
Wait

Signal Description

Output

Output
(driven
high/
deasserted)

Bus Request—BR is an active-low output, never
tri-stated. BR is asserted when the DSP requests bus
mastership. BR is deasserted when the DSP no
longer needs the bus. BR may be asserted or
deasserted independent of whether the DSP56302 is
a bus master or a bus slave. Bus “parking” allows BR
to be deasserted even though the DSP56302 is the
bus master (see the description of bus “parking” in
the BB signal description). The Bus Request Hole
(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,
BR is deasserted and the arbitration is reset to the
bus slave state.

Input

Ignored
Input

Bus Grant—BG is an active-low input. BG must be
asserted/deasserted synchronous to CLKOUT for
proper operation. BG is asserted by an external bus
arbitration circuit when the DSP56302 becomes the
next bus master. When BG is asserted, the DSP56302
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.

2-12

DSP56302UM/AD

MOTOROLA

For More Information On This Product,

Go to: www.freescale.com




Freescale Semiconductor, Inc.
Signal/Connection Descriptions

External Memory Expansion Port (Port A)

Table 2-8 External Bus Control Signals (Continued)

State
During
Type Reset, Signal Description
Stop, or

Wait

Signal
Name

BB Input/ | Input Bus Busy—BB is a bidirectional active-low

Output input/output and must be asserted and deasserted
synchronous to CLKOUT. 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 re-arbitration until another
device requires the bus. The deassertion of BB is
done by an “active pull-up” method (i.e., BB is
driven high and then released and held high by an
external pull-up resistor).

BB requires an external pull-up resistor.

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.

BCLK Output | Tri-stated Bus Clock—When the DSP is the bus master, BCLK
is an active-high output used by Synchronous Static
Random Access Memory (SSRAM) to sample
address, data, and control signals. BCLK is active
either during SSRAM accesses or as a sampling
signal when the program Address Tracing mode is
enabled (by setting the ATE bit in the OMR). When
BCLK is active and synchronized to CLKOUT by the
internal PLL, BCLK precedes CLKOUT by
one-fourth of a clock cycle. The BCLK rising edge
may be used to sample the internal Program
Memory access on the A0-A23 address lines.

BCLK Output | Tri-stated Bus Clock Not—When the DSP is the bus master,
BCLK is an active-low output and is the inverse of
the BCLK signal. Otherwise, the signal is tri-stated.
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Interrupt and Mode Control

2.7 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.

Table 2-9 Interrupt and Mode Control

Signal Name

Type

State
During
Reset

Signal Description

RESET

Input

Input

Reset—RESET is an active-low, Schmitt-trigger
input. Deassertion of RESET is internally
synchronized to the clock out (CLKOUT). 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. If RESET is deasserted synchronous to
CLKOUT, exact start-up timing is guaranteed,
allowing multiple processors to start
synchronously and operate together in lock-step.
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 after power up.

RESET can tolerate 5 V.
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Table 2-9 Interrupt and Mode Control (Continued)

Signal Name

Type

State
During
Reset

Signal Description

MODA/IRQA

Input

Input

Mode Select A/External Interrupt Request A—
MODA/IRQA is an active-low Schmitt-trigger
input, internally synchronized to CLKOUT.
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 sixteen initial chip
operating modes, latched into the OMR when the
RESET signal is deasserted. If IRQA is asserted
synchronous to CLKOUT, multiple processors can
be re-synchronized using the WAIT instruction
and asserting IRQA to exit the Wait state. If the
processor is in the Stop standby state and IRQA is
asserted, the processor will exit the Stop state.

MODA/IRQA can tolerate 5 V.

MODB/IR

O]
w

Input

Input

Mode Select B/External Interrupt Request B—
MODB/IRQB is an active-low Schmitt-trigger
input, internally synchronized to CLKOUT.
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 sixteen initial chip
operating modes, latched into OMR when the
RESET signal is deasserted. If IRQB is asserted
synchronous to CLKOUT, multiple processors can
be re-synchronized using the WAIT instruction
and asserting IRQB to exit the Wait state.

MODB/IRQB can tolerate 5 V.
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Table 2-9 Interrupt and Mode Control (Continued)

State
Signal Name Type During Signal Description
Reset

MODC/IRQC | Input Input Mode Select C/External Interrupt Request C—
MODC/IRQC is an active-low Schmitt-trigger
input, internally synchronized to CLKOUT.
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 sixteen initial chip
operating modes, latched into OMR when the
RESET signal is deasserted. If IRQC is asserted
synchronous to CLKOUT, multiple processors can
be re-synchronized using the WAIT instruction
and asserting IRQC to exit the Wait state.

MODC/IRQC can tolerate 5 V.

MODD/IRQD | Input Input Mode Select D/External Interrupt Request D—
MODD/IRQD is an active-low Schmitt-trigger
input, internally synchronized to CLKOUT.
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 sixteen initial chip
operating modes, latched into OMR when the
RESET signal is deasserted. If IRQD is asserted
synchronous to CLKOUT, multiple processors can
be re-synchronized using the WAIT instruction
and asserting IRQD to exit the Wait state.

MODD/IRQD can tolerate 5 V.

2.8 HOST INTERFACE (HI08)

The HI08 provides a fast parallel 8-bit port, which may be connected directly to the
host bus.
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Host Interface (HI08)

The HI08 supports a variety of standard buses, and can be directly connected to a
number of industry standard microcomputers, microprocessors, DSPs, and DMA
hardware.

2.8.1 Host Port Usage Considerations

Careful synchronization is required when reading multiple-bit registers that are
written by another asynchronous system. This is a common problem when two
asynchronous systems are connected (as they are in the Host port). The
considerations for proper operation are discussed in the following table:

Table 2-10 Host Port Usage Considerations

Action Description

Asynchronous read of When reading the receive byte registers, Receive register High
receive byte registers (RXH), Receive register Middle (RXM), or Receive register Low
(RXL), the host interface programmer should use interrupts or
poll the Receive Register Data Full (RXDF) flag which indicates
that data is available. This assures that the data in the receive
byte registers will be valid.

Asynchronous write to | The host interface programmer should not write to the transmit
transmit byte registers byte registers, Transmit register High (TXH), Transmit register
Middle (TXM), or Transmit register Low (TXL), unless the
Transmit Register Data Empty (TXDE) bit is set indicating that
the transmit byte registers are empty. This guarantees that the
transmit byte registers will transfer valid data to the Host
Receive (HRX) register.

Asynchronous write to | The host interface programmer should change the Host Vector
host vector (HV) register only when the Host Command bit (HC) is clear.
This will guarantee that the DSP interrupt control logic will
receive a stable vector.

2.8.2 Host Port Configuration

The functions of the signals associated with the HI108 vary according to the
programmed configuration of the interface as determined by the HI08 Port Control
Register (HPCR). Refer to Section 6 for detailed descriptions of this and the other
configuration registers used with the HI08.
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Host Interface (HIO8)

Table 2-11 Host Interface

State

Signal During : _
Ngme Type Reset or Signal Description

Stop!

HO-H7 Input/ Discon- Host Data—When the HI108 is programmed to
Output nected interface a non-multiplexed host bus and the HI
Internally | function is selected, these signals are lines 0-7 of
the data bidirectional, tri-state bus.

HADO- Input/ Host Address—When HI08 is programmed to
HAD7 Output 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.

Input or
PBO-PB7 Output Port B 0-7—When the HI08 is configured as GPIO
through the HPCR, these signals are individually
programmed as inputs or outputs through the
HI108 Data Direction Register (HDDR).

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.

HAO Input Discon- Host Address Input 0—When the HIO08 is

nected programmed to interface a non-multiplexed host
Internally | bus and the HI function is selected, this signal is
line 0 of the Host Address input bus.

HAS/HAS Input Host Address Strobe—When HI08 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.

PB8 Input or Port B 8—When the HI108 is configured as GPIO
Output through the HPCR, this signal is individually
programmed as an input or output through the
HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.
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Signal/Connection Descriptions

Host Interface (HI08)

Table 2-11 Host Interface (Continued)

Signal
Name

Type

State
During
Reset or

Stop?

Signal Description

HAl

HAS8

PB9

Input

Input

Input or
Output

Discon-
nected
Internally

Host Address Input 1—When the HI08 is
programmed to interface a non-multiplexed host
bus and the HI function is selected, this signal is
line 1 of the Host Address (HAL) input bus.

Host Address 8—When HI08 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 HI108 is configured as GPIO
through the HPCR, this signal is individually
programmed as an input or output through the
HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.

HA2

HA9

PB10

Input

Input

Inputor
Output

Discon-
nected
Internally

Host Address Input 2—When the HI08 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 HI08 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 HIO08 is configured as GPIO
through the HPCR, this signal is individually
programmed as an input or output through the
HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.
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Signal/Connection Descriptions

Host Interface (HIO8)

Table 2-11 Host Interface (Continued)

State

Signal During . o
Name Type Reset or Signal Description

Stop?

HRW Input Discon- Host Read/Write—When HI08 is programmed to

nected interface a single-data-strobe host bus and the HI
Internally | function is selected, this signal is the Host
Read/Write (HRW) input.

HRD/HRD Input Host Read Data—When HI08 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 (HRD) after reset.

PB11 Input or Port B 11—When the HI08 is configured as GPIO
Output through the HPCR, this signal is individually
programmed as an input or output through the
HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.
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Host Interface (HI08)

Table 2-11 Host Interface (Continued)

Signal
Name

State

During . —
Type Reset or Signal Description

Stop?

HDS/HDS

HWR/
HWR

PB12

Input Discon- Host Data Strobe—When HI08 is programmed to
nected interface a single-data-strobe host bus and the HI
Internally | 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.

Input Host Write Data—When HI08 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.

Input or Port B 12—When the HI08 is configured as GP1O
Output through the HPCR, this signal is individually
programmed as an input or output through the
HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.
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Host Interface (HIO8)

Table 2-11 Host Interface (Continued)

State

Signal During . o
Name Type Reset or Signal Description

Stop?

HCS Input Discon- Host Chip Select—When HI08 is programmed to

nected interface a non-multiplexed host bus and the HI
Internally | 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
(HCS) after reset.

HA10 Input Host Address 10—When HI08 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.

PB13 Input or Port B 13—When the HI08 is configured as GPI1O
Output through the HPCR, this signal is individually
programmed as an input or output through the
HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.
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Host Interface (HI08)

Table 2-11 Host Interface (Continued)

Signal
Name

State

During . —
Type Reset or Signal Description

Stop?

HREQ/
HREQ

HTRQ/
HTRQ

PB14

Output Discon- Host Request—When HI08 is programmed to
nected interface a single host request host bus and the HI
Internally | function is selected, this signal is the Host Request
(HREQ) output. The polarity of the host request is
programmable, but is configured as active-low
(HREQ) following reset. The host request may be
programmed as a driven or open-drain output.

Output Transmit Host Request—When HI08 is
programmed to interface a double host request
host bus and the HI 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.
Input or
Output Port B 14—When the HIO08 is programmed to
interface a multiplexed host bus and the signal is
configured as GPIO through the HPCR, this
signal is individually programmed as an input or
output through the HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.
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Enhanced Synchronous Serial Interface 0 (ESSIO)

Table 2-11 Host Interface (Continued)

Signal
Name

Type

State
During
Reset or

Stop?

Signal Description

HACK/
HACK

HRRQ/
HRRQ

PB15

Input

Output

Input or
Output

Discon-
nected
Internally

Host Acknowledge—When HI108 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 HI08 is
programmed to interface a double host request
host bus and the HI 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 HI08 is configured as GPIO
through the HPCR, this signal is individually
programmed as an input or output through the
HDDR.

This input is 5 V tolerant. This pin is electrically
disconnected internally during Stop mode.

Note: 1.

The Wait processing state does not affect the signal ‘s state.

2.9 ENHANCED SYNCHRONOUS SERIAL INTERFACE 0
(ESSIO)

There are two synchronous serial interfaces (ESSI0 and ESSI1) that provide 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 Serial Peripheral Interface (SPI).
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Signal/Connection Descriptions

Enhanced Synchronous Serial Interface 0 (ESSIO)

Table 2-12 Enhanced Synchronous Serial Interface 0 (ESSI0)

Signal
Name

Type

State During!

Reset

Stop

Signal Description

SCO00

PCO

Input
or
Output

Input

Discon-
nected
Internally

Serial Control 0—The function of SC00 is
determined by the selection of either
Synchronous or Asynchronous mode. For
Asynchronous mode, this signal will be used
for the receive clock I/0 (Schmitt-trigger
input). For Synchronous mode, this signal is
used either for Transmitter 1 output or for
Serial 1/0 Flag 0.

Port C 0—The default configuration
following reset is GPIO input PC0. When
configured as PCO, signal direction is
controlled through the Port C Direction
Register (PRRC). The signal can be
configured as ESSI signal SC00 through the
Port C Control Register (PCRC).

This input is 5 V tolerant.

SC01

PC1

Input/
Output

Input
or
Output

Input

Discon-
nected
Internally

Serial Control 1—The function of this signal
is determined by the selection of either
Synchronous or Asynchronous mode. For
Asynchronous mode, this signal is the
receiver frame sync I/0. For Synchronous
mode, this signal is used either for
Transmitter 2 output or for Serial 1/0 Flag 1.

Port C 1—The default configuration
following reset is GPIO input PC1. When
configured as PC1, signal direction is
controlled through PRRC. The signal can be
configured as an ESSI signal SCO1 through
PCRC.

This inputis 5 V tolerant.
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Enhanced Synchronous Serial Interface 0 (ESSIO)

Table 2-12 Enhanced Synchronous Serial Interface 0 (ESSI0) (Continued)

Signal
Name

Type

State During!

Reset

Stop

Signal Description

SC02

PC2

Input/
Output

Input
or
Output

Input

Discon-
nected
Internally

Serial Control Signal 2—SCO02 is used for
frame sync I/0. SC02 is the frame sync for
both the transmitter and receiver in
Synchronous mode, and for the transmitter
only in Asynchronous mode. When
configured as an output, this signal is the
internally generated frame sync signal. When
configured as an input, this signal receives an
external frame sync signal for the transmitter
(and the receiver in synchronous operation).

Port C 2—The default configuration
following reset is GPIO input PC2. When
configured as PC2, signal direction is
controlled through PRRCO. The signal can be
configured as an ESSI signal SC02 through
PCRC.

This input is 5 V tolerant.
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Enhanced Synchronous Serial Interface 0 (ESSIO)

Table 2-12 Enhanced Synchronous Serial Interface 0 (ESSI0) (Continued)

State During®
Type Signal Description

Reset Stop

Signal
Name

SCKO0 Input/ | Input | Discon- Serial Clock—SCKOQ is a bidirectional
Output nected Schmitt-trigger input signal providing the
Internally serial bit rate clock for the ESSI interface. The
SCKaO is a clock input or output used by both
the transmitter and receiver in Synchronous
modes, or by the transmitter in
Asynchronous modes.

Although an external serial clock can be
independent of and asynchronous to the DSP
system clock, it must exceed the minimum
clock cycle time of 6 T (i.e., the system clock
frequency must be at least three times the
external ESSI clock frequency). The ESSI
needs at least three DSP phases inside each
half of the serial clock.

PC3 Input Port C 3—The default configuration

or following reset is GPIO input PC3. When
Output configured as PC3, signal direction is
controlled through PRRC. The signal can be
configured as an ESSI signal SCKO0 through
PCRC.

This input is 5 V tolerant.

SRDO Input/ | Input | Discon- Serial Receive Data—SRDO receives serial
Output nected data and transfers the data to the ESSI
Internally Receive Shift Register. SRDO is an input when
data is being received.

PC4 Input Port C 4—The default configuration

or following reset is GPIO input PC4. When
Output configured as PC4, signal direction is
controlled through PRRC. The signal can be
configured as an ESSI signal SRDO through
PCRC.

This input is 5 V tolerant.
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Enhanced Synchronous Serial Interface 0 (ESSIO)

Table 2-12 Enhanced Synchronous Serial Interface 0 (ESSI0) (Continued)

Signal State During!

Name Type Signal Description
Reset Stop

STDO Input/ | Input | Discon- Serial Transmit Data—STDO is used for

Output nected transmitting data from the serial Transmit
Internally Shift Register. STDO is an output when data is
being transmitted.

PC5 Input Port C 5—The default configuration
or following reset is GPIO input PC5. When
Output configured as PC5, signal direction is

controlled through PRRC. The signal can be
configured as an ESSI signal STDO through
PCRC.

This input is 5 V tolerant.

Note: 1. The Wait processing state does not affect the signal’s state.
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Enhanced Synchronous Serial Interface 1 (ESSI1)

2.10 ENHANCED SYNCHRONOUS SERIAL INTERFACE 1 (ESSI1)

Table 2-13 Enhanced Synchronous Serial Interface 1 (ESSI1)

State During®
Type Signal Description

Reset Stop

Signal
Name

SC10 Input Input | Discon- Serial Control 0—The function of SC10 is

or nected determined by the selection of either

Output Internally Synchronous or Asynchronous mode. For
Asynchronous mode, this signal will be used
for the receive clock 170 (Schmitt-trigger
input). For Synchronous mode, this signal is
used either for Transmitter 1 output or for
Serial 1/0 Flag 0.

PDO Port D 0—The default configuration
following reset is GP1O input PD0. When
configured as PDO, signal direction is
controlled through the Port D Direction
Register (PRRD). The signal can be
configured as an ESSI signal SC10 through
the Port D Control Register (PCRD).

This input is 5 V tolerant.

SC11 Input/ | Input | Discon- Serial Control 1—The function of this signal
Output nected is determined by the selection of either
Internally Synchronous or Asynchronous mode. For
Asynchronous mode, this signal is the
receiver frame sync I/0. For Synchronous
mode, this signal is used either for
Transmitter 2 output or for Serial 170 Flag 1.

PD1 Input Port D 1—The default configuration

or following reset is GPI1O input PD1. When
Output configured as PD1, signal direction is
controlled through PRRD. The signal can be
configured as an ESSI signal SC11 through
PCRD.

This input is 5 V tolerant.
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Table 2-13 Enhanced Synchronous Serial Interface 1 (ESSI1) (Continued)

State During®
Type Signal Description

Reset Stop

Signal
Name

SC12 Input/ | Input | Discon- Serial Control Signal 2—SC12 is used for
Output nected frame sync I/0. SC12 is the frame sync for
Internally both the transmitter and receiver in
Synchronous mode, and for the transmitter
only in Asynchronous mode. When
configured as an output, this signal is the
internally generated frame sync signal. When
configured as an input, this signal receives an
external frame sync signal for the transmitter
(and the receiver in Synchronous operation).

PD2 Input Port D 2—The default configuration

or following reset is GPIO input PD2. When
Output configured as PD2, signal direction is
controlled through PRRD. The signal can be
configured as an ESSI signal SC12 through
PCRD.

This input is 5 V tolerant.
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Table 2-13 Enhanced Synchronous Serial Interface 1 (ESSI1) (Continued)

State During®
Type Signal Description

Reset Stop

Signal
Name

SCK1 Input/ | Input | Discon- Serial Clock—SCK1 is a bidirectional
Output nected Schmitt-trigger input signal providing the
Internally serial bit rate clock for the ESSI interface. The
SCK1 is a clock input or output used by both
the transmitter and receiver in Synchronous
modes, or by the transmitter in
Asynchronous modes.

Although an external serial clock can be
independent of and asynchronous to the DSP
system clock, it must exceed the minimum
clock cycle time of 6T (i.e., the system clock
frequency must be at least three times the
external ESSI clock frequency). The ESSI
needs at least three DSP phases inside each
half of the serial clock.

PD3 Input Port D 3—The default configuration

or following reset is GPIO input PD3. When
Output configured as PD3, signal direction is
controlled through PRRD. The signal can be
configured as an ESSI signal SCK1 through
PCRD.

This input is 5 V tolerant.

SRD1 Input/ | Input | Discon- Serial Receive Data—SRD1 receives serial
Output nected data and transfers the data to the ESSI
Internally Receive Shift Register. SRD1 is an input when
data is being received.

PD4 Input Port D 4—The default configuration

or following reset is GPIO input PD4. When
Output configured as PD4, signal direction is
controlled through PRRD. The signal can be
configured as an ESSI signal SRD1 through
PCRD.

This input is 5 V tolerant.
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Serial Communication Interface (SCI)

Table 2-13 Enhanced Synchronous Serial Interface 1 (ESSI1) (Continued)

: State During!
Signal . i
Name Type Signal Description
Reset Stop
STD1 Input/ | Input | Discon- Serial Transmit Data—STDL1 is used for
Output nected transmitting data from the serial Transmit
Internally Shift Register. STD1 is an output when data is
being transmitted.
PD5 Input Port D 5—The default configuration
or following reset is GPIO input PD5. When
Output configured as PD5, signal direction is
controlled through PRRD. The signal can be
configured as an ESSI signal STD1 through
PCRD.
This input is 5 V tolerant.
Note: The Wait processing state does not affect the signal’s state.

2.11 SERIAL COMMUNICATION INTERFACE (SCI)

The Serial Communication interface (SCI) provides a full duplex port for serial
communication to other DSPs, microprocessors, or peripherals such as modems.

2-32

DSP56302UM/AD MOTOROLA

For More Information On This Product,
Go to: www.freescale.com




Freescale Semiconductor, Inc.
Signal/Connection Descriptions

Serial Communication Interface (SCI)

Table 2-14 Serial Communication Interface (SCI)

: State During!
ﬂgga; Type Signal Description
Reset Stop
RXD Input Input | Discon- Serial Receive Data—This input receives
nected byte oriented serial data and transfers it to the
Internally SCI Receive Shift Register.
PEO Input Port E 0—The default configuration
or following reset is GP1O input PEO. When
Output configured as PEQ, signal direction is
controlled through the SCI Port E Direction
Register (PRRE). The signal can be configured
as an SCI signal RXD through the SCI Port E
Control Register (PCRE).
This input is 5 V tolerant.
TXD Output | Input | Discon- Serial Transmit Data—This signal transmits
nected data from SCI Transmit Data Register.
Internally
PE1 Input Port E 1—The default configuration
or following reset is GPIO input PE1. When
Output configured as PE1, signal direction is
controlled through the SCI PRRE. The signal
can be configured as an SCI signal TXD
through the SCI PCRE.
This input is 5 V tolerant.
SCLK Input/ | Input | Discon- Serial Clock—This is the bidirectional
Output nected Schmitt-trigger input signal providing the
Internally input or output clock used by the transmitter
and/or the receiver.
PE2 Input Port E 2—The default configuration
or following reset is GPIO input PE2. When
Output configured as PE2, signal direction is
controlled through the SCI PRRE. The signal
can be configured as an SCI signal SCLK
through the SCI PCRE.
This inputis 5 V tolerant.

Note: 1. The Wait processing state does not affect the signal’s state.
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212 TIMERS

Three identical and independent timers are implemented in the DSP56302. Each
timer can use internal or external clocking, and can interrupt the DSP56303 after a
specified number of events (clocks), or can signal an external device after counting a
specific number of internal events.

Table 2-15 Triple Timer Signals

Signal
Name

Type

State During Reset

Reset

Stop

Signal Description

T100

Input
or
Output

Input

Discon-
nected
Internally

Timer 0 Schmitt-Trigger Input/Output—
When Timer 0 functions as 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).

This input is 5 V tolerant.

TIO1

Input
or
Output

Input

Discon-
nected
Internally

Timer 1 Schmitt-Trigger Input/Output—
When Timer 1 functions as an external event
counter or in Measurement mode, TIO1 is
used as input. When Timer 1 functions in
Watchdog, Timer, or Pulse Modulation
mode, TIO1 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 1
Control/Status Register (TCSR1).

This input is 5 V tolerant.
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Table 2-15 Triple Timer Signals (Continued)

State During Reset

Signal Type Signal Description
Name
Reset Stop
TIO2 Input Input | Discon- Timer 2 Schmitt-Trigger Input/Output—
or nected When Timer 2 functions as an external event
Output Internally counter or in Measurement mode, TIO2 is

used as input. When Timer 2 functions in
Watchdog, Timer, or Pulse Modulation
mode, TIO2 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 2
Control/Status Register (TCSR2).

This inputis 5 V tolerant.

Note:  The Wait processing state does not affect the signal’s state.

2.13 OnCE/JTAG INTERFACE

Table 2-16 OnCE/JTAG Interface

Signal State
9 Type During Signal Description
Name
Reset

TCK Input Input Test Clock—TCK is a test clock input signal
used to synchronize the JTAG test logic.
This input is 5 V tolerant.

TDI Input Input Test Data Input—TDl 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 5 V tolerant.
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Table 2-16 OnCE/JTAG Interface (Continued)

State
Type During Signal Description
Reset

Signal
Name

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 5 V tolerant.

TRST Input Input Test Reset—TRST is an active-low
Schmitt-trigger input signal used to
asynchronously initialize the test controller.
TRST has an internal pull-up resistor. TRST
must be asserted after power up.

This input is 5 V tolerant.
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Table 2-16 OnCE/JTAG Interface (Continued)

Signal
Name

State
Type During Signal Description
Reset

Input/ Input Debug Event—DE is an open-drain,

Output bidirectional, active-low signal providing, as
an input, a means of entering the Debug
mode of operation from an external
command controller, and as an output, a
means of acknowledging that the chip has
entered the Debug mode. This signal, when
asserted as an input, causes the DSP56300
core to finish the current instruction being
executed, save the instruction pipeline
information, enter the Debug mode, and wait
for commands to be entered from the debug
serial input line. This signal is asserted as an
output for three clock cycles when the chip
enters the Debug mode as a result of a debug
request or as a result of meeting a breakpoint
condition. The DE has an internal pull-up
resistor.

This is not a standard part of the JTAG Test
Access Port (TAP) Controller. The signal
connects directly to the OnCE module to
initiate Debug mode directly or to provide a
direct external indication that the chip has
entered the Debug mode. All other
interfacing with the OnCE module must
occur through the JTAG port.

This input is 5 V tolerant.
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Memory Spaces

3.1 MEMORY SPACES

The DSP56302 provides three independent memory spaces:

< Program

= Xdata

e Y data
Each memory space uses 24-bit addressing by default, allowing access to 16 M of
memory. The program and data word length is 24 bits.

The DSP56302 provides a Sixteen-bit Compatibility mode that effectively uses 16-bit
addressing for each memory space, allowing access to 64 K each of memory. This
mode puts 0s in the most significant byte of the usual (24-bit) program and data
word, and ignores the zeroed byte, thus effectively using 16-bit program and data
words. The Sixteen-bit Compatibility mode allows the DSP56302 to use 56000 object
code without change (thus minimizing system cost for applications that use the
smaller address space). See the DSP56300 Family Manual, Section 6.4 for further
information.

3.1.1 Program Memory Space

Program memory space consists of:

= Internal program memory (Program RAM, 20 K by default)
= Bootstrap Program ROM (192 x 24-bit)

= (Optionally) off-chip memory expansion (as much as 16 M in 24-bit mode and
64 K in 16-bit mode)

« (Optionally) Instruction Cache (1 K) formed from Program RAM

Program memory space at locations $FFO0CO to $FFFFFF is reserved and should not
be accessed.

3.1.2 Data Memory Spaces

Data memory space is divided into X data memory and Y data memory to match the
natural partitioning of DSP algorithms. The data memory partitioning allows the

MOTOROLA DSP56302UM/AD 3-3
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DSP56302 to feed two operands to the Data ALU simultaneously, enabling it to
perform a multiply-accumulate operation in one clock cycle.

X and Y data memory are identical in structure and functionality, except for the
upper 128 words of each space. The upper 128 words of X data memory are reserved
for internal 1/0. It is suggested that the programmer reserve the upper 128 words of
Y data memory for external 1/0 (for further information, see Section 3.1.2.1 and
Section 3.1.2.2).

X and Y data memory space each consist of:

= Internal data memory (X data RAM and Y data RAM, the default size of each
is 7 K, but they can be switched to 5 K each)

= (Optionally) Off-chip memory expansion (up to 16 M in the 24-bit Address
mode and 64 K in the 16-bit Address mode).

3.1.2.1 X Data Memory Space

The on-chip peripheral registers and some of the DSP56302 core registers occupy the
top 128 locations of X data memory ($FFFF80-$FFFFFF in the 24-bit Address mode or
$FF80-$FFFF in the 16-bit Address mode). This area is called X-1/0 space, and it can
be accessed by MOVE and MOVEP instructions and by bit oriented instructions
(BCHG, BCLR, BSET, BTST, BRCLR, BRSET, BSCLR, BSSET, JCLR, JSET, JSCLR, and
JSSET). For a listing of the contents of this area, see the Programming Sheets in
Appendix D.

The X memory space at locations $FF0000 to $FFEFFF is reserved and should not be
accessed.

3.1.2.2 Y Data Memory Space

The off-chip peripheral registers should be mapped into the top 128 locations of Y
data memory ($FFFF80-$FFFFFF in the 24-bit Address mode or $FF80-$FFFF in the
16-bit Address mode) to take advantage of the Move Peripheral Data (MOVEP)
instruction and the bit oriented instructions (BCHG, BCLR, BSET, BTST, BRCLR,
BRSET, BSCLR, BSSET, JCLR, JSET, JSCLR, and JSSET).

The Y memory space at locations $FF0000 to $FFEFFF is reserved and should not be
accessed.
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3.1.3 Memory Space Configuration

Memory space addressing is 24-bit by default. The DSP56302 switches to Sixteen-bit
Address Compatibility mode by setting the Sixteen-bit Compatibility (SC) bit in the
Status Register (SR).

Table 3-1 Memory Space Configuration Bit Settings for the DSP56302

Bit . . . Cleared =0 _
Abbreviation Bit Name Bit Location Effect (Default) Set = 1 Effect
SC Sixteen-bit SR 13 16 M word 64 K word
Compatibility address space address space
(24-bit address) | (16-bit address)

Memory maps for the different configurations are shown in Figure 3-1 to Figure 3-8.

3.2 RAM CONFIGURATION

The DSP56302 contains 34 K of RAM, divided by default into:

< Program RAM (20 K)
= X data RAM (7 K)
e Y data RAM (7 K)

RAM configuration depends on two bits: the Cache Enable (CE) of the SR and the
Memory Select (MS) of the Operating Mode Register (OMR).

Table 3-2 RAM Configuration Bit Settings for the DSP56302

Bit . Bit Cleared = 0 Effect _
Abbreviation Bit Name Location (Default) Set =1 Effect
CE Cache SR 19 Cache Disabled Cache Enabled
Enable 1K
MS Memory OMR 7 Program RAM 20 K | Program RAM 24 K
Switch X data RAM 7 K X data RAM 5 K
Y data RAM 7 K Y data RAM 5 K

Memory maps for the different configurations are shown in Figure 3-1 to Figure 3-8.
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Note: The MS bit may not be changed when CE is set. The Instruction Cache
occupies the top 1 K of what would otherwise be Program RAM, and to
switch memory into or out of Program RAM when the cache is enabled
will cause conflicts. To change the MS bit when CE is set:

1. Clear CE.
2. Change MS.
3. Set CE.

3.2.1 On-Chip Program Memory (Program RAM)

The on-chip Program RAM consists of 24-bit wide, high-speed, internal Static RAM
occupying the lowest 20 K (default), 23 K, 24 K, or 19 K locations in the program
memory space (depending on the settings of the MS and CE bits). The Program RAM
default organization is eighty banks of 256 24-bit words (20 K). The upper eight
banks of both X data RAM and Y data RAM can be configured as Program RAM by
setting the MS bit. When the CE is set, the upper 1 K of Program RAM is used as an
internal Instruction Cache.

CAUTION

While the contents of Program RAM are unaffected by toggling the
MS bit, the location of program data placed in the Program
RAM/Instruction Cache area changes after the MS bit is toggled,
since the cache always occupies the top-most 1 K Program RAM
addresses. To preserve program data integrity, do not set or clear
the MS bit when the CE bit is set. See Section 3.2 for the correct
procedure.

3.2.2 On-Chip X Data Memory (X Data RAM)

The on-chip X data RAM consists of 24-bit wide, high-speed, internal Static RAM
occupying the lowest 7 K (default) or 5 K locations in the X memory space. The size of
the X data RAM depends on the setting of the MS bit (default: MS is cleared). The X
data RAM default organization is twenty-eight banks of 256 (7 K) 24-bit words. Eight
banks of RAM can be switched from the X data RAM to the Program RAM by setting
the MS bit (leaving 5 K of X data RAM).
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3.2.3 On-Chip Y Data Memory (Y Data RAM)

The on-chip Y data RAM consists of 24-bit wide, high-speed, internal Static RAM
occupying the lowest 7 K (default) or 5 K locations in the Y memory space. The size of
the Y data RAM is dependent on the setting of the MS bit (default: MS is cleared). The
Y data RAM default organization is twenty-eight banks of 256 (7 K) 24-bit words.
Eight banks of RAM may be switched from the Y data RAM to the Program RAM by
setting the MS bit (leaving 5 K of Y data RAM).

3.24 Bootstrap ROM

The bootstrap code is accessed at addresses $FF0000 to $FFFOBF (192 words) in
program memory space. The bootstrap ROM can not be accessed in 16-bit Address
Compatibility mode. See Appendix A for a complete listing of the bootstrap code.

3.3 MEMORY CONFIGURATIONS

Memory configuration determines the size and address range for addressable
memory, and the amount of memory allocated to Program RAM, data RAM, and the
Instruction Cache.

3.3.1 Memory Space Configurations

The memory space configurations are listed in Table 3-3.

Table 3-3 Memory Space Configurations for the DSP56302

SC Bit Addressable Address Range Number of
Setting Memory Size g Address Bits
0 16 M words $000000- 24
$FFFFFF
1 64 K words $0000-$FFFF 16
MOTOROLA DSP56302UM/AD 3-7
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3.3.2 RAM Configurations

The RAM configurations for the DSP56302 are listed in Table 3-4.

Table 3-4 RAM Configurations for the DSP56302

Bit Settings Memory Sizes (in K)
Ms | ce | Prognm | Xdata | vdata | g,
0 0 20 7 7 0
0 1 19 7 7 1
1 0 24 5 5 0
1 1 23 5 5 1

The actual memory locations for Program RAM and the Instruction Cache in the
Program memory space are determined by the MS and CE bits, and their addresses

are given in Table 3-5.

Table 3-5 Memory Locations for Program RAM and Instruction Cache

MS CE Program RAM |, he | ocation
Location
0 0 $0000-$4FFF N/A
0 1 $0000-$4BFF | $4CO0-$4FFF
1 0 $0000—-$5FFF N/A
1 1 $0000-$5BFF | $5C00-$5FFF
3-8 DSP56302UM/AD MOTOROLA
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The actual memory locations for both X and Y data RAM in their own memory space
are determined by the MS bit, and their addresses are listed in Table 3-6.

Table 3-6 Memory Locations for Data RAM

MS Data R_AM
Location
0 $0000-$1BFF
1 $0000-$13FF

3.4 MEMORY MAPS

The following figures describe each of the memory space and RAM configurations
defined by the settings of the SC, MS, and CE bits. The figures show the
configuration and the table describes the bit settings, memory sizes, and memory
locations.
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Default
Program X Data Y Data
SFRFFFF $FFFFFF Internal 110 $FFFFFF External I/0
$FFFFE0 External $FFFF80 External
Internal $FFF000 $FFF000
Reserved
Internal Internal
Reserved Reserved
$FFFOCO Bootst oM
$FF0000 [oo2>1rapP $FF0000 $FF0000
R External TR Do Do R R
$005000 External External
Internal $001C00 $001C00
Program RAM
20 K Internal Internal
X data RAM Y data RAM
7K 7K
$000000 $000000 $000000
Bit Settings Memory Configuration
sc | ms | ce| Program |y hataRAM | Y DataRAM | Cache | Addressable
RAM Memory Size
0 0 0 20K 7K 7K None 16 M
$0000-$4FFF | $0000-$1BFF | $0000-$1BFF
AAD557
Figure 3-1 Default Settings (0, 0, 0)
3-10 DSP56302UM/AD MOTOROLA
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Program

Memory Maps

X Data Y Data
FFFFFF FFFFFF
SFRFFFF $ Internal 110 $ External I/0
$FFFFE0 External $FFFFE0 External
Internal $FFFO000 $FFF000
Reserved
Internal Internal
Reserved Reserved
$FFFOCO 5 oM
$FFO000 |2o0tstrap $FF0000 $FF0000
R External TR Do Do R R
$005000 External External
I-Cache
$004C00 1K
Internal $001€00 Internal $001€00 Internal
Progg“KRAM X data RAM Y data RAM
7K 7K
$000000 $000000 $000000
Bit Settings Memory Configuration
Program X Data Y Data Addressable
SC | MS | CE RAM RAM RAM Cache | \1emory Size
0 0 1 19K 7K 7K 1K 16 M
$0000- $0000- $0000- $4C00-
$4BFF $1BFF $1BFF $4FFF
AA0561
Figure 3-2 Instruction Cache Enabled (0, 0, 1)
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Program

X Data Y Data
SFFFFFF $FFFFFF Internal 110 $FFFFFF External I/0
$FFFF80 External $FFFF80 External
Internal $FFF000 $FFFO000
Reserved
Internal Internal
Reserved Reserved
$FFFOCO Bootst oM
ootstrap
$FF0000 $FF0000 $FF0000
T External T T External T T External T
$001400 $001400
$006000 Internal Internal
Internal d d
Program RAM X a&t_)aKRAM Y aéaKRAM
$000000 24K $000000 $000000
Bit Settings Memory Configuration
Program X Data Y Data Addressable
SC | MS | CE RAM RAM RAM Cache | \1emory size
0 1 0 24 K 5K 5K None 16 M
$0000- $0000- $0000-
$5FFF $13FF $13FF
AAD559
Figure 3-3 Switched Program RAM (0, 1, 0)
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Program X Data Y Data
SFFFFFF SFFFFFF Internal 110 $FFFFFF External I/0
$FFFF80 $FFFF80
External External
Internal $FFF000 $FFF000
Reserved
Internal Internal
Reserved Reserved
$FFFOCO Bootst oM
ootstra
$FF0000 P $FF0000 $FF0000
[ External [ [ External [ [ External [
$006000 $001400 $001400
I-Cache
$005C00 1K Internal Internal
Internal X data RAM Y data RAM
Program 5K 5K
$000000 L_RAM 23K | 4450000 $000000
Bit Settings Memory Configuration
Program X Data Y Data Addressable
SC | MS | CE RAM RAM RAM Cache | \1emory Size
0 1 1 23 K 5K 5K 1K 16 M
$0000- $0000- $0000- $5C00-
$5BFF $13FF $13FF $5FFF

AA0563

Figure 3-4 Switched Program RAM and Instruction Cache Enabled (0, 1, 1)
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Memory Maps

Program X Data Y Data
$FFFF $FFFF Internal 1/0 SFFFF External I/O
$FF80 $FF80
External
External External
$5000\_’\ N~ A ) A ) ~ ~
Internal
Program RAM $1C00 $1C00
20K
Internal Internal
X data RAM Y data RAM
7K 7K
$0000 $0000 $0000
Bit Settings Memory Configuration
Program X Data Y Data Addressable
SC | MS | CE RAM RAM RAM Cache | Memory size
1 0 0 20K 7K 7K None 64 K
$0000- $0000- $0000-
$AFFF $1BFF $1BFF
AA0558
Figure 3-5 16-bit Space with Default RAM (1, 0, 0)
3-14 DSP56302UM/AD MOTOROLA

For More Information On This Product,

Go to: www.freescale.com



Freescale Semiconductor, Inc.
Memory Configuration

Memory Maps

For More Information On This Product,
Go to: www.freescale.com

Program X Data Y Data
FFFF
$ SFFFF Internal 1/0O $FFFF External I/O
$FF80 $FF80
External
External External

$5OOO\_-\ ~“ ~“ ~“ “ “

I-Cache

1K
$4C00
$1C00 $1C00
Internal Internal Internal
Program RAM X data RAM Y data RAM
19K 7K 7K
Bit Settings Memory Configuration
Program X Data Y Data Addressable
SC | MS | CE RAM RAM RAM Cache | \1emory Size
1 0 1 19K 7K 7K 1K 64 K
$0000- $0000- $0000- $4C00-
$4BFF $1BFF $1BFF $4FFF
AA0562
Figure 3-6 16-bit Space with Instruction Cache Enabled (1, 0, 1)
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Program X Data Y Data
$FFFF SFFFF Internal 1/10 $FFFF External I/O
$FF80 $FF80
External External External
$1400 $1400
$6000 Internal Internal
Internal X data RAM Y data RAM
Program RAM 5K 5K
24 K
$0000 $0000 $0000
Bit Settings Memory Configuration
Program X Data Y Data Addressable
SC | MS | CE RAM RAM RAM Cache | \1emory Size
1 1 0 24K 5K 5K None 64 K
$0000- $0000- $0000-
$5FFF $13FF $13FF
AA0560
Figure 3-7 16-bit Space with Switched Program RAM (1, 1, 0)
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Program X Data Y Data
FFFF
$ $FFFF Internal 1/10 SFFFF External I/O
$FF80 $FF80
External
External External
$6000 $1400 $1400
I-Cache
1K Internal Internal
$5C00 X data RAM Y data RAM
Internal 5K 5K
Program
$0000 RAM 23 K $0000 $0000
Bit Settings Memory Configuration
Program X Data Y Data Addressable
SC | MS | CE RAM RAM RAM Cache | \1emory Size
1 1 1 23K 5K 5K 1K 64 K
$0000- $0000- $0000- $5C00-
$5FFF $13FF $13FF $5FFF

AA0564

Figure 3-8 16-bit Space, Switched Program RAM, Instruction Cache Enabled

(1,1,1)

MOTOROLA

DSP56302UM/AD

For More Information On This Product,
Go to: www.freescale.com

3-17



Freescale Semiconductor, Inc.
Memory Configuration

Internal I/O Memory Map

3.5 INTERNAL I/O MEMORY MAP

The DSP56302 internal X-170 space (the top 128 locations of the X data memory
space) is listed in Appendix D, Table D-2.

£S5
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41 INTRODUCTION

This chapter contains DSP56300 core configuration details specific to the DSP56302.
These configuration details include:

= Operating modes

= Bootstrap program

= Interrupt sources and priorities

= DMA request sources

= Operating Mode Register

= PLL control register

= AA control registers

< JTAG Boundary Scan Register

For more information on specific registers or modules in the DSP56300 core, refer to
the DSP56300 Family Manual (DSP56300FM/AD).

4.2 OPERATING MODES

The DSP56302 begins operations by leaving Reset and going into one of eight
operating modes. As the DSP56302 exits the Reset state it loads the values of MODA,
MODB, MODC, and MODD into bits MA, MB, MC, and MD of the Operating Mode
Register (OMR). These bit settings determine the chip’s operating mode, which
determines what bootstrap program option the chip uses to start up.

The MA-MD bits of the OMR can also be set directly by software. Jumping directly to
the bootstrap program entry point ($FF0000) after setting the OMR bits causes the
DSP56302 to execute the specified bootstrap program option (except modes 0 and 8).

Table 4-1 shows the DPS56303 bootstrap operation modes, the corresponding
settings of the external operational mode signal lines (the mode bits MA-MD in the
OMR), and the reset vector address to which the DSP56302 jumps once it leaves the
Reset state.
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Table 4-1 DSP56302 Operating Modes

Mode | MODD | MODC | MODB | MoDA | Feset Description
Vector
0 0 0 0 0 $COOOOO Expanded mode 1
1 Oorl 0 0 1 $FF0000 | Bootstrap from byte-wide
memory (at $D00000)
2 Oorl 0 1 0 $FF0000 | Bootstrap through SCI
3 Oorl 0 1 1 — Reserved
4 Oorl 1 0 0 $FF0000 | HIO08 Bootstrap in
ISA/DSP5630X
5 Oorl 1 0 1 $FFO000 | HI08 Bootstrap in HC11
non-multiplexed
6 Oorl 1 1 0 $FF0000 | HI08 Bootstrap in 8051
multiplexed bus
7 Oorl 1 1 1 $FF0000 | HI08 Bootstrap in 68302 bus
8 1 0 0 0 $008000 | Expanded mode
Note: 1. Address $C00000 is reflected as address $00000 on Port A signals A0-A17.

4.3

BOOTSTRAP PROGRAM

The bootstrap program is factory-programmed in an internal 192 word by 24-bit
bootstrap ROM located in Program memory space at locations $FFO0000-$FFO0BF.
The bootstrap program can load any Program RAM segment from an external
byte-wide EPROM, the SCI, or the host port.

The bootstrap program code is listed in Appendix A.
On exiting the Reset state, the DSP56302:

1. Samples the MODA, MODB, MODC and MODD signal lines
2. Loads their values into bits MA, MB, MC, and MD in the OMR

The contents of the MA, MB, MC, and MD bits determine which bootstrap mode the
DSP56302 enters:

DSP56302UM/AD
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1. If MA, MB, MC, and MD are all cleared (Bootstrap mode 0), the program
bypasses the bootstrap ROM and the DSP56302 starts loading instructions
from external program memory location $C00000.

2. If MA, MB, and MC are cleared and MD is set (Bootstrap mode 8), the
program bypasses the bootstrap ROM and the DSP56302 starts loading in
instruction values from external program memory location $008000.

3. Otherwise (Bootstrap modes 1-7), the DSP56302 jumps to the bootstrap
program entry point at $FF0000.

If the bootstrap program is loading via the Host Interface (H108), setting the HFO bit
in the HSR causes the DSP56302 to stop loading and begin execution of the loaded
program at the specified start address.

See Table 4-1 on page 4-4 for a tabular description of the mode bit settings for the
operating modes.

The bootstrap program options (except modes 0 and 8) can be invoked at any time by
setting the MA, MB, MC, and MD bits in the OMR and jumping to the bootstrap
program entry point, $FF0000. The mode selection bits in the OMR can be set directly
by software.

Bootstrap modes 0 and 8 are the normal functioning modes for the DSP56302.
Bootstrap modes 1-7 are the bootstrap modes proper.

In bootstrap modes 1-7, the bootstrap program expects the following data sequence
when downloading the user program through an external port:
1. Three bytes defining the number of (24-bit) program words to be loaded

2. Three bytes defining the (24-bit) start address to which the user program loads
in the DSP56302 program memory

3. The user program (three bytes for each 24-bit program word)
The three bytes for each data sequence must be loaded with the least significant byte
first.

Once the bootstrap program completes loading the specified number of words, it
jumps to the specified starting address and executes the loaded program.

MOTOROLA DSP56302UM/AD 4-5
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4.3.1 Mode 0: Expanded Mode

Mode | MODD | MODC | MODB | MoDA | Reset Description
Vector
0 0 0 0 0 $C00000 | Expanded mode

The bootstrap ROM is bypassed and the DSP56302 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.

4.3.2 Mode 1: Bootstrap from Byte-Wide External Memory

Mode | MODD | MODC | MODB | MODA | [Reset Description
Vector
1 Oor1l 0 0 1 $FF0000 | Bootstrap from byte-wide
memory (at $D00000)

The bootstrap program loads instructions through Port A from external byte-wide
memory, starting at P:$D00000. The SRAM memory access type is selected by the
values in Address Attribute Register 1 (AAR1). Thirty-one (31) wait states are
inserted between each memory access. Address $D00000 is reflected as address
$00000 on Port A signals HAO-HA17.

4.3.3 Mode 2: Bootstrap Through SCI

Mode | MODD | MODC | MODB | MODA | et Description
Vector
2 Oorl 0 1 0 $FF0000 | Bootstrap through SCI

Instructions are loaded through the SCI. The bootstrap program sets the SCI to
operate in 10-bit Asynchronous mode, with 1 start bit, 8 data bits, 1 stop bit and no
parity. Data is received in this order; start bit, 8 data bits (Least Significant Bit first),
and one stop bit. Data is aligned in the SCI Receive Data Register with the Least
Significant Bit of the least significant byte of the received data appearing at bit 0.The
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user must provide an external clock source with a frequency at least 16 times the
transmission data rate. Each byte received by the SCI is echoed back through the SCI
transmitter to the external transmitter.

434 Mode 3: Reserved

Reset

\ector Description

Mode | MODD | MODC | MODB | MODA

3 Oorl 0 1 1 — Reserved

This mode is reserved for future use.

4.3.5 Mode 4: Bootstrap Through HIO8 in ISA/DSP5630X Mode
(8-Bit Wide Bus)

Mode | MODD | MODC | MODB | MODA | [Reset Description
Vector
4 Oorl 1 0 0 $FF0000 | HI08 Bootstrap in
ISA/DSP5630X

In this mode, the HI08 is configured to interface with an ISA bus or with the memory
expansion port of a master DSP5630X processor.

If the host processor sets Host Flag 0 (HFO) in the HIO8 Interface Control Register
(HCR) while writing the initialization program, the bootstrap program stops loading
instructions, jumps to the starting address specified and executes the loaded

program.
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4.3.6 Mode 5: Bootstrap Through HIO8 in HC11 Non-Multiplexed

Mode
Reset —
Mode | MODD | MODC | MODB | MODA Description
Vector
5 Oorl 1 0 1 $FF0000 | HI08 Bootstrap in HC11
non-multiplexed

The bootstrap program sets the Host Interface to interface with the Motorola HC11
microcontroller.

If the host processor sets Host Flag 0 (HFO) in the HI08 Interface Control Register
(HCR) while writing the initialization program, the bootstrap program stops loading

instructions, jumps to the starting address specified and executes the loaded
program.

4.3.7 Mode 6: Bootstrap Through HIO8 in 8051 Multiplexed Bus

Mode
Reset —
Mode | MODD | MODC | MODB | MODA Description
Vector
6 Oorl 1 1 0 $FF0000 | HI08 Bootstrap in 8051
multiplexed bus

The bootstrap program sets the Host Interface to interface with the Intel 8051 bus.

If the host processor sets Host Flag 0 (HFO) in the HIO8 Interface Control Register
(HCR) while writing the initialization program, the bootstrap program stops loading

instructions, jumps to the starting address specified and executes the loaded
program.
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4.3.8 Mode 7: Bootstrap Through HIO8 in 68302/68360 Bus Mode
Mode | MODD | MODC | MODB | MODA | Reset Description
Vector
7 Oorl 1 1 1 $FF0000 | HI08 Bootstrap in 68302 bus

The bootstrap program sets the Host Interface to interface with the Motorola 68302 or
68360 bus.

If the host processor sets Host Flag 0 (HFO) in the HCR while writing the
initialization program, the bootstrap program stops loading instructions, jumps to
the starting address specified and executes the loaded program.

4.3.9 Mode 8: Expanded Mode
Reset —
Mode | MODD | MODC | MODB | MODA Description
Vector
8 1 0 0 0 $008000 | Expanded mode

The bootstrap ROM is bypassed and the DSP56302 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.

4.4

INTERRUPT SOURCES AND PRIORITIES

Interrupt handling by the DSP56302, like that of all DSP56300 family members, has
been optimized for DSP applications. Refer to Section 7 of the DSP56300 Family
Manual. The interrupt table is located in the 256 locations of program memory
pointed to by the Vector Base Address (VBA) register in the Program Control Unit.

4.4.1

Interrupt Sources

Each interrupt is allocated two instructions in the table, so there are 128 table entries
for interrupt handling. Table 4-2 shows the table entry address for each interrupt

MOTOROLA
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source. The DSP56302 initialization program loads the table entry for each interrupt
serviced with two interrupt servicing instructions.

In the DSP56302, only 46 of the 128 vector addresses are used for specific interrupt
sources. The remaining 82 are reserved. If it is known that certain interrupts will not
be used, those interrupt vector locations may be used for program or data storage.

Table 4-2 Interrupt Sources

et | oy
Address Level Interrupt Source
Range
VBA:$00 3 Hardware RESET
VBA:$02 3 Stack Error
VBA:$04 3 Illegal Instruction
VBA:$06 3 Debug Request Interrupt
VBA:$08 3 Trap
VBA:$0A 3 Non-Maskable Interrupt (NMI)
VBA:$0C 3 Reserved
VBA:$0E 3 Reserved
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 TIMER 0 Compare
VBA:$26 0-2 TIMER 0 Overflow
VBA:$28 0-2 TIMER 1 Compare
VBA:$2A 0-2 TIMER 1 Overflow
VBA:$2C 0-2 TIMER 2 Compare
VBA:$2E 0-2 TIMER 2 Overflow
4-10 DSP56302UM/AD MOTOROLA
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Table 4-2 Interrupt Sources (Continued)

et | oy
Address Level Interrupt Source
Range
VBA:$30 0-2 ESSI0 Receive Data
VBA:$32 0-2 ESSIO Receive Data With Exception Status
VBA:$34 0-2 ESSIO Receive Last Slot
VBA:$36 0-2 ESSIO Transmit Data
VBA:$38 0-2 ESSIO Transmit Data With Exception Status
VBA:$3A 0-2 ESSIO Transmit Last Slot
VBA:$3C 0-2 Reserved
VBA:$3E 0-2 Reserved
VBA:$40 0-2 ESSI1 Receive Data
VBA:$42 0-2 ESSI1 Receive Data With Exception Status
VBA:$44 0-2 ESSI1 Receive Last Slot
VBA:$46 0-2 ESSI1 Transmit Data
VBA:$48 0-2 ESSI1 Transmit Data With Exception Status
VBA:$4A 0-2 ESSI1 Transmit Last Slot
VBA:$4C 0-2 Reserved
VBA:$4E 0-2 Reserved
VBA:$50 0-2 SCI Receive Data
VBA:$52 0-2 SCI Receive Data With Exception Status
VBA:$54 0-2 SCI Transmit Data
VBA:$56 0-2 SCI Idle Line
VBA:$58 0-2 SCI Timer
VBA:$5A 0-2 Reserved
VBA:$5C 0-2 Reserved
VBA:$5E 0-2 Reserved
VBA:$60 0-2 Host Receive Data Full
VBA:$62 0-2 Host Transmit Data Empty
VBA:$64 0-2 Host Command (Default)
VBA:$66 0-2 Reserved
VBA:$FE 0-2 Reserved
MOTOROLA DSP56302UM/AD 4-11
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4.4.2

Interrupt Priority Levels

The DSP56302 has a four level interrupt priority structure. Each interrupt has two
Interrupt Priority Level bits (IPL[1:0]) that determine its interrupt priority level.
Level 0 is the lowest priority level. Level 3 is the highest level priority and is
non-maskable. Table 4-3 defines the IPL bits.

Table 4-3 Interrupt Priority Level Bits

IPL bits Interrupts Interrupts IS:?;::Jtst
w1 | xxL0 Enabled Masked Level

0 0 No — 0

0 1 Yes 0 1

1 0 Yes 0,1 2

1 1 Yes 0,12 3

There are two interrupt priority registers in the DSP56302. The IPR-C is dedicated to
DSP56300 core interrupt sources and IPR-P is dedicated to DSP56302 peripheral

4-12
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interrupt sources. IPR-C is shown on Figure 4-1 on page 4-13and IPR-P is shown in
Figure 4-2 on page 4-13.

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 | D4L1 | D4L0 | D3L1| D3LO| D2L1| D2LO| D1L1| D1L0| DOL1| DOL0|
DMAO IPL
DMAL1 IPL
DMAZ2 IPL
DMA3 IPL
DMA4 IPL
DMAS IPL
Figure 4-1 Interrupt Priority Register C (IPR-C) (X:$FFFFFF)
11 10 9 8 7 6 5 4 3 2 1 0
- TOL1 | TOLO | SCL1| SCLOl S1L1 | S1L0 | SOL1 | SOLO | HPL1| HPLO|
I—l— HIO8 IPL
ESSIO IPL
ESSI1 IPL
SCI IPL
TRIPLE TIMER IPL
reserved
23 22 21 20 19 18 17 16 15 14 13 12
reserved
Figure 4-2 Interrupt Priority Register P (IPR-P) (X:$FFFFFE)
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4.4.3 Interrupt Source Priorities within an IPL

If more than one interrupt request is pending when an instruction is executed, the
interrupt source with the highest IPL is serviced first. When several interrupt
requests having the same IPL are pending, another fixed-priority structure within
that IPL determines which interrupt source is serviced first. This fixed priority list of
interrupt sources within an IPL is shown in Table 4-4.

Table 4-4 Interrupt Source 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)

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
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Table 4-4 Interrupt Source Priorities within an IPL (Continued)

Priority

Interrupt Source

Host Command Interrupt

Host Transmit Data Empty

Host Receive Data Full

ESSI0 RX Data with Exception Interrupt

ESSI0 RX Data Interrupt

ESSIO0 Receive Last Slot Interrupt

ESSI0 TX Data With Exception Interrupt

ESSIO Transmit Last Slot Interrupt

ESSIO TX Data Interrupt

ESSI1 RX Data With Exception Interrupt

ESSI1 RX Data Interrupt

ESSI1 Receive Last Slot Interrupt

ESSI1 TX Data With Exception Interrupt

ESSI1 Transmit Last Slot Interrupt

ESSI1 TX Data Interrupt

SCI Receive Data With Exception Interrupt

SCI Receive Data

SCI Transmit Data

SCI Idle Line

SCI Timer

TIMERO Overflow Interrupt

TIMERO Compare Interrupt

TIMER1 Overflow Interrupt

TIMER1 Compare Interrupt

MOTOROLA
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Table 4-4 Interrupt Source Priorities within an IPL (Continued)

Priority Interrupt Source
TIMER?2 Overflow Interrupt
Lowest TIMER2 Compare Interrupt

45 DMA REQUEST SOURCES

The DMA Request Source bits (DRS[4:0]) in the DMA Control/Status registers)
encode the source of DMA requests used to trigger DMA transfers. The DMA request
sources may be internal peripherals or external devices requesting service through

the IRQA, IRQB, IRQC, or IRQD signals. Table 4-5 describes the meanings of the

DRS bits.

Table 4-5 DMA Request Sources

DMA Request Source Bits Requesting Device
DRS4... DRSO

00000 External (IRQA signal)
00001 External (IRQB signal)
00010 External (IRQC signal)
00011 External (IRQD signal)
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 ESSIO0 Receive Data (RDF0 = 1)
01011 ESSIO Transmit Data (TDEQO = 1)
01100 ESSI1 Receive Data (RDF1 =1)
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Table 4-5 DMA Request Sources (Continued)

DMA Request Source Bits Requesting Device
DRS4... DRSO
01101 ESSI1 Transmit Data (TDE1 = 1)
01110 SCI Receive Data (RDRF = 1)
01111 SCI Transmit Data (TDRE = 1)
10000 Timer0 (TCF0 = 1)
10001 Timerl (TCF1=1)
10010 Timer2 (TCF2 =1)
10011 Host Receive Data Full (HRDF = 1)
10100 Host Transmit Data Empty (HTDE = 1)
10101-11111 Reserved

46 OPERATING MODE REGISTER (OMR)

The Operating Mode Register (OMR) is a 24-bit read/write register divided into
three byte-sized units. The first two bytes (COM and EOM) are used to control the
chip’s operating mode. The third byte (SCS) is used to control and monitor the stack
extension. The OMR control bits are shown in Figure 4-3. Refer to the DSP56300
Family Manual for a complete description of the OMR.

scs | EOM | CoM
23 22 212 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| | [senwrpPEOV[EUN|XYS|ATE] | [BRT|[TAS|BE | cDP1.0 [Ms|sD|  |EBD|MD|MC|MB|MA
SEN—Stack Extension Enable ATE—Address Tracing Enable MS—Memory Switch Mode
WRP—Extended Stack Wrap Flag BRT—Bus Release Timing SD—Stop Delay
EOV—Extended Stack Overflow Flag TAS—TA Synchronize Select EBD—External Bus Disable
EUN—Extended Stack Underflow Flag =~ BE—Burst Mode Enable MD—Operating Mode D
XYS—Stack Extension Space Select CDP1—Core-DMA Priority 1 MC—Operating Mode C
CDPO—Core-DMA Priority O MB—Operating Mode B

MA—Operating Mode A
- Reserved bit. Read as zero, should be written with zero for future compatibility.

AA0851
Figure 4-3 DSP56302 Operating Mode Register (OMR)
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4.7 PLL CONTROL REGISTER

The PLL control register (PCTL) is an X-1/0 mapped, 24-bit read/write register used
to direct the operation of the on-chip PLL. The PCTL control bits are shown in
Figure 4-4. Refer to the DSP56300 Family Manual for a full description of the PCTL.

11 10 9 8 7 6 5 4 3 2 1 0
| MF11 [ MF10 | MF9 | MF8 | MF7 | MF6 | MF5 | MF4 | MF3 | MF2 | MF1 | MFO |
23 22 21 20 19 18 17 16 15 14 13 12
| P03 | PD2 | PD1 | PDO | coD | PEN | PSTP | XTLD | XTLR | DF2 | DF1 | DFO |
AA0852

Figure 4-4 PLL Control Register (PCTL)

4.7.1 PCTL PLL Multiplication Factor Bits 0-11

The Multiplication Factor bits (MF[11:0]) define the Multiplication Factor (MF) that is
applied to the PLL input frequency. The MF bits are cleared during DSP56302
hardware reset, which corresponds to an MF of one.

4.7.2 PCTL XTAL Disable Bit (XTLD) Bit 16

The XTAL Disable bit (XTLD) controls the on-chip crystal oscillator XTAL output.
The XTLD bit is cleared during DSP56302 hardware reset, which means that the
XTAL output signal is active, permitting normal operation of the crystal oscillator.

4.7.3 PCTL PreDivider Factor Bits (PDO-PD3) Bits 20-23

The PreDivider Factor bits (PD0-PD3) define the predivision factor (PDF) that will be
applied to the PLL input frequency. The PD0-PD3 bits are cleared during DSP56302
hardware reset, which corresponds to a PDF of one.

4.8 DEVICE IDENTIFICATION REGISTER

The Device Identification Register (IDR) is a 24-bit, read-only factory programmed
register which identifies DSP56300 family members. It specifies the derivative
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number and revision number of the device. This information may be used in testing
or by software. Figure 4-5 gives the contents of the IDR.

Revision numbers are assigned as follows: $0 is revision 0, $1 is revision A, and so on.

Figure 4-5 Identification Register Configuration (Revision 0)

23 16 15 12 11 0

Reserved Revision Number Derivative Number

$00 $0 $302

49 AA CONTROL REGISTERS (AAR1-AAR4)

The Address Attribute Register (AAR) is shown in Figure 4-6. There are four of these
registers in the DSP56302 (AARO-AAR3), one for each AA signal.

For a full description of the Address Attribute Registers see the DSP56300 Family
Manual. Address multiplexing is not supported by the DSP56302. Bit 6 (BAM) of the
AARs is reserved and should have only 0 written to it.

11 10 9 8 7 6 5 4 3 2 1 0
[BNne3[BNC2 [BNC1 | BNCO [ BPACH [ BYEN|BXEN|BPEN|BAAP| BAT1 | BATO |

External Access Type
AA pin polarity
Program space Enable
X data space Enable
Y data space Enable
Reserved

Packing Enable

Number of Address bit to
compare

23 2 22 20 19 18 17 16 15 14 13 12
[BAac11|BAC10| BACY| BACS| BAC7| BACE[BACS | BAC4| BAC3| BAC2|BAC1 | BACO]

Address to Compare

|:| - Reserved Bit

Figure 4-6 Address Attribute Registers (AARO-AAR3) (X:$FFFFF9-$FFFFF6)
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410 JTAG BOUNDARY SCAN REGISTER (BSR)

The Boundary Scan Register (BSR) in the DSP56302 JTAG implementation contains
bits for all device signal and clock pins and associated control signals. All DSP56302
bidirectional pins have a corresponding register bit in the boundary scan register for
pin data, and are controlled by an associated control bit in the boundary scan
register. The BSR is listed in Section 11. The JTAG code listing is in Appendix C.

£S5
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5.1 INTRODUCTION

The DSP56302 provides thirty-four bidirectional signals that can be configured as
General Purpose Input/Output (GPIO) signals or as peripheral dedicated signals. No
dedicated GPIO signals are provided. All of these signals are GP1O by default after
reset. The control register settings of the DSP56302’s peripherals determine whether
these signals are used as GPIO or as peripheral dedicated signals. This section
describes how signals may be used as GPIO.

5.2 PROGRAMMING MODEL

The Signals Description section (Section 2) of this manual describes the special uses
of these signals in detail. There are five groups of these signals. They can be
controlled separately or as groups. The groups are:

= Port B: sixteen GPIO signals (shared with the HI08 signals)

= Port C: six GPIO signals (shared with the ESSIO signals)

e Port D: six GPIO signals (shared with the ESSI1 signals)

= Port E: three GPIO signals (shared with the SCI signals)

= Timers: three GPIO signals (shared with the Triple Timer signals)

521 Port B Signals and Registers

Each of the sixteen Port B signals not used as a HI108 signal can be configured as a
GPIO signal. The GPIO functionality of Port B is controlled by three registers: Host
Control Register (HCR), Host Port GP1O Data Register (HDR), and Host Port GPIO
Direction Register (HDDR). These registers are described in Section 6 of this
document.

5.2.2 Port C Signals and Registers

Each of the six Port C signals not used as an ESSIO signal can be configured 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 7 of this document.
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5.2.3 Port D Signals and Registers

Each of the six Port D signals not used as a ESSI1 signal can be configured as a GPIO
signal. The GPIO functionality of Port D is controlled by three registers: Port D
Control Register (PCRD), Port D Direction Register (PRRD) and Port D Data Register
(PDRD). These registers are described in Section 7 of this document.

5.24 Port E Signals and Registers

Each of the three Port E signals not used as a SCI signal can be configured as a 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 8 of this document.

5.2.5 Triple Timer Signals

Each of the three Triple Timer Interface signals (TIO0-TIO2) not used as a timer
signal can be configured as a GPIO signal. Each signal is controlled by the
appropriate Timer Control Status register (TCSR0-TCSR2). These registers are
described in Section 9 of this document.
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Introduction

6.1 INTRODUCTION

The Host Interface (HI08) is a byte-wide, full-duplex, double-buffered, parallel port
that can be connected directly to the data bus of a host processor. The HI08 supports
a variety of buses and provides glueless connection with a number of industry
standard microcomputers, microprocessors, and DSPs.

The host bus can operate asynchronously to the DSP core clock, so the HI08 registers
are divided into two banks. The host register bank is accessible to the external host
and the DSP register bank is accessible to the DSP core.

The HI08 supports two classes of interfaces:

= Host Processor/Microcontroller (MCU) connection interface
= General Purpose 1/0 (GPIO) port

Signals not used as HI108 port signals can be configured as General Purpose 1/0
(GPIO) signals, up to a total of 16.

6.2 HIO8 FEATURES

This section lists the features of the host to DSP and DSP to host interfaces. Further
details are in Section 6.5 and Section 6.6.

6.2.1 Host to DSP Core Interface

< Mapping:
— Registers are directly mapped into eight internal X data memory locations
= Data word:

— DSP56302 24-bit (native) data words are supported, as are 8-bit and 16-bit
words

e Transfer modes:
— DSP to host
— Hostto DSP

— Host command

MOTOROLA DSP56302UM/AD 6-3
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= 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 DSP56302 and external hosts.

— Special MOVEP instruction provides for 1/0 service capability using fast
interrupts.

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

6.2.2 HIO8 to Host Processor Interface

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

- HO-H7/HADO-HAD?7 host data bus (HO-H7) or host multiplexed
address/data bus (HADO-HAD?7)

— HAS/HAO address strobe (HAS) or host address line (HAO)

- HAB8/HAL host address line (HA8) or host address line (HA1L)

- HA9/HAZ2 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)

— HREQ/HTRQ host request (HREQ) or host transmit request (HTRQ)

- HACK/HRRQ host acknowledge (HACK) or host receive request (HRRQ)
= Mapping:

— HIO08 registers are mapped into eight consecutive locations in external bus
address space.

— The HI08 acts as a memory or I/0-mapped peripheral for microprocessors,
microcontrollers, etc.

e Data word: 8-bit
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HIO8 Features

= Transfer modes:
— Mixed 8-bit, 16-bit, and 24-bit data transfers
= DSP to host
= Host to DSP
— Host command
= Handshaking protocols:
— Software polled

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

= Dedicated interrupts:
— Separate interrupt lines for each interrupt source

— Special host commands force DSP core interrupts under host processor
control. These commands are useful for:

= Real-time production diagnostics
= Creating a debugging window for program development
= Host control protocols
= Interface capabilities:

— Glueless interface (no external logic required) to:
= Motorola HC11
= Hitachi H8
= 8051 family
e Thomson P6 family

— Minimal glue-logic (pullups, pulldowns) required to interface to:
= ISA bus
= Motorola 68K family
= Intel X86 family
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6.3 HIO8 HOST PORT SIGNALS

The host port signals are described in Section 2. Each host port signal may be
programmed as a host port signal or as a GPIO signal, PBO-PB15 (see Table 6-1
through Table 6-3, below).

Table 6-1 HI08 Signal Definitions for Various Operational Modes

H108 port Multiplexed address/data Non-Multiplexed bus GPIO
signal bus mode mode mode
HADO-HAD7 HADO-HAD7 HO-H7 PBO-PB7
HAS/HAO HAS/HAS HAO PB8
HA8/HAL HAS3 HAl PB9
HA9/HA2 HA9 HAZ2 PB10
HCS/HA10 HA10 HCS/HCS PB13

Table 6-2 HI08 Data Strobe Signals

HIQS port Single strobe bus Dual strobe bus GPIO mode
signal
HRW/HRD HRW HRD/HRD PB11
HDS/HWR HDS/HDS HWR/HWR PB12
Table 6-3 HI08 Host Request Signals
HIQS port Vector required No vector required GPIO mode
signal
HREQ/ HREQ/HREQ HTRQ/HTRQ PB14
HTRQ
HACK/ HACK/HACK HRRQ/HRRQ PB15
HRRQ
6-6 DSP56302UM/AD MOTOROLA
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HIO8 Block Diagram
6.4 HIO8 BLOCK DIAGRAM

Figure 6-1 shows the HIO8 registers. The top row of registers (HCR, HSR, HDDR,
HDR, HBAR, HPCR, HTX, HRX) can be accessed by 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.

HCR = Host Control Register HTX = Host Transmit register
HSR = Host Status Register

HRX = Host Receive register
HPCR = Host Port Control Register

HDDR = Host Data Direction Register
HBAR = Host Base Address register HDR = Host Data Register

Core DMA Data Bus

A >
DSP Peripheral Data Bus
%24 ?24 $24 %24 %24 24$ 24* l/24 24 *24
HDDR HBAR HPCR HRX
| [ A
| (. Frmmm e ——-—- 1
| | \ 1 1
) S 1 Address ¥ 24 24
' ! \ I Comparator !
| ! \ 1 1
| | \ g -
|
I| ! \\ A
\
\ n K 5
\ X ' 3 Y
ISR ICR CVR IVR | Latch 1 RXH||IRXM|| RXL TXH[|TXM]|] TXL
1 1
iS /t $ % f A3 %8 iS $8 TS T8 {8
-€ ®
HOST Bus
ICR = Interface Control Register RXM = Receive Register Middle
CVR = Command Vector Register RXL = Receive Register Low
ISR = Interface Status Register TXH = Transmit Register High
IVR = Interrupt Vector Register TXM = Transmit Register Middle
RXH = Receive Register High TXL = Transmit Register High
AA0B57
Figure 6-1 HI08 Block Diagram
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6.5 HIO8—DSP SIDE PROGRAMMER’'S MODEL

The DSP56302 core treats the HIO8 as a memory-mapped peripheral occupying eight
24-bit words in X data memory space. The DSP may use the HI08 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 DSP56302 core to communicate with
the HIO8 registers using standard instructions and addressing modes. In addition,
the MOVEP instruction allows direct data transfers between DSP56302 internal
memory and the HIO8 registers or vice-versa.

There are two kinds of host processor registers, data and control, with eight registers
in all. All eight registers can be accessed by the DSP core, but not by the external host.

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

= Host Data Receive Register (HRX)

= Host Data Transmit Register (HTX)
The DSP side control registers are 16-bit registers used to control DSP functions. The
eight Most Significant Bits in the DSP side control registers are read by the DSP56302
as 0. These registers are:

= Host Control Register (HCR)

= Host Status Register (HSR)

= Host Base Address Register (HBAR)

= Host Port Control Register (HPCR)

e Host GPIO Data Direction Register (HDDR)

= Host GPIO Data Register (HDR)

Both hardware and software reset disable the HI08. After reset, the HI08 signals are
configured to GPIO and disconnected from the DSP56302 core (i.e., the signals are
left floating).
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6.5.1 Host Receive Data Register (HRX)

The HRX register is used for host-to-DSP data transfers.The DSP56302 views it as a
24-bit read-only register. Its address is X:$FFFFCB6. It 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 (ISR, Bit 1), on the host side) and Host Receive Data Full
(HRDF (HSR, Bit 0) on the DSP side) bits are cleared. The transfer operation sets both
the TXDE and HRDF bits. When the HRDF bit is set, the HRX register contains valid
data. The DSP56302 may set the HRIE bit (HCR, Bit 0) to cause a host receive data
interrupt when HRDF is set. When the DSP56302 reads the HRX register, the HRDF
bit is cleared.

6.5.2 Host Transmit Data Register (HTX)

The HTX register is used for DSP-to-host data transfers. The DSP56302 views it as a
24-bit write-only register. Its address is X:$FFFFC7. Writing to the HTX register clears
the Host Transfer Data Empty bit (HTDE (HSR Bit 1), on the DSP side). The contents
of the HTX register are transferred as 24-bit data to the Receive Byte Registers
(RXH:RXM:RXL) when both the HTDE and Receive Data Full (RXDF (ISR, Bit 0), on
the host side) bits are cleared. This transfer operation sets the RXDF and HTDE bits.
The DSP56302 may set the HTIE bit to cause a host transmit data interrupt when
HTDE is set. To prevent the previous data from being overwritten, data should not
be written to the HTX until the HTDE bit is set.

Note: When writing data to a peripheral device there is a two cycle pipeline
delay until any status bits affected by this operation are updated. If the
user reads any of those status bits within the next two cycles, the bit will
not reflect its current status. See the DSP56300 Family Manual, appendix
B, Polling a peripheral device for write for further details.

6.5.3 Host Control Register (HCR)

The HCR is a 16-bit read/write control register used by the DSP core to control the
HI108 operating mode. The HCR bits are described in the following paragraphs.
Initialization values for HCR bits are described in 6.5.9 DSP Side Registers After
Reset on page 6-18. Reserved bits are read as 0 and should be written with 0 for
future compatibility.
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15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

HF3 | HF2 |HCIE|HTIE|HRIE

E—Reserved bit, read as 0, should be written with O for future compatibility.
AA0658

Figure 6-2 Host Control Register (HCR) (X:$FFFFC2)

6.5.3.1 HCR Host Receive Interrupt Enable (HRIE) Bit O

When set, the HRIE bit generates a host receive data interrupt request if the Host
Receive Data Full (HRDF) bit, in the Host Status Register (HSR, Bit 0), is set. The
HRDF bit is set when data is written to the HRX. If HRIE is cleared, HRDF interrupts
are disabled.

6.5.3.2 HCR Host Transmit Interrupt Enable (HTIE) Bit 1

When set, the HTIE bit generates a host transmit data interrupt request if the Host
Transmit Data Empty (HTDE) bit in the HSR is set. The HTDE bit is set when data is
read from the HTX. If HTIE is cleared, HTDE interrupts are disabled.

6.5.3.3 HCR Host Command Interrupt Enable (HCIE) Bit 2

When set, the HCIE bit generates a host command interrupt request if the Host
Command Pending (HCP) status bit in the HSR is set. If HCIE is cleared, HCP
interrupts are disabled. The interrupt address is determined by the host Command
Vector Register (CVR).

Note: If more than one interrupt request source is asserted and enabled (e.g.,
HRDEF is set, HCP is set, HRIE is set, and HCIE is set), the HI08 generates
interrupt requests according to priorities shown in Table 6-4.

Table 6-4 Host Command Interrupt Priority List

Priority Interrupt Source

Highest Host Command (HCP =1)

Transmit Data (HTDE = 1)

Lowest Receive Data (HRDF = 1)

6.5.3.4 HCR Host Flags 2,3 (HF[3:2]) Bits 3, 4

HF[3:2] bits are used as a general purpose flags for DSP-to-host communication.
HF[3:2] may be set or cleared by the DSP core. The values of HF[3:2] are reflected in
the Interface Status Register (ISR), that is, if they are modified by the DSP software,
the host processor can read the modified values by reading the ISR.
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These two flags are not designated for a 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.

6.5.3.5 HCR Reserved Bits 5-15
These bits are reserved. They are read as 0 and should be written with 0.

6.5.4 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 HIO08. It cannot be directly accessed by the host processor. Reserved bits
are read as 0, and should be written with 0. The initialization values for the HSR bits
are described in 6.5.9 DSP Side Registers After Reset on page 6-18. The HSR bits
are described in the following paragraphs.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HF1 | HFO | HCP |HTDE [ HRDF

|:|—Reserved bit, read as 0, should be written with 0 for future compatibility.
AA0659

Figure 6-3 Host Status Register (HSR) (X:$FFFFC3)

6.5.4.1 HSR Host Receive Data Full (HRDF) Bit 0

The HRDF bit indicates that the Host Receive Data Register (HRX) contains data
from the host processor. HRDF is set when data is transferred from the
TXH:TXM:TXL registers to the HRX register. If HRDF is set, the HI08 generates a
receive data full DMA request. HRDF is cleared when HRX is read by the DSP core.
HRDF can also be cleared by the host processor using the initialize function.

6.5.4.2 HSR Host Transmit Data Empty (HTDE) Bit 1

The HTDE bit indicates that the Host Transmit Data Register (HTX) is empty and can
be written by the DSP core. HTDE is set when the HTX register is transferred to the
RXH:RXM:RXL registers. HTDE can also be set by the host processor using the
initialize function. If HTDE is set, the HIO8 generates a transmit data full DMA
request. HTDE is cleared when HTX is written by the DSP core.

6.5.4.3 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 CVR. HC and
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HCP are cleared by the H108 hardware when the interrupt request is serviced by the
DSP core. If the host clears HC, HCP is also cleared.

6.5.4.4 HSR Host Flags 0, 1 (HF[1:0]) Bits 3, 4

HF[1:0] bits are used as general-purpose flags for host-to-DSP communication.
HF[1:0] may be set or cleared by the host. These bits reflect the status of host flags
HF[1:0] in the ICR on the host side.

These two flags are not designated for a 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.

6.5.4.5 HSR Reserved Bits 5-15
These bits are reserved. They are read as 0 and should be written with 0.

6.5.5 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 if a match
is found. The use of this register by the chip select logic is described in Figure 6-5.

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
BA10 | BA9 | BA8 | BA7 | BA6 | BA5 | BA4 | BA3
AA0665

Figure 6-4 Host Base Address Register (HBAR) (X:$FFFFC5)

6.5.5.1 HBAR Base Address (BA[10:3]) Bits 0-7
These bits reflect the base address where the host side registers are mapped into the
bus address space.

6.5.5.2 HBAR Reserved Bits 8-15
These bits are reserved. They are read as 0 and should be written with 0.
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HAD[0-7] ——

Latch

HAS —» Al3:7]
HA[8:10] > S _
g Chip select
Base _ j g
DSP Peripheral Address 8 bits S
Data Bus — | Register >
AA0666

Figure 6-5 Self Chip Select Logic

6.5.6 Host Port Control Register (HPCR)

The HPCR is a 16-bit read/write control register used by the DSP to control the HI08
operating mode. Reserved bits are read as 0 and should be written with 0 for future
compatibility. The initialization values for the HPCR bits are described in Section
6.5.9 on page 6-18. The HPCR bits are described in the following paragraphs.

15 | 14 | 13 | 12 | 11 | 10 9 8 |7 6 5 4 3 2 1 0
HAP | HRP | HCSP | HDDS |HMUX | HASP | HDSP |[HROD HEN | HAEN | HREN [HCSEN|HA9EN|HABEN|HGEN

|:|—Reserved bit, read as 0, should be written with O for future compatibility.
AA0660

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

Note: To assure proper operation of the DSP56302, the HPCR bits HAP, HRP,
HCSP, HDDS, HMUX, HASP, HDSP, HROD, HAEN, and HREN should
be changed only if HEN is cleared.

Note: To assure proper operation of the DSP56302, 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.

6.5.6.1 HPCR Host GPIO Port Enable (HGEN) Bit O

If HGEN is set, signals configured as GPIO are enabled. If this bit is cleared, signals
configured as GPIO are disconnected: outputs are high impedance, inputs are
electrically disconnected. Signals configured as HI08 are not affected by the value of
HGEN.
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6.5.6.2 HPCR Host Address Line 8 Enable (HA8EN) Bit 1

If HABEN is set and the HI08 is used in Multiplexed Bus mode, then HA8/A1 is used
as Host Address line 8 (HAS). If this bit is cleared and the HIO08 is used in
Multiplexed Bus mode, then HA8/HAL1 is used as a GPIO signal according to the
value of the HDDR and HDR.

Note: HAB8EN is ignored when the HI08 is not in the Multiplexed Bus mode
(HMUX is cleared).

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

If HA9EN is set and the HI08 is used in Multiplexed Bus mode, then HA9/HAZ2 is
used as Host Address line 9 (HA9). If this bit is cleared, and the HI08 is used in
Multiplexed Bus mode, then HA9/HAZ2 is configured as a GPIO signal according to
the value of the HDDR and HDR.

Note: HAO9EN is ignored when the HIO08 is not in the Multiplexed Bus mode
(HMUX is cleared).

6.5.6.4 HPCR Host Chip Select Enable (HCSEN) Bit 3

If the HCSEN bit is set, then HCS/HAL0 is used as Host Chip Select (HCS) in the
Non-multiplexed Bus mode (HMUX is cleared), and as Host Address line 10 (HA10)
in the Multiplexed Bus mode (HMUX is set). If this bit is cleared, then HCS/HA10 is
configured as a GPIO signal according to the value of the HDDR and HDR.

6.5.6.5 HPCR Host Request Enable (HREN) Bit 4

The HREN bit controls the host request signals. If HREN is set and the HI08 is in the
Single Host Request mode (HDRQ is cleared in the host Interface Control Register
(ICR)), HREQ/HTRQ is configured as the Host Request (HREQ) output. If HREN is
cleared, HREQ/HTRQ and HACK/HRRQ are configured as GPIO signals according
to the value of the HDDR and HDR.

If HREN is set in the Double Host Request mode (HDRQ is set in the ICR),
HREQ/HTRQ is configured as the Host Transmit Request (HTRQ) output and
HACK/HRRQ as the Host Receive Request (HRRQ) output. If HREN is cleared,
HREQ/HTRQ and HACK/HRRQ are configured as GPIO signals according to the
value of the HDDR and HDR.

6.5.6.6 HPCR Host Acknowledge Enable (HAEN) Bit 5

The HAEN bit controls the HACK signal. In the Single Host Request mode (HDRQ is
cleared in the ICR), if HAEN and HREN are both set, HACK/HRRQ is configured as
the Host Acknowledge (HACK) input. If HAEN or HREN is cleared, HACK/HRRQ
is configured as a GP10O signal according to the value of the HDDR and HDR. In the
double host request mode (HDRQ is set in the ICR), HAEN is ignored.
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6.5.6.7 HPCR Host Enable (HEN) Bit 6

If HEN is set, the HIO8 operates as the Host Interface. If HEN is cleared, the HI08 is
not active, and all the HI08 signals are configured as GPIO signals according to the
value of the HDDR and HDR.

6.5.6.8 HPCR Reserved Bit 7
This bit is reserved. It is read as 0 and should be written as 0.

6.5.6.9 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 is cleared in ICR), if HROD is cleared and host requests are
enabled (HREN is set and HEN is set in the Host Port Control Register (HPCR)), the
HREQ signal is always driven by the HI08. If HROD is set and host requests are
enabled, the HREQ signal is an open drain output. In the Double Host Request mode
(HDRQ is setin the ICR), if HROD is cleared and host requests are enabled (HREN is
set and HEN is set 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.

6.5.6.10 HPCR Host Data Strobe Polarity (HDSP) Bit 9

If HDSP 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 both HRD and HWR
together.

6.5.6.11 HPCR Host Address Strobe Polarity (HASP) Bit 10

If HASP is cleared, the Host 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 or data bus is sampled when the HAS signal is high.

6.5.6.12 HPCR Host Multiplexed Bus (HMUX) Bit 11

If HMUX is set, the HI08 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 HI08 is connected to a
non-multiplexed type of bus. The values of the address lines are then taken from the
HI08 input signals.

6.5.6.13 HPCR Host Dual Data Strobe (HDDS) Bit 12

If the HDDS bit is cleared, the HI08 operates in the Single Strobe Bus mode. In this
mode, the bus has a single data strobe signal for both reads and writes. If set, the
HI108 operates in the Dual Strobe Bus mode. In this mode, the bus has two separate
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data strobes, one for data reads, the other for data writes. See Figure 6-7 and
Figure 6-8 for more information on the two types of buses.

- N | 7
HDS \ /

In a single strobe bus, a DS (data strobe) signal qualifies the access, while a R/W (Read-Write)
signal specifies the direction of the access.

AA0661

Figure 6-7 Single Strobe Bus

Data >< Write Data In ><
HWR
Write Cycle \ /

Data
>< Read Data Out ><
Read Cycle \ /

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

HRD

AA0662

Figure 6-8 Dual Strobe Bus

6.5.6.14 HPCR Host Chip Select Polarity (HCSP) Bit 13

If the HCSP bit is cleared, the Host Chip Select (HCS) signal is configured as an active
low input and the HI08 is selected when the HCS signal is low. If the HCSP signal is
set, HCS is configured as an active high input and the HI08 is selected when the HCS
signal is high.

6.5.6.15 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 is cleared in the ICR), if HRP is cleared and host requests are
enabled (HREN is set and HEN is set), the HREQ signal is an active low output. If
HRP is set and host requests are enabled, the HREQ signal is an active high output.
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In the Double Host Request mode (HDRQ is set in the ICR), if HRP is cleared and
host requests are enabled (HREN is set and HEN is set), 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.

6.5.6.16 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. The HI08 drives the contents of the IVR onto the host bus when the
HACK signal is low. If the HAP bit is set, the HACK signal is configured as an active
high input. The HIO08 outputs the contents of the IVR when the HACK signal is high.

6.5.7 Host Data Direction Register (HDDR)

The HDDR controls the direction of the data flow for each of the HI08 signals
configured as GPI1O. Even when the HI08 is used as the host interface, its unused
signals may be configured as GPI10O signals. For information on the HI08 GPIO
configuration options, see 6.6.8 General Purpose I/O on page 6-30. If bit DRxx is set,
the corresponding HI08 signal is configured as an output signal. If bit is DRxx
cleared, the corresponding HI08 signal is configured as an input signal.

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
AA0663

Figure 6-9 Host Data Direction Register (HDDR) (X:$FFFFC8)

6.5.8 Host Data Register (HDR)

The HDR register holds the data value of the corresponding bits of the HIO8 signals
configured as GPIO signals. The functionality of the bit Dxx depends on the
corresponding HDDR bit (DRxx). The HDR cannot be accessed by the host processor.

15 | 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 D1 DO
AA0664

Figure 6-10 Host Data Register (HDR) (X:$FFFFC9)
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Table 6-5 HDR and HDDR Functionality

the value read. The corresponding
signal is configured as an output, and

is driven with the data written to Dxx.

HDDR HDR
Dxx
DRxx
GPIO signal? non-GPIO signal®
0 Read only bit— The value read is the Read only bit—Does not contain
binary value of the signal. The significant data.
corresponding signal is configured as
an input.
1 Read/write bit— The value written is | Read/write bit— The value written is

the value read.

a. defined by the selected configuration

6.5.9

DSP Side Registers After Reset

Table 6-6 shows the results of the four reset types on the bits in each of the HI08
registers accessible by the DSP56302. 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.

6-18
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Table 6-6 DSP Side Registers after Reset

_ _ Reset Type
Register Register

Name Data HW SW IR ST
Reset Reset Reset Reset

HCR All bits 0 0 _a —

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

HBAR BA[10:3] $80 $80 — —

HDDR DR[15:0] 0 0 — —

HDR D[15:0] — — — —
HRX HRX [23:0] empty empty empty empty
HTX HTX [23:0] empty empty empty empty

Note: The bit value is indeterminate after reset.

6.5.10 Host Interface DSP Core Interrupts

The HI08 may request interrupt service from either the DSP56302 or the host
processor. The DSP56302 interrupts are internal and do not require the use of an
external interrupt signal. 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 DSP56302. The DSP56302 acknowledges
interrupts caused by the host processor by jumping to the appropriate interrupt
service routine. The three possible interrupts are:

1. host command,
2. transmit data register empty, and

3. 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
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service routine must read or write the appropriate HI08 register (e.g., clearing HRDF
or HTDE) to clear the interrupt. In the case of host command interrupts, the interrupt
acknowledge from the DSP56302 program controller clears the pending interrupt
condition.

Enable
15 A 0
F———— — - —
X:HCR A I HF3 | HF2 HCIE| HTIE | HRIE | HCR
DSP Core Interrupts
}— Receive Data Full
}— Transmit Data Empty
}— Host Command
15 0
F———— -
X:HSR 3 ] HF1 | HFO | HCP |HTDE|HRDF| HSR
Status

AA0667
Figure 6-11 HSR-HCR Operation

6.6 HIOB—EXTERNAL HOST PROGRAMMER'S MODEL

The HI08 has been designed to provide a simple, high speed interface to a host
processor. To the host bus, the HI08 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 HI08
asynchronously by using polling techniques or interrupt-based techniques.

The HI08 appears to the host processor as a memory-mapped peripheral occupying
eight bytes in the host processor address space (see Table 6-7). The eight HI08
registers include:

= A control register (ICR)

= A status register (ISR)

= Three data registers (RXH/TXH, RXM/TXM, and RXL/TXL)
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= Two vector registers (IVR and CVR)

The CVR is a special command register that is used by the host processor to issue
commands to the DSP56302. This register 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 HI08 registers. The HI08 registers are
aligned so that 8-bit host processors can use 8/16/24-bit load and store instructions
for data transfers. The HREQ/HTRQ and HACK/HRRQ handshake flags are
provided for polled or interrupt-driven data transfers with the host processor.
Because of the speed of the DSP56302 interrupt response, most host microprocessors
can load or store data at their maximum programmed 1/0 instruction rate without
testing the handshake flags for each transfer. If full handshake is not needed, the host
processor can treat the DSP56302 as a fast device, and data can be transferred
between the host processor and the DSP56302 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 DSP56302. The host may select any of 128 DSP interrupt routines for execution by
writing a vector address register in the HI108. This flexibility allows the host processor
to execute up to 128 pre-programmed functions inside the DSP56302. For example,
use of the DSP56302 host interrupts can allow the host processor to read or write DSP
registers (X, Y, or program memory locations), force interrupt handlers (e.g., SSI, SCI,
IRQA, IRQB interrupt routines), and perform control and debugging operations.

Note: Users should be aware that when the DSP enters the Stop mode, the HI08
signals are electrically disconnected internally, thus disabling the HI08
until the core leaves Stop mode. While the HI08 configuration remains
unchanged while in Stop mode, the core cannot be restarted via the HI08
interface.

Do not issue a STOP command to the DSP via the HI08 unless some other
mechanism for exiting Stop mode is provided.
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Table 6-7 Host Side Register Map

Host Big Endian Little Endian
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
Receive/Transmit
6 RXM/TXM RXM/TXM Bytes
7 RXL/TXL RXH/TXH
Host Data Bus Host Data Bus
HO - H7 HO - H7

6.6.1 Interface Control Register (ICR)

The ICR is an 8-bit read/write control register used by the host processor to control
the HI08 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.

7 6 5 4 3 2 1 0
[ INT | [HLEND| HF1 | HFO [HDRQ | TREQ | RREQ |

:—Reserved bit. Read as 0. Should be written with 0, for future compatibility.
AA0668

Figure 6-12 Interface Control Register
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6.6.1.1 ICR Receive Request Enable (RREQ) Bit 0

The RREQ bit is used to control the HREQ signal for host receive data transfers.
RREQ is used to enable host requests via the Host Request (HREQ or HRRQ) signal
when the Receive Data Register Full (RXDF) status bit in the ISR is set. If RREQ is
cleared, RXDF interrupts are disabled. If RREQ and RXDF are set, the Host Request
signal (HREQ or HRRQ) is asserted.

6.6.1.2 ICR Transmit Request Enable (TREQ) Bit 1

TREQ is used to enable host requests via the Host Request (HREQ or HTRQ) signal
when the Transmit Data Register Empty (TXDE) status bit in the ISR is set. If TREQ is
cleared, TXDE interrupts are disabled. If TREQ and TXDE are set, the Host Request
signal is asserted.

Table 6-8 and Table 6-9 summarize the effect of RREQ and TREQ on the HREQ and
HRRQ signals.

Table 6-8 TREQ and RREQ modes (HDRQ = 0)

TREQ RREQ HREQ Signal
0 0 No Interrupts (Polling)
0 1 RXDF Request (Interrupt)
1 0 TXDE Request (Interrupt)
1 1 RXDF and TXDE Request (Interrupts)

Table 6-9 TREQ and RREQ modes (HDRQ = 1)

TREQ | RREQ HTRQ Single HRRQ Signal
0 0 No Interrupts (Polling) No Interrupts (Polling)
0 1 No Interrupts (Polling) RXDF Request (Interrupt)
1 0 TXDE Request (Interrupt) No Interrupts (Polling)
1 1 TXDE Request (Interrupt) RXDF Request (Interrupt)
6.6.1.3 ICR Double Host Request (HDRQ) Bit 2

If cleared, the HDRQ bit configures HREQ/HTRQ and HACK/HRRQ as HREQ and
HACK, respectively. If HDRQ is set, HREQ/HTRQ and HACK/HRRQ are
configured as HTRQ and HRRQ), respectively.
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6.6.1.4 ICR Host Flag 0 (HFO) Bit 3

The HFObit 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 DSP56302.
HFO is reflected in the HSR on the DSP side of the HI08.

6.6.1.5 ICR Host Flag 1 (HF1) Bit 4

The HF1 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 DSP56302.
HF1 is reflected in the HSR on the DSP side of the HI08.

6.6.1.6 ICR Host Little Endian (HLEND) Bit 5

If the HLEND bit is cleared, the HIO8 can be accessed by the host in big endian byte
order. If set, the HIO8 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 at $6, and the RXL/TXL register at $7. If the HLEND bit is set, the RXH/TXH
register is located at address $7, the RXM/TXM register at $6, and the RXL/TXL
register at $5.

6.6.1.7 ICR Reserved Bit 6
This bit is reserved. It is read as 0 and should be written with 0.

6.6.1.8 ICR Initialize Bit (INIT) Bit 7
The INIT bit is used by the host processor to force initialization of the HIO8 hardware.
During initialization, the HI08 transmit and receive control bits are configured.

Using the INIT bit to initialize the HIO8 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 HI08. The INIT command, which is local to the HIO8, is designed to
conveniently configure the HIO8 into the desired data transfer mode. The effect of the
INIT command is described in Table 6-10. When the host sets the INIT bit, the HI108
hardware executes the INIT command. The interface hardware clears the INIT bit
after the command has been executed.

Table 6-10 INIT Command Effects

. Transfer Direction
TREQ | RREQ After INIT Execution Initialized
0 0 INIT=0 None
0 1 INIT=0;RXDF=0; HTDE =1 DSP to Host
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Table 6-10 INIT Command Effects

. Transfer Direction
TREQ | RREQ After INIT Execution Initialized
1 0 INIT=0; TXDE=1; HRDF =0 Host to DSP
1 1 INIT=0; RXDF =0; HTDE = 1; TXDE = 1; Host to/from DSP
HRDF =0

6.6.2 Command Vector Register (CVR)

The CVR is used by the host processor to cause the DSP56302 to execute an interrupt.
The host command feature is independent of any of the data transfer mechanisms in
the HI08. It can be used to cause any of the 128 possible interrupt routines in the DSP
core to be executed.

7 6 5 4 3 2 1 0
| HC | HV6 | HV5 | Hv4 | Hv3 | Hv2 | HV1 | HvO |

AA0669
Figure 6-13 Command Vector Register (CVR)

6.6.2.1 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 x HV. The
host can write HC and HV in the same write cycle.

The host processor can select any of the 128 possible interrupt routine starting
addresses in the DSP by writing the interrupt routine address divided by 2 into the
HV bits. This means that the host processor can force any of the existing interrupt
handlers (SSI, SCI, IRQA, IRQB, etc.) and can use any of the reserved or otherwise
unused addresses (provided they have been pre-programmed in the DSP). HV is set
to $32 (vector location $0064) by hardware, software, individual, and stop resets.

6.6.2.2 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 a host
command interrupt from the DSP56302. When the host command interrupt is
acknowledged by the DSP56302, the HC bit is cleared by the HI08 hardware. The
host processor can read the state of HC to determine when the host command has
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been accepted. After setting HC, the host must not write to the CVR again until HC is
cleared by the HI08 hardware. Setting the HC bit causes Host Command Pending
(HCP) to be set in the HSR. The host can write to the HC and HV bits in the same
write cycle.

6.6.3 Interface Status Register (ISR)

The Interface Status Register (ISR) is an 8-bit read-only status register used by the

host processor to interrogate the status and flags of the HI08. The host processor can
write to this address without affecting the internal state of the HI08. The ISR cannot
be accessed by the DSP core. The ISR bits are described in the following paragraphs.

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.
AA0670

Figure 6-14 Interface Status Register

6.6.3.1 ISR Receive Data Register Full (RXDF) Bit 0

The RXDF bit indicates that the Receive Byte Registers (RXH:RXM:RXL) contain data
from the DSP56302 and may be read by the host processor. RXDF is set when the
HTX 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 HREQ 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).

6.6.3.2 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 HRX 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 function. TXDE
may be used to assert the external HTRQ 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).
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6.6.3.3 ISR Transmitter Ready (TRDY) Bit 2
The TRDY status bit indicates that TXH: TXM:TXL and the HRX registers are empty.

TRDY = TXDE and 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 HI08. This feature has many
applications. For example, if the host processor issues a host command which causes
the DSP56302 to read the HRX, the host processor can be guaranteed that the data it
just transferred to the HI08 is that being received by the DSP56302.

6.6.3.4 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 DSP56302 (see 6.5.3.4 HCR Host Flags 2,3
(HF[3:2]) Bits 3, 4 on page 6-10).

6.6.3.5 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 DSP56302 (see 6.5.3.4 HCR Host Flags 2,3
(HF[3:2]) Bits 3, 4 on page 6-10).

6.6.3.6 ISR Reserved Bits 5, 6
These bits are reserved. They are read as 0 and should be written with 0.

6.6.3.7 ISR Host Request (HREQ) Bit 7

The HREQ bit indicates the status of the external transmit and receive request output
signals (HTRQ and HRRQ) if HDRQ is set. If HDRQ is cleared, it indicates the status
of the external Host Request output signal (HREQ).
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Table 6-11 HREQ and HDRQ Settings

HDRQ | HREQ Effect
0 0 HREQ is cleared; no host processor interrupts are requested.
0 1 HREQ is set; an interrupt is requested.
1 0 HTRQ and HRRQ are cleared, no host processor interrupts are
requested.
1 1 HTRQ or HRRQ are set; an interrupt is 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.

6.6.4 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 the IVR are placed on the
host data bus, H[7:0], when both the HREQ and HACK signals are asserted. The
contents of this register are initialized to $0F by a hardware or software reset. This
value corresponds to the uninitialized interrupt vector in the MC68000 family.

7 6 5 4 3 2 1 0
[ vz [ ave | ivs | va [ va [ v2 [ va | vo |

AA0671
Figure 6-15 Interrupt Vector Register (IVR)

6.6.5 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 HTX register and are selected by the
external host address inputs (HA[2:0]) during a host processor read operation.
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The memory address of the Receive Byte Registers are set 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 written to the Receive Byte Register at host address $7, the Receive Data
Register Full (RXDF) bit is set. The host processor may program the RREQ bit to
assert the external HREQ signal when RXDF is set. This indicates that the HI08 has a
full word (either 8, 16, or 24 bits) for the host processor. The host processor may
program the RREQ bit to assert the external HREQ signal when RXDF is set.
Asserting the HREQ signal informs the host processor that the receive byte registers
have data to be read. When the host reads the Receive Byte Register at host address
$7 the RXDF bit is cleared.

6.6.6 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 HRX register and are selected by the
external host address inputs, HA[2:0], during a host processor write operation.

If the HLEND bit in the ICR is set, the TXH register is located at address $7, the TXM
register at $6 and the TXL register at $5. If the HLEND bit in the ICR is cleared, the
TXH register is located at address $5, the TXM register at $6 and the TXL register at
$7.

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 HREQ/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 HRX register when both the TXDE and the HRDF bit
are cleared. This transfer operation sets TXDE and HRDF.

Note: When writing data to a peripheral device there is a two cycle pipeline
delay until any status bits affected by this operation are updated. If the
user reads any of those status bits within the next two cycles, the bit will
not reflect its current status. See the DSP56300 Family Manual, appendix
B, Polling a peripheral device for write for further details.
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6.6.7

Host Side Registers After Reset

Table 6-12 shows the result of the four kinds of reset on bits in each of the HI08
registers seen by the host processor. The hardware reset is caused by asserting the
RESET signal. The software reset is caused by executing the RESET instruction. The
individual reset is caused by clearing the HEN bit in the HPCR. The stop reset is
caused by executing the STOP instruction.

Table 6-12 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[0:6] $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[0:7] $0F $OF — —
RX RXH: RXM:RXL | empty | empty empty empty
X TXH: TXM:TXL | empty | empty empty empty
6.6.8 General Purpose I/O

When configured as General Purpose 1/0 (GPIO), the HIO08 is viewed by the
DSP56302 as memory-mapped registers (see Section 6.5) that control up to sixteen
170 signals. Software and hardware resets clear all DSP side control registers and
configure the HI08 as GPIO with all sixteen signals disconnected. External circuitry
connected to the HIO8 may need external pull-up/pull-down resistors until the
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signals are configured for operation. The registers cleared are the HPCR, HDDR, and
HDR. Selection between GPIO and HI08 is made by clearing HPCR bits 6 through 1
for GPIO or setting these bits for HI08 functionality. If the HIO8 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 6.5.7 Host Data
Direction Register (HDDR) on page 6-17 and 6.5.8 Host Data Register (HDR) on
page 6-17).

6.7 SERVICING THE HOST INTERFACE

The HI08 can be serviced by using one of the following protocols:

e Polling
= Interrupts

The host processor writes to the appropriate HI08 register to reset the control bits an
configure the HI08 for proper operation.

6.7.1 HI08 Host Processor Data Transfer

To the host processor, the HI08 looks like a contiguous block of Static RAM. To
transfer data between itself and the HI08, the host processor performs the following
steps:

1. asserts the HIO8 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 sources the data on the bus.)

3. strobes the data transfer

6.7.2 Polling

In the Polling mode of operation, the HREQ/HTRQ signal is not connected to the
host processor and HACK must be deasserted to insure IVR data is not being driven
on H[7:0] when other registers are being polled. (If the HACK function is not needed,
the HACK signal can be configured as a GPIO signal; see 6.5.6 Host Port Control
Register (HPCR) on page 6-13).
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The host processor first performs a data read transfer to read the ISR (see
Figure 6-16). This allows the host processor to assess the status of the HI08 and
perform the appropriate actions.

Generally, after the appropriate data transfer has been made, the corresponding
status bit is updated to reflect the transfer.

1. If RXDF is set, the Receive Data Register is full and a data read can be
performed by the host processor.

2. If TXDE is set, the Transmit Data Register is empty. A data write can be
performed by the host processor.

3. If TRDY is set, the Transmit Data Register is empty. This implies that the
Receive Data Register on the DSP side is also empty. Data written by the host
processor to the HIO8 is transferred directly to the DSP side.

4. 1If (HF2 and HF3) # 0, depending on how the host flags have been used, this
may indicate that an application-specific state within the DSP56302 has been
reached. Intervention by the host processor may be required.

5. If HREQ is set, the HREQ/TRQ signal has been asserted, and the DSP56302 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 DSP56302 by writing to the CVR
and setting the HC bit, it can read the HC bit in the CVR to determine whether the
command has been accepted by the interrupt controller 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.
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Status
7 A 0
$2|HREQ| 0 | 0 | HF3 | HF2 |TRDY| TXDE| RXDFl ISR
Host Request
Asserted HRRQ
HREQ
HTRQ
7 0
$O| INIT | 0 | 0 | HF1 | HFO |HBEND TREQ |RREQ |ICR
—
Enable AA0672

Figure 6-16 HI08 Host Request Structure

6.7.3 Servicing Interrupts

If either HREQ/HTRQ or the HRRQ signal or both are connected to the host
processor’s interrupt input, the HI08 can request service from the host processor by
asserting one of these signals. The HREQ/HTRQ and/or the HRRQ signal is asserted
when TXDE is set and/or RXDF is set and the corresponding enable bit (TREQ or
RREQ, respectively) is set. This is depicted in Figure 6-16.

HREQ is normally connected to the maskable interrupt input of the host processor.
The host processor acknowledges host interrupts by executing an interrupt service
routine. The two Least Significant Bits (RXDF and TXDE) of the ISR register may be
tested by the host processor to determine the interrupt source (see Figure 6-16). The
host processor interrupt service routine must read or write the appropriate HI08 data
register to clear the interrupt. HREQ/HTRQ and/or HRRQ is deasserted under the
following conditions.

= The enabled request is cleared or masked.
or
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 DSP56302. Instead, the DSP56302 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 IVVR are placed
on the host data bus while HREQ/TRQ (or HRRQ) and HACK are simultaneously
asserted. The IVR data tells the MC680XX host processor which interrupt routine to
execute to service the DSP56302.
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Introduction

7.1 INTRODUCTION

The Enhanced Synchronous Serial Interface (ESSI) 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 Serial Peripheral Interface (SPI). The ESSI consists of
independent transmitter and receiver sections and a common ESSI clock generator.

There are two independent and identical Enhanced Synchronous Serial Interfaces in
the DSP56302: ESSIO and ESSI1. For the sake of simplicity, a single generic ESSI is
described.

The ESSI block diagram is shown in Figure 7-1. This interface is synchronous because
all serial transfers are synchronized to a clock.

Note: This should not be confused with what is known as the Asynchronous
channels mode of the ESSI, in which separate clocks are used for the
receiver and transmitter. In this mode, the ESSI is still a synchronous
device, because all transfers are synchronized to these clocks.

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. The Network 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. This mode can be
used to transfer data serially at high speed when the data become available. This
mode offers a subset of the SPI protocol.

Since each ESSI unit can be configured with one receiver and three transmitters, the
two units can be used together for surround sound applications (which need two
digital input channels and six digital output channels).

7.2 ENHANCEMENTS TO THE ESSI

The Synchronous Serial Interface (SSI) used in the DSP56000 family has been
enhanced in the following ways to make the Enhanced Synchronous Serial Interface
(ESSI):

= Network Enhancements

— Time Slot Mask Registers (receive and transmit) added

MOTOROLA DSP56302UM/AD 7-3
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— End-of-frame interrupt added
— Drive Enable signal added (to be used with transmitter 0)
= Audio Enhancements
— Three transmitters per ESSI (for six-channel surround sound)
= General Enhancements
— Can trigger DMA interrupts (receive or transmit)
— Separate exception enable bits
e Other Changes
— One divide by 2 removed from the internal clock source chain
— CRA(PSR) bit definition is reversed

— Gated Clock mode not available

7.3 ESSI DATA AND CONTROL S SIGNALIGNALS

Three to six signals are required for ESSI operation, depending on the operating
mode selected. The Serial Transmit Data (STD) signal and Serial Control (SC0 and
SC1) signals are fully synchronized to the clock if they are programmed as
transmit-data signals.

7.3.1 Serial Transmit Data Signal (STD)

The STD signal is used for transmitting data from the TXO0 Serial Transmit Shift
Register. STD is an output when data is being transmitted from TXO0 Shift Register.
With an internally generated bit clock, the STD signal becomes a high impedance
output signal for a full clock period after the last data bit has been transmitted. If
sequential data words are being transmitted, the STD signal does not assume a
high-impedance state. The STD signal may be programmed as a General Purpose
Input/Output (GPIO) signal (P5) when the ESSI STD function is not being used.

7-4 DSP56302UM/AD MOTOROLA
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7.3.2 Serial Receive Data Signal (SRD)

The SRD signal receives serial data and transfers the data to the ESSI Receive Shift
Register. SRD may be programmed as a GPIO signal (P4) when the ESSI SRD
function is not being used.

GDB DDB
RCLK
»| RXSHIFT REG [«——SRD
RSMA *
RSMB
RX
| S O
<
TCLK
TSMA »| TX0 SHIFT REG — STD
TSMB

TXO

CRA I f T

|

X1

| M. J T

TSR |
f —>| TX2 SHIFT REG [1¢$—% SC1
SSISR TX2
’
. b
YYYY
Interrupts <
- Clock/Frame Sync Generators and Control Logic < » SC2
<«—> SCK
AA0678
Figure 7-1 ESSI Block Diagram
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7.3.3 Serial Clock (SCK)

The SCK signal is a bidirectional signal providing the serial bit rate clock for the ESSI
interface. The SCK signal is a clock input or output used by all the enabled
transmitters and receiver in Synchronous modes or by all the enabled transmitters in
Asynchronous modes (see Table 7-1 on page 7-8). SCK may be programmed as a
GPI0O signal (P3) when the ESSI SCK function is not being used.

Notes: 1. Although an external serial clock can be independent of and
asynchronous to the DSP system clock, the external ESSI clock
frequency must not exceed F,/3, and each ESSI phase must exceed
the minimum of 1.5 CLKOUT cycles.

2. The internally sourced ESSI clock frequency must not exceed Fq /4.

7.3.4 Serial Control Signal (SCO0)

ESSI0: SC00; ESSI1: SC10

The function of this signal is determined by selecting either Synchronous or
Asynchronous mode (see Table 7-4 on page 7-24). In Asynchronous mode, this
signal is used for the receive clock I/0. In Synchronous mode, this signal is used as
the transmitter data out signal for Transmit Shift Register 1 or for serial flag 1/0. A
typical application of serial flag 1/0 would be multiple device selection for
addressing in codec systems.

If SCO is configured as a serial flag signal, its direction is determined by the Serial
Control Direction 0 (SCDO) bit in the ESSI Control Register B (CRB). When
configured as an output, its direction is determined by the value of the serial Output
Flag 0 (OFO0) bit in the CRB.

If SCO is an output, this signal can be configured as either serial output flag 0 or a
Receive Shift Register clock output. If SCO is an input, this signal may be used either
as serial input flag 0 or as a Receive Shift Register clock input. If SCO is used as serial
input flag 0, it controls the state of serial Input Flag 0 (IF0) bit in the ESSI Status
Register (SSISR).

When SCO is configured as a transmit data signal, it is always an output signal
regardless of the SCDO bit value. SCO is fully synchronized with the other transmit
data signals (STD and SC1).

7-6 DSP56302UM/AD MOTOROLA
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SCO0 may be programmed as a GPIO signal (P0O) when the ESSI SCO function is not
being used.

Note: The ESSI can operate with more than one active transmitter only in
Synchronous mode.

7.3.5 Serial Control Signal (SC1)

ESSI0:SCO01; ESSI1: SCI11

The function of this signal is determined by selecting either Synchronous or
Asynchronous mode (see Table 7-4 on page 7-24). In Asynchronous mode (such as a
single codec with asynchronous transmit and receive), SC1 is the receiver frame sync
170. In Synchronous mode, SC1 is used for the transmitter data out signal of
Transmit Shift Register TX2, for the drive enable transmitter 0 signal, or for serial flag
SC1.

When used as SC1, it operates like the previously described SC0. SC0 and SC1 are
independent flags, but may be used together for multiple serial device selection. SCO
and SC1 can be used unencoded to select up to two codecs or may be decoded
externally to select up to four codecs. If SC1 is configured as a serial flag signal, its
direction is determined by the SCD1 bit in the CRB.

When configured as an output, SC1 functionality is determined by control bit OF1 in
the SSISR. The SC1 signal can be used as a serial output flag, the transmitter 0 drive
enable signal, or the receive frame sync signal output. When configured as an input,
this signal can be used as to receive frame sync signals from an external source or it
can be used as a serial input flag. When SC1 is a serial input flag, it controls status bit
IF1 in the SSISR. When this signal is configured as a transmit data signal, it is always
an output signal regardless of the SCD1 bit value. As an output, it is fully
synchronized with the other ESSI transmit data signals (STD and SC0). SC1 may be
programmed as a GPIO signal (P1) when the ESSI SC1 function is not being used.
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Table 7-1 ESSI Clock Sources

syN | sckp | scpo | RClock |l | TClock | oo
Source out Source

Asynchronous

0 0 0 EXT, SCO — EXT, SCK —

0 0 1 INT SCO EXT, SCK —

0 1 0 EXT, SCO — INT SCK

0 1 1 INT SCO INT SCK
Synchronous

1 0 0/1 EXT, SCK — EXT, SCK —

1 1 0/1 INT SCK INT SCK

7.3.6 Serial Control Signal (SC2)

ESSI10:SC02; ESS11:SC02

This signal is used for frame sync 1/0. SC2 is the frame sync for both the transmitter
and receiver in Synchronous mode and for the transmitter only in Asynchronous
mode. The direction of this signal is determined by the SCD2 bit in the CRB. When
configured as an output, this signal outputs the internally generated frame sync
signal. When configured as an input, this signal receives an external frame sync
signal for the transmitter in Asynchronous mode and for the receiver when in
Synchronous mode. SC2 may be programmed as a GPIO signal (P2) when the ESSI
SC2 function is not being used.

7.4  ESSI PROGRAMMING MODEL

The ESSI is composed of:

= Two control registers (CRA, CRB)
= One status register (SSISR)
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= Three transmit data registers (TX0, TX1, TX2)

= One receive data register (RX)

= Two transmit slot mask registers (TSMA, TSMB)
= Two receive slot mask registers (RSMA, RSMB)
= One special-purpose time slot register (TSR)

The following paragraphs give detailed descriptions and operations of each of the
bits in the ESSI registers. The GPIO functionality of the ESSI is described in Section
7.6 of this manual.

11 10 9 8 7 6 5 4 3 2 1 0
| PSR | | | | pm7 | Pvm6 | Pvs | Pm4 | PM3 | PM2 | PM1 | PMO |

23 22 21 20 19 18 17 16 15 14 13 12
| | ssc1 | w2z | wir | wio | ALC | | bca | pcs | bc2 | bci1 | pco |
AA0857

Figure 7-2 ESSI Control Register A (CRA) (ESSIO X:$FFFFB5, ESSI1 X:$FFFFAS)

11 10 9 8 7 6 5 4 3 2 1 0
| ckp | FsP | FSR | FsL1 | FSLO | SHFD | SckD | scp2 | scp1 | scpo | OF1 | OF0 |

23 22 21 20 19 18 17 16 15 14 13 12
| REIE | TEIE | RUE | TuE | RE | TIE | RE | TEO | TE1 | TE2 [ mMOD | SYN |
AA0858

Figure 7-3 ESSI Control Register B (CRB) (ESSI0 X:$FFFFB6, ESSI1 X:$FFFFAB)

11 10 9 8 7 6 5 4 3 2 1 0
| | | | | ROF | TDE | ROE | TUE | RFs | TFs | IF1 | IF0 |

23 22 21 20 19 18 17 16 15 14 13 12

AA0859
Figure 7-4 ESSI Status Register (SSISR) (ESSI0 X:$FFFFB7, ESSI1 X:$FFFFAT)

11 10 9 8 7 6 5 4 3 2 1 0
| Ts11 | ts10 | 7s9 | T1s8 | Ts7 | Ts6 | TS5 | Ts4 | Ts3 | TS2 [ Ts1 | TsoO |

23 22 21 20 19 18 17 16 15 14 13 12
| | | | | | | | | 1s15 | Ts14 | Ts13 | Ts12 |

AA0860
Figure 7-5 ESSI Transmit Slot Mask Register A (TSMA) (ESSIO X:$FFFFB4, ESSI1
X:$FFFFA4)
MOTOROLA DSP56302UM/AD 7-9
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11 10 9 8 7 6 5 4 3 2 1 0
| Ts27 | Ts26 | Ts25 | Ts24 | Ts23 | Ts22 | Ts21 | Ts20 | Ts19 | TSi8 | TS17 | TS16 |

23 22 21 20 19 18 17 16 15 14 13 12
| | | | | | | | | Ts31 | Ts30 | Ts29 | Ts28 |

AA0861
Figure 7-6 ESSI Transmit Slot Mask Register B (TSMB) (ESSIO X:$FFFFB3, ESSI1
X:$FFFFA3)
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 |

AA0862
Figure 7-7 ESSI Receive Slot Mask Register A (RSMA) (ESSIO X:$FFFFB2, ESSI1
X:$FFFFA2)
11 10 9 8 7 6 5 4 3 2 1 0

| RS27 | RS26 | Rs25 | RS24 | Rs23 | Rs22 | RS21 | Rs20 | RS19 | RS18 | RsS17 | RS16 |

23 22 21 20 19 18 17 16 15 14 13 12
| | | | | | | | | RS31 | RS30 | Rs29 | Rs28 |

D— Reserved bit - read as zero should be written with zero for future compatibility
AA0863
Figure 7-8 ESSI Receive Slot Mask Register B (RSMB) (ESSI0 X:$FFFFB1, ESSI1
X:$FFFFAL)

7.4.1 ESSI Control Register A (CRA)

The ESSI Control Register A (CRA) is one of two 24-bit read/write control registers
used to direct the operation of the ESSI. The CRA controls the ESSI clock generator
bit and frame sync rates, word length, and number of words per frame for the serial
data. The CRA control bits are described in the following paragraphs (see Figure
7-2).

7.4.1.1 CRA Prescale Modulus Select PM[7:0] Bits 7-0

The PM[7:0] bits specify the divide ratio of the prescale divider in the ESSI clock
generator. A divide ratio from 1 to 256 (PM = $0 to $FF) may be selected. The bit clock
output is available at the transmit clock signal (SCK) and/or the receive clock (SCO)
signal 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 ESSI clock generator
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functional diagram is shown in Figure 7-9. F.,,. is the DSP56302 core clock frequency
(the same frequency as the CLKOUT signal, when that signal is enabled). Careful
choice of the crystal oscillator frequency and the prescaler modulus will allow the
industry-standard codec master clock frequencies of 2.048 MHz, 1.544 MHz, and
1.536 MHz to be generated. Both the hardware reset signal and the software reset
instruction clear PM[7:0].

7.4.1.2 CRA Reserved Bits 8-10
These bits are reserved. They are read as 0 and should be written with 0.

7.4.1.3 CRA Prescaler Range (PSR) Bit 11

The PSR 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 PSR is set, the fixed prescaler is bypassed. When
PSR is cleared, the fixed divide-by-eight prescaler is operational (see Figure 7-9).

Note this definition is reversed from that of the 560xx SSI.

The maximum allowed internally generated bit clock frequency is the internal
DSP56302 clock frequency divided by 4; the minimum possible internally generated
bit clock frequency is the DSP56302 internal clock frequency divided by 4096. Both
the hardware reset signal and the software reset instruction clear PSR.
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Note: The combination PSR = 1 and PM[7:0] = $00 (dividing F.ye by 2) may
cause synchronization problems and should not be used.

TX#1 or FlagO Out Flag0 In
CRB(TE1) CRB(OF0) SSISR(IF0)

(Sync Mode) (Sync Mode)
CRA(WL2:0) RX
/8,112, /16, /24, 132 —s< > Word
Clock
CRB(SYN) SCD0 =0 0 1 2 3 45
SYN 0
o RX Shift Register
SYN=0 SCDO = 1 RCLOCK
SYN 1
CRA(WL2:0) >
TCLOCK
18,112, 116, 124, 132 |—=< > Word
Clock

01 2 3 45

l Internal Bit Clock

Sync:

TX/RX clk TX Shift Register |

Asyne: CRB(SCKD) !

TXclk Note: 1. Fcore is the DSP56300 Core internal

CRA(PSR) CRA(PM7:0) clock _frequency.
2. ESSl internal clock range:
2 > /1 or/8 »| /1t0 /256 min = Fogc/4096
| 1 0 0 255 max = Fosc/4
FCORE (Opposite 3. ‘n’in signal name is ESSI # (0 or 1)
from SSI)
AA0679
Figure 7-9 ESSI Clock Generator Functional Block Diagram

7.4.1.4 CRA Frame Rate Divider Control DC[4:0] Bits 16-12

The values of the DC[4:0] bits control the divide ratio for the programmable frame
rate dividers used to generate the frame clocks. In Network mode, this ratio may be
interpreted as the number of words per frame minus one. In Normal mode, this ratio
determines the word transfer rate.

The divide ratio may range from 1 to 32 (DC = 00000 to 11111) for Normal mode and
2 to 32 (DC = 00001 to 11111) for Network mode. A divide ratio of one (DC = 00000)
in Network mode is a special case known as On-demand mode. In Normal mode, a
divide ratio of one (DC = 00000) provides continuous periodic data word transfers. A
bit-length frame sync must be used in this case and is selected by setting the FSL[1:0]
bits in the CRA to (01). Both the hardware reset signal and the software reset
instruction clear DC[4:0].

The ESSI frame sync generator functional diagram is shown in Figure 7-10.
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Figure 7-10 ESSI Frame Sync Generator Functional Block Diagram

7.4.15 CRA Reserved Bit 17
This bit is reserved. It is read as 0 and should be written with 0.

7.4.1.6 CRA Alignment Control (ALC) Bit 18

The ESSI is designed for 24-bit fractional data. Shorter data words are left aligned to
the Most Significant Bit (MSB), Bit 23. For applications that use 16 bit fractional data,
shorter data words are left aligned to Bit 15. The ALC bit supports shorter data
words. If ALC is set, received words are left aligned to Bit 15 in the Receive Shift
Register. Transmitted words must be left aligned to Bit 15 in the Transmit Shift
Register. If the ALC bit is cleared, received words are left aligned to Bit 23 in the
Receive Shift Register. Transmitted words must be left aligned to Bit 23 in the
Transmit Shift Register. The ALC bit is cleared by either a hardware reset signal or a
software reset instruction.

Note: If the ALC bitis set, only 8-, 12-, or 16-bit words should be used. The use of
24- or 32-bit words leads to unpredictable results.
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7.4.1.7 CRA Word Length Control (WL[2:0]) Bits 21-19

The WL[2:0] bits are used to select the length of the data words being transferred via
the ESSI. Word lengths of 8-, 12-, 16-, 24-, or 32- bits may be selected (see Table 7-2).
The ESSI data path programming model in Figure 7-16 and Figure 7-17 has
additional information on selecting different length data words. The ESSI data
registers are 24 bits long. The ESSI transmits 32-bit words either by duplicating the
last bit 8 times when WL[2:0] = 100, or by duplicating the first bit 8 times when
WL[2:0] = 101. The WL[2:0] bits are cleared by a hardware reset signal or by a
software reset instruction.

Table 7-2 ESSI Word Length Selection

WL2 WL1 WLO Number of Bits/Word
0 0 0 8
0 0 1 12
0 1 0 16
0 1 1 24
1 0 0 32
(valid data in the first 24 bits)
1 0 1 32
(valid data in the last 24 bits)
1 1 0 Reserved
1 1 1 Reserved
7.4.1.8 CRA Select SC1 as Transmitter 0 Drive Enable (SSC1) Bit 22

The SSC1 bit controls the functionality of the SC1 signal. If SSC1 is set, the ESSI is
configured in Synchronous mode (the CRB synchronous/asynchronous bit (SYN) is
set), and transmitter 2 is disabled (Transmit Enable (TE2) = 0)), then the SC1 signal
acts as the driver enable of transmitter 0 while the SC1 signal is configured as output
(SCD1 =1). This enables the use of an external buffer for the transmitter 0 output.

If SSC1 is cleared, the ESSI is configured in Synchronous mode (SYN = 1), and
transmitter 2 is disabled (TE2 = 0), then the SC1 acts as the serial 1/0 flag while the
SC1 signal is configured as output (SCD1 = 1).

7.4.1.9 CRA Reserved Bit 23
This bit is reserved. It is read as 0 and should be written with O.
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7.4.2 ESSI Control Register B (CRB)

The CRB is one of two 24-bit read/write control registers used to direct the operation
of the ESSI (see Figure 7-3 on page 7-9). CRB controls the ESSI multifunction signals,
SC[2:0], which can be used as clock inputs or outputs, frame synchronization signals,
transmit data signals, or serial 1/0 flag signals.

The serial output flag control bits and the direction control bits for the serial control
signals are in the ESSI CRB. Interrupt enable bits for the receiver and the transmitter
are also in the CRB. The bit setting of the CRB also determines how many
transmitters are enabled (0, 1, 2, or 3 transmitters can be enabled). The CRB settings
also determine the ESSI operating mode.

Either a hardware reset signal or a software reset instruction clear all the bits in the
CRB.

The relationship between the ESSI signals SC[2:0], SCK, and the CRB bits is
summarized in Table 7-4 on page 7-24. The ESSI CRB bits are described in the
following paragraphs.

7421 CRB Serial Output Flags (OF0, OF1) Bits 0, 1

The ESSI has two serial output flag bits, OF1 and OF0. The normal sequence for
setting output flags when transmitting data (by transmitter 0 through the STD signal
only) is:

1. Wait for TDE (TX0 empty) to be set.
2. Write the flags.
3. Write the transmit data to the TX register.

Bits OF0 and OF1 are double-buffered so that the flag states appear on the signals
when the TX data is transferred to the Transmit Shift Register. The flag bits values are
synchronized with the data transfer.

Note: The timing of the optional serial output signals SC[2:0] is controlled by the
frame timing and is not affected by the settings of TE2, TE1, TEO, or the
Receive Enable (RE) bit of the CRB.

7.4.2.1.1 CRB Serial Output Flag 0 (OFO0) Bit 0

When the ESSI is in Synchronous mode and transmitter 1 is disabled (TE1 = 0), the
SCO0 signal is configured as ESSI flag 0. If the serial control direction bit (SCDO) is set,
the SCO signal is an output. Data present in bit OFO0 is written to SCO at the beginning
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of the frame in Normal mode or at the beginning of the next time slot in Network
mode.

Bit OFO0 is cleared by a hardware reset signal or by a software reset instruction.

7.4.2.1.2 CRB Serial Output Flag 1 (OF1) Bit 1

When the ESSI is in Synchronous mode and transmitter 2 is disabled (TE2 = 0), the
SC1 signal is configured as ESSI flag 1. If the serial control direction bit (SCD1) is set,
the SC1 signal is an output. Data present in bit OF1 is written to SC1 at the beginning
of the frame in Normal mode or at the beginning of the next time slot in Network
mode.

Bit OF1 is cleared by a hardware reset signal or by a software reset instruction.

7.4.2.2 CRB Serial Control Direction 0 (SCDO) Bit 2

In Synchronous mode (SYN = 1) when transmitter 1 is disabled (TE1 = 0), or in
Asynchronous mode (SYN = 0), SCDO controls the direction of the SC0 1/0 signal.
When SCDO is set, SCO is an output; when SCDO is cleared, SCO is an input.

When TEL1 is set, the value of SCDO is ignored and the SCO0 signal is always an output.
Bit SCDO is cleared by a hardware reset signal or by a software reset instruction.

7.4.2.3 CRB Serial Control Direction 1 (SCD1) Bit 3

In Synchronous mode (SYN = 1) when transmitter 2 is disabled (TE2 = 0), or in
Asynchronous mode (SYN = 0), SCD1 controls the direction of the SC1 1/0 signal.
When SCDL1 is set, SC1 is an output; when SCD1 is cleared, SC1 is an input.

When TE2 is set, the value of SCDL1 is ignored and the SC1 signal is always an output.
Bit SCD1 is cleared by a hardware reset signal or by a software reset instruction.

7.4.2.4 CRB Serial Control Direction 2 (SCD2) Bit 4

SCD2 controls the direction of the SC2 I/0 signal. When SCD2 is set, SC2 is an
output; when SCD2 is cleared, SC2 is an input. SCD2 is cleared by a hardware reset
signal or by a software reset instruction.

7.4.2.5 CRB Clock Source Direction (SCKD) Bit 5

SCKD selects the source of the clock signal used to clock the Transmit Shift Register
in Asynchronous mode. If SCKD is set and the ESSI is in Synchronous mode, the
internal clock is the source of the clock signal used for all the Transmit Shift Registers
and the Receive Shift Register. If SCKD is set and the ESSI is in Asynchronous mode,

7-16 DSP56302UM/AD MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Enhanced Synchronous Serial Interface (ESSI)

ESSI Programming Model

the internal clock source becomes the bit clock for the Transmit Shift Register and
word length divider. The internal clock is output on the SCK signal.

When SCKD is cleared, the external clock source is selected. The internal clock
generator is disconnected from the SCK signal, and an external clock source may
drive this signal.

Either a hardware reset signal or a software reset instruction clears SCKD.

7.4.2.6 CRB Shift Direction (SHFD) Bit 6

The setting of the SHFD bit determines the shift direction of the Transmit or Receive
Shift Register. If SHFD is set, data is shifted out with the Least Significant Bit (LSB)
first. If SHFD is cleared, data is shifted out MSB first (see Figure 7-16 on page 7-31
and Figure 7-17 on page 7-32). Received data is shifted in LSB first when SHFD is set
or MSB first when SHFD is cleared.

Either a hardware reset signal or a software reset instruction clears SHFD.

7.4.2.7 CRB Frame Sync Length FSL[1:0] Bits 7 and 8

These bits select the length of frame sync to be generated or recognized (see
Figure 7-11 on page 7-19, Figure 7-14 on page 7-22, and Figure 7-15 on page 7-23).
The meaning of the values of FSL[1:0] is described in Table 7-3.

Table 7-3 FSL1 and FSLO Encoding

Frame Sync Length
FSL1 FSLO
RX TX
0 0 word word
0 1 word bit
1 0 bit bit
1 1 bit word

The word length is defined by WL[2:0].
Either a hardware reset signal or a software reset instruction clears FSL[1:0].

7.4.2.8 CRB Frame Sync Relative Timing (FSR) Bit 9

The FSR bit determines the relative timing of the receive and transmit frame sync
signal in reference to the serial data lines, for word length frame sync only. When
FSR is cleared, the word length frame sync occurs together with the first bit of the
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data word of the first slot. When FSR is set, the word length frame sync occurs one
serial clock cycle earlier (i.e., simultaneously with the last bit of the previous data
word).

Either a hardware reset signal or a software reset instruction clears FSR.

7.4.2.9 CRB Frame Sync Polarity (FSP) Bit 10

The FSP bit determines the polarity of the receive and transmit frame sync signals.
When FSP is cleared, the frame sync signal polarity is positive (i.e., the frame start is
indicated by the frame sync signal going high). When FSP is set, the frame sync
signal polarity is negative (i.e., the frame start is indicated by the frame sync signal
going low).

Either a hardware reset signal or a software reset instruction clears FRB.

7.4.2.10 CRB Clock Polarity (CKP) Bit 11

The CKP bit controls on which bit clock edge data and frame sync are clocked out
and latched in. If CKP 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 receive
bit clock. If CKP is set, the data and the frame sync are clocked out on the falling edge
of the transmit bit clock and latched in on the rising edge of the receive bit clock.

Either a hardware reset signal or a software reset instruction will clear CKP.

7.4.2.11 CRB Synchronous /Asynchronous (SYN) Bit 12

SYN controls whether the receive and transmit functions of the ESSI occur
synchronously or asynchronously with respect to each other (see Figure 7-12

on page 7-20). When SYN is cleared, the ESSI is in Asynchronous mode, and separate
clock and frame sync signals are used for the transmit and receive sections. When
SYN is set, the ESSI is in Synchronous mode and the transmit and receive sections
use common clock and frame sync signals. Only in the Synchronous mode can more
than one transmitter can be enabled.

Either a hardware reset signal or a software reset instruction clears SYN.
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Word Length: FSL1 =0, FSLO =0

RX, TX Frame SYNC

RX, TX Serial Data _< Data > @

NOTE: Frame sync occurs while data is valid.

One Bit Length: FSL1=1,FSL0O=0

Serial Clock

RX, TX Frame SYNC | | |_|
RX, TX Serial Data —— Data > @

NOTE: Frame sync occurs for one bit time preceding the data.

Mixed Frame Length: FSL1=0,FSL0=1

SerlaICIockJ-|_|-|-||||||||||||||||||||||||||||||||||||||||||||||| ||||||||||||||| |||||||
RX Frame Sync
RXSerial Data —< Data > @
TX Frame SYNC j |_|
TX Serial Data < Data > @

Mixed Frame Length: FSL1=1,FSLO0=1

Serial Clock

RX Frame SYNC | | |_|

TX Frame SYNC

TX Serial Data —( Data ) @

AA0681

Figure 7-11 CRB FSLO and FSL1 Bit Operation (FSR = 0)
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7.4.2.12 CRB ESSI Mode Select (MOD) Bit 13

MOD selects the operational mode of the ESSI (see Figure 7-13 on page 7-21,

Figure 7-14 on page 7-22, and Figure 7-15 on page 7-23). When MOD is cleared, the
Normal mode is selected; when MOD is set, the Network mode is selected. 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. In Network mode, a
word may be transferred every time slot. For more details, see Section 7.5. Either a
hardware reset signal or a software reset instruction will clear MOD.

Asynchronous (SYN = 0)

Transmitter

Frame STD

Clock SYNC

N Ve

External Transmit Clock External Transmit Frame SYNC

B

sc2
/

ESSI Bit\ Internal Clock Q Q Internal Frame SYNC
Clock/ o ) \
External Receive Clock External Receive Frame SYNC
SCO o] (o, ¢ SCll
Clock Frame
SYNC
SRD
RECEIVER
NOTE: Transmitter and receiver may have different clocks and frame syncs.
SYNCHRONOUS (SYN =1)
Transmitter
Frame STD
Clock SYNC
A 4
External Clock External Frame SYNC
SCK O /C A SC2
ESSI Bit\ Internal Clock g Internal Frame SYNC /
Clock/ © \
y \
Clock Frame
SYNC
SRD
Receiver
NOTE: Transmitter and receiver may have the same clock frame syncs.
AA0682
Figure 7-12 CRB SYN Bit Operation
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Frame SYNC \ /
(FSLO =0, FSL1 = 0) /

Frame SYNC _/_\
(FSLO =0, FSL1=1) / \

S X

,§‘ Slot 0 'r Wait 'r Slot 0

AA0684

Figure 7-14 Normal Mode, External Frame Sync (8 Bit, 1 Word in Frame)

7.4.2.13 Enabling and Disabling Data Transmission from the ESSI

The ESSI has three Transmit Enable bits (TE[2:0]), one for each data transmitter. The
process of transmitting data from TX1 and TX2 is the same. TXO0 can also operate in
Asynchronous mode. The normal transmit enable sequence is to write data to one or
more Transmit Data Registers (or the Time Slot Register (TSR)) before setting the TE
bit. The normal transmit disable sequence is to clear the TE, Transmit Interrupt
Enable (TIE), and Transmit Exception Interrupt Enable (TEIE) bits after the Transmit
Data Empty (TDE) bit is set. In the Network mode, clearing the appropriate TE bit
and setting it again disables the corresponding transmitter (0, 1, or 2) after
transmission of the current data word. The transmitter remains disabled until the
beginning of the next frame. During that time period, the corresponding SC (or STD
in the case of TXO0) signal remains in the high-impedance state.

7.4.2.14 CRB ESSI Transmit 2 Enable (TE2) Bit 14

The TE2 bit enables the transfer of data from TX2 to Transmit Shift Register 2. TE2 is
functional only when the ESSI is in Synchronous mode and is ignored when the ESSI
is in Asynchronous mode.

When TE2 is set and a frame sync is detected, the transmitter 2 is enabled for that
frame.

When TE2 is cleared, transmitter 2 is disabled after completing transmission of data
currently in the ESSI Transmit Shift Register. Any data present in TX2 is not
transmitted. If TE2 is cleared, data can be written to TX2; the TDE bit will be cleared,
but data will not be transferred to Transmit Shift Register 2.
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Keeping the TE2 bit cleared until the start of the next frame causes the SC1 signal to
act as serial 170 flag from the start of the frame, in both Normal and Network mode.
The On-demand mode transmit enable sequence can be the same as the Normal
mode, or the TE2 bit can be left enabled.

The TE2 bit is cleared by either a hardware reset signal or a software reset instruction.

Note: The setting of the TE2 bit does not affect the generation of frame sync or
output flags.

Frame SYNC /
(FSLO =0, FSL1 =0)
Frame SYNC /_\
(FSLO=0,FSL1=1)
X X X X

‘%‘ SLOT 0 ‘%‘ SLOT 14‘{‘*SLOT 04‘{‘78LOT 1—

AA0685

Figure 7-15 Network Mode, External Frame Sync (8 Bit, 2 Words in Frame)

7.4.2.15 CRB ESSI Transmit 1 Enable (TE1) Bit 15

The TEL1 bit enables the transfer of data from TX1 to Transmit Shift Register 1. TE1 is
functional only when the ESSI is in Synchronous mode and is ignored when the ESSI
is in Asynchronous mode.

When TEL1 is set and a frame sync is detected, the transmitter 1 is enabled for that
frame.

When TEL1 is cleared, transmitter 1 is disabled after completing transmission of data
currently in the ESSI Transmit Shift Register. Any data present in TX1 is not
transmitted. If TE1 is cleared, data can be written to TX1; the TDE bit will be cleared,
but data will not be transferred to Transmit Shift Register 1.

Keeping the TE1 bit cleared until the start of the next frame causes the SCO signal to
act as serial 170 flag from the start of the frame, in both Normal and Network mode.
The On-demand mode transmit enable sequence can be the same as the Normal
mode, or the TE1 bit can be left enabled.
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The TE1 bit is cleared by either a hardware reset signal or a software reset instruction.

Note: The setting of the TE1 bit does not affect the generation of frame sync or
output flags.
7.4.2.16 CRB ESSI Transmit 0 Enable (TEO) Bit 16

The TEO bit enables the transfer of data from TX1 to Transmit Shift Register 0. TEOQ is
functional when the ESSI is in either Synchronous or Asynchronous mode.

When TEO is set and a frame sync is detected, the transmitter 0 is enabled for that
frame.

When TEO is cleared, transmitter 0 is disabled after completing transmission of data
currently in the ESSI Transmit Shift Register. The STD output is tri-stated, and any
data present in TXO0 will not be transmitted (i.e., data can be written to TX0 with TEO
cleared; the TDE bit is cleared, but data will not be transferred to the Transmit Shift
Register 0).

The TEO bit is cleared by either a hardware reset signal or a software reset instruction.

The On-demand mode transmit enable sequence can be the same as the Normal
mode, or TEO can be left enabled.

Note: Transmitter 0 is the only transmitter that can operate in Asynchronous
mode (SYN = 0). TEO does not affect the generation of frame sync or output
flags.

Table 7-4 Mode and Signal signal Definition Table
Control Bits ESSI Signals

SYN | TEO | TE1 | TE2 RE SCO SC1 SC2 SCK | STD | SRD
0 0 X X 0 U U U U U U
0 0 X X 1 RXC FSR U U U RD
0 1 X X 0 U U FST TXC TDO U
0 1 X X 1 RXC FSR FST TXC TDO RD
1 0 0 0 0 U U U U U U
1 0 0 0 1 FO/U | F1/T0D/U FS XC U RD
1 0 0 1 0 FO/U TD2 FS XC U U
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Table 7-4 Mode and Signal signal Definition Table (Continued)

Control Bits ESSI Signals

SYN | TEO | TE1 | TE2 RE SCO SC1 SC2 SCK | STD | SRD
1 0 0 1 1 Fo/U TD2 FS XC U RD
1 0 1 0 0 TD1 | F1I/TOD/U FS XC U U
1 0 1 0 1 TD1 | F1I/TOD/U FS XC U RD
1 0 1 1 0 TD1 TD2 FS XC U U
1 0 1 1 1 TD1 TD2 FS XC U RD
1 1 0 0 0 FO/U | F1/T0D/U FS XC TDO U
1 1 0 0 1 FO/U | F1/T0D/U FS XC TDO RD
1 1 0 1 0 FO/U TD2 FS XC TDO U
1 1 0 1 1 FO/U TD2 FS XC TDO RD
1 1 1 0 0 TD1 | F1I/TOD/U FS XC TDO U
1 1 1 0 1 TD1 | F1/TOD/U FS XC TDO RD
1 1 1 1 0 TD1 TD2 FS XC TDO U
1 1 1 1 1 TD1 TD2 FS XC TDO RD

Note: TXC = Transmitter Clock

Note: RXC = Receiver Clock

Note: XC = Transmitter/Receiver Clock (Synchronous Operation)

Note: FST =  Transmitter Frame Sync

Note: FSR = Receiver Frame Sync

Note: FS =  Transmitter/Receiver Frame Sync (Synchronous Operation)

Note: TDO = Transmit Datasignal 0

Note: TD1 = Transmit Data signal 1

Note: TD2 = Transmit Data signal 2

Note: TOD = Transmitter O drive enable if SSC1=1& SCD1=1

Note: RD = Receive Data

Note: FO = Flag0

Note: F1 = FlaglifSSC1=0

Note: U = Unused (may be used as GPIO signal)

Note: X = Indeterminate

MOTOROLA DSP56302UM/AD 7-25

For More Information On This Product,
Go to: www.freescale.com




Freescale Semiconductor, Inc.
Enhanced Synchronous Serial Interface (ESSI)

ESSI Programming Model

7.4.2.17 CRB ESSI Receive Enable (RE) Bit 17

When the RE bit is set, the receive portion of the ESSI is enabled. When this bit is
cleared, the receiver is disabled by inhibiting data transfer into RX. If data is being
received while this bit is cleared, the remainder of the word is shifted in and
transferred to the ESSI Receive Data Register.

RE must be set in both the Normal and On-demand modes for the ESSI to receive
data. In Network mode, clearing RE and setting it again disables the receiver after
reception of the current data word. The receiver remains disabled until the beginning
of the next data frame.

RE is cleared by either a hardware reset signal or a software reset instruction.
Note: The setting of the RE bit does not affect the generation of a frame sync.

7.4.2.18 CRB ESSI Transmit Interrupt Enable (TIE) Bit 18

Setting the TIE bit enables a DSP transmit interrupt, which is generated when both
the TIE and the TDE bits in the ESSI Status Register are set. When TIE is cleared, the
transmit interrupt is disabled. The use of the transmit interrupt is described in
Section 7.5.3. Writing data to the data registers of the enabled transmitters or to the
TSR clears TDE and also clears the interrupt. Transmit interrupts with exception
conditions have higher priority than normal transmit data interrupts. If the Transmit
Underrun Run (TUE) bit is set, signaling that an exception has occurred, and the
TEIE bit is set, the ESSI requests an SSI transmit data with exception interrupt from
the interrupt controller.

TIE is cleared by either a hardware reset signal or a software reset instruction.

7.4.2.19 CRB ESSI Receive Interrupt Enable (RIE) Bit 19

Setting the RIE enables a DSP receive data interrupt, which is generated when both
the RIE and Receive Data Register Full (RDF) bit (in the SSISR) are set. When RIE is
cleared, this interrupt is disabled. The use of the receive interrupt is described in
Section 7.5.3. Reading the Receive Data Register clears RDF and the pending
interrupt. Receive interrupts with exception have higher priority than normal receive
data interrupts. If the Receiver Overrun Error (ROE) bit is set, signaling that an
exception has occurred, and the REIE bit is set, the ESSI requests an SSI receive data
with exception interrupt from the interrupt controller.

RIE is cleared by either a hardware reset signal or a software reset instruction.
7.4.2.20 CRB ESSI Transmit Last Slot Interrupt Enable (TLIE) Bit 20

Setting the TLIE bit enables an interrupt at the beginning of the last slot of a frame
when the ESSI is in Network mode. When TLIE is set, the DSP is interrupted at the
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start of the last slot in a frame regardless of the Transmit Mask Register setting. When
TLIE is cleared, the transmit last slot interrupt is disabled. The use of the transmit last
slot interrupt is described in Section 7.5.3.

TLIE is cleared by either a hardware reset signal or a software reset instruction. TLIE
is disabled when the ESSI is in On-demand mode (DC = $0).

7.4.2.21 CRB ESSI Receive Last Slot Interrupt Enable (RLIE) Bit 21
Setting the RLIE bit enables an interrupt after the last slot of a frame ends when the
ESSI is in Network mode. When RLIE is set, the DSP is interrupted after the last slot
in a frame ends regardless of the Receive Mask Register setting. When RLIE is
cleared, the receive last slot interrupt is disabled. The use of the receive last slot
interrupt is described in Section 7.5.3.

RLIE is cleared by either a hardware reset signal or a software reset instruction. RLIE
is disabled when the ESSI is in On-demand mode (DC = $0).

7.4.2.22 CRB ESSI Transmit Exception Interrupt Enable (TEIE) Bit 22
When the TEIE bit is set, the DSP is interrupted when both TDE and TUE in the ESSI
Status Register are set. When TEIE is cleared, this interrupt is disabled. The use of the
transmit interrupt is described in Section 7.5.3. Reading the Status Register
followed by writing to all the data registers of the enabled transmitters clears both
TUE and the pending interrupt.

TEIE is cleared by either a hardware reset signal or a software reset instruction.

7.4.2.23 CRB ESSI Receive Exception Interrupt Enable (REIE) Bit 23
When the REIE bit is set, the DSP is interrupted when both RDF and ROE in the ESSI
Status Register are set. When REIE is cleared, this interrupt is disabled. The use of the
receive interrupt is described in Section 7.5.3. Reading the Status Register followed
by reading the Receive Data Register clears both ROE and the pending interrupt.

REIE is cleared by either a hardware reset signal or a software reset instruction.

7.4.3 ESSI Status Register (SSISR)

The SSISR (see Figure 7-4 on page 7-9) is a 24-bit read-only Status Register used by
the DSP to read the status and serial input flags of the ESSI. The meaning of the SSISR
bits is described in the following paragraphs.
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7.4.3.1 SSISR Serial Input Flag 0 (IFO) Bit 0

The IFO0 bit is enabled only when SCO is an input flag and the Synchronous mode is
selected (i.e., when SCO is programmed as ESSI in the Port Control Register (PCR),
the SYN bit is set, and the TE1 and SCDO bits are cleared).

The ESSI latches data present on the SCO signal during reception of the first received
bit after the frame sync is detected. The IF0 bit is updated with this data when the
data in the Receive Shift Register is transferred into the Receive Data Register.

If it is not enabled, the IFO bit is cleared.
Hardware, software, ESSI individual, and stop reset clear the IFO0 bit.

7.4.3.2 SSISR Serial Input Flag 1 (IF1) Bit 1

The IF1bit is enabled only when SCL1 is an input flag and the Synchronous mode is
selected (i.e., when SC1 is programmed as ESSI in the Port Control Register (PCR),
the SYN bit is set, and the TE2 and SCD1 bits are cleared).

The ESSI latches data present on the SC1 signal during reception of the first received
bit after the frame sync is detected. The IF1 bit is updated with this data when the
data in the Receive Shift Register is transferred into the Receive Data Register.

If it is not enabled, the IF1 bit is cleared.
Hardware, software, ESSI individual, and stop reset clear the IF1 bit.

7.4.3.3 SSISR Transmit Frame Sync Flag (TFS) Bit 2

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. If the transmitter is enabled, data written to a Transmit Data Register
during the time slot when TFS is set will be transmitted (in Network mode) during
the second time slot in the frame. TFS is useful in Network mode to identify the start
of a frame. TFS is valid only if at least one transmitter is enabled (TEO, TE1 or TE2 are
set).

TFS is cleared by hardware, software, ESSI individual, or stop reset.

Note: In Normal mode, TFS is always read as 1 when transmitting data because
there is only one time slot per frame, the ‘frame sync’ time slot.

7.4.3.4 SSISR Receive Frame Sync Flag (RFS) Bit 3
When set, the RFS bit indicates that a receive frame sync occurred during the
reception of a word in the serial Receive Data Register. This means that the data
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word is from the first time slot in the frame. When the RFS bit is cleared 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 valid only if the receiver is enabled (i.e., the RE
bit is set).

RFS is cleared by hardware, software, ESSI individual, or stop reset.

Note: In Normal mode, RFS is always read as 1 when reading data because there
is only one time slot per frame, the ‘frame sync’ time slot.

7.4.3.5 SSISR Transmitter Underrun Error Flag (TUE) Bit 4

The TUE bit 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) will be retransmitted. In the Normal mode, there is
only one transmit time slot per frame. In the Network mode, there can be up to
thirty-two transmit time slots per frame. If the TEIE bit is set, a DSP transmit
underrun error interrupt request is issued when the TUE bit is set.

Hardware, software, ESSI individual, and stop reset clear TUE. TUE can also be
cleared by first reading the SSISR with the TUE bit set, then writing to all the enabled
Transmit Data Registers or to the TSR.

7.4.3.6 SSISR Receiver Overrun Error Flag (ROE) Bit 5

The ROE bit is set when the Serial Receive Shift Register is filled and ready to transfer
to the Receive Data Register (RX) but RX is already full (i.e., the RDF bit is set). If the
REIE bit is set, a DSP receiver overrun error interrupt request issued when the ROE
bit is set.

Hardware, software, ESSI individual, and stop reset clear ROE. ROE can also be
cleared by reading the SSISR with the ROE bit set and then reading the RX.

7.4.3.7 SSISR ESSI Transmit Data Register Empty (TDE) Bit 6

The TDE bit is set when the contents of the Transmit Data Register of every enabled
transmitter are transferred to the Transmit Shift Register. 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, the TDE bit indicates that data should be written to
all the TX registers of the enabled transmitters or to the TSR. The TDE bit is cleared
when the DSP56302 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 the TIE bit is set, a DSP transmit data interrupt request is issued when
TDE is set. Hardware, software, ESSI individual, and stop reset clear the TDE bit.
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7.4.3.8 SSISR ESSI Receive Data Register Full (RDF) Bit 7

The RDF bit is set when the contents of the Receive Shift Register are transferred to
the Receive Data Register. The RDF bit is cleared when the DSP reads the Receive
Data Register. If RIE is set, a DSP receive data interrupt request is issued when RDF
is set. Hardware, software, ESSI individual, and stop reset clear the RDF bit.
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Figure 7-16 ESSI Data Path Programming Model (SHFD = 0)
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7.4.4 ESSI Receive Shift Register

The 24-bit Receive Shift Register (see Figure 7-16 and Figure 7-17) receives the
incoming data from the Serial Receive Data signal. Data is shifted in by the selected
(internal/external) bit clock when the associated frame sync 1/0 is asserted. It is
assumed that data is received Most Significant Bit (MSB) first if SHFD is cleared and
Least Significant Bit (LSB) first if SHFD is set. Data is transferred to the ESSI Receive
Data Register after 8, 12, 16, 24, or 32 serial clock cycles are counted, depending on
the word-length control bits in the CRA.

7.4.5 ESSI Receive Data Register (RX)

The Receive Data Register (RX) is a 24-bit read-only register that accepts data from
the Receive Shift Register as it becomes full (see Figure 7-16 and Figure 7-17). The
data read is aligned according to the value of the ALC bit. When the ALC bit is
cleared, the MSB is Bit 23 and the least significant byte is unused. When the ALC bit
is set, the MSB is Bit 15 and the most significant byte is unused. Unused bits are read
as 0s. If the associated interrupt is enabled, the DSP is interrupted whenever the RX
register becomes full.

7.4.6 ESSI Transmit Shift Registers

The three 24-bit Transmit Shift Registers contain the data being transmitted (see
Figure 7-16 and Figure 7-17). Data is shifted out to the Serial Transmit Data signals
by the selected (internal/external) bit clock when the associated frame sync I/0 is
asserted. The word-length control bits in the CRA determine the number of bits that
must be shifted out before the shift registers are considered empty and may be
written to again. Depending on the setting of the CRA, the number of bits to be
shifted out can be 8, 12, 16, 24, or 32 bits.

The data transmitted is aligned according to the value of the ALC bit. When the ALC
bit is cleared, the MSB is Bit 23 and the least significant byte is unused. When ALC is
set, the MSB is Bit 15 and the most significant byte is unused. Unused bits are read as
0s. Data is shifted out of these registers MSB first if the SHFD bit is cleared and LSB
first if the SHFD bit is set.
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7.4.7 ESSI Transmit Data Registers (TX0-2)

ESSI0:TX20, TX10, TX00; ESSI1:TX21, TX11, TX01

TX2, TX1, and TXO0 are 24-bit write-only registers. Data to be transmitted is written
into these registers and automatically transferred to the Transmit Shift Registers (see
Figure 7-16 and Figure 7-17). The data transmitted (8, 12, 16, or 24 bits) is aligned
according to the value of the ALC bit. When the ALC bit is cleared, the MSB is Bit 23.
When ALC is set, the MSB is Bit 15. If the transmit data register empty interrupt has
been enabled, the DSP is interrupted whenever a Transmit Data Register becomes
empty.

Note: When writing data to a peripheral device there is a two cycle pipeline
delay until any status bits affected by this operation are updated. If the
user reads any of those status bits within the next two cycles, the bit will
not reflect its current status. See the DSP56300 Family Manual, appendix
B, Polling a peripheral device for write for further details.

7.4.8 ESSI Time Slot Register (TSR)

TSR is effectively a write-only null data register that is used to prevent data
transmission in the current transmit time slot. For the purposes of timing, TSR is a
write-only register that behaves like an alternative Transmit Data Register, except
that, rather than transmitting data, the transmit data signals of all the enabled
transmitters are in the high-impedance state for the current time slot.

7.4.9 Transmit Slot Mask Registers (TSMA, TSMB)

The Transmit Slot Mask Registers are two 16-bit read/write registers. When the
TSMA or TSMB is read to the internal data bus, the register contents occupy the two
low-order bytes of the data bus, and the high-order byte is zero-filled. In Network
mode, these registers are used by the transmitter(s) to determine what action to take
in the current transmission slot. Depending on the setting of the bits, the
transmitter(s) either tri-state the transmitter(s) data signal(s) or transmit a data word
and generate a transmitter empty condition.

TSMA and TSMB (see Figure 7-16 and Figure 7-17) can be seen as a single 32-bit
register, TSM. Bit n in TSM (TSn) is an enable/disable control bit for transmission in
slot number N. When TSn is cleared, all the transmit data signals of the enabled
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transmitters are tri-stated during transmit time slot number N. The data is still
transferred from the enabled Transmit Data Register(s) to the Transmit Shift Register.
However, the TDE and the TUE flags are not set. This means that during a disabled
slot, no transmitter empty interrupt is generated. The DSP is interrupted only for
enabled slots. Data written to the Transmit Data Register when servicing the
transmitter empty interrupt request is transmitted in the next enabled transmit time
slot.

When TSn is set, the transmit sequence proceeds normally. Data is transferred from
the TX register to the shift register during slot number N and the TDE flag is set.

Using the TSM slot mask does not conflict with using the TSR. Even if a slot is
enabled in the TSM, the user may chose to write to the TSR to tri-state the signals of
the enabled transmitters during the next transmission slot. Setting the bits in the TSM
affects the next frame transmission. The frame currently being transmitted is not
affected by the new TSM setting. If the TSM is read, it shows the current setting.

After a hardware or software reset instruction, the TSM register is reset to
$FFFFFFFF, which enables all thirty-two slots for data transmission.

7.4.10 Receive Slot Mask Registers (RSMA, RSMB)

The Receive Slot Mask Registers are two 16-bit read/write registers. In Network
mode, these registers are used by the receiver(s) to determine what action to take in
the current time slot. Depending on the setting of the bits, the receiver(s) either
tri-state the receiver(s) data signal(s) or receive a data word and generate a receiver
full condition.

RSMA and RSMB (see Figure 7-16 and Figure 7-17) can be seen as one 32-bit register,
RSM. Bit n in RSM (RSn) is an enable/disable control bit for time slot number N.
When RSn is cleared, all the data signals of the enabled receivers are tri-stated during
time slot number N. Data is transferred from the Receive Data Register(s) to the
Receive Shift Register(s) and the RDF and ROE flags are not set. During a disabled
slot, no receiver full interrupt is generated. The DSP is interrupted only for enabled
slots.

When RSn is set, the receive sequence proceeds normally. Data is received during
slot number N, and the RDF flag is set.

Using the RSM slot mask does not conflict with using the RSR. Even if a slot is
enabled in RSM, the user may chose to write to RSR instead of writing to the Receive
Data Registers RXx. This causes all the transmit data signals of the enabled receivers
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to be tri-stated during the next slot. Setting the bits in the RSM affects the next frame
transmission. The frame currently being transmitted is not affected by the new RSM
setting. If the RSM is read, it shows the current setting.

When the RSMA or RSMB register are read by the internal data bus, the register
contents occupy the two low-order bytes of the data bus, and the high-order byte is
zero-filled.

After a hardware reset or a software reset instruction, the RSM register is reset to
$FFFFFFFF. This enables all thirty-two time slots for data transmission.

7.5 OPERATING MODES

The ESSI operating modes are selected by the ESSI Control Registers (CRA and CRB).
The operating modes are described in the following paragraphs.

75.1 ESSI After Reset

A hardware reset signal or software reset instruction clears the Port Control Register
and the Port Direction Control Register. This configures all the ESSI signal signals as
GPIO. The ESSI is in the reset state while all ESSI signals are programmed as GPIO
and is active only if at least one of the ESSI I/0 signals is programmed as an ESSI
signal.

7.5.2 ESSI Initialization

To initialize the ESSI do the following:

Send a reset: hardware, software, ESSI individual, or STOP instruction reset.
Program the ESSI control and time slot registers.
Write data to all the enabled transmitters.

Configure at least one signal as ESSI signal.

o M L D PP

If an external frame sync will be used, from the moment the ESSI is activated,
at least five (5) serial clocks are needed before the first external frame sync is
supplied. Otherwise, improper operation may result.
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Clearing the PC[5:0] bits in the GPIO Port Control Register (PCR) during program
execution causes the ESSI to stop serial activity and enter the individual reset state.
All status bits of the interface are set to their reset state. The contents of CRA and
CRB are not affected. The ESSI individual reset allows a program to reset each
interface separately from the other internal peripherals. During ESSI individual reset,
internal DMA accesses to the data registers of the ESSI are not valid and data read is
undefined.

To ensure proper operation of the ESSI, use an ESSI individual reset when changing
the ESSI Control Registers (except for bits TEIE, REIE, TLIE, RLIE, TIE, RIE, TE2, TEL,
TEO, and RE).

Here is an example of initializing the ESSI.

1. Putthe ESSI in its individual reset state by clearing the PCR bits.

2. Configure the Control Registers (CRA, CRB) to set the operating mode.
Disable the transmitters and receiver by clearing the TE[2:0] and RE bits. Set
the interrupt enable bits for the operating mode chosen.

3. Enable the ESSI by setting the PCR bits to activate the input/output signals to
be used.

4. Write initial data to the transmitters which will be in use during operation.
This step is needed even if DMA is used to service the transmitters.

5. Enable the transmitters and receiver to be used.

Now the ESSI can be serviced by polling, interrupts, or DMA.
Once the ESSI has been enabled (Step 3), operation will start as follows:

= For internally generated clock and frame sync, these signals will start activity
immediate after the ESSI is enabled.

= Data will be received by the ESSI after the occurrence of a frame sync signal
(either internally or externally generated) only when the Receive Enable (RE)
bit is set.

= Data will be transmitted after the occurrence of a frame sync signal (either
internally or externally generated) only when the Transmitter Enable (TE[2:0])
bit is set.
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7.5.3

ESSI Exceptions

The ESSI can generate six different exceptions. They are discussed in the following
paragraphs (ordered from the highest to the lowest exception priority):

1.

Note:

ESSI Receive Data with Exception Status:

Occurs when the receive exception interrupt is enabled, the Receive Data
Register is full, and a receiver overrun error has occurred. This exception sets
the ROE bit. The ROE bit is cleared by first reading the SSISR and then reading
RX.

ESSI Receive Data:

Occurs when the receive interrupt is enabled, the Receive Data Register is full,
and no receive error conditions exist. Reading RX clears the pending interrupt.
This error-free interrupt can use a fast interrupt service routine for minimum
overhead.

ESSI Receive Last Slot Interrupt:

Occurs when the ESSI is in Network mode and the last slot of the frame has
ended. This interrupt is generated regardless of the Receive Mask Register
setting. The receive last slot interrupt may be used to signal that the Receive
Mask Slot Register can be reset, the DMA channels may be reconfigured, and
data memory pointers may be reassigned. Using the receive last slot interrupt
guarantees that the previous frame was serviced with the previous setting and
the new frame will be serviced with the new setting without synchronization
problems.

The maximum time it takes to service a receive last slot interrupt should
not exceed N — 1 ESSI bits service time (where N is the number of bits the
ESSI can transmit per time slot).

ESSI Transmit Data with Exception Status:

Occurs when the transmit exception interrupt is enabled, at least one Transmit
Data Register of the enabled transmitters is empty, and a transmitter underrun
error has occurred. This exception sets the TUE bit. The TUE bit is cleared by
first reading the SSISR and then writing to all the Transmit Data Registers of
the enabled transmitters, or by writing to the TSR to clear the pending
interrupt.

ESSI Transmit Last Slot Interrupt:

Occurs when the ESSI is in Network mode at the start of the last slot of the
frame. This exception occurs regardless of the Transmit Mask Register setting.
The transmit last slot interrupt may be used to signal that the Transmit Mask
Slot Register can be reset, the DMA channels can be reconfigured, and data
memory pointers can be reassigned. Using the transmit last slot interrupt

7-38

DSP56302UM/AD MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Enhanced Synchronous Serial Interface (ESSI)

Note:

Operating Modes

guarantees that the previous frame was serviced with the previous setting and
the new frame will be serviced with the new setting without synchronization
problems.

The maximum transmit last slot interrupt service time should not exceed
N — 1 ESSI bits service time (where N is the number of bits in a slot).

ESSI Transmit Data:

Occurs when the transmit interrupt is enabled, at least one of the enabled
Transmit Data Registers is empty, and no transmitter error conditions exist.
Writing to all the enabled TX registers or to the TSR clears this interrupt. This
error-free interrupt may use a fast interrupt service routine for minimum
overhead (if no more than two transmitters are used).

To configure an ESSI exception, perform the following steps:

1.

2.

Configure Interrupt Service Routine (ISR)
a. Load Vector Base Address Register VBA (b23:8)

b. Define I_VEC to be equal to the VBA value (if that is nonzero).If it is
defined, I_VEC must be defined for the assembler before the interrupt
equate file is included.

c. Load the exception vector table entry: two-word fast interrupt, or
jump/branch to subroutine (long interrupt). p:1_SIO0TD

Configure interrupt trigger/Preload transmit data

a. Enable and prioritize overall peripheral interrupt functionality.

| PRP (SOL1: 0)
b. Enable peripheral and associated signals. PCRC (PC5: 0)
c. Write data to all enabled transmit registers. TX00
d. Enable peripheral interrupt-generating function. CRB ( TEO)
e. Enable specific peripheral interrupt. CRBO (TIE)
f. Unmask interrupts at global level. SR (11:0)

Notes: 1. The example material to the right of the steps above shows register

settings for configuring an ESSIO transmit interrupt using transmitter 0.

2. The order of the steps is optional except that the interrupt trigger
configuration must not be completed until the ISR configuration has
been completed. Since 2d may cause an immediate transmit without
generating an interrupt, the transmit data preload in 2c should be
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performed before 2d to ensure valid data is sent in the first
transmission.

3. After the first transmit, subsequent transmit values are typically loaded
into TXnn by the ISR (one value per register per interrupt). Therefore, if
N items are to be sent from a particular TXnn, the ISR will need to load
the transmit register (N — 1) times.

4. Steps d and e may be performed using a single instruction.

5. If an interrupt trigger event occurs at a time when not all interrupt
trigger configuration steps have been performed, the event will be
ignored forever (the event will not be queued in this case).

6. If interrupts derived from the core or other peripherals need to be
enabled at the same time as ESSI interrupts, step f should be done last.

7.5.4 Operating Modes: Normal, Network, and On-Demand

The ESSI has three basic operating modes and several data/operation formats. These
modes can be programmed using the ESSI Control Registers. The data/operation
formats available to the ESSI are selected by setting or clearing control bits in the
CRA and CRB. These control bits are WL[2:1], MOD, SYN, FSL[1:0], FSR, FSP, CKP,
and SHFD.

7.54.1 Normal/Network/On-Demand Mode Selection

Selecting between the Normal mode and Network mode is accomplished by clearing
or setting the MOD bit in the CRB. In Normal mode, the ESSI sends or receives one
data word per frame (per enabled receiver or transmitter). In Network mode, two to
thirty-two time slots per frame may be selected. During each frame, zero to
thirty-two data words may be received or transmitted (from each enabled receiver or
transmitter). In either case, the transfers are periodic.

The Normal mode is typically used to transfer data to or from a single device.
Network mode is typically used in Time Division Multiplexed (TDM) networks of
codecs or DSPs with multiple words per frame.

Network mode has as sub-mode called On-demand mode. Setting the MOD bit in the
CRB for Network mode, and setting the frame rate divider to 0 (DC = $00000) selects
the On-demand mode.This sub-mode does not generate a periodic frame sync. A
frame sync pulse is generated only when data is available to transmit. The frame sync
signal indicates the first time slot in the frame. The On-demand mode requires that
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the transmit frame sync be internal (output) and the receive frame sync be external
(input). 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 ESSI 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 normally, using TDE
and RDF; however, transmit underruns are impossible for ‘On- demand’
transmission and are disabled. This mode is useful for interfacing to codecs requiring
a continuous clock.

7.5.4.2 Synchronous/Asynchronous Operating Modes

The transmit and receive sections of the ESSI interface may be synchronous or
asynchronous. The transmitter and receiver use common clock and synchronization
signals in the Synchronous mode; they use separate clock and sync signals in the
Asynchronous mode. The SYN bit in CRB selects synchronous or asynchronous
operation. When the SYN bit is cleared, the ESSI TX and RX clocks and frame sync
sources are independent. If the SYN bit is set, the ESSI TX and RX clocks and frame
sync are driven by the same source (either external or internal). Since the ESSI is
designed to operate either synchronously or asynchronously, separate receive and
transmit interrupts are provided.

Transmitter 1 and transmitter 2 operate only in Synchronous mode. Data clock and
frame sync signals can be generated internally by the DSP or may be obtained from
external sources. If clocks are internally generated, the ESSI clock generator derives
bit clock and frame sync signals from the DSP internal system clock. The ESSI clock
generator consists of a selectable fixed prescaler with a programmable prescaler for
bit rate clock generation and a programmable frame-rate divider with a word-length
divider for frame-rate sync-signal generation.

7.5.4.3 Frame Sync Selection

The transmitter and receiver can operate independently. The transmitter can have
either a bit-long or word-long frame-sync signal format, and the receiver can have
the same or another format. The selection is made by programming FSL[1:0], FSR,
and FSP bits in the CRB.

7.5.4.3.1 Controlling the Frame Sync Signal Format
FSL1 controls the frame-sync signal format.

= |fthe FSL1 bit is cleared, the RX frame sync is asserted during the entire data
transfer period. This frame sync length is compatible with Motorola codecs,
serial peripherals that conform to the Motorola SPI, serial A/D and D/A
converters, shift registers, and telecommunication Pulse Code Modulation
(PCM) serial 1/0.
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= |f the FSL1 bit is set, the RX frame sync pulses active 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.

7.5.4.3.2 Controlling the Frame Sync Length for Multiple Devices

The ability to mix frame sync lengths is useful in configuring systems in which data
is received from one type of device (e.g., codec) and transmitted to a different type of
device. FSLO controls whether RX and TX have the same frame sync length.

e |f the FSLO bit is cleared, both RX and TX have the same frame sync length.
= If the FSLO bit is set, RX and TX have different frame sync lengths.
FSLO is ignored when the SYN bit is set.

7.5.4.3.3 Controlling the Word Length Frame Sync Relative to the Data
Word Timing

The FSR bit controls the relative timing of the word length frame sync relative to the

data word timing.

= When the FSR bit is cleared, the word length frame sync is generated (or
expected) with the first bit of the data word.

< When the FSR bit is set, the word length frame sync is generated (or expected)
with the last bit of the previous word.

FSR is ignored when a bit length frame sync is selected.

75434 Controlling the Frame Sync Polarity
The FSP bit controls the polarity of the frame sync.

= When the FSP bit is cleared, the polarity of the frame sync is positive (i.e., the
frame sync signal is asserted high). The ESSI synchronizes on the leading edge
of the frame sync signal.

< When the FSP bit is set, the polarity of the frame sync is negative (i.e., the
frame sync is asserted low). The ESSI synchronizes on the trailing edge of the
frame sync signal.

The ESSI receiver looks for a receive frame sync edge (leading edge if FSP is cleared,
trailing edge if FSP is set) only when the previous frame is completed. If the frame
sync is asserted 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 FSR set), the
current frame sync is not recognized, and the receiver is internally disabled until the
next frame sync.
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Frames do not have to be adjacent, that is, a new frame sync does not have to follow
immediately the previous frame. Gaps of arbitrary periods can occur between
frames. All the enabled transmitters will be tri-stated during these gaps.

7.5.4.4 Selecting the Byte Format (LSB/MSB) for the Transmitter

Some devices, such as codecs, require a MSB-first data format. Other devices, such as
those that use the AES-EBU digital audio format, require the LSB first. To be
compatible with all formats, the shift registers in the ESSI are bidirectional. The
MSB/LSB selection is made by programming the SHFD bit in the CRB.

< |f the SHFD bit is cleared, data is shifted into the Receive Shift Register MSB
first and shifted out of the Transmit Shift Register MSB first.

= |If the SHFD bit is set, data is shifted into the Receive Shift Register LSB first
and shifted out of the Transmit Shift Register LSB first.

7.5.5 Flags

Two ESSI signals (SC[1:0]) are available for use as serial 1/0 flags. Their operation is
controlled by the SYN, SCDJ1:0], SSC1, and TE[2:1] bits in the CRB/CRA.The control
bits OF[1:0] and status bits IF[1:0] are double-buffered to/from SCJ[1:0].
Double-buffering the flags keeps the flags in sync with TX and RX.

The SC[1:0] flags are available in the Synchronous mode only. Each flag can be
separately programmed.

Flag SCO is enabled when transmitter 1 is disabled (TE1 = 0). The flag’s direction is
selected by the SCDO bit. When SCDO is set, SCO0 is configured as output. When SCDO
is cleared, SCO is configured as input.

Similarly, the SC1 flag is enabled when transmitter 2 is disabled (TE2 = 0) and the
SC1 signal is not configured as transmitter drive enable (Bit SSC1 = 0). SC1’s
direction is selected by the SCD1 bit. When SCD1 is set, SC1 is an output flag. When
SCDL1 is cleared, SC1 is an input flag.

When programmed as input flags, the value of the SC[1:0] bits are latched at the same
time as the first bit of the receive data word is sampled. Once the input has been
latched, the signal on the input flag signal (SC0 and SC1) can change without
affecting the input flag. The value of SC[1:0] does not change until the first bit of the
next data word is received. When the received data word is latched by RX, the
latched values of SC[1:0] are latched by the SSISR IF[1:0] bits respectively, and can be
read by software.
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When programed as output flags, the value of the SC[1:0] bits is taken from the value
of the OF[1:0] bits. The value of the OF[1:0] bits is latched when the contents of TX are
transferred to the Transmit Shift Register. The value on SC[1:0] 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. The OF[1:0] values can be set directly by software.
This allows the DSP56302 to control data transmission by indirectly controlling the
value of the SC[1:0] flags.

7.6 GPIO SIGNALS AND REGISTERS

The GPIO functionality of an ESSI port (C, D) is controlled by three registers: Port
Control Register (PCRC, PCRD), Port Direction Register (PRRC, PRRD) and Port
Data Register (PDRC, PDRD).

7.6.1 Port Control Register (PCR)

The read/write 24-bit PCR controls the functionality of the ESSI GPIO signals. Each
of PC[5:0] bits controls the functionality of the corresponding port signal. When a
PCIi] bit is set, the corresponding port signal is configured as a ESSI signal. When a
PCIJi] bit is cleared, the corresponding port signal is configured as a GPIO signal.
Either a hardware reset signal or a software reset instruction clear all PCR bits.

7 6 5 4 3 2 1 0
| [ [ Pcs | Pca [ Pcs | pc2 | Pci [ Pco | 0=GPIO, 1=ESSI

STDn SRDn SCKn SCKn2 SCKnl SCKnO PCRC: ESSIO, PCRD: ESSI1

15 14 13 12 11 10 9 8

23 22 21 20 19 18 17 16

|:| Reserved Bit, Read As Zero, Should Be Written With Zero For Future Compatibility

AA0688
Figure 7-18 Port Control Register (PCR) (PCRC X:$FFFFBF), (PCRD X:$FFFFAF)
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7.6.2 Port Direction Register (PRR)

The read/write 24-bit PRR controls the data direction of the ESSI GPIO signals.
When PRRJi] is set, the corresponding signal is an output signal. When PRR]i] is
cleared, the corresponding signal is an input signal.

7 6 5 4 3 2 1 0
| | [Pocs |Ppca [Ppc3 [Poc2 [Poci [Poco | 0=nput, 1= Output
STDn  SRDn  SCKn SCKn2 SCKnl SCKn0  PRRC: ESSIO, PRRD: ESSIL
15 14 13 12 11 10 9 8

23 22 21 20 19 18 17 16

|:| Reserved Bit, Read As Zero, Should Be Written With Zero For Future Compatibility
AA0689

Figure 7-19 Port Direction Register (PRR)(PRRC X:$FFFFBE), (PRRD X:$FFFFAE)

Note: Either a hardware reset signal or a software reset instruction clear all PRR
bits.

The following table describes the port signal configurations.

Table 7-5 Port Control Register and Port Direction Register Bits Functionality

PCJi] PDC]Ji] | Port Signal[i] Function

1 X ESSI
0 0 GPIO input
0 1 GPIO output

Note: X: The signal setting is irrelevant to Port
Signal[i] function.

7.6.3 Port Data Register (PDR)

The read/write 24-bit PDR is used to read or write data to and from the ESSI GPIO
signals. The PD[5:0] bits are used to read or write data from and to the corresponding
port signals if they are configured as GPIO signals. If a port signal [i] is configured as
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a GPIO input, then the corresponding PDIi] bit reflects the value present on this
signal. If a port signal [i] is configured as a GP10 output, then the value written into
the corresponding PDIi] bit is reflected on the this signal.

7 6 5 4 3 2 1 0
| | [PDs |Ppa |Pp3 [PD2 |PD1 | PDO |
STDn  SRDn SCKn SCKn2 SCKnl SCKnO  PDRD: ESSIO, PDRD: ESSI1

15 14 13 12 11 10 9 8

23 22 21 20 19 18 17 16

|:| Reserved Bit, Read As Zero, Should Be Written With Zero For Future Compatibility

AA0690

Figure 7-20 Port Data Register (PDR) (PDRC X:$FFFFBD), (PDRD X:$FFFFAD)

Note: Either a hardware reset signal or a software reset instruction clear all PDR
bits.
&S
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Introduction

8.1 INTRODUCTION

The DSP56302’s Serial Communications Interface (SCI) provides a full-duplex port
for serial communication to other DSPs, microprocessors, or peripherals such as
modems. The SCI interfaces without additional logic to peripherals that use
TTL-level signals. With a small amount of additional logic, the SCI can connect to
peripheral interfaces that have non-TTL level signals, such as the RS232C, RS422, etc.

This interface uses three dedicated signals: Transmit Data (TXD), Receive Data
(RXD), and SCI Serial Clock (SCLK). It supports industry-standard asynchronous bit
rates and protocols, as well as high-speed synchronous data transmission (up to 8.25
Mbps for a 66 MHz clock). The asynchronous protocols supported by the SCI include
a Multidrop mode for master/slave operation with Wakeup On Idle Line and
Wakeup On Address Bit capability. This mode allows the DSP56302 to share a single
serial line efficiently with other peripherals.

The SCI consists of separate transmit and receive sections that can operate
asynchronously with respect to each other. A programmable baud-rate generator
provides the transmit and receive clocks. An enable vector and an interrupt vector
have been included so that the baud-rate generator can function as a general purpose
timer when it is not being used by the SCI, or when the interrupt timing is the same
as that used by the SCI.

8.2 SCI1/O SIGNALS

Each of the three SCI signals (RXD, TXD, and SCLK) can be configured as either a
General Purpose 1/0 (GPIO) signal or as a specific SCI signal. Each signal is
independent of the others. For example, if only the TXD signal is needed, the RXD
and SCLK signals can be programmed for GP10. However, at least one of the three
signals must be selected as an SCI signal to release the SCI from reset.

SCl interrupts can be enabled by programming the SCI control registers before any of
the SCI signals are programmed as SCI functions. In this case, only one transmit
interrupt can be generated because the Transmit Data Register is empty. The timer
and timer interrupt operate when one or more of the SCI signals is programmed as
an SCI signal.
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8.2.1 Receive Data (RXD)

This input signal receives byte-oriented serial data and transfers the data to the SCI
Receive Shift Register. Asynchronous input data is sampled on the positive edge of
the receive clock (1 x SCLK) if SCKP is cleared. RXD can be configured as a GPIO
signal (PEO) when the SCI RXD function is not being used.

8.2.2 Transmit Data (TXD)

This output signal transmits serial data from the SCI Transmit Shift Register. Data
changes on the negative edge of the asynchronous transmit clock (SCLK) if SCKP is
cleared. This output is stable on the positive edge of the transmit clock. TXD can be
programmed as a GPIO signal (PE1) when the SCI TXD function is not being used.

8.2.3 SCI Serial Clock (SCLK)

This bidirectional signal provides an input or output clock from which the transmit
and/or receive baud rate is derived in the Asynchronous mode and from which data
is transferred in the Synchronous mode. SCLK can be programmed as a GPIO signal
(PE2) when the SCI SCLK function is not being used. This signal can be programmed
as PE2 when data is being transmitted on TXD, since the clock does not need to be
transmitted in the Asynchronous mode. Because SCLK is independent of SCI data
170, there is no connection between programming the PE2 signal as SCLK and data
coming out the TXD signal.

8.3 SCI PROGRAMMING MODEL

The SCI programming model can be viewed as three types of registers:

= Control

— SCI Control Register (SCR) in Figure 8-1

— SCI Clock Control Register (SCCR) in Figure 8-3
= Status

— SCI Status Register (SSR) in Figure 8-2

e Data transfer
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— SCI Receive Data Registers (SRX) inFigure 8-7

— SCI Transmit Data Registers (STX) in Figure 8-7

— SCI Transmit Data Address Register (STXA) in Figure 8-7
The SCI contains also the GPIO functionality, described in Section 8.5.

The following paragraphs describe each bit in the programming model.

7 6 5 4 3 2 1 0
| WOMS | RWU | WAKE | SBK | SSFTD | WDS2 | WDS1 | WDSO |

15 14 13 12 11 10 9 8
| SCKP | STIR | TMIE | TIE | RE | ILE | TE [ RE |
23 22 21 20 19 18 17 16
| | | | | | | | REE |

AA0854

Figure 8-1 SCI Control Register (SCR)

7 6 5 4 3 2 1 0

| R8& | FE | PE | OR | IDLE | RDRF | TDRE | TRNE |
15 14 13 12 11 10 9 8

| | | | | | | | |
23 22 21 20 19 18 17 16

| | | | | | | | |

AA0855

Figure 8-2 SCI Status Register (SSR)

7 6 5 4 3 2 1 0
| cb7 | cbe | cpbs | cpb4 | cb3 | cD2 | CD1 | CDO |

15 14 13 12 11 10 9 8
| TCM | RCM | scP | coD | cD11l | CD10 | CD9 | CD8 |

23 22 21 20 19 18 17 16

|:| Reserved bit - read as 0 should be written with 0 for future compatibility
AA0856

Figure 8-3 SCI Clock Control Register (SCCR)
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Mode 0
| 0 | 0 | 0 | 8-bit Synchronous Data (Shift Register Mode)
WDS2 WDS1 WDSO0
X DO D1 D2 D3 D4 D5 D6 D7
(SSFTD =0)
l«———  One Byte From Shift Register ——— 5
Mode 2
| 0 | 1 | 0 | 10-bit Asynchronous (1 Start, 8 Data, 1 Stop)
WDS2 WDS1 WDSO0
D7 or
-—TX Start Stop
(SSFTD = 0) Bit DO D1 D2 D3 D4 D5 D6 '?;;2 Bit
Mode 4
| 1 | 0 | 0 | 11-bit Asynchronous (1 Start, 8 Data, 1 Even Parity, 1 Stop)
WDS2 WDS1 WDSO0
~—x St g [ b1 | b2 | b3 | pa | b5 | os %7 @ | Even | stop
(SSFTD = 0) Bit T;pz Parity Bit
Mode 5
| 1 | 0 | 1 | 11-bit Asynchronous (1 Start, 8 Data, 1 Odd Parity, 1 Stop)
WDS2 WDS1 WDSO0
«—TX Start [I;;t?ar Odd Stop
(SSFTD = 0) Bit 0O | b1 | B2 | D3 | D4 | D5 | D6 Type | P2 Bit
Mode 6
| 1 | 1 | 0 | 11-bit Asynchronous Multidrop (1 Start, 8 Data, 1 Data Type, 1 Stop)
WDS2 WDS1 WDSO0
-—TX Start Data Stop
= it it
(SSFTD = 0) Bi DO D1 D2 D3 D4 D5 D6 D7 Type Bi

Data Type: é = gd?reBsst BYte  Note: 1. Modes 1, 3, and 7 are reserved.
= Dala byte 2. DO = LSB; D7 = MSB
3. Data is transmitted and received LSB first if SSFTD = 0, or MSB first if SSFTD = 1

AA0691

Figure 8-4 SCI Data Word Formats
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Mode 0
| 0 | 0 | 0 | 8-bit Synchronous Data (Shift Register Mode)
WDS2 WDS1 WDSO0
—TX
D7 D6 D5 D4 D3 D2 D1 DO
(SSFTD = 1)
|«——————— One Byte From Shift Register —————
Mode 2
| 0 | 1 | 0 | 10-bit Asynchronous (1 Start, 8 Data, 1 Stop)
WwDS2 WDS1 WDSO
DO or
X start D7 D6 D5 D4 D3 D2 p1 | Data stop
(SSFTD = 1) Bit Type Bit
Mode 4
| 1 | 0 | 0 | 11-bit Asynchronous (1 Start, 8 Data, 1 Even Parity, 1 Stop)
WDS2 WDS1 WDSO0
-—TX Start DD(;gr Even Stop
(SSFTD = 1) Bit b7 | D6 | D5 D4 [ D3 | Dz | D1 T Parity Bit
ype
Mode 5
| 1 | 0 | 1 | 11-bit Asynchronous (1 Start, 8 Data, 1 Odd Parity, 1 Stop)
WwDS2 WDS1 WDSO
Di
~«—TX Start D(;g "| odd Stop
(SSFTD = 1) Bit D7 | Ds D5 D4 | D3 | D2 D1 T Parity Bit
ype
Mode 6
| 1 | 1 | 0 | 11-bit Asynchronous Multidrop (1 Start, 8 Data, 1 Data Type, 1 Stop)
WDS2 WDS1 WDSO0
«—TX Start Data Stop
(SSFTD = 1) Bit D7 D6 D5 D4 D3 D2 D1 DO Type Bit

Data Type: (1) = gd?reéss BYte  Note: 1. Modes 1, 3, and 7 are reserved.
= Data Byte 2. DO = LSB; D7 = MSB
3. Data is transmitted and received LSB first if SSFTD = 0, or MSB first if SSFTD = 1

AA0691 (cont.)

Figure 8-4 SCI Data Word Formats
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8.3.1 SCI Control Register (SCR)

The SCI Control Register (SCR) is a 24-bit read/write register that controls the serial
interface operation. Seventeen of the twenty-four bits are currently defined. Each bit
is described in the following paragraphs.

8.3.1.1 SCR Word Select (WDSJ[0:2]) Bits 0-2

The word select WDS[0:2] bits select the format of transmitted and received data.
Format modes are listed in Table 8-1 and described in Figure 8-4.

Table 8-1 Word Formats

WDS2 | WDS1 | WDS0 | Mode Word Formats
0 0 0 0 8-Bit Synchronous Data (shift register mode)
0 0 1 1 Reserved
0 1 0 2 10-Bit Asynchronous (1 start, 8 data, 1 stop)
0 1 1 3 Reserved
1 0 0 4 11-Bit Asynchronous

(1 start, 8 data, 1 even parity, 1 stop)

1 0 1 5 11-Bit Asynchronous
(1 start, 8 data, 1 odd parity, 1 stop)

1 1 0 6 11-Bit Multidrop Asynchronous
(1 start, 8 data, 1 data type, 1 stop)

1 1 1 7 Reserved

The Asynchronous modes are compatible with most UART-type serial devices, and
support standard RS232C communication links. The Multidrop Asynchronous mode
is compatible with the MC68681 DUART, the M68HC11 SCI interface, and the Intel
8051 serial interface. The Synchronous data mode is essentially a high-speed shift
register used for I/0 expansion and stream-mode channel interfaces. Data
synchronization is accomplished by the use of a gated transmit and receive clock that
is compatible with the Intel 8051 serial interface mode 0.

When odd parity is selected, the transmitter counts the number of 1s in the data
word. If the total is not an odd number, the parity bit is set, thus producing an odd
number. If the receiver counts an even number of 1s, an error in transmission has
occurred. When even parity is selected, an even number must result from the
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calculation performed at both ends of the line or an error in transmission has
occurred.

The word select bits are cleared by hardware and software reset.

8.3.1.2 SCR SCI Shift Direction (SSFTD) Bit 3

The SSFTD bit determines the order in which the SCI Data Shift Registers shift data in
or out: MSB first when set, LSB first when cleared. The parity and data type bits do
not change their position in the frame, and remain adjacent to the stop bit. SSFTD is
cleared by hardware and software reset.

8.3.1.3 SCR Send Break (SBK) Bit 4

A break is an all-zero word frame—a start bit 0, characters of all Os (including any
parity), and a stop bit 0 (i.e., ten or eleven 0s, depending on the mode selected). If
SBK is set and then cleared, the transmitter completes transmission of the current
frame, sends ten or eleven 0s (depending on WDS mode), and reverts to idle or
sending data. If SBK remains set, the transmitter continually sends whole frames of
Os (ten or eleven bits with no stop bit). At the completion of the break code, the
transmitter sends at least one high (set) bit before transmitting any data to guarantee
recognition of a valid start bit. Break can be used to signal an unusual condition,
message, etc. by forcing a frame error, which is caused by a missing stop bit.
Hardware and software reset clear SBK.

8.3.14 SCR Wakeup Mode Select (WAKE) Bit 5

When WAKE is cleared, the Wakeup On Idle Line mode is selected. In the Wakeup
On Idle Line mode, the SCI receiver is re-enabled by an idle string of at least ten or
eleven (depending on WDS mode) consecutive 1s. The transmitter’s software must
provide this idle string between consecutive messages. The idle string cannot occur
within a valid message because each word frame contains a start bit that is 0.

When WAKE is set, the Wakeup On Address Bit mode is selected. In the Wakeup On
Address Bit mode, the SCI receiver is re-enabled when the last (eighth or ninth) data
bit received in a character (frame) is 1. The ninth data bit is the address bit (R8) in the
11-bit Multidrop mode; the eighth data bit is the address bit in the 10-bit
Asynchronous and 11-bit Asynchronous with parity modes. Thus, the received
character is an address that has to be processed by all sleeping processors—that is,
each processor has to compare the received character with its own address and
decide whether to receive or ignore all following characters. WAKE is cleared by
hardware and software reset.
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8.3.1.5 SCR Receiver Wakeup Enable (RWU) Bit 6

When RWU is set and the SCI is in an Asynchronous mode, the wakeup function is
enabled —that is, the SCI is asleep, and can be awakened by the event defined by the
WAKE bit. In the Sleep state, all interrupts and all receive flags except IDLE are
disabled. When the receiver wakes up, RWU is cleared by the wakeup hardware. The
programmer can also clear the RWU bit to wake up the receiver.

RWU can be used by the programmer to ignore messages that are for other devices
on a multidrop serial network. Wakeup On Idle Line (WAKE is cleared) or Wakeup
On Address Bit (WAKE is set) must be chosen.

1. When WAKE is cleared and RWU is set, the receiver does not respond to data
on the data line until an idle line is detected.

2. When WAKE is set and RWU is set, the receiver does not respond to data on
the data line until a data frame with Bit 9 set is detected.

When the receiver wakes up, the RWU bit is cleared, and the first frame of data is
received. If interrupts are enabled, the CPU is interrupted and the interrupt routine
reads the message header to determine if the message is intended for this DSP.

1. If the message is for this DSP, the message is received, and RWU is set to wait
for the next message.

2. If the message is not for this DSP, the DSP immediately sets RWU. Setting
RWU causes the DSP to ignore the remainder of the message and wait for the
next message.

RWAU is cleared by hardware and software reset. RWU is ignored in the Synchronous
mode.

8.3.1.6 SCR Wired-OR Mode Select (WOMS) Bit 7

When the WOMS bit is set, the SCI TXD driver is programmed to function as an
open-drain output and can be wired together with other TXD signals in an
appropriate bus configuration, such as a master-slave multidrop configuration. An
external pullup resistor is required on the bus. When the WOMS is cleared, the TXD
signal uses an active internal pullup. WOMS is cleared by hardware and software
reset.

8.3.1.7 SCR Receiver Enable (RE) Bit 8

When RE is set, the receiver is enabled. When RE is cleared, the receiver is disabled,
and data transfer from the Receive Shift Register to the Receive Data Register (SRX) is
inhibited. If RE is cleared while a character is being received, the reception of the
character is completed before the receiver is disabled. RE does not inhibit RDRF or
receive interrupts. RE is cleared by hardware and software reset.
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8.3.1.8 SCR Transmitter Enable (TE) Bit 9

When TE is set, the transmitter is enabled. When TE is cleared, the transmitter
completes transmission of data in the SCI Transmit Data Shift Register, then the serial
output is forced high (i.e., idle). Data present in the SCI Transmit Data Register (STX)
is not transmitted. STX may be written and TDRE cleared, but the data is not
transferred into the shift register. TE does not inhibit TDRE or transmit interrupts. TE
is cleared by hardware and software reset.

Setting TE causes the transmitter to send a preamble of ten or eleven consecutive 1s
(depending on WDS). This procedure gives the programmer a convenient way to
ensure that the line goes idle before starting a new message. To force this separation
of messages by the minimum idle line time, the following sequence is recommended:

1. Write the last byte of the first message to STX.

2. Wait for TDRE to go high, indicating the last byte has been transferred to the
Transmit Shift Register.

3. Clear TE and set TE. This queues an idle line preamble to follow immediately
the transmission of the last character of the message (including the stop bit).

4. Write the first byte of the second message to STX.

In this sequence, if the first byte of the second message is not transferred to STX prior
to the finish of the preamble transmission, the transmit data line marks idle until STX
is finally written.

8.3.19 SCR Idle Line Interrupt Enable (ILIE) Bit 10

When ILIE is set, the SCI interrupt occurs when IDLE (SCI Status Register Bit 3) is set.
When ILIE is cleared, the IDLE interrupt is disabled. ILIE is cleared by hardware and
software reset.

An internal flag, the Shift Register Idle Interrupt (SRIINT) flag, is the interrupt
request to the interrupt controller. SRIINT is not directly accessible to the user.

When a valid start bit has been received, an idle interrupt is generated if both IDLE
and ILIE are set. The idle interrupt acknowledge from the interrupt controller clears
this interrupt request. The idle interrupt is not asserted again until at least one
character has been received. The results are as follows:

1. The IDLE bit shows the real status of the receive line at all times.

2. Anidle interrupt is generated once for each idle state, no matter how long the
idle state lasts.
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8.3.1.10 SCR SCI Receive Interrupt Enable (RIE) Bit 11

The RIE bit is set to enable the SCI Receive Data interrupt. If RIE is cleared, the
Receive Data interrupt is disabled, and then the RDRF bit in the SCI Status Register
must be polled to determine if the Receive Data Register is full. If both RIE and RDRF
are set, the SCI requests an SCI Receive Data interrupt from the interrupt controller.

Receive interrupts with exception have higher priority than normal Receive Data
interrupts. Therefore, if an exception occurs (i.e., if PE, FE, or OR are set) and REIE is
set, the SCI requests an SCI Receive Data with Exception interrupt from the interrupt
controller. RIE is cleared by hardware and software reset.

8.3.1.11 SCR SCI Transmit Interrupt Enable (TIE) Bit 12

The TIE bit is set to enable the SCI Transmit Data interrupt. If TIE is cleared, Transmit
Data interrupts are disabled, and the Transmit Data Register Empty (TDRE) bit in the
SCI status register must be polled to determine if the Transmit Data Register is
empty. If both TIE and TDRE are set, the SCI requests an SCI Transmit Data interrupt
from the interrupt controller. TIE is cleared by hardware and software reset.

8.3.1.12 SCR Timer Interrupt Enable (TMIE) Bit 13

The TMIE bit is set to enable the SCI timer interrupt. If TMIE is set, timer interrupt
requests are sent to the interrupt controller at the rate set by the SCI clock register.
The timer interrupt is automatically cleared by the timer interrupt acknowledge from
the interrupt controller. This feature allows DSP programmers to use the SCI baud
rate generator as a simple periodic interrupt generator if the SCI is not in use, if
external clocks are used for the SCI, or if periodic interrupts are needed at the SCI
baud rate. The SCI internal clock is divided by 16 (to match the 1 X SCI baud rate) for
timer interrupt generation. This timer does not require that any SCI signals be
configured for SCI use to operate. TMIE is cleared by hardware and software reset.

8.3.1.13 SCR Timer Interrupt Rate (STIR) Bit 14

The STIR bit controls a divide by 32 in the SCI Timer interrupt generator. When STIR
is cleared, the divide by 32 is inserted in the chain. When STIR is set, the divide by 32
is bypassed, thereby increasing timer resolution by a factor of thirty-two. This bit is
cleared by hardware and software reset. To ensure proper operation of the timer,
STIR must not be changed during timer operation (i.e., if TMIE = 1).

8.3.1.14 SCR SCI Clock Polarity (SCKP) Bit 15

The SCKP bit controls the clock polarity sourced or received on the clock signal
(SCLK), eliminating the need for an external inverter. When SCKP is cleared, the
clock polarity is positive; when SCKP is set, the clock polarity is negative. In the
Synchronous mode, positive polarity means that the clock is normally positive and
transitions negative during valid data. Negative polarity means that the clock is
normally negative and transitions positive during valid data. In the Asynchronous
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mode, positive polarity means that the rising edge of the clock occurs in the center of
the period that data is valid. Negative polarity means that the falling edge of the
clock occurs during the center of the period that data is valid. SCKP is cleared on
hardware and software reset.

8.3.1.15 SCR SCI Receive with Exception Interrupt Enable (REIE) Bit 16
The REIE bit is set to enable the SCI Receive Data with Exception interrupt. If REIE is
cleared, the Receive Data with Exception interrupt is disabled. If both REIE and
RDRF are set, and PE, FE, and OR are not all cleared, the SCI requests an SCI Receive
Data with Exception interrupt from the interrupt controller. REIE is cleared by
hardware and software reset.

8.3.2 SCI Status Register (SSR)

The SSR is a 24-bit read-only register used by the DSP to determine the status of the
SCI. The status bits are described in the following paragraphs.

8.3.2.1 SSR Transmitter Empty (TRNE) Bit O

The TRNE flag bit is set when both the Transmit Shift Register and Transmit Data
Register (STX) are empty to indicate that there is no data in the transmitter. When
TRNE is set, data written to one of the three STX locations or to the Transmit Data
Address Register (STXA) is transferred to the Transmit Shift Register and is the first
data transmitted. TRNE is cleared when TDRE is cleared by writing data into the STX
or the STXA, or when an idle, preamble, or break is transmitted. This bit, when set,
indicates that the transmitter is empty; therefore, the data written to STX or STXA is
transmitted next. That is, there is no word in the Transmit Shift Register presently
being transmitted. This procedure is useful when initiating the transfer of a message
(i.e., a string of characters). TRNE is set by the hardware, software, SCI individual,
and stop reset.

8.3.2.2 SSR Transmit Data Register Empty (TDRE) Bit 1

The TDRE flag bit is set when the SCI Transmit Data Register is empty. When TDRE
is set, new data can be written to one of the SCI Transmit Data Registers (STX) or the
Transmit Data Address Register (STXA). TDRE is cleared when the SCI Transmit
Data Register is written. TDRE is set by the hardware, software, SCI individual, and
stop reset.

In the Synchronous mode, when using the internal SCI clock, there is a delay of up to
5.5 serial clock cycles between the time that STX is written until TDRE is set,
indicating the data has been transferred from the STX to the Transmit Shift Register.
There is a 2 to 4 serial clock cycle delay between writing STX and loading the
Transmit Shift Register; in addition, TDRE is set in the middle of transmitting the
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second bit. When using an external serial transmit clock, if the clock stops, the SCI
transmitter stops. TDRE is not set until the middle of the second bit transmitted after
the external clock starts. Gating the external clock off after the first bit has been
transmitted delays TDRE indefinitely.

In the Asynchronous mode, the TDRE flag is not set immediately after a word is
transferred from the STX or STXA to the Transmit Shift Register nor when the word
first begins to be shifted out. TDRE is set 2 cycles of the 16 X clock after the start bit—
that is, 2 16 X clock cycles into the transmission time of the first data bit.

8.3.2.3 SSR Receive Data Register Full (RDRF) Bit 2

The RDRF bit is set when a valid character is transferred to the SCI Receive Data
Register from the SCI Receive Shift Register (regardless of the error bits condition).
RDRF is cleared when the SCI Receive Data Register is read or by the hardware,
software, SCI individual, and stop resets.

8.3.2.4 SSR Idle Line Flag (IDLE) Bit 3

IDLE is set when ten (or eleven) consecutive 1s are received. IDLE is cleared by a
start-bit detection. The IDLE status bit represents the status of the receive line. The
transition of IDLE from 0 to 1 can cause an IDLE interrupt (ILIE). IDLE is cleared by
the hardware, software, SCI individual, and stop processing state resets.

8.3.2.5 SSR Overrun Error Flag (OR) Bit 4

The OR flag bit is set when a byte is ready to be transferred from the Receive Shift
Register to the Receive Data Register (SRX) that is already full (RDRF =1). The
Receive Shift Register data is not transferred to the SRX. The OR flag indicates that
character(s) in the received data stream may have been lost. The only valid data is
located in the SRX. OR is cleared when the SCI Status Register is read, followed by a
read of SRX. The OR bit clears the FE and PE bits—that is, overrun error has higher
priority than FE or PE. OR is cleared by the hardware, software, SCI individual, and
stop resets.

8.3.2.6 SSR Parity Error (PE) Bit 5

In the 11-bit Asynchronous modes, the PE bit is set when an incorrect parity bit has
been detected in the received character. It is set simultaneously with RDRF for the
byte which contains the parity error—that is, when the received word is transferred
to the SRX. If PE is set, further data transfer into the SRX is not inhibited. PE is
cleared when the SCI Status Register is read, followed by a read of SRX. PE is also
cleared by the hardware, software, SCI individual, or stop reset. In the 10-bit
Asynchronous mode, the 11-bit Multidrop mode, and the 8-bit Synchronous mode,
the PE bit is always cleared since there is no parity bit in these modes. If the byte
received causes both parity and overrun errors, the SCI receiver recognizes only the
overrun error.
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8.3.2.7 SSR Framing Error Flag (FE) Bit 6

The FE bit is set in the Asynchronous modes when no stop bit is detected in the data
string received. FE and RDRE are set simultaneously when the received word is
transferred to the SRX. However, the FE flag inhibits further transfer of data into the
SRX until it is cleared. FE is cleared when the SCI Status Register is read followed by
reading the SRX. The hardware, software, SCI individual, and stop reset also clear
FE. In the 8-bit Synchronous mode, FE is always cleared. If the byte received causes
both framing and overrun errors, the SCI receiver recognizes only the overrun error.

8.3.2.8 SSR Received Bit 8 (R8) Address Bit 7

In the 11-bit Asynchronous Multidrop mode, the R8 bit is used to indicate whether
the received byte is an address or data. R8 is set for addresses and is cleared for data.
R8 is not affected by reading the SRX or SCI Status Register. The hardware, software,
SCI individual, and stop resets clear R8.

8.3.3 SCI Clock Control Register (SCCR)

The SCCR is a 24-bit read/write register that controls the selection of the clock modes
and baud rates for the transmit and receive sections of the SCI interface. The control
bits are described in the following paragraphs. The SCCR is cleared by hardware
reset. The basic features of the clock generator (see Figure 8-5 and Figure 8-6) are:

1. The SCI logic always uses a 16 X internal clock in the Asynchronous modes
and always uses a 2 X internal clock in the Synchronous mode. The maximum
internal clock available to the SCI peripheral block is the oscillator frequency
divided by 4. With a 66 MHz DSP56302 processor, this gives a maximum data
rate of 1031.25 Kbps for asynchronous data and 8.25 Mbps for synchronous
data. These maximum rates are the same for internally or externally supplied
clocks.

2. The 16 X clock is necessary for the Asynchronous modes to synchronize the
SCI to the incoming data (see Figure 8-5).

3. For the Asynchronous modes, the user must provide a 16 X clock if the user
wishes to use an external baud rate generator (i.e., SCLK input).

4. For the Asynchronous modes, the user can select either 1 X or 16 X for the
output clock when using internal TX and RX clocks (TCM =0 and RCM = 0).

5. When SCKP is cleared, the transmitted data on the TXD signal changes on the
negative edge of the 1 X serial clock and is stable on the positive edge. When
SCKEP is set, the data changes on the positive edge and is stable on the negative
edge.
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6. The received data on the RXD signal is sampled on the positive edge
(if SCKP = 0) or on the negative edge (if SCKP = 1) of the 1 X serial clock.

7. For the Asynchronous mode, the output clock is continuous.

8. For the Synchronous mode, a 1 X clock is used for the output or input baud
rate. The maximum 1 X clock is the crystal frequency divided by 8.

9. For the Synchronous mode, the clock is gated.

10. For the Synchronous mode, the transmitter and receiver are synchronous with

each other.
Select 8-or 9-bit Words
—
Idle Line 0 1 2 3 4 5 6 7 8
RX, TX Data
(SSFTD = 0)
Start Stop  Start

x1 Clock | | | |
x16 Clock
(SCKP =0) ] AA0692

Figure 8-5 16 x Serial Clock

8.3.3.1 SCCR Clock Divider (CD[11:0]) Bits 11-0

The CD[11:0] bits specify the divide ratio of the prescale divider in the SCI clock
generator. A divide ratio from 1 to 4096 (CD[11:0] = $000 to $FFF) can be selected.
Hardware and software reset clear CD11-CDO.

8.3.3.2 SCCR Clock Out Divider (COD) Bit 12
The clock output divider is controlled by COD and the SCI mode. If the SCI mode is
synchronous, the output divider is fixed at divide by 2.

If the SCI mode is asynchronous, either:

e IfCOD is cleared and SCLK is an output (i.e., TCM and RCM are both
cleared), the SCI clock is divided by 16 before being output to the SCLK signal.
Thus, the SCLK outputisa 1 X clock.

= [f COD issetand SCLK is an output, the SCI clock is fed directly out to the
SCLK signal. Thus, the SCLK output is a 16 X baud clock.

The COD bit is cleared by hardware and software reset.
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SCCR SCI Clock Prescaler (SCP) Bit 13

The SCP bit selects a divide by 1 (SCP is cleared) or divide by 8 (SCP is set) prescaler
for the clock divider. The output of the prescaler is further divided by 2 to form the

SCI clock. Hardware and software reset clear SCP.

8.3.3.4

SCCR Receive Clock Mode Source Bit (RCM) Bit 14

RCM selects whether an internal or external clock is used for the receiver. If RCM is
cleared, the internal clock is used. If RCM is set, the external clock (from the SCLK
signal) is used. Hardware and software reset clear RCM.

Table 8-2 TCM and RCM Bit Configuration

TCM | RCM | TXClock | RX Clock Sslcg:;lr:]; Mode

0 0 Internal Internal Output Synchronous/Asynchronous

0 1 Internal External Input Asynchronous Only

1 0 External Internal Input Asynchronous Only

1 1 External External Input Synchronous/Asynchronous
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Fcore
Divide 12-bit Counter Prescaler: Divide
By 2 Divide by By 2
lor8
CD11-CDO SCP
Internal Clock
Divide SCI Core Logic
By 16 Uses Divide by 16 for
Asynchronous
Uses Divide by 2 for
Tier Synchronous ‘
Interrupt
(STMINT) If Asynchronous
Divide by 1 or 16
COD > |f Synchronous
Divide By 2
- !
BPS = - SCKP=0mp +
64 x (7xSCP +1)xCD +1) SCKP SCKP=1mp —
where: SCP=0or1 ‘
CD = $000 to $FFF TO SCLK
AA0693
Figure 8-6 SCI Baud Rate Generator
8.3.3.5 SCCR Transmit Clock Source Bit (TCM) Bit 15

TCM selects whether an internal or external clock is used for the transmitter. If TCM
is cleared, the internal clock is used. If TCM is set, the external clock (from the SCLK
signal) is used. Hardware and software reset clear TCM.

8.3.4 SCI Data Registers

The SCI data registers are divided into two groups: receive and transmit (see

Figure 8-7). There are two receive registers—a Receive Data Register (SRX) and a
serial-to-parallel Receive Shift Register. There are also two transmit registers—a
Transmit Data Register (called either STX or STXA) and a parallel-to-serial Transmit
Shift Register.
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23 16 15 8 7 0

SRX SCI Receive Data Register High (Read Only)

SRX SCI Receive Data Register Middle (Read Only)

SRX SCI Receive Data Register Low (Read Only)

L §

| RXD>—> SCI Receive Data Shift Register

Note: 1. SRX is the same register decoded at three different addresses.

(a) Receive Data Register

23 16 15 8 7 0
STX SCI Transmit Data Register High (Write Only)
STX SCI Transmit Data Register Middle (Write Only)
STX SCI Transmit Data Register Low (Write Only)
SCI Transmit Data Shift Register —| TXD>
23 16 15 8 7 I 0
| STXA | SCI Transmit Data Address Register (Write Only)

Note: 1. Bytes are masked on the fly.
2. STX is the same register decoded at four different addresses.

(b) Transmit Data Register AA0694

Figure 8-7 SCI Programming Model - Data Registers

8.34.1 SCI Receive Registers (SRX)

Data bits received on the RXD signal are shifted into the SCI Receive Shift Register.
When a complete word has been received, the data portion of the word is transferred
to the byte-wide SRX. This process converts the serial data to parallel data and
provides double buffering. Double buffering provides flexibility to the programmer
and increased throughput since the programmer can save (and process) the previous
word while the current word is being received.

The SRX can be read at three locations as SRXL, SRXM, and SRXH. When SRXL is
read, the contents of the SRX are placed in the lower byte of the data bus and the
remaining bits on the data bus are read as 0s. Similarly, when SRXM is read, the
contents of SRX are placed in the middle byte of the bus, and when SRXH is read, the
contents of SRX are placed in the high byte with the remaining bits are read as 0s.
Mapping SRX as described allows three bytes to be efficiently packed into one 24-bit
word by ORing three data bytes read from the three addresses.
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The length and format of the serial word are defined by the WDS0, WDS1, and WDS2
control bits in the SCR. The clock source is defined by the Receive Clock Mode (RCM)
select bit in the SCR.

In the Synchronous mode, the start bit, the eight data bits, the address/data indicator
bit and/or the parity bit, and the stop bit are received in that order. Data bits are sent
LSB first if SSFTD is cleared, and MSB first if SSFTD is set. In Synchronous mode, the
synchronization is provided by gating the clock.

In either Synchronous or Asynchronous mode, when a complete word has been
clocked in, the contents of the Shift Register can be transferred to the SRX and the
flags; RDRF, FE, PE, and OR are changed appropriately. Because the operation of the
Receive Shift Register is transparent to the DSP, the contents of this register are not
directly accessible to the programmer.

8.3.4.2 SCI Transmit Registers

The Transmit Data Register is a one byte-wide register mapped into four addresses
as STXL, STXM, STXH, and STXA. In the Asynchronous mode, when data is to be
transmitted, STXL, STXM, and STXH are used. When STXL is written, the low byte
on the data bus is transferred to the STX. When STXM is written, the middle byte is
transferred to the STX. When STXH is written, the high byte is transferred to the STX.
This structure makes it easy for the programmer to unpack the bytes in a 24-bit word
for transmission. TDXA should be written in the 11-bit Asynchronous Multidrop
mode when the data is an address and it is desired that the ninth bit (the address bit)
be set. When STXA is written, the data from the low byte on the data bus is stored in
it. The address data bit is cleared in the 11-bit Asynchronous Multidrop mode when
any of STXL, STXM or STXH is written. When either STX (STXL, STXM, or STXH) or
STXA is written, TDRE is cleared.

The transfer from either STX or STXA to the Transmit Shift Register occurs
automatically, but not immediately, when the last bit from the previous word has
been shifted out; that is, the Transmit Shift Register is empty. Like the receiver, the
transmitter is double-buffered. However, a 2 to 4 serial clock cycle delay occurs
between when the data is transferred from either STX or STXA to the Transmit Shift
Register and when the first bit appears on the TXD signal. (A serial clock cycle is the
time required to transmit one data bit). The Transmit Shift Register is not directly
addressable, and a dedicated flag for this register does not exist. Because of this fact
and the 2 to 4 cycle delay, two bytes cannot be written consecutively to STX or STXA
without polling, as the second byte might overwrite the first byte. The TDRE flag
should always be polled prior to writing STX or STXA to prevent overruns unless
transmit interrupts have been enabled. Either STX or STXA is usually written as part
of the interrupt service routine. An interrupt is generated only if TDRE is set. The
Transmit Shift Register is indirectly visible via the TRNE bit in the SSR.
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In the Synchronous mode, data is synchronized with the transmit clock, which can
have either an internal or external source, as defined by the TCM bit in the SCCR. The
length and format of the serial word is defined by the WDS0, WDS1, and WDS2
control bits in the SCR. In the Asynchronous modes, the start bit, the eight data bits
(with the LSB first if SSFTD = 0 and the MSB first if SSFTD = 1), the address/data
indicator bit or parity bit, and the stop bit are transmitted in that order.

The data to be transmitted can be written to any one of the three STX addresses. If
SCKP is set and SSHTD is set, the SCI Synchronous mode is equivalent to the SSI
operation in the 8-bit Data On-demand mode.

Note: When writing data to a peripheral device there is a two cycle pipeline
delay until any status bits affected by this operation are updated. If the
user reads any of those status bits within the next two cycles, the bit will
not reflect its current status. See the DSP56300 Family Manual, appendix
B, Polling a peripheral device for write for further details.

8.4  OPERATING MODES

The operating modes for the DSP56302 SCI are:

= 8-bit Synchronous (shift register mode)

= 10-bit Asynchronous (1 start, 8 data, 1 stop)

e 11-bit Asynchronous (1 start, 8 data, 1 even parity, 1 stop)
= 11-bit Asynchronous (1 start, 8 data, 1 odd parity, 1 stop)

e 11-bit Multidrop Asynchronous (1 start, 8 data, 1 data type, 1 stop)
This mode is used for master/slave operation with Wakeup On Idle Line and
Wakeup On Address Bit capability. It allows the DSP56302 to share a single
serial line efficiently with other peripherals.

These modes are selected using the WDJ[0:2] bits in the SCR.

The Synchronous data mode is essentially a high-speed shift register used for 1/0
expansion and stream-mode channel interfaces. Data synchronization is
accomplished by the use of a gated transmit and receive clock that is compatible with
the Intel 8051 serial interface mode 0.

The Asynchronous modes are compatible with most UART-type serial devices.
Standard RS232C communication links are supported by these modes.
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The Multidrop Asynchronous modes are compatible with the MC68681 DUART, the
M68HC11 SCI interface, and the Intel 8051 serial interface.

8.4.1

SCI After Reset

There are four different methods of resetting the SCI.

1.
2.

Hardware reset

Software reset

Both hardware and software resets clear the Port Control Register bits, which
configure all I/0 as GPIO input. The SCI remains in the Reset state as long as
all SCI signals are programmed as GP10O (CC2, CC1, and CCO all are cleared);
the SCI becomes active only when at least one of the SCI 1/0 signals is not
programmed as GPIO.

Individual reset

During program execution, the CC2, CC1, and CCO bits can be cleared
(individual reset), which causes the SCI to stop serial activity and enter the
Reset state. All SCI status bits are set to their Reset state. However, the
contents of the SCR are not affected, allowing the DSP program to reset the
SCI separately from the other internal peripherals. During individual reset,
internal DMA accesses to the data registers of the SCI are not valid and the
data read will be unknown.

Stop processing state reset

Executing the STOP instruction halts operation of the SCI until the DSP is
restarted, causing the SSR to be reset. No other SCI registers are affected by
the STOP instruction. Table 8-3 illustrates how each type of reset affects each
register in the SCI.
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Table 8-3 SCI Registers after Reset

Reset Type
RegBiiiter Bit Mnemonic Bit Number HW SW IR ST
Reset Reset Reset Reset
REIE 16 0 0 — —
SCKP 15 0 0 — —
STIR 14 0 0 — —
TMIE 13 0 0 — —
TIE 12 0 0 — —
RIE 11 0 0 — —
ILIE 10 0 0 — —
TE 9 0 0 — -
SCR RE 8 0 0 — —
WOMS 7 0 0 — —
RWU 6 0 0 — —
WAKE 5 0 0 — —
SBK 4 0 0 — —
SSFTD 3 0 0 — —
WDS[2:0] 2-0 0 0 — —
R8 7 0 0 0 0
FE 6 0 0 0 0
PE 5 0 0 0 0
SSR OR 4 0 0 0 0
IDLE 3 0 0 0 0
RDRF 2 0 0 0 0
TDRE 1 1 1 1 1
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Table 8-3 SCI Registers after Reset (Continued)

Reset Type
Register . . .
Bit Bit Mnemonic Bit Number HW SW IR ST
Reset Reset Reset Reset
TRNE 0 1 1 1 1
TCM 15 0 0 — —
RCM 14 0 0 — —
SCCR SCP 13 0 0 — —
COD 12 0 0 — —
CD[11.0] 11-0 0 0 — —
SRX SRX [23:0] 23-16, 15-8, 7-0 — — — —
STX STX[23:0] 23-0 — — — —
SRSH SRS[8:0] 8-0 — — — —
STSH STS[8:0] 8-0 — — — -
Note: SRSH—SCI Receive Shift Register, STSH — SCI Transmit Shift Register
Note: HW-—Hardware reset is caused by asserting the external RESET signal.
Note: SW—Software reset is caused by executing the RESET instruction.
Note: IR—Individual reset is caused by clearing PCRE (bits 0-2) (configured for GPI1O).
Note: ST—Stop reset is caused by executing the STOP instruction.
Note: 1—The bit is set during this reset.
Note: 0—The bit is cleared during this reset.
Note: — — The bit is not changed during this reset
8.4.2 SCl Initialization

The correct way to initialize the SCI is as follows:

1. Hardware or software reset

2. Program SCI control registers

3. Configure at least one SCI signal as not GP1O
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If interrupts are to be used, the signals must be selected, and interrupts must be
enabled and unmasked before the SCI can operate. The order does not matter; any
one of these three requirements for interrupts can be used to enable the SCI.

Synchronous applications usually require exact frequencies, which require that the
crystal frequency be chosen carefully. An alternative to selecting the system clock to
accommodate the SCI requirements is to provide an external clock to the SCI.

8.4.3 SCI Initialization Example

One way to initialize the SCI is described below as an example.

1. The SCI should be in its individual reset state (PCR = $0).
2. Configure the control registers (SCR, SCCR) according to the operating mode,
but do not enable neither transmitter (TE = 0) nor receiver (RE = 0).

It is possible to set the interrupts enable bits that would be in use during the
operation (no interrupt occurs).

3. Enable the SCI by setting the PCR bits according to which signals will be in
use during operation.

4. If transmit interrupt is not used, write data to the transmitter.

If transmitter interrupt enable is set, an interrupt is issued and the interrupt
handler should write data into the transmitter.

SCI transmit request is serviced by DMA channel if it is programmed to
service the SCI transmitter.

5. Enable transmitters (TE = 1) and receiver (RE = 1), according to usage.

Operation starts as follows:

< For an internally generated clock, the SCLK signal starts operation
immediately after the SCI is enabled (Step 3 above) for Asynchronous modes.
In Synchronous mode, the SCLK signal is active only while transmitting
(gated clock).

= Data is received only when the receiver is enabled (RE = 1) and after the
occurrence of the SCI receive sequence on the RXD signal, as described by the
operating mode (i.e., idle line sequence).
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= Data is transmitted only after the transmitter is enabled (TE = 1), and after
transmitting the initialization sequence depending on the operating mode.

8.4.4 Preamble, Break, and Data Transmission Priority

Two or three transmission commands may be set simultaneously:

1. A preamble (TE is set.)

2. A break (SBK is set or is cleared.)

3. There is data for transmission (TDRE is cleared).
After the current character transmission, if two or more of these commands are set,
the transmitter executes them in the following order:

1. Preamble

2. Break

3. Data

8.4.5 SCI Exceptions

The SCI can cause five different exceptions in the DSP. These exceptions are as
follows (ordered from the highest to the lowest priority):

1. SCI Receive Data with Exception Status is caused by Receive Data Register full
with a receiver error (parity, framing, or overrun error). Clearing the pending
interrupt is done by reading the SCI status register, followed by a read of SRX.
A long interrupt service routine should be used to handle the error condition.
This interrupt is enabled by SCR Bit 16 (REIE).

2. SCI Receive Data is caused by Receive Data Register full. Reading SRX clears
the pending interrupt. This error-free interrupt can use a fast interrupt service
routine for minimum overhead. This interrupt is enabled by SCR Bit 11 (RIE).

3. SCI Transmit Data is caused by Transmit Data Register empty. Writing STX
clears the pending interrupt. This error-free interrupt can use a fast interrupt
service routine for minimum overhead. This interrupt is enabled by SCR Bit 12
(TIE).
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4. SCI Idle Line is caused by the receive line entering the idle state (ten or eleven
bits of 1s). This interrupt is latched and then automatically reset when the
interrupt is accepted. This interrupt is enabled by SCR Bit 10 (ILIE).

5. SCI Timer is caused by the baud rate counter reaching zero. This interrupt is
automatically reset when the interrupt is accepted. This interrupt is enabled
by SCR Bit 13 (TMIE).

8.5 GPIO SIGNALS AND REGISTERS

The GPIO functionality of port SCI is controlled by three registers: Port E Control
Register (PCRE), Port E Direction Register (PRRE) and Port E Data Register (PDRE).

8.5.1 Port E Control Register (PCRE)

The read/write 24-bit PCRE controls the functionality of SCI GPIO signals. Each of
PC[2:0] bits controls the functionality of the corresponding port signal. When a PC[i]
bit is set, the corresponding port signal is configured as a SCI signal. When a PCJi] bit
is cleared, the corresponding port signal is configured as GPIO signal.

7 6 5 4 3 2 1 0

| | | | | [pc2] pci]pco]
| | | | | | Port Control Bits: 1 = SCI
0 =GPIO

|:| Reserved Bit, Read as 0, Should be Written with 0 for Future Compatibility

AA0695
Figure 8-8 Port E Control Register (PCRE)
Note: Hardware and software reset clear all PCR bits.
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8.5.2 Port E Direction Register (PRRE)

The read/write 24-bit PRRE controls the direction of SCI GPIO signals. When port
signalli] is configured as GPIO, PDC[i] controls the port signal direction. When
PDC]Ji] is set, the GPIO port signal[i] is configured as output. When PDCJi] is cleared
the GPIO port signalli] is configured as input.

7 6 5 4 3 2 1 0

| | | | | [Poc2|PDci]PDCo| o _
| | | | | | Direction Control Bits: 1 = Output

0 = Input

|:| Reserved Bit, Read as 0, Should be Written with 0 for Future Compatibility

AA0696

Figure 8-9 Port E Direction Register (PRRE)

Note: Hardware and software reset clear all PRR bits.

The following table describe the port signal configurations.

Table 8-4 Port Control Register and Port Direction Register Bits Functionality

PCIi] PDCJi] | Port Signal[i] Function

1 lor0 | SCI
0 0 GPIO input
0 1 GPIO output

8.5.3 Port E Data Register (PDRE)

The read/write 24-bit PDRE is used to read or write data to or from SCI GPIO
signals.Bits PD[2:0] are used to read or write data from or to the corresponding port
signals if they are configured as GPIO. If a port signal [i] is configured as a GP10
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input, then the corresponding PDi] bit reflects the value of this signal. If a port signal
[i] is configured as a GPIO output, then the value of the corresponding PD[i] bit is
reflected on this signal.

7 6 5 4 3 2 1 0
| | | | | [ P2 [ PD1 | PDO |

15 14 13 12 11 10 9 8

23 22 21 20 19 18 17 16

I:l Reserved Bit, Read as 0, Should be Written with 0O for Future Compatibility

AA0697
Figure 8-10 Port E Data Register (PDRE)
Note: Hardware and software reset clear all PDRE bits.
£SH
MOTOROLA DSP56302UM/AD 8-29

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Serial Communication Interface (SCI)

GPIO Signals and Registers

8-30 DSP56302UM/AD MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

SECTION 9
TRIPLE TIMER MODULE

MOTOROLA

DSP56302UM/AD

For More Information On This Product,
Go to: www.freescale.com

9-1



Freescale Semiconductor, Inc.
Triple Timer Module

9.1 INTRODUCTION. . .. 9-3
9.2 TRIPLE TIMER MODULE ARCHITECTURE ............ 9-3
9.3 TRIPLE TIMER MODULE PROGRAMMING MODEL.. . ... 9-5
9.4 TIMER MODES OF OPERATION . .. ................. 9-16
9-2 DSP56302UM/AD MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Triple Timer Module

Introduction

9.1 INTRODUCTION

This section describes the internal triple timer module in the DSP56302. Each timer
has a single signal that can be used as a GPIO signal or as a timer signal. These three
timers can be used to generate timed pulses or as pulse width modulators. They can
also be used as an event counter, to capture an event, or to measure the width or
period of a signal.

9.2 TRIPLE TIMER MODULE ARCHITECTURE

The timer module is composed of a common 21-bit prescaler and three independent
and identical general purpose 24-bit timer/event counters, each having its own
register set. Each timer can use internal or external clocking and can interrupt the
DSP56302 after a specified number of events (clocks) or 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) has occurred. Each timer connects to the
external world through one bidirectional signal signal, designated TIO0-TIO2 for
Timers 0-2, respectively.

When the TIO signal is configured as input, the timer functions as an external event
counter or measures external pulse width/signal period. When the TIO signal is used
as output, the timer functions as a timer, a watchdog timer, or a pulse width
modulator. When the TIO signal is not used by the timer, it can be used as a GP10
signal (also called TIO0-TIO2).

9.2.1 Triple Timer Module Block Diagram

Figure 9-1 shows a block diagram of the triple timer module. 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 D B
—@ o
> 21-bit Counter ? > Timer 1 >
A A A
— ¢ > Timer 2 >
 / Y Y \J
CLK/2 TIOO TIO1 TIO2 AA0673

Figure 9-1 Triple Timer Module Block Diagram

9.2.2 Timer Block Diagram

The timer block diagram (see Figure 9-2) shows the structure of a timer module.The
timer programmer’s model (see Figure 9-3) shows the structure of the timer registers.
The three timers are identical in structure and function. A generic timer is discussed
in this section.

The 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). For a listing of the timer modes, see Section 9.4. For a description
of their operation, see Section 9.4.1.
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The DSP56302 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 9-3.

GDB 24
24 24 24 24
TCSR TLR TCR TCPR

Control/Status 4 Load Count Compare
Register B Register Register Register

A A
9 24 24 24

2 24
[ [
Y l Y l Y

Timer Control
. > Counter =
Logic

Timer interrupt/
DMA request
TIO CLK/2 prescaler CLK AA0676

Figure 9-2 Timer Module Block Diagram

9.3 TRIPLE TIMER MODULE PROGRAMMING MODEL

The programming model for the triple timer module is shown in Figure 9-3.
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23 0
Timer Prescaler Load
Register (TPLR)
TPLR = $FFFF83

23 0

Timer Prescaler Count
Register (TPCR)
TPLR = $FFFF82

7 6 5 4 3 2 1 0

TC3 | TC2|TC1 | TCO -TCIE TOIE| TE Timer Control/Status
Register (TCSR)
15 14 13 12 11 10 9 8 TCSRO = $FFFF8F
PCE DO | DI |DIR -TRM INV %255 z %EEEES?
23 22 21 20 19 18 17 16
TCF | TOF
23 0
Timer Load
Register (TLR)
TLRO = $FFFF8E
TLR1 = $FFFF8B
TLR2 = $FFFF87
23 0
Timer Compare
Register (TCPR)
TCPRO = $FFFF8F
TCPR1 = $FFFF86
TCPR2 = $FFFF87
23 0

Timer Count
Register (TCR)
TCRO = $FFFF8C
TCR1 = $FFFF88
TCR2 = $FFFF84

- - reserved, read as 0, should be written with O for future compatibility

Figure 9-3 Timer Module Programmer’s Model
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9.3.1 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).

9.3.2 Timer Prescaler Load Register (TPLR)

The Timer Prescaler Load Register (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. The control bits are
described below (see Figure 9-4).

23 22 21 20 19 18 17 16 15 14 13 12
| | PS1 | PSO | PL20 | PL19 | PL18 | PL17 | PL16 | PL15 | PL14 | PL13 | PL12 |

11 10 9 8 7 6 5 4 3 2 1 0
| PL11 | PL10 | PLO | PL8 | PL7 | PL6 | PL5 | PL4 | PL3 | PL2 | PLL | PLO |

— reserved, read as 0, should be written with O for future compatibility

Figure 9-4 Timer Prescaler Load Register (TPLR)

9.3.2.1 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 0 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 a hardware RESET signal or a software RESET
instruction.

9.3.2.2 TPLR Prescaler Source (PS[1:0]) Bits 22-21

The two Prescaler Source (PS) bits control the source of the prescaler clock. Table 9-1
summarizes PS bit functionality. The prescaler’s use of a TIO signal is not affected by
the TCSR settings of the timer corresponding to the T1O signal being used.
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If the prescaler source clock is external, the prescaler counter is incremented by signal
transitions on the T1O signal. The external clock is internally synchronized to the
internal clock. The external clock frequency must be lower than the DSP56302
internal operating frequency divided by 4 (CLK/4).

The PS[1:0] bits are cleared by a hardware RESET signal or a software RESET
instruction.

Note: To ensure proper operation, change the PS[1:0] bits only when the
prescaler counter is disabled. Disable the prescalar counter by clearing the
TE bit in the TCSR of each of three timers.

Table 9-1 Prescaler Source Selection

PS1 PSO PRESCALER CLOCK SOURCE
0 0 Internal CLK/2
0 1 TIOO
1 0 TIO1
1 1 TIO2
9.3.2.3 TPLR Reserved Bit 23

This reserved bit is read as 0 and should be written with 0 for future compatibility.

9.3.3 Timer Prescaler Count Register (TPCR)

The Timer Prescaler Count Register (TPCR) is a 24-bit read-only register that reflects
the current value in the prescaler counter. The register bits are described below (see
Figure 9-5).

23 22 21 20 19 18 17 16 15 14 13 12
| | | | PC20 | PC19 | PC18 | PC17 | PC16 | PC15 | PC14 | PC13 | PC12 |

11 10 9 8 7 6 5 4 3 2 1 0
| pc11 | pcio | Pco | Pcs | Pc7 | Pce | Pcs | Pca4 | PC3 | Pc2 | PCL | PCO |

— reserved, read as 0, should be written with O for future compatibility

Figure 9-5 Timer Prescaler Count Register (TPCR)
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9.3.3.1 TPCR Prescaler Counter Value (PC[20:0]) Bits 20-0
These 21 bits contain the current value of the prescaler counter.

9.3.3.2 TPCR Reserved Bits 23-21
These reserved bits are read as 0 and should be written with 0 for future
compatibility.

9.34 Timer Control/Status Register (TCSR)

The Timer Control/Status Register (TCSR) is a 24-bit read/write register controlling
the timer and reflecting its status. The control and status bits are described below (see
Table 9-2).

9.34.1 Timer Enable (TE) Bit O

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 a hardware RESET
signal or a software RESET instruction.

Note: When all the three timers are disabled and the signal signals are not in
GPIO mode, all three TIO signals are tri-stated. To prevent undesired
spikes on the TIO signals when switching from tri-state into active state,
these signals should be tied to the high or low signal state by the use of
pull-up or pull-down resistors.

9.34.2 Timer Overflow Interrupt Enable (TOIE) Bit 1

The Timer Overflow Interrupt Enable (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 a hardware RESET signal or a software RESET instruction.

9.3.4.3 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
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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 a
hardware RESET signal or a software RESET instruction.

9.34.4 Timer Control (TC[3:0]) Bits 4-7

The four Timer Control (TC) bits control the source of the timer clock, the behavior of
the TIO signal, and the Timer mode of operation. Table 9-2 summarizes the TC bit
functionality. A detailed description of the timer operating modes is given in Section
9.4 Timer Modes of Operation on page 9-16.

The TC bits are cleared by a hardware RESET signal or a software RESET instruction.

Note: If the clock is external, the counter is incremented by the transitions on the
TI1O 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).

Note: 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).

Table 9-2 Timer Control Bits

Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO N'\ljlr%(z)ir Mode Function TIO Clock

0 0 0 0 0 Timer and GPIO GpPlo! | 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 Input | Internal
Measurement

0 1 0 1 5 Input Period Input | Internal
Measurement

0 1 1 0 6 Capture Event Input | Internal
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Triple Timer Module Programming Model

Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO Mode Mode Function TIO Clock
Number
0 1 1 1 7 Pulse Width Modulation | Output | Internal
(PWM)

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 1: The GPIO function is enabled only if all of the TC[3:0] bits are 0.

9.34.5

generated on the TI1O signal when TIO is programmed as output.

Inverter (INV) Bit 8
The Inverter (INV) bit affects the polarity definition of the incoming signal on the TIO
signal when TIO is programmed as input and affects the polarity of the output pulse

Table 9-3 Inverter (INV) Bit Operation

T10 Programmed as Input T10 Programmed as Output
Mode
INV=0 INV =1 INV=0 INV =1
0 GPIO signal on GPIO signal on Bit written to Bit written to GPIO
the T10 signal the T10 signal GPIO puton TIO | inverted and put
read directly inverted signal directly on TIO signal
1 Counter is Counter is — —
incremented on incremented on
the rising edge of | the falling edge
the signal from of the signal from
the T1O signal the T1O signal
MOTOROLA DSP56302UM/AD 9-11
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Table 9-3 Inverter (INV) Bit Operation (Continued)

TI1O Programmed as Input

TI10O Programmed as Output

by the timer has

positive polarity.

Mode
INV =0 INV =1 INV =0 INV =1
2 Counter is Counter is TCRx output put | TCRx output
incremented on incremented on on TIO signal inverted and put
the rising edge of | the falling edge directly on TIO signal
the signal from of the signal from
the TIO signal the TIO signal
3 Counter is Counter is — —
incremented on incremented on
the rising edge of | the falling edge
the signal from of the signal from
the TIO signal the TIO signal
4 Width of the high | Width of the low — —
input pulse is input pulse is
measured. measured.
5 Period is Period is — —
measured measured
between the between the
rising edges of falling edges of
the input signal. the input signal.
6 Eventis captured | Event is captured — —
on the rising edge | on the falling
of the signal from | edge of the signal
the TIO signal from the TIO
signal
7 — — Pulse generated Pulse generated by
by the timer has the timer has
positive polarity | negative polarity
9 — — Pulse generated Pulse generated by
by the timer has the timer has
positive polarity | negative polarity
10 — — Pulse generated Pulse generated by

the timer has
negative polarity

The INV bit is cleared by a hardware RESET signal or a software RESET instruction.
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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 timer is in GPIO mode.

The INV bit does not affect the polarity of the prescaler source when the TIO is used
as input to the prescaler.

9.3.4.6 Timer Reload Mode (TRM) Bit 9
The Timer Reload Mode (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 free running counter and is
incremented on each incoming event. The TRM bit is cleared by a hardware RESET
signal or a software RESET instruction.

9.3.4.7 Direction (DIR) Bit 11

The Direction (DIR) bit determines the behavior of the TIO signal when it is used as a
GPIO signal. When the DIR bit is set, the TIO signal is an output; when the DIR bit is
cleared, the TIO signal is an input. The TIO signal can be used as a GPIO signal only
when the TC[3:0] bits are all cleared. If any of the TC[3:0] bits are set, then the GPIO
function is disabled and the DIR bit has no effect.

The DIR bit is cleared by a hardware RESET signal or a software RESET instruction.
9.3.4.8 Data Input (DI) Bit 12

The Data Input (DI) bit reflects the value of the TIO signal. If the INV bit is set, the
value of the T1O signal is inverted before it is written to the DI bit. If the INV bit is
cleared, the value of the TIO signal is written directly to the DI bit.

Dl is cleared by a hardware RESET signal or a software RESET instruction.
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9.3.4.9 Data Output (DO) Bit 13

The Data Output (DO) bit is the source of the TIO value when it is a data output
signal. The TIO 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 TIO signal. If the INV bit is set, the
value of the DO bit is inverted when written to the TIO signal. When the INV bit is
cleared, the value of the DO bit is written directly to the TIO signal. When GPIO
mode is disabled, writing the DO bit has no effect.

The DO bit is cleared by a hardware RESET signal or a software RESET instruction.

9.3.4.10 Prescaler Clock Enable (PCE) Bit 15

The Prescaler Clock Enable (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 (TI1O) signal 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 time 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. A timer can be
clocked by a prescaler clock derived from the TIO of another timer.

9.3.4.11 Timer Overflow Flag (TOF) Bit 20

The Timer Overflow Flag (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 a hardware RESET signal, a software RESET instruction, the
STOP instruction, or by clearing the TE bit to disable the timer.

9.3.4.12 Timer Compare Flag (TCF) Bit 21

The Timer Compare Flag (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 1 into the TCF bit. Writing a 0 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 a hardware RESET signal, a 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 1 to the specific bit. In order
to assure that only the desired bit is cleared, do not use the BSET
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command. The proper way to clear these bits is to write (using a MOVEP
instruction) a 1 to the flag to be cleared and a 0 to the other flag.

9.3.4.13 TCSR Reserved Bits 3, 10, 14, 16-19, 22, 23
These reserved bits are read as 0 and should be written with 0 for future
compatibility.

9.3.5 Timer Load Register (TLR)

The Timer Load Register (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.

< In Timer 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 and the new event occurs.

e |n 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.

= In Watchdog 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 Timer Compare
Register (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.

= Inall modes, if the TRM bit in the TCSR is cleared (TRM = 0), the counter
operates as a free-running counter.

9.3.6 Timer Compare Register (TCPR)

The Timer Compare Register (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 TCPR is
ignored in Measurement modes.
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9.3.7 Timer Count Register (TCR)

The Timer Count Register (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 TIO signal is used for the input signal.

9.4 TIMER MODES OF OPERATION

Each timer has various operational modes that meet a variety of system
requirements. These modes are:
e 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 9-2 shows how the different timer modes are selected
by setting the bits in the TCSR. The table also shows the T1O signal direction and the
clock source for each timer mode. Table 9-2 on page 9-10 summarizes these modes,
and the following paragraphs describe these modes in detail.

9-16 DSP56302UM/AD MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Triple Timer Module

Timer Modes of Operation

Note: 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 is cleared).

9.4.1 Timer Modes

The following Timer modes are provided:

e Timer GPIO
< Timer Pulse
< Timer Toggle

e Event Counter

94.1.1 Timer GPIO (Mode 0)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO TIO 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).

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 be taken from either the DSP56302 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.
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The counter contents can be read at any time by reading the TCR.

9.4.1.2 Timer Pulse (Mode 1)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO TIO Clock # KIND NAME
0 0 0 1 Output | Internal 1 Timer Pulse

In this mode, the timer generates an external pulse on its TIO signal when the timer
count reaches a pre-set value.

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 TIO signal is loaded with the value of the
INV bit. The timer clock signal can be taken from either the DSP56302 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 bit in TCSR is set and a compare
interrupt is generated if the TCIE bit is set. The polarity of the T1O 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 counter
contents can be read at any time by reading TCR.

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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9.4.1.3 Timer Toggle (Mode 2)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO TIO Clock # KIND NAME
0 0 1 0 Output | Internal | 0 Timer Toggle

In this mode, the timer periodically toggles the polarity of the TIO 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 TIO signal is loaded with the value
of the INV bit. The timer clock signal can be taken from either the DSP56302 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 TIO
output signal is inverted.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 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 counter
contents can be read at any time by reading the TCR.

The TLR value in the TCPR sets the delay between starting the timer and toggling the
TIO 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.
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9414 Timer Event Counter (Mode 3)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO TIO Clock # KIND NAME
0 0 1 1 Input | External | 3 Timer Event Counter

In this mode, the timer counts external events and issues an interrupt when a preset
number of events is counted.

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 when the first
timer clock signal is received. The timer clock signal can be taken from either the TIO
input signal or the prescaler clock output. 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 DSP56302 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.

9.4.2 Signal Measurement Modes

The following Signal Measurement modes are provided:

= Measurement Input Width
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= Measurement Input Period

= Measurement Capture

9421 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.

9.4.2.2 Measurement Input Width (Mode 4)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIO Clock
0 1 0 0 4 Input Width | Measurement | Input | Internal

In this mode, the timer counts the number of clocks that occur between opposite
edges of an input signal.

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 TIO input signal, the counter is loaded with the TLR value on the first
timer clock signal received either from the DSP56302 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 TIO signal. If the INV bit is cleared, the timer starts on the first low-to-high
(0 to 1) transition on the TIO signal.

When the first transition opposite in polarity to the INV bit setting occurs on the TIO
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 TIO 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 T1O input signal and the
count is resumed. If the TRM bit is cleared, the counter continues to be incremented
on each timer clock.
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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.

9.4.2.3 Measurement Input Period (Mode 5)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIO 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 TIO 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 TIO or between
consecutive high-to-low (1 to 0) transitions of TIO. 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 TIO input signal, the counter is
loaded with the TLR value on the first timer clock signal received from either the
DSP56302 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 TIO, the TCF bit in
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 TIO signal.

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 loaded with the TLR value on the first
timer clock signal. Each subsequent clock signal increments the counter.

After the second signal transition, if the TRM bit is set, the TE bit is set to clear 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).
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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.

9.4.2.4 Measurement Capture (Mode 6)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIO 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
DSP56302 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 TIO signal, the
TCF bit in 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 TIO signal.

The value of the INV bit determines whether a high-to-low (1 to 0) or low-to-high (0
to 1) transition of the external clock signals the end of the timing period. 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.
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9.4.3 Pulse Width Modulation (PWM, Mode 7))

Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIO Clock
0 1 1 1 7 Pulse Width PWM | Output | Internal
Modulation

In this mode, the timer generates periodic pulses of a preset width.

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 DSP56302
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 TIO output signal 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 TIO output signal 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.

TIO signal polarity is determined by the value of the INV bit. When the counter is
started by setting the TE bit, the TIO signal assumes the value of the INV bit. On each
subsequent toggling of the TIO signal, the polarity of the TIO signal is reversed. For
example, if the INV bit is set, the T1O signal generates the following signal: 1010. If
the INV bit is cleared, the TIO 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 TIO signal when the counter
value exceeds $FFFFFF.
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The duty cycle of the TI1O signal is determined by the value in the TCPR. When the
value in the TLR is incremented to a value equal to the value in the TCPR, the TIO
signal is toggled. The duty cycle is equal to ($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.

9.4.4 Watchdog Modes

The following Watchdog Timer modes are provided:

= Watchdog Pulse
= Watchdog Toggle

9.4.4.1 Watchdog Pulse (Mode 9)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode Name Kind TIO Clock
1 0 0 1 9 Pulse Watchdog Output | Internal

In this mode, the timer generates an external signal at a preset rate. The signal period
is equal to the period of one timer clock.

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 DSP56302 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).
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If the counter overflows, the TOF bit is set, and if TOIE is set, an overflow interrupt is
generated. At the same time, a pulse is output on the TIO 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 T1O value and direction for an
additional 2.5 internal clock cycles after the DSP56302 hardware reset
signal is asserted. This ensures that a valid RESET signal is generated when
the TIO signal is used to reset the DSP56302.

9.4.4.2 Watchdog Toggle (Mode 10)
Bit Settings Mode Characteristics
TC3 | TC2 | TC1 | TCO | Mode NAME Kind TIO Clock
1 0 1 0 10 Toggle Watchdog Output | Internal

In this mode, the timer toggles an external signal after preset period.

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 DSP56302 internal clock divided by two (CLK/2) or
the prescaler clock output. Each subsequent timer clock increments the counter. The
TIO 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

When counter overflow has occurred, the polarity of the TIO output signal is
inverted, the TOF bit in the TCSR is set, and an overflow interrupt is generated if the
TOIE bit is also set. The TIO polarity is determined by the INV bit.
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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 T1O value and direction for an
additional 2.5 internal clock cycles after the DSP56302 hardware reset
signal is asserted. This ensures that a valid reset signal is generated when
the TIO signal is used to reset the DSP56302.

9.4.5 Reserved Modes

Modes 8,11,12,13,14, and 15 are reserved.

9.4.6 Special Cases

The following special cases apply during Wait and Stop state.

9.4.6.1 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 DSP56302 leaves the
Wait state and services the interrupt.

9.4.6.2 Timer Behavior during Stop

During the execution of the STOP instruction, the timer clocks are disabled, timer
activity is stopped, and the T1O signals are disconnected. Any external changes that
happen to the TIO signals are ignored when the DSP56302 is the Stop state. To ensure
correct operation, the timers should be disabled before the DSP56302 is placed into
the Stop state.

9.4.7 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.

&S
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Introduction

10.1 INTRODUCTION

The DSP56300 core On-Chip Emulation (OnCE™) module provides a means of
interacting with the DSP56300 core and its peripherals non-intrusively so that a user
can examine registers, memory, or on-chip peripherals, thus facilitating hardware
and software development on the DSP56300 core processor. To achieve this, special
circuits and dedicated signals on the DSP56300 core are defined to avoid sacrificing
any user-accessible on-chip resource. The OnCE module resources can be accessed
only after executing the JTAG instruction ENABLE_ONCE (these resources are
accessible even when the chip is operating in Normal mode). See Section 11, JTAG
Port, for a description of the JTAG functionality and its relation to the OnCE.

Figure 10-1 shows the block diagram of the OnCE module.

PDB PIL GDB

P

Pipeline .
Information Trace Logic
A AA <« TCK
Contrgl Bus i — DI
"l OnCE
éﬁg Controller ———— TDO
PAB ~—— TRST
Y Y \ YY ¥
«—>» DE
Trace Tags Breakpoint
Buffer Buffer Logic
AAQ702

Figure 10-1 OnCE Module Block Diagram

10.2 OnCE MODULE SIGNALS

The OnCE module controller functionality is accessed through the JTAG port. There
are no dedicated OnCE module signals for clock, data in, or data out. The JTAG
signals TCK, TDI, and TDO are used to shift in and out data and instructions. See
JTAG Signals on page 11-5 for the description of the JTAG signals. To facilitate
emulation-specific functions, one additional signal, called DE, is provided on the
DSP56302.

MOTOROLA DSP56302UM/AD 10-3

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
On-Chip Emulation Module

Debug Event (DE)

10.3 DEBUG EVENT (DE)

The bidirectional open drain Debug Event signal (DE) provides a fast means of
entering the Debug mode of operation from an external command controller (when
input), as well as a fast means of acknowledging the entering of the Debug mode of
operation to an external command controller (when output). The assertion of this
signal by a command controller causes the DSP56300 core to finish the current
instruction being executed, save the instruction pipeline information, enter the
Debug mode, and wait for commands to be entered from the TDI line. If the DE
signal is used to enter the Debug mode, then it must be deasserted after the OnCE
port responds with an acknowledge and before sending the first OnCE command.
The assertion of this signal by the DSP56300 core indicates that the DSP has entered
the Debug mode and is waiting for commands to be entered from the TDI line. The
DE signal also facilitates multiple processor connections, as shown in Figure 10-2.

TDI — TDI TDO TDI TDO e o o TDI TDO——TDO
TMS l l
TCK ® *
TRST . o AA0703

Figure 10-2 OnCE Module Multiprocessor Configuration

In this way, the user can stop all the devices in the system when one of the devices
enters the Debug mode. The user can also stop all the devices synchronously by
asserting the DE line.

10.4 OnCE CONTROLLER

The OnCE controller contains the following blocks: OnCE Command Register (OCR),
OnCE Decoder, and the status/control register. Figure 10-3 illustrates a block
diagram of the OnCE controller.
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OnCE Controller

< *— TDI

OnCE Command Register

<—|_CJ_+ TCK
y —I

ISBKPT

Update

ISTRACE ONCE Decoder |
ISDR ISDEBUG
ISSWDBG
»| Status and Control f
® - Register — TDO
| ]
Register Read Register Write Mode Select AAQ704

Figure 10-3 OnCE Controller Block Diagram

10.4.1 OnCE Command Register (OCR)

The OnCE Command Register (OCR) is an 8-bit shift register that receives its serial
data from the TDI signal. It holds the 8-bit commands to be used as input for the
OnCE Decoder. The OCR is shown in Figure 10-4.

OCR 7 6 5 4 3 2 1 0

OnCE Command
Register [Rw | Go | EX |RS4[RS3|RS2|RS1| RSO
Reset = $00
Write Only

AA0106

Figure 10-4 OnCE Command Register

104.1.1 Register Select (RS4—-RS0) Bits 0—4
The Register Select bits define which register is source/destination for the read/write
operation. See Table 10-4 for the OnCE register select encoding.

10.4.1.2 Exit Command (EX) Bit 5
If the EX bit is set, leave Debug mode and resume normal operation. The EXIT
command is executed only if the GO command is issued, and the operation is write
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to OPDBR or read/write to “No Register Selected”. Otherwise the EX bit is ignored.
Table 10-1 shows the definition of the EX bit.

Table 10-1 EX Bit Definition

EX Action

0 Remain in Debug mode

1 Leave Debug mode
10.4.1.3 GO Command (GO) Bit 6

If the GO bit is set, execute the instruction that resides in the PIL register. To execute
the instruction, the core leaves the Debug mode. The core returns to the Debug mode
immediately after executing the instruction if the EX bit is cleared. The core goes on
to normal operation if the EX bit is set. The GO command is executed only if the
operation is write to OPDBR or read/write to “No Register Selected”. Otherwise the
GO bitis ignored. Table 10-2 shows the definition of the GO bit.

Table 10-2 GO Bit Definition

GO Action
0 Inactive—no action taken
1 Execute instruction in PIL
10.4.1.4 Read/Write Command (R/W) Bit 7

The R/W bit specifies the direction of data transfer.

Table 10-3 R/W Bit Definition

R/IW Action
0 Write the data associated with the command into the register specified by
RS4-RS0.
1 Read the data contained in the register specified by RS4-RS0.

Table 10-4 ONCE Register Select Encoding

RS[4:0] Register Selected

00000 ONnCE Status and Control Register (OSCR)
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Table 10-4 OnNCE Register Select Encoding (Continued)

RS[4.0] Register Selected
00001 Memory Breakpoint Counter (OMBC)
00010 Breakpoint Control Register (OBCR)
00011 Reserved Address
00100 Reserved Address
00101 Memory Limit Register 0 (OMLRO)
00110 Memory Limit Register 1 (OMLR1)
00111 Reserved Address
01000 Reserved Address
01001 GDB Register (OGDBR)

01010 PDB Register (OPDBR)
01011 PIL Register (OPILR)
01100 PDB GO-TO Register (for GO TO command)
01101 Trace Counter (OTC)
01110 Reserved Address
01111 PAB Register for Fetch (OPABFR)
10000 PAB Register for Decode (OPABDR)
10001 PAB Register for Execute (OPABEX)
10010 Trace Buffer and Increment Pointer
10011 Reserved Address
101xx Reserved Address
11xx0 Reserved Address
11x0x Reserved Address
110xx Reserved Address
11111 No Register Selected
MOTOROLA DSP56302UM/AD 10-7
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10.4.2 OnCE Decoder (ODEC)

The OnCE Decoder (ODEC) supervises the entire OnCE module activity. It receives
as input the 8-bit command from the OCR, a signal from JTAG Controller (indicating
that 8/24 bits have been received and update of the selected data register must be
performed), and a signal indicating that the core was halted. The ODEC generates all
the strobes required for reading and writing the selected OnCE registers.

10.4.3 OnCE Status and Control Register (OSCR)

The OnCE Status and Control Register (OSCR) is a 24-bit register used to enable the
Trace mode of operation and to indicate the cause of entering the Debug mode. The
control bits are read/write while the status bits are read-only. The OSCR bits are
cleared on hardware reset. The OSCR is shown in Figure 10-5.

23 o o o 9 8 7 6 5 4 3 2 1 0
OnCE Status and os1|oso 10 |MBO|swo) IME | TME
Control Register
Read/Write
Indicates reserved bits, written as 0 for future compatibility AAQ705

Figure 10-5 ONnCE Status and Control Register (OSCR)

10.4.3.1 Trace Mode Enable (TME) Bit 0
The Trace Mode Enable (TME) control bit, when set, enables the Trace mode of
operation.

10.4.3.2 Interrupt Mode Enable (IME) Bit 1
The Interrupt Mode Enable (IME) control bit, when set, causes the chip to execute a
vectored interrupt to the address VBA:$06 instead of entering the Debug mode.

10.4.3.3 Software Debug Occurrence (SWO) Bit 2

The Software Debug Occurrence (SWO) bit is a read-only status bit that is set when
the Debug mode of operation is entered because of the execution of the DEBUG or
DEBUGcc instruction with condition true. This bit is cleared when leaving the Debug
mode.
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10.4.3.4 Memory Breakpoint Occurrence (MBO) Bit 3

The Memory Breakpoint Occurrence (MBO) bit is a read-only status bit that is set
when the Debug mode of operation is entered because a memory breakpoint has
been encountered. This bit is cleared when leaving the Debug mode.

10.4.3.5 Trace Occurrence (TO) Bit 4

The Trace Occurrence (TO) bit is a read-only status bit that is set when the Debug
mode of operation is entered when the Trace Counter is zero while Trace mode is
enabled. This bit is cleared when leaving the Debug mode.

10.4.3.6 Reserved OCSR Bit 5
Bit 5 is reserved for future use. It is read as 0 and should be written with 0 for future
compatibility.

10.4.3.7 Core Status (0OS0, OS1) Bits 6-7

The Core Status (OS0, OS1) bits are read-only status bits that provide core status
information. By examining the status bits, the user can determine whether the chip
has entered the Debug mode. Examining SWO, MBO, and TO identifies the cause of
entering the Debug mode. The user can also examine these bits and determine the
cause why the chip has not entered the Debug mode after debug event assertion (DE)
or as a result of the execution of the JTAG Debug Request instruction (core waiting
for the bus, STOP or WAIT instruction, etc.). These bits are also reflected in the JTAG
instruction shift register, which allows the polling of the core status information at
the JTAG level. This is useful when the DSP56300 core executes the STOP instruction
(and therefore there are no clocks) to allow the reading of OSCR. See Table 10-5 for
the definition of the OS0-OS1 bits.

Table 10-5 Core Status Bits Description

0Os1 0Ss0 Description
0 0 DSP56300 core is executing instructions
0 1 DSP56300 core is in Wait or Stop
1 0 DSP56300 core is waiting for bus
1 1 DSP56300 core is in Debug mode
10.4.3.8 Reserved Bits 8-23

Bits 8-23 are reserved for future use. They are read as 0 and should be written with 0
for future compatibility.
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10.5 OnCE MEMORY BREAKPOINT LOGIC

Memory breakpoints can be set on program memory or data memory locations. In
addition, the breakpoint does not have to be in a specific memory address, but within
an approximate address range of where the program may be executing. This
significantly increases the programmer’s ability to monitor what the program is
doing in real-time.

The breakpoint logic, described in Figure 10-6, contains a latch for the addresses,
which are registers that store the upper and lower address limit, address
comparators, and a breakpoint counter.

TCK
TDO | TDI PAB XAB YAB
Memory Address Latch - Memory Bus Select
N,V TDI TCK TDO
Address Comparator 0 ‘ T 1
| 1 Breakpoint Control
“3 — Memory Limit Register O *
* N,V - Memory
Address Comparator 1 »  Breakpoint
1 Selection
- — Memory Limit Register 1
? > Breakpoint
. DEC Occurred
-3 — Breakpoint Counter

Count=0

AAQ0706

Figure 10-6 OnCE Memory Breakpoint Logic 0
Address comparators are useful in determining where a program may be getting lost
or when data is being written where it should not be written. They are also useful in
halting a program at a specific point to examine/change registers or memory. Using
address comparators to set breakpoints enables the user to set breakpoints in RAM or
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ROM and while in any operating mode. Memory accesses are monitored according
to the contents of the OBCR as specified in OnCE Breakpoint Control Register
(OBCR) on page 10-12.

10.5.1 OnCE Memory Address Latch (OMAL)

The OnCE Memory Address Latch (OMAL) is a 16-bit register that latches the PAB,
XAB or YAB on every instruction cycle according to the MBS1-MBS0 bits in OBCR.

10.5.2 OnCE Memory Limit Register 0 (OMLRO)

The OnCE Memory Limit Register 0 (OMLRO) is a 16-bit register that stores the
memory breakpoint limit. OMLRO can be read or written through the JTAG port.
Before enabling breakpoints, OMLRO must be loaded by the external command
controller.

10.5.3 OnCE Memory Address Comparator 0 (OMACO)

The OnCE Memory Address Comparator 0 (OMACO0) compares the current memory
address (stored in OMALO) with the OMLRO contents.

10.5.4 OnCE Memory Limit Register 1 (OMLR1)

The OnCE Memory Limit Register 1 (OMLR1) is a 16-bit register that stores the
memory breakpoint limit. OMLR1 can be read or written through JTAG port. Before
enabling breakpoints, OMLR1 must be loaded by the external command controller.

10.5.5 OnCE Memory Address Comparator 1 (OMAC1)

The OnCE Memory Address Comparator 1 (OMAC1) compares the current memory
address (stored in OMALQO) with the OMLR1 contents.
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10.5.6 OnCE Breakpoint Control Register (OBCR)

The OnCE Breakpoint Control Register (OBCR) is a 16-bit register used to define the
memory breakpoint events. OBCR can be read or written through the JTAG port. All
the bits of the OBCR are cleared on hardware reset. The OBCR is described in
Figure 10-7.

OnCE Breakpoint 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Control Register| * | * [ * [ * |gr1|BT0| CcCc|cc|rw|RrRwW ]| cc|cc|rw|rwW | MB | MB
Reset = $0010 11|10 11|10 |01 ] oo | o1 o0]|s1]so

Read/Write

* Indicates reserved bits, written as 0 for future compatibility AA0707

Figure 10-7 OnCE Breakpoint Control Register (OBCR)

10.5.6.1 Memory Breakpoint Select (MBS0-MBS1) Bits 0-1

The Memory Breakpoint Select bits (MBSO0-MBS1) enable memory breakpoints 0 and
1, allowing them to occur when a memory access is performed on P, X, or Y space.
See Table 10-6 for the definition of the MBS0-MBSL bits.

Table 10-6 Memory Breakpoint 0 and 1 Select Table

MBS1 | MBSO Description
0 0 Reserved
0 1 Breakpoint on P access
1 0 Breakpoint on X access
1 1 Breakpoint on Y access
10.5.6.2 Breakpoint 0 Read/Write Select (RW00-RWO01) Bits 2-3

The Breakpoint 0 Read/Write Select bits (RW00-RW01) define the memory
breakpoints 0 to occur when a memory address accesses is performed for read, write
or both. See Table 10-7 for the definition of the RW00-RWO0L1 bits.
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Table 10-7 Breakpoint 0 Read/Write Select Table

RWO01 | RwWO0O0 Description
0 0 Breakpoint disabled
0 1 Breakpoint on write access
1 0 Breakpoint on read access
1 1 Breakpoint on read or write access
10.5.6.3 Breakpoint 0 Condition Code Select (CC00-CCO01) Bits 4-5

The Breakpoint 0 Condition Code Select bits (CC00-CCO01) define the condition of the
comparison between the current Memory Address (OMALOQ) and the Memory Limit
Register 0 (OMLRO). See Table 10-8 for the definition of the CC00-CCO01 bits.

Table 10-8 Breakpoint 0 Condition Select Table

CcCo1 CCo0 Description
0 0 Breakpoint on not equal
0 1 Breakpoint on equal
1 0 Breakpoint on less than
1 1 Breakpoint on greater than
10.5.6.4 Breakpoint 1 Read/Write Select (RW10-RW11) Bits 6-7

The Breakpoint 1 Read/Write Select (RW10-RW11) bits control define memory
breakpoint 1 to occur when a memory address accesses is performed for read, write
or both. See Table 10-9 for the definition of the RW10-RW11 bits.

Table 10-9 Breakpoint 1 Read/Write Select Table

RW11 | RW10 Description
0 0 Breakpoint disabled
0 1 Breakpoint on write access
1 0 Breakpoint on read access
1 1 Breakpoint read or write access
MOTOROLA DSP56302UM/AD 10-13

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
On-Chip Emulation Module

OnCE Memory Breakpoint Logic

10.5.6.5 Breakpoint 1 Condition Code Select (CC10-CC11) Bits 8-9

The Breakpoint 1 Condition Code Select bits (CC10-CC11) define the condition of the
comparison between the current memory address (OMALO) and the OnCE Memory
Limit Register 1 (OMLR1). See Table 10-10 for the definition of the CC10-CC11 bits.

Table 10-10 Breakpoint 1 Condition Select Table

CC11 CC10 Description
0 0 Breakpoint on not equal
0 1 Breakpoint on equal
1 0 Breakpoint on less than
1 1 Breakpoint on greater than
10.5.6.6 Breakpoint O and 1 Event Select (BTO-BT1) Bits 10-11

The Breakpoint 0 and 1 Event Select bits (BT0-BT1) define the sequence between
breakpoint 0 and 1. If the condition defined by BTO-BT1 is met, then the Breakpoint
Counter (OMBC) is decremented. See Table 10-11 for the definition of the BTO-BT1
bits.

Table 10-11 Breakpoint 0 and 1 Event Select Table

BT1 BTO Description
0 0 Breakpoint 0 and Breakpoint 1
0 1 Breakpoint 0 or Breakpoint 1
1 0 Breakpoint 1 after Breakpoint 0
1 1 Breakpoint 0 after Breakpoint 1
10.5.6.7 OnCE Memory Breakpoint Counter (OMBC)

The OnCE Memory Breakpoint Counter (OMBC) is a 16-bit counter that is loaded
with a value equal to the number of times minus one that a memory access event
should occur before a memory breakpoint is declared. The memory access event is
specified by the OBCR and by the memory limit registers. On each occurrence of the
memory access event, the breakpoint counter is decremented. When the counter
reaches 0 and a new occurrence takes place, the chip enters the Debug mode. The
OMBC can be read or written through the JTAG port. Every time that the limit
register is changed, or a different breakpoint event is selected in the OBCR, the
breakpoint counter must be written afterwards. This ensures that the OnCE
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breakpoint logic is reset and that no previous events can affect the new breakpoint
event selected. The breakpoint counter is cleared by hardware reset.

10.5.6.8 Reserved Bits 12-15
Bits 12-15 are reserved for future use. They are read as 0 and should be written with
0 for future compatibility.

10.6  OnCE TRACE LOGIC

Using the OnCE Trace Logic, execution of instructions in single or multiple steps is
possible. The OnCE Trace Logic causes the chip to enter the Debug mode of
operation after the execution of one or more instructions and wait for OnCE
commands from the debug serial port. The OnCE Trace Logic block diagram is
shown in Figure 10-8.

End of Instruction

TDI |
DEC

TDO «— Trace Counter
E—
TCK

Count=0

ISTRACE AA0708

Figure 10-8 OnCE Trace Logic Block Diagram

The Trace mode has a counter associated with it so that more than one instruction
can be executed before returning back to the Debug mode of operation. The objective
of the counter is to allow the user to take multiple instruction steps real-time before
entering the Debug mode. This feature helps the software developer debug sections
of code that do not have a normal flow or are getting hung up in infinite loops. The
Trace Counter also enables the user to count the number of instructions executed in a
code segment.
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To enable the Trace mode of operation, the counter is loaded with a value, the
program counter is set to the start location of the instruction(s) to be executed
real-time, the TME bit is set in the OSCR, and the DSP56300 core exits the Debug
mode by executing the appropriate command issued by the external command
controller.

Upon exiting the Debug mode, the counter is decremented after each execution of an
instruction. Interrupts are serviceable and all instructions executed, including fast
interrupt services and the execution of each repeated instruction, cause the Trace
Counter to be decremented. Upon decrementing to 0, the DSP56300 core re-enters the
Debug mode, the Trace Occurrence bit (TO) in the OSCR register is set, the core
Status bits OS[1:0] are set to 11, and the DE signal is asserted to indicate that the
DSP56300 core has entered Debug mode and is requesting service.

The OnCE Trace Counter (OTC) is a 16-bit counter that can be read or written
through the JTAG port. If N instructions are to be executed before entering the Debug
mode, the Trace Counter should be loaded with N - 1. The Trace Counter is cleared
by hardware reset.

10.7 METHODS OF ENTERING THE DEBUG MODE

Entering the Debug mode is acknowledged by the chip by setting the Core Status bits
0S1 and 0OS0 and asserting the DE line. This informs the external command
controller that the chip has entered the Debug mode and is waiting for
commands.The DSP56300 core can disable the OnCE module if the ROM Security
option is implemented. If the ROM Security is implemented, the OnCE module
remains inactive until a write operation to the OGDBR is executed by the DSP56300
core.

10.7.1  External Debug Request During RESET Assertion

Holding the DE line asserted during the assertion of RESET causes the chip to enter
the Debug mode. After receiving the acknowledge, the external command controller
must negate the DE line before sending the first command.

Note: In this case, the chip does not execute any instruction before entering the
Debug mode.
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10.7.2  External Debug Request During Normal Activity

Holding the DE line asserted during normal chip activity causes the chip to finish the
execution of the current instruction and then enter the Debug mode. After receiving
the acknowledge, the external command controller must negate the DE line before
sending the first command. This process is the same for any newly fetched
instruction, including instructions fetched by the interrupt processing or instructions
that will be aborted by the interrupt processing.

Note: In this case the chip completes the execution of the current instruction and
stops after the newly fetched instruction enters the instruction latch.

10.7.3  Executing the JTAG DEBUG_REQUEST Instruction

Executing the JTAG instruction DEBUG_REQUEST asserts an internal debug request
signal. Consequently, the chip finishes the execution of the current instruction and
stops after the newly fetched instruction enters the instruction latch. After entering
the Debug mode, the Core Status bits OS1 and OSO0 are set and the DE line is asserted,
thus acknowledging the external command controller that the Debug mode of
operation has been entered.

10.7.4  External Debug Request During Stop

Executing the JTAG instruction DEBUG_REQUEST (or asserting DE) while the chip
is in the Stop state (i. e., has executed a STOP instruction) causes the chip to exit the
Stop state and enter the Debug mode. After receiving the acknowledge, the external
command controller must negate DE before sending the first command.

Note: In this case, the chip completes the execution of the STOP instruction and
halts after the next instruction enters the instruction latch.

10.7.5 External Debug Request During Wait

Executing the JTAG instruction DEBUG_REQUEST (or asserting DE) while the chip
is in the Wait state (i. e., has executed a WAIT instruction) causes the chip to exit the
Wait state and enter the Debug mode. After receiving the acknowledge, the external
command controller must negate DE before sending the first command.
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Note: In this case, the chip completes the execution of the WAIT instruction and
halts after the next instruction enters the instruction latch.

10.7.6  Software Request During Normal Activity

Upon executing the DSP56300 core instruction DEBUG (or DEBUGcc when the
specified condition is true), the chip enters the Debug mode after the instruction
following the DEBUG instruction has entered the instruction latch.

10.7.7 Enabling Trace Mode

When the Trace mode mechanism is enabled and the Trace Counter is greater than
zero, the Trace Counter is decremented after each instruction execution. Execution of
an instruction when the value in the Trace Counter is 0 causes the chip to enter the
Debug mode after completing the execution of the instruction. Only instructions
actually executed cause the Trace Counter to decrement. An aborted instruction does
not decrement the Trace Counter and does not cause the chip to enter the Debug
mode.

10.7.8 Enabling Memory Breakpoints

When the memory breakpoint mechanism is enabled with a Breakpoint Counter
value of 0, the chip enters the Debug mode after completing the execution of the
instruction that caused the memory breakpoint to occur. In case of breakpoints on
executed Program memory fetches, the breakpoint is acknowledged immediately
after the execution of the fetched instruction. In case of breakpoints on accesses to X,
Y or Program memory spaces by MOVE instructions, the breakpoint is
acknowledged after the completion of the instruction following the instruction that
accessed the specified address.

10.8 PIPELINE INFORMATION AND OGDB REGISTER

To restore the pipeline and to resume normal chip activity upon returning from the
Debug mode, a number of on-chip registers store the chip pipeline status. Figure 10-9
shows the block diagram of the Pipeline Information Registers, with the exception of
the PAB registers, which are shown in Figure 10-10 on page 10-22.
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Figure 10-9 OnCE Pipeline Information and GDB Registers

10.8.1 OnCE PDB Register (OPDBR)

The OnCE Program Data Bus Register (OPDBR) is a 24-bit latch that stores the value
of the Program Data Bus generated by the last program memory access of the core
before the Debug mode is entered. The OPDBR register can be read or written
through the JTAG port. This register is affected by the operations performed during
the Debug mode and must be restored by the external command controller when
returning to Normal mode.

10.8.2 OnCE PIL Register (OPILR)

The OnCE PIL Register (OPILR) is a 24-bit latch that stores the value of the
Instruction Latch before the Debug mode is entered. OPILR can only be read through
the JTAG port.

Note: Since the Instruction Latch is affected by the operations performed during
the Debug mode, it must be restored by the external command controller
when returning to Normal mode. Since there is no direct write access to the
Instruction Latch, the task of restoring is accomplished by writing to
OPDBR with no-GO and no-EX. In this case the data written on PDB is
transferred into the Instruction Latch.
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10.8.3 OnCE GDB Register (OGDBR)

The OnCE GDB Register (OGDBR) is a 16-bit latch that can only be read through the
JTAG port. The OGDBR is not actually required for restoring the pipeline status, but
is required as a means of passing information between the chip and the external
command controller. The OGDBR is mapped on the X internal 1/0 space at address
$FFFC. Whenever the external command controller needs the contents of a register or
memory location, it forces the chip to execute an instruction that brings that
information to the OGDBR. Then the contents of the OGDBR are delivered serially to
the external command controller by the command READ GDB REA STER

10.9 TRACE BUFFER

To ease debugging activity and keep track of program flow, the DSP56300 core
provides a number of on-chip dedicated resources. There are three read-only PAB
registers that give pipeline information when the Debug mode is entered, and a Trace
buffer that stores the address of the last instruction that was executed, as well as the
addresses of the last twelve change of flow instructions.

10.9.1 OnCE PAB Register for Fetch (OPABFR)

The OnCE PAB Register for Fetch Register (OPABFR) is a 16-bit register that stores
the address of the last instruction whose fetch was started before the Debug mode

was entered.The OPABFR can only be read through the JTAG port. This register is
not affected by the operations performed during the Debug mode.

10.9.2 PAB Register for Decode (OPABDR)

The OnCE PAB Register for Decode Register (OPABDR) is a 16-bit register that stores
the address of the instruction currently on the PDB. This is the instruction whose
fetch was completed before the chip has entered the Debug mode. The OPABDR can
only be read through the JTAG port. This register is not affected by the operations
performed during the Debug mode.
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10.9.3 OnCE PAB Register for Execute (OPABEX)

The OnCE PAB Register for Execute (OPABEX) is a 16-bit register that stores the
address of the instruction currently in the Instruction Latch. This is the instruction
that would have been decoded and executed if the chip would not have entered the
Debug mode. The OPABEX register can only be read through the JTAG port. This
register is not affected by the operations performed during the Debug mode.

10.9.4 Trace Buffer

The Trace buffer stores the addresses of the last twelve change of flow instructions
that were executed, as well as the address of the last executed instruction. The Trace
buffer is implemented as a circular buffer containing twelve 17-bit registers and one
4-bit counter. All the registers have the same address, but any read access to the
Trace buffer address causes the counter to increment, thus pointing to the next Trace
buffer register. The registers are serially available to the external command controller
through their common Trace buffer address. Figure 10-10 on page 10-22 shows the
block diagram of the Trace buffer. The Trace buffer is not affected by the operations
performed during the Debug mode except for the Trace buffer pointer increment
when reading the Trace buffer. When entering the Debug mode, the Trace buffer
counter is pointing to the Trace buffer register containing the address of the last
executed instructions. The first Trace buffer read obtains the oldest address and the
following Trace buffer reads get the other addresses from the oldest to the newest, in
order of execution.

Notes: 1. Toensure Trace buffer coherence, a complete set of twelve reads of the
Trace buffer must be performed. This is necessary due to the fact that
each read increments the Trace buffer pointer, thus pointing to the next
location. After twelve reads, the pointer indicates the same location as
before starting the read procedure.

2. On any change of flow instruction, the Trace buffer stores both the
address of the change of flow instruction, as well as the address of the
target of the change of flow instruction. In the case of conditional
change of flows, the address of the change of flow instruction is always
stored (regardless of the fact that the change of flow is true or false), but
if the conditional change of flow is false (i.e., not taken) the address of
the target is not stored. In order to facilitate the program trace
reconstruction, every Trace buffer location has an additional ‘invalid
bit’ (the 25th bit). If a conditional change of flow instruction has a
‘condition false’, the invalid bit is set, thus marking this instruction as
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not taken. Therefore, it is imperative to read seventeen bits of data
when reading the twelve Trace buffer registers. Since data is read LSB
first, the invalid bit is the first bit to be read.

PAB

t

Fetch Address (OPABFR)

Lo

Y
Decode Address (OPABDR)

—

Execute Address (OPABEX)

r

r
_

Trace Buffer Register 0

A

r
_

Circular
Buffer
Pointer

A

Trace Buffer Register 1

r
|
|

Trace Buffer Register 2 -

1
N

Trace Buffer Register 11 -

1 3

Dl —— Trace Buffer Shift Register

l«— TCK
—— TDO AA0710

Figure 10-10 OnCE Trace Buffer
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10.10 SERIAL PROTOCOL DESCRIPTION

To permit an efficient means of communication between the external command
controller and the DSP56300 core chip, the following protocol is adopted. Before
starting any debugging activity, the external command controller has to wait for an
acknowledge on the DE line indicating that the chip has entered the Debug mode
(optionally the external command controller can poll the OS1 and OSO0 bits in the
JTAG instruction shift register). The external command controller communicates
with the chip by sending 8-bit commands that can be accompanied by 24 bits of data.
Both commands and data are sent or received LSB first. After sending a command,
the external command controller should wait for the DSP56300 core chip to
acknowledge execution of the command. The external command controller can send
a new command only after the chip has acknowledged execution of the previous
command.

The OnCE commands are classified as follows:

= Read commands (when the chip delivers the required data)

= Write commands (when the chip receives data and writes the data in one of
the ONnCE registers)

< Commands that do not have data transfers associated with them

The commands are 8 bits long and have the format shown in Figure 10-4
on page 10-5.

10.11 TARGET SITE DEBUG SYSTEM REQUIREMENTS

A typical debug environment consists of a target system where the DSP56300
core-based device resides in the user defined hardware. The JTAG port interfaces to
the external command controller over a 8-wire link consisting of the five JTAG port
wires, one OnCE module wire, a ground, and a reset wire. The reset wire is optional
and is only used to reset the DSP56300 core-based device and its associated circuitry.

The external command controller acts as the medium between the DSP56300 core
target system and a host computer. The external command controller circuit acts as a
JTAG port driver and host computer command interpreter. The controller issues
commands based on the host computer inputs from a user interface program that
communicates with the user.
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10.12 EXAMPLES OF USING THE OnCE

Following are some examples of debugging procedures. All these examples assume
that the DSP is the only device in the JTAG chain. If there is more than one device in
the chain (additional DSPs or other devices), the other devices can be forced to
execute the JTAG BYPASS instruction such as their effect in the serial stream will be
one bit per additional device. The events such as select-DR, select-IR, update-DR, and
shift-DR refer to bringing the JTAG TAP in the corresponding state. Please refer to
Section 11 (JTAG), for a detailed description of the JTAG protocol.

10.12.1 Checking Whether the Chip has Entered the Debug Mode

There are two methods to verify that the chip has entered the Debug mode:

1. Every time the chip enters the Debug mode, a pulse is generated on the DE
signal. A pulse is also generated every time the chip acknowledges the
execution of an instruction while in Debug mode. An external command
controller can connect the DE line to an interrupt signal in order to sense the
acknowledge.

2. An external command controller can poll the JTAG instruction shift register
for the status bits OS[1:0]. When the chip is in Debug mode, these bits are set
to the value 11.

Note: In the following paragraphs, the ACK notation denotes the operation
performed by the command controller to check whether the Debug mode
has been entered (either by sensing DE or by polling JTAG instruction shift
register).

10.12.2 Polling the JTAG instruction shift register

In order to poll the core status bits in the JTAG Instruction Shift register the following
sequence must be performed:

1. Select shift-IR. Passing through capture-IR loads the core status bits into the
instruction shift register.

2. Shiftin ENABLE_ONCE. While shifting-in the new instruction the captured
status information is shifted-out. Pass through update-IR.

3. Return to Run-Test/Idle.
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The external command controller can analyze the information shifted out and detect
whether the chip has entered the Debug mode.

10.12.3 Saving Pipeline Information

The debugging activity is accomplished by means of DSP56300 core instructions
supplied from the external command controller. Therefore, the current state of the
DSP56300 core pipeline must be saved prior to starting the debug activity and of
course the state must be restored prior to returning to the Normal mode of operation.
Following is the description of the saving procedure (assume that ENABLE_ONCE
has been executed and Debug mode has been entered and verified, as described in
Checking Whether the Chip has Entered the Debug Mode on page 10-24):

1. Select shift-DR. Shift in the “Read PDB”. Pass through update-DR.

2. Select shift-DR. Shift out the 24 bit OPDB register. Pass through update-DR.

3. Select shift-DR. Shift in the “Read PIL”. Pass through update-DR.

4. Select shift-DR. Shift out the 24 bit OPILR register. Pass through update-DR.

Note that there is no need to verify acknowledge between steps 1 and 2, as well as 3
and 4, because completion is guaranteed by design.

10.12.4 Reading the Trace Buffer

An optional step during debugging activity is reading the information associated
with the Trace buffer in order to enable an external program to reconstruct the full
trace of the executed program. Following is the description of the read Trace buffer
procedure (assume that all actions described in Saving Pipeline Information have
been executed):

1. Select shift-DR. Shift in the “Read PABFR”. Pass through update-DR.

2. Select shift-DR. Shift out the 16 bit OPABFR register. Pass through update-DR.
3. Select shift-DR. Shift in the “Read PABDR”. Pass through update-DR.
4

. Select shift-DR. Shift out the 16 bit OPABDR register. Pass through
update-DR.

Select shift-DR. Shift in the “Read PABEX”. Pass through update-DR.
6. Select shift-DR. Shift out the 16 bit OPABEX register. Pass through update-DR.

o
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7. Select shift-DR. Shift in the “Read FIFO”. Pass through update-DR.
8. Select shift-DR. Shift out the 17 bit FIFO register. Pass through update-DR.
9. Repeat steps 7 and 8 for the entire FIFO (12 times).

Note: The user must read the entire FIFO, since each read increments the FIFO
pointer, thus pointing to the next FIFO location. At the end of this
procedure, the FIFO pointer points back to the beginning of the FIFO.

The information that has been read by the external command controller now contains
the address of the newly fetched instruction, the address of the instruction currently
on the PDB, the address of the instruction currently on the instruction latch, as well
as the addresses of the last twelve instructions that have been executed and are
change of flow. A user program can now reconstruct the flow of a full trace based on
this information and on the original source code of the currently running program.

10.12.5 Displaying a Specified Register

The DSP56300 must be in Debug mode and all actions described in Saving Pipeline
Information on page 10-25 have been executed. The sequence of actions is:

1. Select shift-DR. Shift in the “Write PDB with GO no-EX”. Pass through
update-DR.

2. Select shift-DR. Shift in the 24-bit opcode: “MOVE reg, X:OGDB”. Pass
through update-DR to actually write OPDBR and thus begin executing the
MOVE instruction.

3. Wait for DSP to reenter Debug mode (wait for DE or poll core status).

4. Select shift-DR and shift in “READ GDB REGISTER”. Pass through
update-DR (this selects OGDBR as the data register for read).

5. Select shift-DR. Shift out the OGDBR contents. Pass through update-DR. Wait
for next command.

10.12.6 Displaying X Memory Area Starting at Address $xxxx

The DSP56300 must be in Debug mode and all actions described in Saving Pipeline
Information on page 10-25 have been executed. Since RO is used as pointer for the
memory, RO is saved first. The sequence of actions is:
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1. Select shift-DR. Shift in the “Write PDB with GO no-EX”. Pass through
update-DR.

2. Select shift-DR. Shift in the 24-bit opcode: “MOVE R0, X:OGDB”. Pass through
update-DR to actually write OPDBR and thus begin executing the MOVE
instruction.

3. Wait for DSP to reenter Debug mode (wait for DE or poll core status).

4. Select shift-DR and shift in “READ GDB REGISTER”. Pass through
update-DR (this selects OGDBR as the data register for read).

5. Select shift-DR. Shift out the OGDBR contents. Pass through update-DR. RO is
now saved.

6. Select shift-DR. Shift in the “Write PDB with no-GO no-EX”. Pass through
update-DR.

7. Select shift-DR. Shift in the 24 bit opcode: “MOVE #$xxxx,R0”. Pass through
update-DR to actually write OPDBR.

8. Select shift-DR. Shift in the “Write PDB with GO no-EX”. Pass through
update-DR.

9. Select shift-DR. Shift in the second word of the 24 bit opcode: “MOVE
#$xxxx,R0” (the $xxxx field). Pass through update-DR to actually write
OPDBR and execute the instruction. RO is loaded with the base address of the
memory block to be read.

10. Wait for DSP to reenter Debug mode (wait for DE or poll core status).

11. Select shift-DR. Shift in the “Write PDB with GO no-EX”. Pass through
update-DR.

12. Select shift-DR. Shift in the 24-bit opcode: “MOVE X:(R0)+, X:OGDB”. Pass
through update-DR to actually write OPDBR and thus begin executing the
MOVE instruction.

13. Wait for DSP to reenter Debug mode (wait for DE or poll core status).

14. Select shift-DR and shift in “READ GDB REGISTER”. Pass through
update-DR (this selects OGDBR as the data register for read).

15. Select shift-DR. Shift out the OGDBR contents. Pass through update-DR. The
memory contents of address $xxxx has been read.

16. Select shift-DR. Shift in the “NO SELECT with GO no-EX”. Pass through
update-DR. This re-executes the same “MOVE X:(R0)+, X:OGDB” instruction.

17. Repeat from step 14 to complete the reading of the entire block. When
finished, restore the original value of RO.

MOTOROLA DSP56302UM/AD 10-27

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
On-Chip Emulation Module

Examples of Using the OnCE

10.12.7 Returning from Debug Mode to Normal Mode to Current
Program

In this case, the user has finished examining the current state of the machine,
changed some of the registers, and wishes to return and continue execution of its
program from the point where it stopped. Therefore, the user must restore the
pipeline of the machine end enable normal instruction execution. The sequence of
actions is:

1. Select shift-DR. Shift in the “Write PDB with no-GO no-EX”. Pass through
update-DR.

2. Select shift-DR. Shift in the 24 bits of saved PIL (instruction latch value). Pass
through update-DR to actually write the Instruction Latch.

3. Select shift-DR. Shift in the “Write PDB with GO and EX”. Pass through
update-DR.

4. Select shift-DR. Shift in the 24 bits of saved PDB. Pass through update-DR to
actually write the PDB. At the same time the internally saved value of the PAB
is driven back from the PABFR register onto the PAB, the ODEC releases the
chip from Debug mode and the normal flow of execution is continued.

10.12.8 Returning from Debug Mode to Normal Mode to a New
Program

In this case, the user has finished examining the current state of the machine,
changed some of the registers, and wishes to start the execution of a new program
(the GOTO command). Therefore, the user must force a “change of flow” to the
starting address of the new program ($xxxx). The sequence of actions is:

1. Select shift-DR. Shift in the “Write PDB with no-GO no-EX”. Pass through
update-DR.

1. Select shift-DR. Shift in the 24-bit “$0AF080” which is the opcode of the JUMP
instruction. Pass through update-DR to actually write the Instruction Latch.

2. Select shift-DR. Shift in the “Write PDB-GO-TO with GO and EX”. Pass
through update-DR.

3. Select shift-DR. Shift in the 16 bit of “$xxxx”. Pass through update-DR to
actually write the PDB. At this time the ODEC releases the chip from Debug
mode and the execution is started from the address $xxxx.
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Note: If the entering of the Debug mode happened during a DO LOOP, REP
instruction, or other special cases such as interrupt processing, STOP,
WAIT, or conditional branching, it is mandatory that the user first resets
the DSP56300 and only afterwards proceeds with the execution of the new
program.

10.13 EXAMPLES OF JTAG AND OnCE INTERACTION

This subsection lists the details of the JTAG port/OnCE module interaction and TMS
sequencing required in order to achieve the communication described in Examples
of Using the OnCE on page 10-24.

The external command controller can force the DSP56300 into Debug mode by
executing the JTAG instruction DEBUG_REQUEST. In order to check that the
DSP56300 has entered the Debug mode, the external command controller must poll
the status by reading the OS[1:0] bits in the JTAG instruction shift register. The TMS
sequencing is depicted in Table 10-12.

The sequencing of enabling the OnCE module is described in Table 10-13
on page 10-30.

After executing the JTAG instructions DEBUG_REQUEST and ENABLE_ONCE and
after the core status was polled to verify that the chip is in Debug mode, the pipeline
saving procedure must take place. The TMS sequencing for this procedure is
depicted in Table 10-12.

Table 10-12 TMS Sequencing for DEBUG_REQUEST

Step | TMS JTAG Port OnCE Module Note

a 0 Run-Test/ldle Idle

b 1 Select-DR-Scan Idle

C 1 Select-IR-Scan Idle

d 0 Capture-IR Idle The status is sampled in the shifter.

e 0 Shift-IR Idle The four bits of the JTAG

DEBUG_REQUEST (0111) are
s shifted in while status is

e | 0 Shift-IR Idle shifted out.
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Table 10-12 TMS Sequencing for DEBUG_REQUEST (Continued)

Step | TMS JTAG Port OnCE Module Note

f 1 Exitl-IR Idle

g 1 Update-IR Idle The debug request is generated.

h 1 Select-DR-Scan Idle

i 1 Select-IR-Scan Idle

i 0 Capture-IR Idle The status is sampled in the shifter.

k 0 Shift-IR Idle The four bits of the JTAG

DEBUG_REQUEST (0111) are

................................................................. Shifted in Whlle status |S

K 0 Shift-IR Idle shifted out

| 1 Exitl-IR Idle

m 1 Update-IR Idle

n 0 Run-Test/ldle Idle This step is repeated, enabling an

external command controller to

................................................ po" the Status

n 0 Run-Test/ldle Idle

In “step n” the external command controller verifies that the OS[1:0] bits have the

value 11, indicating that the chip has entered the Debug mode. If the chip has not yet
entered the Debug mode, the external command controller goes to “step b”, “step ¢”
etc. until the Debug mode is acknowledged.

Table 10-13 TMS Sequencing for ENABLE_ONCE

Step | TMS JTAG Port OnCE Module Note
a 1 Test-Logic-Reset Idle
b 0 Run-Test/Idle Idle
C 1 Select-DR-Scan Idle
d 1 Select-IR-Scan Idle
e 0 Capture-IR Idle The core status bits are captured.
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Table 10-13 TMS Sequencing for ENABLE_ONCE

Step | TMS JTAG Port OnCE Module Note
f 0 Shift-IR Idle The four bits of the JTAG
: ENABLE_ONCE instruction
g 0 Shift-1IR Idle (0110) are shifted into the JTAG
. instruction register while status is
h 0 Shift-IR Idle shifted out.
i 0 Shift-IR Idle
j 1 Exitl-IR Idle
k 1 Update-IR Idle The OnCE module is enabled.
| 0 Run-Test/Idle Idle This step can be repeated,
enabling an external command
................................................ Contro”er to po" the status.
| 0 Run-Test/Idle Idle
Table 10-14 TMS Sequencing for Reading Pipeline Registers
Step | TMS JTAG Port ONnCE Module Note
a 0 Run-Test/ldle Idle
b 1 Select-DR-Scan Idle
c 0 Capture-DR Idle
d 0 Shift-DR Idle The eight bits of the OnCE
command “Read PIL”
.................................................................. (10001011) are Shlfted in.
d 0 Shift-DR Idle
e 1 Exitl-DR Idle
f 1 Update-DR Execute “Read PIL” The PIL value is loaded in
the shifter.
g 1 Select-DR-Scan Idle
h 0 Capture-DR Idle
i 0 Shift-DR Idle The 24 bits of the PIL are
shifted out (24 steps).
i 0 Shift-DR Idle
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Table 10-14 TMS Sequencing for Reading Pipeline Registers (Continued)

Step | TMS JTAG Port ONnCE Module Note
j 1 Exitl-DR Idle
k 1 Update-DR Idle
| 1 Select-DR-Scan Idle
m 0 Capture-DR Idle
n 0 Shift-DR Idle The eight bits of the OnCE
command “Read PDB”
.................................................................. (10001010) are Shlfted in.
n 0 Shift-DR Idle
o] 1 Exitl-DR Idle
p 1 Update-DR Execute “Read PDB” PDB value is loaded in
shifter
q 1 Select-DR-Scan Idle
r 0 Capture-DR Idle
S 0 Shift-DR Idle The 24 bits of the PDB are
shifted out (24 steps).
S 0 Shift-DR Idle
t 1 Exitl-DR Idle
u 1 Update-DR Idle
\Y 0 Run-Test/Idle Idle This step can be repeated,
enabling an external
................................................ Command Controller tO
v 0 Run-Test/Idle Idle analyze the information.

During “step v” the external command controller stores the pipeline information and
afterwards it can proceed with the debug activities as requested by the user.

£S5
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11.1 INTRODUCTION

The DSP56300 core provides a dedicated user-accessible Test Access Port (TAP) that
is fully compatible with the IEEE 1149.1 Standard Test Access Port and Boundary
Scan Architecture. Problems associated with testing high density circuit boards have
led to development of this proposed standard under the sponsorship of the Test
Technology Committee of IEEE and the Joint Test Action Group (JTAG). The
DSP56300 core implementation supports circuit-board test strategies based on this
standard.

The test logic includes a TAP that consists of five dedicated signal signals, a 16-state
controller, and three test data registers. A Boundary Scan Register (BSR) links all
device signal signals into a single shift register. The test logic, implemented utilizing
static logic design, is independent of the device system logic. The DSP56300 core
implementation provides the following capabilities:

= Perform boundary scan operations to test circuit-board electrical continuity
(EXTEST).

= Bypass the DSP56300 core for a given circuit-board test by effectively reducing
the BSR to a single cell (BYPASS).

= Sample the DSP56300 core-based device system signals during operation and
transparently shift out the result in the BSR. Preload values to output signals
prior to invoking the EXTEST instruction (SAMPLE/PRELOAD).

< Disable the output drive to signals during circuit-board testing (HI-Z).

= Provide a means of accessing the On-Chip Emulation (OnCE) controller and
circuits to control a target system (ENABLE_ONCE).

= Provide a means of entering the Debug Mode of operation
(DEBUG_REQUEST).

= Query identification information (manufacturer, part number and version)
from an DSP56300 core-based device (IDCODE).

= Force test data onto the outputs of an DSP56300 core-based device while
replacing its boundary scan register in the serial data path with a single bit
register (CLAMP).

This section, which includes aspects of the JTAG implementation that are specific to
the DSP56300 core, is intended to be used with the supporting IEEE 1149.1
document. The discussion includes those items required by the standard to be
defined and, in certain cases, provides additional information specific to the
DSP56300 core implementation. For internal details and applications of the standard,
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refer to the IEEE 1149.1 document. Figure 11-1 shows a block diagram of the TAP

port.

Boundary Scan Register
E :
TDI
Bypass
A
ID Regist é
egister 2
OnCE Logic
A
Decoder
A A A A
3 2 1 0 é TDO
4-Bit Instruction Register =S
A
T™MS g
TAP
TCK Ctrl
TRST AA0113
Figure 11-1 TAP Block Diagram
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11.2 JTAG SIGNALS

As described in the IEEE 1149.1 document, the JTAG port requires a minimum of
four signals to support TDI, TDO, TCK, and TMS signals. The DSP56300 family also
provides the optional TRST signal. On the DSP56302, the Debug Event (DE) signal is
provided for use by the OnCE module, and is described in Section 10, On-Chip
Emulation Module. The signal functions are described in the following paragraphs.

11.2.1  Test Clock (TCK)

The Test Clock Input (TCK) signal is used to synchronize the test logic.

11.2.2 Test Mode Select (TMS)

The Test Mode Select Input (TMS) signal is used to sequence the test controller’s state
machine. The TMS is sampled on the rising edge of TCK and it has an internal pullup
resistor.

11.2.3 Test Data Input (TDI)

Serial test instruction and data are received through the Test Data Input (TDI) signal.
TDI is sampled on the rising edge of TCK and it has an internal pullup resistor.

11.2.4  Test Data Output (TDO)

The Test Data Output (TDO) signal is the serial output for test instructions and data.
TDO is tri-stateable and is actively driven in the Shift-IR and Shift-DR controller
states. TDO changes on the falling edge of TCK.

11.2.5 Test Reset (TRST)

The Test Reset Input (TRST) signal is used to asynchronously initialize the test
controller. The TRST signal has an internal pullup resistor.
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11.3 TAP CONTROLLER

The TAP controller is responsible for interpreting the sequence of logical values on
the TMS signal. It is a synchronous state machine that controls the operation of the
JTAG logic. The state machine is shown in Figure 11-2. The TAP controller responds
to changes at the TMS and TCK signals. Transitions from one state to another occur
on the rising edge of TCK. The value shown adjacent to each state transition
represents the value of the TMS signal sampled on the rising edge of TCK signal. For
a description of the TAP controller states, please refer to the IEEE 1149.1 document.

Test-Logic-Reset

1
Select-DR-Scan Select-IR-Scan
y© y o
1 1
—( Capture-DR ) —( Capture-IR )
yo© y o
0 0
yi! y!
1 1
— Exit1-DR ‘ | Exitl-IR

y O Y
Pause-E)D Pau@
0
' 1
-DR )

0
0
vyl
1

Exit2

0 Exit2-IR )

1 Y
1 0
Y

LA

Update-IR

AAQ0114

Figure 11-2 TAP Controller State Machine
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11.3.1 Boundary Scan Register

The Boundary Scan Register (BSR) in the DSP56302 JTAG implementation contains
bits for all device signal and clock signals and associated control signals. All
DSP56302 bidirectional signals have a single register bit in the BSR for signal data,
and are controlled by an associated control bit in the BSR. The DSP56302 BSR bit
definitions are described in Table 11-2 on page 11-13.

11.3.2 Instruction Register

The DSP56302 JTAG implementation includes the three mandatory public
instructions (EXTEST, SAMPLE/PRELOAD, and BYPASS), and also supports the
optional CLAMP instruction defined by IEEE 1149.1. The HI-Z public instruction
provides the capability for disabling all device output drivers. The ENABLE_ONCE
public instruction enables the JTAG port to communicate with the OnCE circuitry.
The DEBUG_REQUEST public instruction enables the JTAG port to force the
DSP56300 core into the Debug mode of operation. The DSP56300 core includes a 4-bit
instruction register without parity consisting of a shift register with four parallel
outputs. Data is transferred from the shift register to the parallel outputs during the
Update-IR controller state. Figure 11-3 shows the JTAG Instruction Register.

JTAG Instruction
Register (IR) B3 | B2 | B1 | BO

AAQ746

Figure 11-3 JTAG Instruction Register

The four bits are used to decode the eight unique instructions shown in Table 11-1.
All other encodings are reserved for future enhancements and are decoded as
BYPASS.

MOTOROLA DSP56302UM/AD 11-7

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
JTAG Port

TAP Controller

Table 11-1 JTAG Instructions

Code
Instruction

B3 B2 Bl BO
0 0 0 0 EXTEST
0 0 0 1 SAMPLE/PRELOAD
0 0 1 0 IDCODE
0 0 1 1 CLAMP
0 1 0 0 HI-Z
0 1 0 1 RESERVED
0 1 1 0 ENABLE_ONCE
0 1 1 1 DEBUG_REQUEST
1 0 X X RESERVED
1 1 0 X RESERVED
1 1 1 0 RESERVED
1 1 1 1 BYPASS

The parallel output of the instruction register is reset to 0010 in the Test-Logic-Reset
controller state, which is equivalent to the IDCODE instruction.

During the Capture-IR controller state, the parallel inputs to the instruction shift
register are loaded with 01 in the Least Significant Bits as required by the standard.
The two Most Significant Bits are loaded with the values of the core status bits OS1
and OSO0 from the OnCE controller. See Section 10, On-Chip Emulation Module, for a
description of the status bits.

11.3.2.1 EXTEST (B[3:0] = 0000)

The external test (EXTEST) instruction selects the BSR. EXTEST also asserts internal
reset for the DSP56300 core system logic to force a predictable internal state while
performing external boundary scan operations.

By using the TAP, the BSR is capable of the following:

= Scanning user-defined values into the output buffers
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= Capturing values presented to input signals
= Controlling the direction of bidirectional signals
= Controlling the output drive of tri-stateable output signals

For more details on the function and use of the EXTEST instruction, please refer to
the IEEE 1149.1 document.

11.3.2.2 SAMPLE/PRELOAD (B[3:0] = 0001)

The SAMPLE/PRELOAD instruction provides two separate functions. First, it
provides a means to obtain a snapshot of system data and control signals. The
snapshot occurs on the rising edge of TCK in the Capture-DR controller state. The
data can be observed by shifting it transparently through the BSR.

Note: Since there is no internal synchronization between the JTAG clock (TCK)
and the system clock (CLK), the user must provide some form of external
synchronization to achieve meaningful results.

The second function of the SAMPLE/PRELOAD instruction is to initialize the BSR
output cells prior to selection of EXTEST. This initialization ensures that known data
appears on the outputs when entering the EXTEST instruction.

11.3.2.3 IDCODE (B[3:0] = 0010)

The IDCODE instruction selects the ID register. This instruction is provided as a
public instruction to allow the manufacturer, part number, and version of a
component to be determined through the TAP. Figure 11-4 shows the ID register
configuration.

31 28 27 22,21 17 , 16 12,11 1,0
Version Manufacturer
Information Customer Part Number Identity 1
Design Core Chlp
Center Number Derivative
Number Number
0000 000110 00000 00011 00000001110(1

AAQ718

Figure 11-4 JTAG ID Register

One application of the ID register is to distinguish the manufacturer(s) of
components on a board when multiple sourcing is used. As more components
emerge which conform to the IEEE 1149.1 standard, it is desirable to allow for a
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system diagnostic controller unit to blindly interrogate a board design in order to
determine the type of each component in each location. This information is also
available for factory process monitoring and for failure mode analysis of assembled
boards.

Motorola’s Manufacturer Identity is 00000001110. The Customer Part Number
consists of two parts: Motorola Design Center Number (bits 27:22) and a sequence
number (bits 21:12). The sequence number is divided into two parts: Core Number
(bits 21:17) and Chip Derivative Number (bits 16:12). Motorola Semiconductor IsraeL
(MSIL) Design Center Number is 000110 and DSP56300 core number is 00001.

Once the IDCODE instruction is decoded, it selects the ID register, which is a 32-bit
data register. Since the Bypass register loads a logic 0 at the start of a scan cycle,
whereas the ID register loads a logic 1 into its Least Significant Bit, examination of the
first bit of data shifted out of a component during a test data scan sequence
immediate following exit from Test-Logic-Reset controller state shows whether such
a register is included in the design. When the IDCODE instruction is selected, the
operation of the test logic has no effect on the operation of the on-chip system logic as
required by the IEEE 1149.1 standard.

11.3.24 CLAMP (B[3:0] = 0011)

The CLAMP instruction is not included in the IEEE 1149.1 standard. It is provided as
a public instruction that selects the 1-bit Bypass register as the serial path between
TDI and TDO while allowing signals driven from the component signals to be
determined from the BSR. During testing of ICs on PCB, it may be necessary to place
static guarding values on signals that control operation of logic not involved in the
test. The EXTEST instruction could be used for this purpose, but since it selects the
Boundary Scan Register, the required guarding signals would be loaded as part of
the complete serial data stream shifted in, both at the start of the test and each time a
new test pattern is entered. Since the CLAMP instruction allows guarding values to
be applied using the Boundary Scan Register of the appropriate ICs while selecting
their Bypass registers, it allows much faster testing than does the EXTEST instruction.
Data in the boundary scan cell remains unchanged until a new instruction is shifted
in or the JTAG state machine is set to its reset state. The CLAMP instruction also
asserts internal reset for the DSP56300 core system logic to force a predictable
internal state while performing external boundary scan operations.

11.3.25 HI-Z (B[3:0] = 0100)

The HI-Z instruction is not included in the IEEE 1149.1 standard. It is provided as a
manufacturer’s optional public instruction to prevent having to backdrive the output
signals during circuit-board testing. When HI-Z is invoked, all output drivers,
including the two-state drivers, are turned off (i.e., high impedance). The instruction
selects the Bypass register. The HI-Z instruction also asserts internal reset for the
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DSP56300 core system logic to force a predictable internal state while performing
external boundary scan operations

11.3.2.6 ENABLE_ONCE(B[3:0] = 0110)

The ENABLE_ONCE instruction is not included in the IEEE 1149.1 standard. It is
provided as a public instruction to allow the user to perform system debug functions.
When the ENABLE_ONCE instruction is decoded the TDI and TDO signals are
connected directly to the OnCE registers. The particular OnCE register connected
between TDI and TDO at a given time is selected by the OnCE controller depending
on the OnCE instruction being currently executed. All communication with the
OnCE controller is done through the Select-DR-Scan path of the JTAG TAP
Controller. See Section 10, On-Chip Emulation (OnCE), for more information.

11.3.2.7 DEBUG_REQUEST(B[3:0] = 0111)

The DEBUG_REQUEST instruction is not included in the IEEE 1149.1 standard. It is
provided as a public instruction to allow the user to generate a debug request signal
to the DSP56300 core. When the DEBUG_REQUEST instruction is decoded, the TDI
and TDO signals are connected to the Instruction Registers. Due to the fact that in the
Capture-IR state of the TAP the OnCE status bits are captured in the Instruction shift
register, the external JTAG controller must continue to shift-in the
DEBUG_REQUEST instruction while polling the status bits that are shifted-out until
the Debug mode of operation is entered (acknowledged by the combination 11 on
0S1-08S0). After the acknowledgment of the Debug mode is received, the external
JTAG controller must issue the ENABLE_ONCE instruction to allow the user to
perform system debug functions.

11.3.2.8 BYPASS (B[3:0] = 1111)

The BYPASS instruction selects the single-bit Bypass register, as shown in

Figure 11-5. This creates a shift-register path from TDI to the Bypass register, and
finally to TDO, circumventing the BSR. This instruction is used to enhance test
efficiency when a component other than the DSP56300 core-based device becomes
the device under test. When the Bypass register is selected by the current instruction,
the shift-register stage is set to a logic 0 on the rising edge of TCK in the Capture-DR
controller state. Therefore, the first bit shifted out after selecting the Bypass register is
always a logic 0.
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Shift DR —Leﬁj

0 1 D
Mux e To TDO
From TDI 1 I_
CLOCKDR AA0115

Figure 11-5 Bypass Register

11.4 DSP56300 RESTRICTIONS

The control afforded by the output enable signals using the BSR and the EXTEST
instruction requires a compatible circuit-board test environment to avoid
device-destructive configurations. The user must avoid situations in which the
DSP56300 core output drivers are enabled into actively driven networks. In addition,
the EXTEST instruction can be performed only after power-up or regular hardware
reset while EXTAL was provided. Then during the execution of EXTEST, EXTAL can
remain inactive.

There are two constraints related to the JTAG interface. First, the TCK input does not
include an internal pullup resistor and should not be left unconnected. The second
constraint is to ensure that the JTAG test logic is kept transparent to the system logic
by forcing the TAP into the Test-Logic-Reset controller state, using either of two
methods. During power-up, TRST must be externally asserted to force the TAP
controller into this state. After power-up is concluded, TMS must be sampled as a
logic 1 for five consecutive TCK rising edges. If TMS either remains unconnected or is
connected to V¢, then the TAP controller cannot leave the Test-Logic-Reset state,
regardless of the state of TCK.

The DSP56300 core features a low-power Stop mode, which is invoked using the
STOP instruction. The interaction of the JTAG interface with low-power Stop mode is
as follows:

1. The TAP controller must be in the Test-Logic-Reset state to either enter or
remain in the low-power Stop mode. Leaving the TAP controller
Test-Logic-Reset state negates the ability to achieve low-power, but does not
otherwise affect device functionality.

2. The TCK input is not blocked in low-power Stop mode. To consume minimal
power, the TCK input should be externally connected to V¢ or GND.
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3. The TMS and TDI signals include on-chip pullup resistors. In low-power Stop
mode, these two signals should remain either unconnected or connected to
V¢ to achieve minimal power consumption.

Since during Stop mode all DSP56302 core clocks are disabled, the JTAG interface
provides the means of polling the device status (sampled in the Capture-IR state).

11.5 DSP56302 BOUNDARY SCAN REGISTER

Table 11-2 provides a listing of the contents of the Boundary Scan Register (BSR) for

the DSP56302.

Table 11-2 DSP56302 Boundary Scan Register (BSR) Bit Definitions

Bit# Cell Type Signal Name Signal Type | BSR Cell Type
0 BC 1 MODA Input Data

1 BC 1 MODB Input Data

2 BC 1 MODC Input Data

3 BC 1 MODD Input Data

4 BC 6 D23 Input/Output Data

5 BC_6 D22 Input/Output Data

6 BC 6 D21 Input/Output Data

7 BC 6 D20 Input/Output Data

8 BC 6 D19 Input/Output Data

9 BC 6 D18 Input/Output Data

10 BC 6 D17 Input/Output Data

11 BC_6 D16 Input/Output Data

12 BC_6 D15 Input/Output Data

13 BC 1 D[23:12] — Control

14 BC 6 D14 Input/Output Data

15 BC 6 D13 Input/Output Data
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Table 11-2 DSP56302 Boundary Scan Register (BSR) Bit Definitions (Continued)

Bit # Cell Type Signal Name Signal Type | BSR Cell Type
16 BC_6 D12 Input/Output Data
17 BC 6 D11 Input/Output Data
18 BC 6 D10 Input/Output Data
19 BC 6 D9 Input/Output Data
20 BC 6 D8 Input/Output Data
21 BC 6 D7 Input/Output Data
22 BC_6 D6 Input/Output Data
23 BC 6 D5 Input/Output Data
24 BC 6 D4 Input/Output Data
25 BC 6 D3 Input/Output Data
26 BC_ 1 D[11:0] — Control
27 BC 6 D2 Input/Output Data
28 BC_6 D1 Input/Output Data
29 BC_6 DO Input/Output Data
30 BC 2 Al5 Output 2 Data
31 BC 2 Al4 Output 2 Data
32 BC 2 Al3 Output 2 Data
33 BC 2 Al2 Output 2 Data
34 BC 2 All Output 2 Data
35 BC 2 Al0 Output 2 Data
36 BC 2 A9 Output 2 Data
37 BC 2 A8 Output 2 Data
38 BC 2 AT Output 2 Data
39 BC 2 A6 Output 2 Data
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Table 11-2 DSP56302 Boundary Scan Register (BSR) Bit Definitions (Continued)

Bit # Cell Type Signal Name Signal Type | BSR Cell Type
40 BC 2 A5 Output 2 Data
41 BC 2 Ad Output 2 Data
42 BC 2 A3 Output 2 Data
43 BC 2 A2 Output 2 Data
44 BC 2 Al Output 2 Data
45 BC 2 A0 Output 2 Data
46 BC 2 MCS Output Data
47 BC 2 RD Output Data
48 BC 2 WR Output Data
49 BC 2 AT Output Data
50 BC 2 CLKOUT Output Data
51 BC 1 EXTAL Input Data
52 BC 1 RESET Input Data
53 BC 1 HADO — Control
54 BC 6 HADO Input/Output Data
55 BC 1 HAD1 — Control
56 BC 6 HAD1 Input/Output Data
57 BC 1 HAD?2 — Control
58 BC_6 HAD?2 Input/Output Data
59 BC 1 HAD3 — Control
60 BC 6 HAD3 Input/Output Data
61 BC 1 HAD4 — Control
62 BC 6 HAD4 Input/Output Data
63 BC 1 HADS5 — Control
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Table 11-2 DSP56302 Boundary Scan Register (BSR) Bit Definitions (Continued)

Bit # Cell Type Signal Name Signal Type | BSR Cell Type
64 BC_6 HAD5 Input/Output Data
65 BC 1 HADG6 — Control
66 BC 6 HADG6 Input/Output Data
67 BC 1 HAD7 — Control
68 BC 6 HAD7 Input/Output Data
69 BC 1 HAS/A0 — Control
70 BC_6 HAS/A0 Input/Output Data
71 BC 1 HA8/Al — Control
72 BC 6 HA8/Al Input/Output Data
73 BC 1 HA9/A2 — Control
74 BC 6 HA9/A2 Input/Output Data
75 BC 1 HCS/A10 — Control
76 BC_6 HCS/A10 Input/Output Data
77 BC 1 TIOO0 — Control
78 BC 6 TIOO0 Input/Output Data
79 BC 1 TIO1 — Control
80 BC 6 TIO1 Input/Output Data
81 BC 1 TIO2 —_ Control
82 BC 6 TIO2 Input/Output Data
83 BC 1 HREQ/TRQ — Control
84 BC 6 HREQ/TRQ | Input/Output Data
85 BC 1 HACK/RRQ — Control
86 BC 6 HACK/RRQ Input/Output Data
87 BC 1 HRW/RD — Control
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Table 11-2 DSP56302 Boundary Scan Register (BSR) Bit Definitions (Continued)

Bit # Cell Type Signal Name Signal Type | BSR Cell Type
88 BC_6 HRW/RD Input/Output Data
89 BC 1 HDS/WR — Control
90 BC 6 HDS/WR Input/Output Data
91 BC 1 SCKO — Control
92 BC 6 SCKO Input/Output Data
93 BC 1 SCK1 — Control
94 BC_6 SCK1 Input/Output Data
95 BC 1 GPIO2 — Control
96 BC 6 GPI10O2 Input/Output Data
97 BC 1 GPIO1 — Control
98 BC 6 GPIO1 Input/Output Data
99 BC 1 GPIOO — Control
100 BC_6 GPIO0 Input/Output Data
101 BC 1 SC00 — Control
102 BC 6 SC00 Input/Output Data
103 BC 1 SC10 — Control
104 BC 6 SC10 Input/Output Data
105 BC 1 STDO — Control
106 BC 6 STDO Input/Output Data
107 BC 1 SRDO — Control
108 BC 6 SRDO Input/Output Data
109 BC 1 PINIT — Control
110 BC 6 PINIT Input/Output Data
111 BC 1 DE — Control
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Table 11-2 DSP56302 Boundary Scan Register (BSR) Bit Definitions (Continued)

Bit # Cell Type Signal Name Signal Type | BSR Cell Type
112 BC 6 DE Input/Output Data

113 BC 1 SC01 — Control
114 BC 6 SCO01 Input/Output Data

115 BC 1 SCO02 — Control
116 BC 6 SC02 Input/Output Data

117 BC 1 STD1 — Control
118 BC 6 STD1 Input/Output Data

119 BC 1 SRD1 — Control
120 BC 6 SRD1 Input/Output Data

121 BC 1 SC11 — Control
122 BC 6 SC11 Input/Output Data

123 BC 1 SC12 — Control
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APPENDIX A
BOOTSTRAP PROGRAMS

; BOOTSTRAP OCLE FCR Mot orol a | nc.

;. Revi sed June,y g
; Bootstrap thrdugh the Host Interface, External EPROM or

; This i 4[ Boot strap programcontai ned i n the D8P56302 192- word, Boot
; This programcan | oad any program RAM segnent froman ext erﬁ
fromthe Host Interface or fromthe SO serial interface.

LR R T R N R TN N T O T T R T T T T T T O I O I I e R A A R I R R A R R B I A A R A R N T R N A R A RN A B )

; |f M MC MB MAZ1000, then the Boot ROMi s bypassed and tie DSP56302 wil |
; start fetching ™structions begi nning with the address”$8000 assum ng

t hat
; an external nenory oRSRAMtype i s used. The accesses w |l be perforned
; using 31 wait states wYth no address attributes”sel ected (default area).
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; BOOTSTRAP Q’E FCR DEP56302 - (O Qopyright 1995 Motorol a I nc.
; Revised June, 29 1995.

; Bootstrap through the Host Interface, External EPRMor SO.

; This is the Bootstrap programcontai ned i n the DSP56302 192-word Boot
; ROM This programcan | oad any program RAM segnent froman external
. BPROM fromthe Host Interface or fromthe SO serial interface.

I T I T I I I T A I I L T A T R I R T R R R I A R I I R R R A R I N N N R N N A N A R A N N RN A R NN R I ]

; |f MD M2 MB MA=1000, then the Boot ROMis bypassed and the DSP56302 wil |
; start fetching instructions beginning with the address $8000 assunming t hat
; an external nenmory of SRAMtype is used. The accesses w |l be perforned
; using 31 wait states with no address attributes sel ected (default area).

P R R R N N N R R R N R R R N A R R N R R N R R N R R R R N R N A R R R R A N N R R A R A N A R N A R A R I A A A RN NI RN B |

; 1f MCMBMA=001, then it |oads a program RAM segnent from consecutive

; byte-wide P nenmory |ocations, starting at P.$D00000 (bits 7-0).

; The nenory is sel ected by the Address Attribute AAL and is accessed wth
: 31 wait states.

; The BPROM 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

; mid and then by the nost significant byte.

; The programwords wi |l 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.

T YT 10113 101 1 1 1 1 1 1 31 10 1 1 3 1319191139319 1919193133331 13 11333333111 3331317371 3

; If MCMB MA=010, then it | oads the programRAMfromthe SO interface.
; The nunber of programwords to be | oaded and the starting address nust
; be specified. The SO bootstrap code expects to recei ve 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 received | east significant byte first fol l oned by the
; mid and then by the nost significant byte. After receiving the

; programwords, programexecution starts in the sane address where

; loading started. The SO is programmed to work in asynchronous node

; Wth 8 data bits, 1 stop bit and no parity. The clock source is

; external and the clock frequency nust be 16x the baud rate.

; After each byte is received, it is echoed back through the SO

; transmtter.

MOTOROLA DSP56302UM/AD A-3

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Bootstrap Programs

; If M2 MBMA=100, then it |oads the program RAMfromthe Host

; Interface programmed to operate in the | SA node.

; The HCBT | SA boot strap code expects to read a 24-bit word

; specifying the nunber of programwords, a 24-bit word specifying the address
; to start loading the programwords and then a 24-bit word for each program
; word to be | oaded. The programwords wll be 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.

; The Host Interface bootstrap | oad programmay be stopped by

; setting the Host Hag O (HF0). This will start execution of the | oaded

; programfromthe specified starting address.

R N R R N N N R R R R A R A N R A N A R R A N N N R R N A R A R R R N A N N A N R A N N N A A R A N N A RS NS N B

; If MCMB MA=101, then it |oads the program RAMfromthe Host
; Interface programmed to operate in the HC11 non mul ti pl exed node.

; The HOBT HCL1 bootstrap code expects to read a 24-bit word

; specifying the nunber of programwords, a 24-bit word specifying the address
; to start loading the programwords and then a 24-bit word for each program

; word to be loaded. The programwords will be 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.

; The Host Interface bootstrap | oad programmay be stopped by

; setting the Host Hag O (HF0). This will start execution of the | oaded

; programfromthe specified starting address.

PR N R R N N N A R R R A R N A R R N R R R N N R R N A R A R R R N A N A A N R A R N N A A R A RN RN R RS S N B

; If M2 MB MA=L110, then it |oads the program RAMfromthe Host

; Interface programmed to operate in the 8051 mul ti pl exed bus node,

; in doubl e-strobe pin configuration.

; The HCBT 8051 bootstrap code expects accesses that are byte w de.

; The HCBT 8051 boot strap code expects to read 3 bytes forming a 24-bit word
; specifying the nunber of programwords, 3 bytes fornming a 24-bit word

; specifying the address to start |oading the programwords and then 3 bytes
; forming 24-bit words for each programword to be | oaded.

; The programwords will be stored in contiguous PRAM nenory | ocati ons

; starting at the specified starting address.

; After reading the programwords, programexecution starts fromthe same

; address where | oadi ng started.

; The Host Interface bootstrap | oad programnay be stopped by setting the

; Host Hag O (HF0). This will start execution of the |oaded programfrom

; the specified starting address.

; The base address of the HO08 in nultipl exed node is 0x80 and is not nodified
; by the bootstrap code. Al the address |ines are enabl ed and shoul d be
; connected accordi ngly.

; |f MCMB MA=111, then it |oads the program RAMfromthe Host
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Bootstrap Programs

; Interface programmed to operate in the MB8302 bus node,
; in single-strobe pin configuration.

; The HCBT M38302 boot strap code expects accesses that are byte w de.

; The HOBT MX8302 bootstrap code expects to read 3 bytes forming a 24-bit word

; specifying the nunber of programwords, 3 bytes fornming a 24-bit word

; specifying the address to start |oading the programwords and then 3 bytes
; forming 24-bit words for each programword to be | oaded.

; The programwords wi |l be stored in contiguous PRAM nenory | ocati ons

; starting at the specified starting address.
; After reading the programwords, programexecution starts fromthe same

; address where | oadi ng started.

; The Host Interface bootstrap | oad programnay be stopped by setting the

; Host Hag 0 (HO).
; the specified starting address.

BOOT

M SSR
M STXL
M SRXL
M SOCR
M SCR

M PCRE
M AARL
M HPCR
M HSR

M HRX

START

OWRLI O

equ $D00000
equ $D00409
BEQU  $FFFFO3
BEQU  $FFFF95
BEQ  $FFFFO8
EQ  $FFFFOB
BEQ  $FFFFOC
BEQ)  $FFFFOF
EQ  $FFFFFS
EQU $FFFFCA
EQUSFFFFC3
EQUSFFFF5
EQU$0

EQU$3

EQU$6

CRG PL: $f f 0000, PL: $f f 0000

clr a #%$0a, X0

jclr #2,om, BPRA LD
jclr #1, o, QWL SO;
jclr #0, omr, | 8051HCBTLD ;
jnp  M3X8302HOSTLD

j set #0, onm, HC11HOSTLD

Host
Host
Host
Host
Host

; bootstrap code starts at $ff0000

; thisis the location in P nenory
; on the external nenory bus

; where the external byte-w de

; BPROMwoul d be | ocat ed
; AARL sel ects the EPRMas (&~
; mapped as P from$000000 to

;. $DFFFFF, active | ow

; SO Satus Register
; SA Transmit Data Register (low
; SO Receive Data Register (low
; SO dock Gontrol Regi ster
; SO ontrol Register

; Port E Gontrol register

; Address Attribute Register 1
; Host Polarlty Qontrol Regi ster

Satus Register
Recei ve Regi ster
Recei ve Data Ful |
Hag O

Enabl e

This will start execution of the | oaded programfrom

; clear a and load X0 with constant 0a0000
; |f M2 MB MA=Oxx, go |oad fromBEPROM SO
| F M2 MB MA=10x, go to ook for | SA/HCL1 options

If M2 MB MA=110, go | oad from8051 Host

; I M2 MBMA=111, go | oad from M®b8302 Host

; If MCMBMA=101, go load fromHCL1 Host
; 1f M2 MBMA=100, go | oad from! SA HOST

; This is the routi ne which [ oads a programthrough the H 08 host port

MOTOROLA

DSP56302UM/AD
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; The programis downl oaded fromthe host MU w th the fol | ow ng scenari o:

; 1) 3 bytes - Define the programl engt h.

; 2) 3 bytes - Define the address to which to start |oading the programto.

; 3) 3n bytes (while nis any integer nunber)

; The programwords will be 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.

; The host MU may ternminate the | oadi ng process by setting the H-1=0 and H-0=1.
; Wien the dowl oading is termnated, the programw || start execution of the

; loaded programfromthe specified starting address.

; The H 08 boot RCM programenabl es the fol |l owi ng busses to downl oad prograns

; through the HO08 port:

; 1-1%A - Dual strobes non-multipl exed bus w th negative strobe

; pul ses dual positive request

; 2- H11 - Sngle strobe non-multiplexed bus wth positive strobe

; pul se singl e negative request.

; 4 - 18051 - Dual strobes multiplexed bus with negative strobe pul ses

; dual negative request.
; MX8302 - S ngle strobe non-mul tipl exed bus with negative strobe
; pul se singl e negati ve request.

al
1

| SAHOSTLD
novep #9©€101000000011000, x: M HPCR
; Qonfigure the foll ow ng conditions:
; HAP = 0 Negative host acknow edge
; HRP = 1 Positive host request
; HCSP = 0 Negative chip sel ect input
; HOOHS = 1 Dual strobes bus (RD and WR strobes)
; HVUX = 0 Non nul ti pl exed bus
; HASP = 0 (address strobe pol arity has no
; neani ng i n non-mul ti pl exed bus)
; HOBeP = 0 Negative data strobes polarity
. HRD = 0 Host request is active when enabl ed
: spare = 0 This bit should be set to O for
; future conpatibility
: HEN =0 Wien the HH(R regi ster is nodified
; HEN shoul d be cl eared
; HAEN = 0 Host acknow edge is di sabl ed
; HREN = 1 Host requests are enabl ed
; HCSEN = 1 Host chip sel ect input enabl ed
; HAOEN =0 (address 9 enable bit has no neaning in
; non-mul ti pl exed bus)
; HASEN = 0 (address 8 enable bit has no neaning in
; non-mul ti pl exed bus)
; HEN =0 Hst IO pins are disabl ed
bra <H 08QONT
HC11HOSTLD
novep #%6000001000011000, x: M HPCR
; Gonfigure the foll ow ng conditions:
; HAP = 0 Negative host acknow edge
A-6 DSP56302UM/AD MOTOROLA
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; HRP = 0 Negative host request

; HCSP = 0 Negative chip sel ect input

; HOOHS =0 Sngle strobe bus (RW and CS straobes)

;. HMUX = 0 Non mul ti pl exed bus

; HASP = 0 (address strobe polarity has no neaning in
; non- mul ti pl exed bus)

; HOEeP = 1 Negative data strobes polarity

. HRD = 0 Host request is active when enabl ed

; spare =0 This bit should be set to 0 for future

; conpatibility

; HEN =0 Wen the HHCR regi ster is nodi fi ed HEN shoul d be
; cl eared

; HAEN = 0 Host acknow edge is di sabl ed

; HREN = 1 Host requests are enabl ed

; HCSEN = 1 Host chip sel ect input enabl ed

; HAOEN = 0 (address 9 enable bit has no neaning in

; non-mul ti pl exed bus)

; HRSEN = 0 (address 8 enable bit has no neaning in
; non- mul ti pl exed bus)
; HEN =0 Hst IO pins are disabl ed
bra <H 08CONT
| 8051HZSTLD
novep %0001110000011110, x: M HPCR
; Gonfigure the foll ow ng conditions:
; HAP = 0 Negative host acknow edge
; HRP = 0 Negative host request
; HCSP = 0 Negative chip sel ect input
; HOHS = 1 Dual strobes bus (RD and WR strobes)
; HVUX =1 Miltiplexed bus
; HASP = 1 Positive address strobe polarity
; HOeP = 0 Negative data strobes polarity
; HRD = 0 Host request is active when enabl ed
; Spare = 0 This bit should be set to O for future
; conpatibility
;. HEN = 0 Wen the HHCR regi ster is nodified HEN
; shoul d be cl eared
: HAEN = 0 Host acknow edge is di sabl ed
: HREN = 1 Host requests are enabl ed
; HCSEN = 1 Host chip sel ect input enabl ed
; HAOEN = 1 BEnabl e address 9 i nput
; HABEN = 1 BEnabl e address 8 i nput
; HEN =0 Hst 1O pins are disabl ed
bra <H 08QONT
M368302HOBTLD
novep #96000000000111000, x: M HPCR
; CGonfigure the foll ow ng conditions:
; HAP = 0 Negative host acknow edge
; HRP = 0 Negative host request
; HCSP = 0 Negative chip sel ect input
; HOHS =0 Sngle strobe bus (RW and D[S strobes)
; HVUX = 0 Non mul ti pl exed bus
; HASP = 0 (address strobe polarity has no neaning in
; non-mul ti pl exed bus)
MOTOROLA DSP56302UM/AD A-7
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;. HOBP
; HRD

0 Negative data strobes polarity
0 Host request is active when enabl ed

; Spare = 0 This bit should be set to O for future

; conpatibility

; HEN = 0 Wen the HPFCR regi ster 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

; HAOEN =0 (address 9 enabl e bit has no neaning in
; non-mul ti pl exed bus)
; HABEN =0 (address 8 enabl e bit has no neaning in

; non-mul ti pl exed bus)

; Enable the HO08 to operate as host

; wait for the programlength to be

; wait for the programstarting

; set aloop with the downl oaded

; If newword was | oaded

;to read that word
;| f H0=0 then conti nue

; downl oadi ng
; Mist termnate the do

; location in the programRAM

; HEN =0 Hst 1O pins are disabl ed
H 08CONT
bset #HEN x: M HPCR
; interface (set HENF1)
jclr #HROF, x: MHSR *
; witten
novep x: MHRX a0
jclr #HROF, x: M HSR *
addr ess
: to be witten
novep xX:MHX r0
nove rori
do a0, H 08LaP
l ength
; count s
H 08LL
j set #HOF, x: M HSR H 08NW
then junp
jclr #HAO, x: M HSR H 08LL
with the
enddo
| oop
bra <H 08LAP
H 08NW
novep X: MHRX p: (rQ) + ; Mowve the newword into its
destination
H 08LCP
bra <H N SH
BEPRSA LD

jclr #1, o, BEPROM.D

; |f M2 MB MA=001, go |oad fromEPROM

; Thisis the routine that loads fromthe SO.

; MC MB MA=010 - external SO clock

A LD

A-8
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_Laos

_LaoPs

_LaoP?

novep #$0302, X M SCR
nmovep #$Q@D00, X M SR

novep #7, X M PCRE

do #6, LOFPG

jelr #2, X MSSR *
novep X MSRX, A2
jelr #1, X MSSR *
novep A2, X M STXL
asr #8,a,a

nove al,r0
nove al,rl

do a0, LQOP7

do #3, _LQOP8

jelr #2, X MSSR *
novep X M SR, A2
jelr #1, X MSSR *
nmovep a2, X M STXL
asr #8,a,a

novem al, p: (r0) +

bra <FIN SH

; Gonfigure SO Gontrol Reg
; Gonfigure SO dock Gontrol Reg

Gonfigure SAK TXD and RD

get 3 bytes for nunber of
programwords and 3 bytes
for the starting address
Wit for RORF to go high
Put 8 bits in A2

Wit for TDRE to go high
echo the recei ved byte

starting address for |oad
save starting address
Recei ve programwor ds
Wit for RORF to go high
Put 8 bits in A2

Wit for TDRE to go high
echo the recei ved byte

Sore 24-bit result in P nmem

Boot fromSQd done

: Thisis the routine that | oads from external

; MG MB MA=001

BEPROMLD

_LaoP

_LacP1l

nove #BAOT, r2

novep #AARV, X M AARL

do #6, LQOM
novem p: (r2) +, a2
asr #8,a,a

nove al, r0
nove al,rl

do a0, LQOP10
do #3, LQOP11
novem p: (r2) +, a2
asr #8,a, a

nmovem al, p: (r0) +

; r2 = address of external
; aarl configured for SRAMtypes of access

BEPROM

BEPROM

read nunber of words and starting address
Get the 8 LSB fromext. P nem
Shift 8 bit data into Al

starting address for |oad
save it inrl
a0 hol ds the nunber of words

read program words

Each instruction has 3 bytes

Get the 8 LSB fromext. P nem
Shift 8 bit data into Al

G get another byte.

Sore 24-bit result in P nmem

_Lar10 ; and go get another 24-bit word.
; Boot from BPROM done
MOTOROLA DSP56302UM/AD A-9
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FIN SH

; Thisis the exit handl er that returns execution to nornal
; expanded node and junps to the RESET vector.

andi #30, ccr ; dear QR as if RESET to 0.
jnp (rl) ; Then go to starting Prog addr.

; End of bootstrap code. Nunber of programwords: 91
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APPENDIX B
EQUATES

rkkkkhkkhkkhkkhkkhkhkhkhkhkhkhkkhhhkhkhhhkhhkKhhhkhhkhkhhkhhhhhhkhkhhhhhhkhkhhhkhkhhkhkhhhFrhhkhkhkhkhkkhkhkkkhkx*x

; BQUATES for 56302 |/Oregisters and ports

; Last u (4 June 11 1995

ioequ ident
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B.1 I/O EQUATES
chkkkhkhkkkhkhkhkhkhkhkhhkhhhhhkhkhhhhhhdhhdhhhdhhkhdhhhhhkhhhdhhdhhdhhhdhhhdhhhhhkhhhdhhdhhdhxkhkdhrdxxkx
; EQUATES for 56302 |/Oregisters and ports
; Last update: June 11 1995
:*****************************************************************************

page 132,55,0,0,0

opt nmex
ioequ ident 1,0
; EQUATES for 1/0O Port Programmi ng
; Regi ster Addresses
MHR BEQU $FFFFO ; Host port A Odata Register
MHIR EQ $FFFFCB ; Host port @A Odirection Register
MPORC EQ $HFFFBF ; Port C Qontrol Register
MPRRC EQW $FFFFBE ; Port CDOrection Register
MPORC EQ $FFFFBD ; Port C@IOData Register
MPGRD EQ $FFFFAF ; Port D Qontrol register
MPRRD EQ $FFFFAE ; Port DOrection Data Register
MPORD EQ $FFFFAD ; Port D@ OData Register
MPORE EQ $FFFFIF ; Port E Gontrol register
MPRRE EQ $FFFFOE ; Port E Drection Register
MPDRE EQW $FFFFOD ; Port E Data Register
MQOEIB EY $FFFFFC ; OhCE B Regi ster
B.2 HOST INTERFACE (HIO8) EQUATES
EQUATES for Host Interface
; Regi ster Addresses
MHR EQU $FFFFC2 ; Host Gontrol Register
MHR EQU $FFFFC3 ; Host Satus Register
MOTOROLA DSP56302UM/AD B-3
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MHCR EW $FFFFCA ; Host Polarity Gontrol Register
MHRAR EQ $FFFFGS ; Host Base Address Regi ster
M HRX EQ $FFFFGS ; Host Receive Register

M HIX EQU $SFRFFCT ; Host Transmit Regi ster

: HR bits definition

MHRE EQU $0 ; Hbst Receive interrupts Enabl e
MHNE EQU $1 ; Hbst Transnit Interrupt Enabl e
MHIE EBEQU $2 ; Host Conmand I nterrupt Enabl e
M HR2 BEQU  $3 ; Host Hag 2

M H-3 BEU #4 ; Host Hag 3

; HSR bits definition

MHOF EQJ  $0 ; Host Receive Data Full

MHTE EJ  $1 ; Hbst Receive Data Bty

M HP EQU $2 ; Hbst Gonmand Pendi ng

M HO EU $3 ; Hbst Hag 0

M H1 EU #4 ; Hbst Hag 1

: HPCR bits definition

MHEN EQ $0 ; Host Port GPIO Enabl e

MHASEN EQU $1 ;. Host Address 8 Enabl e

MHOEN BEQU  $2 ; Host Address 9 Enabl e

MHCSEN BEQU  $3 ; Host Chip Sel ect Enable
MHEN EUJ #4 ; Hbst Request Enabl e

MHEN EJ $5 ; Hbst Acknowt edge Enabl e

M HEN BEQU %6 ; Host Enabl e

MHD EY $8 ; Host Request (pen Drain node
MHEBP EQJ  $9 ; Host Data Srobe Polarity
MHASP EQU  $A ; Hbst Address Srobe Polarity
MHAWX EQJ  $B ; Host Miltiplexed bus sel ect
MHOHS BEU  $C ; Hbst Doubl e/ S ngle Srobe sel ect
MHCSP  EQJ $D ; Host Chip Select Polarity

M HP BEQU  $E ; Hbst Request Polarity

M HAP BEQU  $F ; Hbst Acknow edge Pol arity

B.3 SERIAL COMMUNICATIONS INTERFACE (SCI) EQUATES

; BEQUATES for Serial Gommunications Interface (SA)

; Regi ster Addresses

MSTXH EQ $FFFF97 ; SQ Transnit Data Register (high)
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MSDXM  EQU $FFFFO6 ; SA Transmit Data Register (niddle)
MSTXL EQW $FFFFO5 ; SA Transmit Data Register (Iow
MSRH EQU $FFFFOA ; SO Receive Data Register (high)
MSRM EQ $FFFF99 ; SO Receive Data Register (nddle)
MSRAL EQ $FFFFO8 ; S0 Receive Data Register (low
MSTXA EQ $FFFFO4 ; SA Transnmit Address Register
M SR EQU $FFFFOC ; SO ontrol Register
M SSR EQU $FFFFI3 ; SO Satus Register
MSOR EQW $FFFFOB ; SO Qock Gontrol Register
; SA ontrol Register Bit Hags
M WIS EQU $7 ; Word Sel ect Mask (VIDSO- IIS3)
MWES0 EQU 0 ; Vord Select O
MWeEL EQU 1 ; Vord Select 1
MW EQU 2 ; Vord Select 2
MSSFTD EQJ 3 ; SA Shift Drection
M SBK EQU 4 ; Send Break
MWKE EQ 5 ; Wikeup Mbde Sel ect
M RN B 6 ; Recei ver Vékeup Enabl e
MWV EQ 7 ; Wred-(R Mde el ect
MSORE EQJ 8 : S Receiver Enabl e
MSCITE EQU 9 ;SO Transmitter Enabl e
MILIE EQ 10 ; Idle Line Interrupt Enable
MS(RE EQU 11 ; SO Receive Interrupt Enabl e
MSCNE EQ 12 ; SA Transmit Interrupt Enabl e
MTME EQ 13 ; Tiner Interrupt Enable
MTIR EQ 14 ; Tiner Interrupt Rate
MSXKP EQU 15 ; SA dock Polarity
MREE EQ 16 ; SA Eror Interrupt Enable (RAE
; SO Satus Register Bt Hags
MTRNE EQ 0 ; Transmitter Enpty
MTDRE EQ 1 ; Transmit Data Register BEpty
MRORF  EBEQ 2 ; Receive Data Register Full
MIDE EQ 3 ; Idle Line Hag
MR EQU 4 ; Overrun Bror Hag
M PE EQU 5 ; Parity Eror
M FE EQU 6 ; Framing Bror Hag
MR8 EQU 7 ; Received Bit 8 (RB) Address
; A dock Gontrol Register
M @D BEQJ $HF ; Qock Dvider Mask (D0-1L1)
M QD B 12 ; Qock Qut D vider
M SCP EQU 13 ; dock Prescal er
MROM  EQ 14 ; Receive dock Mde Source Bit
MTQM  EQ 15 ; Transmit dock Source Bit
MOTOROLA DSP56302UM/AD B-5
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B.4 ENHANCED SYNCHRONOUS SERIAL INTERFACE (ESSI)
EQUATES

; EQUATES for Synchronous Serial Interface (SS)

; Regi ster Addresses G0 SS 0

MTX00 EQ $FFFFBC ; SS90 Transnit Data Register O
MTX01 EQ $FFFFBB ; SSOTransnit Data Register 1
MTX02 EQU $FFFFRA ; SSO Transmt Data Register 2
MTSRO EQ $HFFFFRO ; SS90 Tine Sot Register

M RX0 EQU $FFFFB3 ; SS90 Receive Data Register

MSS SRO EQJ $HAFFBY ; S90 Satus Register

MCRB0 EQ $FFFFB6 ; SS0 Gontrol Register B

MO0 EQ $FFFFBS ; SS90 Gontrol Register A

MTSMO EQ $FFFFBA ; S90 Transmt dot Mask Register A
MTSM0 EQ $FFFFB3 ; SS90 Transmit dot Mask Register B
MRSVO EQJ SFFFFR2 ; SS90 Receive Sot Misk Register A
MRSMBO EQJ SFFFFBL ; SS90 Receive Sot Misk Register B

; Regi ster Addresses 0 SS 1

MTXI0 EQ $FFFFAC ; SS9 1 Transnit Data Register 0
MTX11 EQ $FFFFAB ; SS9 1 Transnit Data Register 1
MTX12 EQ $SFFFFAA ; SS9 1 Transnit Data Register 2
MTSRL EQ $FFFFAQ ; SS1 Tine Sot Register

M Rx1 EQU $FFFFA8 ; S91 Receive Data Register

MSS SRL EQJ SHRFFA7 ; S91 Satus Register

MORBL EQU $FFFFAG ; S91 Qontrol Register B

MQRAL EQ $FFFFAS ; S91 Gontrol Register A

MTSVAL EQJ $FFFFAA ; S91 Transmt dot Mask Register A
MTSMBL EQJ $FFFFA3 ; S91 Transmit dot Mask Register B
MRSWAL EQJ SFFFFA2 ; S99 1 Receive Sot Misk Register A
MRSMBL EQJ SFFFFAL ; SS9 1 Receive Sot Misk Register B

; SS ontrol Register ABt Hags

M PM EQU $FF ; Prescal e Mdul us Sel ect Mask (PMD- PWY)
M PSR EQU 11 ; Prescal er Range

MDC EQU $1F000 ; Frane Rate Divider Gontrol Msk (D30-DC7)
MALC EQU 18 ; Alignnent Gontrol (ALQ

MW EQU $380000 ; Wrd Length Gontrol Mask (W.O0-W.7)
MSSCl EW 22 ; Select SC1 as TR #0 drive enabl e (SSC1)

; SS ontrol Register BBt Hags

MCF BEQ $3 ; Serial Qutput Hag Mask

M A0 EQU 0 ; Serial Qutput Hag O

M1 EQJ 1 ; Serial Qutput Hag 1

MSD BEQU $1C ; Serial Gontrol Drection Mask
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MSI0 EQY 2 ; Serial Gontrol O Drection
MDD EY 3 ; Serial Gontrol 1 Drection
MST» EU 4 ; Serial Gontrol 2 Drection
MSXKD EQ 5 ; Qock Source Drection
MSHD EQ 6 ; Shift Drection
M FSL B $180 ; Franme Sync Length Mask (FSLO-FSL1)
MFS0 EQ 7 ; Frame Sync Length O
MFSL1 EQW 8 ; Frame Sync Length 1
MFSR EQU 9 ; Frane Sync Rel ative Tining
M FSP EQU 10 ; Franme Sync Polarity
M P EQU 11 ; Qock Polarity
M SYN EQU 12 ;. Sync/ Async Qontrol
MMD EQU 13 ; SS9 Mde Sel ect
MSSTE EQ $1Q000 ; SS9 Transmit enabl e Mask
MSSTE2 EQU 14 ; SS9 Transmit #2 Enabl e
MSSTEL EQ 15 ; SS9 Transmit #1 Enabl e
MSSTHO EQJ 16 ; S9 Transmit #0 Enabl e
MSSRE EQJ 17 ; S9 Recei ve Enabl e
MSSTTE EQW 18 ; SS Transnmit Interrupt Enable
MSSRE EW 19 ; SS Receive Interrupt Enable
MSTLIE EQJ 20 ; SS Transmit Last Sot Interrupt Enable
MSRIE EQ 21 ; SS Receive Last Sot Interrupt Enabl e
MSTHE EQ 22 ; SS Transmit Eror Interrupt Enable
MSRHE EQU 23 ; SS Receive Error Interrupt Enable
; SS Satus Register Bt Hags
MIF EQJ $3 ; Serial Input Hag Mask
MI FO EQJ 0 ; Serial Input Hag O
MIF1 EQJ 1 ; Serial Input Hag 1
MTFS EQU 2 ; Transmit Frane Sync Hag
M RFS EQU 3 ; Receive Frane Sync H ag
M TUE EQU 4 ; Transmitter Uhderrun Eror FlLag
MRCE EQU 5 ; Receiver Qverrun Eror Hag
M TDE EQ 6 ; Transmit Data Register BEpty
M RCF EQU 7 ; Receive Data Register Full
: SS Transmit 9ot Mask Register A
MSSTSA EQJ SHAFF ; SS Transnit Sot Bts Misk A (TSO-TS15)
; SS Transnmit S ot Misk Register B
MSSTSB EQJ $FFFF ; S9 Transmt Jot Bts Mask B (TSL6- TS31)
; SS Receive S ot Mask Register A
MSSRSA EQU $FFFF ; S9 Receive Sot Bts Misk A (RD-RSL5)
: SS Receive S ot Mask Register B
MSSRB EQU SHAFF ; S9 Receive Sot Bts Misk B (RS16- RS31)
MOTOROLA DSP56302UM/AD B-7

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
Equates

B.5 EXCEPTION PROCESSING EQUATES

; EQUATES for Exception Processing

; Regi ster Addresses

MIPRC EQ $FFFFFF ; Interrupt Priority Register Qore
MIPRP EQ $FFFFFE ; Interrupt Priority Register Peripheral
; Interrupt Priority Register QGore (1PRO
MIAL BEQJ $7 ; | RQA Mbde Mask
MIAO EQ 0 ; |RA Mde Interrupt Priority Level (Iow
MIALL EQU 1 ; |RQA Mde Interrupt Priority Level (high)
MIA2 EQU 2 ; | RQA Mbde Trigger Mde
M1 BL BEQJ $38 ; | RB Mde Mask
MIBLO EQU 3 ; |R®B Mde Interrupt Priority Level (low
MIBL1 EQ 4 ; |R®B Mde Interrupt Priority Level (high)
MIBL2 EQ 5 ; |R@B Mde Trigger Mde
MIQL BEQJ $1Q0 ; R Mbde Mask
MIAQ0o EQY 6 ; |RC Mde Interrupt Priority Level (low
MIal EY 7 ; |RQC Mde Interrupt Priority Level (high)
MIa2 EYU 8 ; |RQC Mbde Trigger Mvde
MI DL BEQJ $E00 ; | RD Mde Mask
MIDO EY 9 ; |RD Mde Interrupt Priority Level

; (1ow
MIDO1l EQY 10 ; |RQD Mde Interrupt Priority Level

; (high)
MID2 EQU 11 ; |RQD Mde Trigger Mde
M DOL EQU $3000 ; DMRO Interrupt priority Level Misk
MDOLO EQ 12 ; DMO Interrupt Priority Level (low
MDOLl EQ 13 ; DMO Interrupt Priority Level (high)
M DIL BQ $A00 ; DMAL Interrupt Priority Level Mask
MDILO EQ 14 ; DMAL Interrupt Priority Level (low
MDIL1 EQ 15 ; DMAL Interrupt Priority Level (high)
M 2L EQU $30000 ; DMA2 Interrupt priority Level Misk
MD2LO EQ 16 ; DMR2 Interrupt Priority Level (low
MDeLl  EQ 17 ; DMR2 Interrupt Priority Level (high)
M DBL EQU $Q0000 ; DMA3 Interrupt Priority Level Mask
MDBLO EQW 18 ; DMA3 Interrupt Priority Level (low
MDBLl EQ 19 ; DMA3 Interrupt Priority Level (high)
M DAL EQ $300000 ; DMM Interrupt priority Level Mask
MDILO EQ 20 ; DMM Interrupt Priority Level (low
MDALL B 21 ; DVMM Interrupt Priority Level (high)
M DL EQU $aD0000 ; DVMPS Interrupt priority Level Misk
MD6LO EQ 22 ; DMS Interrupt Priority Level (low
MDeL1 EQ 23 ; DMMS Interrupt Priority Level (high)

; Interrupt Priority Register Peripheral (IPRP)
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M HPL EQU $3 ; Host Interrupt Priority Level Mask
MHLO EW 0 ; Host Interrupt Priority Level (low
MHL1 EU 1 ; Host Interrupt Priority Level (high)
M SOL B $C ; SS0 Interrupt Priority Level Mask
MSOL0O EQJ 2 ; SSO Interrupt Priority Level (low
MSOL1T  EQJ 3 ; SS0 Interrupt Priority Level (high)
M SI1L EQU $30 ; SS1interrupt Priority Level Misk
MSIL0O EQ 4 ; SS1interrupt Priority Level (low
MSIL1 EQY 5 ; SS1 Interrupt Priority Level (high)
M S BEQ $Q ; SO Interrupt Priority Level Mask
MSaA0 EW 6 ; SO Interrupt Priority Level (Iow
MSa1 EY 7 ; SO Interrupt Priority Level (high)
M TOL EQU $300 ; TTMR Interrupt Priority Level Misk
MTOLO EQ 8 ; TTMR Interrupt Priority Level (Iow
MTOLlL EQU 9 ; TTMR Interrupt Priority Level (high)
B.6 TIMER MODULE EQUATES
: EQUATES for TI MR
: Regi ster Addresses G TI MERD
MTCSRD EQJ $FFFF8F ; TIMERD Qontrol / Status Regi ster
MTLRO BQU $FFFFSE ; TTMERD Load Reg
MTCPRO EQJ $FFFF8D ; TIMERD Qonpar e Regi ster
M TCRD EQU $FFFF8C ; TTMERD Qount Regi st er
; Regi ster Addresses G T MERL
MTCSRL EQJ $FFFF8B ; TTMERL Gontrol / Satus Regi ster
M TLRL EQJ $FFFFBA : TIMERL Load Reg
MTCPRL EQ $FFFF89 ; TTMERL onpar e Regi ster
MTARL BEQJ $FFFF88 ; TTMERL Gount Regi ster
; Regi ster Addresses G Tl MER
MTCSR2 EQU $FFFFRB7 ; TIMERZ Qontrol /Status Regi ster
MTLR2 BQU $FFFF86 ; TTMER Load Reg
MTCPR2 EQJ $FFFF85 ; TIMER2 Qonpar e Regi ster
M TaR2 B $FFFF84 ; TITMERR Qount Regi ster
MTPLR EQU $FFFF83 ; TIMR Prescal er Load Regi ster
M TPCR B $FFFF82 ; TIMER Prescal er Gount Regi ster
; Tiner Gontrol/Satus Register Bt Hags
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MTE EQU 0 ; Tiner Enable

MTAQE EWY 1 ; Tiner Overflow Interrupt Enabl e
MTAQE EWY 2 ; Tiner Gonpare Interrupt Enabl e
MTC B $F0 ; Tiner Control Mask TQ 3:0)

M I NV EQU 8 ; Inverter Bt

M TRV EQJ 9  Tiner Restart Mbde

MDOR EQ 11 : Drection Bt

M D EQ 12 ; Data | nput

M DO BEQJ 13 ; Data Qut put

M PCE B 15 ; Prescal ed d ock Enabl e
M TCF EQU 20 ; Tiner Overflow Hag

M TCF EQU 21 ; Tiner Gonpare Hag

Tinmer Prescaler Register Bt Hags

M PS BEQU $600000 ; Prescal er Source Mask

M PO EQ 21

M PS1 BEQJ 22

: Tiner Control Bits

M TQ) EQJ 4 ; Tiner Gontrol 0

MTCL EQU 5 ; Tiner Gontrol 1

MTCQ EQU 6 ; Tiner Qontrol 2

MTC3 EQU 7 ; Tiner Gontrol 3

B.7 DIRECT MEMORY ACCESS (DMA) EQUATES
; EQUATES for Drect Menmory Access (DWR)

: Regi ster Addresses G DVA

M OSTR BEQJ $FFFFF4 ; DMA Satus Register

M DR BEQJ $FFFFF3 ; DMA Ofset Register O

MDRL EQJ SFFFFR2 ; DVA Ofset Register 1

MDOR2 EQJ SFFFFFL ; DMA Ofset Register 2

MDOR3 EQ $FFFFFO ; DMA Ofset Register 3

; Regi ster Addresses G DMO

MDERD EQ $FFFFEF ; DMPO Source Address Regi ster
MDDRD  EQJ $FRFFEE ; DMPO Destination Address Regi ster
MDOD EQ $FFFFED ; DMPO Qount er

MDORD EQ $FFFFEC ; DMMO Qontrol Register
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; Regi ster Addresses G DVAL
MDSRL EQW $FFFFEB ; DMAL Source Address Register
MDDRL EQ $FFFFEA ; DMAL Destination Address Register
MDOOL EQ $FFFFED ; DVMAL Qount er
MDRL EQ $FFFFEB ; DMML Gontrol Register
: Regi ster Addresses G DMA2
MDER2 EQU $FFFFE7 ; DMA2 Source Address Regi ster
MDDR2 EQ $FFFFES ; DMA2 Destination Address Register
MDD EQY $FFFFES ; DMA2 Count er
MDOR2 EQ $FFFFE4 ; DMA2 Qontrol Regi ster
; Regi ster Addresses G DvM
MDSR3 EQW $FFFFE3 ; DMA3 Source Address Regi ster
MDOR3 EQW $FFFFE2 ; DVA3 Destination Address Register
MDOB EQ $FFFFEL ; DVA3 Qount er
MDOR3 EQ $FFFFED ; DMR3 Gontrol Register
: Regi ster Addresses G DV
MDSR4  EBEQU $FFFFDF ; DMM Source Address Regi ster
MDD EBEQJ $FFFFCE ; DMM Destination Address Regi ster
MDOOt EQ $FFFFDD ; DV Qount er
MDA EQ $FFFFDC ; DvM Qontrol Regi ster
; Regi ster Addresses G DMRG
MDERs EQ $FFFFCB ; DMP5 Source Address Regi ster
MDD  EQ $FFFFDA ; DMP5 Destination Address Register
MDO®» EQ $HFFHFDO ; DV Qount er
MDRs EQ $FFFB ; DVR5 ontrol Register
; DVA Qontrol Regi ster
M DSS BEQ $3 ; DMA Source Space Mask
; (DS0-Dssl)
M D80 EQ 0 ; DVA Source Menory space O
M DSS1 EQ 1 ; DVA Source Menory space 1
M D05 BQJ $C ; DMA Destination Space Mask
; (DDs-DoBl)
M DDS0 EQU 2 ; OMA Destination Memory Space O
M DSl EQJ 3 ; OMA Destination Memory Space 1
M DAM BEQ $3f0 ; DMA Address Mbde Mask
; ( DAVE- DAMD)
M DAMD EQJ 4 ; DVA Address Mbde 0
M DAML BEQJ 5 ; DVA Address Mbde 1
M DANVR EQU 6 ; DVA Address Mbde 2
M DAMB EQU 7 ; DVA Address Mbde 3
M DAM! EQU 8 ; DVA Address Mbde 4
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M DAV EQ 9 ; DMA Address Mbde 5
M 8D B 10 ; DVA Three D nensi onal Mde
M DRS BEQJ $FB00 ; DVA Request Source Mask (DRO- DRA)
M DOON BQJ 16 ; DMA onti nuous Mbde
M DPR BQJ $60000 ; DMA Channel Priority
M DPRD EQJ 17 ; DVA Channel Priority Level (low
M DPRL EQ 18 ; DVA Channel Priority Level (high)
M DM EQU $380000 : DVA Transfer Mbde Mask
; (DT\2- DT\WD)
M DIV EQU 19 ; DVA Transfer Mbde O
M DML EQU 20 ; DVA Transfer Mde 1
M DIV BEQU 21 ; DVA Transfer Mde 2
MD E B 22 ; DMA Interrupt Enable bit
M CE EQ 23 ; DMA Channel Enabl e bit
; DVA S atus Regi ster
M DID BEQU $3F ; Channel Transfer Done Satus MASK
MDID0 EQW 0 ; DMA Channel Transfer Done Satus O
MDIDL EQ 1 ; DVA Channel Transfer Done Satus 1
MDI2 EQ 2 ; DVA Channel Transfer Done Satus 2
MDID8 EQ 3 : DMA Channel Transfer Done Satus 3
MDD4 EQU 4 : DMA Channel Transfer Done Satus 4
MDIT6 EQ 5 ; DVA Channel Transfer Done Satus 5
M DACT BEQJ 8 ; DVA Active Sate
M DCH EQ $E00 ; DMA Active Channel Mask
: (DODDaR)
M Da-D EQU 9 ; DMA Active Channel 0O
M DCHL EQU 10 ; DMA Active Channel 1
M DO BEQU 11 ; DMA Active Channel 2
B.8 PHASE LOCKED LOOP (PLL) EQUATES

; EQUATES for Phase Locked Loop (PLL)
; Regi ster Addresses O PLL

MPCIL EQ $FFFFFD ; PLL Gontrol Register

; PLL Control Register

M MF EQU $FAF ; Miltiplication Factor Bits Mask (MO-MF11)

M DF EQ $7000 ; Dvision Factor Bits Mask (DFO-DRF2)

MXTLR EQJ 15 ; XTAL Range sel ect bit

MXTLD EQ 16 ; XTAL Dsable Bt
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MPSTP EQJ 17 ; STCP Processing Sate Bt
M PEN EQ 18 ; PLL Enable Bt
MPOD EQ 19 ; PLL Qock Qutput Dsable Bt
M PD BEQJ  $FO0000 ; PreOvider Factor Bits Mask (PDO-PDB)
B.9 BUSINTERFACE UNIT (BIU) EQUATES
; EQUATES for BIU
: Regi ster Addresses G Bl U
MBR EQU $FFFFFB ; Bus Qontrol Register
MDR B $FFFFFA ; DRAM Gontrol Regi ster
MAARD EQ $FFFFFO ; Address Attribute Register O
MAARL EQJ $FFFFF8 ; Address Attribute Register 1
MAAR2 EQJ $FFFFF7 ; Address Attribute Register 2
MAAR3 EQ $FFFFF6 ; Address Attribute Register 3
MIDR EQU SFFFFFS ;1D Regi ster
; Bus Qontrol Register
MBAOW EQJ $1F ; Avea O Wit Gontrol Mask (BAOVD- BAOW)
MBAIW  EQJ $3E0 ; Area 1 Wit Gontrol Mask (BALVO- BA14)
MB2W  EQJ $1Q00 ; Area 2 Wit Qontrol Mask (BA2VO- BA2VR)
MBA3W EQJ $ED00 ; Area 3 Wit Qontrol Mask (BA3VD- BA3VB)
MBDFW  EQJ $1F0000 ; Default Area Wit Control Mask (BDRV@- BDRWM)
M BBS BEQJ 21 ; Bus Sate
MBLH  EQU 22 ; Bus Lock Hold
M BRH EQ 23 ; Bus Request Hold
; CRAM (ont rol  Regi st er
MBOWV  EQ $3 ; In Page Wit Sates Bts Misk (BO/®- BOAL)
MBRW  EQ $C ; Qit 0 Page Wit Sates Bits Mask (BR/®-BRA)
M BPS BEQJ $300 ; DRAM Page S ze Bits Mask (BP0-BPS1)
MBRLE EQ 11 ; Page Logi ¢ Enabl e
M BME EQU 12 ; Mastership Enabl e
M BRE EQU 13 ; Refresh Enabl e
MBSTR EQJ 14 ; Software Triggered Refresh
M BRF BEQJ $7F8000 ; Refresh Rate Bits Mask (BRFO-BRF7)
M BRP EQJ 23 ; Refresh prescal er
; Address Attribute Registers
M BAT EQJ $3 ; External Access Type and Pin Definition Bits
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; Mask BAT( 1: 0)
MBAAP  EQJ 2 ; Address Attribute PAin Polarity
MBPEN EQ 3 ; Program Space Enabl e
MBXEN EQW 4 ; X Data Space Enabl e
MBYEN EQ 5 ; Y Data Space Enabl e
MBAM  EQJ 6 ; Address Mixi ng
M BPAC EQJ 7 ; Packi ng Enabl e
M BN\C BEQU $F00 ; Nunber of Address Bits to Conpare Mask
M BAC EQU $FFFO00 ; Address to Gonpare Bits Mask BAQ(11: 0)

X control and status bits in SR

MCP EQJ $c00000 ; nmask for COREDMA priority bits in SR
MCA EQ 0 ; Garry

MV EQ 1 ; Overflow

MZ EQ 2 ; Zero

MN EQ 3 ; Negative

MU B 4 ; Lhnornal i zed

ME EQU 5 ; Extension

ML EQ 6 ; Limt

MS EQU 7 ; Scaling Bt

MIO EQU 8 ; Interrupt Mask Bit O

MI1 EQU 9 ; Interrupt Mask Bit 1

M SO EQU 10 ; Scaling Mde Bt O

M S1 EQU 11 ; Scaling Mde Bt 1

M SC EQU 13 ; Sixteen Bt Gonpatibility

MDM  EQU 14 ; Double Precision Miltiply

MLF EQU 15 ; DO Loop H ag

M FV EQ 16 ; DO Forever Hag

M SA EQU 17 ; Sxteen-Bit Arithnetic

MCE EQU 19 ; Instruction Cache Enabl e

MSM B 20 ; Arithnetic Saturation

MRV B 21 ; Roundi ng Mbde

M CP0 EQU 22 ; bit 0of priority bits in SR

MCPL EW 23 ; bit 1 of priority bits in SR

: control and status bits in OMR

M CDP EQ $300 ; mask for GCREDMA priority bits in OMR
M MA EQUO ; (perating Mde A

M MB EQU1 ; Qperating Mvde B

MMC EQJ2 ; Qperating Mde C

M M EQJ3 ; Qperating Mbde D

MEBD EW 4 ; External Bus Dsable bit in GWR
M SD BEQU 6 ; Stop Delay

M M5 EQU 7 ; Menory Saitch bit in OWR

M CDPO EQU 8 ; bit 0 of priority bits in QR

M CCPL EQJ 9 ; bit 1 of priority bits in QR

M BEN EQU 10 ; Burst Enabl e

M TAS EQJ 11 ; TA Synchroni ze Sel ect

M BRT EQJ 12 ; Bus Rel ease Tining

MATE EQW 15 ; Address Tracing Enable bit in G\R

MXYS EQW 16 ; Sack Extension space select bit in QR
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MEBEN EU 17 ; BExtended stack UNderflowflag in QR
MEO/ EQW 18 ; Extended stack Oerflowflag in OWR
MWP EQU 19 ; Extended WRaP flag in OWR
MSEN EW 20 ; Sack Extension Enable bit in GWR
B.10 INTERRUPT EQUATES
| NTERRUPT EQUATES
;***************************************************************
; EQUATES for 56302 interrupts
: Last update: June 11 1995

page 132,55,0,0,0

opt NEX
intequ ident 1,0

if @1 _VEQ

;| eave user definition as is.

el se
| VEC EQU $0

endi f
; Non- Maskabl e interrupts
|_RESET EQU |_VEG+$00 ; Hardware RESET
|_STAK BQJ |_VECH02 ; Sack BEror
[_ILL BQU | _VECG$04 ; lllegal Instruction
I_DBG EBEQW |_VECH$06 ; Debug Request
| TRAP EQJ | _VEGH$08 ; Trap
[ _NM EQJ |_VEGH0A ; Non Maskabl e I nterrupt
; Interrupt Request A ns
| IRA EQ | _VEG$10 ; IRA
| IRB EBEQWU | _VEG$12 ; IRB
| IRC EBEQU | VECGH$14 ; IR
| IRD EBEQU | VECH$16 ; IRD
; DVA Interrupts
|_ DM EBEQJ |_VEGH18 ; DVA Channel 0
|_ DV EBEQJ |_VEGH$1A ; DVA Channel 1
| _DwW2 EBEQJ |_VEGH$IC ; DVA Channel 2
|_DV3 EQ |_VEGHIE ; DVA Channel 3
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| DMM  BEQ | _VEG$20 ; DWA Channel 4
| DV EQ | _VEG$22 ; DVA Channel 5

I_TTMC BEQJ |_VEGH$24 ; TIMER O conpare
|_TIMCGF BEQU | _VEGH$26 ; TIMER O overflow
I_TTMC BQ |_VEG$28 ; TIMER 1 conpare
| TTMCF EQU | _VEGH$2A ; TIMR 1 overflow
|_TINDC BQU |_VEGH$2C ; TIMER 2 conpare
|_TINMCF BEQU | _VEGH2E  ; TIMER 2 overflow

_SORD EQU | _MVEGH30 0 Recei ve Data

_SORCE EQU | _VEGH32 0 Recei ve Data Wth Exception Satus
_SIORS EU |_VECH$34 ; ESS 0 Receive last slot

_S0TD BEQU |_VECH$36 ; ESS 0 Transnit data

_SOTCE BEQU | _VECHS38 0 Transmt Data Wth Exception Satus
_S0TLS EQJ | _VEGH3A 0 Transmt last slot

_S1RD EQUJ | _VEGH40 1 Receive Data

_SI1IRDE BEQU | VEGH42 1 Receive Data Wth Exception Satus
SI1IRS EQU | VEG$44 1 Receive last slot

_S1TD BEQJ | _VEGH$46 ; ESI 1 Transmit data

_S1TDE BEQU | _VEGH48 1 Transmt Data Wth Exception Satus
_SIATLS BEQU | VECH4A 1 Transnit last slot

| SORD BEQU |_VECH50 ; SO Receive Data

|_ SORCE BEQU | _VECHP52 ; SO Receive Data Wth Exception Satus
I_ SOTO BEQ |_VEGH54 ; SA Transnmit Data

I SalL BQJ |_VECH56 ; SA Ide Line

I SOT™ BQJ |_VECGH58 ; SO Tiner

| HROF BQJ | _VECGH$60 ; Host Receive Data Full
|_HE BQW | _VECH$62 ; Host Transnmit Data Enpty
| HC EQU | VEG+$64 ; Default Host Command

| _INTEND BEQU | _VECHSFF ; last address of interrupt vector space
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APPENDIXC
DSP56302 BSDL LISTING

-- MOTOROLA SSDT JTAG SOFTWARE
-- BSOL Fle Grierated: Mn Apr 8 10: 13: 47 1996

-- RevisiOn Hstory:

generic (PHYSICAL_ PIN MAP : string := "TQFP144");

port (  DE_:inout bit;
S2: i nout bit;
SA01: i nout bit;
SA0: i nout bit;
STDO: i nout bit;
;i nout bit;

MOTOROLA DSP56302UM/AD

For More Information On This Product,
Go to: www.freescale.com

C-1



Freescale Semiconductor, Inc.
DSP56302 BSDL Listing

C-2 DSP56302UM/AD MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
DSP56302 BSDL Listing

-- MOTOROLA SSDT JTAG SOFTWARE
-- BSOL File Generated: Mn Apr 8 10: 13: 47 1996

-- Revision Hstory:

entity DEP56302 is
generic (PHYSICAL_ PPN MAP : string := "TQFP144");

port (  DE_:inout bit;
S02: i nout bit;
S01: i nout bit;
SA00: i nout bit;
STDO: i nout bit;
SCKO: i nout bit;
SRD0: i nout bit;
SROL: i nout bit;
SK1: i nout bit;
STDL: i nout bit;
SC10: i nout bit;
SC11: i nout bit;
SC12: i nout bit;
TXD i nout bit;
SAK: i nout bit;
RXD i nout bit;
T QD: i nout bit;
TI AL i nout bit;
TI Q:i nout bit;
HAD i nout bit_vector(0 to 7);

HREQ i nout bit;
MXID i n bit;
MXIXC i n bit;
MDIB: i n bit;
MDA i n bit;

D i nout bit_vector(0 to 23);

A out bit_vector(0 to 17);
EXTAL: i n bit;
XTAL:linkage hit;
RD : out bit;
WR : out bit;

AA out bit _vector(0 to 3);
BR : buf f er bit;
BG:in bit;

BB :i nout bit;

PCAP: | inkage hit;

RESET :in bit;
PINT:.in bit;
TA:in bit;
CAS : out bit;
BALK: out bit;
BAK : out bit;
QLKAJT: buf f er bit;
TRST :in bit;
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TDQ out
TDO:in
TXKin
VB i n
RESERVED | i nkage
SA\D | i nkage
SVQC | i nkage
Q@\D | i nkage
Q/C | i nkage
HA\D | i nkage
HVQC | i nkage
DA\D | i nkage
DVQC | i nkage
AG\D | i nkage
AVQC | i nkage
JVQC | i nkage
JGA\DL: | i nkage
JA\D | i nkage
HACK: i nout
HCS: i nout
HRWi nout
QU | i nkage
Q3\D | i nkage
HCS: i nout
HA9: i nout
HA8: i nout
HAS i nout

bit;
bit;
bit;
bit;
bit _vector(0 to
bit_vector(0 to
bit_vector(0 to
bit_vector(0 to
bit_vector(0 to
bit;
bit;
bit_vector(0 to
bit_vector(0 to
bit_vector(0 to
bit_vector(0 to
bit;
bit;
bit;
bit;
bit;
bit;
bit_vector(0 to
bit_vector(0 to
bit;
bit;
bit;
bit);

use STD 1149 1 1994.al | ;

attribute PPN MAP of D8P56302 : entity is PHYS CAL_ PN MAR,

constant TQFP144 : PPN MAP_ STRNG : =

" SROL: 1" &

" STDL: 2, " &

" S2: 3 " &

" SO 4, " &

"DE 5 " &

"AINT: 6, " &

" SROD: 7," &

"SVaC (8, 25), " &

"SA\D (9, 26), " &

" STOO: 10, " &

" SCI0: 1, " &

" SO0 12, " &

" RO 13, " &

"TXD 14, " &

" SALK: 15, " &

" SCKL: 16, " &

" SCKO: 17, " &

"QUC (18, 56, 91, 126), " &
"QA\D (19, 54, 90, 127), " &

"RESERED (49, 20), " &

1);
1);
1);
3);
3);

3);
3);
3);
3);

1);
1);
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"HOS 21, " &

" HRW 22, " &

" HACK: 23, " &

"HREQ 24, " &

"TI Q2 27, " &

"TIAL: 28, " &

"TI QD: 29, " &

"HCS: 30, " &

" HAO: 31, " &

" HAB: 32, " &

"HAS: 33, " &

" HAD (43, 42, 41, 40, 37, 36, 35, 34), " &

"HVOC 38, " &

"HA\D 39, " &

" RESET a4, " &

" VG 45, " &

" PCAP: 46, " &

" JAD 47, " &

" JA\DL: 48, " &

" A (70, 69, 51, 50), " &

"CAS 52, " &

" XTAL: 53, " &

" EXTAL: 55, " &

HeVeo (57, 65), " &

"aa\D (58, 66), " &

" CLKOJT: 59, " &

" BOLK: 60, " &

"BOLK : 61, " &

"TA : 62, " &

"BR 63, " &

"BB 64, " &

"VR 67, " &

"RD 68, " &

"BG: 71, " &

"A (72, 73, 76, 77, 78, 79, 82, 83, 84, 85 88, 89, 92, 93, 94, 97, 98, 99),
' &

" AVCC (74, 80, 86, 95), " &

" AG\D (75, 81, 87, %), " &

"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), " &

" DVOC (103, 111, 119, 129), " &

" DA\D (104, 112, 120, 130), " &

" MID 134, " &

" MDC 135, " &

" MCDB: 136, " &

" MDA 137, " &

" TRST 138, " &

"TDQ 139, " &

"0 140, " &

"TCK: 141, " &

"TVG: 142, " &

" SC12: 143, " &
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" S8C11: 144 "

attribute TAP SCAN IN  of
attribute TAP SCAN AJr  of
attribute TAP_ SCAN MIE of
attribute TAP_SCAN RESET of
attribute TAP_ SCAN A.AOXK of

TD : signal is true;
TDO: signal is true;
TVB: signal is true;
TRST_: signal is true;
TK : signal is (20.0e6, BOH;

attribute | NSTRUCTI ON LENGTH of DSPS6302 : entity is 4;

attribute | NSTRUCTI ON GPCDE of DEP56302 : entity is

" EXTEST (0000)," &
" SAMPLE (0001)," &
" | DOCDE (0010)," &
" CLAWP (0101)," &
"HGEZ (0100)," &
"ENABLE ONCE (0110)," &
" DEBUG REQUEST(0111), " &
" BYPASS (1111)";

attribute | NSTRUCTI ON CAPTURE of DSP56302 : entity is "0001";

attribute | DODE REQ STER

of DSP56302 : entity is

" 0001" & -- version

"000110" & -- nanuf acturer's use

" 0000000011" & -- sequence nunier
"00000001110" & -- nmanufacturer identity
"1, -- 1149. 1 requi renent

attribute REQ STER ACCESS of DSP56302 : entity is
"ONCH 8]  (BENABLE ONCE, DEBUG REQUEST) " ;

attribute BONDARY LENGIH of DEP56302 : entity is 144;

attribute BONDARY REQ STER of DEP56302 @ entity is

-- num  cell port func safe [ccell dis rslt]
"0 (BC1, MDA i nput , X," &
"1 (BC1, MIB i nput , X," &
"2 (BC1, MG i nput , X," &
"3 (BC1, MID i nput , X," &
"4 (BC 6, O(23), bidir, X 13 1, 2," &
"5 (BC 6, O22), bidr, X 13, 1, 2.," &
"6 (BC 6, O21), bidir, X 13 1, 2.," &
"7 (BC 6, DO(20), bidr, X 13 1, 2.," &
"8 (BC 6, O19), bidr, X 13 1, 2.," &
"9 (BC6, O(18), bidr, X 13 1, 2.," &
"10 (BC 6, O17), bidr, X 13 1, 2.," &
"11 (BC 6, O16), bidir, X 13, 1, 2," &
"12 (BC 6, O15), bidir, X 13, 1, 2," &
"13 (BC1, *, control, 1)," &
"14 (BC 6, O14), bidir, X 13, 1, 2," &
"15 (BC 6, O13), bidir, X 13, 1, 2," &
"16 (BC 6, O12), bidir, X 26 1, 2," &
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"17 (BC 6, O11), bidir, X 26 1 2," &
"18 (BC 6, O(10), bidr, X 26 1 2.," &
"19 (BC 6, O9)), bidr, X 26 1 2.," &
-- num  cell port func safe [ccell dis rslt]
"20 (BC 6, O8), bidr, X 26 1 2.," &
"21 (BC6, O7)), bidir, X 26 1 2," &
"22 (BC 6, O6), bidir, X 26 1, 2," &
"23 (BC6, O5)), bidir, X 26 1, 2," &
"24 (BC 6, O4)), bidir, X 26 1, 2," &
"25 (BC6, O3, bidir, X 26 1, 2," &
" 26 (BC1, *, control, 1)," &
"27 (BC6, 02, bidir, X 26 1, 2," &
"28 (BC6, O1), bidir, X 26 1, 2," &
"29 (BC 6, O0)), bidir, X 26 1, 2," &
"30 (BC1, A17), output3, X 33 1, 2," &
"31 (BC 1, A(le), output3, X 33, 1, 2," &
"32 (BC 1, A(15), output3, X 33 1, 2," &
"33 (BC1, *, control, 1)," &
"34 (BC1, A19), output3, X 33 1, 2," &
"35 (BC1, A13), output3, X 33 1, 2," &
"36 (BC1, A12), output3, X 33 1, 2," &
"37 (BC1, A1l), output3, X 33 1, 2," &
"38 (BC1, A10), output3, X 33, 1, 2," &
"39 (BC1, A9, output3, X 33, 1, 2," &
-- num cell port func safe [ccell dis rslt]
"40 (BC1, A8, output3, X 43, 1, 2," &
"41 (BC1, A7), output3, X 43, 1, 2," &
"42 (BC1, A6), output3, X 43, 1, 2," &
"43 (BC1, *, control, 1)," &
"44 (BC1, A5, output3, X 43, 1, 2," &
"45 (BC1, A4, output3, X 43, 1, 2," &
" 46 (BC1, A3), output3, X 43, 1, 2," &
"47  (BC1, A2, output3, X 43, 1, 2," &
"48 (BC1, A, output3, X 43, 1, 2," &
" 49 (BC1, A0, output3, X 43, 1, 2," &
"50 (BC1, BG, i nput , X," &
"51  (BC1, AXNO), output3, X 55 1, 2)," &
"52  (BC1, AN1), output3, X 56 1, 2)," &
"53 (BC1, RD, output3, X 64, 1, 2," &
"54 (BC1, W, output3, X 64, 1, 2," &
"55 (BC1, *, control, 1)," &
"56 (BC1, *, control, 1)," &
"57 (BC1, *, control, 1)," &
"58 (BC 6, BB, bidir, X 57, 1, 2," &
"59 (BC1, BR, output2, X," &
-- num  cell port func safe [ccell dis rslt]
"60 (BC1, TA, i nput , X," &
"61  (BC1, BAK, output3, X 64, 1, 2," &
" 62 (BC 1, BAK output3, X 64, 1, 2," &
"63 (BC 1, akad, output2, X," &
" 64 (BC1, *, control, 1)," &
"65 (BC1, *, control, 1)," &
" 66 (BC1, *, control, 1)," &
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"67 (BC1, *, control, 1)," &
" 68 (BC 1, EXTAL, i nput , X," &
" 69 (BC1, @AS, output3, X 65 1, 2," &
"70 (BC1, AA2), output3, X 66, 1, 2," &
"71 (BC1, AA(3), output3, X 67, 1, 2," &
"72 (BC1, RESET, i nput , X," &
"73 (BC1, *, control, 1)," &
"74 (BC 6, HA0), bidir, X 73, 1, 2," &
"75 (BC1, *, control, 1)," &
"76 (BC 6, HA(1), bidir, X 75 1, 2," &
77 (BC1, *, control, 1)," &
"78 (BC 6, HA(2), bidir, X 77, 1, 2," &
"79 (BC1, *, control, 1)," &
num  cell port func safe [ccell dis rslt]
"80 (BC 6, HAX(3), bidir, X 79 1, 2," &
"81 (BC1, *, control, 1)," &
"82 (BC 6, HAX(4), bidr, X 8, 1, 2.," &
"83 (BC1, *, control, 1)," &
"84 (BC 6, HA(5), bidr, X 8 1 2.," &
"85 (BC1, *, control, 1)," &
" 86 (BC 6, HAO6), bidir, X 8, 1 2.," &
"87 (BC1, *, control, 1)," &
"88 (BC 6, HAO(7), bidir, X 87, 1, 2," &
"89 (BC1, *, control, 1)," &
"90 (BC 6, HAS bidir, X 89 1, 2," &
"91 (BC1, *, control, 1)," &
"92 (BC 6, HA8, bidir, X 91, 1, 2," &
"93 (BC1, *, control, 1)," &
"94 (BC 6, HR, bidir, X 93 1, 2," &
"95 (BC1, *, control, 1)," &
" 96 (BC 6, HCS, bidr, X 9, 1 2," &
"97 (BC1, *, control, 1)," &
"98 (BC 6, TIQ, bidr, X 97, 1 2.," &
"99 (BC1, *, control, 1)," &
num  cell port func safe [ccell dis rslt]
"100 (BCS6, T, bidr, X 9, 1 2.," &
"101 (BC1, *, control, 1)," &
"102 (BC6, T, bidir, X 101, 1, 2," &
"103 (BC1, *, control, 1)," &
"104 (BC6, HEQ bidir, X 103, 1, 2," &
"105 (BC1, *, control, 1)," &
"106 (BC 6, HAK bidir, X 105 1, 2," &
"107 (BC1, *, control, 1)," &
"108 (BC 6, HRW bidir, X 107, 1, 2," &
"109 (BC1, *, control, 1)," &
"110 (BC6, HXS bidir, X 109, 1, 2," &
"111 (BC1, *, control, 1)," &
"112 (BC6, SCKO, bidir, X 111, 1, 2," &
"113 (BC1, *, control, 1)," &
"114 (BC6, SXKi, bidir, X 113, 1, 2," &
"115 (BC1, *, control, 1)," &
"116 (BC 6, SAK bidir, X 115 1, 2," &
"117 (BC1, *, control, 1)," &
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"118 (BC6, ™D, bidir, X 117, 1, 2," &
"119 (BC1, *, control, 1)," &

-- num  cell port func safe [ccell dis rslt]
"120 (BC6, RXD bidir, X 119, 1, 2," &
"121 (BC1, *, control, 1)," &

"122 (BC6, S0, bidir, X 121, 1, 2," &
"123 (BC1, *, control, 1)," &
"124 (BC 6, SClO, bidir, X 123, 1, 2," &
"125 (BC1, *, control, 1)," &
"126 (BC 6, S, bidir, X 125, 1, 2," &
"127 (BC1, *, control, 1)," &
"128 (BC 6, SR, bidir, X 127, 1, 2," &
"129 (BC1, PINT, i nput , X," &
"130 (BC1, *, control, 1)," &
"131 (BC6, CE, bidir, X 130, 1, 2," &
"132 (BC1, *, control, 1)," &
"133 (BC6, S01, bidir, X 132, 1, 2.," &
"134 (BC1, *, control, 1)," &
"135 (BC6, S2, bidr, X 134, 1 2.," &
"136 (BC1, *, control, 1)," &
"137 (BCS6, SIDL, bidr, X 136 1, 2.," &
"138 (BC1, *, control, 1)," &
"139 (BC6, SR, bidir, X 138, 1, 2," &

-- num  cell port func safe [ccell dis rslt]

"140 (BC1, *, control, 1)," &
"141 (BC6, SCl1, bidir, X 140, 1, 2," &
"142 (BC1, *, control, 1)," &
"143 (BC6, SC12, bidir, X 142, 1, 2%
end DEP56302;
&S
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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 DSP’s memory-mapped peripherals, an exception
priority table, and programming sheets for the major programmable registers on the
DSP. The programming sheets are grouped in the following order: central processor,
Phase Lock Loop, (PLL), Host Interface (HI08), Enhanced Synchronous Serial
Interface (ESSI), Serial Communication Interface (SCI), Timer, and GPIO. Each sheet
provides room to write in the value of each bit and the hexadecimal value for each
register. The programmer 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.

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.1.4 Programming Sheets

The remaining figures describe the major programmable registers on the DSP56302.

MOTOROLA DSP56302UM/AD D-3
For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

D.2 INTERNAL I/O MEMORY MAP

Table D-1 Internal 1/0 Memory Map

Peripheral Algé?;s Azélé?ei;s Register Name
IPR $FFFF $SFFFFFF Interrupt Priority Register Core (IPR-C)
$FFFE $FFFFFE Interrupt Priority Register Peripheral (IPR-P)
PLL $FFFD $FFFFFD PLL Control Register (PCTL)

OnCE $FFFC $FFFFFC ONnCE GDB Register (OGDB)

BIU $FFFB $FFFFFB Bus Control Register (BCR)

$FFFA $FFFFFA DRAM Control Register (DCR)

$FFF9 $FFFFF9 Address Attribute Register 0 (AARO)

$FFF8 $FFFFF8 Address Attribute Register 1 (AAR1)

$FFF7 | $FFFFF7 Address Attribute Register 2 (AAR2)

$FFF6 $FFFFF6 Address Attribute Register 3 (AAR3)

$FFF5 $FFFFF5 ID Register (IDR)

DMA $FFF4 $FFFFF4 DMA Status Register (DSTR)

$FFF3 $FFFFF3 DMA Offset Register 0 (DORO0)

$FFF2 $FFFFF2 DMA Offset Register 1 (DOR1)

$FFF1 $FFFFF1 DMA Offset Register 2 (DOR2)

$FFFO $FFFFFO DMA Offset Register 3 (DOR3)

DMAO $FFEF $FFFFEF DMA Source Address Register (DSRO0)

$FFEE $FFFFEE DMA Destination Address Register (DDRO)

$FFED $FFFFED DMA Counter (DCOO0)

$FFEC | $FFFFEC DMA Control Register (DCRO0)
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Table D-1 Internal 1/0 Memory Map (Continued)

Peripheral Alo?él?ggs AZ(;:?;;S Register Name

DMAL1 $FFEB $FFFFEB DMA Source Address Register (DSR1)
$FFEA $FFFFEA DMA Destination Address Register (DDR1)
$FFE9 $FFFFE9 DMA Counter (DCO1)
$FFES8 $FFFFES8 DMA Control Register (DCR1)

DMAZ2 $FFE7 $SFFFFE7 DMA Source Address Register (DSR2)
$FFE6 $FFFFE6 DMA Destination Address Register (DDR2)
$FFE5 $FFFFES DMA Counter (DCO2)
$FFE4 $FFFFE4 DMA Control Register (DCR2)

DMA3 $FFE3 $FFFFE3 DMA Source Address Register (DSR3)
$FFE2 $FFFFE2 DMA Destination Address Register (DDR3)
$FFEL $FFFFE1 DMA Counter (DCO3)
$FFEO $FFFFEO DMA Control Register (DCR3)

DMA4 $FFDF $FFFFDF DMA Source Address Register (DSR4)
$FFDE $FFFFDE DMA Destination Address Register (DDR4)
$FFDD $FFFFDD DMA Counter (DCO4)
$FFDC | $FFFFDC DMA Control Register (DCR4)

DMAS5 $FFDB | $FFFFDB DMA Source Address Register (DSR5)
$FFDA | $FFFFDA DMA Destination Address Register (DDR5)
$FFD9 | $FFFFD9 DMA Counter (DCO5)
$FFD8 $FFFFD8 DMA Control Register (DCR5)
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Table D-1 Internal 1/0 Memory Map (Continued)

Peripheral Alo?él?ggs Azél(;?;;s Register Name
$FFD7 $FFFFD7 Reserved
$FFD6 | $FFFFD6 Reserved
$FFD5 $FFFFD5 Reserved
$FFD4 $FFFFD4 Reserved
$FFD3 | $FFFFD3 Reserved
$FFD2 | $FFFFD2 Reserved
$FFD1 $FFFFD1 Reserved
$FFDO | $FFFFDO Reserved
$FFCF $FFFFCF Reserved
$FFCE | $FFFFCE Reserved
$FFCD | $FFFFCD Reserved
$FFCC | $FFFFCC Reserved
$FFCB | $FFFFCB Reserved
$FFCA | $FFFFCA Reserved
PORTB $FFC9 $FFFFC9 Host Port GPIO Data Register (HDR)
$FFC8 $FFFFC8 Host Port GPIO Direction Register (HDDR)
H108 $FFC7 $FFFFC7 Host Transmit Register (HTX)
$FFC6 $FFFFC6 Host Receive Register (HRX)
$FFC5 $FFFFC5 Host Base Address Register (HBAR)
$FFC4 $FFFFC4 Host Polarity Control Register (HPCR)
$FFC3 $FFFFC3 Host Status Register (HSR)
$FFC2 $FFFFC2 Host Control Register (HCR)
$FFC1 $FFFFC1 Reserved
$FFCO $FFFFCO Reserved
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Table D-1 Internal 1/0 Memory Map (Continued)

Peripheral Alo?él?ggs AZ(;:?;;S Register Name
PORTC $FFBF $FFFFBF Port C Control Register (PCRC)
$FFBE $FFFFBE Port C Direction Register (PRRC)
$FFBD $FFFFBD Port C GPIO Data Register (PDRC)
ESSIO $FFBC $FFFFBC ESSI 0 Transmit Data Register 0 (TX00)
$FFBB $FFFFBB ESSI 0 Transmit Data Register 1 (TX01)
$FFBA $FFFFBA ESSI 0 Transmit Data Register 2 (TX02)
$FFB9 $FFFFB9 ESSI 0 Time Slot Register (TSRO)
$FFB8 $FFFFB8 ESSI 0 Receive Data Register (RX0)
$FFB7 $FFFFB7 ESSI 0 Status Register (SSISR0)
$FFB6 $FFFFB6 ESSI 0 Control Register B (CRBO)
$FFB5 $FFFFB5 ESSI 0 Control Register A (CRAO)
$FFB4 $FFFFB4 ESSI 0 Transmit Slot Mask Register A (TSMADO)
$FFB3 $FFFFB3 ESSI 0 Transmit Slot Mask Register B (TSMBO)
$FFB2 $FFFFB2 ESSI 0 Receive Slot Mask Register A (RSMAD)
$FFB1 $FFFFB1 ESSI 0 Receive Slot Mask Register B (RSMBO0)
$FFBO $FFFFBO Reserved
PORT D $SFFAF SFFFFAF Port D Control Register (PCRD)
$SFFAE $SFFFFAE Port D Direction Register (PRRD)
$FFAD | $FFFFAD Port C GPIO Data Register (PDRD)
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Table D-1 Internal 1/0 Memory Map (Continued)

16-Bit 24-Bit

Peripheral | Address | Address

Register Name

ESSI 1 $FFAC | $FFFFAC ESSI 1 Transmit Data Register 0 (TX10)

$FFAB $FFFFAB ESSI 1 Transmit Data Register 1 (TX11)

$FFAA | $SFFFFAA ESSI 1 Transmit Data Register 2 (TX12)

$FFA9 $FFFFA9 ESSI 1 Time Slot Register (TSR1)

$FFA8 $SFFFFA8 ESSI 1 Receive Data Register (RX1)

$FFA7 | SFFFFA7 ESSI 1 Status Register (SSISR1)

$FFAG6 $FFFFAG ESSI 1 Control Register B (CRB1)

$FFAS5 $FFFFAS ESSI 1 Control Register A (CRAL)

$FFA4 $FFFFA4 ESSI 1 Transmit Slot Mask Register A (TSMA1)

$FFA3 $FFFFA3 ESSI 1 Transmit Slot Mask Register B (TSMB1)

$SFFA2 SFFFFA2 ESSI 1 Receive Slot Mask Register A (RSMAL)

$FFAL $FFFFA1 ESSI 1 Receive Slot Mask Register B (RSMB1)

$FFAQ $FFFFAQ Reserved

PORT E $FFIF $FFFFOF Port E Control Register (PCRE)

$FFOE $FFFFOE Port E Direction Register (PRRE)

$FFOD $FFFFOD Port E GPIO Data Register (PDRE)
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Table D-1 Internal 1/0 Memory Map (Continued)

Peripheral Alo?él?ggs AZ(;:?;;S Register Name
SCI $FFOC $FFFFOC SCI Control Register (SCR)
$FFIB $FFFFI9B SCI Clock Control Register (SCCR)
$FFOA $FFFF9A SCI Receive Data Register - High (SRXH)
$FF99 $FFFF99 SCI Receive Data Register - Middle (SRXM)
$FF98 $FFFF98 SCI Recieve Data Register - Low (SRXL)
$FF97 $FFFF97 SCI Transmit Data Register - High (STXH)
$FF96 $FFFF96 SCI Transmit Data Register - Middle (STXM)
$FF95 $FFFF95 SCI Transmit Data Register - Low (STXL)
$FF94 $FFFF94 SCI Transmit Address Register (STXA)
$FF93 $FFFF93 SCI Status Register (SSR)
$FF92 $FFFF92 Reserved
$FFo1 $FFFFI1 Reserved
$FF90 $FFFF90 Reserved
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Table D-1 Internal 1/0 Memory Map (Continued)

Peripheral Alo?él?ggs AZ(;:?;;S Register Name

TRIPLE $FF8F $FFFF8F Timer 0 Control/Status Register (TCSRO0)

TIMER $FF8E $FFFFSE Timer 0 Load Register (TLRO)
$FF8D $FFFF8D Timer 0 Compare Register (TCPRO)
$FF8C $FFFF8C Timer 0 Count Register (TCRO)
$FF8B $FFFF8B Timer 1 Control/Status Register (TCSR1)
$FFBA | SFFFFBA Timer 1 Load Register (TLR1)
$FF89 $FFFF89 Timer 1 Compare Register (TCPR1)
$FF88 $FFFF88 Timer 1 Count Register (TCR1)
$FF87 $FFFF87 Timer 2 Control/Status Register (TCSR2)
$FF86 $FFFF86 Timer 2 Load Register (TLR2)
$FF85 $FFFF85 Timer 2 Compare Register (TCPR2)
$FF84 $FFFF84 Timer 2 Count Register (TCR2)
$FF83 $FFFF83 Timer Prescaler Load Register (TPLR)
$FF82 $FFFF82 Timer Prescaler Count Register (TPCR)
$FF81 $FFFF81 Reserved
$FF80 $FFFF80 Reserved
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D.3 INTERRUPT ADDRESSES AND SOURCES

Table D-2 Interrupt Sources

Interrupt Int_errEth

Starting Priority Interrupt Source

Address Level

Range

VBA:$00 3 Hardware RESET

VBA:$02 3 Stack Error

VBA:$04 3 Illegal Instruction

VBA:$06 3 Debug Request Interrupt

VBA:$08 3 Trap

VBA:$0A 3 Non-Maskable Interrupt (NMI)

VBA:$0C 3 Reserved

VBA:$0E 3 Reserved

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 TIMER 0 Compare

VBA:$26 0-2 TIMER 0 Overflow

VBA:$28 0-2 TIMER 1 Compare

VBA:$2A 0-2 TIMER 1 Overflow

VBA:$2C 0-2 TIMER 2 Compare

VBA:$2E 0-2 TIMER 2 Overflow

VBA:$30 0-2 ESSIO0 Receive Data

VBA:$32 0-2 ESSIO Receive Data With Exception Status

VBA:$34 0-2 ESSIO0 Receive Last Slot

VBA:$36 0-2 ESSIO Transmit Data
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Table D-2 Interrupt Sources (Continued)

Interrupt Int_errEth
Starting Priority Interrupt Source
Address Level
Range
VBA:$38 0-2 ESSIO Transmit Data With Exception Status
VBA:$3A 0-2 ESSIO Transmit Last Slot
VBA:$3C 0-2 Reserved
VBA:$3E 0-2 Reserved
VBA:$40 0-2 ESSI1 Receive Data
VBA:$42 0-2 ESSI1 Receive Data With Exception Status
VBA:$44 0-2 ESSI1 Receive Last Slot
VBA:$46 0-2 ESSI1 Transmit Data
VBA:$48 0-2 ESSI1 Transmit Data With Exception Status
VBA:$4A 0-2 ESSI1 Transmit Last Slot
VBA:$4C 0-2 Reserved
VBA:$4E 0-2 Reserved
VBA:$50 0-2 SCI Receive Data
VBA:$52 0-2 SCI Receive Data With Exception Status
VBA:$54 0-2 SCI Transmit Data
VBA:$56 0-2 SCI Idle Line
VBA:$58 0-2 SCI Timer
VBA:$5A 0-2 Reserved
VBA:$5C 0-2 Reserved
VBA:$5E 0-2 Reserved
VBA:$60 0-2 Host Receive Data Full
VBA:$62 0-2 Host Transmit Data Empty
VBA:$64 0-2 Host Command (Default)
VBA:$66 0-2 Reserved
VBA:$FE 0-2 Reserved
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D.4 INTERRUPT PRIORITIES

Table D-3 Interrupt Source 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)

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

Host Command Interrupt

Host Transmit Data Empty

Host Receive Data Full

ESSI0 RX Data with Exception Interrupt
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Table D-3 Interrupt Source Priorities within an IPL (Continued)

Priority

Interrupt Source

ESSIO RX Data Interrupt

ESSIO Receive Last Slot Interrupt

ESSIO TX Data With Exception Interrupt

ESSIO0 Transmit Last Slot Interrupt

ESSI0 TX Data Interrupt

ESSI1 RX Data With Exception Interrupt

ESSI1 RX Data Interrupt

ESSI1 Receive Last Slot Interrupt

ESSI1 TX Data With Exception Interrupt

ESSI1 Transmit Last Slot Interrupt

ESSI1 TX Data Interrupt

SCI Receive Data With Exception Interrupt

SCI Receive Data

SCI Transmit Data

SCI Idle Line

SCI Timer

TIMERO Overflow Interrupt

TIMERO Compare Interrupt

TIMER1 Overflow Interrupt

TIMER1 Compare Interrupt

TIMER2 Overflow Interrupt

Lowest

TIMER2 Compare Interrupt
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Application: Date:
Programmer:
Sheet 1 of 5
Carry
|Central Processor| oo
Zero
Negative
Unnormalized (U = Acc(47) xnor Acc(46) )
Extension
Limit
FFT Scaling (S = Acc(46) xor Acc(45) )
Interrupt Mask

Scaling Mode 1(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)

l Y Y
,—Hlllirvvvvvf—ﬁ Y Y Y YY Y VY Y
23 22 21 2019 18 17 16415 14 13 12,1110 9 8,7 6 5 4,3 2 1 0
CP1|CPO| RM | SM CE * SA FV | LF | DM SC * S1 S0 11 10 S L E U N z \Y C

0 0
— N T 7

Extended Mode Register (MR) Mode Register (MR) Condition Code Register (CCR)
Status Rggister (SR) <% = Reserved, Program as 0
Read/Write
Reset = $C00300

Figure D-1 Status Register (SR)
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:
Programmer:
Sheet 2 of 5
|Central Processor|
Chip Operating Modes
MOD(D:A) |Reset Vector Description

0000 $C00000 |Expanded mode

X001 $FF0000 |Bootstrap from byte wide memory

X010 $FFO000 |Bootstrap through SCI

X011 — Reserved

X100 $FF0000 |Host Bootstrap PCI mode (32-bit wide)

X101 $FFO000 |Host Bootstrap 16-bit wide UB mode (ISA)

X110 $FFO000 |Host Bootstrap 8-bit wide UB mode (dbl strb)

X111 $FF0000 |Host Bootstrap 8-bit wide UB mode (sgl strb)

1000 $008000 |Expanded mode

External Bus Disable
Stop Delay
Memory Switch Mode

Core-DMA Priority
CDP(1:0) Core-DMA Priority
00 Core vs DMA Priority
01 DMA accesses > Core
10 DMA accesses = Core
11 DMA accesses < Core

Burst Mode Enable
TA Synchronize Select
Bus Release Timing
Stack Extension Space Select
Extended Stack Underflow Flag —
Extended Stack Overflow Flag
Extended Stack Wrap Flag
Stack Extension Enable

Jif Y

Y —
23 22 21 20419 18 17 1615 14 13 12,11 10 9 8|7

\

)
-t
)
-t

6 5 4,3 2 1 0
% | % | H | SEN|WRP|EOV|EUN|XYS| oa| o[ |BRT [ TAS| BE [CDP1[CDPO| MS | SD | oa| EBD| MD [MC |MB | MA
0[0]0 0]0] O 0
~— N N _
—~— —~— —~—
System Stack Control Extended Chip Operating Chip Operating Mode
Status Register (SCS) Mode Register (COM) Register (COM)
Operating Mode Register (OMR) % = Reserved, Program as 0
Read/Write _
Reset = $00030X X = Latched from levels on Mode pins

Figure D-2 Operating Mode Register (OMR)
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Freescale Semiconductor, Inc.

PROGRAMMING REFERENCE

Date:

Application:

Programmer:

Sheet 3 of 5

000000%$ = 18say
alIM/peay 4444$:X

0vI| TVI

¢vi| 01dl| 114l

cdl

0710l

1101|2121 [ 07dl | T7dlf ¢7dl [ 0704

17100

011d

111d|07¢a|11eajoiea

171€a [07vd

T1va

(0—ddlI) 1918168y
A11o1d 1dnuiaiu)

01sd | 1715d

A

v g 9

OT TIT'cT €T ¥T ST 9T LT, 8T 61 0C T1¢ ¢¢ €¢

a

A SOA T T 4 SOA T T
1 SOA 0 T T SOA 0 T
0 SaA T 0 abp3 "BaN T 0 SaA T 0 abp3 "BaN T
— ON 0 0 [9A8] 0 — ON 0 0 |98 0
1dl | peigeud | o1dl | T4l 18661 z1gl 1dl | peigeud | 01dl | T1dI 186611 zZ1al

apo gdul apo aduyl

r4 SOA T T 4 SOA T T

T SOA 0 T T SOA 0 T

0 S9A T 0 abp3 ‘BaN T 0 SOA T 0 abp3 ‘BaN T

— ON 0 0 LEN 0 — ON 0 0 [9n87] 0

1dl | pajgeul | 01vI | TIVI 196611 Z1vl 1dl | paigeu3 | 0121 | T1DI 196611 Z121

3poN vOuI 3poN D0HI

[HOSS3D0dd TVHINID]

Figure D-3 Interrupt Priority Register—Core (IPR-C)
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:
Programmer:
Sheet4 of 5
off
|l o=« g HC:L‘
I
o o2
2 w0 23 © =« > 3
o CERE: {
Y 1|8 -
- 0w u un o
EEOHOH &g%g&& —»{#a
T Q |w o
n ol b=
jooa‘—c $§Oﬁ0\—| g
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gOO\—IH "9,
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dlxo
O
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@) e
7)) . i s
o
LIJ goo‘—m—q ~Nxko 8 a
n
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O ko] |8
a
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al Jdxola |5
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Figure D-4 Interrupt Priority Register — Peripherals (IPR-P)
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Freescale Semiconductor, Inc.

PROGRAMMING REFERENCE

Date:

Application:

Programmer:

Sheet 5 of 5

000000$ = 1858y
81lIM/pesy Q44444%:X

(1L0d) 10181609y
OdN | TAN | 24N | EJN | PAIN | SHIN | 9N | Z4IN | 8dIN | 64N |OTAN|TTHIN| 04A | TdA | 24Ad MH1LX|A1LX|d1lSd| N3d | d0D | 0dd | Tdd | ¢dd | €dd [011u03 11d
0 T ¢ ¢!y 6 9 218 6 0T TT!¢T €T ¥#T ST'9T /LT 8T 61! 0C T¢ ¢¢ €¢
— — ——— A A A —
A H A
;2 1%
. . 9T 4$
< z$ . .
12 T$ . .
ol 0$ € %
4@ J010e4 UoIsIAIg 04d - z4a ¢ $
(zd4a — 04Q) sug 401084 UoIsIAI T 0$
4ad Jo1oed uoisiAlpald | 0dd —€dd
(ead — 0ad) sug 10104 UoISIAIpaId
9601 4-44$
5601 444$
m No.ow a1e1S UBIH Ul pleH uld = T
14 T00$ 001D 8J0AD AINA %0S = 0
T 000$ (@o2) a1gesia indinQ »20[0
dIN Jo1oed uoiedldiini | 04N — TT4IN
TT4N — 04Nl Siig Jo19e4 uoledldiniy

ZH002 < bai4 reix rewsaixg = 1

ZHM002 > baid eix reweix3 = 0
(4711Lx) ng abuey reiskin

82IN0S [euwsalx3 uy
woi4 usAug IVIX3 =T

101e||10SQ [e1X ||gqeud = 0
(@11x) ug 8jgesia 1vIx

pajqeu3s psjqeus| T T

psjqeu3| ps|gesid| 0 T
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Figure D-5 Phase Lock Loop Control Register (PCTL)
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Date:

Application:

Programmer:

Sheet 1 of 6

|[HOST |

Host Receive Data (usually Read by program)

23 22 21 20,19 18 17 16,15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O
Receive High Byte Receive Middle Byte Receive Low Byte

Host Receive Data Register (HRX)
X:$FFEC6 Read Only
Reset = empty

Host Transmit Data (usually Loaded by program)

\

23 22 21 20,19 18 17 16,15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 0
Transmit High Byte Transmit Middle Byte Transmit Low Byte

Host Transmit Data Register (HTX)
X:$FFEC7 Write Only
Reset = empty

Figure D-6 Host Receive and Host Transmit Data Registers
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Freescale Semiconductor, Inc.

PROGRAMMING REFERENCE

Application:

Date:

Programmer:

Sheet 2 of 6

|[HOST |

Host Receive Interrupt Enable
0 =Disable 1=Enable ifHRDF=1

Host Transmit Interrupt Enable
0 =Disable 1=Enable ifHTDE=1

Host Command Interrupt Enable
0 =Disable 1=Enable ifHCP=1

Host Flag 2

Host Flag 3

Host Control Register (HCR)
X:$FFFFC2 Read /Write
Reset = $0

DSP Side

Host Receive Data Full
0=+Wait 1=+Read

D!

w
N
=
o

HF2 | HCIE | HTIE | HRIE

O N

O% |o

O% |
%

_[ox]s

Host Transmit Data Empty
0=+Wait 1=+ Write

Host Command Pending
0=+Wait 1=+ Ready

Host Flags
Read Only

Host Staus Register (HSR)
X:$FFFFC3 Read Only
Reset = $2

..(
|

* = Reserved, Program as 0

=
(63}

HF1 [ HFO | HCP |HTDE|HRDF

O N
O% |o
O% |

[ [ox

Figure D-7 Host Control and Host Status Registers
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:

Programmer:

Sheet 3 of 6

|[HOST |

15---8 7 6 5 4 3 2 1 0
_ * % | BAlO| BA9 | BAs | BA7 | BAG | BAS | BA4 | BA3
Host Base Address Register (HBAR) 0 (( O
X:$FFFFC5
Reset = $80 ))
17
Host Request Open Drain Host GPIO Port Enable
HDRQ HROD HREN/HEW 0 = GPIO Pins Disable, 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 = Strobe Active Low, 1 = Strobe Active High 0 ~ HA9=GPIO, 1 ~ HA9=HA9

Host Address Strobe Polarity Host Chip Select Enable
0 = Strobe Active Low, 1 = Strobe Active High 0 - HCS/HAIO = GPIO,

- 1 - HCS/HA10 = HC8, if HMUX =0
Host Multiplexed Bus 1 — HCS/HAL0 = HC10, if HMUX = 1
0 = Nonmultiplexed, 1 = Multiplexed
Host Dual Data Strobe Host Request Enable
0 = Singles Stroke, 1 = Dual Stoke 0 - HREQ/HACK = GPIO,

1 - HREQ = HREQ, if HDRQ =0

Host Chip Select Polarity

0 = HCS Active Low | Host Acknowledge Enable
HTRQ & HRRQ Enable 0 - HACK = GPIO
1 = HCS Active High If HDRQ & HREN =1,
Host Request Priority HACK = HACK
HDRQ | HRP Host Enable
0 0 HREQ Active Low 0 - HIO8 Disable
0 1 HREQ Active High Pins = GPIO
1 0 HTRQ,HRRQ Active Low 1 - HIO8 Enable
1 1 HTRQ,HRRQ Active High

Host Acknowledge Priority
0 = HACK Active Low, 1 = HACK Active High

VT

Mid

15 14 13 12 ;11 10 9 8 7 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 Registers
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:

Programmer:
Sheet 4 of 6

I HOST I Processor 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 |HREQ/HTRQ| HACK/HRRQ
0 HREQ HACK
1 HTRQ HRRQ

Host Flags
Write Only

Host Little Endian

Initialize (Write Only)

0=+ No Action 1=+ Initialize DMA * — \ /

7 6 5 4 3 2 1 0
INIT | o [HLEND| HFL | HFO | HDRQ| TREQ | RREQ
Interrupt Control Register (ICR) O
X:$
Read/Write
Reset = $0
Receive Data Register Full
0 = Wait 1 = Read
Transmit Data Register Empty
0 = Wait 1 = Write
Transmitter Ready
0=DatainHl 1 =Data Notin HI
Host Flags
Read Only
DMA Status
0 =+ DMA Disabled 1 =+ DMA Enabled
Host Request  /
0 =+ HREQ Deasserted 1=+ HREQ Asserted } — |  J

7 6 4,3 2 1 0

5
HREQ | DMA * HF3 | HF2 [ TRDY | TXDE [ RXDF

Interrupt Status Register (ISR)
$2 Read/Write
Reset = $06

* = Reserved, Program as 0

Figure D-9 Interrupt Control and Interrupt Status Registers

MOTOROLA DSP56302UM/AD D-23

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:

Programmer:

Sheet 5 of 6

|[HOST |

7 6 5 4,3 2 1 0

v7 IV6 V5 V4 V3 V2 V1 VO

Interrupt Vector Register (IVR)
Reset = $0F

Contains the interruptvectoror number

Host Vector
Contains Host Command Interrupt Address + 2

Host Command

Handshakes Executing Host Command Interrupts
A

— —
7 6 5 4,3 2 1 O

HC7 | HC6 | HC5 HC4 | HC3 HC2 | HC1 HCO

Command Vector Register (CVR)
Reset = $2A

Contains the host command interrupt addressr

Figure D-10 Interrupt Vector and Command Vector Registers
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:
Programmer:
Sheet 6 of 6
I HOST I Processor Side
Host Receive Data (usually Read by program)
7 | 0,7 | 0,7 | 0,7 | 0
Receive Low Byte Receive Middle Byte Receive High Byte Not Used
TP PP PP PPl Jofofofefofefe]e
$7 $6 $5 $4
Receive Byte Registers
$7, $6, $5, $4 Read Only
Reset = $00
Receive Byte Registers
Host Transmit Data (usually loaded by program)
7 | 0,7 | 0,7 | 0,7 | 0
Transmit Low Byte Transmit Middle Byte Transmit High Byte Not Used
LT PP PP PP PP Pl ] [ofefofofofoefofo
$7 $6 $5 $4
Transmit Byte Registers
$7, $6, $5, $4 Write Only
Reset = $00
Figure D-11 Host Receive and Host Transmit Data Registers
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PROGRAMMING REFERENCE

Date:

Application:
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000000$ = 18S9y
allIW/peay 9v4444$: TISS3

31M/Pesy 994444$: 01SS3
(xgy2) g 1e1s1b8y |043U0D

040 | 140 [0aos|raos|zaos|asos|adHs|o1s4 | 11s4| dsd | dsd | dvo | NAS |aow| zaL [tac | oaL| 3y | 3L | 3 (3N |and {331 |3Ey ] 1SS3
o T ¢ ¢!y 6 9 L18 6 0T TT'ZT €T ¥T ST'9T LT 8T 61! 0Z TZ ZC €¢
Y———— A A —— A A A A A A A A A A A »
A A A
siqeuI =T  9|gesId =0
9|qeud 1dniaiu] uondaoxg aAle09Yy
aqeua =1 a|gesia=0
a|qeud 1dnJiaiul uondaox3g ywsuel]
|| sigeuz =T 29|gesid=0
a|geud 1dnJ1ia1u] 10|S 1SBT 9AI909Y
gqeua =1 ||gesia=0
a|qeud 1dnJJaiu| 10|S 1se] lwsuel |
sigeua =T  3|gesIA =0
a|qeud 1dniiaiu] 9A1909Y
— sigeuz =T 9|gesid=0
a|qeud 1dnuaiu] wsuel |
Y20|D [eusdlu| = T %90[D [eulalx3d = 0 slgeuI =T  9|gesia=0
uo119211Q 921N0S X20[D a|geu Janpday
1SI49S7=T 1SI49SWN =0 s|qeux =T a|gesid =0
uonoaud YIus o983 0 MUISUBIL
JUAS aweI4 XY ‘X1 JUAS awel4 X1 | uld ZOS o|Iqeu3 =T  9|gesid =0
: Aluo 1= a|qeu ljwsuel
T Bely SUAS oWelt Xy | Uld T9S (Aluo T=NAS) 81qeu3 T } L
0 be|4 MO Xd| uld 00S y s|Iqeus =T s|qesid =0
(indino)T = xads | (indino) 0 = xaos (A1UO T=NAS) 3BT £ JWsueil
S)ig uo119alig |0J1U0D [elIdS NIOMIBN = T [ewioN =0
109|9S 9pOoN
tid X085 = X0 SNOUOIYOUAS = SNOUOIYIUASY =
1=TAOS PUC T =NAS I (10u 10 1810601 I8 mcm“L X S w.ﬂv 0Jjuo so:>m< olcw
% Bej4 1ndino ] 19603 Jaysuen xy B x1) [011u0D duhsy/ouls
Buijey uo o/ Buis uo ur =T Buley uo ul / Buisl uo N0 = Q
nd piom| T T (ui/Ano pax20]2 JUAS aweld P elep abpa ¥|0) Allie|od %90|D
ud a0 T (ennebau) |ana mo| = T (anmisod) |ana) ybiy = 0
piom na| T 0 Allrejod JUAS awelH
blom plom| 0 0 10 B1ep 1ST UBY1 JaI[Iea 3|0A0 Y200 T =T  1q e1ep 1ST YIM = Q
X4 XL |01s4l17s4 (AJuo 9uAs awreld M) Bulwil aAR9Y JUAS aweld _ mmm
yi1bua ouAs awelH

Figure D-13 ESSI Control Register B (CRB)
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:

Programmer:

Sheet 3 of 4

ESSI

Serial Input Flag 0
IfSCDO=0,SYN=1,&TE1=0
latch SCO on FS

Serial Input Flag 1
IfSCD1=0,SYN=1,&TE2=0
latch SCO on FS

Transmit Frame Sync
0 =+ Sync Inactive 1 =+ Sync Active

Receive Frame Sync
0=+ Wait 1=+ Frame Sync Occurred

Transmitter Underrun Error Flag
0=+0K 1=+ Error

Receiver Overrun Error Flag
0=+0K 1=+ Error

Transmit Data Register Empty
0=+Wait 1=+Write

Receive Data Register Full

0=+Wait 1=+Read
l Y Y Yy Y Y v
23 7 6 5 4,3 2 1 0
* RDF | TDE | ROE | TUE | RFS | TFS | IF1 | IFO
SSI Status Register (SSISRx) 0

ESSIO: $FFFFB7 (Read) ----
ESSI1: $FFFFA7 (Read)

SSI Status Bits

+% = Reserved, program as 0

Figure D-14 ESSI Status Register (SSISR)
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Freescale Semiconductor, Inc.
PROGRAMMING REFERENCE

Application: Date:

Programmer:

ESS I SSI Transmit Slot Mask
0 = IgnoreTime Slot
1 = Active Time Slot

v
-~ IS
15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O

TS15|TS14|TS13|TS12|TS11|TS10| TS9 | TS8 | TS7 | TS6 | TS5 | TS4 | TS3 | TS2 | TS1 | TSO

Sheet 4 of 4

ESSI Transmit Slot Mask A
TSMAX

ESSIO: $FFFFB4 Read/Write
ESSI1: $FFFFA4 Read/Write
Reset = $FFFF

O |3
O%* |5

e ——
.

ESSI Transmit Slot Mask A 4 = Reserved, Program as 0

SSI Transmit Slot Mask
0 = IgnoreTime Slot
1 = ActiveTime Slot

v
-~ IS
15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O

23-16
ESSI Transmit Slot Mask B % || J¢ |7S31|TS30|TS29|TS28|TS27 | TS26 | TS25( TS24 | TS23( TS22| TS21|TS20| TS19| TS18|TS17 | TS16
TSMBx 0 O
ESSIO: $FFFFB3 Read/Write
ESSI1: $FFFFA3 Read/Write
Reset = $FFFF
17
ESSI Transmit Slot Mask B 4 = Reserved, Program as 0
SSI Receive Slot Mask
0 = IgnoreTime Slot
1 = ActiveTime Slot
Y
— IR
23--16 115 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O
SSI Receive Slot Mask A * ~ |RS15[RS14[RS13|RS12|RS11|RS10| RS9 | RS8 | RS7 [ RS6 | RS5 [ RS4 | RS3 | RS2 | RSL | RSO
RSMAX 0 O
ESSI0: $FFFFB2 Read/Write

ESSI1: $FFFFA2 Read/Write
Reset = $FFFF

e ——
.

ESSI Receive Slot Mask A <% = Reserved, Program as 0

SSI Receive Slot Mask
0 = Ignore Time Slot
1 = Active Time Slot

v

-

— IR
15 14 13 12,11 10 9 8,7 6 5 4,3 2 1 O

RS31|RS30{RS29|RS28|RS27|RS26|RS25|RS24 [RS23|RS22|RS21 [RS20|RS19|RS18|RS17|RS16

SSI Receive Slot Mask B
RSMBXx

ESSIO: $FFFFB1 Read/Write
ESSI1: $FFFFAL Read/Write
Reset = $FFFF

oO* B
O* o

e ——
.

ESSI Receive Slot Mask B <% = Reserved, Program as 0

Figure D-15 ESSR Transmit and Receive Slot Mask Registers (TSM, RSM)
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Freescale Semiconductor, Inc.

PROGRAMMING REFERENCE

Application:

Date:

Programmer:
Sheet 1 of 3

SCI

Port E

Control Register (PCRE)
X:$FFFF9F Read/Write
Reset = $000000

Transmitter Enable
0 = Transmitter Disable
1 = Transmitter Enable

Port E Pin Control
0 = General Purpose I/O Pin
1=SCl pin

v
—
15 14 13 12711 10 9 8;7 6 5 4,3 2 1 0
* kKl Kkl Kkl Kl*xlFlKx|%k|%k|%]| Kk |Pc2|rct|rco
0[0|0|0|0O|0O|O|O|O|0O]|0O]|O]|O

$0

$0

$0

Idle Line Interrupt Enable
0 = Idle Line Interrupt Disabled
1 = Idle Line Interrupt Enabled

Receive Interrupt Enable
0 = Receive Interrupt Disabled
1 = Idle Line Interrupt Enabled

Port E Control Register (PCRE)

% = Reserved, Program as 0

Word Select Bits

0 0 0 = 8-bit Synchronous Data (Shift Register Mode)

00 1 = Reserved

0 1 0 = 10-bit Asynchronous (1 Start, 8 Data, 1 Stop)

011 =Reserved

1 00 = 11-bit Asynchronous (1 Start, 8 Data, Even Parity, 1 Stop)
101 = 11-bit Asynchronous (1 Start, 8 Data, Odd Parity, 1 Stop)
11 0 =11-bit Multidrop (1 Start, 8 Data, Data Type, 1 Stop)

111 =Reserved

Transmit Interrupt Enable
0 = Transmit Interrupts Disabled

1 = Transmit Interrupts Enabled

Timer Interrupt Enable
0 = Timer Interrupts Disabled

1 = Timer Interrupts Enabled

SCI Timer Interrupt Rate
0=+32,1=+1

SCI Clock Polarity
0 = Clock Polarity is Positive
1 = Clock Polarity is Negative

SCI Receive Exception Inerrupt
0 = Receive Interrupt Disable
1 = Receive Interrupt Enable

1=
0=

Multidrop
Point to Point

Receiver Wakeup Enable SCI Shift Direction

0 = receiver has awakened 0 =LSB First

1 = Wakeup function enabled 1 = MSB First
Wired-Or Mode Select Send Break

0 = Send break, then revert
1 = Continually send breaks

Receiver Enable
0 = Receiver Disabled
1 = Receiver Enabled

Wakeup Mode Select
0 = Idle Line Wakeup
1 = Address Bit Wakeup

—

SCI Control
Register (SCR)

Y Y VY Y \J \J \J —
23°°716 15 14 13 12711 10 9 8, 7 6 5 3 2 1 0
sckp|sTiR [TmiE | TIE | RIE | ILE [ TE |RE | woMS|RWU |wAKE| SBK |[ssFTD[wDs2 [wps1 [wbso

Address X:$FFFF9C
Read/Write

s
)J

% = Reserved, Program as 0

SCI Control Register (SCR)

Figure D-16 SCI Control Register (SCR)
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PROGRAMMING REFERENCE

Application:

Date:

Programmer:

Sheet 2 of 3

SCI

SCI Status Register (SSR)

Overrun Error Flag
0 = No error
1 = Overrun detected

Idle Line

Parity Error Flag

0 = Idle not detected
1 = Idle State

Flag

0 = No error
1 = Incorrect Parity detected

Framing Error Flag
0 = No error
1 = No Stop Bit detected

Received Bit 8
0 = Data
1 = Address

h

-7

J

Receive Data Register Full
0 = Receive Data Register Full
1 = Receive Data Register Empty

Transmitter Data Register Empty
0 = Transmitter Data Register full
1 = Transmitter Data Register empt,

Transmitter Empty
0 = Transmitter full
1 = Transmitter empty

\ A | F

6 3 2 1 O

23
*
Address x:$FFFra3 | O

B o=

IDLE |RDRF|TDRE[TRNE

Read Only
Reset = $000003

$0 $3

(’ RS
)

* = Reserved, Program as 0

SCI Status Register (SSR)

Clock Divider Bits CD11 — CDO0) Clock Divider Bits CD11 — CDO0)
TCM|RCM |TX Clock |RX Clock [ SCLK Pin Mode CD11-CDO lcyc Rate
0 0 Internal | Internal Output | Synchronous/Asynchronous $000 leyc/1
0 1 Internal | External Input Asynchronous only $001 leyc/2
1 0 | External | Internal Input Asynchronous only $002 leyc/3
1 1 | External | External Input Synchronous/Asynchronous . .
Transmitter Clock Mode/Source Receiver Clock Mode/Source . .
0 = Internal clock for Transmitter 0 = Internal clock for Receiver $FEFE | /4095
1 = External clock from SCLK 1 = External clock from SCLK cyc
$FFF lcyc/4096
Clock Out Divider
0 = Divide clock by 16 before feed to SCLK
1 = Feed clock to directly to SCLK
SCI Clock Prescaler
0=+1 1=+38
Vi ' _
23---15 14 13 12711 10 9 8 7 6 5 4,3 2 1 O
RCM | scP [ cop |cp11|cpio| cpo | cps | cp7 | cpé | cbs | cpa | cp3 | cb2 | cb1 | cpo

d
|

E
|

SCI Clock Control Register (SCCR)

<% = Reserved, Program as 0

Figure D-17 SCI Status and Clock Control Registers (SSR, SCCR)
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PROGRAMMING REFERENCE

Application: Date:

Programmer:

Sheet 3 of 3

SCI

Note:

x| =~ | = | o |
Unpacking
23 16 15 87 0
SCI Transmit Data Registers  X:$FFFF97 STX
Address X:$FFFF95 — X:$FFI;\I;S?Ze X:$FFFF96 STX
Reset = xxxxxx  X$FFFF95 STX

SCI Transmit Data Registers

STX is the same register decoded at four different addresses ¢

SCI Transmit SR

A

X:$FFFFO4 | | | stxa |
RXD>— SCI Receive SR
— —
23 16 15 87 0
SCI Receive Data Registers  X:$FFFF9A SRX
Address X:3FFFFO8 — X:3FFFFOA oo SRX
Read SRX
Reset = xxxxxx  X:$FFFF98
; Packing ; ‘
o~ [ & [ o |

Note: STX is the same register decoded at three different addresses
SCI Receive Data Registers
Figure D-18 SCI Receive and Transmit Data Registers (SRX, TRX)
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PROGRAMMING REFERENCE

Application: Date:
Programmer:
Sheet 1 of 3
PS (1:0) Prescaler Clock Source
00 Internal CLK/2
01 TIOO0
10 TIO1
11 TIO2
—
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
6‘ Prescaler Preload Value (PL [0:20])

Timer Prescaler Load Register
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

<% = Reserved, Program as 0

*|*
0|0

*
0

Current Value of Prescaler Counter (PC [0:20])

Timer Prescaler Count Register
TPCR:$FFFF82 Read Only
Reset = $000000

<% = Reserved, Program as 0

Figure D-19 Timer Prescaler Load/Count Register (TPLR, TPCR)
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PROGRAMMING REFERENCE

Application: Date:

Programmer:

Sheet 2 of 3

Inverter Bit 8

I TI I I le rS I 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 Bit 9 Timer Control Bits 4 -7 (TCO — TC3)
0 = Timer operates as a free TC(3:0)| TIO | 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
Direction Bit 11 0100 Input | Internal |Input Width
0 = TIO pin is input 0101 Input | Internal |Input Period
1 = TIO pin is output 0110 Input | Internal |Capture
0111 | Output | Internal |Pulse Width Modulation
- 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 M 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
V ¢ \ V l l Y v

23 22 21 2019 18 17 16,415 14 13 12,1110 9 8{(7 6 5 413 2 1 O

* * TCF | TOF * * * * PCE * DO DI | DIR * TRM| INV | TC3 | TC2 | TC1 | TCO * TCIE|TQIE| TE
0]/0 0/0]0]O 0 0 0

Timer Control/Status Register +% = Reserved, Program as 0
TCSRO:$FFFF8F Read/Write

TCSR1:$FFFF8B Read/Write

TCSR2:$FFFF87 Read/Write

Reset = $000000

Figure D-20 Timer Control/Status Register (TCSR)
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PROGRAMMING REFERENCE

Application: Date:

Programmer:

Sheet 3 of 3

[Timers|

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 Reload Value

Timer Load Register

TLRO:$FFFF8E Write Only
TLR1:$FFFF8A Write Only
TLR2:$FFFF86 Write Only

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

Value Compared to Counter Value

Timer Compare Register

TCPRO:$FFFF8D Read/Write
TCPR1:$FFFF89 Read/Write
TCPR2:$FFFF85 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

Timer Count Value

Timer Count Register

TCRO:$FFFF8C Read Only
TCR1:$FFFF88 Read Only
TCR2:$FFFF84 Read Only

Reset = $000000

Figure D-21 Timer Load, Compare, Count Registers (TLR, TCPR, TCR)
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PROGRAMMING REFERENCE

Date:

Application:

Programmer:

Sheet 1 of 4

I GPIO I Port B (HI08)

HostData 15 14 13 12 ;11 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
Write
Reset = $0

DRx =1 - HIxis Output DRx =0 - Hixis Input

HostData 15 14 13 12 ;11 10 9 8 7 6 5 4 3 2 1 0

Register | p15 | p14 | D13 | p12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 | Do
(HDR)
X:$FFFFC9
Write

Reset = Undefined
DRx holds value of corresponding HIO8 GPIO pin.
Function depends on HDDR.

Figure D-22 Host Data Direction and Host Data Registers (HDDR, HDR)
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PROGRAMMING REFERENCE

Application: Date:
Programmer:
Sheet 2 of 4
I GPIO I Port C (ESSIO)
i 23.6 5 4,3 2 1 O
Port C Control Register % [[J [ Pcs [ Pea [ Pca [ rez [ rer [ poo
(PCRC) oll0
X:$FFFFBF
ReadWrite ))
Reset = $0 /)
PCn =1 - Port Pin configured as ESSI
PCn =0 - Port Pin configured as GPIO
o . 23.'6 5 4,3 2 1 O
Port C Direction Register % [[ ¥ [Pocs[Poca|Poca]pocz | poca | Poco
(PRRC)| (( 0
X:$FFFFBE
ReadWrite
Reset = $0 /)
PDCn =1 - Port Pin is Output
PDCn =0 - Port Pin is Input
_ 23.'6 5 4,3 2 1 0
Port C GPIO Data Register % ([ [ Pos [ Pos [ Pos | Po2 ] Po1 [ Poo
(PDRC) 0 (( 0
X:$FFFFBD
ReadWrite ))
Reset = $0 /)
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
+% = Reserved, Program as 0
Figure D-23 Port C Registers (PCRC, PRRC, PDRC)
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PROGRAMMING REFERENCE

Application: Date:
Programmer:
Sheet 3 of 4
I GPIO I Port D (ESSI1)
i 23.6 5 4,3 2 1 0
Port D Control Register % [[J [ Pcs [ Pea [ Pca [ rez [ rer [ poo
(PCRD) oll0
X:$FFFFAF
ReadWrite ))
Reset = $0 /)
PCn =1 - Port Pin configured as ESSI
PCn =0 - Port Pin configured as GPIO
. 2376 5 4,3 2 1 O
Port D Direction Register % [[ ¥ [Pocs[Poca|Poca]pocz | poca | Poco
(PRRD) 0 (( 0
X:$FFFFAE
ReadWrite
Reset = $0 /)
PDCn =1 - Port Pin is Output
PDCn =0 - Port Pin is Input
_ 23.'6 5 4,3 2 1 0
Port D GPIO Data Register % ([ [ Pos [ Pos [ Pos | Po2 ] Po1 [ Poo
(PDRD) 0 (( 0
X:$FFFFAD
ReadWrite ))
Reset = $0 /)
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
+% = Reserved, Program as 0
Figure D-24 Port D Registers (PCRD, PRRD, PDRD)
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PROGRAMMING REFERENCE

Application: Date:
Programmer:
Sheet 4 of 4
I GPIO I Port E (SCI)
Port E Control Redist 23.;6 5 4,3 2 1 0
or ontrol register * ([ % % | % | % | Pc2 [ Pct | Pco
(PCRE) o((o 000
X:$FFFFIF
ReadWrite ))
Reset = $0 /)
PCn =1 - Port Pin configured as SCI
PCn =0 - Port Pin configured as GPIO
PED"R'23.'."6543210
ort iIrection Register %[ % | % | % | % [rpcz|Poct|roco
(PRRE) o((o 0/0]0
X:$FFFFOE
ReadWrite
Reset = $0 /)
PDCn =1 - Port Pin is Output
PDCn =0 - Port Pin is Input
Port E GPIO Data Redi 236 5 4,3 2 1 0
ort ata Register Y% | %] % | % [Po2]ror|Poo
(PDRE) o((o 0/0]0
X:$FFFF9D
ReadWrite ))
Reset = $0 /)
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
+% = Reserved, Program as 0
Figure D-25 Port E Registers (PCRE, PRRE, PDRE)
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Numerics

5V tolerance 2-3
A

AO0-A17 signals 2-9
AA0-AA3 signals 2-10
adder

modulo 1-9

offset 1-9

reverse-carry 1-9
address attribute signals 2-10
address bus 2-3

signals 2-9
Address Generation Unit 1-9
addressing modes 1-10
AGU 1-9
ALC bit 7-13
Alignment Control bit (ALC) 7-13
applications 1-7
Asynchronous/Synchronous bit (SYN) 7-18

B

BA3-BA10 bits 6-12

barrel shifter 1-8

Base Address bits (BA3-BA10) 6-12

BB signal 2-13

BCLK signal 2-13

BCLK signal 2-13

BG signal 2-12

bootstrap 4-4

bootstrap from byte-wide external memory 4-6

bootstrap program options
invoking 4-5

bootstrap ROM 3-7

bootstrap through HI08 (68302/68360) 4-9

bootstrap through HI08 (ISA) 4-7

bootstrap through HI08 (Multiplexed) 4-8

bootstrap through HIO8 (non-multiplexed) 4-8

bootstrap through SCI 4-6

Boundary Scan Register (BSR) 11-7

BR signal 2-12

break 8-9

Breakpoint 0 and 1 Event bits (BT0-BT1) 10-14

Breakpoint 0 Condition Code Select bits
(CCcoo-CcCo01) 10-13

Breakpoint 0 Read/Write Select bits
(RWO00-RWO01) 10-12

Numerics

Breakpoint 1 Condition Code Select bits
(CC10-CC11) 10-14
Breakpoint 1 Read/Write Select bits
(RW10-RW11) 10-13
BSR register 11-7
BTO-BT1 bits 10-14
bus
address 2-4
data 2-4
external address 2-8
external data 2-8
multiplexed 2-4
non-multiplexed 2-4
bus busy signal (BB) 2-13
bus clock not signal (BCLK) 2-13
bus clock signal (BCLK) 2-13
bus control 2-3
bus grant signal (BG) 2-12
bus parking 2-13
bus request signal (BR) 2-12
buses
internal 1-13
BYPASS instruction 11-11

C

CAS signal 2-13
CCO00-CCO01 bits 10-13
CC10-CC11 bits 10-14
CDO0-CD11 bits 8-16
Central Processing Unit (CPU) 1-3
CKP bit 7-18
CLAMP instruction 11-10
CLKGEN 1-11
CLKOUT signal 2-8
clock 1-7, 2-3
Clock Divider bits (CD0-CD11) 8-16
Clock Generator (CLKGEN) 1-11
Clock Out Divider bit (COD) 8-16
clock output signal (CLKOUT) 2-8
Clock Polarity bit (CKP) 7-18
clock signals 2-7
Clock Source Direction bit (SCKD) 7-16
CMOS 1-7
COD bit 8-16
code

compatible 1-7
column address strobe signal (CAS) 2-13
Command Vector Register (CVR) 6-25
Core Status bits (OS0-0OS1) 10-9
CRA register 7-10
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bits 0—7—Prescale Modulus Select bits
(PM0-PM7) 7-10

bits 8-10—reserved bits 7-11

bit 11—Prescaler Range bit (PSR) 7-11

bits 12-16—Frame Rate Divider Control bits
(DC4-DCo0) 7-12

bit 17—reserved bit 7-13

bit 18—Alignment Control bit (ALC) 7-13

bits 19-21—Word Length Control bits
(WL0-WL1) 7-14

bit 22—Select SC1 as Transmitter 0 Drive
Enable bit (SSC1) 7-14

bit 23—reserved bit 7-14

reserved bits—bit 17 7-13

reserved bits—bit 23 7-14

reserved bits—Dbits 8-10 7-11

CRB register

bits 0-1—Serial Output Flag bits
(OF0-OF1) 7-15

bit 2—Serial Control 0 Direction bit
(SCDO0) 7-16

bit 3—Serial Control 1 Direction bit
(SCD1) 7-16

bit 4—Serial Control 2 Direction bit
(SCD2) 7-16

bit 5—Clock Source Direction bit
(SCKD) 7-16

bit 6—Shift Direction bit (SHFD) 7-17

bits 7-8—Frame Sync Length bits
(FSL1-FSLO) 7-17

bit 9—Frame Sync Relative Timing bit
(FSR) 7-17

bit 10—Frame Sync Polarity bit (FSP) 7-18

bit 11—Clock Polarity bit (CKP) 7-18

bit 12—Asynchronous/Synchronous bit
(SYN) 7-18

bit 13—ESSI Mode Select bit (MOD) 7-20

bit 14—ESSI Transmit 2 Enable bit (TE2) 7-22

bit 15—ESSI Transmit 1 Enable bit (TE1) 7-23

bit 16—ESSI Transmit 0 Enable bit (TEQ) 7-24

bit 17—ESSI Receive Enable bit (RE) 7-26

bit 18—ESSI Transmit Interrupt Enable bit
(TIE) 7-26

bit 19—ESSI Receive Interrupt Enable bit
(RIE) 7-26

bit 20—ESSI Transmit Last Slot Interrupt
Enable bit (TLIE) 7-26

bit 21—ESSI Receive Last Slot Interrupt
Enable bit (RLIE) 7-27

bit 22—ESSI Transmit Exception Interrupt
Enable bit (TEIE) 7-27
bit 23—ESSI Receive Exception Interrupt
Enable bit (REIE) 7-27
crystal input 2-7
CVR register 6-25
bits 0-6—Host Vector bits (HV0-HV6) 6-25
bit 7—Host Command bit (HC) 6-25

D

D0-D23 2-9
data ALU 1-8
registers 1-8
data bus 2-3
signals 2-9
Data Input bit (DI) 9-13
Data Output bit (DO) 9-14
DC4-DCO bits 7-12
DE signal 2-37, 10-4
Debug Event signal (DE signal) 10-4
Debug mode
in ONCE module 10-16
DEBUG_REQUEST instruction 11-11
executing during Stop state 10-17
executing during Wait state 10-17
executing in ONCE module 10-17
DI bit 9-13
DIR bit 9-13
Direct Memory Access (DMA) 1-15
Direction bit (DIR) 9-13
Divide Factor (DF) 1-11
DMA 1-15
triggered by timer 9-27
DO bit 9-14
DO loop 1-10
Double Host Request bit (HDRQ) 6-23
DRAM 1-13
DSP56300 core 1-3, 1-6
DSP56300 Family Manual 1-3, 1-7
DSP56303 Functional Signal Groupings 2-3
signal groupings 2-3
DSP56303 Technical Data 1-3

E

ENABLE_ONCE instruction 11-11

Enhanced Synchronous Serial Interface
(ESSI) 1-16, 2-3, 2-26, 2-29

Enhanced Synchronous Serial Interface 0 2-25

[-2 DSP56007 User’s Manual

MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Enhanced Synchronous Serial Interface 1 2-29
ESSI
after reset 7-36
asynchronous operating mode 7-41
frame sync length 7-42
frame sync polarity 7-42
frame sync selection 7-41
frame sync word length 7-42
GPIO functionality 7-44
initialization 7-36
interrupts 7-38
Network mode 7-40
Normal mode 7-40
operating mode 7-36
operating modes 7-40
Port Control Register (PCR) 7-44
Port Data Register (PDR) 7-45
Port Direction Register (PRR) 7-45
programming model 7-8
synchronous operating mode 7-41
ESSI Control Register A (CRA) 7-10
ESSI Mode Select bit (MOD) 7-20
ESSI Receive Data Register (RX) 7-33
ESSI Receive Enable bit (RE) 7-26
ESSI Receive Exception Interrupt Enable bit
(REIE) 7-27
ESSI Receive Interrupt Enable bit (RIE) 7-26
ESSI Receive Last Slot Interrupt Enable bit
(RLIE) 7-27
ESSI Receive Shift Register 7-33
ESSI Receive Slot Mask Registers (RSMA,
RSMB) 7-35
ESSI Status Register (SSISR) 7-27
ESSI Time Slot Register (TSR) 7-34
ESSI Transmit 0 Enable bit (TEQ) 7-24
ESSI Transmit 1 Enable bit (TE1) 7-23
ESSI Transmit 2 Enable bit (TE2) 7-22
ESSI Transmit Data registers (TX2, TX1,
TXO0) 7-34
ESSI Transmit Exception Interrupt Enable bit
(TEIE) 7-27
ESSI Transmit Interrupt Enable bit (TIE) 7-26
ESSI Transmit Last Slot Interrupt Enable bit
(TLIE) 7-26
ESSI Transmit Shift Registers 7-33
ESSI Transmit Slot Mask Registers (TSMA,

EX bit 10-5

Exit Command bit (EX) 10-5

expanded mode 4-6

EXTAL 2-7

EXTAL signal 2-7

external address bus 2-8

external bus control 2-8, 2-11, 2-12
external clock/crystal input 2-7
external data bus 2-8

external interrupt request A signal 2-15
external interrupt request B signal 2-15
external interrupt request C signal 2-16
external interrupt request D signal 2-16
external memory expansion port 2-8
EXTEST instruction 11-8

F

FE bit 8-15
Frame Rate Divider Control bits (DC4-DCQ0) 7-12
Frame Sync Length bits (FSL1-FSLOQ) 7-17
Frame Sync Polarity bit (FSP) 7-18
Frame Sync Relative Timing bit (FSR) 7-17
frame sync selection

ESSI 7-41
Framing Error Flag bit (FE) 8-15
frequency

operation 1-7
FSL1-FSLO bits 7-17
FSP bit 7-18
FSR bit 7-17

G

general purpose input/output (GPIO) 2-34
Global Data Bus 1-13
GO Command bit (GO) 10-6
GPIO 1-15, 2-4, 2-34

on HI08 6-30
GPIO (ESSIO, Port C) 5-3
GPIO (ESSI1, Port D) 5-4
GPIO (H108, Port B) 5-3
GPIO (SCI, Port E) 5-4
GPIO (Timer) 5-4
GPIO functionality

on ESSI 7-44
ground 2-3, 2-6

TSMB) 7-34 address bus 2-6
ESSIO 2-25 bus control 2-6
ESSIO (GPIO) 5-3
data bus 2-6
ESSI1 2-29 ESSI 2-6
ESSI1 (GPIO) 5-4
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host interface 2-6
PLL 2-6

quiet 2-6

SCI 2-6

timer 2-6

H

HO0-H7 signals 2-18
HAO signal 2-18
HAL1 signal 2-19
HAZ2 signal 2-19
HAS8 signal 2-19
HA10 signal 2-22
HAO9 signal 2-19
HAB8EN bit 6-14
HA9EN bit 6-14
HADO-HAD?7 signals 2-18
HAEN bit 6-14
HAP bit 6-17
hardware stack 1-10
HAS/HAS 2-18
HASP bit 6-15
HBAR register 6-12
bits 0-7—Base Address bits
(BA3-BA10) 6-12
reserved bits—Dbits 5-15 6-12
HC bit 6-25
HCIE bit 6-10
HCP bit 6-11
HCR register 6-9, 6-10
bit 0—Host Receive Interrupt Enable bit
(HRIE) 6-10
bit 1—Host Transmit Interrupt Enable bit
(HTIE) 6-10
bit 2—Host Command Interrupt Enable bit
(HCIE) 6-10
bits 3, 4—Host Flag 2 and 3 bits (HF2,
HF3) 6-10
reserved bits—Dbits 5-15 6-11
HCS signal 2-22
HCSEN bit 6-14

HEN bit 6-15
HFO bit 6-24
HFO, HF1 bits 6-12
HF1 bit 6-24
HF2 bit 6-27
HF2, HF3 bits 6-10
HF3 bit 6-27
HGEN bit 6-13
HI08 1-16, 2-3, 2-16, 2-18, 2-19, 2-22, 6-3
(GPIO) 5-3
data transfer 6-31
DSP core interrupts 6-19
DSP side control registers 6-8
DSP side data registers 6-8
DSP side registers after reset 6-18
DSP to host
data word 6-4
handshaking protocols 6-5
interrupts 6-5
mapping 6-4
transfer modes 6-5
external host programmer’s model 6-20
GPIO 6-30
HI08 to DSP core interface 6-3
H108 to host processor interface 6-4
Host Base Address Register (HBAR) 6-12
Host Control Register (HCR) 6-9, 6-10
Host Data Direction Register (HDDR) 6-17
Host Data Register (HDR) 6-17
Host Port Control Register (HPCR) 6-13
Host Receive Data Register (HRX) 6-9
host side
Command Vector Register (CVR) 6-25
Interface Control Register (ICR) 6-22
Interface Status Register (ISR) 6-26
Interface Vector Register (IVR) 6-28
Receive Byte Registers (RXH, RXM,
RXL) 6-28
Transmit Byte Registers (TXH, TXM,
TXL) 6-29
host side registers after reset 6-30
Host Status Register (HSR) 6-11

HCSP bit 6-16 host to DSP

HDDR register 6-17 data word 6-3

HDDS bl_t 6-15 handshaking protocols 6-4

HDR register 6-17 instructions 6-4

HDRQ bit 6-23 mapping 6-3

HDS 5|g_na| 2-21 transfer modes 6-3

HDSP bit 6-15 Host Transmit Data Register (HTX) 6-9
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polling 6-31
registers 6-7
servicing interrupts 6-33
HI-Z instruction 11-10
HLEND bit 6-24
HMUX bit 6-15
Host Acknowledge Enable bit (HAEN) 6-14
Host Acknowledge Polarity bit (HAP) 6-17
host acknowledge signal (HACK/HACK 2-24
host address 10 signal (HA10) 2-22
host address 8 signal (HA8) 2-19
host address 9 signal (HA9) 2-19
host address input 0 signal (HAQ) 2-18
host address input 1 signal (HA1) 2-19
host address input 2 signal (HA2) 2-19
Host Address Line 8 Enable bit (HA8EN) 6-14
Host Address Line 9 Enable bit (HA9EN) 6-14
host address signal HADO-HAD?7) 2-18
Host Address Strobe Polarity bit (HASP) 6-15
host address strobe signal (HAS/HAS)
signal 2-18
Host Base Address Register (HBAR) 6-12
Host Chip Select Enable bit (HCSEN) 6-14
Host Chip Select Polarity bit (HCSP) 6-16
host chip select signal (HCS) 2-22
Host Command bit (HC) 6-25
Host Command Interrupt Enable bit (HCIE) 6-10
Host Command Pending bit (HCP) 6-11
Host Control Register (HCR) 6-9, 6-10
Host Data Direction Register (HDDR) 6-17
Host Data Register (HDR) 6-17
host data signal (HO-H7) 2-18
Host Data Strobe Polarity bit (HDSP) 6-15
host data strobe signal (HDS/HDS) 2-21
Host Dual Data Strobe bit (HDDS) 6-15
Host Enable bit (HEN) 6-15
Host Flag 0 and 1 bits (HFO0, HF1) 6-12
Host Flag 0 bit (HF0) 6-24
Host Flag 1 bit (HF1) 6-24
Host Flag 2 and 3 bits (HF2, HF3) 6-10
Host Flag 2 bit (HF2) 6-27
Host Flag 3 bit (HF3) 6-27
Host GPIO Port Enable bit (HGEN) 6-13
Host Interface 1-16, 2-3, 2-16, 2-18, 2-19, 2-22,
6-3
Host Little Endian bit (HLEND) 6-24
Host Multiplexed Bus bit (HMUX) 6-15
host port
configuration 2-17

host read data signal (HRD/HRD) signal 2-20
host read/write signal (HRW) 2-20
Host Receive Data Full bit (HRDF) 6-11
Host Receive Data Register (HRX) 6-9
Host Receive Interrupt Enable bit (HRIE) 6-10
Host Request
Double 2-4
Single 2-4
Host Request Enable bit (HREN) 6-14
Host Request Open Drain bit (HROD) 6-15
Host Request Polarity bit (HRP) 6-16
host request signal (HREQ/HREQ 2-23
Host Status Register (HSR) 6-11
Host Transmit Data Empty bit (HTDE) 6-11
Host Transmit Data Register (HTX) 6-9
Host Transmit Interrupt Enable bit (HTIE) 6-10
Host Vector bits (HV0-HV6) 6-25
host write data signal (HWR/HWR) 2-21
HPCR register 6-13
bit 0—Host GPIO Port Enable bit
(HGEN) 6-13
bit 1—Host Address Line 8 bit
(HABEN) 6-14
bit 2—Host Address Line 9 bit
(HA9EN) 6-14
bit 3—Host Chip Select Enable bit
(HCSEN) 6-14
bit 4—Host Request Enable bit (HREN) 6-14
bit 5—Host Acknowledge Enable bit
(HAEN) 6-14
bit 6—Host Enable bit (HEN) 6-15
bit 7—reserved bit 6-15
bit 8—Host Request Open Drain bit
(HROD) 6-15
bit 9—Host Data Strobe Polarity bit
(HDSP) 6-15
bit 10—Host Address Strobe Polarity bit
(HASP) 6-15
bit 11—Host Multiplexed Bus bit
(HMUX) 6-15
bit 12—Host Dual Data Strobe bit
(HDDS) 6-15
bit 13—Host Chip Select Polarity bit
(HCSP) 6-16
bit 14—Host Request Polarity bit (HRP) 6-16
bit 15—Host Acknowledge Polarity bit
(HAP) 6-17
reserved bit—Dbit 7 6-15
HRD/HRD 2-20

usage considerations 2-16 HRDF bit 6-11
Host Port Control Register (HPCR) 6-13 HREN bit 6-14
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HREQ bit 6-27
HRIE bit 6-10
HROD bit 6-15
HRP bit 6-16
HRRQ/HRRQ 2-24
HRW 2-20
HRX register 6-9
HSR register 6-11
bit 0—Host Receive Data Full bit
(HRDF) 6-11
bit 1—Host Transmit Data Empty bit
(HTDE) 6-11
bit 2—Host Command Pending bit
(HCP) 6-11
bits 3, 4—Host Flag 0 and 1 bits (HFO,
HF1) 6-12
reserved bits—bits 5-15 6-12
HTDE bit 6-11
HTIE bit 6-10
HTRQ/HTRQ 2-23
HTX register 6-9
HVO0-HV6 bits 6-25
HWR/HWR signal 2-21

ICR register 6-22
bit 0—Receive Request Enable bit
(RREQ) 6-23
bit 1—Transmit Request Enable bit
(TREQ) 6-23
bit 2—Double Host Request bit (HDRQ) 6-23
bit 3—Host Flag 0 bit (HF0) 6-24
bit 4—Host Flag 1 bit (HF1) 6-24
bit 5—Host Little Endian bit (HLEND) 6-24
bit 6—reserved bit 6-24
bit 7—Initialize bit (INIT) 6-24
reserved bit—Dbit 6 6-24
IDCODE instruction 11-9
IDLE bit 8-14
Idle Line Flag bit (IDLE) 8-14
Idle Line Interrupt Enable bit (ILIE) 8-11
IFO bit 7-28
IF1 bit 7-28
ILIE bit 8-11
IME bit 10-8
INIT bit 6-24
Initialize bit (INIT) 6-24
instruction cache 3-3

location 3-8
instruction set 1-7
Interface Control Register (ICR) 6-22
Interface Status Register (ISR) 6-26
Interface Vector Register (IVR) 6-28
internal buses 1-13
interrupt 1-10
ESSI 7-38
HI08 6-19
priority levels 4-12
servicing on HI08 6-33
sources 4-9
interrupt and mode control 2-3, 2-14, 2-15
interrupt control 2-14, 2-15
Interrupt Mode Enable bit (IME) 10-8
Interrupt Priority Register P (IPR—P) 4-13
INV bit 9-11
Inverter bit (INV) 9-11
IPR—P 4-13
ISR Host Request bit (HREQ) 6-27
ISR register 6-26
bit 0—Receive Data Register Full bit
(RXDF) 6-26
bit 1—Transmit Data Register Empty bit
(TXDE) 6-26
bit 2—Transmitter Ready bit (TRDY) 6-27
bit 3—Host Flag 2 bit (HF2) 6-27
bit 4—Host Flag 3 bit (HF3) 6-27
bit 5—reserved bit 6-27
bit 6—reserved bit 6-27
bit 7—ISR Host Request bit (HREQ) 6-27
reserved bits—bits 5,6 6-27
IVR register 6-28

J

Joint Test Action Group (JTAG) 11-3
JTAG 1-7, 1-11, 2-35
JTAG instructions
BYPASS instruction 11-11
CLAMP instruction 11-10
DEBUG_REQUEST instruction 11-11
ENABLE_ONCE instruction 11-11
EXTEST instruction 11-8
HI-Z instruction 11-10
IDCODE instruction 11-9
SAMPLE/PRELOAD instruction 11-9
JTAG/ONCE Interface signals
Debug Event signal (DE signal) 10-4
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L

LA register 1-10

LC register 1-11

logic 1-7

Loop Address register (LA) 1-10
Loop Counter register (LC) 1-11

M

MAC 1-9
Manual Conventions 1-5
MBO bit 10-9
MBS0-MBSL1 bits 10-12
memory
bootstrap ROM 3-7
enabling breakpoints 10-18
expansion 1-13
external expansion port 1-13
maps 3-9
off-chip 1-13
on-chip 1-12
program RAM 3-6
X data RAM 3-6
Y data RAM 3-7
Memory Breakpoint Occurrence bit (MBO) 10-9
Memory Breakpoint Select bits
(MBS0-MBS1) 10-12
memory configuration 3-7
memory spaces 3-7
RAM 3-8
MF bits 4-18
MIPS 1-7
MOD bit 7-20
MODA/IRQA 2-15
MODB/IRQB 2-15
MODC/IRQC 2-16
MODD/IRQD 2-16
mode control 2-14, 2-15
Mode Select bit (MOD) 7-20
mode select A signal 2-15
mode select B signal 2-15
mode select C signal 2-16
mode select D signal 2-16
modulo adder 1-9
multiplexed bus 2-4
Multiplication Factor bits (MF) 4-18
multiplier-accumulator (MAC) 1-8, 1-9

N

non-maskable interrupt 2-8
non-multiplexed bus 2-4

O

OBCR register 10-12
bits 0-1—Memory Breakpoint Select bits
(MBS0-MBS1) 10-12
bits 2-3—Breakpoint 0 Read/Write Select
bits (RW00-RWO01) 10-12
bits 4-5—Breakpoint 0 Condition Code
Select bits (CC00-CC01) 10-13
bits 6-7—Breakpoint 1 Read/Write Select
bits (RW10-RW11) 10-13
bits 8-9—Breakpoint 1 Condition Code
Select bits (CC10-CC11) 10-14
bits 10-11—Breakpoint 0 and 1 Event Select
bits (BT0-BT1) 10-14
reserved bits—bits 12-15 10-15
OCR register
bits 0-4—Register Select bits (RS0-RS4) 10-5
bit 5—Exit Command bit (EX) 10-5
bit 6—GO Command bit (GO) 10-6
bit 7—Read/Write Command bit
(R/W) 10-6
ODEC 10-8
OF0-OF1 bits 7-15
offset adder 1-9
OGDBR register 10-20
OMACO comparator 10-11
OMACI1 comparator 10-11
OMAL register 10-11
OMBC counter 10-14
OMLRO register 10-11
OMLRL1 register 10-11
OMR register 1-11
OnCE 1-4, 1-7
commands 10-23
controller 10-4
trace logic 10-15
OnCE Breakpoint Control Register (OBCR) 10-12
OnCE Command Register (OCR) 10-5
ONnCE Decoder (ODEC) 10-8
OnCE GDB Register (OGDBR) 10-20
OnCE Memory Address Comparator 0
(OMACO0) 10-11
OnCE Memory Address Comparator 1
(OMAC1) 10-11
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OnCE Memory Address Latch register
(OMAL) 10-11
OnCE Memory Breakpoint Counter
(OMBC) 10-14
OnCE Memory Limit Register 0 (OMLRO0) 10-11
OnCE Memory Limit Register 1 (OMLR1) 10-11
OnCE module 1-12, 10-3
checking for Debug mode 10-24
displaying a specified register 10-26
displaying X data memory 10-26
interaction with JTAG port 10-29
polling the JTAG Instruction Shift
register 10-24
reading the Trace buffer 10-25
returning to Normal mode 10-28
saving pipeline information 10-25
OnCE PAB Register for Decode Register
(OPABDR) 10-20
OnCE PAB Register for Execute (OPABEX) 10-21
OnCE PAB Register for Fetch Register
(OPABFR) 10-20
OnCE PIL Register (OPILR) 10-19
OnCE Program Data Bus Register
(OPDBR) 10-19
OnCE Status and Control Register (OSCR) 10-8
OnCE Trace Counter (OTC) 10-16
ONnCE/JTAG
debug event signal (DE) 2-37
test clock signal (TCK) 2-35
test data input signal (TDI) 2-35
test data output signal (TDO) 2-36
test mode select signal (TMS) 2-36
OnCE/JTAG port 2-3
On-Chip Emulation (OnCE) module 1-12
On-Chip Emulation module 10-3
on-chip memory 1-12
program 3-6
X data RAM 3-6
Y data RAM 3-7
OPABDR register 10-20
OPABEX register 10-21
OPABFR register 10-20
OPDBR register 10-19
Operating 4-3
operating mode 4-3, 4-4
bootstrap from byte-wide external
memory 4-6
bootstrap thorugh HI08 (68302/68360) 4-9
bootstrap through HI08 (ISA) 4-7

bootstrap through HI08 (multiplexed) 4-8
bootstrap through HI08
(non-multiplexed) 4-8
bootstrap through SCI 4-6
ESSI 7-36, 7-40
expanded 4-6
expanded mode 4-9
Operating Mode Register (OMR) 1-11
operating modes 4-3
OPILR register 10-19
OR bit 8-14
OS0-08S1 bits 10-9
OSCR register 10-8
bit 0—Trace Mode Enable bit (TME) 10-8
bit 1—Interrupt Mode Enable bit (IME) 10-8
bit 2—Software Debug Occurrence bit
(SWO) 10-8
bit 3—Memory Breakpoint Occurrence bit
(MBO) 10-9
bit 4—Trace Occurrence bit (TO) 10-9
bit 5—reserved bit 10-9
bits 6-7—Core Status bits (OS0-0OS1) 10-9
reserved bits—bits 8-23 10-9
OTC counter 10-16
Overrun Error Flag bit (OR) 8-14

P

PAB 1-13

PAG 1-10

Parity Error bit (PE) 8-14
PBO-PB7 signals 2-18
PB10 signal 2-19
PB11 signal 2-20
PB12 signal 2-21
PB13 signal 2-22
PB14 signal 2-23
PB15 signal 2-24
PB8 signal 2-18
PB9 signal 2-19
PC register 1-10
PCO0 signal 2-25
PCO0-PC20 bits 9-9
PC1 signal 2-25
PC2 signal 2-26
PC3signal 2-27
PC4 signal 2-27
PC5 signal 2-28
PCAP signal 2-7
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P

PCE bit 9-14 port C 1 signal (PC1) 2-25
PCRC register 7-44 port C 2 signal (PC2) 2-26
PCRD register 7-44 port C 3 signal (PC3) 2-27
PCRE register 8-27 port C 4 signal (PC4) 2-27
PCTL register port C 5 signal (PC5) 2-28

bits 0-11—Multiplication Factor bits Port C Control Register (PCRC) 7-44

(MFO-MF11) 4-18 Port C Data Register (PDRC) 7-45
bit 16—XTAL Disable bit (XTLD) 4-18 Port C Direction Register (PRRC) 7-45
bits 20-23—PreDivider Factor bits Port D 2-3, 2-29, 5-4
(PD0-PD3) 4-18 port D 0 signal (PD0) 2-29

PCU 1-10 port D 1 signal (PD1) 2-29
PD bits 4-18 port D 2 signal (PD2) 2-30
PDO signal 2-29 port D 3 signal (PD3) 2-31
PD1 signal 2-29 port D 4 signal (PD4) 2-31
PD2 signal 2-30 port D 5 signal (PD5) 2-32
PD3 signal 2-31 Port D Control Register (PCRD) 7-44
PD4 signal 2-31 Port D Data Register (PDRD) 7-45
PD5 signal 2-32 Port D Direction Register (PRRD) 7-45
PDB 1-13 Port E 2-3, 2-33, 5-4
PDC 1-10 port E 0 signal (PEO) 2-33
PDRC register 7-45 port E 1 signal (PE1) 2-33
PDRD register 7-45 port E 2 signal (PE2) 2-33
PDRE register 8-28 Port E Control Register (PCRE) 8-27
PE bit 8-14 Port E Data Register (PDRE) 8-28
PEO signal 2-33 Port E Direction Register (PRRE) 8-28
PE1 signal 2-33 power 2-3, 2-5
PE2 signal 2-33 ground 2-6
Peripheral 1/0 Expansion Bus 1-13 low 1-7
PIC 1-10 management 1-7
PINIT/NMI 2-8 standby modes 1-7

PLL initial 2-8 power input
PLO-PL20 bits 9-7 address bus 2-5
PL21-PL22 bits 9-7 bus control 2-5
PLL 1-11, 2-3 data bus 2-5
PLL capacitor signal 2-7 ESSI 2-5
PLL initialize signal 2-8 host interface 2-5
PLL signals 2-7 PLL 2-5
PMO-PM?7 bits 7-10 quiet 2-5
Port A 2-3, 2-8 SCI 2-5
Port B 2-3, 2-4, 2-19, 5-3 timer 2-5
port B 10 signal (PB10) 2-19 PreDivider Factor bits (PD) 4-18
port B 11 signal (PB11) 2-20 Prescale Modulus Select bits (PM0-PM7) 7-10
port B 12 signal (PB12) 2-21 Prescaler Clock Enable bit (PCE) 9-14
port B 13 signal (PB13) 2-22 Prescaler Counter 9-7
port B 14 signal (PB14) 2-23 Prescaler Counter Value bits (PC0-PC20) 9-9
port B 15 signal (PB15) 2-24 Prescaler Load Value bits (PLO-PL20) 9-7
port B 8 signal (PB8) 2-18 Prescaler Range bit (PSR) 7-11
port B 9 signal (PB9) 2-19 Prescaler Source bits (PL21-PL22) 9-7
port B signal (PB0-PB7) 2-18 Program Address Bus (PAB) 1-13
Port C 2-3, 2-25, 2-26, 2-29, 5-3 Program Address Generator (PAG) 1-10
port C 0 signal (PC0) 2-25 Program Control Unit (PCU) 1-10
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Program Counter register (PC) 1-10
Program Data Bus (PDB) 1-13

Program Decode Controller (PDC) 1-10
Program Interrupt Controller (PIC) 1-10
Program Memory Expansion Bus 1-13
program RAM 3-6

Programming Sheets — See Appendix B
PRRC register 7-45

PRRD register 7-45

PRRE register 8-28

PSR bit 7-11

R

R/W bit 10-6
R8 bit 8-15
RAS0-RAS3 signals 2-10
RCM bit 8-17
RD signal 2-10
RDF bit 7-30
RDRF bit 8-14
RE bit 7-26, 8-10
read enable signal (RD) 2-10
Read/Write Command bit (R/W) 10-6
Receive Byte Registers (RXH, RXM, RXL) 6-28
Receive Clock Mode Source bit (RCM) 8-17
Receive Data Register (RX) 7-33
Receive Data Register Full bit (RDF) 7-30
Receive Data Register Full bit (RDRF) 8-14
Receive Data Register Full bit (RXDF) 6-26
Receive Data signal (RXD) 8-4
Receive Exception Interrupt Enable bit

(REIE) 7-27
Receive Frame Sync Flag bit (RFS) 7-28
receive host request signal (HRRQ/HRRQ) 2-24
Receive Interrupt Enable bit (RIE) 7-26, 8-12
Receive Last Slot Interrupt Enable bit (RLIE) 7-27
Receive Request Enable bit (RREQ) 6-23
Receive Shift Register 7-33
Receive Slot Mask Registers (RSMA, RSMB) 7-35
Received Bit 8 Address bit (R8) 8-15
Receiver Enable bit (RE) 8-10
Receiver Overrun Error Flag bit (ROE) 7-29
Receiver Wakeup Enable bit (SBK) 8-10
Register Select bits (RS0-RS4) 10-5
REIE bit 7-27, 8-13
reserved bits

in CRA register 7-11, 7-13, 7-14

in HBAR register

bits 5-15 6-12
in HCR register
bits 5-15 6-11
in HPC register
bit 7 6-15
in HSR register
bits 5-15 6-12
in ICR register
bit 6 6-24
in ISR register
bit 5 6-27
bit 6 6-27
in OBCR register
bits 12-15 10-15
in OSCR register
bit 5, bits 8-23 10-9
in TCSR register
bits 3, 10, 14, 16-19, 22, 23 9-15
in TPCR 9-9
in TPLR 9-8
RESET 2-14
reset signal 2-14
reverse-carry adder 1-9
RFS bit 7-28
RIE bit 7-26, 8-12
RLIE bit 7-27
ROE bit 7-29
ROM
bootstrap 3-7
row address strobe signals RASO-RAS3 2-10
RREQ bit 6-23
RS0-RS4 bits 10-5
RSMA, RSMB registers 7-35
RWO00-RWOL1 bits 10-12
RW10-RW11 bits 10-13
RWU bit 8-10
RX register 7-33
RXD 2-33
RXD signal 8-4
RXDF bit 6-26
RXH, RXM, RXL registers 6-28

S

SAMPLE/PRELOAD instruction 11-9
SBK bit 8-9

SC register 1-11

SCO0 signal 7-6, 7-8

SCO00 signal 2-25
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SCO01 signal 2-25
SCO02 signal 2-26
SC1 signal 7-7
SC10 2-29
SC11 2-29
SC12 2-30
SCCR register 8-15
bits 0-11—Clock Divider bits
(CD0-CD11) 8-16
bit 12—Clock Out Divider bit (COD) 8-16
bit 13—SCI Clock Prescaler bit (SCP) 8-17
bit 14—Receive Clock Mode Source bit
(RCM) 8-17
bit 15—Transmit Clock Source bit
(TCM) 8-18
SCDO bit 7-16
SCD1 bit 7-16
SCD2 bit 7-16
SCI 1-17, 2-33
exceptions 8-26
Idle Line 8-27
Receive Data 8-26
Receive Data with Exception Status 8-26
Timer 8-27
Transmit Data 8-26
GPIO functionality 8-27
initialization 8-24
example 8-25
operating mode
Asynchronous 8-21
Synchronous 8-21
operating modes
Asynchronous 8-21
programming model 8-4
reset 8-22
state after reset 8-23
transmission priority
preamble, break, and data 8-26
SCI (GPIO) 5-4
SCI Clock Control Register (SCCR) 8-15
SCI Clock Polarity bit (SCKP) 8-12
SCI Clock Prescaler bit (SCP) 8-17
SCI Control Register (SCR) 8-8
SCI exceptions
Receive Data 8-26
SCI pins
RXD, TXD, SCLK 8-3
SCI Receive Register (SRX) 8-19
SCI Receive with Exception Interrupt bit
(REIE) 8-13
SCI Serial Clock signal (SCLK) 8-4

SCI Shift Direction bit (SSFTD) 8-9
SCI Status Register (SSR) 8-13
SCI Transmit Register (STX)
STX register 8-20
SCK signal 7-6
SCKO0 2-27
SCK1 signal 2-31
SCKD bit 7-16
SCKP bit 8-12
SCLK signal 2-33, 8-4
SCP bit 8-17
SCR register 8-8
bits 0-2—Word Select bits (WDS0-WDS2) 8-8
bit 3—SCI Shift Direction bit (SSFTD) 8-9
bit 4—Send Break bit (SBK) 8-9
bit 5—Wakeup Mode Select bit (WAKE) 8-9
bit 6—Receiver Wakeup Enable bit
(RWU) 8-10
bit 7—Wired-OR Mode Select bit
(WOMS) 8-10
bit 8—Receiver Enable bit (RE) 8-10
bit 9—Transmitter Enable bit (TE) 8-11
bit 10—Idle Line Interrupt Enable bit
(ILIE) 8-11
bit 11—Receive Interrupt Enable bit
(RIE) 8-12
bit 12—Transmit Interrupt Enable bit
(TIE) 8-12
bit 13—Timer Interrupt Enable bit
(TMIE) 8-12
bit 14—Timer Interrupt Rate bit (STIR) 8-12
bit 15—SCI Clock Polarity bit (SCKP) 8-12
bit 16—SCI Receive with Exception Interrupt
Enable bit (REIE) 8-13
Select SC1 as Transmitter 0 Drive Enable bit
(SsC1) 7-14
Send Break bit (SBK) 8-9
Serial Clock signal (SCK) 7-6
serial clock signal (SCKO0) 2-27
serial clock signal (SCK1) 2-31
serial clock signal (SCLK) 2-33
Serial Communication Interface (SCI) 2-33
Serial Communications Interface (SCI) 1-17, 2-3,
8-3
Serial Control 0 Direction bit (SCDO0) 7-16
serial control 0 signal (SCO0) 7-6, 7-8
serial control 0 signal (SC00) 2-25
serial control 0 signal (SC10) 2-29
Serial Control 1 Direction bit (SCD1) 7-16
serial control 1 signal (SC01) 2-25
serial control 1 signal (SC1) 7-7
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serial control 1 signal (SC11) 2-29
Serial Control 2 Direction bit (SCD2) 7-16
serial control 2 signal (SC02) 2-26
serial control 2 signal (SC12) 2-30
Serial Input Flag 0 bit (IF0) 7-28
Serial Input Flag 1 bit (IF1) 7-28
Serial Output Flag bits (OF0-OF1) 7-15
serial protocol
in ONCE module 10-23
serial receive data signal (RXD) 2-33
Serial Receive Data signal (SRD) 7-5
serial receive data signal (SRDQ) 2-27
serial receive data signal (SRD1) 2-31
Serial Transmit Data signal (STD) 7-4
serial transmit data signal (STDOQ) 2-28
serial transmit data signal (STD1) 2-32
serial transmit data signal (TXD) 2-33
SHFD bit 7-17
Shift Direction bit (SHFD) 7-17
signal groupings 2-3, 2-4
signals 2-3
Sixteen-bit Compatibility 3-3
Size register (SZ) 1-11
Software Debug Occurrence bit (SWO) 10-8
SP 1-11
SR register 1-10
SRAM
interfacing 1-13
SRD signal 7-5
SRDO 2-27
SRD1 2-31
SRX
read as SRXL, SRXM, SRXH 8-19
SRX register 8-19
SS 1-11
SSC1 bit 7-14
SSFTD bit 8-9
SSISR register 7-27
bit 0—Serial Input Flag 0 bit (IF0) 7-28
bit 1—Serial Input Flag 1 bit (IF1) 7-28
bit 2—Transmit Frame Sync Flag bit

bit 6—Transmit Data Register Empty bit
(TDE) 7-29
bit 7—Receive Data Register Full bit
(RDF) 7-30
SSR register 8-13
bit 1—Transmitter Empty bit (TRNE) 8-13
bit 2—Receive Data Register Full bit
(RDRF) 8-14
bit 2—Transmit Data Register Empty bit
(TDRE) 8-13
bit 3—Idle Line Flag bit (IDLE) 8-14
bit 4—Overrun Error Flag bit (OR) 8-14
bit 5—Parity Error bit (PE) 8-14
bit 6—Framing Error Flag bit (FE) 8-15
bit 7—Received Bit 8 Address bit (R8) 8-15
Stack Counter register (SC) 1-11
Stack Pointer (SP) 1-11
standby
mode
Stop 1-7
Wait 1-7
Status Register (SR) 1-10
STD signal 7-4
STDO 2-28
STD1 2-32
STIR bit 8-12
stop
standby mode 1-7
STX register
read as STXL, STXM. STXH, and STXA 8-20
SWO bit 10-8
SYN bit 7-18
System Stack (SS) 1-11
SZ register 1-11

T

TA signal 2-11
TAP 1-11

TAP controller 11-6
TCO-TC3 bits 9-10

(TFS) 7-28 TCF bit 9-14
bit 3—Receive Frame Sync Flag bit TCIE bit 9-9
(RFS) 7-28 TCK p_ll’l 11-5
bit 4—Transmitter Underrun Error Flag bit TCK signal 2-35
(TUE) 7-29 TCM bit 8-18
bit 5—Receiver Overrun Error Flag bit TCPR register 9-15
(ROE) 7-29 TCR register 9-16
TCSR register 9-9
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bit 0—Timer Enable bit (TE) 9-9
bit 1—Timer Overflow Interrupt Enable bit
(TOIE) 9-9
bit 2—Timer Compare Interrupt Enable bit
(TCIE) 9-9
bits 4—7—Timer Control bits (TC0-TC3) 9-10
bit 8—Inverter bit (INV) 9-11
bit 9—Timer Reload Mode bit (TRM) 9-13
bit 11—Direction bit (DIR) 9-13
bit 12—Data Input bit (DI) 9-13
bit 13—Data Output bit (DO) 9-14
bit 15—Prescaler Clock Enable bit (PCE) 9-14
bit 20—Timer Overflow Flag bit (TOF) 9-14
bit 21—Timer Compare Flag bit (TCF) 9-14
reserved bits—bits 3, 10, 14, 16-19, 22,
23 9-15
TDE bit 7-29
TDI pin 11-5
TDI signal 2-35
TDO pin 11-5
TDO signal 2-36
TDRE bit 8-13
TE bit 8-11, 9-9
TEO bit 7-24
TE1 bit 7-23
TE2 bit 7-22
TEIE bit 7-27
Test Access Port (TAP) 1-11, 11-3
Test Clock Input pin (TCK) 11-5
Test Data Input pin (TDI) 11-5
Test Data Output pin (TDO) 11-5
Test Mode Select Input pin (TMS) 11-5
Test Reset Input pin (TRST) 11-5
TFS bit 7-28
TIE bit 7-26, 8-12
Time Slot Register (TSR) 7-34
timer
special cases 9-27
Timer (GPIO) 5-4
timer 0 signal (T100) 2-34
timer 1 signal (T1O1) 2-34
timer 2 signal (T102) 2-35
Timer Compare Flag bit (TCF) 9-14
Timer Compare Interrupt Enable bit (TCIE) 9-9
Timer Compare Register (TCPR) 9-15
Timer Control bits (TCO-TC3) 9-10
Timer Control/Status Register (TCSR) 9-9
Timer Count Register (TCR) 9-16
Timer Enable bit (TE) 9-9
Timer Interrupt Enable bit (TMIE) 8-12
Timer Interrupt Rate bit (STIR) 8-12

Timer Load Register (TLR) 9-15
timer mode
mode 0—GPIO 9-17
mode 1—timer pulse 9-18
mode 2—timer toggle 9-19
mode 3—timer event counter 9-20
mode 4—measurement input width 9-21
mode 5—measurement input period 9-22
mode 6—measurement capture 9-23
mode 7—pulse width modulation 9-24
mode 8—reserved 9-25
mode 9—watchdog pulse 9-25
mode 10—measurement toggle 9-26
modes 11-15—reserved 9-27
Timer module 1-17, 2-34
architecture 9-3
programming model 9-5
timer block diagram 9-4
Timer Overflow Flag bit (TOF) 9-14
Timer Overflow Interrupt Enable bit (TOIE) 9-9
Timer Prescaler Count Register (TPCR) 9-8
Timer Prescaler Load Register (TPLR) 9-7
Timer Reload Mode bit (TRM) 9-13
Timers 2-3
TLIE bit 7-26
TLR register 9-15
TME bit 10-8
TMIE bit 8-12
TMS pin 11-5
TMS signal 2-36
TO bit 10-9
TOF bit 9-14
TOIE bit 9-9
TPCR register 9-8
bits 0-20—Prescaler Counter Value bits
(PCO0-PC20) 9-9
bit 21-23—reserved bits 9-9
reserved bits—bits 21-23 9-9
TPLR register 9-7
bits 0-20—Prescaler Load Value bits
(PLO-PL20) 9-7
bits 21-22—Prescaler Source bits
(PLO-PL20) 9-7
bit 23—reserved bit 9-8
reserved bit—Dbit 23 9-8
Trace buffer 10-21
Trace mode
enabling 10-18
in ONCE module 10-15
Trace Mode Enable bit (TME) 10-8
Trace Occurrence bit (TO) 10-9
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Vv

transfer acknowledge signal 2-11
Transmit 0 Enable bit (TEQ) 7-24
Transmit 1 Enable bit (TE1) 7-23
Transmit 2 Enable bit (TE2) 7-22
Transmit Byte Registers (TXH, TXM, TXL) 6-29
Transmit Clock Source bit (TCM) 8-18
Transmit Data Register Empty bit (TDE) 7-29
Transmit Data Register Empty bit (TDRE) 8-13
Transmit Data Register Empty bit (TXDE) 6-26
Transmit Data signal (TXD) 8-4
Transmit Exception Interrupt Enable bit
(TEIE) 7-27
Transmit Frame Sync Flag bit (TFS) 7-28
transmit host request signal
(HTRQ/HTRQ) 2-23
Transmit Interrupt Enable bit (TIE) 7-26, 8-12
Transmit Last Slot Interrupt Enable bit
(TLIE) 7-26
Transmit Request Enable bit (TREQ) 6-23
Transmit Shift Registers 7-33
Transmit Slot Mask Registers (TSMA,
TSMB) 7-34
Transmitter Empty bit (TRNE) 8-13
Transmitter Enable bit (TE) 8-11
Transmitter Ready bit (TRDY) 6-27
Transmitter Underrun Error Flag bit (TUE) 7-29
TRDY bit 6-27
TREQ bit 6-23
triple timer module 1-17
TRM bit 9-13
TRNE bit 8-13
TRST pin 11-5
TSMA, TSMB registers 7-34
TSR register 7-34
TUE bit 7-29
TX2, TX1, TXO registers 7-34
TXD signal 2-33, 8-4
TXDE bit 6-26
TXH, TXM, TXL registers 6-29

Vv

VBA register 1-11
Vector Base Address register (VBA) 1-11

W

wait
standby mode 1-7
WAKE bit 8-9

Wakeup Mode Select bit (WAKE) 8-9
WDS0-WDS2 bits 8-8

Wired-OR Select bit (WOMS) 8-10
WLO-WL1 bits 7-14

WOMS bit 8-10

Word Length Control bits (WL0-WL1) 7-14

Word Select bits (WDS0-WDS2) 8-8
WR signal 2-10
write enable signal 2-10

X

X data RAM 3-6

X Memory Address Bus (XAB) 1-13
X Memory Data Bus (XDB) 1-13

X Memory Expansion Bus 1-13
XAB 1-13

XDB 1-13

XTAL 2-7

XTAL Disable bit (XTLD) 4-18
XTLD bit 4-18

Y

Y data RAM 3-7

Y Memory Address Bus (YAB) 1-13
Y Memory Data Bus (YDB) 1-13

Y Memory Expansion Bus 1-13
YAB 1-13

YDB 1-13
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